PETITION OF BIXON MARQUETTE
CEMENT COMPANY FOR ADJUSTED STANDARD
FROM: 35 ILL. ADM. CODE PARTS 811 & 814

EXHIBITS 1-5

March 15, 2001

Prepared by

Preston vnginecnimg, Inc.
4436 Nonh Brady Sueet
Davenpon, lowa 52806
(319) IB8-K288. phone
(3195 J88-9003- {ux






B

S -

L mx(m

b 0“‘ ;-"‘"l!'ﬁ"

"»'"{:’W‘I'L£< ST i" $r
1

noes !
Ttyte Deweomane 1 st e

vepe

[T ¢
o
s .

R B ' .
f" q'l"\’ J % ) “"; :
‘M/u

PimEe e

e e

gt

-

AT

NG MARQULTIE
CCOMENT PLANT . |

% 1a

g

COMENT PROPERTY UNL  wig 4o

i N

s

-

~

S :
et e o R e o

GOALY N FERT

[u————

0 2000

WIND DIRCLCYION
SUpHL R

4

‘e
WINTER

Cxhiblt 1. Site location map,

(LA S B H P3N £70/0) 1 REpn 1!th/1

| REVILD

DIXON -~ MARQUETTE CEMENT,

PRESTOM [HGINCERING, INC.

LIWEATING TAVIRDRDAI NI B, (RGN &S

DRLVING NMHER
PULS ST R

7 enr o




o

o



on SO G G S GR @Gp N W

. ,
. ri ’

T ey
Y oy

W

sty
S DR S
S C
LA { !
u .
LA [
- , | 4

ESL . -'“ﬁﬁi(rfvm
.

Ve LAt .

_¥ N FRAIN
Y PaN Lo . - B N
N \

)
A ) ,
, |l_ r . - "
N R ' ”?
‘.,{ LN a vy [Raock WO e i 1 2 At v;.;'»mhq.m,{‘;&-..w,), e e i N ager a4
' . P .i, tom v ar :“v_ 7 .\ i
' 1.1 it l WiND DIRECTION Exhitlt 2,
g e LTI CONNCT e
SCALFE N FPEET T U'XON - MARQUF i 'F ( Hy’.f NT
"I<~ v
p-— ‘ A‘f{'c 10“ fNG!Nﬁ{.R NG HN(«
! 0 ?000 - winiLR L commntme (nmonINIAL ENKWELNE )

,,‘,,.w,,.....mw..u..m...-.._;

v"',"/ i

/J.,, OIXOH!MRQUHH.
pen 3, CEMENT PLANT. 3

i ;
! -
i LN + 1
' P A .
L . ) -1
. . § i
i [ it
I .
i wie®
. "y 3 4
iy it l L]
IO 1 VoL e | \
. t .
LT adle 1, w
|
b R '

)
!
{ .
* SRR
' LRI 7}
,‘ P ,’l I3 .o .
g 1 R Y U . ; “ 1

1 o

J REVIERD

T R A e et 01

K'M NG NUMBER
BEHIBAY i

"'*“-'J- TpTr e e g e

-

s aremen)






N

St 9i5-48 ‘ ERIITNE TYURTARGEAM D SELLASKRTY

§ PO ATINITITY Ry a e eI g . o _ .
HEGRAK D8N ORD CDONRIEENIDNE NG wwh} WOMTWLIC] ©3UNIE334 il uUE L0330 MG ISTexDURSLE mOUS Os0ily

:'(

mcm,&,uom jusway anenbiey uo

B, et e e e - - " |

QEFIATY ~ qEEaIM | eosvsy i :

o
[

f."{ ) 1
Lw_ml.w,.;

5|
!
B

awed

s

¥

o % i

b,
11

'

I T,
Y

E2

s t'l..J../u/ _
Wy - v T
ws . i) T T L
- i
{ e
T A pd
“ \\.M\\

\..x ; o , : . ;
e : 3
i : y = :

i TR TIGE < werim mzie g .
e =N

'll""'!i'l"""lﬂﬂ













g8-5i%,)

s s dik: '“-f"

] mEVIGED
PRAWING MUNEES

H

e

ne of Atieaualion.

Feel

Pervsre e

E CEMENT CO.

5§ YRR e be T IR i T
N ENGINEERING, INC.
Y

ST TG S R W

i

5

T w5

T

ot

R

i)

1y

185 {oot 7o

vy .
Lt G
sy 0

mn
50t

»

REST

3
rhonr $

DIYON MAR

Ly, byi
Exhinmt 4.

=
i
g
L

g
-
3
S

TR N

O VP PP PN PO revraaes - osra S g U O T 4 e R L b R PR b g g e et f e e r it o §






L4

Iyrirogeologic Report
Dixon Marquette Cozaent
March 1001

Picpused by

" eston Engloceriog, Inc,
4430 N, Brady Sireet, Davcoapory, lowa

Mol W el
Loccmmuend Profosimngt Ciaelozast im My 1000655074460

borwving wapayes March 59, 2008

rewnntd 5 Ruih GF




CONTENIS

B M AR ..o et vemas s e eeriovas e e ses 0

2.4 Lordopic Soathmy

B T T T R

23 S'f.c;y;u:mwﬂ ":;it:/_«f?(w“(,}"}/
2.2 oo G hogy

A DR BImBEie BTERING i v e s vt s e e sre s s s

B dtepaond dhpdrcdngy
32 S B0yedle by
33 Clmptng Comd tane

&0 Mondwetmg Wofl Suxstalintlon .

B Gt $UOw SUIREERIEYL oo s e

£ A Eoramammtar KIuglny HIEBEIE0 o i e e e

[ Ry Sy O T

ewbrsaurre .

i

Pk A rene ity

ITRET It

= ko A

o §2

T4 Nuromnsiy wS Labus atory Amidy ol of Growsgs wior sl Levebiete.. o

RO Adiusiend Geammdnaion SAsHEEId onririse v

{11

O A mdbienmmaent of Fambng o £08 BOmmii g METER s i e i s e i

ATTACHMENTS

Aty harnont 14 T e R Y, "”Mwu;;y’ln AN ETRRRA NI
St oot ) Well A5nstmaction Raports

At gt Auﬁwmriﬁfw P Fhuns

St o d 0 ooy O3F sk el Unka

At Breat 5 beomigs e

Ayl et b Bttt g noe S

Al bisosud oo sy G ALTOWT10

o) S blardb 4



L_—

-—-.. . n n - — -

1.9 Intreduction

This repont descobes the gedlogic and hydrologic conditions a1 the Dixon Mamgusite Cement
Company site nezs Divon, Winois, and the sumonding area. Information from published
smaterisl mnd frovm fiedd stedies a1 the sie that were oompleted by Preston Engincening, Inc, and
Vensar, Ing. s wsed. Wells and pieaometers weve installed in and wround the tandfill, The wells
urd the Rock River wene sapled to cotablish the chemical churactedstios of the groundwater
and surfaoe wider, Hydrantic comndustivity et were conducted on the monitoning wells, A study
of bodrock cirgcture and joind pottams wio complefed. The informmtion from the published

swisidws and froun the st ivestigalion is peescntod and itapretod in tis repont,

24 Geologhe Setting
2.1 Reglonol Ceutopy

Thoe ares swinhiny 1O swodes of Dixen bas Ondoracen ape bedeoak newr the surface, with exposures
alomg the Rovk River, The bedrock inchudes (im oster of increasing agey the Maguoket, Galena,
Plamesible, Ancetl, and Prairie du Chien Gronpa, and is mosy Nmestone, dolontite, sandstone,
and some shole The Moquoketa and Galena Groupes vonst of shale, Vmestane, and dolomite,
and they owterop w the soutdiwest of Divon, The Plarteville Grong wonants of limestone and
shodomite, gd Bt curcrops in e Iixon area. B s pusmanidy lweituae of the Mifilin Formation in
the Planeville Gaoup that is nvimed an the Dixen Monguene Cement plust. To the portheas, of
Dason, samdeton: of the Aneell Group and dodome of the Praivie dv Chiew Group suterop,

Lamally, Pennaydy sssiun shabe oo i Gissuies wnd sinkholes in the Platter e Group,
i

B saeguocir o of piacks o s orcrvasiongs spe Teoa somfloaedt 1o sorheast, amd the rocky dipr 10 the
sothiwest, The rocks e om the flendk of thie Askton Arch and at e sowthem end of the
Wiscosisim Al Dhe vocks dop awasy from the conter of the Aston Arch, shich teends northiwest
v scruthoesnd o e area eant of Dasom. Parsdleling the arch a6 the Sandwicdy okt zone, which pins
frisonn ot € hegon b gt Mandertin . On e ugtbwons e somthwestern side of e Taudr. Catrinng
gochs s Boen boowpin to e smfae. Tle foult pome i 0.5 1o 2 mides wide snd i abouy BS

sohen Bosig Blie preates evmnsdative divplscenncs along oo rone b atowy BO0 fiet,

Foeamnd & AR ash il x
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The Rock River flows to the southwest wear Dizon, and it has cut into the bedrock. The SG Potor
sandstonc is exposed along the river near Grand Detour, and the Plateville Group is exposed
near Dixon. The river makes a sharp horseshoe-shaped meander near Grand Detour, possibly as a

consequenc of joint systems in the bedsock.

Unconsolidated Holocene deposits consist of alhsvium in the Rock River valley, glacial qili
deposils, and wind-blewn loess.

2.2 Site Geology

The surface material has been disturbod i and near the CRD disposal area. Overying the
bedrock are two types of matcrial: soil and roch spoil from mining operations, typically pluced in
windrows on top of the Pecatonica Fommmion, eod cement kil dust, clinker, and other debns,
typically placed on top of the Pecatonica Formution and the spoil. The thickness of the spoil
reaches 80 10 90 feel in the westerm part of the Tand il The thicknness of the CKI reaches abowt
60 lect near the center of the landfill.

A description of the stratigraphic column an the Dovon blarquente Cement plant was pubbished in
the Wlinoss Stare Geolugeal Burey Cigealar 302 (Willman wd Kolia, 1978). Inothe ctecodur, the
Crand Detour, Mifflin, and Pecatonica Fosmations are descobed as they appear in ostorop, These
thrce fomntions are exposed st the site, aud se descobed below based on desenipions by
Willimon wnd Kolats, field obecevations of outaops by Preston Boapincenop, loc, and

examination of rock cures fron fules dlled for smmonstoring wells.

The Grand Detour Formation s approxiomtely 32 foot thick, and consists of the Fortestn
weersiber (12 feet thvedo) and thie Stbloan svomber (20 foet thick). The Fomeston menber is a pray
aypullocous foalofraos vestons, awd the Sl memmber is a gray Tancstone s dolomite
svrttlinag. lecone are shaly partings in both mesabers The Cieand Detour Poaation is exposesd in
el on e seent adsbe oof Sank Dloflow Rowd swhiere it mad the wderdying hdiitlin Formation have

baw nisnedd.
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The Mifftin Formation is the primary source of the limestone used by Dixon Marquetic in the
manufaciure of Portland cement. It consists of about 18 feet of gray and yellow argillaceous
fossiliferous limestone with shale partings. There is a 4 to 6 inch thick layer of dolomitic shale at
the top, underlain by a Tayer of beatonite that is usually less than 0.5 inch thick. The Miffiin
Formation has thin wavy bedding, usually 0.5 to 3 inches thick, and has numerous vertical joi is.
The limestone within the Mifflin Formation typically has five percent or less magne um
carbonale. It is exposed on the west side of Sink Hollow Road, on the east side of White Oak
Lane, and in outliers in the mined areas aronnd the Jandfill where the rock was not suitable for

use in cement manufactering or not accessible.

The Pecatonica Formation consists of about 34 feet of limestone and dolomits. Four members
are present at the site: the Medusa mezmber, a dolomite-motiled limestone with a corrosion
surface at the top; the New Glarus member, consisting of dolomite and dolomite-mettled
limestone with a thin shaly bed at e top; the Dane member, a limestong; end ﬁlc Chana
member, a sandy dolomite. The hedding is thicker than in the Mifflin [ Jrmation, and is about 2
10 12 inches thick. 1t has wavy shaly bedding in places, and some stylolites, suggesting that some
arbonate has been dissolved. The lower Pecatonica is voggy in places, which increases the
porasity of the rock. The dolomite in the Pecatonica Formation typivally has between 5 and 25
percent nagnesivm carbonate. The top of the Pecatonica is exposed in much of the arca around
the CKIY land6ill a1 Dixon Marguatte, aml probably directly undedies most of the landfild, It is
alsn exposed wong the Rock River west of the landiill. The Pecatonica was e;pm;cd around the
land il as a sesult of mining of the overlying Miftlin Formation. Dixon Marqueite uses the

Pecitonica Formahon is o source of constiaction aggregate,

The PlatteviBe Growp rocks have sumerows joints, and some can be traced on horizontal sufaces
for several hundred fect, The joimts are enliped o places, which provide Tocal areas of
extremely high permeabitity. The dominant bearing of the joints ss between NRGE and NEO*W.,
There o5 o sccondary tend swith bearings benween NIW and NIO'E, Owver 90 percent of the

joints sre within 57 of vanical.
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in most areas in and immediately around the landfill the rock overlying the Pecatonica Formation
has been mined. The mined rcck was blasted prior 1o removal. The blasting procedure consisted
of drilling vertical holes from the surface to the top of the Pecatonica Fonmation, and detonating
explosives in the holes. The holes were horizontally spaced about 10 feet apart. The rock
overlying the Pecatonica was fractured by the blasting and was hauled to the plant. The blasting
was designed 10 allow remova! of the Mifflin Formation without significant damage to the
Pecatonica Formation. The top of the Peci onica Formation has been used as a work surface by
heavy equipment to load and haul the blasied rock, and it remains largely intact today. The
cffects of blasting can be seen in the Pecatonica Formation, however. Numerous circular
potholes, roughly 3 to 4 feet in diameter, mark the top of the rock. The holes are usually no
deeper than about 0.5 foot, and are spaced about 10 feet avart. Fractures radiate in a spoke-like
pattern from many of the holes, and intersect fractures from neighboring holes. The potholes
originated at the base of blast holes made in the overlying formations, and the fractures resulted

frorm the blasting. The vertical extent of the blast fractures was not observed.

The removal of the Mifllin Formation in the mined arcas has revealed the structure or top of the
Pecatonica Formation. The Pecatonica Formavion dips gently westward, but locally there are
high spots or small domes. The domes range from about 50 feet 1o several hondred feet in
diameter, and have up 1o abour 10 feet of reliel in the Jarger domes. Typically the Mifflin
Formiation above the domes is extensively jointed und has a chemical composition that makes it

unsuitable lor cement production.

I'!ndcriymg the Pecatonca and not exposed at the site 35 the Ancell Gooup, which consists of the
Clenwood and St Peter Formations. The Glenwood Formation consists of 8 10 10 feet of gray
fine quartz sandstone and gray siltstone, The samdstone is motthed and well cemented. The quanz
grains are poorly soned and range in size Srom 0.0 mm 0.5 aim, The poor sorting distingaishes
thie sandstone froon she wnderlyug S8 Peter Formasion, sehich is well sorted and bas sand graing
of about G.5 sey. Widhin the Clemsomd Formtion sandstone sre two siltitone bayers that are 1 to
2 feet ek The uppey soltstone layer is somby st e top. The siftone separstes castly along
beadding plianies, o s moge Sroatvbe an the sanduione, Outorops of the Gleawood in the area we

vane, provably becarese of it hiceness s becawse tee siltstone i easily eooded. The dlevation of

Beerunind b Bl (Gf 4
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the top of the Glenwood Formation was deiermined at four monitoring well locations around the

landfill, and it was found that the rock strikes N 5°W and has a dip of 0.9° to the west.

The . Peter Formation is a uniform nearly pure quariz sandstone. A water suppi:r well drilled at
the Dixon Marquette site in 1992 encountered 339 fect of sandstone of the St. Peter Formation. It
consists almost entirely of fine to medium, well sorted, well rounded, poorly cemented quartz

grains. There are some shaly layers and carbonate-cemented iayers near the top of the formation.

Cross sections of the site are included in this report. A description of geologic materials at the

monitoring well locitions is also included.

3.0 Hydrologic Setting
3.1 Reglonal Hydrology

Surface water drainage in the area around Dixon is dominated by the Rock River and its
tributaries. The Rock River in ilinois flows to the southwest from north of Rockford to Rock
Istand. Tributarics flowing from the upland arcas create a dendritic drainage patiern, There is a

maximum of about 190 feet of relief within 3 miles of downtown Dixon.

The important aquifers in the arca are the St. Peter Formation and the M1, Simon Formution, both
of which are sandstone, The St Peter Formation is exposcd 1o the northeast of Dixon, in the arca
around Cirand Detour. The exposed arca is probably a recharge zone for the aquifer. The rock
dips geptly to the southwest. The Mt Simon Formution consists of about 1500 feet of sandstone
with suime shale, with the 1op of the formation found al about 1000 feet deep in the Dixon area,
The City of Dixon maintains several witer supply wells one to two miles from the andfill. They
hive a total depth of 1260 10 1870 fect, and oblain witer from the St Peter, Eminence, and Mt

Sunon Fornmatiwons,

3.2 Site Hydrology

Prior to mining, the arca of the Tandlill was hilly with a northwest-trending valley leading to the

ok Rover. There was 580 10 100 feet of relief. The extrane west side of the landfill was used for

Kewnraoh b 0us by 410 5




railroad sidings. The Mifflin Formation may have been thin or absent on the former valley floor
on the northwest side of the landfill, and possibly no rock was mined in that area. Mining
probably progressed up the dip of the rocks to the east and northeast to aid in draining the work

arca.

Currently, surficial drainage consists of small streams that parallel roads around the landfill. The
configuration of mined and filled areas around the landfill prevents good drainage. and small
ponds have formed. On the cast side of the landfil! groundwater exits the rock faces near Sink
Hollow Road and forms ponds. Some of the ponds have outlets to ephemeral streams, and others
do not appear to have an outlet. Those with no outiet must drain through evaporation and
infiltration. In 1999, a storm water basin was constructed on the west side of the landfill. The
basin was designed to restrict stonm water runoff from flowing directly into the Rock River and

decrease the amount of solids being discharged.

The Pecatonica Formation is exposed at the surface or underlies most of the fill materigl in the
fandfill, The rock is extensively jointed, and surface waler and groundwater can seep into the
rock via the joints, The vertical extent of the joints was not determined during the ficld
investigation. On the east side of the landfill along a road, water was obscrved 1o be flowing into
an opening in the rock. The flow rate into the opening during a period of rain in May 1998 was

estimated at 10 to 20 gallons per minute. The water entering the hole was turbid and pale yellow.

The Pecatonica is exposed along the Rock River 1o the west of the landfill. Springs occur along
3 5

the exposures, and the water flows into the river. The largest of the springs in this area, located

slong White Oak Lane cast-southeast of the Jandtill, exits 4 joint in the rock in the upper part of

the Pecatonica Fonmation, about § feet below the contiact with the overlying Mifflin Formation.,
‘The flow during several days in March 1998 was estimated ot 100 gallons per wminate, or about
160 acre-feet per year. The ow approximately doubled shontly alier a period of heavy rain in
May 1998, The witer flowing from the spring was observod to be clear on several ocensions in
March, and wiars tarbid and pale yellow on two occasions in May, Beeanse of the flactuations in
diseharge and changes in wrbidity that are apparcatly associated with precipitation, it is thought

thiat there exint connections between surface water wnd the joint Som which the spring isswes,

Bawase 4 Dawad- ) 0




In some places the Pecatonica Formation contains shaly or clay layers that impede the veriical
migration of groundwater. Groundwater was observed to be discharging immediately above a
thin clay layer in the Pecatonica Formation on the east side of the coal storage area north of the
landfill. This clay layer was similar in appearance and thickness to the bentonite laycr that occurs
near the top of the Mifflin Formation. Groundwater was also observed to be exiting the rock
above the bentonite layer in the Mifflin Formation near Sink Hollow Road. The groundwater
discharges at these points indicates that layers of clay less than (0.5 inch thick can be effective in

redirecting the vertical flow of groundwater in the Platteville Group.

The uppermost aquifer at the site is almost entirely contained within the Pecatonica Formation.
The top of the aquifer is most commonly about one to five feet below the top of the Pecatonica
Formation, or what remains of the formation in areas where the top portion of it was remowved
during mining. In arcas with thick CKD deposits the top of the aquifer is about five feet above
the Pecatonica Formation, and is within the CKD. The bottom of the aquifer coincides with the
contact between the Pecatonica Formation and the undcriying Glenwood Formation. The depth
of this contact ranges from about 34 to 100 feet. The Glenwood Formation consists of sandstone
and shale, and it acts as an aquitard. The depth of the top of the aquifer ranges from about zcro to
90 feet at the facility. The thickness of the aquifer ranges from about 30 to 43 feet, and is thickest

where it underlies the CKD disposal arca.

Ouarterly measurements of the water table elevation in the uppermost aquifer at four monitoring
well locations around the CKD disposal arca were made from April 1998 to November 2000,
The measurements indicated that the water table had a gradient of about 0.02, and was tlowing
west and southwest toward the Rock River, The difference between the highest and lowest
measured elevation of the water {able at the casternmost well, MWI-S, was 0.13 feet. At the
westernmost well, MW3-5, the difference was 2.35 feet. The potentiometric surface map
included in this report shows a slight mound of water beneath the CKD landfill. If groundwater
is mounded in the CKD area, the flow dircction should be slightly northwest and southwest, as
wiedl as west, from the CKD area. The water table and the direction of groundwater flow in the
uppermost aquifer appear to be stable throughout the year, based on the quarterly imceasurements,

Short termn tempodal vriations in the dlevation of the water table have not been investigated,

Retvussad $-Shoach 6f ']



Quarterly measurements of the potentiometric surface were also made in wells screened in the
St. Peter Sandstone. Data from the four deep wells indicated that the water table has a westward
gradient. The most fluctuation over one vear of measurements was at well MW3-D, located on
the west side of the landfill. The fluctuation was 2.33 feet. The water table and the direction of
groundwater flow in the St. Peter aquifer appear to be stable throughout the year, based on the
quarterly measurements. Short term temporal variations in the ¢levation of the polentiometric

surface have not been investigated.

The potentiometric surface in both deep and shallow wells apparently dropped by about { to 3
fect between Spring 1998 and Summer 1998. The water levels had not recovered to Spring 1998
conditions by February 1999. It is not known if the fluctuation is correlated to a seasonal effect

such as water uptake by vegetation or wet and dry periods.

The hydraulic conductivity of the area around the well screens at 22 on site monitoring wells was
measured by means of slug tests. Tests were conducted by positioning a pressure transducer
beneath the water in the well, quickly submersing a solid slug, and recording water level changes
in responsc. After the water level stopped falling and was at or near the initial static water level,
the slug was quickly removed and the response of the water level was recorded again, An In-Sita
pressure transducer and data logger were used to record the test data. The data was evaluated
using the method of Bouwer and Rice. The data for the test at well MWS-S did not have
sufficient resolution to conduct an adequate analysis. The following table shows the caleulated

hydraulic conductivity at each of the other wells,

Revistad 5-Masch-U) 8
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Table 1. Hydraulic Conductivity at Dixon Marquette
Cement Company Monitoring Wells

Well K (feet/minute) K (centimeters/second)
MWI-5 0.00735 0.0037
MW2-S 0.0000228 0.000012
MW3.§ 0.000155 0.000079
MW4.S 0.00195 0.00099

R MW6-S 0.0089 0.0045
MW7-S 0.015 0.0078
MWR-S 0.014 0.0073
MW9.§ 0.000045 0.000023
MWI-D 0.00024 0.00012
MW2.1) 0.0108 0.0055
MW3-D 0.00061 0.00031
MW4-D 0.000817 0.00042
MWS5-1 0.031 0.016
MW6-D 0.0061 0.0031
MW7-D 0.0030 0.0015
MW8§-D 0.0024 0.0012
MW9S-D 0.0028 0.0014
MW2-M 0000000833 0.GH000047
MW2-WT 0.0037 ooy
MW3WT 0.00013 0000066
MWO.WT 0.0089 aooas

L

The permeability of the Pecatonica Formation varies greatly both harizontally and ventically, und

is probably dependent on the proximity of joints, Tests on smonitorang wells inntallod at the buse

of the Pecatonica Formation showed that the highest measurad hydrastic sonductivity wis o

360 times more than the lowest conductivary.
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Based on the measured hydraulic conductivity and gradient, and estimates of the porosity of the
rock, the groundwater flow velocity in the Pecatonica Formation ranges from 0.001 to 38 feet per
day. Actual flow ratcs may be several orders of magnitude higher in areas with large fractures.

The St. Peter Formation underlies the Glenwood Formation, and consists of uniform fine to
medium quartz sandstone. 1t is an important aquifer in the arca, Tests on monitoring wells
complcted in the fonmation on site (the deep wells) show that the conductivity of the sandstone
varics from 0.00024 to 0.031 fect per minute. The water in the St. Peter Formation may be

artesian on the west side of the disposal area.

Between the Pecatonica Formation and the St. Peter Formation is sandstone and siltstone of the
Glenwood Formation. Injection tests were conducted in the formation at the tinie of monitoring
well installation to determine the permeability of the shale within the Glenwood Formation. The
test apparatus consisted of a double packer that was used to isolate the interval of the formation
0 be tested, a water pump capable of increasing the water pressure between the packers, a
pressure gauge that measured the water pressure between the packers, and a flow meter that
measured the amount of water moving into the formation. After sealing the packers, the water
presst ¢ was increased in increments and then held steady for 30 minutes. At well MW2-D some
low was measured during the test, but it could not be determined if both packers had properly
seated against the borehole wall. Because the bottom packer may bave leaked and the water
flowed into a more permeable underlying formalion, the validity of the injection test at well
MW 212 is in doubt. The test apparatus was modified for tests on other wells by removing the
bowom packer, and drifling only to the bottom of the section of rock to be tested. No leakage was
seen around the single packer during these tests, and any flow should have been into the rock
bedow the packer, Because no flow was measured during the tests, the caleulated conductivities
represent an estimated maximumm conductivity bascd on the sensitivity of the flow meter that was
wigdd and the pressure that was applicd. The results of aquifer tests on the Glenwood Formation

ane sunvnarized in thie following table. =
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¢ Table 2. Hydraulic Conductivity of the Glenwood Formation*

Weil Hydraulic Conductivity | Hydraulic Conductivity
(feet/minute) {cm/second)

MWI-D | <583x107 <296 x 107

MW2-M | 8.33x107 42x107

MW3.D | <4.12x107 <2.09x 107

MW4.D | <5.27x 107 <2.67x 107

MW7-D | 1.3x10* 6.68 x 107

MWS-S | 4.4x107 2.22 x 107

MW9 1.4 x 107 6.86 x 107’

*Because no flow irzo the tock was measwed during injoction tests a2 walls MWIE-D, MWD, snd MWED, the reiutting
hydrautic conductivitics represont a maximum valoe based on the sarsitivity of the flow messuniog device. The hydolic
conductivity st well MW2-M was measured with » slug tet The hydranlic conduitivity a wells MWD, MWE-S, and
MW9 was determined by lalrratory analyin of nuk core sxmgles

No evidence of vertical fractures was seen in core samples from the formation. A monitoring
well was installed in the Glenwood Formation (MW2-M), and a slug test was conducted, The
hydraulic conductivity was calculated to be 8.3 x 107 feet per minuie, or sbowt 300 to 2000 Gmes

less than the overlying dolomite.

There are additional sandstone formations anderying the S¢ Paler Formuation that seve as
aquifers, but because of their depth and isolution from the surficial acuvities ot e Tauddill, ey

are not discussed here.

Maps of the site showing the potentiometric surface of the aquiters in the Pocatonica snd $1,

Peter Formations are included in this repont,

3.3 Climatle Conditions

Information on the climate ot Dixon wat obtaned from the Wadwest Climste Cender i

Springlicld, Nlinois. Between 1961 and 1990 the aveage annua) temperature was 48,075, the
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average annual maximum was 58.7°, and the average anauval minimum was 37.5°. Extreme
temperatures from 1393 to 1996 were -27° and [10°. The average annual precipitation between
1961 and 1990 was 35.53 inches, and between 1893 and 1996 it ranged from 18.49 inches in
1994 to 47.53 inches in 1965. Ten-year 24-hour rainfail events produce between 4.5 and 5.0
inches of rain. The number of days per year with a base temperature of 32° or more averaged
168. Wind speed and direction for Rockiond, llinois (30 miles northeast of Dixon) averaged 9.8
miles per hour, and the average direction was from the west-northwest during the winter and

from the south at other times.

4.0 Monitoring YWell Installation

During March and April 1998, nine monitoring wells were installed around the CKD disposal
site. The wells were installed in pairs at three sites, and three wells were installed at one site.
Additional wells were installed along White Oak Lane and south of the fandfill in June 1999.

Wells with screcns at or near the waler table were instalied around the Tandfill in July 1999,

The IEPA defines the zone of attenuation (ZA) around a landfill as being that arca within 100
feet from the odge of the fandfill and extending from the ground surface to the bottom of the
uppenmost aguifer, excluding the volume occupied by the waste. None of the monitoring wells
the facihly are within s regulatory ZA. The downgradient wells range from 320 1o 610 feet
from the ZA, and the background wells are about 1670 feet from the ZA. It has been
demopstrated that groundwater that Bias been atbected by deachate has migrated beyond e
repuliory ZA. Practically, the zone of attepusation 15 a swath between the waste and the Rock
Rever. A msp showiny this extsting ZA is attached. Well placement was detenmined based on the

wainting ZA, vather than the regulistory definition ot ZA,

Well focations were specefiod based on the Jocation of she poential source of comtaminunts (1he
CR1 Jond$3lh), the assmed groundwiter flow direction, and aceessibility. The widih of any
potenitial contanenant plume dowopradient Gome the Jandll) was established as the munimum
sdthy of the sreh contiaiong (..g‘(l'). nodusval o the grovmwdwater fow disection. The groundwater
o direwtion wis asuned 1o be frome the Tondil wowised the Rock River, ie, in a west

srgtiowest divection. § e waxsouny width of e Tandfil pespeadicnlar to this drection, and the
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width of any contaminant plume, was estimated to be 1550 feet wide. One set of wells, MWI-S
and MW1-D, was located north-nontheast of the landfifl in the assumed upgradient Jocation.
These wells were intended (o access groundwater that would be likely to travel benestl: the
landfill, but that had not yet been influenced by any poteatial Jeachate {from thie landfill. Wells
MW2-8 and MW2-13 were located near the southem edge of the poiential plume, and wells
MW4-S and MW4-D were ocated near the northem edge of the potential plume. Wells MW3-8
and MW3-D were located downgradient of the landfill and near the cemterline of the potentizl
plume, and they are in the exisiing zone of altenuation. Wells along White Oak Lane (MWS-5,
MWS5S-D, MW6-S, MW6-D, MW7-S, MW7-D, MWSE-5, and MWE-D) and between wells MW2
and MW3 were installed (o better define the extent of groundwater affected by Icachate, Wells
screened o1 the water table were added to give a more complete three-dimensional picture of the

groundwater gquality.

Wells at cach location are screened at different depths and formations. Wells desionated with the
sulfix WT are screened at or near the water table, which s within the Pecatonica Formation near
the landfill. Wells with the soflix § are screened i alluvinm alone White Oak Lane, or st the
base of the Pecatonica elsewhere. Wells designated D are sereened i the St PPeter Formation,

One well with a suffix M was screened in the Glenwomd Formation,

The St Peter wells near the Jandfill were constructed by frst dnlling 1o the tap of the st shate
layer within the Glenwood Formation, and installing a G6-inchy steed 2wy frooy the shiale 1o the
surface. The casing was grouted in place with high solids bentonite grout. This elicctively sealed
the base of the casing and prevented leakage of gromubwater to Jower aguifers. Diilling then
procecded inside the steel casing trowgh the remaining Glenwood Faoamation snd deto the Sy,

Peter Formation. Potable water was used for drilling Quid.

In all but one well, o 10 foot ong PVC screen with Q0080 0nch sdots sean wsed at the bsse of thi
borchole, The exception was well MW2LE, wliteh bis o 2 foor Tong soreem. Centrolizers were
ssedd om the sereens i the deep wells 1o inswre ot e Bdter pack was of weifomn Mickoess. Sond

was placed around e serccns up b o poiny 2 Teet above the scrcens, Abowt 3 feat of bentwnite

e gsed § e b6 1 ’ﬂ,




pelicts were then placed above the sund, and beatonite gt was tremiod from the sop of the
pellets to the surface. |

Well construction reposts were completed for the monitoring wells on formms provided by the
Minois Department of Public Health (IDPHY). These forms were submitted 1o HDPH, and copacs

wre attsched to this repot,

The susveyed clevations of U wells amd the static water fevels are presentod in the fol owing

yabbes.
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Table 4. Elcvations of the potentiometric surface in monitoring wells.
()l edeyations are im feet above nuean sea level)
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are thiny-four inorganic constiteents, five volatile compounds, and pH that are being analyzed in

the groundwaiter, leachate, and surface water.

6.0 Groundwater Quality Standards

The groundwater quality standand for any constituent is the concentration of that constituent in
the background groundwater. Wells MWI-WT, MWIE-S, and MWD, screened at the water
whic in e uppermost aquifer (n the Pecatonica Formation), the base of the Pecaionica
Formation, and the S8, Peter Formation, tespectively, are Yovated wperadicnt from the landfill and
are not expected 10 e infle~wed by leachate from e Tandfill, Concentrations of constituents in
the waters from these three wells repoesent backgronnd conditions, and were used 10 detenmine

wvis groundwarsy guality stasdurnds,

Stanistical tests wene vsed on data from backgronnd water sanples for the Tist of compounds that
were amadyzed @t Dixon Marguene Conent Company, For most parameters there were four (o
fomseen sets of analytical data, The sampling frequency has noy been great enough to establish if
short (oom Meciations i waer qualily occur, such as those thit mieht cocur becavse of rapid
vurface swater influx, e bas i been long coouph 1o show if variations reour seasonally. The

popudation distribution was sssumed to be nonmal.

Bociust of ibe small sample sizes, Stadent’s ¢ disirbution was applicd o sanmpde seis where sl
e data were alpove the dotection Towt. o cases where 15 porcent or ess of the dita was bedow
thee detesction Bt the valoes below the detection Y were seplaced with one-half of the
detection lomde, Stodent’s ¢t was fhen applicd. In coen whiere between 15 sod 80 pereent of
the shata wary Telow the detotion Bisst, Cohien®s pdjustoned o g mean and sorinie wis applicad
Ivelose Student's ¢ st wis applicd, 18 50 percent or mone of 1the data was below the detection
fimit, a0 teol of propostion will be vt e determine of 5 dowegrniient well dilfers from the
Bk ground wedl, For semi-volatile and valntle compounds, any detection is considerad 1o be an

foncie b the bt kgronad compentotions.

The conceminations of constitenis i oxceed the backyround concermations ot a fevel of

aganfinance of GOF were dptermisied, brecases whene oo of S constituent s deteciad i the
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background well in any of the samples, any detection of the constituent in downgradient wells
will be an cxceedance of the background concentration. The following tables show each
constiteen! and the minimum concentration that exceeds the background concentration,
determined as described above, for the upper part of the uppermost aquifer (MW 1-WT), the
lower part of the uppermost aquifer (MW 1-S), and the aquifer in the St. Peter Formation (MW1-
D). Daia in tables in Atachment 4 show which constituents in groundwater around the landfill
exveed the background concentrations. Wells LW-1 and LW.3 were compared (o well MW1-

W, and allwvial wells were compared (o well MWI-S,

Bwiasd -0ty 444 _ , ’ b0



Table 5. Minimum Concentrations of Volatile Organic Compounds that Exceed
Background Concentrations, in pg/l. ~

Parameter Water Table Base of Pecatonica Top of St. Peter
Acetone 50 30 50
Acrolein S0 50 56
Acrylonitrile T 50 50 50
Benzene 5 5 5
Bromobenzene S 5 5
Bromochlioromethane 5 5 5
Bromodichloromethane 5 5 5
Bromoformn 5 5 o N
Bromomethane 10 10 v 10
n-butylbenzene 10 i0 10
5L huxylbuvc‘nc 10 10 B 10
lcn bu!ylbclucn" T 10 o 10
(,arbrm disulfide 10 10 10
Carbon tetinchtoride 5 5 Y T
Chlorobenzene 5 s - s
(,hlo'odlbmmumclh.mc S R o K
C |n!«t)r(xa?mﬁr;;~ o o 10 I T 1o
Chloroform h 5 B S
(uhrmnua!nnc T 16 10
'&IBI(I!(WU}”LHL ” 54 r‘ B ‘.{«" i
A-chlarotoluene 5 T s . s
Dl emomethane s T 5 1 K3
I,.. dichlorobenzeny s 5 N 3
"l dichlorobhenzene s 5 s
1 d-dichlorobenzene s kS s
l)zch!mmhﬂlurvmm(m.mcm A T T I TTR IUS
i !,,, dichloretione - 5 5 4
T4 dichloroethane Y 5 5
1 diehloroatbene 5 % 5 -
“eis- 2 ichlorsethene 5 Y
”lrzmx b4 Biehbegocthen s o ) | 5
lu.nm ke dichlor. ? “mh:“u 0 i) B TT)
' |,4 dic ?ih)ru;uu;mm‘ 4 B ) 5
1.3 mxhlum;mq, we " . } 5 | 5
Z nin Mm:qmt;/ s _ ‘= | E ] 5
1tdie h!nnmm;»m 5 5 5 i
' ﬁ i Mmr.»pw;sum' 10 10 ) 144
« -1, 3- dacluﬁmupuwemym s j 5 _ g (
w M:’\'i"k dmn Muw;m';w fie | 5 ', '3 , 5 ,
Bawsieaf 4 Wy kG 19




Table 5. Minimum Concentrations of Volatile Organic Compounds that Exceed
Background Concentrations, in pg/l.

o e o careree by e s eA T b e Lrentay et e

Pengred &80k

;
Nite An,umxu ,u!u’\.(ﬂ i e xmhzh.

M)

Parameter Water Table Basc of Pecatonica Top of St. Peter
Ethylbenzene 5 5 5
2-hexanone 5 5 5
Hexachlorobutadiene i0 10 10
Iodomethane 10 10 10
Isopropylbenzene 10 10 10
p-isopropylolnenc 10 10 10
Methylene chloride 5 5 5

Methyl ethyl ketone 10 10 10
4-methyl-2-pentanone 5 5 3
Tetrahydrofuran 5 5 5

Vinyl accetate 10 10 10
n-propytbenzenc 19 10 io

Styrene ) 5 3
1,1,1,2-1etrachloroctbane 5 5 5

1,1,2,2- lu:adllonwllmm 5 5 )
“Tetrachlorocthene o 5 3 s
“loluene 5 5 s

1,2, 3nchorobenzene o 5 5 i s
1,2 4-trichlorohenzene s s ‘ 5 il
11 -richlorocthane 5 s T s T
11,2 lnf.hlormiham 5 5 5
lm,hhf; wthylne o 3 5 A 1
Trichloroftussone limnc 14 10 10

l,",? mchiumpuqmm R s Ty

1,2, 4 lmnm:)umm m: 1y 10 T w0 T
1.3, 5 trimethylber wcm R 16 10 o o

V m)l dl!mtm” ) T 10 q0 T
u sylonc | B 6 10 ) T
m 'md P Mh anc | g W
»ywmw, e e R g .

11 i'miv;md.amr of th b rewnd comocutiation

- vt At s e gty e et BB 1R e S s Ry AT A 0 S e

PR



Table 6. Minimum Concentrations of Inorganic Compounds that Exceed

Background Concentrations, in mg/L

Parameter

Water Table

Base of Pecatonica

Top of St. Peter

Aluminum

0.454

0.04

(0.44)

Antimony

0.001

©.1

0.001

Arsenic

0.003

(0.10)

(0.18)

Barium

0.227

0.091

0.051

Beryllium

0.001

0.001

0.001

Boron

(0.43)

(0.30)

(6.30)

Cadmium

0.001

0.001

0.001

Calcium

126.1

109

91.3

Chromium

0.002

0.002

(0.36)

Cobalt

0.008

0.603

0.30)

Copper

0.012

0905

0.006

Tron

0.9

0.465

0.819

Lead 0.006 0.001 (0.18)
Magnesium 50.5 539 739
Manganese 2.69 0.045 0.098

Mercury

{0.19)

0.0002

0.0002

Nickel

0.023

0.007

0.003

Potassium

4.0

(0.50)

2.3

Selenium

(0.3%)

0.004

0.005

Stlver 0.001 0.001 170.001 B
Sodium 53.7 128 TARS

Tiraifum 1)) .17y oy T
Vanadium i 0007 (0.4%) G003 Nﬁ

A

0.014

0.058

Alkalinity, toial
/yl}::s_lip_ily, bicarbonatc

17342

Anymonia nitrogen

TOD, Seday”

“Chloride

CoD
Cynide
Flaoride

Nitiate

Oiland Greave
Gulfate

“fotal dissolved solids

{(Values in parentheses are the ratios of samples with detectable concentrations 10 the total
number of samples, and are not background concentrations.)

Rewaned 83k erch M)

17334
S
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Table 6. Minimum Concentrations of Inorganic Compounds that Exceed
Background Concentrations, in mg/l.

Parameter Water Table Base of Pecatonica | Top of St. Peter
Aluminum 0.454 0.04 (0.44)
Antimony 0.001 (0.11) 0.001
Arsenic 0.003 (0.10) (0.18)
Barium 0.227 0.091 0.051
Beryllium 0.001 0.00t 0.001
Boron (0.43) (0.30) 0.20)
Cadmium 0.001 0.001 0.001
Calcium 126.1 109 91.8
Chromium 0.002 0.002 (0.36)
Cobalt 0.008 0.003 (0.30)
Copper 0.012 0005 0.006
Iron 0.9 0.465 0.819
Lead 0.006 0.001 {0.18)
Magnesium 50.5 53.9 739
Manganese 2.69 0.045 0.098
Mercury 0.149) 0.0002 0.0002
Nickel 0.023 0.007 0.003
Potassium 4.0 (0.50) 2.3
Selenium (0.28) 0.004 0.005
Silver 0.001 0.001 0.001
Sodium 53.7 12.8 3.85
Thallium (0.28) ©.11) .11
Vanadium 0.007 (0.44) 0.003
Zinc 0.014 0.058 0.023
Alkalinity, total 342 253 346
Alkalinity, bicarbonate 334 250 343
Ammonia nitrogen 0.14) (0.20) (0.22)
BOD, 5-day 54.5 (0.5) 0.5)
Chloride 254 30.8 4.1
COD (0.43) 5.0 5.0
Cyanide 0.1 0.005 0.005
Fluoride 0.76 0.19) 0.19
Nitrate (0.19) 11.07 0.21
Oil and Grease (0.25) (0.143) 0.1
Sulfate 242.8 178.3 44.2
Total dissolved solids 488 540 383 T
TOC 17 4.5 5.1

(Values in parentheses are the ratios of samples with detectable concentrations to the total

number of samples, and are not background concenirations.)

Revised 5-March-01
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" Table 7. Mininium Concentrations of Semivolatile ComPounds that Exceed
Back,-ound Concentrations, in pg/l.

Paramcter Water Table | Base of Pecatonica | Top of St. Peter
Alachlor 1 1 1 .
Atrazine 1 1 1
Bis(2-ethylhexyl)phthalate 1 1 1
Bis(2-chloromethyl)ether 1 1 1
Di-n-butylphthalate 1 1 1
Diethyl phthalate | 1 1
Dimethyl phthalate 1 1 1
Isophorone 1 1 1
Naphthalene 1 1 1
p-cresol I 1 1
Parathion 1 1 1
Pentachlorophenol 1 1 1
Phenol 1 1 1
Aldrin 0.034 0.034 0.034
gamma-BHC 0.025 0.025 0.025
Chlotdane 0.037 0.037 0.037
4,4-DDT 0.091 0.091 0.091
Dieldrin 0.044 0.044 0.044
Endrin 0.039 0.039 0.039
Heptachlor 0.040 0.040 0.040
Heptachlor Epoxide 0.032 0.032 0.032
Methoxychlor 0.176 0.176 0.176
Toxaphene 0.086 0.086 0.086
| PCB-1016 0.050 0.050 0.050

PCB-1221 0.054 0.054 0.054
PCB-1232 0.065 0.065 0.065
PCB-1242 0.065 0.065 0.065
PCB-1248 0.090 0.090 0.090
PCB-1254 0.100 0.100 0.100
PCB-1260 0.100 0.100 0.100
PCB-1268 0.100 0.100 0.100
2,4-D 0.29 0.29 0.29
Silvex(2,4,5-TP) 0.34 0.34 0.34
Aldicarb 0.5 0.5 0.5
Carbofuran 5 5 5
1,2-dibromo-3-chloropropane 0.1 0.1 0.1
Ethylene dibromide 0.1 0.1 0.1

Note: A detection of a semivolatile compound in the downgradient monitoring wells is considered 10 be an
cxceedance of the background concentration.

Roevised 5-March-0)

22



7.0 Summary of Laboratory Analysis of Groundwater and Leachate

On May 7, 1998 the groundwater in the four shallow wells (MW 1-S through 4-S) and the four
deep wells (MW 1-D through 4-D) was sampled. On June 16, July 24, and October 26, 1998,
and February 1999, the groundwater in the same wells, and at a leachate well in the CKD
landfill were sampled. In July, September, and November 1999 all wells exccpt MW2-M were
sampled, along with the spring near White Oak Lane. In 2000, sampling occurred in March,

June, September, and November. The same locations were sampled in 2000 as in 1999,

The groundwater in the upgradient wells (MWI1-S, MWI1-D, and MWI-WT) had low
concentrations of chloride, sulfate, potassium, and sodium. Dissolved solids were between 320
and 580 mg/l, which corresponds closely to values in Visocky et al. (1985) for the Galena-
Platteville and Ancell Groups. The sample from the shallow aquifer had 8.2 pg/l toluene on July
24, 1998. The source of the toluene was not identified. In October 1998 and February 1999 no
toluene was detected in MW1-S above 1 pg/l. Because toluene has not been confirmed in the
well, its detection in the sample from July 1998 is considered to be sporadic, and toluene is not

actually present in the well.

The leachate safnp]es collected from LW1 and LW3 have elevated concentrations of calcium,
potassium, sodium, chloride, sulfate, and total dissolved solids. In addition, the concentration of
magnesium, manganese, iron are elevated when compared to the water table background
concentrations of these parametcrs. Additional paramcters that are slightly greater than the
background concentrations include arsenic, boron, chromium, cobalt, copper, and lead. The

leachate samples had low concentrations of benzene, 1,1-dichloroethane, and toluene.

The downgradient wells MW3-S and MW3-WT are located southwest of the landfill. The
groundwater at this location has a pale yellow color and a high pH (>10). The analytical results
show that the groundwater in both of these wells has elevated concentrations of chloride, sulfate,
potassium, and dissolved solids when compared to the respective background concentration. In
addition, elevated levels of sodium and alkalinity were seen in the shallow and water table wells

at this location. Organic compounds were detected in these two wells (MW3-S and MW3-WT).
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In MW3-5, three samples during 1998 had detected concentrations of 1,1-dichlorocthane, the
highest was 0.004 mg/L. The highest concentration of 1,1,1-trichloroethane in this well was
0.015 ng/L (15 pg/L) on May 7, 1998. In MW3-WT, 1,1-dichlorcethane, 1,1-dichloroethene,
anc 1,1,1-trichloroethane were detected. The greatest concentration were 0.0081, 0.0079, and

0.0 10 mg/L, respectively.

Monitoring well 7-S is located along White Oak Lane, north of MW3. Groundwater at well
MW?7-S had a high pH, dissolved solids, potassium, sodium, chloride, and sulfate, which indicate
contamination by leachate. For some sampling events the shallow wells along White Oak Lane
exceeded the background concentrations of aluminum. arsenic, barium, boron, calcium,
chromium, cobalt, copper, iron, lead, magnesium, manganese, nickel, potassium, sodium,
vanadium, chloride, sulfate, dissolyed solids, and alkalinity. The organic compounds 1,1-
dichloroethane, 1,1-dichloroethene, and 1,1,1-trichloroethane were detected in MW7-S. The
highest concentrations of the three compounds were 0.0639, 0.0082, and 0.006 mg/L,

respectively.

The deep wells in this area (MW3-D and MW7-D) had clevated concentrations of barium,
calcium, iror, manganese, nickel, potassium, sodium, alkalinity, and chloride exceeded the
background concentrations. However, no organic compounds were detected during the sampling

cvents.

Monitoring wells 5, 6 and 8 arc also located along White Oak Lane, cast of the landfill. In the
shallow wells, elevated concentrations of aluminum, boron, calcium, copper, iron, mangancse,
potassium, sodium, alkalinity, chloride, sulfate and total dissolved solids were observed in these
three locations. The groundwater in the St. Peter aquifer in this location is similar in

composition.

The downgradient monitoring wells 2-S and 2-D, located south of the CKD landfill, had
groundwater similar to the upgradient well. However, concentrations of barium, copper,
magnesium, potassium, and alkalinity were slightly greater than the background concentration

for these parameters in the shallow well.
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Monitoring wells 9-S, 9-WT, and 9-D are located east of MW2 and south of the CKD landfill. In

MW9-S and MWO-WT concentrations of aluminum, arsenic, calcium, magnesium, nickel,
potassium, sodium, alkalinity, chloride, sulfate, and total dissolved solids consistently exceed the

respective background concentrations.

Groundwater in the St. Peter aquifer at this location (MW2-D and MW?9-D) has concentrations
of barium, iron, manganese, potassiﬁm, chioride and sodium that are slightly greater than the
background concentration in MW1-D. No organic compounds were detected in these monitoring

wells.

The downgradient monitoring wells 4-§ and 4-D, located northwest of the landfill, had
groundwater with qualities intermediate betweern: the upgradient well and the leachate well. The
pH of the groundwater is 7.2. It had elevated concentrations of potassium, chloride, and sulfate,
and somewhat elevated concentrations of sodium and dissolved solids. The current CKI) waste
disposal area is not directly upgradient from MW4-S, and there may be other waste disposal sites
at the facility that have affected the groundwater at MW4-S, Previously there was a settling pond
immediately north of MW4-S that received slurry and wastewater from a wet process in the #4
kiln. The #4 kiln was constructed in 1960. The exact dates of operation of the settling pond are
not known, but a cover was being applied to it by 1977. Although this pond no longer exists, the

disposal of process waste in it 1.1ay have affected the groundwater.

&
Summary tables of the laboratory results have been included in attachment 4. The original

laboratory reports are available from Preston Engineering, Inc. and will be provided on request.
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8.0 Adjusted Groundwater Standaids

Because the concentrations of several parameters in downgradient wells exceed the background
concentrations and Section 620 class I groundwater standards, Dixon Marquette Cement

Company is requesting adjusted grouniﬁvater standards. The following table lists the requested

standards and the Class I groundwater standard.

Revised S-March-01

Table 8. Requested Groundwater Standards
all values in mg/L

Class | Standard | Requested Adjusted Standard
Aluminum 2522
Antiiony 0.006 0.006
Arscnic 0.05 0.141
Barium 2 2
Berylliuin 0.004 0.004
Boron 2 2
Cadmium 0.005 0.005
Calcium 420
Chromium 0.1 0.1
Cobalt 1 1
Copper 0.65 0.65
Lead 0.0075 0.012
Iron 5 6.4
Magnesium 1715
Manganese 0.15 33
Mercury 0.002 0.002
Nickel 0.1 0.1
Potassiurn 2309
Selenium 0.05 0.05
Sodium 140.5
Thallium 0.002 0.004
Vanadium 0.02
Zine 5 5
Alkalinity, total 1699
Alkalinity, phenol, 1121
Alkalinity, bicarb 977
Ammonia nitrogen 1.25
Chloride 200 241
COD 187
Fluoride 4 4.4
Nitratcas N 10 1L
pH (stnd units) 10.9 7
Sulfate 400 1245
TOC 29
Dissolved Solids 1200 4338
Benzene 0.005 0.005
I 1-dichlorocthane 0.7
1,1-dichlorocthene 0.007 35
Toluene 1 1
1,1, 1-trichlorocthane 0.2 0.2
20
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9.0 Abandonment of Borings and Monitoring Wells

All borings made during the hydrogeologic investigation were converted to momtormg wells

immediately following drilling. N borings have required abandonment.

Future borings that are not sealed or plugged immediately will be covered to prevent injury.
Borings and wells that will be abandoned in the future will be filled with bentonite chips or
pellets, or will have high-solids bentonite grout tremied into them. During tremie operations, the
base of the tremie pipe will remain submerged in grout as the hole is being filled. Bentonite chips
will be screeried to remove fine material before being used. Bentonite and bentonite grout are
compatible with the groundwater, leachate, soil, and CKD that are found at the site. Well casings
that extend above the surface will be removed. All excess drilling mud, drill cuttings, and
contaminated materials uncovered during or created by drilling will be disposed of in the on site
landfill. Areas around the borings will be restored to conditions acceptable to Dixon Marquette

Cement.
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Attachment 1

Cross Sections Threugh CKD Landfill
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Monitering well locations.
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Attachment 2

Well Censtruction Reports
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Geologic Descriptions " .
Monitoring Well MW-1D (northeast side of CKD landfill)

(All measurements in feet)

Depth of Top Thickness Unit Description
Pecatonica Formation

0 34 Limestone and dolomite

Glenwood Formation

34 44.5 Sandstone and siltstone

St. Peter Formation

4.5 8 Sandstone, quartz
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Geologic Descriptions

Monitoring Well MW-2D (south side of CKD landfill)

(All measurements in feet)

Depth of Top Thickmess Unit

0 _ L5

Pecatonica Formation

Medusa member
1.5 4.5
New Glarus member
6 1
7 4.3
11.5 4.5
Dane member
16 7.5
23.5 4
27.5 1.5
Chana member
29 15
Glenwood Formation
36.5 25
39 0.5
39.5 1.5
41 2
43 1
44 3
St. Peter Formation
47 25
49.5 10

Description

Fill material, crushed rock

Limestone, yeliow with gray dolomitic mottling, rare brachiopod

Limestons, yellow with dark yellow mottling

Limestone, yellow with gray dolomitic mottling, some
brachiopods, gastropods, crinoids

Limestone, yellow and gray, stylolites at 12 feet

Limestone, yellow with large dolomitic or shaly mottling, some
brachiopods, pyritic at 19.5 feet, calcite in vug at 22 feet

Dolomite, gray, sandy, vuggy from 25 to 26 feet and 27 to 27.5
feet, calcite in vug at 24 feet, some pyrite

Limestons, yellow and gray with dolomitic mottling
Dolomite, gray, sandy, pyritic, vuggy at 32 to 35.5 feet

Sandstone, ﬁn.c grained quartz, some pyrite
Siltstone, sandy, gray, some pyrite
Siltstone, gray, fissile

Sardstone, qﬁanz. some pyrite

Siltstone, gray, fissile

Sandstone, quartz, mottled, some pytite

Sandstone, quartz, poorly cemented, pyritic at 47 feet

Sandstone, quartz
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Geologic Descriptions
Monitoring Well MW-3D (southwest side of CKD landfill)

(All measurements in feet)

Depth of Top
0

18.5

55

Thickness

———

1.5

i8.5

35

78

Unit

Mifflin Formation

FPecatonica Formation

Glenwood Formation

St. Peter Formation

Description

Fill material, crushed rock

Limestone

Limestone and dolomite

Sandstone and siltstone

Sandstone, quara
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Attachment 3

Aquifer Test Data
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Geotechnical
Services inc. | :

i

i

i

I June 12, 1998
l .

]

Mr. Mark Zeli

Preston Engineering

4436 N. Brady Street
Davenport, Jowa 52806-4009

RE: PACKER TEST RESULTS
DIXON MARQUETTE CEMENT COMPANY
DIXON, ILLINOIS

Dear Mr. Zell:
Geotechnical Services, Inc. (GSI) has completed the analysis of the packer tests conducted at the

above referenced facility. The results are presented in the attachments to this letter. The
following equation was used for calculating the hydraulic conductivity of the test intervals.

. 0 .. | L
K:= ——-asinh (—)
2nLiH 2r
(Based on equation from Earth Manual, US Dept. of Interior, Bureau of Reclamation)

K = hydraulic conductivity
' Q = constant rate of flow into the portion of borehole
L, = length of portion of the borehole tested
Hg = hcad due to gravity
. H, = head as applied pressure
H = differential head of water
r = radius of hole tested
l sinh™ = inverse hyperbolic sine

Please note that on three of the tests, MW-1, MW-3 and MW-4) no flow was measured during
the packer tests. To provide a maximum hydraulic conductivity estimate, the flow meter
minimum detection of 0.0017 gpm was used as the flow rate for these tests. This allows for a
meximum hydraulic conductivity estimate to be calculated,

GEOTECHNICAL, MATERIALS ENGINEERING & ENVIRONMENTAL CONSULTANTS

258 EAST 9OTH STREET

DAVENPORT, IOWA 82805-7341

(316) 285-8541 « FAX {318) 285-8545

OFFICES LOCATED THROUG!HOUT COLORADO, IOWA, KANSAS, MISSOURI & NEBRASKA

i ekt ey e
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If you have any questions please call.

Sincerely,

GEOTECHNICAL SERVICES, INC.

J ; /
/Z// 7/ //
Joel P. Zirkle, ICGP, RG
Senior Geologist

cc: File 26Q0026

Attachments
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Attachment A

Date Test Conducted: March 31, 1998
Location: MW-1
Depth of Test Ir.terval: 42.5 ft. 10 43.5 fi.

1
Q =0.00178%.0.13368 L

min gal

Hg =49

Hp :=35psic 2.31~»Qﬁ—.
psi
H =Hg+ Hp

L=1ft

K-=—2__asinh (_L_)
2w LH 2r

K=58%10" 1L
min
K=29¢10" 22
sce
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Attachment B

Date Test Conducted: March 24, 1998

Location: MW-2

Depth of Test Interval: 42.0 ft. 1o 43.5 ft.

_L5in
r-= .
1211
fi
3
Q:-0.2308% . 133651t
min gal
Hg =48.5f
Hp =20 psi-2.31~i
psi
H =Hg+ Hp
L=15ft

K= Q
2n-LH

-asinh (

K=858107° »f
min

K=43610"° .0
sec

L

2r

|

- - - k ' 4 “ "‘
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Attachment C

Date Test Conducted: March 27, 1998
Location: MW-3
Depth of Test Interval: 62.0 f1. to 63.0 ft.

. 1.5in
2.8
ft

3
Q= 0.00178% 0133681

min gal

Hg:=68.51

Hp =50 psi-2.3 1-—@—_
psi

H:=Hg+ Hp

L =10ft

K.= Q -asinh-I-f-
2nLH 2r

K=41216" - &
min

K=20910" 1

scc
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Attachment D

Date Test Conducted: April 3, 1998

Location: MW-4

Depth of Test Interval; 45.0 ft. 10 46.0 .

1.5in

r'=

12,10
f

3
Q:=0.00178%L.0 15355 1
min g

Hg:=51.5%

Hp :=40psi-2.31-£_
psi

H:=Hg+ Hp

L:=1f

K =- Q
2n-LH

K=527107 .0

-asinh (—Ii
2r

—

min

K=26710"7 .5m

sec

1




Slug Test Results

Title: Slug out
Client: DMC

Job Number: 98-516

Well Number: MW-1 Shallow

Well Geometry

B 38.45
Le: 12.
Lw: 38.45
rcs .083
W 3.

filter pack porosity:
effective radius:

Bouwer Rice Coefficients

Le/rw: 4.

A: 1.705

B: .201

C: .71
In(Re/xrw): 1.643
Hvorslev

F: 52.228
Least Squares Fit
slope: -1.55E+1
intercept: 1.57E+0

Hydraulic Conductivity
Bouwer-Rice: 7.35E-3
Hvorslev: 6.46E-3

Recovery Data and Fit

time y
0.00 4.50
0.01 4.14
0.02 3.35
0.03 2.98
0.04 2.60
0.06 1.95
0.07 1.69
0.08 1.41

fitted
4.74
4.05
3.41
2.86
2.41
2.03.
1.71
1.44
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Slug Test Results

Title: . Slug out
Client: - DMC

Job Number: 98-516
Well Number: MW-1 Deep

Well Geometry

B 300.

Le: 12.

Lw: 10.01

rc: .083

rw: 2.625

filter pack porosity: 0.0

effective radius: 8.338-2

Bouwer Rice Coefficients

Le/xw: 4.571

A: 1.721

B: .205

C: .138

In(Re/rw): .71

Hvorslev

F: 48.131

Least Squares Fit

slope: -1.17E40

intercept: 4.35E~1

Hydraulic Conductivity

Bouwer-Rice: 2.4E-4

Hvorslev: 5.3E-4

Recovery Data and Fit
time y weight
C.00 1.56 1.00
0.01 1.53 1.00
0.02 1.51 1.00
0.03 1.48 1.00
0.04 1.47 1.00
0.06 1.44 1.00
0.07 1.43 1.00
0.08 1.39 1.00
0.10 1.38 1.00
0.11 1.36 1.00
0.13 1.33 1.00
0.14 1.30 1.00
0.16 1.28 1.00
0.18 1.25 1.00
0.20 1.23 1.00
0.22 1.20 1.00

[ o el al i ol el
. . e e s e e e e .



11.797 -
< .
10.620 -

9.443 4 T

8.266 -

Feet 1120
=~

7.089 -.

5.912

1

4.735 _ _ ,
9.92

0.00 1.98 3.97 5.95 7.94
Time (Minutes)

_[1] - PXD-261 SN 5631 [0] - Barometric

30.288

29.938

29.589

29.2359

Inches Hg

28.889

28.540

28.190




Slug Test Results

Title: Slug in
Client: DMC

Job Number: 98-516

Well Number: MW-2 Shallow

Well Geometry

H: 38.17
Le: 12.
Lw: 38.17
rc: .083
rw: 3.

filter pack porosity:
effective radius:

Bouwer Rice Coefficients

Le/rw: 4.

A: 1.705
B: ,201

C: .11
In(Re/rw): 1.639
Hvorslev

F: 52.228
Least Squares Fit
slope: -4.8E-2
intercept: 1.24E+0

Hydraulic Conductivity
Bouwex-Rice: 2.28E-S
Hvorslev: 2.E-5

Recovery Data and Fit

time y
0.00 3.45
0.17 3.42
0.33 3.40
0.50 3.37
0.67 3.34
0.83 3.31

0.0

8.33E-2

fitted

Wwwwwiw



25.470 H 30.304
| |
24.237 - - 29.953
23.005 4 e - 29.602
R o0
Ty 773 | R . 29.251 8
) e S
0 T
i - 5
20.541 - . -~ 28.900
19.309 - _ 28.549
18.077 _ _ _ _ : W 28.199
0.0 5'3 10.6 15.9 21.2 26.5 318
Time (Minutes)
. [1] - PXD-261 SN 5631 ro] - Barometric




Slug Test Results

Title: Slug in
Client: DMC

Job Number: 98-~516
Well Number: MW-2 Deep

Well Geometry

H: 300.
Le: 12.
Lw: . 31.94
rc: .083
rw: 2.625

filter pack porosity:
effective radius:

Bouwer Rice Coefficients

Le/rw: 4.571

As 1.721

B: .205

C: .738
1n(Re/xrw): .971
Hvorslev

F: 48.191
Least Squares Fit
slope: -3.71E+)
intercept: 1.24E+0

Hydraulic Conductivity
Bouwer-Rice: 1.05E-2
Hvorslev: 1.68E~2

Recovery Data and Fit

time Y
0.00 3.43
.01 2.19
0.02 1.48
0.03 1.02

weight
1.00
1.00
1.00
1.00

fitted
3.31
2.28
1.50
0.99

}'::7-..:!__-_ 4




Slug Test Results

Title: . Slug out
Client: DMC -
Job Number: 98-516

Well Number: MW-2 Deep

Well Geometry

H: 300.
Le: 12.
Lw: 31.94
rc: .083
Ivi: 2,625

filter pack porosity:
effective radius:

Bouwer Rice Coefficients

Le/rw: 4.571
A: . 1.721
B: .205
C: .738
In(Re/xw): - .977
Hvorslev

F: 48.191

Least Squares Fit
slope: -3.84E+1
intercept: 1.31E+0

Bydraulic Conductivity
Bouwer-Rice: 1.08E-2
Hvorslev: 1.74E-2

Recovery Data and Fit

time

0.00 3.
0.01 2.
0.02 1.
0.03 1.

0.0
8.33E-2

weight

1.00
1.00
1.00

fitted
3.56
2.42
1.57
1.02




Feet H20

Inches Hg

26.893 . 30.312

24.529 | 29.967
22.166 - - 29.622

: | |

Hm . mow o . Tt cteraesersesssnerecesestesantasssassesntarineencusetsnset . L ml- N@ . NNN

17.438 . - 28.932

|
15.074 - - 28.58%
12.710 oo oo O 28.241

0.00 4.17 '8.33 12.50 16767 2083  25.00
Time (Minutes)
. [1] - PXD-261 SN 5631 [0] - Barometric



Slug Test Results

Title: Slug in
Client: DMC

Job Number: 98-516

Well Number: MW-3 Shallow
Well Geometry

H: 34.79

Le: 12.

Lw: 34.79

rc: .083

rw: 3.

filter pack porosity:

effective radius:

Bouwer Rice Coefficients

Le/xw: 4.

A: 1.705
B: .201
C: .11
In(Re/rw): 1.597

Hvorslev
F: 52.228

Least Squares Fit
slope:
intercept:

~3.33E~1
1.34E40

Hydraulic Conductivity

Bouwer-Rice:
Hvorslev:

Recovery Data and Fi

time
0.00
0.17
0.33
0.50
0.67
0.83
1.00

1.54E-4
1.39E~4

t

y
3.90

3.61
3.39
3.20
3.04
2.90
2.79

0.0
8.33E-2

vieight

- pd b e P e b

00

= 3l TN D T R S N N B aE




Slug Test Results

Title: Slug out
Client: DMC

Job Number: 98-~-516

Well Number: MW~-3 Shallow

Well Geometry

H: 34.79

Le: 12.

Lw: 34.79

rc: .083

v 3.

filter pack porosity: 0.0
effective radius: 8.33E-2
Bouwer Rice Coefficients

Le/xrw: 4.

A: 1.705

B: ,201

C: .11

In(Re/xrw): 1.597

Hvcrslev

F: 52.228

lLeast Squares Fit
slope: =-3.35E-1
intercept: 1.41E40

Hlydraullc Conductivity
Bouwer-Rice: 1.55E-4
Hvorslev: 1.4E~4

Recovery Data'and Fit

time y vieight fitted
0.00 4.20 1.00 4.10
0.17 3.86 1.00 3.88
0.33 3.62 1.00 3.67
0.50 3.43 1.00 3.47
0.67 2.26 1.00 3.28
0.83 3.11 1.00 3.11
1.00 2.98 1.00 2.94



- DMC MW-=3 Shallow

L‘ll(.\l ~

Feet H20
3
T

13.698 4 _

.003 = _
= 0.0 10.5

{

20.9 31.4 41.9 52.4 62.8

Time (Minutes)

. [1] - PXD-261 SN 5631 [0] - Barometric

30.279

29.925

N
w
o
~J
=

Inches Hg

28.862

28.508

28.154




Slug Test Results

Title:
Client:
Job Number:
Well Number:

fiell Geometry
H:

Le:

Lw:

re:

rw:

Slug in
DMC
98-516
MW-3 Deep

300.
12.
35.9
.083
2.625

filter pack porosity:
effective radius:

Bouwer Rice Coefficients

Le/rw:

A:

B:

C:
ln(Re/rw):

Hvorslev
F:

Least Squares
slope:
intercept:

4.571
1.721
.205
.738
.997

48.191
Fit

-2.12E+0
9.47E~1

Hydraulic Conductivity

Bouwer-Rice:
Hvorslev:

Recovery Data

time
0.00
0.17
0.33
0.50

6.1E-4
9.58E~-4

and Fit

y
2.61

1.78
1.25
0.91

0.0
8.33E-2

weight
1.00
1.00
1.00
1.00

fictted
2.57
1.81
1.27
0.90



Slug Test Results

Title: Slug out
Client: DMC

Job Number: 98-51¢
Well Number: MW-3 Deep

Well Geometry

H® 300.
Le: 12.
Lw: 35.9
rc: .083
Iw: 2.625

filter pack porosity:
effective radius:

Bouwer Rice Coefficients

Le/rw: 4.571

A: 1.721

B: .205

C: .738
1n(Re/xw): .997
Hvorslev

F: 48.191
Least Squares Fit
slope: -2.42E+0
intercept: 1.28E40

Hydraulic Conductivity
Bouwer-Rice: 6.98E-4
Hvorslev: 1.1E-3

Recovery Data and Fit

time Y
0.00 3.66
0.17 2.34
0.33 1..7
0.50 1.09

0.0
8.33E-2

weight

1.00
1.00
1.00

fitted
3.58
2.39
1.60
1.07

.




DMC MW-3 Deep

w 24.605 30.251
22.524 - | . 29.899
20.444 4 _ 29.547

O } :
T 18.363 - o _  29.195

NN ! .m

D ! : !

P | i

&
 %16.283 A . - 28.843
14.202 - | | _ 28.491

. 12.122 : _ — m _ L 28
0.00 4.19 8.39 12'58  16.78  20.97  25.17 8. 140
Time (Minutes)
. [1] - PXD-261 SN 5631 , [0] - Barometric ,
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Slug Test Results

Title: Slug in
Client: DMC

Job Number : 98-516

Well Number: MW-4 Shallow

Well Geometry

H: 29.93
Le: 12.

Lw: 29.93
rc: .083
rw: 2.125

filter pack porosity:
effective radius:

Bouwer Rice Coefficients

Le/rw: 5.647

A: 1.749

B: .211

C: .792
In(Re/xrw): 1.798
Hvorslev

F: 42.813
Least Squares Fit
slope: -3.74E+0
intercept: 1.33E+0

Hydraulic Conductivity
Bouwer-Rice: 1,95E-3
Hvorslev: 1.91E-3

Recovery Data and Fit

time Yy
0.01 3.57
0.17 2.06
0.33 1.12
0.50 0.57

weight
1.00
1.00
1.00
1.00

fitted
3.64
2.03
1.09
0.58




Slug Test Results

Title: Slug out
Client: DMC
Job Number: 98-516

Well Number: MW-4 Shallow

Well Geometry

H: 22.93
Le: 12.
Lw: 29,93
rc: .083
rw: 2.125

filter pack porosity:
effective radius:

Bouwer Rice Coefficients

Le/xw: 5,647
A: 1.749
B: .211

C: .792
ln(Re/rw): 1.798
Hvorslev

F: 42.813
Least Squares Fit
slope: ~6.4E~-1
intercept: 1.44E+0

Hydraulic Conductivity
Bouwer~-Rice: 3.33E-4
Hvorslev: 3.26E-4

Recovery Data and Fit

time vy
0.01 4.26
0.17 3.75
0.33 3.36
0.50 3.04
0.67 2.75
0.83 2.50

0.0

8.33E~-2

weight

P e el

NN WwWwWw




Feet H20

- DMC MV, -4 Shallow

- 27.522

24.917

22.312 -

19.707 I_ ..... TS e ———

17.102 -
S

14.497 |

1

0 3.58 7.17 10.75 14.33 17.92
Time (Minutes)
- [1] - PXD-261 SN 5631 [0] - Barometric

0

|
|
m
11.892 _ | .
.0

2150

30.340

29.990

29.639

29.285

Inches Hg

28.938

28.588

28.237



Slug Test Results

Title: : Slug in
Client: DMC

Job Number: 98-516
Well Number: MW-4 Deep

Well Geometry

H: 300.
Le: 12.
Lw: 26.03
rc: .083
Ty 2.625

filter pack porosity:
effective radius:

Bouwer Rice Coefficients

Le/xrwv: 4.571
A: 1.721
B: .205

C: .738
In(Re/xrw): .94
Hvorslev

F: 48.191
Least Squai Fit
slope: -3.E+0
intexcept: Y. 24E-1

Hydraulic Conductivity
Bouwer~Rice: 8,17E-4
Hvorslev: 1.36E~3

Recovery Data and Fit

time y
0.01 2.52
0.17 1.48
0.33 0.90
0.50 0.58

w o

3E-2

weight
1.00
1.00
1.00
1.00

fitted
2.44
1.53
0.93
0.56




Slug Test Results

Title: Slug out
Client: DMC

Job Number: 98-516
Well Number: MW-4 Deep

Well Geometry

H: 300.
Le: 12,
Lvi: 26.03
re: .083
rw:e 2.625

filter pack porosity:
effective radius:

Bouwer Rice Coefiicients

Le/rw: 4.571

A: 1.721

B: .205

C: . 138
1n(Re/rw): .94
Hvorslev

F: 48.191
Least Squares Fit
slope: ~3.35E+0
intercept: 1.26E+0

Hydraulic Conductivity
Bouwer~-Rice: 9.1E-4
Hvorslev: 1.52E-3

Recovery Data and Fit

time

0.01 3.54
0.17 1.93
0.33 1.12
0.50 0.908

0.0
8.33E-2

weight
1.00
1.00
1.00
1.00

fitted
3.40
2.01

0.6%

[ "N




- DMC MW-4 Deep

Inches He

3 25.418 - 30.332
w
23.405 - - 29.981
|
21.393 4 . _ 29.630
@) i
R ettt eietseesaeaesssanaes
T 19.380 - - L 29.279
D w |
O i
| | .
17.368 ~ 28.927
m |
15.355 | | - 28.576
13.343 4 . - . - M - 28.225
0.00 3.19 6.39  9.58 1278  15.97  19.17
Time (Minutes)
. [1] - PXD-261 SN 5631 [0] - Barometric




Slug Test Results

Title: Slug in

Client: DMC

Job Number: 98-516
Well Number: MW-2 Mid

Well Geometry

H: 39.03
Le: 3.5
Lw: 39.03
re: .083
w: 2.125

filter pack porosity: 0.0
effective radius: 8.33E-2

Bouwer Rice Coefficients
Le/tw: 1.647 ’
A:

B:

C: .

In(Re/rw): 2.646

Hvorsley
F: 29.285

Least Squares Fit
slope: -3.17E-4
intercept:  1.86E+0

Hydraulic Conductivity
Bouwer-Rice: 8.33E-7
Hvorslev:  2.36E-7

Recovery Data and Fit

time y weight
0.00 5.35 0.00
0.17 6.45 1.00
0.33 6.41 1.00

0.50 6.41 1.00
0.83 6.41 1.00
1.50 6.41 1.00

fitted
6.40
6.39
6.39
6.39
6.39
6.39



2.00
2.50
3.50
4.50
5.50
6.00
6.50
7.50
8.00
8.50
9.50
10.50
11.33
11.50
12.50
13.17
13.50
14.50
14.67
15.50
16.50
16.67
17.50
18.39
18.50
19.50
20.33
20.50
21.50
22.50
23.50
24.50
24.67
25.50
26.50
27.33
27.50
28.50
29.50
39.67
30.50
72.00
102.00
132.00

6.40
6.40
6.40
6.40
6.40
6.39
6.39
6.39
6.39
6.39
6.38
6.38
6.38
6.38
6.38
6.37
6.37
6.37
6.37
6.37
6.36
6.36
6.36
6.36
6.36
6.35
6.35
6.35
6.35
6.35
6.34
6.34
6.34
6.34
6.34
6.33
6.33
6.33
6.33
6.33
6.33
6.25
6.18
6.11

1.00
1.00
1.00
1.00

S8888388388888888888

Bt et ek feed Juet ek Pk et pvh et pemd ped Pk ped bbb e b et fumd  pmd ek ued ek
<

—
8E88888888888888

1.00
1.00
1.00
1.00
1.00

6.39
6.39
6.39
6.39
6.38
6.38
6.38
6.38
6.38
6.38
6.38
6.37
6.37
6.37
6.37
6.37
6.37
6.37
6.37
6.36
6.36
6.36
6.36
6.36
6.36
6.36
6.35
6.35
6.35
6.35
6.35
6.35
6.35
6.34
6.34
5.34
6.34
6.34
6.34
6.32
6.33
6.25
6.19
6.13



MR G BN S S an

162.00
191.33
222.00
251.17
282.00
312.00
341.50
372.00
401.50
432.00
462.00
492.00
522.00
552.00
581.83
611.50
641.83
672.00
702.00
731.17

6.05
5.99
5.93
5.87
5.81
5.76
5.71
5.65
5.61
5.55
5.51
5.46
5.41
5.37
5.32
5.28
5.24
5.20
5.15
5.12

s83385888

1.00

6.07
6.02
5.96
391
5.85
5.79
5.74
5.68
5.63
5.58
5.52
5.47
5.42
5.37
5.32
5.27
5.22
5.17
5.12
5.07




DMC M.W-2 Mid

25 119 - o e o o : 30.047
22.955 - _ 29.693
—
| ————
20.792 - T - 29.338
o) vt
o ..
o S
o
I, h=
. 16.464 - - 28.629
14.301 - C - 28.274
| | “
12.137 - . q A R 27.520
0 123 246 370 493 616 739
Time (Minutes)
. [17 - PXD-261 SN 5631 [0] - Barometric
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Attachment 4

Summary Of Analytical Data



Fav 3t Summary of Analytical Results for Volatite Organic Compounds
st Dixen Harquette Cement Company, 1998-2009
(ail values in ugh)
Comnsund [L27EY oS (L8] Mwis HiLs WS T WS L (421 M-S Vs ws WS MW2S uw2s
st 12438 10025058 MERS 1155 999 11158 V% L /2500 1300 18 124098 SOZ598 1089
i <3 <X < <& <) <0 <20 <5hi
tezaien < < s <0 <50 <50 <50
Fororrie < < <y <0 PS) <50)| A0 <0
Eeure <1.0 < q @A < <9 ) <40 <50 <0 5.0, &P <19 05| a5 %9
Bromctarzsne <10 <10 <iq .4 <0 <0 <50, <19 <0
Esomonhioromethars <ty <1g <id <1 &0 5.0 <0 Ay <5.0]
& xe <10 g <1.0 <10} S0 <50 <5.0] <1.0| <50|
| Bromolorm “3 <21 L 20 %9 <5.0] <50 <10 %0
Bramomothane <14 d g <« <30.0) <30 0| <100 <19 <100,
|rbusfosnzene <14 <14} g aq <100 <10 <, 1.0 <100,
e DAyEEENe <13 1.4 <t < <10.0 <100 <100 <10 <1).0)
i butyberzene <14 <14 <14 <1 <H0 <109} <100 <10} <H.0
Caton dsusfide < < <«1q <H.0 <$0.0| <1090 < <00
Cartrn ieracticnde <1 <100 93 <3 <9 <50, <0 <10 S0
Crimorcraeon BL <4 <4 <1 <%0 <50 <50, <19 <40
Cricrodix omcmethans < g «q <108 <143 <50 <50 <5.0] <1.0) <59
Chicroenane <14 <« <44 <« <100 <15.0 <109 <1.0) <100
[CHordkam <ad <d 9 < 0 50 A <10 50
Crioomears <14 < <1.0 <14 <409 <H.0) <%0 <1.0] <16.0)
-cHior Aok <4 <1Q <10 «d <50} <0 <5.0 <4.0] <50
pariarotioens <t <« <1q <14 <%0 <50 <0 <0 <%0
1.2-0tromn 3 chicrpropene < <) <10 L4 | <10
1.2-Goromature 1.0 <id <1l <id <10
Dtramomethans <1 <14 <q <14 <59] = <50 <10 50
1 2-dchlordbenzers <10 ad <14 <id <0 <%0 <50 <40 S0
13 dchior cherzete <14 <10 <14 1.0 <50, <0 50| <1.0, <50
ndchiorooezans <4 <10 <1 BY: <9 <50 <59 <0 0
<id <y <ig
<ig <39 <1 ad <30.0, <10.0) <100 <1.0 <30.0
1.2-dchiorvetiane <1 1.0 <1.4) 0.4 &0 <50 <50 <40 S
1,1-dctioroetane <108 <14 <10} <1 <%0 4 <4 <4 <4 <50 <0 <10 <t <0
1,1-Ghiorcethane <1q <2 <q Q <S¢ <50 <50 S0 <4 <50 <50 .0 QD 14
as-1 2-6chatootlern <10 10 < d «d <50} <59 <50 <10 <0
varw 12-Gchiarostans <1 <4 <14 <t <0 50 0] <0 <0
vara-1 A-dchioro 2-utere < < < <t <409 <100 <100 «100)
d-r1c0rop Aethet <14 <1 <10
12-Sctbuopicpane <4 <4 <1d <td <0 0 0| 0 50|
13 dchiaopropr s ag <14 <4 <t <59 <0 <50 <1.9| <0
2.2-dhbcAoprcpane <14 < <14 <t <5.9) <50 <50 <1.0 30
1.1-Octduroncgera <10 hak: «q <1d <50| <60 <50) <1.0| <50
13- dcHionoprogens <00 <10.0 <100 <00
s 1,3-Gcborcpropers 4 Q <19 < <« <50 <S0) <50 «0 &0
wars- 1.3 dohioropropers «( <« «<iq <10 <90 <30 <50 <1.0| 0
£ thybenzene < <103 <. <4 <59 S0 <50 <. <0
Hegrane <t g
2-taxarore <25 <10 <) <% 0] <$.0 <50 <! S0
Hasachioiosad e « L <4 240 0) <100, <10.0] 1.9, <16.0)
iodometnars BT 1] <10 <1t <10 9) <10.0) <100 a0 <®.0)
scpropyterzens “q <t g «d < <40.0) 0.0 <100 .9 <00
b propyiYhuond «1q «1.0 <y <10 <100, <13 0] <10.0, <10} <100}
Uetyiene ciornka o <if} <sa <10} <50] <0 <50 <1.0] 0]
Hethyl et/ beicne <l «i <10y <10 0} <10.0) <100} <20 <10.0]
WIBE .4 < q
Metryl notuty! evone <ig <
A-ratnyg.2-pocanas < 0 50 <50 <« &4
Tevahysuan <9 i) <0 <9 (514 <50 &0 <50
tig i aione L < <l <l <1.0]
1 AN <« «d <t <«q <10 0] 40,0 <50 <49 <10.0]
Stytene «ad <t adg «d %50 40 <50; <1.0] <5.0)
1.1 1. 2. v schinostrans g «tq g «d 50 0| ) 0 &0
112.7 wiadksoetrare an 4 <4 <iq %0 <50 %0 9 EY)
Tevatirtion “14 <«id «q «dg 50 L1 <50 <10 a0
Touerm {4 $2 g <1 %59 <3¢ <50 <51 < <&.0) <5 0] <10 <0 Y &0
12,3 txtbxciarzera g %$q <40 << { <59 5.9 <50 <1.0 S0
1.2.4 trrhorobw zeme ad «“d <5 4 50 <50 <50 &0
1.1 14 ctiorortwre o <1 <« <1 <50, <50) <30) «5Q “Q <50 <0 <1.0! <1.0| <1 0] 30!
1.1.2-victkroehare «d «d «d «( <50 <0 <50 30
Trichiorothens ad <« <y age <0 SulT T T Gol - T ) et 1 1 RS Y
Tixtbarohuoiometans Y “q “4( ad <090 <«0) <) 0] 0] <100
12.3 yin-ovra < q <1.0] «4 Kk 50| %90 <40 <10 &0
12 4 ynstnarzene «14 <y «y «d <10.0] 100 <#) 0} <10 <00
1,38 tumethytenzene «d <1} 1y ad <100, <00 <10.0 0 <100)
Ve seuic <d <\ <100) <130 <100 0 «100)
Eonyt oo <1.0;
Ve ctirde "y <« <. <1 <106 <H.0) <100 <10 <100
2-tcaontrpony atter 4 0
£yl mehacryate ke &
o ryiene “d <09 <100 <00 40, <10 0]
[ 23 1 rysene 3L 50 50 0] 7 0 30
¥ peros vis <4 ) a Q 0 <50 59 <0 @0
VOra € V4 paky tacoad Bt ppand Loreed s s
YaRA TP G e i Pt 0T CFA BB S8 B b Wrkn DX (2 by YT 1016)




oo Summary of Analytical Resuks for Volatike Organic Compounds v
& Dixon Marquette Cement Coipany, 19982000 . {
(al values in ugh)

Compound wns 72 MNZS WN2S w2s s w2t NS S W3S W3S MW MW3S 2 R3S
l Ly 141159 b (et 2000 113609 113000 5198 §1T58 1498 1026/58 1029 258 1L 3208
Acetore <50 <50] <20 90 <40 <50
Acrcisin 0! <50 <50 <50/ <) <0
| Acrytonirie < <0 &0 <%0 <50 <0
Beners <50} <59 4.0 .0 <0 <50 <10] <0.5] @45 S.0) <0 <5.0; <8.0|
<50 <S50 <10] <50 <50 <50
<590 S0 <1.0] . <4.0] <50) <9
|Bromoedichioromettane <50 <0 . <1.0) <0 <30 <0
{Bromeorm <0 <50 - <10 <50 <50/ <$D
Bromomethone <10 <$0.0, <19 <20 <100 <100
n-tezybaruene <400 <00 <0 <100 <10.0i <0
vec b terzens <10.0) <109 <1.f <00 <100, <10.0
ert bt yhoenzent <500 <105 <19 <100 <1001 <10.0)
Carton dsfise <10.0 <10.0! <X <00 <10.0 <100|
[corbon wracticrics <50 <50 <10 S0 <s0 <$9|
| Chicrcerzans <590 <50 <10 <0 <50, <0
<59, <0 <10 <o <0 <0
<10.0 <100 . <1 <0 <00 <00
| Criarcdorm <50 <50 <10 <0 <£0) <S50
Chioomethans <100 <199 <10] <100, <100 <100,
o-cticroiohone <50, <59 : <10 <0 <5 &9
[p-chiorotckmne <0 50, <0 <50 S0
1 2-diromo-3-chioropropane j <1.0;
1 2-Gtromoeane <1.0;
Obromomethane <5 0] <5.0 <3.0] .0 40 <50
1 2-Gtbocoonzens S0 59 10 <50 <50 <9
wdﬂm <5.0 <5.0) <1.01 <0 <0 <0
O AchirbETane <50/ <5.0) <10 <50 <50) <5 0)
Dchine ouoromethans -
Dtiorudtuururetians <100 <109 <10 <10.0 <10.0 <10.0
1.2-dctioroethane. <50 <5.0) <1.0] <0 <5.0) <59
1,4-dciecetrane - <0 <4 <4 <0 &9 S0 29/ 26 40 <0 <50 <0 <50
1,3-gchiorosTere <5, <50 <4 <0 <50 50 <10 <20, <50/ <5.0] 50 <54
ﬂmo‘m <50] <590 <10 <0/ 50| <5.0)
rars-1.2 <0 <S5 9y <$.0 <50 <50,
vore-1.4-Gchiono-2-buens <40.0 <10.0 <10.0 <100 <400
s |
1.2-dctoropropens 0 <0 <10 i %0 0 3]
1.3 O on 1) <50 <10 S0 <51 5.0}
2.2-9tioxoprpang %0 <50 <19 <%0 <50 <50]
1.1-ddioraropens <5.0] <50 <5.0] =14 <50
1.3 dchicnopropens <0 <100, <400 <100 <10.0
-1, 3-dchkropsopene <50 50 <100 <50, &0 50
vorg- 13 dticscoropans <5 0] <50 <10 <50 <50 <50
Efkenane 590 <5 0] <10 - <%0 <0 <50
Hegtane
2-hesane 50 <50 <) <5 0] <9 <%0
Hexachiroatsdens <1C 0| <160 <19 <i0 9, <100 <10.0
uarwhare <o <10 0| <1.0. <10.0 <1 0| <10.0)
/xs <0 <19.0 <10 <400 <100 100!
130t opyikuene . <00, <100 <19 <10.0] <100 <100
[Meryiene chicnds <50 <%0 <19 <0 <0 <%0
Lot el ketore <100 <190 <A <9 <190 <100
uTEE
W et oty ketons
:nmzm <50 <0 <0, <5.0 1) [ )
Tevatygoloran <50 S0 <50 <5 0] <50) <5 0|
Haghdra one <10
0 pranzene <100 <190 <10 a3 <100| <100
Sty 39 250 < <59 <50, <50
1112 levprtiorospane <50 30 <10 <$0, &0 <50
1,1.2 2-tetrachior cathare 50 <0 <« <50 <9 50
Tevachiroatinrd <0 50| <19] <90 <50 <59
Totmre ) 0 <0 <0 <0 &9 37 <4 BT 50 &0 &0 &4
12.3 bahiorcbanzens <50] %0 <10) 1 <$.0] 1]
1.2 4 yrIsowam <0 <50 : 19 50 <0 <80
111 v i onane <59 <%0 L <500 <50 <%0 1§ 124 12.2 114 <50 $.80 84 3
11.7 brabuoetane A0 1 <10 0 @0 Y3
Trctdorcatene i <50 Y Eatl A R K A R e LAL) I I 1| et 1)) T 1| L SR
Tochoaofars urahane 100 <100 | 0 <100 <100 <00
1.2 3 vickorgropane <50 1] <10) <%0 &0 Y4
1,24 tmslrenzens <00 <$0.0 <1.0) <100 <09 <100
1.3 5 vietinterzen <100 <160, <10) <00 <100 <D0
Vi scelate 100 108 <9 40 0) <§90) <100
£t scaisie <10 .
Vinyl cHionde 3Ll <{(: 0| <9 0.0 «10.0 <10.0]
2.chic b/l ot <10
Ety metecryisie P
o rylers 100 <100 <19) <400 <100 100
m and p rftene <50 <50 <40 <40 %0 Y
X paras, olad 1 50 <10 40 <& <%0

Vors 1 bokd Lt 7eched B L LGOI C ok o a
e A 21catd b w e Skl PR 10377020 0w 3 [ backon IO 14 ey S 8 P




Rev 91501 Su.nmary of Analytical Results for Volatile @
Compounds
at Dixon Marguette Cement Company, 1988-2000
{all values in pgh)
Compound HWiS M¥W1-S NWi-S MW W3S WS MWiS MV4-5 MwLs MWe-s MWES MWes HWe-S NS
1159 12100 2300 | snamo | unmos | s7ss | ma4es | tor2emE | TR6A9 | 9A8 | MRS | J2M00 | 62300 1 2000
Acetone <50 <20 <50, <50/ <50
Acrolein <0 <50/ <50 <50 <30,
Acylonitfie <50) <59 <30, <56 <50
{Banzore <5.0 <5.0 <50 <5.0, <50 <1.9; <0.5 <05 <50 <50 <5.0 <5.0 <5.0/ 59|
1B <50 <10, <5.0 <50 <50
[Bromochiorometh <50, <40 <30 &9 <50
|6 <50 <10 <5.0) <5.0 <50
Bromoform <50, <1.0 <5.0 <5.0 <5.0]
IB <100 <1.0 <109 <10.0 <100
{n-buyd <100 0 “00] <08 _ <160
sec-tutybenzens <§0.0 <10 <10.0/ <10.0 <10.0
et butyD <100 <10 <100 <100 <10.0
Carbon disutide <100 <20 <100, <00] _ <100]
Carbon § <5.0 <1.0) <5.0/ <5.0] <5.0]
Chi <50 <1.0 <5.0| <5.0 <5.0,
Chiorodibs # <59, <10 <5.0) <5.0 <5.0
Ch <10.0 <1.0 <10.0 <10.0 <10.0
CF <5.0 <19l <5.0 <5.0! <0
idoromath <100 <1.0 <i0.0) <10.0 <100
k <50 <12 <50 <5.0 <5.0)
P- <5.0) <1.0] <5.0] <5.0 <5.0/
1.2-gibromo-3 POpM <1.0)
1.2<Ebromoothane <1.0
D <50 <1.0 <5.0. <50 <50
1.2 <5.0 <1.01 <5.0] <5.0; <5.0]
1,3-dichiorob 5.0 <1.0) <50 <5.0 <5.0
(p-dichlorobenzens <5.0 <10 <5.0, <5.0 <50
o -
Dichiorodfuoromethane <10.0 <0 <10.0) <10.0] <10.0
12 th <50 <10 <5.0) <5.0 <5.0)
1,1-Gichiccouthsne <51 <0 <5 <5.) <5.0 <1.0, <1.0 L <5.0 <5.00 <%0 <50 <0
1.4 fchloroethane <50 <5.0 <5 <5.0 <5.0, <1.0] <20 <50 <5.0 <5.0: <5.08 <5.0 <50
c.8-1,2-dichiorosth <5.0/ <10, 5.0 <5.0, <5.0/
ans-1,2-dichioroethene <5.0] <1.0] <5.0] <5.0 <5.0]
¥ ans-§ A-dichloro-2-butane <10.9 <100 <10.0 <100
= —
12 1o <50 1.0 <5.0) <50 <50
1 3dichloropropane <50 <1.0 <5.0) <50 <59,
2.2 pIop <5.0/ <1.0 <5.9 <5.0 <5.0]
1,1-gichloropropens <5.0 <1.0) <5.0 <5.0 <50
1. 3-dichloropropsns <10.0 <40.0 <10.0 <10.0
cis-1,3-dichloropropens <540 <1.0 <50, <50 <5.0
yans-1,3-cichksoprop <50 <1.0 <5.0/ <5.0 <50
Etyb <50 <10 5.0 &0 <5.0
Haptana |
2 <5.0) <29 <5.0 <0 <5.0]
Hexachiorobutadiene <16.0 <1.0 100 <10.0) <10.0)
domethana <10.0, <1.0 <10.0/ <10.0 <10.0]
propy <10.0 - <1.0 <100 <10.0 <106
1505 opy <108 <10 «100] — <too] <100
Methylena chioride <5.0) \ ~ <10 <5.0) <) <5.0)
| Mettryl othyt batone <10.0 <20 <100 <100 <10.0
uTBE
Methyl Isobutyl ketons <20
4-methyt-2-pentanone <50 <20 <5.0 <5.0 <30
Tevahydrohaan <50 <5 <50 <50 <30] ]
ohthak <10
npropybenzens <100 <10 <1001 <106] <100
Styrene <5.0, <1.0 <59 5.0 <5.0
1.4,1,2408 h <50 <1.0) <5.0] 50 30
1,1.2,24ev achloroethans <5.0) <10 <50 <50 <50
Tovachhoroethy <5.0 <1.0 <5.0 <5.0] <50
Toluera <$.0 <50} <5.08 <5.0 <50 <1.0 <1.0 <1.0/ <5.0, <5.0 <5.0] <5.0 <5.0 <50
1,23 <5.0) <1.0 <50 <50 <5.0
1,2,4-yichlorcbenzens <5.0) <10, <5.0 <50 <5.0)
1.4.1-ichkcoeth 64 <0 <5.0 <5.0 <5.0 <10 <10, <1.0 <5.0 <5.0 <5.0) <5\ <500 <50
1.1,2- <5.0 <1.] <5.0 <5.0, <5.0]
Trichirosthens <50 <10 <1.0 <1.0 5.0 <5.0 «5.0]
! fi <10.0/ <50 <40.0) <10.9 <100
123 (0 <50 1.0/ <50 <50 <50,
12,4 y <10.0] ~ .0 <100 <100 <109
1.3,6 Koyt <10.0 <10 <100 <10.0 <{(.0/
Vinyl acetate <10.0 <0 <100 <100 <100
Ethyl acotate <1.0
Vinyl chioride <10.0 <19 <100 <100 <10.0
2-chioroshiyMny! sther <10
Ethyl methaoryiale <5/
n-1ylene <10.0 1.9 <100 <10.0 <10.0 ]
m and p xylend <5.0 <1.0 <50 <0 <8.0)
Xytones, lotal <0 10 <50 50 <50
Vahues i bold ladcw excend te bact Jound comaniraion
$haded values 910200 Ba sy afowsbie I ¢/ Mvend 16 Suriice waler 93 per action X4 124 #rv 04 14 Paypsdof 83




R SNS0L S y of Analytical Resuits for Volatile
Compounds
at Dixon Marguette Cement Company, 1998-2000
(all values in pugh)
Compound MWLS MWs-S W58 ¥WSS MWs-S HW5S.S MW5-S MW5-§ MWE-S MWSE-5 MWS-5 HWE-S HNE-S MWE-S
1130/00 12508 88159 11149 20 82300 w200 14130100 12609 w98 1414159 VU0 2300 8120700
Acatons <50 <50 [ <50 <50 <50
Acrolein <50 <50 <50 <50 <) <50
Aaylonirile <50 <50 <50 <50 <0 <50,
Benzone <50 <5.0 <5.0] <5.0 <5.0 <50 <5.0 <5.0/ <50 <50 <5.0 <50 <5.0 <50
IE 0| <60 50 S0| <50 %0
o S0l &0 50 0] <50 &0
IE o 9| <0 <50 P ) <0
|Bromat P &9 &0 50 &0
B <10.0 <100, <10.0 <10.0 <10.0 <100
butyb ~ <10.0] <10.0 <10.0] <10.0 <10.0! <10.0
sectutyb <10.0 <109, <10.0! <10.0! <10.0] <10.0,
it <10.0 <10.0 <10.0 <10.0) <10.0! <100
(Carbun disuifide <10.0; <100 <10.0 <10.0! <10.0 <10.0
Carbor: tetrachiide <50 <5.0) <50 <50 <5.0 <5.0
Chiorob <50 <50 <50 <50 0| <50
c <50 <50 <50 <5.0] <50} <50
Chloroeth <10.0 <100 <10.0 <10.0 <109 <10.9)
C <50 <50 <50 <50 <50, <5.0]
Chiorometins <100] <100 <100 <{00] <00 <100
<50 <90 <5.0) <5.0 <5.0 <5.0!
p <50 <50 <5.0 <5.0, <5.0 <5.0]
1,2-ditromo-3-chiaroprop
1.2 thane
D <5.0] <5.0/ <5.0 <5.0 <5.0 <50
1,2-dichlorod <5.0 <50 .0 <5.0| <50 <5.0
1,3-dichlorobenzene <5.0 <50 <5.0 <50 <5.0) <5.0.
p dichlorobenzene <50 <5.0) 5.0 <5.0 <5.0 <59,
o ™y
Dichi <100, <10.0 <10.0 <10.0! <109 <10.0|
1,2 thane <5.0] <50 <5.0 <5.0 <5.0 <5.0
1,1-dichi <50 <5.0 <5.08 <508 <5.08 <5.0, <5.0 <5.0 <50} 5.0 <5.08 <5.0 <5.08 5.0
1,1-dichlorosthens <5.0/ <50 <5.0 S0 <5.0) <5.0 <5.0] <5.0 <50 <5.0! <5.0 <5.00 <5.00 <50
is-1,2-dichioroethene <50 5.0 .0 <5.0 <5.0] <0
rans-1,2-dichlorosthens <50 <59, <50 <5.0 <5.01 <5.0
wans-1,4-Jichioro-2-butsne <40.0] <10.0 <10.0 <10.0 <10.0 <10.0
"o
1,2-dichioroprop L1 LY <5.0 <50, <5.0 <5.0|
1, 3-dichkropropsie <5.0 <5.0 <5.0 <50/ <5.9 <5.0]
2,2 prop <50 <5.0 <50 <) <5.0 <5.01
1,1-dichoroprop *59 <5.0. <5.0 <59, <50 <5.0
1,3 dichloropropens <i00] <100 <10.0 <100] <100 <10.0
cls-1,3-dichk % oprop <50, <50, <5.0) S50 <5.0) <5.0)
2018 1,3-dich: yopropans <5.0 <5,0 <5.0 <50 <5.0 5.0
Ety <50 <50 <50 <5.0 5.0 <5.0
Heptana
2 <5.0 <. <5.0 <50, <5.,0 <5.0
H lens <10.0) <10.0] <10.0 <10.0 <10.0) <10.0]
<10.0 <10.6 <10.0 <10.0 <10.0 <10.0
0OpY <10.0 <10.0 <100 <10.0 <10.0) <(0.0
pdsopropytolucne <160 <106 <100 <10.0 <10.0 <10.0
tAethylens chiorde <50 <5.0, <5.0 <5.0) <5.0 <50
Methyl ethyl ketone <10.0 <10.0 <10.0 <10.0 <10.0) <10.0
MTBE
Methyl isobutyl ketone
4-methyh 2 <5.01 <50/ <50 <5.0 <50 <50
Toyahydrofuran <5.0) <50 <50 <50 <50 <5.0]
oHopy <10.0 <10.0 <10.0 <10.0 <10.0 <100
Styrese <0 <5.0 4.0 <50 <5 <£.0)
1,1,1,2-le¥ achbrostt <50 <59 <50 ) <0 <5.0]
1,1,2,2 t <60 <5.0 5.0 <5.0] <50 <5.0
Tevachlorcet <5.0) <50 <50 <5.0) <5.0 <5.0
Toluene <50 <5.0! <5.0 <5.0 <500 <5.0) <0 <5.0| <5.0 5.0 <5.0] <5.04 <50 <50
1,2,3-¥ich <50 <50 5.0 <50 <50 <50/
1,2, 4-trichk <50 <5.0 <50 <$.0, <5.0/ <50
1,11 <5.0 <5.0) «5.0, <50 <5.0) <50 5.4 <50 <50 <50 <5.0 <5.0 <504 <50
1,1.2-¥ichlorosthany <5.0) <50 <50/ 5.0 <50 <5.0,
Trichlorosthers <50 <5.0 <5.0 <60 <59 <50
<190 <100 <104 <10.0 <10.0 <10.0
1,2,3- tichioroprop <5.0 5.0 5.0 <5.0 <%0 <50
12,4 . <10.0 <10.0 <10.0 <10.0 <100 <10.0
1,35 y <100 <100 <100 <100 100 r10)
Vinyl acstale «10.0, <100 <10.0 <109) <100 <10.0
Ety) acetate
Viny! chiocide <10.0 <100 <10.0 10.0 <10.0/ «10,0!
I2 ¥ othet
Y methacrylate
L ne <10.0 <10.0] <10.0] <10.0 «10.0 <10.0
m and p xylane <5.0/ <5.0 <5.0 <5.0 5,0/ <5.0
Xytones, lotal 0] <50, <50 &0 <$0) 50
Vahues in boid Racs 91.caed e Decground eancenb vl
The matmum showscle 1 ofRed D SHCE M 68 P $3CTOn J04.124 vy 304 428 Page dof 83




Fev 1503 Summary of Analytical Results for Volatile
Coripounds
at Dixon Marquette Cement Company, 13382000
, {ali values in ugh)
Compound MWE-S AWT-R MW7.S | MWT-S KWI-8 MWT-3 MWI-S MWT-8 NWS.8 | MWe-S MWS.S NWS-5 HWe.8 N3
11730000 1260 ) 11158 1200 6123100 /20000 $4/3000 Tee8® 93 111499 Vel 2000 | o200
Acsions <50 <50 <50 <50 <50, <50
Acrolsin <50 <50 <50 <50 <50 <50
Acrylonltrile <50 <50 <50 <50 <50) <50
Banzens <50 <50/ <5.0) <50 <50 <50 <5.0) <5.0 <50 <5.0) <5.0 <50 <5.0] <50
|& one <50 <50 <50 <0 <50 <50
{Bromochi <590 <50 <50 <50 <50 <59)
18 <50 <50 <590 <0 <5.0) <5.0)
{Bromof <50 <50 <50 <50 <50 <50
6o~ methane <10.0) <10.0 <10.0 <10.0 <10.0 <10.0
Ay <100 <100 <{0.0 <100) <10.0 <10.0
y <10.0 <10.0 <10.0, <10.0 <10.0 <§0.0/
tart-butyfenzens <10.0 <10.0 <10.0 <10.0 <10.0] <10.0
Carbon cEeulide <10.0 <10.0) <10.0 <100 <{0.0) <{0.0)
Carbon ta¥achkiide <5.0 <50 <5.0, <5.0 <5.0 <5.0)
Chicroby <50 <5.0 <5.0) <50 <5.0 <50
Chi <50 <50 <50 <50 <50 <50
Criovothare <10.0] <10.0 <160 <10.0] <10.0 <10.0
Chiceoform <50 <5.0 <50, A0 <5.0) <50/
% <100 <10.0 <10.0 <10.0 <10.0 <§0.0/
<50 <5.0 <5.0 <50/ <5.0 <5.0,
p-chiorotivens <50 <5.0 <5.0] <50/ <5.0/ <5.0]
1.2-dibromo-J-chioropropans
1,24
0 <50 <50| <50 <50 <5.0) <5.0
1,2-dichiorod <5.0 «5.0 <30 <5.0] <50 <5.0/
1,3-dichloreb <50, <50 <5.0 <50/ <5.0 <5.0/
p-dichlorobenzans <5.0] <5.0 <5.0 <50 <5.0, <50
Dichior o
|Dichtorodfucromehans <100]  <100]  <109| «t00] <100] <100
1,2-dichlorosthane <5.0) <50 <50 <5.0 <50 <S4y
1,1-dichloroeth <50, <508 <5.08 38.9 13 25.2 63.9 581 <5.0§ <5.04 <5.08 <5.08 <5.0 <5.0
1,1-dichlorost <5.0] <50 6.1 <5.0 <50 <500 6.1 220 <50 <50 <50 G <0 <50
cis-1,2-dichioroethene <50 <50 <50 <5.0 <5.0 <5.0]
ang-1,2-dichi <50 <5.0 <5.0, <5.0 <5.0 <50
rans-1,4-dchdoro-2-butsne <10.0 <10.0 <10.9] <10.0] <10.0 <10.9]
- T
1,2-dichloroprop <5 <50 <5.01 5.0 <5.0 <5.0,
1,3-dichiorop <5.0, <5.0) .0 <50, <5.01 <5.0|
2,2-dichioropropane <50 50 <6.0 <50 <5.0] <5.0)
1,1-dichloroprop <5.0 <50 <5.0 <5.0 <5.0/ <5.04
1.3 prop <100 <10.0 <10.0 <10.0 <10.0 <100
vis-1,3 prop <50l <9 &0 <50 <5.0 <50
yans-1,3 P <50 <501 <50 <5.0 <5.0 <50,
Ethybenzeno <0 <50 <5.0 <50 <5.0| <5.0
[Hoptane
2h <50 #5.0: <5.0 <5.0 <5.0 <5.0,
<100 <10.0, <10.0 <10.0 <{0.0 <10.0
<10.0 <100 <100, <100, <10.0 <10.0)
oropyib <100 <100, <10.0 <100 <10.0 <10.0
p-isopropylioh. <100 <10.0] <100 <40.0) <10.9 <10.0
Methylene chinride <50 <5.0] <5.0 <5.0 <5.0 <5.0!
Methyl sthyl ketone <100 <100 <§0.0 <10.0 <10.0] <10.9]
MTBE
Methy! iscbutyl ketone
Ayt 2 pantanons <50 <0 %0 50 &0 <50 i
Tovahydrofuran <50 <0 <5.0 «5.0 <5.0 <5.0 |
n-propy <10.0; <10.0] <10.0, <10.0, <100 <10.0
Styrene <40 <50 <60 <50 <5.0) <5.0
1,1.4.2 th <5.0 <3.0 <60 <5.0) <5.0 <5.0
11,22 nane <5.0 <50 <50 <50 N <50
Tod achi <50 <5.0 <5.0 <5.0] <5.0 <5
Tolene 5.0 <50 <5.0) <5.9 <5.0 <50 <5.0 <50 <50 <5.0) <5.0 <5.0 <5.00 <5,0)
1,2,3-richlorobenzane 8.0 <. 5.0 <5.0) <5.0 <5.0)
1,2, 4-trichiorob <5.0) <5.0 <5.0) <50 <5.0] <5.0
1,1,1-¥ichloroehane <5.0 [ 4.0 <50 <50 87 <5.0 <50 <5.0 <J. <5.0) <5.0, <5.08 <5.9
1,1,2-¥ichioroeth <50, <%0 <5.0 <5.0 <5, <5.0/
loroety S0 <69 <50 <60 <5 <60
i th, <10.0 <10.0] <10.0! <§0.0 <10.0 <10.0
1,2, 3 #ichloropropane <5.0] <50 <5.0 <0 <5, <50
124 L <10.0 <10.0, <10.0] <10.0, <10 <10.0
13.5-¥imethyk <100 <10.0 <10.0 <10.0] <404 «10.0)
Vinyl scatate <100] <100 <10.0, <100]  <100] <100
iyl acetate [
Vinyl chiaride <100 <10.0 210.0 <10.0 (‘9_.9 <400
2 yMiny] ther
Ethyl methacrylats
.9_’11!.‘_" <10.0 <10.0] <10.0 <10.0/ <10.0 10,0
m and p sylene <50 <5.0) <50 <50 <5.0 <50/
X lenas, total «59) 50 <50 <50/ <50 <50
Yaves 1 bokd Relcs g100ed b bactgourd concentsbon
Shaded Wt 1206d e marrrin slvabie 1 afiuent 1 Brtace waer o par secton Jod 114 % N 118 Poge o 63



Rev. 1501

Summary of Analytical Results for Volatils

Compounds
at Dixon Marquette Cement Compeny, 1998-2000
(all values In pgh)
Compourd MWSS | MWSS | HWSS | MWS.S | MWSS | MWSS | Nwes | Mwss | MWD | MWD | MWID | MWID | MWID | MWD
sino00 | e | omms | twse | vaoo | e2am0 | sewo | 11vo0 | teams | 108 | mieme | e | SR | 1149
Acstons <50/ <50/ <50 <20( <200 <50 <50 <80
Acroiein <50 <5) <50 <0 <50 <50 S0l <s0f
Acrylonitite <50, <50 R <10 <10 <80, <50 <50}
Bonzens <50 <50 <50 <50 <0 <5.0) <50 <50 <4 <8 <0.5 <5.0 <50 <50|
{Bromobenzens <50 <9) <50 <19 «<id <10 <5.0) <5.0) <9}
B 0| <0 %0 40 <1.0 a8 0] 6o 0}
{Eromods 50 59 50 BE a4 1.8 <59| <50 <0}
8 <50 <50 <0 29 20 20 <50 X R
Bromomethans <10.0] <100 <f00] < A0 af «t00]  <iog]  <t03)
buty <10.0 <10.0 <10.0! <1.0) <1.0 <10 <10.0 <f00] <o)
secbutybanzens <100] <100 <100 <1.0 1.0 ad  <00]  <i00]  <iag]
tert-butyds <100] <100 <10.0) 1.0 <1.0 <8 «<100] _ <io0f  <fog]
Carbon disu¥ide <10.0, <100 <10.0) <10 <t <100 <10.0) <100
Carbon tetrachlorid <50 <50 <50 <10 0.3 <0.3 <50 <50 <0
Chiorobenzene &0 <5.0] <50 <t <10 <1 <50 <50 <50
Chiorodibromomethans 5.0 <5.0] <5.0) <1.0 <1.0 <1.0 <5.0 <50 <50
Chioroath <100 <00] — <100 4.0 <40 <40 <100, <10.0) <10.0)
Chioroform <59 <50 <S0f <t.0 <10 <0 <50 5.0 40!
Ch h, <10.0 <100 <§0.0, <10 <1.0 <. <10.0 <{00 <100
<50 <50 <50 <1.0 <19 <10 <5.0 «5,0] <50]
p <50 <50 <50 <10 1.9 <10 <5.0) <5.0 <50
1,2-dbromo-3-chloroprop <1 <10 <
1.2 <10 <19 <100
Dib <59) <9 <50 1.0 <1.0 < <50 <0 <9
1,26 <5.0 <50 <540 1.0 1.0 <1 <50 <5.0) <0
13 zens <50 <50 <50) <. <1.08 <19 <50 <S50 <50
-dichlorob <50 &0 <50 9 <10 <10 <50 <50 &0
Dichiornfi th, <1 <i0}
Dichiorodi th <100f <100 <10.0 < =L <30 <10.0) <10.0) <10.0
1,2dichloroett <50 <0 <5.0) <16 <10 <10 <5.0) <50 <50
1,1-dichloroeth <50 <5.0) <508 <50 <5.00 <.a <50) <5.0) <1.0 <5.0 <108 <5 <50 <5.
1,1-dichioroethane <50 <5.0) <50 <50 <50 <54 <50 <5.0 9 <20 <20 <50 <5.0) <50
cis-1,2-dich <5.0 <50 <50 <1.0 <1 <, <5.0] <5.0) <59
yars-1,2-dichiorosthens <5.0) <50 <5.0/ <1.0 <1.08 1) <50 <5.0] <5.0
ans-1,4-dichioro-2-buisne <10.0 <10.0 <10.0 <) o <10f <10.0 <10.0 <10.0
d-isopropy <t <1.0 |
1,2-dchioropropane <50 50 <50 <1.0 <1.0 <{.8 <50 <50 <50
1,3 orop <5.0 <50 <5.0 <10 <10 <10 <5.0} <5.0 <54
2.2 prop <50 <50 <5.0 <1.0 <1.0 <1.0 <5.0) <5.0 <50
1.1-dichioroprop <59 %9 <50 <1.0) <10 <. <50 <50 50
1,3-dichlompiopsne <10.0 <100 <10.0 <100 <10.0 <10.0
ds-1,3 prop <50 <50 <50 <10 <1 < <5.0, 5.0 5.0
rans 1.3 prop 50 <50, <50 <10 <1.0 <19 ) <50 <50
Ethyly ) <590 <50 <10 <10 1.0 <5.0 <50 <50
Pl 1.0
2 <50 S0 <50 <10 <f «5.0) S0l <80
Hexac <00} <100 <100 <50 <5 <130 <0  «<i09
th <10.0 <100 <10.0 <10 <10 <10.0 <100/ <10.0
0y <10.0/ <10.0 <10.9 <1.01 <1.01 <1.0 <{0.0 <40.0: <10.0,
pHisopropy <10.0! <10.0, <10.0. <1.0¢ <1.0) <1.0 <10.0/ <10.0 <400
Methylene chiorids <5.0) <50 <50) <i0) S0 <Al <50 &0 <50
Myl etyl ketone <10.9 <19.0 <100 <! <400 <§0.0 <40.0} <10.0
WTBE <10 <1.0
Methyl isobuty! atons <10 <10
eyl Z-pentanons <50 <50 &0 [ <50 P N
Tetrahydrohwan <5.0 <5.0 <6.0 < <500 <60 <50 <50
Isphthal <5 <10 <10
propy <10.0 <100 <10.0 .0 <1.0 <10 <10.9) «10.0 10.0
|Stytene <50 <50 <5.0/ <1.0 <1.00 <1.0 <5.0, <5.0 <5.0
1,1,,2-to¥ achioroathane ) <50 <50 1.9 <1, < <50 <5.0] <50
1,1,2.2-tsbachiorrethane <50 &0 <50 <10 «1.9 <108 <54 <50 <5.0
Ta * <50) <S50 5.0 <1.0 <1.0 < <59 <5.0) <50
Toksens <50 <5.0) <5.0 <5.0 <5.0 <5.0 150 <50 <1.0 <10 <1.0 <5.0 <5.0 <50
1,2,3-¥ichlorobenzene <5.0 <5.0 <50 <500 <500 <5.0) <50 <50 <0
12,4 b <50 .0 50 5.0 <544 <50 5.0 &0 <50
1,44 th 5.0 <50 <5.0 <5.0 <0 <9 <0 <30 <10 <408 <1.0 .0 <50 <50
1,1,2-trichioroath <50 <5.0) 50 I <10 <10 &0 S0l <60]
Trichloroothens <5.0 <50 <0 <40 <1.0) «, <50 <5.0] L)
T th <100 <100 <10.0 <1.08 <4 & <4.08 <10.0 <§0.0 <§0.0
1,23 pHOp <5.0] <5.0 <5.0] <1.0) <1.08 <4,08 <50/ <$.0 PLY)
1.2, 4-¥imettrybenzene <100] <100 <10.0 <. <1 0 1.0 <100 <100 <100
1,35 ¥imethybentens <10.0) «10.0 <10.0 <10 <1.0 <10 <100 <00] <100
Vingl scetats 00| <00l <100 L | < <100] <100} <100
Ethyl acotale |
Vinyl chioride <100] <100 <10.0 <i.0 <10 < <00]  <i00] <00
2-chioroothyinyl et
Ethyl mathacrylale
> rylont <10.0, <10.0) <100 <10.0) <10.0 <100
m and p xylenn <5.0] <5.0 <50 <50 <50 &0
[xytoras, wial <50} <50 <0] ’ <1 <3.0 <0 <50 <50 0
Vel in bokd Rabics #xcawd (he back (round concent 3%on
Sheded T80t §1049d Bt mexi wblo h rhce ey 4 par $9c50n 304,924 Bru 204926
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Rev. 51551 Summary of Anslytical Resuits for Volatile
Compounds
&t Dixon Barquette Cement Company, 19982000
(all values in pgi)

Compound WD MWD MW1-D MWi.D Mw2-D M¥W2-D Hw2-0 Mw2-D MW2-D 72 ¥w2-D Mwz2-0 uwz-o MW3-0
U0 612300 9123700 113000 2433 102608 7126199 #7999 11189 32000 €2300 929160 1173060 1724198
Asetons <50 <50 <50
Agolein <50 <50 <50
Acrylocitile <50 <0 <50
Benzene <5.0 <50 <5.0] <5.0; <0.5 <0.5 <5.0 <5.0/ <$.0 <59 <5.0 <50 <%0 <0.5
|6romot 50| <59 <50
P <5.0] <50 <5.0
Bomodichlorometh <50} <59 <50
Bromofonm <50 <50 <5.0
8 thane <100/ <10.0 <10.0
nbutybenzene <10.0 <10.0 <10.0
sac-hutybenzene <10.0) <10.0/ <10.0
fort bityb <10.0 <10.0 <10.0
Carbon disulfde <i0.0 <10.0/ <10.0
Carbon te¥rachkeida 250 <5.0 <5.0
Chirobezane 5.0 <50 <50
Chiorodi 1o 5.0 <5.0} <50
Chiorosthane <100]  <100]  <10C
Chioroform 50«50 5.0
Ct <100] _ <100] <160
<5.01 <5.0 <5.0,
p <50, <5.0) <590
1 2. dibecrtio-2
|:, Pop
Ditromomathane <50 <5.0 <50
1,2-dichiorobenzene <5.0/ <5.0 <5.0
1,3dichiorob <50 <5.0 <5.0
dichlorot <5.0, <5.0 <5,0/
=
Dichlorodfuorcmethane <100 <10.0 <10.0
1.2-dichik <50 <50 <5.0
1,1-dichiorosthane <50 <5.0 <5.0] <5.0 <5.08 <50 <5.08 <5.04 <5.08 <5.0/ <5.0
1,1-dichloroethane <5, <5.0) <50 <50 <20 <5.0) <5.0 <50 <54 <5.0 <50 <20
cis-1,2-dichiorosth <5.0] <5.0.
yans-1,2-dichkrosthene <5.0, <5.0
yans-1,4-dichioro-2-butens <10.0! <10.0
”
1.2 prop <50 <50
13 prop 0] <50
2,2-dichioropropane <5.0, <50
1,1-dichioropropene <5.0 <50
1,3-dichioropropons <10.0 <100
cie-1,3-dichioropropens <5.0 <50
rans-1,3-dichloroprepsns <5.0] <5.0
yh <50 <5.0
Heptane
2-b <5.0] <5.0
Hexschorobutadiene <10.0 <100
<10.0 <10.0
isopropybenzens <10.0; <10.0;
psopropyhod <10.0 <10.0/
[Hetrfraaricis <50 <50
Mathyl ethyl ketone <§0.0 <10.0
MTBE
Mety! isobutyl ketons
4-methyl-2-pentancne <5.0 <5.0
Tevshydrinhuran <5.0 <50
000y <100 <10.0
Stytene <50 <50
1,1,1.2-¥ <5.0 <5.0
1,1,2,2-tav achlorosthane <50] <5.0
Teyachlorosthene <5.0) <5.0|
Toluens <50} <5.0¢ <5.0] <5.0, <10 <10 <5.0, <50 <5.0) <508 <50, <50 <40
1,2, 3-vichiarob <5.0 <5.0
1,2.4-¥ichiorob <5.0 <50
1,1,1-kichiorceth <50 <508 <50 <50 <1.0 <10 <5.0 <50 «5.08 <508 <50 <5.0/ .0
11,2 <5.0 <50
Trichirosthene <1.0) <5.0) <5.0 <10
<400 <100
1,2,3-tichkropropane <5.0 <50
1,24 -rimethyb <100 <10.0
1,3,5-Himethyb <10.0 <10.0
Vinyl 22elsle <10.0/ <10.0
€ scetate
Vinyl chioride <§0.0 <100
2-chioroethyiinyi ether
Ethylmatharyiste
[o-xylene <100] <100
mand <5.0] <50/
Xylones, fota! . <50 <50 T
Vahuos In bokd Racs @xc06d e beckground concankvton
Shadiod VoS xx00d o i alovatie I Wit fo suface weier e pir sechon 304 124 81y 304.126 Pagr7of 63



Rey 81501 Summary of Analytical Results for Volatile

Y
Compounds
at Dixon Marguette Cement Company, 1998-2000
{ali vatues in ught)
Compound MW3D MWD | MWD | MWD | MWID | MW3D | M#3D MWID NWED | MWD MWD | MWAD | MWD | MWED
wvaems | ov2ime | o9ame | sinme | 3mo0 | a2w00 | 92900 | v | 724N | 1W26RS | TRERS | 989 1Hime | S
Acsione <50 <50 <50 < <50 <50 <50
Acrolein <50 < <50 <50, <0 <5 <50
Aczyloniyile <50 <50 <50 <50 <50 <50 <50 —
Benzons 0.5 <5.0 <5.0] <50 <50 <5.0 <5.0 <5.0 <5.0 0.5 <50 <5.0 <59 <50,
{Bromobs &0 0 <50 <50 <50 <50 <50
{Bromochk <50 <50 <0 90| <50 <50 <50
[Bromodschi <5.0, <50 <50 <50 5.0 <5.0 <50
Bromaolarm <5.0 <5.0! <50 <50 <50 <5.0 <59/
<10.0 <10.0 <100/ <10.6 <10.0] <10.0 <109
y <10.0 <10.0] <10.0 <100/ <400 <105 <10.0
sec-tuty <40.0] <100 <10.0] . <10.0! <10.0, <100 <100
tart-buty <10.0! <10.0; <10.0] <10.0 <10.0 <10.0 <10.0
Carbon disutide <10.0 <10.0, <10.0 <100 <10.0 <10.0] <10.0]
Carbon ety achiorid <5.0 <50 <50 <50 <50 <50 5.0
Chiorob <50 <50 <50 <5.0 <50 <50 <50]
Ch g <50 <50 <50 <5.0] <50 <50 <5.0]
Chiocoethana <10,0) <100 <10.0 <10.0] <100 <10.0) <10.0]
Chiosof <50 <50 <50 <50 <50 <50 50|
Chiorometh <10.0 <100 <10.0 <10.0 <100 <10.9 <10.0,
o-clikrotolssne <50 <50 <5.0 <5.0| <5.0 <50, <50
P h <50 <5.0 <5.0 <50 <50 <50, <50
1,2-Gibr 3 prop
12
Dib th <50 <5.0 <5.0 <5.0 <5.0/ <5.0 <5.0]
1,2 nzena <5.0/ <5.0 <50, <501 <50, <5.0 <5.0)
1,3 b <5.0 <5.0 <5.0 <50 <5.0 <5.0 <50
p-dichlorobsnzane <50 <5.0 <5.0 <50 <50) <59 <50
Di o
Dichlorodifuorometh <tog] _ <ioo] <00 <100 anol <100 <100
1,2-dichirostisne <Y <5.0 <5.0 <50 <50 #5.0, <5 0)
1,3-Gohiorosth: <1.08 <5.08 <5.08 <5.08 <5.0) <50 <5.0, <5.0] <1.01 <5.0 <5.0 <0 <5.
1,1-dichloroetone <5.0 <5.0] <5.0 <508 <5.00 <5.0 <5.0 <20 <50/ <5.0 <5.0] <5
cis-1,2-dichlorosthane <50 <5.0 <5.0, 50! <5.0 <5.0]
¥ ans-1,2-dichioroethens <50 <50 <590 <50 <5.0) <50
¥ani-1, 4-Gichloro-2-butene <10.0 «{00] " <100 <100 <10.0 100
6 isopropyiahes
1,2-dichloroprop <50 5,0/ <5.0 <5.0 <5.0 <50
1,3dichioroprop 50 <5 .0 50 <5.0 50
2,2-dichioropropane <0 <5.0 <50 <50 <5.0 <5.0,
1,1 chloropropens <50 <5.0 <50 <5.0 <5.0 <50
1,3-dichloropropene <10.0 <10.0 <10.0 <100 <10.0 <100
cis-1.3-dichlaroprop: 50 <50 <50 50 &0 &0
rans-,3 prop <5.0, <5.0) <50 <50 <50 <50}
El (4] - <5.0 <50 <5.0 - <50 <5.0 <5.0
Heptans
2-haxanons <5.0 <5.0 <5.0 <50/ <50 50
<10.0 <10.0 <10.0 <10.0 <10.0] <10.0]
<10.0) <100 <10.0 <190 <{0.0 <10.0
|eopropy <10.0: <10.0] <10.0 <10.0 <10.0] <10.0]
p-izopropyhol, <10.0. <100, <100 <10.0] <10.0 <100
Methylene chioride <5.0 <50 <50 <50 <5.0) <5.0
Mathyl eyl telons <10.0 <100 <10.0] <10.0, <120 <10.0)
MTBE
Meby! isobutyl ketons
4-rothyl2-pentinons <5.0 <56.0 <5.0/ «$.0/ <50 <8,0]
Tobahy <5.0] <5.0/ <5.0 <50 <5.0] <5.0
npropyd <10.0 <10.0 <100 <00 <10.0 <10.0
Styrere <5.0. <50 <50 <5.0, <50 <50
1,1,1,2-4e¥ achioroethane <50 <5.0 <3.0 <50 <50 «5.0
1,1,2,2-tovachkrosthans <50, <5.0 <5.0 <5.0 <50, <5.0
Tetrachioroathene <5.0 <50 <50 { <59 <30 <50
Toksne <1.0 $0 <9 <50 <0 <9 <5.0) <9 <19 <19 <0 <50 <0 <.
123 <5.0/ <5.0 <5.0) <5.0 <50 <50
1.2,4-¥i <5.0/ <5.01 <5.0 <50 <50/ A0
1.1,1-ichloroethans <1.0] <5.0] <50/ <50 <5.08 <5.0) <5.0 5.0 <1.0/ <10/ 5.0 <5.0 <50 «,
1,1,2-¥ <5.0] <50 <5.0 <50 <50 <50
Trichiorbathene <1.0 5.0 <50 <5.0 <1.0) <1.0 <50/ 5.0 <50
<10.0 <10.0] <10.0 <10.0] <10.0 «10.0
1.2, 3-¥ichkropropane <50 5.0 <50 <50 <80 <50
1,24 timathybenzene <100 <100 <10.0, <100 <100 <00
1,3,5-timathybranzene <10.0 <100 <10.0 <10.0/ <10.0 <10.0
Viy! acalate <00] <00 <100 0] <100 <100
Ethyl arelats
Viny! chioride <10.0! <100 <10.0 <{0.0 <10.0 <40.0
2-chioroethylinyl ethe:
Ethy! mathacrylate
o-xylsne <10.0 <10.0 <100 <104 <100 <10.9]
m and p xylene <50 <5.0 <50 <5.0 <5.0 <5.0
Xylenas, tolal <50/ <5.0 <5.0] ‘ <50 <50 <50
Vabs I brkd Rakcs axc00d o background concentaion
Shacked vabors exceed e merimam stowable in effuent (0 surisce i o5 par sacSon 304.124 Bow 04928 Pop 6ol B3



Rev S Summary of Analytical Resulis for Volatile
Compounds
at Dixon Marquette Cement Company, 1938-2000
(all values In pgliy

Compound MWD MWD WMwWaD WWs-D W50 MW5-D HW5D KW3D | MW5S-0 HW5-D MWED | MWED awe-D Hwe-D
82300 /219100 11300 e 95199 11199 R0 72100 9/29/00 11236700 %9 9/5/99 111%5% Ju00
Acetone <50/ <50 <50 <50 <50 <50/
Acroiein <50 <50 <50 <% <50 <50
oryloniiie <50 <50 <50 <50 <50 <50
Banzens <5.0| <50 <5.0 <5.0 <50 <5.9! <50 <5.0] <5.0, <5.0 <50 <5.0, <50 <5.0;
{Bromabenzane <50 <50 <50 <50 <50/ <59 |
{Bromochioromath o 0| ko o] 6| <o |
|Bremodichioromethane <5.0 <50 <50 <50 <50 Su ]
IB <5.0 <5.0 <5.0] <5.0/ <5.0 <5.0|
& <10.0 <10.0] <100 <i0.0 <10.0/ <§0.0
bty <10.0 <10.0 <10.0/ <10.0 <10.0 <10.0]
Aty <10.0] <10.0 <100 <10.0 <10.0 <10.0
farl-butybenzens <10.0 <10.0 <10.0: <{0.0! <10.0] 159
Carbon disulide N <10.0 <40.0| <16.0 <100 <10.0 <i0.0
Carban teyachinide <5.0 <5.0: <50 <5.0 <5.0/ <5.0
Chiorobunzene <50 <50 <5.0 <5.0] <5.0 <5.0
Ch th <50 <5.0 <5.0 <5.0| <5.0 <5.0
Chioroethane <10.0 <10.0 <10.0 <10.0] <10.0 <10.0
Chiorolorm <50 <9 <50 <50 <50 <50
Ct § <10.0 «10.0 <10.0/ <10.0 <10.0 <30.0/
o-chiorcloliens <5.0 <5.0] <50/ <50 <50 <5.0
p- <5.0, <5.0] <5.0] <50 <50 <5.0
1.2-dbromo-3-chioropror
1,2-dibx
Dt th, <5.0] <5.0 <5.0 <5.0) <5.0 <5.0,
1,2-dchiorch <50 <0 <50 <5.0 <50 <50
3 M-dichiorobs S0 <50 <5.0 <5.0 <50 <50
p<dichiorobenzens &0, <50 <$.0 <5.0 <5.0 <5.0/
D thane
Dichioroddk h <10.0 <10.0 <100 <10.0] <10.0) <10.0
1,2-dchlorosth, <0 <5.0] <5.0; «5.0 <5.0] <5.0
1,1-dchirosthane <5.08 <5.0 <5.0 <50 <0 <5.0 <5.04 <5.0 <5.0) <5.0 <5.0 <5.08 QL <5,
1,1-Gchlorpethens <5.08 <5.0 <5.0 <50 <50 <50 <5.0 <5.0 <50 <5.0| <5.0 <50 <50, <5,
cis-1,2-ichioroatrene <50 <5.0 <50 <5.0] <5.0 <5.0
rans-1,2-dichiroohene <50 <50 <50 <50 <59 <0
any-1.4-dichioro-2-butene [ <10.0 <160 <10.0] <100 <10.0 <10.0
di-sopropylethar
1.2 Gchiorcorcpane <50, <5.0] <50 <50 <50 <9
1.3 dchioropropane <50 <5.0 <5.0 <5.0 <504 <5.0)
2,2-Gtioropropana <5.0 <5.0 <5.0 <5.0) <5.0 <5.0
1,1-Gchioropropens <551 <50 <50 <5.0) <50, <5.0
1,3-dichioroprop <10.0 <10.0 <100 <10.0] <§0.0 <10.0/
cis-1,3-dichloroprop <5.0 <5.0 <5.0 <50 <5.0 <5.0
vans-1,3 prop <5.0, <5.0 <6.0 <5.0) <50 <50
Etnyk <5.0/ <50 <5.0 <5.0 <50 <5.0
Heplane
2-hexanonk <5.0 <£.0] <50 5.0 <5.0 «<5.0]
H <100/ <10.0 <10.0 <10.0 <100 <10.0
lodomathane <10.0/ <10.0 <100 <100 <10.0/ <10.0
Hacpropribenzens <10.0; <10.0| <10.0/ <10.0 <10.0] <10.0,
pisopropytoiiens <10.0] <100 <100 <10.0 <10.0] <10.0)
[Muthytone chicride <5.0 &0 <50 50| <50 <5.0
Moyl ety botone 00| <100} <100 <io0] _ <wo| <o |
WMTBE
[Motytiscbutyl ketone
| 4-metryt- 2-pentanone <5.0 <5.0, <50 <5.0 <5.0, <5.0
Tey sbrydrofuran <5.0 <5.0) <5.0 <5.0 <8.0, <5.0/
HNaphthsiens
n{ropybentane <§0.0 <10.0 <100 <10.0 <10.0] <10.0
Stytene <0 <%0 <50 <0 0 <50
1,13, 2ot achirorhane A0 <50 <50 <0 <5.0 <5.0)
1,1,2. 24aachiorosthane <50 <50 <5.0) <5.0 5.0/ <50
T th <50 <5.0 <90 <50/ <5.0 <50
Tokens <508 <50 <50, <50 <5.0 <5.0) <5.0) <50 <50) <50 <5.0 <5.0, <5.0 <5
1,23 vichirobsnzene «5.0 <$.0 <50 <60 <6.0 <56.0
1.2.49c <5.0) <5.0 <50 <5.0 <5.0 «5.0/
1.1,3-vichioroethsne <5.01 <5.0 <50 <50| <5.0, <50 <508 <5 00 <5.0) <50, <5.0 <5.0 <5.0 <5,
1,1,2-vichkrcethane <50 <5.90) <5.0 <801 <50 <5.0)
Trkhioroethans <5.0 <5.9) <5.0) <50, <0 <85.0/
14 - <10.0 <100 <100 <100 <100 <10.0
1,2,3-Wichloropropane «5.0 <50 <50 <50 0! 50
124 rrbenzene <10.0 <10.0 <10.0 <100 <100 <j0.0
1,35 timethybenzens <100] — <io0]  <i00] «100] <100 <100
Vinyl scotate <$0.0 100 <10.0 <10.0 <10.0 <10.0
Ethyl acetaty
Viny! civoride <10.0 <10.0 <100 <100 <10.0 <10.0)
2-chiorosthyivinyt ether
Edy Ji
o-zylens 0.0 <40.0 <100 <100 <10.0 «10.0
m and p xylene <50 <0 <50/ <0 <0 <$0
Xylonas, totsl <$0] ' <50 <50 <0 <6.0] 5.0

Vabart 1 bk alics 11264d the bech ground corcecd ation
ie 1 efBuord 38 por sacton 304 14 ey 304134 Poaged ol 83




Ree §1501

Summary of Analytical Results for Volatile
Compounds

{all values in pgh)

at Divon Marguette Cement Company, 1998-2000

Compound MW6D | NWE.D MWED | MWI.D | MANTD | MWD | MWID | MWI-D | Mw7.D MWD NWSD | MWSD | MWED | MWED
8/23100 W20 100 M2619 Ry 1159 D 612300 912910 1173000 Rz i ans 1"l prl0)
Acelone <50 <50 <50 <50 <50 <50
Aciolein <50/ <50 <50 <50, <50 <50
|Acrylonitrile <50 <50 <50 <) <50 <50
Benzens <5.0) <5.0 <5.0 <5.0] <5.0] <50, <50 <5.0; <50, <50/ <5.0] <5.0 «5.0 <$.0!
[Bromak P I ) &0 &0 <50
{Bromochioromath I D ) T L
[Bromodichk S0] 60| <0 P ) 50
|acomotorm <50 <50 <50 50 3 <50
B <10.0 <10.0 <10.0 U <40.0 <10.0 <10.0
n-butylbenzene <100 <10.0) <100 - <10.0 <10.0 <10.0
butyb <100 <10.0 <100 <10.0 <10.0 <10.0
Hlort-buty <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
Carbon dizuifide <10.0 <10.0 <{0.0 <10.0 <10.0 <10.0)
Carbon e achlork <5.0 <50 <5.0 <5.0] <5.0 <50
C <50 <5.0 <5.0 <50 <5.0 <5.0
Chiorodi <5.0 <0 <50 <5.0) <5.0 «<5.0
Chiorosthane <100 <§0.0) <10.0 <10.0 <10.0 <10.0
Chlorok <50 5.0 <50 <50 <%0 <5.0)
C th <10.0 <10.0 <10.0 <10.0 <10.0 <i0.0f
o-chloroiokiene <50 <5.0) <50 <5.0 <50 <50}
P - <50 <50, <5.0| <50 <5.0 <5.0|
1,2-ftxoma-3-chloropropane.
1,2-dibromoethane
D th <5.0 <50 <5.0 <50 <50 <5.0.
1,2-dichiorob -5.0 <5.0: <5.0 <50/ <5.0 <5.0/
1,3-dichlorobenzens <5.0] <50 <50 <50 <50 <5.0
p-dichi <5.0] <5.0 5.0 <50/ <5.0/ <5.0
Dk ™
Dichlorodiu <10.0 <10.0] <10.0 <10.0 <100 <100
1.2 <5.0) <50 <5.0 5,0 <50 <5.0
1, 1-dichk <5 <50 <5.0 <5.08 <50 <5.0 <5.0 <5.00 <5.0/ <5.0 <500 <5.08 <5.0) <5,
1,1 <5, <50 <5.0 <5.0 <5.0. <5.0] <5.0 <50 <50 <50 <5.0| <5.0 <5.0 <5,
cls-1,2-dichloroetty <5.0/ <5.0 <50/ <50 <50 <50
yans-1,2-dichioroeth <5.0 <59/ <5.0/ <50, <5.0/ <5.0]
rans-1,4-dichloro-2-butsns <10.0 <10.0 <100 «10.0 <100 <.0.0
di-sopromyh
1,2.dichloroprop <5.0 <50 <5.0 <50 <5.0 <5.0
1,3-ichioropeop 5.0 <50 <50 &0 <50 5.0
2,2dichloroprop <50 <50, <50 <50 <5.0] <8.0]
1, 1-dichioroprop <5.0) <50 <5.0 S0 S0 &0
1,3-dichloroprop <10.9] <40.0] <40, <100 <10.9, <10.0]
ris-1,3-dichk P <5.0 <5.0) <5.01 <5.0 <5.0 <5.0,
ans-1,3 X <50 <50 «50] ) <50 <50
Ethyk <5.0 <50 <5.0, <50 <5.0 <50
Heptans
2-h <5.0 <5.0 <5.0 <80, <30 <5.0
[ di <10.0 <10.0 <10.0] 210.0] <10.0) <10.0)
| <10.0 <10.0, <10.0] <10.0 <100 <10.0,
1sopropybanzene <100 <10.0 <10.0 <10.0 <10.0 <10.0
p-lsoptopylol <100] <100 <100 <100 <100 <100
Meathylens choride <5.0 <5.0) <50 <50 <5.0) <5.0
Meathyl ety kelone <10.0 <10.0, <10.0 <10.0, <100 <10.0
MIBE
Mathyl Isobutyl ketons
4-methyl-2-p! <5.0/ <50 <50 <5.0 <5.0 <5.0
y <5.0 <5.0 <§.0); <5.0/ <50 <5.0
n-propybenzens <12 <10.0 <100 <10.0] <100, <10.0
Styrens <5.0 <5.0 <50 <50 <5.0 <5.0
1112 loreth <5.0 <50 <50 <50 <0 <0
1,1.2,2 th, <5.0 <50 <5.0 <5.0| <5.0 <0
Teyachiorosthene <50 <50 <50 <5.01 <5.0 <5.0
Toluane <5.09 <5.0) <5.0! <5.0 <5.0 <5.0] .0 “5.0 <5.0 <5.0) <5.0 <5.0 <5.0 <5,
123 <50 <5.0) <50 <5.0 <5.0] <5.0
1,2,4-richic <50 <50 <50 <50 <50 <50
1,1,1-tichiorpethane <5.0 <0 <50 <5.0 <50 <50 <50 <59 <50 <50 <59 <50 <50 .
1,1,2-tichlorosthane <5.0 <5.0 <5.0 <50 <50 <5.0]
Trichiroathane <5.0 <50 <50 <5.0 <50 <50
Trichkr 1) <10.0 <10.0; <100 <10.0 <10.0, <10.0|
123 oH0p <5.0 <5.0 <50 %90 <50 5.0
1,2, 4-rimethy <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
13,5 vimothyb <100]  <l00] <100 <100]  <100] <109
Viny! acetate <10.0 <10.0] <100 <10.0 <10.0 <10.0]
Ethyl acetsto
Vinyl chioride <10.0, <10.0 <10.0 <10.0 <10.0 <100
2-chlorosiylvinyl ether
l@lmhwyw
o0-xylena <10.0, <100} <100 <16.0, «10.0 «{0.0
[rn and p xytane <50 <5.0[ <5.0) <80 <50 &0
[Kyianes. total ' 50 <50] <0 ! <50 <0 0
Vahuos i brid Nabcs 9xced i beckground conzentabon
roeed n st I surfece waier 03 po sachon 304 124 By AN Page 10 of 63




Rav S1580Y

Summary of Analytical Results for Volatile

Compounds
at Dixon Marquette Cement Company, 1998-2000
{(all vatues in ugh)
Compound MWD Mwe-0 MWE-D MWD Mwa.D MWD HWsD | MWs-D MW3.D Mve-D MWIWT MW1.WT HMWL-WT MWWT
62300 { spamo | 11000 | Teeme | omme | o 1uime | o | enwoo | oezemo | 11nei00 172688 ¥8/93 1159 v00
Acetone <50 <0 <50 <50 <50 <50 <50,
Acrolein <50 <50 <50 <50 <50 <0 0
i <50/ <50, <50; <50 <50 <0 <50
|Benzens <5.0) <5.0) <5.0) <5.0 <S50 <5.0 <S50 <50 <50 <5.0, <50, <5.0) 5.0 <50
{Bromobenzens ) <50 <50 <50 <50 <50 <50
[Bromochiromethane 30 <50 <50 <50 <50 <50 <50
{Bromodichioromthane S0 <59 <50 <50 <50, <50 <$.0]
[Bromoform <0 <%0 <0 <50 <50 <50 <0
Bromes ~hane <10.0 <10.0 <10.0 <10.0] <10.0] <10.0 <10.0
n-butybeazens <100 <10.0 <10.0] <10.0) <10,0 <10.0] <10.0)
sac-butybenzens <{0.0] <100 310.0 <109 <{0.0 <10.0; <10.0]
tortbutybenzena <10.0) <10.0 <10.0! <100 <10.0 <100 <100
Carbon disufde <10.0 <10.0/ <10.0. <10.0 <10.0 <109 <10.0
Carbon latrachioride <%0 <50/ <5.0 <5.0 <5.0| <5.0 <50
Civiorobenzena <5.0] <50 <5.0 <5.0 <5.0] <5.0! <5.0
Chlorodib <50 <50 <50 <5.0] <5.0! <5.0 <5.0
Chirosthane <10.0) <100 <10.0) <10.0) <10.0 <10.0 <10.0)
{Chiroform <0 <50 <5.0 <5.0 <5.0 <5.0 <50
Chioromsthans <10.0 <10.0 <10.0 <100 <10.0 <10.0 <10.0
o~chlorotohsene <5.0] <5.0) <5.0, <5.0 <5.0] <50, .0,
p-chiorololuens <5.0 <50 <5.0 <5.0| <5.0 <5.0/ <5.0
1.2-dibromo-3 chloropropane
1,2-dbromosthane
DA <5.0 <5.0 <50 <5.0/ <5.0 <5.0 <5.0
1,2-dichiorobenzens <5.0] <50 <5.0, <5.0 <5.6] <50 <50
1.3-dichiorobsnzene <5.0/ <50 <59 <50 <5.0 <5.0 <5.0]
p-dichiorobanzens <50 <50 <50, <5.0, <5.0, <5.0 <5.0)
Dichlorofiuoromethane
Dichkorodifiuoromethare <10.0 <10.9 <100 <10.0) <10.0 <100 <10.0
1,2ich <50 <50 <5.0 <5.0| <5.0 <50 <50
1,1-dichioroetiane <5.0) <5.0) <50 <5.04 <50 <500 <50 <5.0 <50 5.0, <5 <5.0 <.0 5.
1,1-dichkroethane <5 <5.0 <5.0 <5.0 <50 <5.0 <5.0 <5.08 <5.9, <5.0, <5.0, <50 <5.0 <5.0
cis-1,2-dichlorosthene <5.0 <5.0 <5.0 5,0) <5.0 <50 <5.0,
ans-1,2-dichiorosthne <50 <50 <50 <50 <50 <50 <50
rans-1,4-dichloro-2-butone <10.0 <100 <10.0 <10.0 <§0.0 <10.0] <10.0
dHsopropylether
1.2 prop <5.0 <50 <5.0) <5.0] <5.0, <50 <5.0)
1,3-dichioropropans <5.0 <50 <5.0] <5.0) <5.0 <5.0) <5.0
2.2-dichiaropropane <50 <5.0 <50, <50 <5.0 <5.0; <5.0
1,1-dichioropropene <5.0 <50 <5.0 <5.0 <5.0) <5.0 <50
13-dictloropropene <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
cis-1,3 0P <50 <0 <59 <50 <5.0. <50 <5.0
ans-1,3-dichkroprop <5.0 <50 <5.0 <5,0! <50 <5.9| <5.0;
Ethy <5.0 <50 <5.0 <50) <5.0, <5,0] <5.0)
raptane
2h <50 S0 <50 <0 5.0, <50 <50
F <100 <10.0 <10.0, <10.0 <10.0 <10.0 <§0.0]
<10.0 <10.0/ <10.0] <10.0, <10.9 <10.0! <10.0]
Isopropybenzense <10.0 <100 <10.0 <10.0 <10.0 <10.0 <100
p-isopropy <10.0 <100 <10.0 <10.0 <{0.0, <10.0 <10.0)
Methylens chiorids <50 <5.0 <5.0 <5.0! <5.0 <5.0 <50
Mathyl etiiyl ketons <100 <100, <100 <10.0 <10.0 <10.0 <100
MIBE
Methyl isobutyl ketone
4-methyl-2-penianone <50 <5.0 <5.0 <50 5.0 <5.0] <5.0,
Tatahydrofuran <50 <50 <5.0, <50, <5.0 <5.0) <50
Naphthalene
o propy <120 <10.0 <100 <100 <10.0 <10.0/ <10.0
Styrens <50 <50 <5.0, 8.0 <50 5.0 <5
11,2 foroath <50 <0 <50 <50, <50 “50 &0
1.1.2,2-ts¥achioiosthans <0 <50 <50} <50 <50 <%0 <50
Tobrachloroedy %9 <50 <50 <50 %0 <50 <9
Tolone <5 <50l <5.0 <5.0] <50 <5.0 <§ <5, <50 <5.0 <6.0 <5.0 <50! <50
1,2, 3-Fichiorobenzens <5.0 <50 <5.0) <5.0, <50, <5.01 <5.0
1,2,4-tichiorobenzene <5.0, <50 <50, <5.0 50| <5.0) <5
1,1,1-tichioroathane <50 <5.0 <50 50 <50 <50 <0 <508 <5.0 <5/) <50 «5.0] <50 <50
1.1.2-¥ichirosthane <5.0 <59 <50, <50, <50 <0 <50
Trichkrosthene <5.0, <50 <5.0 <50 <5.0 <5.0] <50
Trichl <10.0, <10.0 <109 <10.0 <10.0 <10.0 <100
1,2, 3-vichloropropane <50 <50 <30, <50 <5.0 <5.01 <50
[1,2.4-yimethybenzans <100 <100 <19.0 <10.0 <100 <40.0 <10.0]
13,5 <100 <10.0) <100 <10.0) <10.0) <10.0 <10.0]
Vinyl acelats <100 <100 <100 <10.0 <10.0, <10.0, <10.0,
Ethyl ace'ats
Vinyl chicride «ng <100 <10.0 <10.0 <100 <10.0) <10.0
2-chiorosthy Myl ether .
Etthryl methacryiste
o-xyhne <100 <100 <10.0: <10.0 <40.0 <10.0 <10.0;
m and p xylens <50 40 <50 <5.0] <5.0, <50, <5.0)
Xytenes, total <50 <59, <50 <50 ) <8.0] <5

Vs in bold kst ticerd Do Lackground concentakon

Shaded o\t 41000 D mexFam a%oatie in oI b Burtace wa'ar 5 par secton 304 124 ey 304 14
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Fev S1501 Summary of Analytical Results for Volatile

Compounds
at Dixon Marquette Cement Company, 1998-2000
{all values in pgh)
Compound MVEWT | oWt | owwiwr | ouwzwt | oswzwt | ouwzwr | mwzwt | ewewt | wwawt | ewewr | swawr | wwawr
62300 929100 117000 2889 S99 11 1100 230 9729000 1173000 e 9599
Acstona <50) <50 <50 <50 i
Acrojein &0 <50 <50 <50 <50
Acty <50 <5) <30 <50 <50
{Benzene <50, <50 <) <59 <5.0) <50 <5.0 <50 <50 <5.0 <59 <50
& <0 <50 %0 &0 <3
|Bromochioromathens <50 <50 <50 <50 <50
[Bromodict lcomethane <0 <50 <50 <5.0] <50}
|Bromotorm S0 <50 <50 <50 <50]
Bromomeliane <10.0) <10.0) <10.0 <100 <190}
t-wybmm <100 <100 <100 <100 <10.0]
secbutybenzens <160 <100 <$0.0 <10.0 <10.0§
tart-butybeazens <100! <10.0) <10.0 <10.0 <10.0]
Carbon disuiide <100 <10.0 <10.0 <40.0) <10.0]
(Carbon tebachioride <0 <50 <50 <50 <)
Chiorob <50 <50 <50 <50, <59
Chiorodi <50 <5.0) 50 <50, <0
Ch <100 <100 <10.0] <10.3) <10.0
[Chioroform <0 <50 <50 <50 <50
Chiaromathane <100 <100 <10.0 <10.0 <10.0]
{o chiorstoluens 50 <50 <50 <50 <50}
p<hkrolohssoa 50 <50 <50 <50 <5.0]
1.2-6beomo-3-chioropropane
1.2-ddromosthane
[ - <50 <50 <50) <50 <590)
1,2dchlorobanzene <50 50 <50 <50 <5.0}
1,3-dichiorob <0 <50 <50 <50 <590}
lorobsnzens <50 <40 <50 <5.0 <50
= "y
Dichiororifiuoromotharse <100 <10.9) <160 <10.0 <100
1,2-Gichiorcetiane <50 <50 <50 <59 <50
1,1-cchiorosthans <50 <59 S0 <9 <50 <50 <0 <S4 <50 <5.0) <. <.
1,1-dichioroethens <50 <50 <59 <50 <5.0) <5.0 <54 <5.0 <50 .0 <50 7.00
cls-1,2-Gichl <50 <590 <50 <5.0 <5.0)
vans-1,2 <50 <50 <50 <50 <0
vans-1,4-dichioro-2-butane <10.0) <10.0) <100 <10.0) 0.0
diHscpropylether
1,2-dichloropropane <50 <5.0/ <54 <50 <$0
1,3 dchioroprop Py <50 <50 <50 <50
2,2-dichioroprop <50 <50 5.0 <50 <50]
1,1-dichioroprop <50 5.0 <50 <5.0 <5.0]
1,3dichioropropens <100) <10.0) <10.0 <10.0 <100}
cis-1,3-dishloropropsns <5.0) <50 <50 <5.0] <5.0]
¥ans-1,3-dichloropropeny <50 <50 ) <5.0 <]
Ethybenzene . <50 <5.0 <5.0) <5.0 <5.0
tane
2-hexanone <50 <5.0 <50 <50 <50
<100) <10,0) <100 <100 <100;
lodomethans <10.0 <10.0; <10.0 <10.0] <10.0]
Isopropybenzene <100 <10.0 <100 <100] <10.0]
p-isopropyioksens <100 <100 <109) <100 <100}
Mefhylens chioride 50 <50 <50 <50 <50]
eyl oyl ketone <100 <10.0 <100 <10.0/ <10.0]
MIBE
Meliyl isobityl ketone
A-methyt-2-p <50 <50 <5,0] <5.0 <50
Teahyyofwran <50/ <56 5.0 <50 <5.0]
npropyb 400 <100 <10 <10.0 <100)
Styrene <5.0) <50 <50 <50 <50]
1,1,1,2-sv ochlorosthane <50 <5.0] <50 <50 <54g
1,1,2,2-tevachiioethane <50 <50 <50 <50 <5.0f
Teyachiorosthens <50 <50 <5.0 <50 «5.0]
Toksene <508 <50 <50 <50 5.0 <50 <50} <508 <50 <5,0 <59 <5.0;
1,2, 3-trichlorobenzens <50 5.0/ 50 <50 <50
1,2.4-richiorcbenzens <50 «5.0! <5.0) <5.0 <50
1,1,1-5ichiloathane <504 <5.0) <5.0 <50 <5.0 <50 <0 <50 <50 <5.0 4@ <50
1.1.2 <50 <50 <50 <50 «5.0)
Trichkrosthene <50 &0 <50 LY <50
T fi e o <100 <100 <10.0 <100 «10,0f
1.2,3-ichioroprop &9 50 <50 69 9|
124 <100 <100 <J0.0 <10.0 <100}
1,3,5-¥imethybenzene <300 <100 <100 <10y <100]
Vinyl acelats <100/ <10.0 <10.0 <10.0 <10.0
Ethyl scelats
Vinyl chioride <100 <100, «10.0) <40.0 <100
? thydinyl sthet
Ethyl methacrylate
o-xylane <100 <10.0] <10.0 <100 <10.0/
m and p xylens <50 <5.0 <5.0 <50 <50
Kyones, lolal : 50 <50 <90 ‘ <50 <60
Vaurs 1 bokd ks exceed he bicdoond conconeion
Shaced yahors 820000 the aximum slowabde in €471 10 Surtecs wals os por sachon 304 124 ey 304.128 Page 120t 3




Py 15 $: y of Analytical Resuits for Volatile

L

Compounds
at Dixon Marquette Cement Company, 1996-2000
{ali values in ugh)
Compound MWIWE | MWIWT | MYRWT | MWIWT | MWIWT | WWAWT | MWLWT | MWEWT | MWAWT | MWEWT 1 MwewT | awewy
11158 3209 62300 ] 113000 e EL "I 372100 672300 92900 11730000

Acetons <50 <50 <50 <50

Acrolein <30 <50) <50 <50

Acryforitile <501 <50 <50 <50

Banzene <50, <S50 <55 <0 <50 <50 <50 <5.0 30 <50 <50 <50
18 <50 <50 <50 <50
[Bramochk <50 <59 <50 <50
G hi <50 <50 <50 <5.0
[Bromotorm <50 <50 <5.0) <50

B <10.0 <100 <10.0) <10.0

n-butybenzens <100 <10.0 <100 <100)

sec-bit/benzeno <10.0) <10.0 <100] <10.0)

it bulybcasene <10.0 <100 <10.0) <100)

arbon disulde <10.0 <10.0 <10.0 <100

Carbon te4 achioride <5.0) <5.0) <50 <5.0

Chiorobenzans <50 <2y <50 «5.0}

Chioroditromomethans <8 <«0] 50 <50

Chicrcethane <10.0) <100/ <§0.) <100

Chioroform <0 < <50 <50

Ch <09 100 <109 <109 )
> chic-otokmne <0 T Ee <50 <50

<5.0 <50 <5.0) <50

1,2-diteomo-3-chioroprop:

1,.2-Ccomoty

D <50 <50 <50 <50

1,2-Sichlorob <$0 <50 <50 <50

1,3-dichiorobenzane <50 <0 <50 5.0

p-dichlotob <50 <50 <50 <0

Dichlorofiuorome™ane

Dichlorodfh <100 <100 <10.0, <10.0) ]

1,2-dichk <50 <50 <50 S0 &

1,1-dichk 1] S0 <4 [ 6.5 <4 <50 <500 <50 <5.0 <$0] <0
1,1-dichloroethena <5.0] <50 <50 <50 <5.0 <50 &6 <50 <S50 <0 <0, <0
ds-1,2-dichiorostene <5.0] <40 <5.0] <50

¥ans-1,2-dichkrosthene <50 <50 ) <501

ins- 1 4-dickloro-2-butene <10.0, <10.0; <100 <10.0

|d-tsopropyleter

1,2-dichkocopropsne <50 <50 <5.0 <50

1 3dichicropropane <£.0 <50 <5.0) <50

2.2-dichdareprop <50 <50 <59 5.0

{,1-dichiropropene <5.0 <5.0 <5.0] <5.0,

1,3-Gichioropropane <100 <100 <10.0) <10.0

cie-1,3-dichluroprop <5.0 *50 <5.0 S0

rans-1,3-dichioroprop <5.0 <50 <50 <50/

Etyb <50 t <5.0 <59 <50

Heptane

2-vxanone 50| <50 <50 <50

H <100 <10.0) <10.0) <10.0)

[ <10.0) <100 <100 «10.0)

|sopropybenzens <10.0 <10.0] <10, <10.0|

ptsopropy ok <10.0) <10.0[ <10.0 <100

Methyiene chiride <50 <5.0, <50 <5.0

[Asetinyl oy katona <100 <100 <100 <100

MIBE

sty isobut 1 ketons

4-methyt 2-pont. <5.0 <8 <50 <5.0

Tovatrydiohsan <50 <5.0 <5.0| <50

npropyle <10.0 <10.0 <100 <10.0

Styrane <50 <50 <50 <50

1,1,1,2-a¥ chiorethane <0 <$.0/ <50, <5.0

11,22 50 <50 <5.0 5.0

Tekachioroethene <5.0 <30 <5.0) <3.0)

Tolsons <50 <5.1) <S4 <50 50 <0 <50 <50 < 5.0 <0 <50
1.2,3-yichlorobenzens <5.9 <50 <50 «8.0

1.2, 4-bichlorobanzene <50 5.0 <50 <50

1.1,1-¥ichioroethene 56 18 19.7 U1 24 <5.0) <50 <5.0) <504 <0 0 A0
1,).2-¥ichirosthane <5.0 <50 <50 <

Trichiorosthene %0 <9 <50 <5

Trichiorofuoromath <100 <10 <109 <10; ]
1,2,3-michkropropane <50 <9 <5.0) <5

1,2.4-yimethybanzene <10.9 <10.0 <10.0, <100

1,3,5-4imethybonzens <10.0 «40.0 <10.0 <10.0;

Viny! scatato <400, <100/ <00 <100

Ethyl scetate

Vinyl chloride <100 <10.0 <§0.0 <10.0

2-¢hirathyhnyl sther

£yl methacrylals

o xytene <100 <100 <100 <10.0)

m and p rylene <50 59 <50 <0

Xylenes, total <50 <50 $0] T <50

Vibows . bokd Rk 03649 o BachFond Concenk aton
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Fa: 501

Summary of Analytical Results for Voiatite
Compounds
at Dixon Marquette Cement Company, 1998-2000
{all values in ygf) -
Compound WWaWT | mwewT | uwowt | awewt | mwswt | swewt | swewt | uwa LW LW we | wwa LW
172693 559 11m 32000 62300 22600 snans | enTes | 1awme | dozeme | Tee | swes | ainme
hcstons <50 <50| <50) <X < <A <50/ 50| &0
Acolein <30 <50! <50 BT | < <50 <50/ <50}
Acrvknte <50 <50 <50 <tof <q [ <50 <30
Senzene ) <0 <50 <50) <50 <59) <90 14 <05 <05 <5.0) <5.0 <50
[Bromobenzeca <50 <50 <50 <1.0 <10 <1.0 <5.0 <50 <50
1 <50 <50 <50 <10 <10 <10 <so] <50 <50
B <50 S0 <50 <40 <10 <10 <S0] <0 38
{eromotorm 5.0, <50 <50 <t <20 <20] <50 <50 <50
Bromometizne <10.0] <10.0 <10.0 <4.0 <40 <40 <100 <$9.0; <10.0
n-butybenzens <100 €10.0 <100 <19 <10 <10 «00] <100 <10.0§
soc-tutybenzens <10.0 <§0.0 <100 <1.0 <10 <10 «00]  <100]  <tod)
tort bty Renzens <10.0) <109) <100) <1.0) <10 <10 «eol  <100] <i00]
Carbon Gisuiide <100, <¥0.0) <100 <40 0] "~ «100] <00  <100]
(Carbon ek achioride <5.0 S0 <50 <1.0) T 03] oS0 —<so] <50}
Chiorobenzane <50 <$0 <5.0 0 <14 <1.0] <50 <50] <$0|
Chiorodiromomethaoe <59 <50 <50 <1.0 <10 <10} <§0 <50} <50}
Chicioethane <100 <§0.0 <19.0) <40 <0 Af] — «i00]  <100]  <i00]
Gk <$0 <50 <50 1.0 <1.0] <10} I D
(Criororathaene <10.0, <190, <100 <1.0] <10 <10 <10.0 <100 <10.0
lo-chlorotolsens <50 <59 <5.0 <1.0] <10 <1.0) <50 <5.0] <5.0
p-chloroloksce <S5.0) <$.0) <50 <10 <10 <1 <5.0! <50 <5.0)
1,2dbromo-3-chioropropane <10 <10 <10
1,24 h <10, <10 <10,
[ <0 <59 <50 <i0 <1.0 <10 <50 <50 <3
1.2 dch g3 5.0, <50 <50 <10 <1 <10 <5.0 <8.0) <$.0)
1,3 dichlorobenzens <50 <50 <50 <1.0) <10 4.0 $So| <89 <50,
obenzens S0 <50 5.0 <1.0) <1.0) <1.0) <50 ) <590
<40 <30/
DichirodBuoromatiane <10.0) <100 <100 <3y A0 ag <i0.0]  «i00 <100
1.2-dictrovhane <50 <50 <50 <10 <10 1.0 <5.0 <50 5.0
[X] S0 4.9 83 13.2 8.5 104 [X] 13 <10 1.3 <S50 <0 <.
1.1-dictoroetune <50 <50 <50 S0 <$0 59 <54 <29 <20 [ZX) <50 &9 <50
cis-1.2-dchidorovttne <50 S0 <50 <i9 <10 <10 <50 «89] <50
bans-1.2<hiorosthens S9] <5.0) <50 <1.0 <19 <10 <50 <0 <5.0)
ans-1,8-Gchioro- 2-bisene <100] <10.0) <i00 <i.0) <10 <10 <i00] <100 <10.0
d-sopropratar <70 <1.0/
1,2-0chioropropane <9 <) <0 <10 10 <16 <50 <50 <50
13dehircgropane <5.0] <5.0 <50 <10 <10) <3.0) <0 <50 <50,
2.2-xhiocopio <50 <50 <50 <1.0 <10 <10 <50 <50 <50
1,1-dchinopropene <50 ) <50 <10 <10 <10 <0 <50 <59
1.3 dchioropropens <100, <00 <100 «00] <100 <10.0
cis-1,3-dohloropropens <50 <5.9) <50 <10 <10 «1.0 <50 <50 <50/
v ons-1,3-dichloropropane <50 <50 <50 <1.0 <1.0 <10 <0 &0 )
[T 30 )] <59 1.0 <10 <19 <$0] <50 <$9
Hoplane 1 <10
2h <0 0] 40 <10 <1f 5.0 ) <59
[Horachiorchuadiors <100 <100 <100) <) <50 <5.0 <100 <100 <10.0)
lodxwthane <100 <100 <100 <10 <10 «100] <100 <109
propyts <10.0 <100 <100) <19, <10) <1.0 <100] <100 <100
-isopropykokene <100 <100 <10.0 <10 1.0 <10 <100] <100 <100
)Muthyiene chioride <50 <50 s Al <10 <10 <50 <50 <50 <50
Mathyl ety ketone <100 <100 <10 | <10 <10 <10 <100] <109, <10
MIBE <40 <16 <1.0
Mefiyl isobutyl ketone <30 €40
4 maethy}2-pontmone <50 S0 <50 M <50 <50 5.0
Tevahydrohamn S0 <50 50 0 <50 <50 <0 <50)
{Hapithaiens <50 «5.0) <5.0]
n-propybentens <10 0| <100 <100 <1.0 <10/ «1.0| <100 <10.0 <10.0]
Staene <S50 <50 <6.0) <1.0 <10 1.0 <« 0 <50 <5,0)
1.,1.2 tovacht <50 <50 <50 Q.0 <0 <49 o] <60 <$0]
1.1.2.2 s schirosthars <501 <50, <5.0) <10 «{ 0] <10, -0 <%0 .,53]
Toyacthhrontions 30 80 &0 <10 «0| <10 SOl <50 <50]
Yokoera <50 <5h 0 <5 <50 S0 <50 1.1 <1.0] <19) 0] <50 <]
1.2,3 Yichiorcbanzers 50 <90 <%0 <50 9 <50 <50 <0 <<}
1,2.4-Vichiorob <50 <50 <50 <50 <0 <0 0] <80, <0}
1,1,1-¥ichiroetang [] <50, [X] 41.3 108 11.3 18.3 <10 1.0 <10 <59 50 0]
1,1, 2-4ichioroatiane <50 <5 0 <50 10 1.0 10 <50 «0.0 |
Trichireethens <5 0| <50 <5.0) <10/ 0 <10 <590 <50 0]
Trehiaofuromethans <400/ <100 <10.0 <40 0 <40 «100] <100 <100
1.2.3 ¥ichioropropane <50 <5 0) «5.0, <10 <10, <40 <50 <0 &H
124 Y/ <100 <100 <1090 <10 <§.0 <0, “100] <100 <60
1,38 vimetyt <100 <100 «10.0 <10 <19 <1.0 <00 «109) <100
Vinyl acatate <100 <100 <100 <10 <10 «100] <100, <10.0
Etyt scetate 1 ]
Vinyl chioride <109 <100 <100 <1.0 <10 .0 <100] <100 <100
2 chixrcethyinyl st *
Efiy mathacryiste
o-tylene <109 «10.0 <10.0] <$0.0! <100 ¢100)
m and p rykone <50 <50 <50 <60 <6,0| <80}
Xylones, botal <%0 <50 <40 A0 <0 <30 ) <0 &0}
Vare o told ek crcevd e bk e Lot sy A
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fars S5 Summary of Analytical Results for Volatile
Compounds
at Dixon Marquette Cement Company, 1998-2000
{ali values In pgh) .
Compound UwawT | WeswWT | MW WT | uwewt | MwewT | swewT | wwewT | Lwd LWt [ LWt | LW ] oLwa
172695 9593 1199 ¥210 [ war | nnane | oenims | vaeme | soeese | taesy | swss | i
Aceions <50 <50 <50 X <D <0 <50 <50} <0
Acolein <0 <50 <50 <id <oy <50 <50] <]
Acrylonikte <50 <50 <50 BT <1 0 50| <501
Senzens <59 <59 <50 <50/ <50 <59 S0 1.4 <0.5] <05 <50 <50 <s0}
[Bromobenzens <50 <50 <50 <1.0) <10 <10} <50/ <50 <50}
[Bromochiorometians <S50 <59 <5y <10 <19 <i0] <50] <50 <50)
I <50 <50 <50 1.0 <16 <10 <S0] <50 <50
|eromotorm <50 30 <$0| 20| <20 <20 ) ) <50
Bromometizne <10.0 <100 <100, <4.0] 40 <40 <10.0] <100 <109
-butybenzens <10.0 <10.0 <10.0 <1.0] <10 <10 «100] <to0] <o
y <100 <308 <10.0) <1.0] <0 0]  <i00]  <t0f <109]
tertbutybenzens <100 <10.0 <108] <10] <1 <10 <f¢0] <100 <10.0]
Carbon disulbde <160 <10.0, <10.0] | <19 <10 <100} <00 <100}
Carbon erachioride <590 50 <50 <1.0] <10 03 S0 <59 <50]
Chiorobenzens <59 <%0 <50 «10] <10 <10 <$0] <50 <5.0]
Chiorori . <54 &0 30 <1.0f <40 <1.0] <5.0, <50 <50
Chicrosthans <10.0] <$04 <196 0] <40 40l <100 <100 <100
Chdorodorm <S50 <50 50 <10 <19, <10 <Spf  <o0l <50
R iororatis <10.0) <100 <10.0 <1.0] <10 <1.0) <i0.0] <100 <10.0,
o-chiorotohiers <50 S9 <50 <10 <10 <10 <$0] <50 <50)
lorookssce <50 <59 <59 4.0 <10 <10 S0l <80 <50
1.2-Gbromo-3-chioroprogane <10] <i0 <10,
1240 <10 <10 <10
Diromomethane <9 <50, <50 <9 <1.0) <19 <50] <50 <53
1.2 dichioroberzers <50, <S4 <50 <1.0] «1.0] <19 <$.0 <5.0) <0
1,3 dchlorobenzene <$0) ) <5.0) <10 <1.0] <10 ) R <50
obenzens <50/ <50 <50 <1.0) <10 1.0 <50] &0 <50
Ochiorofromethane <10 )
DichirodM.oromatiane <10.0 <100 <100 Qv <0 30 <10.0] <180 <30.0)
1.2-dddwoshane <50 <59 <30 <10) <10 1.0 S0 <50 30
1,1-dichioroeh sa .3 53 13.2 [ 104 [X] [X] <10 1.3 S oo [
1,1-Gctdoroetiens <590 <S50 <50 <4 <54 S0 <54 Q0 <20 FE) <S0] <50 )
cis-1.2-ctikrostens <o} S0 <50 < <16 <10 <50 1) 0]
ans-1.2dichiorostens 9] <50 <0 <40 <10 1.0 0] <50 58]
Yans-1,4-dichior-2-utene <10.0 <10.0 <100 <i.0 <10 <10 <i00] <100 <100}
dHsopropethar <0 <1.0
1,2-chloropropane <59 <50 <50 <10 <10) <10 0] <50 <0
13 dchiroropane <59 <5 0] <50 <10 GL) 3.0 SQop <50 D
2.2-Gchioropcosane <50 <50 <50 <10 <1.0] <10 <5.0 <50 <0
1,1-dohiororopene <50 0 <50) <1.0) <10 BE) 0] &0 50|
13dchiropropens <10.0 <100 10| «pp] <00 <00]
cis-1,3-drchloropropens <$0 <50 <50 <1.0 «1.0 «1.0 <50 <5.0 .0}
¥ans-1,3-dehlorogropars <5 0] <5 0) <50 <1.0 <1.0 <1.0 <$.0 <5.0 <50
[Etybenzana <50 <50 <50 1.0) <1.0 <19 <$0] <50 <9
Heplare 1.0
24ararone <$0) <50 <50 <0 <10 50] <50 <50
[Hor schiorcbutadene <10 0) <10 <109 <)) <5.0) <50 <10.0] <100 <100
lodomethane <100] <100, <10.0) <10 <10] <$0.0 <10.0; <400
PIOPY <100 <30.0 <100] <10 <10 <19 <10.0 <10.0 <100
p-isopropytiokiens <100 <100 <100 <10 90 «0 <100] <100, <100}
JAdtryione chioride <50 &g S <10 «1p <0 <50 <80 <50]
Mty oyl ketone <100 <100 <100 <10 <10 <10 <90] <10 <100]
MIBE <10 4 <4.0
eyl isobutyl Lelone 10| <10
& methy 2-poniarone 0 <50 <50, * | P ) <50
Tevohydohurmn 50 <0 <0 <0 <50 I T 0]
Hagidhsiene <50 <50 <8.0) 1
n propybenzens <100 <100 <100 <10 <10 <ol «too] <ioo]  <ioo]
Shaene 40 <59 <69 1.0, <19 <19 <9 <0 0|
1.1,1.2 e achiorosthane <50 <50 <50 .0 0 {4 9 <5 50|
1.1.2.2-t5¥ schiorosthane ) <50, 50 <10 <{0) <i2 &0« 30
Teyachinoetiens <50 50 <50 (31 <10 <. <50 <5, <50
Tokny “50 <5h <5.0 <5 (4 <5 1) <%0 <50 1.2 <10 <10 50 <5 &)
1,2,3 bichiorbenzera 56 50 50 <50 <0 <) <ol o <50
5,24 b <50 <50 <50 <50 <90 <50 <50 <50, <50
1.1.1-yichircotans [] <50 95 413 108 113 153 <10 10 <19 0] <80 0|
1,1,2 ¥ichlrostiane <50 <50 <50 .0 <10 <0 30| <60 <50}
Tahlorcathans <50 <50 <50 1.0 «0 <19 o] <0 +50]
Trchieofuoromethane <10.0] <100 <10.0, <40 <4 0] 4D <100 <100 <100
1.2,3 ¥richioropropane <50 <50 <6.0 <10 40 <10 <50 <50 PTY)
1,24 timetybenzens <100 00 <10.0 1.0 «10) 0 «100] <100 00
1,35 vimetyt <100 40.9) <100 <10 <19 1.0 60| <100 <10.0,
Vinyl acatate <100 <100 <10.0 <10 10 «10.0i <10.0; <10.0
Ethyl acotale
Vinyt chioride <100 <100, «10¢ <40 <10 «0 <100] <100 «oﬁ
2 yhinyt ethee *
E8i mothcryisle
o tylene <100/ <10.0) <100 <100] <100 <109
m and p rylone <50 <5.0] <50/ <50 <6.0/ <50/
Xywnay, iad <%0 0] T 40 <30 <30 <30 Ry R 1)
Vet B b lekcs oeed B bivSgound Lircenl A
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o S Summary of Acalytical Results for Volatile

Compounds
t Dixon Marquetie Cement Compzny, 1598-2000
(all values in pgh)
Compound w1 | LW LWt LW s | oawa | ws W3 W3 (2] SPRNG | sPrnG | semiNg | SPRING
¥200 | &73%0 | wawo | 1ome | 70090 | a9 | wwmme | e2aoo | ezemo | 1nom | toew 4399 1 289
) <50 <50) <50 <50 <0 <50
baien <5 <50 = <50 <0, <50
toryloritte <50 <53 &0 <5) <50 <50
{Bezens <50 <59) <590 <50 Sl S <50 <590, <9 <5.0) <50 <50, <0 <50
[Broenobanzane S0] <o 36 <50 <50 <50)
|Broroctkrocatiaon <] <50 ) <50 <80} <50
{Bromodchicruaretiars So| <59 <50 <50 <504 )
{Bromolrm S0l <50 <50f <0 <50} <50,
Bresmomethane 00| <100 | <10.0 <10.0) <100
{nbutyberzece <ol <08] <12 <100 <108 <%0
sscbitybenisne <ipo]  «100] <100 <109 <100 <10.0
tertbutrbenzere 0ol <190 <1001 <10.0 <100 <10.0}
Carbon Esu¥de <00]  «100] <10 <100 <190} <100}
Carbon LY achioride S0 <50 &9 <S50 <0 <30
Chirober 2ere S| 50 <$0] <0 <50, <5
[Chicxod somomethas S0  <s0f <59] <30 <$.0} <5,
[Crioratrs <00l <100] <wof <100 <100} <10.0
nkroform <9 <5.0 <9 <50 <50y <0
Chiorumethas <00 <100, <40.0) <100 <10.0] <100
o-chiorotoluene $0| <50 ) <50 <50] <50
p-chiorobolusns <50 <50} <50 <0 0] <50
1.2-dirome-3chiceopion e
1.2-romoethare
| O2romometrane <$50] <50 <50) <590 <50 <$0
1.2 dchiorcbenzens so] <s0] <50 <50 <50, <59
1.3 S0 <50] <50 <50, <50 <40
! obenzene <50 <$0) <50 <50 <59 <5.¢]
Oichiorcburomeire
Dichiorod®cromethane 90| <00 <10.0) <1010 <10.0 <100)
§ 2-dchiorostiane ol <0 <59 <50 &0 <50
1.1 dictioroshane <54 <4 <50, 590 Sd <4 <d <d &9 S0 S0 <0 <d <$.
1,1-Gchiorosters <34 S &) <50 IS <S50 <0 <59 <5 0] <50 5.0 <50 13
Git-1.2 rhircetene <0 <50 <50 <50 <50 &0
§ an3-1,2 Gichioreathene S0 <59 <50 <50 <$0) <50
Wans-1,4-Gichioro-2-buiane «00] <100 <10.0¢ <100 <100 - 300,
G-aopropylvtw:
1.2-Gchioropeop ane <50 <5.0 <50 <§0) <5 0] 5.0
1.3-dehboropcorane so] <80 ) <50 <)) <%0
22 Sehlorgprip v <50 <50 <5.0 «$.0 <50 <50
1.1 Schloropropsn $9] <50 <50/ <50 <50 <$.0)
1,3 drhiorcprocens «a00] _ «i0o] <100 00 <100 <100 ]
613 prop 56 <50 <50 <80 <50 <50
. 1.3-dichior ooy opens 59 <L 0, <5 9] <50 <50, <50
Enybonzeca S0l <50 30 <50, <5.0) <5 0)
Hoplars
2 beranare g9 <590 50 <50, 40 <59,
Hazachkrobuladens <0 <100 <100 <100 <100 <100
odorahae <*)0] <100, <10 0] <100, <10.0] <{0.0!
llaopropyhansens «0e] <100 <160 ! £10.0 <100 <100
w300r oty tiohane <40.0 <10.0; <100 <100 <100 <10.0]
Met-ylens chiorido 0] <S¢ &0 <50 <50 <40
Metyl sthyl kstone 00| <100, <100 <100 <10.0 «10.0)
MIBE
Mety! Ity kotone
§erarkryt 2-penkanons <0 <50 <50 <50 <80 &0
Tevahydchaan S0l <50 40 0 «$0) 140
n (roprLenzsns <10 0] <100 <1090 <100 <400/ <100
Strece 50 40 Y <0 «$0) 50
1.1,1 240 actioroethane sof &0 0 <50 <5 0] <50)
1,1,2.2-6% mhirosthane S0l B0 0 <50 3.0 <50
Tovactionc itwoe &0 ) <5 0) <50 e <50)
Toksene < 5 0 «$.0 <50 <5.9) <50 < <59 <40 <50 <50 <30 <§.
1,2.3-Wichiorobenzens <90 <50 <50 50 <40 <$.0
1.24 Vichirchanzens S0 /50 <5 ) <80 ) <50
11,1 i oethane %0 4 50 S0 «$0) 0 ) < d 40 <50 <40 &0 < 0) <.
1,1.2-¥ichiroshune 0] <50 50 %0 50 <80
Trictidorouthens B0l 0 &0, <5V <50, 80
(Tchirfsoromstiane 00] <100] <108 Y 00 <100
1.2 M eichiropropane <5 0] <50 <9 <5 0! <§0) <50
1,24 VimeCyoenzens «100] <100 <1020 <10.0 «10.0) <100
1.3.5 terathybentens <100 <100 150 <100 <10.0 <120
Vinyt wetate <00 1090 <100, <100 «40.0 <409
L8 walsle
Vel chiortoe <o) 09 <100 <100 <400 <00
2-chiorosthyAnyl ether
Edefl mearyiate
o-1yra <100 «10.01 <40 0 <400 <00 <100
r) 80 p 1yiene <59, <50 <50 <50 <80/ <50
Xy o8, folal ‘50 <50 <50 <40 «80] Y

Vot 1 1 Sokd et wacond 8 KO rd clrc rinin
Paed v oacevd B¢ rasimes dlounsie b ofluirs 5 6riecs veky o8 por pecken 34 14 Fry 34 128 - Pageibol (3



Fev S50t [ y of Analytical Results for Volatile
Compounds
at Dixon Marquette Cement Company, 1938-2000
{all vaiues In pg)

Compound SPaMG | SOMMA | SPRING | RRUS | RRUS | RRUS ] RRUS | RRDS | RRDS | RRD3 | WRDS | RRDS
soamd | oemons 1 ogianee | amie | entes | asems | «inags § oo | DD | 80GR0 | 7600 | 19000

Berzons <5.0] <5.0 <S50 <50 <50 <5.0 5.0 <5.0 <50 <50 <5.0/

1.2-dbromo-3-chior optop 20
1,2-drormosthone

=y ”y

1,2-Gichh n2ens

1.3 dichiarobenzens

 Kbder i

Orhiorohs
Dichlrodfuoromichane
1,2-dchlorosthare
1,1-dctdorosthane <50 <50 <0 <40 <50 <5.9, <50 <0 <508 <5.0, <5.0]
1, 1-dichiorosthens <50 <59 <5.0) <4 <50 <50, <50 <50 <508 <50 <50
cis-1.2-drhlrosthers
rans-1.2-Gchborosthens
rans-1 4-dihioro-2-buisne
dsopropyleter
1.2-dichioroproc.are

1,3 dchiorogropane
2,2-dchioropropane
1,1-duchicrogropens
1.3-dchixopropens
c3-13 pHop

ans- 1,3 dchiorogropsns
Egrytenzene

Heptane

2-taranone
Herachiorotutafions

AP

[

et g of 4
Methylens chicride
Matd othyt batone
MTBE
Methyl icbutyl Yetons
& metivyl-2-pecdancrs
Tvixyd olum
Napthaene
n-propyhenzens
Styrens
1,1,1,2-401 schicrosthang
1,1,2.2-l% achiorostiiane
To¥ schicroethene
Tokuene <0 <50 <50 <50 S0 <0 <50 <50} <5.0) <50 <50
1.2, 3-vichkrobenzets
1,2.4-vichiorgusniene
1.9,1 <0 <50 <50 <544 <5 () <50 <«$.0 <300 <5.08 <0 <50,

1.).2 ¥ichirooh
Trchirostrene
Trichiorofuorornshane

1,23 ichlorpropara
1,24 vimetinbenzens
13,5 timetybenreie
Vinyl scatats

£ty scotste

Viry chioride
2-chiroethyMiny ether
£yl methaarylss

o xfons
m &nd p xylene
Xylanss, todal ‘

Vit i bead exoed y
$taed viued xcoed o manirn okoueide s ofluaet ' uiece s on pur secin 04 136 Bvy 204 134 Page 18e! £




Rev. $1501 . - i Summary of Analytical ResuMs for Inorganic Compounds

at Dixon Marqueite Cement Company, 1998-2000
T (dli values inmgh)
I Parsmiter WIS | MWISF | MWIS | WIS | MWISF |  MWIS | BWI.S | MWIS | MWIS | WIS | MWNIS | MWES | Mwis | Mwis
5758 sass | eiims | tnens | Tness | tonsss | zhese | 7neee | ewm) | 11HAR | M6 | emom0 | 9290 | 113600
 Auminim <010 ot < <opd] <m Q0] <004 <0.04 <0.04 _<0.04}
Angmony <0.10 <100 40 <0.001] <0001 <000f] <0.001] <0.009 0001 <0.001
Arsenic Q0050 <@ <0 <0.0800 <9080 <0 <0001 <0001]  <0.001]  <0001] <0001 0.001 <0.001
{Bariem 2.067] 0.0 0.064 0.087] 0.054  0.05% 072 0.067 0.066 0.075 0.052, 0.058] 0.135
|Benyfum <0010 D010 ond  <om  <o001]  <0001]  <oo01] <oont]  <po01]  <0.001f <000t
[Boron <0.1] 0050  <0ofd <0050 <055 005 <005 0078 <05 <0.05] 0018
{Cagrium 004 010 o o] <0020 <60 <0003 <«0o0t]  <0001] 0] <0001f  <0.001 .00
Sabciun (=] 1000 10 120} o 1oq 17 883 103} 112 100 06 104
Cheomivm <0.0408 <0.0404 <.020 <0 <002 <002 0.001] <0.00t 0.00t] 0001 0.001 0001 0,009
Cotat <0.024 <00 <0620 <0.024 00§] 0.0t 0.001]  0.004]  <0.001 0.001 0.001
Copper <0.020( <0.029 Q020 <002f 002]  0002]  0002]  0005] <0001 0.001 0.04
ron <0053 0050 i <5.1¢ <010 <08 <0.400 258 o02e8f 0153 0.200] 0.201 0.220) %01
l Lead <0050 <0.0050 <019 <010 010 <o) <0001] <0001 <Gool] <000  <«0001] <0001 <0 g1}
Magnesi [T 58 8 & §9.7 450] 50.7 523 435 515 435
arg 0.031 003 o002 00 0,046 002 o 0045]  0.039] 0044 0028] <0001 0.032 0.063
Mescury 00004 <0000  <0.000d <00004  <0.0002] <00002]  <CO0002f «<00002]  <0.0002] <0.0002]  <0.0002
tackel <0058 <0.050 <0050 <0050 0005] 0003  0.006 0.003) 0.04] . 0005 0.010
Potasihan <14 1.4 f <4 [1] Qfd <« 104 89 18] 180 113 2.20) <0.05
[Selesium <0.0050 <D, <0.19 XE 01d <015 0.004] 0003  0.003] <0.008 0.002] <0004 0.012
[stver <0.020 <0020 <0 <0 <0001]  <00af|  <0.00]
[Sodum 12 11 1 12 1 1f 125 113 18] 2¢ 145 1235 1.1
[rnagom <19 <10 <1 D001 <000t]  <0001]  <0001] <000 0.005 <0.001
{Vanagum <0 <0.040 <0 0001]  <0001f  <0.001]  <0.001 0.002 0.002{ 0.008
Zire 0.08 0.004 D02 0 0034 0032 0.037 0.019) 0.007]  0036] 0.087]
Aabioiy, phenol <500 <50 <50 4.0) <1.0] <1.0] <1.6]
| Aainty, total 294} 248 240 260 250 188 216 247 240] 240.0] 230] 246]
[ty b 25 2 24 %) 250 170] 21 2% w2270 72 23|
Ammsnia iogen <0200 <020 <028  <0.10 0.27 <00]  <0.10 <0.40 0.23 <0.40]
BOD, 5-day R <0 <50 ;| 1.0 29 0] !
Chioride 31 3 . 3 38 3 3 25 215 29] 281 2.2 FY] 1]
COD <50 <0 SO <50 <20 <20 <20 <X <20 <0 <)
l Cyanide <D.0L <0.00:d  <0.00s] <O <10 <010 <0.10) |
Fluorde 0200 <020 <021 <0 0.18 0.15 0.1 0.13 0.17 047 0.18
tévsde ss N <10 69 X D02 9.7 (X 603 689 .24 354 549 842 .91
0d and Grease <8 4.4 FX) <50 <$0] <010 <0.10 .
pH {standard pH units) 741 7.3 7.1 73 74 74 78 82 71 7.2 15 73 X
Sufate ‘5 24 170 189 190 150 180 162 178 178 17 17 165 169
Phenols <0.0%f 0.0 ) RY7: K
Phosphorus, Toldt .10}
T0C 39 i E 6.09 232 1.45 116 FRE] 0.57 061
Tolal Dissoived Goids [iZ 597, 550 [T) 550 580 £30 [F) 440 435 435 [77] 420 a2}
 {Turbidey (rephakomeic turbidity units) 0.2 <1 1.3 0. J
'
' L z.
' Vel n bold Raicn 62904 #6 bechground Cnowrbesion
Snded 10bes exed 14 madmum slkowsble in efuent 10 urisce wols 50 par seckon 04124 v 30641 2% Prge 1T d 33



Rev 51501

Summary of Anatytical Results for inorganic Compounds
st Dixon Marquetie Cament Company, 1898-2000

(2!l valuas in mgh)
Parsmeler W25 | MWZSF | MW2E | Ww2S | Mw2S | Mw2S | MW2.S | w25 | Mwas | ww2e | Nw2S | WS | MRS W35
578 8RB a7 | vaass | topsrsn | amsime | Joese | em@s | viiiey | w9 | w2y | Wk | 118000 Fu 1]
<004 <004 <0.04 Q.04 <0.04 2.051 0912
Anfimony <0001  Q001]  <0001]  <0001]  <0.001] <000t <0.001}
Arseric <0.0050 <0.0050 0.003 0.003 0.003 0002;  <0.001 0.002 0.002] 0.0118
Barium 0,181 0.158 0.145 0.153 0.172 0.153 0138 01651 0143 0.184 0918 0.064
m - <001 <0001 <000y <0001]  <0m0t]  @00t] <0001
Boron <0.05 .05 .05 0.064 <0.05 <0.05 2015
Cadmium <0005 <0010 005 <0001}  <000f] <0l <0001 <0001 <6.001 <0.005
Caicium 8| 78} 83 8] 6.3 883 856 339 8%6.4 [ 826 °D)
Chromium <0.040} <0.040} 0.001]  <0.001 0.001]  <0.001 0.001 0.002 <(.003] <0.040
Cobatt 0.003 0.003 0.003] _ 0.002 0.001 0.003 0.002|
Copper ] <0,001 00020 <0001 0.003 0.004 0.004 <0.001}
iron 0.188 0.251 045 0.2 <0.10 0568 058 0436 0371 074 0.783 1.190] 1.4
Lead <0.0050 <0.0050 <0.00% 0001]  <0.001] <0005 0.602]  <0.00t <001} <D.0050)
Hag 454 417 409 £20) 404 417 316
Mang 0.131 0.131 0.082 0.043 0.057 0.055 0.049 0.054 0.050 l <0.001 0.083 0,062 0.051
tetury 0,0002]  <0.0002;  <00002] <00002]  <00002]  <0.0002]  <0.0002
Nckel 0.004]  0.005 0.004 0.003 0.008 0.005 0.003
Potass 14 17 <0 <20 25 <20 147 120 2 219 &K 082 <005 1400
Seleni €0.0050 <0.0050) <0.004]  <0001]  <0.001 0.002] <0004 0.002 0,002 <0.0050!
Sver <0001  <0001]  <0.001
Sodum 42 46 48 43 53 47 5.15 487 452 530 591 5.20 340 8
Thatium i <B001] <0001  <0001]  «0.001] <0001}  <0.001 <0.001
Vanadium 0002] <0001 0001] <0001 6.003 0.003 <0.001
e 0415 0.017 (LI0 I 0.047 0.100 0.014
[ANaindty, phenol <50 <50 <110 <i.0) <40 <1.0)
(Abainvty, otad (7] 344 350 350 7 ) [ [ 32 344 [
[ Akalinity, ticarbonate 4 24 350 350 255 258 318 FE 230 [ 24
Ammonia nitrogen <0.10 0.14 <0.10]  <0.10 <0.10 .50 <0.40]
BOO, 5-day 14 127 12{ |
Chioride <5 <5 0l <50 1.7 <8 240 1.89) 2.18) 21 21 292 265] 137
[50) <% <20 <20 <20 203 771 <20
(Cyanide <10, <0.40] <010 |
Fluoride 0.23 0.10] 0.§2 0.10] 042 0.2 (XD
Meyate as N 61 <10 <1.0) <10 <0.40 <0.10 <10 <010]  <0.10 <040 <0.10) <10
O4 and Grease | <10 <0.10) <0.10
pH (standard pH uoits) 7.21 72 71 12| 15 79 82 7.8 70 1) [X] 18[7 Vg
Sufae 3 4 [ 45 35} 37 100 351 U0 U4 403 40.5 4 (7]
Phencls
Phosphorus, Total <0.40)
10C 1 3 145 1.05 273 XD 0.63 058
Total Dissolved Sobds 305 407 E 310 3% 310 328 0] 321 337, 3 M 332 2,080
{Torbidty (nephoiomatric b bidty units) 25 <f| I <1.0] | i 34 o.00
.- ’-
Yaust 1 ok Mlce s B bach gnd Lonoaraion
Shadod vekues excesd b manirum slomble ) eflurd \o mrieos wler as par sacion 304 174 fry 304178 Page 1001 83




Rav. S1501

Summary of Analytica! Results for Inorganic Compounds
at Dixon Marquette Cement Company, 1838-2000

(ail vafues in mgh)
Parameter MAISF | BWIS | MW3S | MNISF | MW3S | MWIS | MWIE | MWIS | RW3S | MWIS | MW3S | MWMS | MW3S
R G788 (498 712458 soness | amers | e | ey | s | Siioo | ei23foe | wi2eioe | 1103000
0.28 039 0837|0406 0.07¢ 0.235 0.02]
Arcignony <D001] <0001  <600t]  «0.001]  <0.001] <0001 0.001]
Arsenic 0.0304 0.0304 0.131 0.079 0.001]  0.08% 0.060 0.097 0175
Barium 0.059 0,048 0.03% 0.054 0.046 0.051 0.042 0.034 6042 0.089
[Benytiom G001 <0001 <0001]  <0001] <0001  <0.001 <4.061
Boron .05 0.15) 0,062 0,184 <0.05 0.052 0.204
Cadmium <0.010] <0.010 0.001]  <0.001] <0001  «0.001]  <0.001]  <0.001 0.001
|Cakium 8.5] 44 3 144 3N 5.34 2.40 353 6.10) 1.30
Chromium <0040/ <0.040 0003]  <0.001 0.003 0.00! 0.003 0.003 0,018
Cobalt <0.001 0.002 0003]  <0.001]  <0.001]  <0.001 <0.001
Copper 0.011 0.013 0.014]  0.009 0.008 0.045 0.022
lron <0050 <10 1 <0.10 0484 0.3%9) 0.661 0.180 0.152 0.291 0409
Lead <0.001 0.002] 0002 0.000]  <0.001]  <0.00 0.001
Magnest 407 280 343 110 291 350 0.60)
ang, 0.028]  <0.100 0.073 0.031 0,101 0473 09281  0.106]  <0.004 0.058 0041
Mercury <0.0002] <0.0002]  <00002] <0.0002f <0.0002)  <0.0002 0.0015
Nickel 0614] 0013 0015 0,008 0,008 0,013 0.038
[Potassi 1,200 1,600 1,600 2,000 1,600 2,900 2314 2010 2170 2120 1980 218 2120
|Setenium <0.0050! 0.004 0.004 0,005 0.016
[Siver
Sodium ) 100 [ 130 130 138 129
Thatium <0001} <0.001 0.002 <0001
Vanadum 0.003 0.010) 0.018 098
Tnc 0.012]  <0.001 0.014 0015
[Al2hnity, phendl. 640 662] 11650 710.0 746
Alaiolty, total 50 1,400 1840] 1507.0] 16300 1850
ABcalinity, bicarbonate 350 120 203] 3280 7.0 774
Ammonia nivogen <0.10 <0.10 061 <010
B0D, 5-day
Chiorids 0 130 180 160 231 202 203
coD 364 242 688 559
Cyeside
Fluoide 347
Nirste as N <1.0 <1.9 <010
02 and Grease
pH {standard pH units) D P AT B L 108
Sutfate 520 1,200 1,400 931
Phenols
Phosphorus, Total 18
10C 120 27 17.0 21.2 179 0.26 143
Total Dissoived Solids 2130 3,700 3,000 4300 4200 4,300 3776 3462 250 3880 3750 4400 4380
Turbidiy (nephslomebic turbidy units) 75} 1.57 18 8.100 2210
Y
’ ,
Valued 1 bod hedcs 0sed e bech rourd conceni aon
Shaced voluse 520004 T marinarn s wabie Iy ofuand 10 Gurieos witer & pir sackon 304 124 teu 304,178 Pogs 19 of 83



Ao 31501 Summary of Analytical Results for Inorganic Compounds
st Dixon Merquette Cement Company, 1438-2000
(all values in mgh)
Pasameter WisF T uwes | WWOSF | WS | MWeS | WWES | WWeS | WAWES | MWES | MWeS | MWAS | MWES L WNES | Mwes
1Hhood 1 sse i e | 7iass | doneme | zaews | vawe | veme | ninmd | vame | soweo | ewes | 41060
Al 0176 0.87 098] o0.631] 0068 <0.04 0101 6.67
Antimony <0.001 D001]  <0001]  <6001f <0001} <0001}  <0.001 <0.001
Arsenic 0106] _ <0.0050 <0.0050) 0.003 007l 0.003] 000t <041 5.001 <0.001
Baium 0070]  0.089 0.004 0.084 0.056 0.108 p.004]  0.089] o015 0.068 0.107 0.080
|Benfium <0.001] 0001 0004|  <0001]  <001] <0001} <600t <0001
Boron 0135 1.2 1.4 1.44) 1.03 0.08 1.30) 0.995
Cadmivm <0.001] _ <0.005 <0.010 0001 0001 <000f] <0001} . <0001} <000 <0.001
Calcium 0.0, 150 180] 150 150 [124 183 155 165 137 15 150
Chromium (907 <0.040 <0040 0.008]  <0.001 0,002 0.002 0.001 0.002 0.001
Cobat <0.001 0.004 6.005 0.002 0002] <000t 0.001 0.001
Copper 0.018 ] 0.067 0,010 0.005] 0.007 <0.004 0.008 0.002
won 0.366]  0.845 <0.050 <0.10] <040 <0.10 268 833 177) o8l 0,323 118 0.64
Lead <0.001] __ <0.0050) <0.0080 o007]  o0033] ogo6f <001l <000t 0.001 0,001
Magnesium 0.40) [1X] 803 58.1 §4.1 52.7) 9.3 5.2
Manganese 0,053 0.5 0357 0.518 2870 0685 0432 0s52] 0.746] 0758 0.407 0.885 0.010
Mereury <0.0002) Q0002 <00002]  <0.000z] <omoz]  <0.0002]  0.00027]  <0.0002
Hickel .01 0.010 0.012 0.006) 6.005} 0.003 9.007 0.003)
G 2180 750 250 210 200 276 339 234 2 251 214} 180 238 2
Selerium 0.012]  <0.0050) <0.0050| 0.001 0,002 0.002 0.003] <000t 0.003 0.002
[Siver T T
Sodim 137 25 2 2 20 4 23 73 30.3 2.5 4.3 29 54 4.0
Thathum <0.001 <0001) <0001  <0.00fl  <0.001]  <D.00% 0004 <0.001
Vanadi 0016 000 <00 0.002 0.002 0.004 0.003 0.002
Zing 0,005 0.037] 0070 0.038 0.04] <0001 0,080 0.015]
Alcakinity, phenol. <50 <50 <1.0) <10 <{0 <1.0
Aanity, fotal an 328 380 390 356 320 84 352 3220 N0 380
Aafinity, b 332 328 30 350 30 310 320 232 320.0 3500 )
| Amemonia nitrogen <0.10 0.2 <0.10 <0.10) <0.40 <0.10 <{.10
BOD, 5-day 45 2.0 < 0]
{Chloride 110 115 ] [ 90 120 3.0 28 982 §8.1 738 X 43
) <] <20 <20 <X 52.6 571 Y]
Cyanide <0.10 <0.10 <340
Flyoride 0.2% 032 0.12 016 0.2 0.25 0.20
Nerata as N <1.0 <10 <1.0) <10 <010 041 <0.10 <0.10 <0.10 <010 <0.19]
04 2nd Grease <0.40 <0.10 <0.10
pH (standard pH units) 7.16 13 72 13 73 78 80 15 7.4 74 73 19
Sulfate 531 550 830 510 520 430 307 1] 502 455 215 44 [T
Phenols
Prosphorus, Total <0.10
TOC 11.9 331 458 838 9.01 240 258
Total Dissolved Soids 1,420 1,410 1,300 1,200 1,400 1,700 (1] 843 935 868 [13] 882 [
Turhitty (sophelometic BBidty wis] <. Iz <1.0) 4 18.40
®
,.
e
Voo in boid aiice exed the bad.ground concsnireion
Shaded vilues Lxoeed s masiran bouatis b #fosed 10 Wafoos wote &8 par seckon 534,124 40y 304,126 Pags 20 of 63
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Rev. 51501

Summary of Analytica! Resuits for Inorganlc Compounds
at Dhxon Marquetie Cemant Company, 1698-2000

{all valuge in mgl)

Parameter WWASF | WWSS | MW5S | MW5S | MW5S | NW5SS | MWSSF | MWSS | WASS | MWSSF | MWES | MWSS | MWES | MAES
neso | Tehe | o899 | 1hs3 | vaco | a0 | enyes | eneo0 f 1usom0 | 44000 | Tneme | oleigd | 11MNS | 30D
Aluminum <0.4 0.17 04T]  oa8i] o288] 0041 <B.04 0.151 [XE 0.4 3.01 0.08 ot18]  0.166
Antmony <0001 <0o01] <0001] <no01] <01 <0001 <0001] — <0.001 <0.001 0001]  <0.001]  <0.001]  <0.001]  <0.001
Arsenic <0.001 0001]  <0.00i]  0.002 0005 <0001 <0.001 0.001 <0.001 <0.001 8.004] <0001 6.001[ 0.00
Barium 0085] 0,185 0069] 0035 0307] 0078 0.086 0131 .087 082 0.350 0.331 o7i|  0.276
|Beryfium <0004~ <0001} <000t c000t]  <0001]  <d.001 <0.001]  <0.001 <0.001 «0001]  <0001]  <000f]  <0.001 0.001
Boron 0.579 052 0.55 Q527 0.700 Q.08 <0.05 0572 0.328 0.300 051 0.63 0688] 04N
Cadmium <0001] <0001 <0.001] <000t] os02] <000 <0.001]  <0.001 <0.001 <G00 <0001]  <0.001] <0001 0.001
Calcium 143 274 261 279 278 204 218 m 178 172 us 2486 FEY] 398
Chiomium 0.002 0.004 0.001 0003] 0006 0,002 0.003 0.004 0,00 0.001 000r] <000t 0002[ 0008
Cobalt 0001 <0001]  <0.004] <0004 ocos]  <000% <D.008)  <0.001 <D.001 <0.001 0020 0.004 09| 0630
0.001 0.004 0008 0007]  00f1]  <do0 <0.004 0.003 0.004 0.004 0.0 0.006 0004; 0022
ron 0.398 0813] 018 0718 24 0.350 0.331 0.804 0.644 0.354 534 0693 1.06 545
Lead <0.001] 0001 0.001{  <0.001 0001] <0001 <0.001]  <0.001 0.001 <0601 00158 "<0001] <0001 <0001
Magnesi 536 §9.0 48 104 202 289 58.3 587 621 527 780 34 519 95.2
Manganess o700]  00B1]  0054| 0.047 1.25] <0001 <0.061 0.044 0.117 0.023 341 0.654 244 213
Mercury 000z <00002] <ooo0z] <00002] <0.0002]  <0.0002]  <0.0002]  <00002] <00002]  <0.0002f <0.0002] <0.0002] <0.0002] <0.8002)
Nicked 0.006 0.005 0.004 0.003 0021 0,001 0.002 0.002] 0.002 0.002) 0.033 0.017 0017|0038
[Potassium 22 25 61.9 59.5 341 239 221 745] 117 145) 846 702 [ 894
leni 0.004 0.003 0.001 0004] 0008  <0.00! <0.001 0.001 6.001 <0.001 0.303 0.001 0002] 0005
Siver «0.001] D001} <0.001 <0.001] <0.001]  <0.001
|Sodum 228 223 785 583 340 412 33.0 186 9, 171 351 550 273 334
Thaium <0001 <0001 <000i]  <0.001] <0001} <0001 <0.00t]  «0.001 <0.001 <0.001]  <0001] «0001]  <0.001 0.001
Janad 0.002 0.007]  <0.001 0.005 023 0.005 0.007 0.007 0003 0.002 002]  <0.001 0.003 0002
Zinc 0.020 0011 0.020 0012]  ooarl <0001 <0.004 0.009 0016 0.009 0.041 0,010 0011 0.003
Aainity, phenol <4.0) <10 1.0 1.0 <1
| Acalinity, total 34 [17] 526 6] 4320 450.0 502 359 334 300 368
AB-afinity, bicarbonas 314 380 540 AKX 3750 419 380 325 350 579
Ammocia nivogen 20.40) <0.10 0] <010 <0.10 019 <0.10 <0.%0 <0.10 <«0.10] <010
BOD, 5-day 46 16 <1.0] 53 2.2 <10
Chioride 21.6 111 95.5] 125 38 252 239 187 142 105 133
oD %20 26 <20] <0 51.9 257 208 <20 <X <20 <2
Cyanide <0.30 <0.10) <0.10] <010 <0.10 <0.10
Fluoride 043 0.06) 0.08] 0.08 043 013 012 [X] 0.17 0.22 0.1%
Nyt as N 1.31 6.24 200]_ <0.i0, <0.10 <0.40 0.0 010 <0.10 0] <010
07 and Greas, 10| <6.10 <0.10 | <0.10 <010} <040
pH (standard pH units) 16 74 76 685] 7.4 13 7.3 7.7 74 179 18 78
Sulfale 220 [3] 878 §59 218 198 208 24 1) 314 241
Phenols
Phosphorus, Total
T0C 21.8 200 17, <0.50 9.86 1.41 148 214 13.2 5.59 137
Total Dissolved Solids [[{] 1050 1016 1242 654 833 7] 867 805 820 789
Turticiy (nephe turbidty units) 362 180.00

Yohoos in boid sale excesd @ background conosralion
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Rav. 51501

Summary of Analytical Results for lm:fgénic Compounde
at Dixon Marquette Cement Company, 1938-2000

(alt values in maf)
Parameter Mwes | uwes | Mwes OSF | WWIS | WWIS | WIS | WWIS | WS | MarS | MWIS | MweS | Mwas | WWeS
Bi2300 | omsivo | 1o | swawoo | 7nske | eswe | winwe | snmo | sodon | opsio | tiaied | 7RG | omee | 19
A <0 0.121 174 0101 83 830 0403|0582 <0.04 0.252 0,00 0.51 0.5 0.665
Angmony <0.001] <0001 <0.001 <0.001]  <p001]  <coo1[  <000i]  0.603]  <o00) <0001 <0.001] <0001  <0.001]  <0.001
Arsenic 0,001 0.001 0,003 0003] 0020] o028 ooud| oofr|  0.007 0.013 0028 0001  <0.001 001
Baium 0.143 0.251 0.181 0.130 0045 0047 0.046 0.055 0033 0.044 0.025] o018 0.066 0.056
|Berytium <0501] <0001 <0.061 <0.001] <0001 <«0001] <0001  <0001]  <0.001] <000 <0001 <0001] <0.001]  <0.001
Boron <0.05 0.202 0.354 0437 025 0.19 0216, 195 .05 0.204 9.105 0.25) 025 0.225
Cadrmivm <0.001]  <0.00t <0,001 <001 <0001]  <0001]  <0.00f] <0004}  <0.001|  <0.00 <0001 <0.001]  <D.008]  <0.001
Calcium 149 233 256 235 239 147 11.9 434 40.8 260 142 345 226 223
Cheomi 0.002 0.601 0,003 0u02] ooo4 0002] ocwo2l o008 0.002 0.001 0002 eood] oo 0.008
Cobatt <0.001 0.097 0.011 0.06% 00010 <«0001]  <0.001 0001 <0.001)  <0.001 <0.001 0002] 6.002 0.007
Copper 0.001 0.012 020 0.005 000s] o007 ooos|  ooo8]  <0.001 0.008 0.004 0,015 0.01¢ 0.011
ron 0.284 0.770 458 0.759 1.9¢ 0.785 0,62 1.32 0.109 0,003 0.142 160 1.19 1.57
Lead <000] <000 0.008 <0.001 0,003 0,002 0002] <000t  <0.001 0.001 0,001 0.003 0,004 0.043
Magnesium 203 417 574 413 105 5.80) 455 136 151 10.6) 480 110 944 3
Mang 0.094 1.81 1.79 1.67 o158 o o.0s5|  0.457 0,002 0.183 0.024 0.383 0.213 0.268
[Mercury 00002]  <00002]  <00002]  <0.0002)  <00002] <0000 <0.0002] <00002]  <0.0002; <D.0002j  <0.0002] <00002| <0.0002 <0.0002
Nickel 0.003 0.009 0.023 0.012 0.012 0.014 0.014 0.007 0.002 0.011 0.008 9.010 0.010 0.008
|Potassium 31.2 495 37 34 [1] 7 793 503 406 828 121 NS5 23 205
Selenium <0001 0.003 0.004 0.003 0.001 0.002 0.002]  0005]  <0.001 0.003 0.002 0.003 0.003 0.003
|Sitver <0.001 <0.001]  <0.001]  <0.00 <0.001]  <0.00i]  <0.001
[Sodium 536 648 556 578 e 420 49 374 258 4“2 1] a2} ET 401
Thaliom <0001  <0.001 <0.001 <000t] <0001} <0001 <0001]  <00ofl  <0.001]  <0.00% <001 <000f]  <0.00if  <0.001
Venadi 0.005 0.008 0.013 0.001 0016 0612 002] 0015 0.007 0013 0006] 9003  <0.001 0.003
Zing <0.001 0.013] 0.023 0.004 0.027 0.015 0016) 0021 <0001 0.023 <000] 004 0.027 0.042
Acalinity, phenol. <0.001 <1.0] <10 41 <10 92.0 160
ARalindly, totdl 4170 3840 420 18 466 34 48] 310 3340 48 271 270 314
{ANalinity, bicarbona 410.0 3500 357 285 265 415 154] 3330 2540 1 203 65 506
[Amrnonia nirogen <0.10 <0.10 <0.10 <0.10) <0.10 <0.10 <0.10 <0.10 094 <0.10) <0.10) <0.10 <010
80D, S-day 34 38) <10 31 1.4 <1.04
Chioride 711 2% 18 70.4 00.2] (1] 56.3 48.8 105 119 119 121 113}
con 100 123 %] <200 <20] <20 [ 105 M3 <20 <2 <A <20}
Cyanide <0.00]  <0.10 <0.10) <0.10 <0.10] <010}
Fluoride 0.41 0.27 0.30 i84] 145 24) 0.80 0.65 .30 1.4 0.3¢ 0.16] 0.19]
Nirats as N <0.10 <0.10 <010 <0.40]  <0.10! <010 <010 <0.10 0.10 <0.10 213 247] 2.86]
04 and Greass . X X | <010]  <od0] <o)
[pH (standard pH units) 7.1 71 74 LI400] 7 cnd102l <2 8.4 8.9 94 102 7.8 83 7.8
Sufate 106 126 254 401 415 404 345 336 448 474 618 [ 753
Phancls
Phosphorus, Total
T0C 13.2 201 2.53 17.2 10.7 152 144 18.0 700 113 9.80 [ 28
Total Dissolved Sobds 508 81 830 1047 1394 1423 204 802 1156 1308 1138 1100 1161
Turbididy (nephelo metric turbidity units) 269 200.00 0. 2
P ’-
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Rey. 51501

Viues i bokd

Summary of Analyticzl Results for lnorganic Compounds

at Dixon Marquetts Cement Company, 1998-2000

{all values in mgh)
Pacemeter MWBS | MWES | NWES | MWBS | NWBSF | MW.S | Mws.S | WSS | MWeS | a3 | s | kwes
00 | svee | wzsme | a0 | vinwoe | tnees | s R | 2o | om0 | opeioe | 11130600
Al 0435 <004 0,109 .13 <0.04 052 003 0389  0.698 <0.04 016 0019
Ansmony <0001]  <0001] - <0.001 <6.001 <0.001 0.003 0002] <0001  o0002] - <0001l  <0.008 <0.001
Arsanic 0.005] <0001 0.001 <0.001 <0.001 0,013 0.005 e 0003] 0.004 0.003 0.002
Badum 0.172 0.044 0.055 0057 0056 0.036 0.055]  0.060] 0038 0.047 0.041 0.03)
[Berytiun 0.002]  <0.001] <0008 <0.001 <0.001]  <0.001 <0011  <o0i] <000l <0.001]  <0.00% <0.001
Boron 0253 <005 0.199) 0232 0211 <0.08 015 0.067] 0070 <0.05 0032 0.075)
Cadmium 0.003]  <0001]  <0.001 <0.001 <0.001]  <0.00t 000 <0001]  <0001]  <0.001]  <0.001 <0.001
Calcium 268 224 24 222 210 175 118 M 207 108 110 974
Cheon 0.040 0.007 0.005 0.008 0.004 0.004 <0.001 0002] o007 0.002 0.602 <0.003
(Cobakt 0.035] <0001]  <0.00% <.001 <0.001 0.00¢ 0.002 0.003)  0.004]  <0.00t 0.601 <0.001
Copper 0113] <000 0.007 0.097 0.004 0.019 0.012 0.034]  0.038 0003 0.013 0.010
iron 530 0415]  os5e 0953 0210 200 0.502 1.2 510 0231 0.877 0.434
Lead 0.00¢] " <g001]  <0.001 0.002 <0.001 0.008 0.002 0.007] <0001] <0001l  <0.001 <0001
Magnesh 125 924 [X] 1.1 34 8.9 722 8.2 104 723 735 8.2
Mang 430] <0001 0.024 0147 0,065 0472 0.302 0212] 0224 0.040 0192 [XI]
[Mercury <00002] <0.0002] <06002f  <0.0002]  <0.0002]  <0.0002 0.0003]  <0.0002]  <0.0002]  <0.0002] <0.0002]  <0.0002}
[Mickel 0.058 0.002 0,003 0.005 0004 0.020 0.018 0018] 0012 0.003 0.007 0.005]
{Potassi 217 174 264 220 274 344 [1) 4 4 [] 445 427
[Serenivm 0.014 0.001 0.002 0.008 0.003 0.002 0.001 0003] 0000 0.003 0.004 0.005
Isives <0.004 <000t] <000t ]
[Soum 43.1 434 524 314 80.7 8.2 8o 919 102 101 074 9.7
Thalien 0.002] <0001 0.005 0001 0001 <0.001 <0001] <0001}  <0001] 0003 <0001 <0.001
Vanagum <0.001 0.004 0.003 0003 0.001 0.004 <0.001 0.002 0.002 0.005 0.004 0.004
Zinc 0.568]  <0.001 0,025 0021 0018 0.02% 0.044 0.025] 0050  <0.001 0.015] 0.007,
‘Alalinity, phenol <1.0 <1.0 <1.0f <10 <1.0 <1.0 <1,0 <1.0)
[Alcatinity, total 284] 3160 249 e 405 398 23 34| 459.0 458.0 476
[Alafinity, bicerbonats 271 3140 29 257 391 358 220 207] 4230 3750 45¢
[Ammonia nitrogen <0.10) <0.10) 910 <0.10 0.30 051 <0.10 <010 <0.10 0.53 <0.10)
BOD, 5-day 289 44 1.2
Chioride 162 181 " 198 789 90.1 100 129 152 106 0]
co0 30.3 158 <2 <2 <20 <20 <2 <20 216 <20 <20
Cyanide <0.10 <010 <0.10] [
Fluor'de 0.14) 0.2 0.2 0.21 0.31) 0.23 0.26 [X[3 035 0.3 0.34
Nevase as N 1.68 295 301 1.86] 0.10] <040 <0.10] 0.14 0.2 <0.10 <010,
04 and Grease f <0.40] <0.10 <010} |
pH (standard pH units) 74 7.2 7.3 79| 79 8.2 3.0) 13 14 74 78]
Suilate 32 [ &7 85 575 40 1) §22 703 717 [
|Phencls [
Phosphorus, Total 1
ToC 144 15.1 205 2.50 7.72 440 102 848 9.90 1.90) 225
Total Dissotved Solids 1181 1128 1200 1252 1004 1113 1257 1368 1333 1250 1278
[Turbidity {nep turbidiy units) 30 2100 229 18.200

italcs sxcend the back grownd concendration
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Rev. 57501

Summary of Analytical Results for Inorganic

Compounds
at Dixon Marguette Cement Company, 1998-2000
{all values in mgh)
Parameter WWID | UWIDF | MAID | WD | MWIDF | RKoiD | MWD | &W1D [ #wiD | MwiD | MWL | SWID | WwiD
Fin) 78 158 | vass | A toizems | 26e99 | treame | wsme | tinms | sm0 | ey | MR
Auioum <B.04 0.1 <01 <0.¢ <004 008 0.109 0.111 <0.04 0.04)
Apmony <0001 <0400 <040 <010 <0001 <0.001] <00l <0001 <0.001] <0001
Arsenic <0.0050 <0.0050]  <0001]  <0.080] <0.080] <0080}  <0.080]  <0001]  <0.001]  <0.001 0.001] <0001 0.001
Barium 0.063 0.089] <0001 0,044} 00511 0.047 0048 0047] 008 o7 0033 .03, 0.048
[Beryfium <0.001]  <0.010f <0.010 o0t <001 <0001l <og0t]  <o.00f]  <odoi]  <0001]  <0.001)
Boron <005 <] <0050 <0050 <0050k  <005]  <0os <0.05 0.051 <0.05) <005
Cadmium <0.005 <010]  <0.001] _ <0.020] <0.0200 <0.0200 <0020 <0001]  <0.001]  <0001]  <0.001]  <0.001]  <0.00f
Calcium ” 74 <005 89 100] 85 79] [7X] 7.8 849 894 51.8 824
Chiomium <0.040 <0.080]  <0.003] <0020 <0.020] <0.020]  <0.020] 002] 0,004 0.002 0.001]  <0.001 06.002{
Cobalt <0001 <0.020f I <0020]  <0.020]  «0.001 0.004 0.003 0007 <0001]  <0.001
Copper <0001 <0.020] <0.020f <0.020]  <0.020] 0002 0.003 0.004]  0.003]  <0.001 0.607
iron 0372 <0.050]  <0.005 <0.10] <0.10] <0.10) <0.10} 20 0.568 0519 110 0.1%2 0.214
Lead <0.0050 <0.0050] <0.001 <0.10] <0.10] <010]  <0.010{ <0001 0.001] <0001  0.002]  <0001]  <0.04
Mag [ <0005 30 46 4] £ 49.7 455 £4.0] 121 6.2 431
Mang 0071 <0010]  <00of] <0010 <0.010 <0010 <0.010 0.007 0.050 0653]  0a19]  <b.001 0.002
Mercwry <0.0002]  <0.0002] <0.0002]  <00002]  <0.0002]  <00002] <00002] <0.0002] <0.0002] <0.0002] <0.0002
Nickel <0.001]  <0.050] <0.050) 20.050]  <0.050 0.002 0.063) 0.003]  0p03]  <0.001 0.002
Polassi 15 14 <005 <20 [X] <20 <20 A 1.4 189 290 1.2 199
Selenium <0.0050 <0.0050]  <0.001 <018 <0.15 <0.15]  <0.45]  <0.004 0.001 0.001 0.004 0,001 0.0
|Stver <0.020 <0.020 <0.020] <0.020]  <0.0m| <0001}  <0.00]
Sodium 3 32] <0001 X 34 42 33 365 357 390 () 3.00 360}
Thatiun <0.001 <19 <10 <1.0 <Q001]  <0.001] <0001 0002]  <0.00% 0003}
Vanadium <0.001]  <0.050 <0.050 <0050] <n020] " 0002] <0001 0.002 0.001 0.002 0.003]
Znc <0001]  <0.020] 0,020 <0.020] <1.0) 0011 0013 0018 0017] <0001 0.020)
Akainity, phenol <1.0] <5.0) <5.0) <5.0| <1.90 <40 <10
Akafinty, lold 348 3% <1.0] 350 350 350 282 264 32 314 32500 3120
[Alafinity, bicarbonate 348 33| <1.0 350 350 350 250) %0 310 28] 80| 3100}
[Anmonia niogen <0.10 GTE <000 <0.20 <0.10] 0.11 <0,10 <030 <0.10] 0.29)
BOD, 5-day <50 <50| <50 25 37 24 |
Chioride <5 <5 <0.05 <5.0] <50 <50/ 223 1.91 255 2,58} 43 261
oD <20 <5.0) <50| 43 <5.0) <20f <20 <0 <2 526 437
Cyanide <0,0059 <D0050]  <0.0050]  <0.0050 0] <010 <0.10]
|Fiuoride <0.05 <0.20] <0.20] <024 <020 048] 013 0.14] 0.11 0.14 013
Mirate 2s N <10 <010 <1.04 <10 <10 0.20} 018 0.19 044 0.13 020
04 and Grease <15 <15 <271 <0 <10] <040 <0.10
IpH (standard pH units) 7.3 7.4 1.3 74 13 [X] [X] 7.7 1.2 74 72
Sulfata 37 5] <0.10 [ 39 35| 37 a7y o 318 358 407 402
{Ptiencis <0.020) <0.020 <0.020]  <0.020
Phosphorus, Total
TOC <0.50] 15 23 <10 [X] 443 279 392 459 310 <0.50
Total Dissotved Sofids 396 390 <1.0] 400 390 400 370 333 338, 326 322 ) 3i7)
Turbidty {nep ic burbidity unds) <01 ] 1 0.00 210
’ 'y
Vaies In bob ibos #000d e background Loroekiion
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Pev. 51501 ' Summary of Analytical Results for Inorganic

Compounds
at Dixon Marquette Cement Company, 1995-2008
(all valises In mgfl)
Paramater WAID | MN2D | MWIDF | MANZD | MW2D | wWwzD | ewaD | Mw2D | Ww2.D | MW2D | MW2.D | sN2D | MW2D
1130000 | S sms airme | Taes | sonems | anems | rnek omiey | twime | wuoo | oesos | ensmd

A _<0.04 <064 <004 <0.04 0.040) .04 0.052
(AnEmony <0.001 0] <0001] <0008  <0.001] <0001} - <0001
Arsenic <D001] 00101 0.0111 j 0018 0011 0015 0.019) 0.005 0011
Bariym 00%] 0131 0.141 0.147 0.162 04791 0.457] 0460} o0.185}  0.151 0.180
[BerySium 0,00 0001] <0001 <0001]  <0.001]  <000i]  <00M
Boron 0.009 <0.0% <0.05 <005 0.059]  <D.0S <0.05
Cadmium <0001 <0.008 <0019 «000i] <000t]  <0001]  <000t)  <D00t] <900t
Caciun 60.1 92| 92 100 [ 115 97.2 13 111 108 04 ©
Chrom <0003 <0.0A0 <0.040 0.002]  <0.001 0.001 0.501 0.001 0.001
Cobait <0.001 6004 0003]  0003) 0002 0001f 0001 g
Copper 0.001 0.001 0.002 0.001 0,005 0.001] . 0003
iron 2217, 0.764 0.75¢ 1.1 1.5 1.6 1.5 241 24i 2.17 1.0 215
Lead <0,001] <0.0050 0.002] <0001 _ <0.001]  <0.001 0.001]  <0.001
Magoesi 335 510 421 452 483 456 )
Mang 0.001 0615 0.683 0.545 0.618 6578 0287 0.284 0.208 0981 o1 0184
{Hercury <0.0002 <00002]  <0.000)]  20.0002] <0.0002} <0.0002]  «0.0002
Nickel 0.001 0.003 0.003 0,002 0.003 0.003 0.002}
Potassi <0.05 14 17 <2 <20 <0 <3d 1.3 092 1.40 240 1 2%

Nen 0.004]  <0.0050 <0.0050, <0.004]  <0.001]  <0.001]  <0001)  <0.001]  <0.001
Sitver <0.001]  <0.001]  <0.001
Sodum 240 12 12 9.7 9.2 9.7 9.8 208 [X7] 10.1 11.0 1.1 111
Thaium <0001 — «0001]  <000y]  <0001]  <o0ot|  <0.001]  <0.001

Jznadi 0001 0.003] _ <0.001 0.091]  <0.001 0.003 0,004
Zinc 0.004 0.032 0.012 0,010 0013 0.023 0023
[Alkafine.g, phenel. 10 <50 <50 <10 <{.0) .0
(Axainty, o2l 328 404 44 490 400 316 3 382 X L 3640
| Alcalinity, bicarbona 31s 404 404 400 400 340 320 350 EYS) 357.0 1550 )
{Ammonia rirogen 0,10 <0.10 0,10 <010 <0.10 <0.10, <0.10 .
180D, 5-day <10 [X] <1.0
Chioride 246 19 18 2 22 22 2 201 10.4 1891 203 219 )
COD <20 <20 <20 <20 <20 684 180
Cyanide <10} <010 <0.10
Fluoride 0.17 2| .16 0.17 012 0.19 0.17
Nitrals as N 0.18 <i.0 <49 <1.0) <10 <010 <0.10 0.34 <{.10, <010 <010
01 and Grease <10 <0.10) <0.10)
pH (standard pH units) 80 715 7.2 72 13 74 78 8. 7.7 72 7.3 712
Sulfitn 39 3 40 3 3 2 0 06 2. 208 267 02 04
Phenols
Phosphorus, Total <010
10C 028 .71 611 1.05 8.98 10.1 <050
Yot Dissolved Soids 316 a1 412 410 420 450 440 388 300 396 301 1301 [
Turbidity (nophelometric turbiddty units) ] 10 <1 1.0 303 [X]

K
)
»
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R, 5108 ) Summary of Analytical Resuits for inorganic

Compounds
at Dixon Marquatte Cement Company, 1938-2000
(all values in mgh)
Pacametes MW2D | MW2DF | MW2DF | MWD | MWSDF | MWD | BWID | WWSD | WWID | MWD | MWD | WW3D | WwiD
1ngse | unoce | s Ll 57198 SHIRS | 7ioamd | dozemE | aiemg | mizabe | erses | quims | vum

| Auminum Q.04 <004 <04 <0.04 0.05% <0.04] 000,
sAfmony <0.001 <0.001 <C.001 <0001] <om1]  <onot] <0001
Arsenic 0.008 0.005 0.013]  0.6080) 0.0101 0019] 0.0 0022] 0011
Baium 0239 0.140 0.160]  0.13¢ 0.133 0.139 0.139 0.463] 0053  o01M]|  0.05
Besylium <0.001 <D.001 <0.001 D0 «0001]  <0003]  <0.001
Borori 0.022 0011 <005 <0.05 <005 <0.05] 0076
[Cadmivm <0.001 <0.001 <0.001] <000 <0100 <0001 <0001] <0001 <G00
Calcium 100 100 204 93] 8.6} 99 25! 112 418} 589 104
Chronium 0.004 0.001 =0001] <0.040] <0040 002 <001 0002] <0008
Cobalt 0.002 0.001 0001 0.002] 0002 0.003]  0.001
Copper 0.002 0.0010) 0.002 0001 0002 6.002] 0002
on 255 1.5 4] o 0.560 0.20 050 1.4 1.18] 0.3 203 1.57
Lead <0.001 <0.001 <0.001 ] <008] — <0001]  <w001] <000
{Magresium Q5 424 438] 0904 08%] 0547 0.504 0477 49.2 113 407 428
Mang: 0.300 0.170 0.136] 0.314 0.087 o22] o]
Mercury <00002]  <0.0002]  <0.0002] B <0.0002]  <00002]  <0.0002]  <0.0002]
Necked 0.003 0.002| 0.002} 0,004 0,001 0.004 0.003
Potassium 1.30] 1.80 1.69) 18 1.9 <20 41 26 29 368 230 132 0

den 0.007 0.002 <0.003]  <0.0050 <0.0050 <0004]  <000T]  <0.001 0.001
Stves 0,001 <0.001
Sodum .50 .60 6.92 [X] 4 9.6 9.1 74 [X] 6.76 2.90 642 6.90
[ Thaium <0.001 <0.001 <0.001 <0.001]  <000t]  <0.001] <0001
Vanadium 0.008 6.001 <0001 0003 .001 0.002] <0.001
Zine ) 0013 0.05% 0.007] 0.009 006] 0025 009,
Alkafinity, phencl, <10 <50 <50 <10
ABaknity, ot 39 3% 315, 380 350 310 364 388 350
AXainity, icarbonate 389 38 315, 380 250 295 e U8 7
Ammonia ritrogen <0.70] <010 0.14 <10] <010
BOD, Sd2y 25 [ <1.0]
Chioride <6.05 7 7 [ [ [3] 5.6 7.27 7.78 7.13 781}
coD 353 <20 137 <0 <0
Cyanide <10 <040 <010
Fluoride 0.% 0.28 022 2.20 0.47
Nitrate as N <0.10) <10 <10 <10 <10 <10 <010 <0.10f  <0.10)
04 and Grease <10] <010 <0.10] ]
pH {standard pH unlts) 79 7.24) 74 7.4 73 1.3 [X] 72 73] 7.0
Sutfats 06| 3 3 42 % 28 3 215 X 216 210
Phenols
Phosphorus, Total <0.40)
ToC 0.74 10.6 061 1.56) 263
Total Dissohvd 50603 308 ] 431 450 420 410 400 359] 35 357 12
Tirtity neghelomevs BGR, il 0 < <10 |

,.
okt 11 hold Rncu e e backgrourd conomnyaion
0 e sk ow 4 n a08ard b rfoce waker e por abkon 204124 ey 204,420 Pagezdof 63
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Summary of AnMul Results for Inorganic

Compounds
2t Dixon Marquette Cement Company, 1998-2000
{sll values in mg/i)
Parameter WASD | uwiD | WW3D | MWIDF | MWeD | MWADF | tNAD | MWAD | MWADF | MWD | UWaD | MWD | NwWLD
w2300 | erzomo | 1tnowo | tinooo | si7ms €188 si7es | Thins 12488 2i6ms | Tieme | smed | 11nme
Al <0.04 <0.04 <0.04 <0.04 <0.04 0.06 <04
Anfimony <0001 <D0t <0001 <0.00% <0.001]  <0001] <0001
Arsenic 0003] <0001 0015 0018 _ 0.0053) <0.0050) 0.004 0003] 0004
Barium 0.918] <0001 0127 0120] 0435 0.126 0.099 0.088 0.085] 0.081 0,076
|Beryum <00i] <0001 <0.001 <0.004 <0.001]  <001] <000
Boron <0.05 <0.05] 0.023 0.020 1.10 0.15 0957
Cadmivm <0.001] <0051} <0.004 Q001 <D, <0.010 <000t]  «0.001] <0001
Calcium 953 <0,05 X #54 169 160 200 180 212 117 181
Cheomium 0001  <0.001 <0.003) <G003]  <0.040 <0.040 0.002]  <0.001 0.001
Cobatt 0001] <0001 0.002 <0.001 0.003 0.002 0.002]
Copper <0001] — <0.001 <0.001 <0.001 0.004 0003]  0.004
ron 132] <0005 148 284 1.12 1.0 0.64 049} 039 0.957 021 0837
Lead <0.001] <0001 <0.001 <9.091]  <0.0050 <0.0050 <0001]  <0.001]  <0.001
Magnesium 40.9] <0005 40.6 405 #57 21.0 734
Mang 0.119] <0001 0157 0,138 2.74 278 14 1.1 0.007 1.13 1.16 1.05
Mercury <0.0002]  <000G2]  <0.0002]  <0.0002 <0.0002]  <0.0062] <0002
Nickel 0002] — <0.001 0.002 0.003 0017 0013 0012
|Potassium 4.92 <005 6.00 550 18 160 160 150 160 180 214 193 209
Selentum <0001 0o <0.001 <0.001]  <0.0050 <0.0050 <0.001 0.004 0.001
|Sever <0.001]  <000f] <00t
Sodum s12] <0001 810 580 27 2 22 21 2 2 243 67.4 23.2
Thalum <0.001]  <0.001 <0001 <0.001 0.001 0001 <0901
Vanad 0004] <0001 <0.001 <0.001 0.603]  <0.001 0.002
zine <0.001]  <0.00t <0.001 <0.001 0,142 0.079 0,166
A alinity, phenol. <10 <10 <10 <50 <&0
Adk2liity, lal 3606 <1.0 364 404 404 350 410 413 400 400
Axadinity, bicarbonate 3450 <10 327 404 404 390 410 350 375 270
|Ammonia nivvgen <0.10) <0.10 <0.10 <010 <0.10 0,10
BOD, 5-day 5.3 55 <1.0
Chioride 858 <0.05 842 [1] ” Hi [ 76 1] 918 101 [0
COoD 232 <20 <20 <20 <70 <0
Cyanide <10 <010 <010
Fluoride 0.17 0.05 0.20 0.38 0.19] oM
Hikate as N <0.10) <040 <6.10 1) <1.d <1.9) 1.0 040 <0.40]  <0.1¢]
Of and Grease <0.10 0] <10
pH (standard pH units) 72 79 ) 70 59 72 74 7.8 33] 14
Sulfate 287 <010 32 520 510 530 550 390 850 814 837 44U
Phenols
Phosphorus, Tolal 0.13
T0C 5.9 <0.50 1.36 [X7] 11.1 <0.50
Total Dissolved Solids 357 <1.0 357 1,330 1,326 1,300 1,200 1,300 1,400 966 1034 950
[Turbidity (nephelometric turbidy units) 3 1. 10 < <10

Velues in bokd ko exmeed s back ground onoenbelon

Shadsd vedsen a150cd e marknum abowatle in effuend to kurece wwier # per cacton X4 171 ey 3049128
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LAt Summary of Anaiytical Results for Inorganic
Compounds
at Dixon Marqustte Cement Company, 1998-2000
{afl valuaa In mg)
Paraater VD | MwWeD | wwaD | wweD | WWSD | wsD | NwSD | MwSD | MWD | MwWSD | MASD | MMED | MWED
320 | emaoe | sxvos | oo | et | a9 | whme | wad 1 62300 | onsad | 143000 | e | AN

Al <0.04 <0.04 0.1%8 0.012 038 0.06 0.050 0.080 <0.04 0.4%5) 0.023 0.41 065,
Anbirony <0.001]  <0.001]  <0.00f <0001 <coni] <0001l  wo0] <0001  <0.001] <0001 Qo] Q0] <0.001
[hrseric 0.003 0001 0.002 o002l 0002 <0.004 0.002 0.003]  <0.001 0002 0.001 0.005 0002
|Barium 0.0811  0.066 0.08 X eoss| o087 0.043] 0082 0.050] 0.098] 06062
1Benytium <001]  <¢o01] <000t <0001] <co0t]  <ofof) <0001 coot]  <o00t] <noot <0.001]  <0.00i] <0001
|Boron 1.17 0.05 113 0.950 0.45 040 0.3%0 0407 <05] 03% 0.488 056, 040
Cadmium <0.001]  <0001]  <0.001 <0001]  <000t]  <000t] <0001]  <0.001]  <0.001] <000t D001} <0001} DOt
Cckm 205 132 208 [ 235 213 204 2647 205 77 28 193 167
Chromium 0.007 0.001 0.002 0.001 0004]  <0.004 0.602 0.004 0.001 0.004, 0.001 0003] <0001
Cobalt 0.002 0.001 0.001 0.002 0015]  0.068 0.008 0.064 0.04 0307 0.008 0007]  0.062
Coppes 0.064]  <0.001 0.03 0.003 0028 0011 8.007 0.038]  <0.001 2.013 0.004 0.037 0.006
kon 0618 0.355 1.08 03]  oems 0544 0.385, 224 0.383 0.4% 0.307 143 0410}
‘Lead <0.001]  <0.001 0.006) <0031 0002] <0001  <0001] <0001  <0001] " <0.001 <0.001 0.010]  <0.001]
Magnesium i1 708 783 726 855 303 76.9 27 7.3 752 731 68.6 56.3
Hanganese 1.2 0.533 0.972 0.804 0415 0.213 0.242 0.70 0.094, 028 0.284 0.318 0.103
Metcury D0002!  <0.002] 00002  <0.0002] <c0002]  <0.0002] <00002] <0.0002]  <0.0002f <0.0002]  <0.0002] <0.0002] <0.0002
acke! o017 0012 0.017 0,018 0513 0.007 0.008 0.020 0.004 0.008 0.008 0.008 6004
[Potassim 248 199 n 24 458 [7] 418 458 401 [12] Ml 186 m
[Selenium 0.008] <0001 0.002 0.004 0.064 0007 0.003 0.004]  <0.001 0.004 0.004 0.002] <0001
[steer <0001 <0001 <000l 0001 <o
Sodum 258 26 22 %] 221 750 314 334 30.3 3.2 289 207 134
Thallum 0.001 0.002 0.001 0.003 0003 0001 0002]  <0.001 0.001]  <0.001 0001  <0001]  <0.00
Vanads 0.002 0.005 0.005 0003]  00o5]  <0.001 0.002] 0005 0.004 0,004 0.001 0003 <0.00
Zinc 8937 0.122 0.218 [X] 0.032 0015 0016] _ o.0s6] <000t 0.021 0.004 0.035 0012
| Adality, ptesncl. <1.0 <1.0 <19 <1.0 | <10 <1.0] <1.0 1.0
Ab.afindy, tolal 400 3580 3700 398 3% 338 K] 408 338.0] 4.0 350 303 170}
£%cahinity, bicartbonate 85| a0 385.0 mn 323) 3%] 325 385 3320]  3200] 340 20 185
Ammonia nisopen <0.10 0.0 <0.10 <16]  <010]  <0f0]  <010] <010 <0.10) 010 <0.40 <0501 1.07
BOD, 5-day 23 25 1.2 30| <1.0,
Chioride 118 100 107 110 159 143 150 184 164 157 160 o22] w08}
con <20 168 3 <0 <20 <20 <20 <20 1.6 114 ) <20 <20}
Cyanide <0.10) <0.18 <0.10 «010]  <0.10]
Fluorids 0.15 033 [X7 038 2.16 009 0.11 0.04 0.43 043 0.3 0.18] 012
Narata as N <010] <10 <0.10 <0.10 1.07 1.41 1.18 0.5 1.9 0.80 1.6 1.63) 1.0
08 and Grease D10 <010 <010 <0.40]  <0.10)
pH (standard pH urits) 72 74 7.4 15 78 34 7.8 70 7.2 74 75 73] 84
Sulfats 549 516 581 51 [17] 830 [13] 850 (1 [17] 7] 833 497
{Phencis
[Phosphorus, Tota
T0C 7.91 104 1.70 2.2 10.8 434 403 1.78 102 1.9 219 ) 288,
Tokal Dissoived Soids 1032 971 [1] [ 1376 1383 1384 1360 1322 1270 1211 §73 (10
Turbidty (nep turbidty urits) 1.20 40.00 1.37 549

Volsse 1 bokd Aebot eeed the beckgyoxd corcantolon

Shaded vakssn g1t maimrsn showable in sffusnt 10 urfecs wates 69 par ackon 204 124 Bau 304928 Page 28 of 63
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Summary of Analytical Results for Inorganic

Compounds
at Dixon Marqustte Cement Company, 1968-2000
{2 values in mpfl)
Paraneter WWED | MWED | MWeD | NWSDF | MWD | MweD | MWD | MWD | MWTD | MWD | MWID | MWIDF | WWTD
11ame | aomo | emao | etaweo | opene | vinwoo | viens | wems § (19 | WoRo | 6230 | W20 | oneRd
<004 0053 <0.04 <004 0.097 <604 <0.04 .04 0.045 <004 Dol - <B04 0.040
1Anfieny <0001 <0001 <0001 Q001 <0.001 <0001] <0001]  «0.001] <0001  <0.001] <0001 0001}  <0.001
y 0008] 0013 <0001 <.001 0.003 0.001 0.004 0011 0.017 0012 0.007 0.005] 00N
Barium 0.038] 0076 0.045] 043]  2.058 0649 0091] o01]  o1d1] 0174 0.033 0.113 0.131
[Beryium <00C1]  <000i] <0001 Q06| <0.001 D001]  <0001]  <0.001] <boof]  <D001] <000 0001 <0.001
1Boron [ <0.05 <0.05 04% 0334 <005 <0.05 .05 .05 0.05 <0p5] <005
|Casmium <001f <0001] _ <bCot <0003 <0.001 001] <0031 <006)] <0001  <0.00t] <0001 <0001) <008 |
{Calcium 174 158 180 18¢ 214 201 108 904 835 103 1] 943 539 ‘
Cheomium 0.002 ©.005 0002 0.002 0.002 <0.003 0001] <0001 0002] 0005 03002 0.001 0.001 |
Cobalt 0003]  0.027] <0001 <0.001 0.003 0.001 0004 0.007 0.002 0002]  <0.001 <0.001]  <0.001 |
Copper 0003]  oom| <0001 <).001 0.010 0.093 0.000 0.004 0004 0002}  <0.001 <0.001 [8] |
on 0.352) 458 034 310]  osrs 0.183 0.206 241 2.19 281 1.7 148 183 {
Lead <000i] <0001 <000l <0.001] 0.001 <0001]  <0001]  <pooif  <0.001 0.002] <0001 <0001 <0.001 |
Magnesium 53.9 618} 533 600 740 59.2 472 39.0 406 421 399 40 KLE] |
am os13]  ozs] <0001 <001 .05 0.061 0.600 0310 o6t] o190 0087 0.0%) 0.160 |
Mercury 002]  <00002]  <0.0002]  <00002]  <00002)  <00002]  <00002] <00002) 00002 <00002] <0nw2]  <00002]  <00002 |
tackel 0004 0011 0.002 0002] 0006 0003]  ocoos]  eoos 0.095 0.005 0001 0.001 0.002 |
Potassh 152 166 2% 218 18 137 243 221 337 1.10} 1.81 19 3% |
|Selen 0001]  ooos| <000t <0.001 000z 0001 <0001] <0001] <0001 0.002]  <0.001 <00 <0.201 |
[stvec <0.001 Q61| <0.001] <00 |
[Sodum 13 15.5 1.8 214 218 18.3 2.2 6.9¢ .57 600 8.70 €00 70 |
Tholum 0.001]  <0061] <0001 Dl <0001 0001]  0001]  <0.001]  <0001]  <0001]  <0.001 <0.001)  <0.001
[Vanad 000z 0005 0003 0.004 0.004 0.001 0003] _ <0.001 0.002]  <0.00 0.004 0.00t 0.003
Zng 0012] oo 0013 0.007] 0020] <000t 0018] 0.0 0016] 0.030]  <0.001 <0.001 €013
TAscatity, phenol <1.0 <1.0) <1.0) <10 <10] <10 <1.0)
Abakinity, ot 2% 0] 60 3040 318] 32 F1Z] 376 2| o 3840
ADZkndy, bicarhonate 300 266 2740 287.0 A1) 3 35 330 345 3410 420]
fammesia rirogen <0.10 <0.10) <10 <0.10) <).10) <010 0.11 <0.10 <010 <010 0.1}
BOD, 5 d2y <19 33 37 1.0 -
Crioride 856 £ 12§ [ 118 3N 442 411 547 559 5.58
C00 <20 <201 70.9 <20) 124 <20 <) <20 <) <20 <%0
Cyands 010 A0 <0.10) <0.40) | ]
Fhoride 0.13 092 012 0.16 0.15 0.23 (X 0.16) 0.19 (XD
Narate a5 N 1.72 1.70 1.75 0.7 0.68 <0 0 <0.10 <010, .10 <010 <10
08 and Grease <0.10) <010 <0.10) <0.19)
o (standard pHd unds) 74 10 7.3 13 72 78 80 8.1 1.7 70 73 13
Subate 487 [T 112 832 07 201 16.6 186 200 202 27
{Phencis
Phosphorus, Tolal
T0C 162 [3]) 11.6 143 1.42 9.26 48 a4 3% 13.7 0,67,
Totd Dissived Sokds 852 837 [ 039 [ U8 388 ) u 380 4
Turtidity (nephetomedic § rhidity units) 489 11 0 . 1 169 11.0 .

Vabat In boid 2ales dzeed B4 back ground corcanyaton
Shaded vikiot exoted 1 madmaem povatdy in siUent 16 Kiriese waer o pur ek J04 124 100 304 128
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P 054 Susnmary of Anslytical Resulls for Inorganic
- Compounds
" o Dixon Marguette Cement Company, 1998-2000
(2l values inmghl)
Farametar WAID | MWIOF | MWD | MARD | WALD | MWD | WWsD | MwEDF | awsD | MWiD | WWIDF | MweD | 1D
tipaoe | unens | towe 1 osems | et | oo | oenyoo ¢ 620 | a0 | 1imame | tisam0 § O TRERY | WY

Azt 6.004 053 Q[ on <004 Q.04 <054 D4 0067 <604 <004 DR <004
Argsrony <501 <00t <000t  <wter]  <aodt] <ot <00 <00i] <0001 <0.001 <000} ol <0001
Sevenic 0411 0510 0016 0817 oG] 0018 108 0.010 0.013} 081t 00T, <0001 0010
Parksn 214 <] osl  e245] 62%0] 0.263] 01J8 0214 025} 0.138 ons|  osé0]  o.1%
[Berflesn <ALo1 ]  <opt]  oi]  <etot] @] oot Q00| <000 <0.001 <Q001]  <0001] <600t
Bormn 0017 002%] <00s]  <0fs QOS] <00 <0.05 D05 <008 0.033 [¥i] 0% 03
|Cadméum <001 got]  <00et]  woot]  con]  <opot]  <000t] <001] <0001 <0.001 <00 0001 .00t
Calcium 0.2 635 o3 921 [3T] 858 9ig] 900 973 522 905 108 $24
Cheomim [0 0.05) 0002]  0p¢ 0.001 [ 0,001 0002 (A 0.004 <B.061 0.000] <0001
Cohatt <0.001 <01 0.004] — 0.004 03] 0o02] oo <0001 <0.001 (T3] 000! 0.003] 000t
Copper 0.002 (3] 0.615 0.005, 6.003 0004] <ot <0001 0003 0.00) <0.001 0002] oM
eca 1.0 1.1 1.13 EX) 345 343 1.9 217 [X 18 157 029 548
Lead Y] B0 0001 0.003] 0]  <0001]  <0.001 <0001] <0001 <0.001 <0001]  <0.001]  <0ott
Uanresion 317 382 4£9 ¥ [ 404 42 3 23 30 %1 [ [
arsaece 0] oM 1] o 12i] e 02 o [X]] a8 0287 140 o2t
Uercury 400 000 oo oosro] <00l 0002  <00002] 00062 <0.0002]  <00002] <0002  <D00G2] 00002
{toctal 0032 [ o0 o002 0063] o000 0002 0001] oot 000 0.605 0ci0]  aon
{Potassm 4% [T 212 242 143 2.3 i 404 205 1.10 <005 o8 4.12
[Sedenium 0.0} om0zl <] ool <ot 0.004] <000 <0.001 0.002 0.061 0002]  <co0t] <000t
Shax 00} «00f]  <o0mi <0.001 00| <o
Sodum 4% 5.10 9.84 .15 147 1.2 6.70 [X) [X] 600 840 7.18 (3]
Thaflum 001 Q1] a0t  <0001]  Q001]  <0001] <000t <0.001]  <0.001 <0.001 <0001 <«00d] <0001
{iacadun 0061 0003 0002 <0.001 0] <0001 0.90¢ 0.005 0.004 0002 0002 003} <0.001
Tine 0.005) ooo8f " omie]  oof 0.021 001s] <ot <0.001 0.014 <001} 0038 0011 0.010
A akoity, pterct <10} [] 1§ <1.0 <1.0f 1
Dokt s F7] K] 362 e M) 3760 [IZ8) e} 310 30_2{
KBSy, bicarbona 341 an 338 380 £ G 3840 230§ 25 285)
[Aerronia rérogen «0.1¢ 10] <017 <010] <10 <010 <0.10 .10} < 15 043
B0, 54y 49 22 18] | 38 10
Chioride $32 104 [ 190 1.66 173 187 1.70] 326 3¢5
00 P2 <2 <X <1 <2 163 <) <X0) <01 2
Cyarics 019 «0.40) <0.10] 10| <010
Foride [X:] (X (3] 0.22] 019 oM 0.22 025 013 0.47]
Nirte a3 *! D10} Qi8] <0id 10) D1 .10 <0.10 <010 0.33 <0.10}
Ol and Grazse | @010] <310 <010 <BAD) <0.10)
[oH {standad pidunts) 80] 8.1 82 11 [1] 13 12 11 19] 82
Sullale 23 915 () 10.7 10.6) [T]] [E) 983 124 130
Pranols

Prosphorus, Yot

10C 065 10.0 11.1 08 231 153 087 08 1.0 [X7]
Tolal Dawitred Sobds W M1 ) 353 342 40 3% 0 357 3%
[Tuctnity {rephoiorsekic ubidy uols) 7 1804 I }

®
’ ’
Vakots in bl Mdct 00048 4 DahPound vk eion
Page 2 ef §3
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P S0 Summary of Analyical Rosults for inorganic
Compounds
st Dixon Marquette Cement Company. 1993-2000
{ali values in mg}
Parameter UWID | WWeD | uwaD | WASD | MWD | WWSOF
1ims | e | w20 | ezsme | funee | 117360
177, 0510 <0.04 1.0 0.045 0.004
‘ Q01]  <0001]  <po0t]  <0.001 <0.001) <0.001
0.6 0.008 0.005 0015 0008 0.008
Barum 0.245] o.qa8l  0.135 0.225 0.157 0.161]
[Berylm <D001]  <0.008] <000t 0.001 <0.001 <0.001
“0n <0.05 <005 <0.05 <0.03 0.021 0.018!
Cadmium <0001]  <000f]  <0001]  <0.00i <0001 <Q.004
Cacum 116 102 040 113 923 $3.5
Chromium 0013 .00 0.002 0.005 <0.003 <0.003
Cobstt 0.003 0001]  <0.001 0.01 <0.001 <0.001
Copoer 0.004 0002  <0.00 0,003 0002 0.001
on 103 5.16 2.09 3] 223 212
Lead 0006]  «0001]  <0.001 0.013 0.002 <0.001
Magness i26 4238 37 137 387 387
Mang o514 0.554 0.057 0.228 0124 0127
[Mercury 00002]  <00002]  <0.0002] <0.0002)  <0.0002]  <0.0002
Nickad 0.016 0.008 0,001 0.008 0.001 0.001
Potassl 310 1.50 3.40 30 380 280
Selznlum 2,001 0003 <0001 0.002 0.003 0.001
Shoer <0.001 <0.001
Sadm 687 7.0 6.63 7.50 .10 590
[Thatium <Q001]  <0.001]  <0.001]  <0.004 <0.001 <0.001
Vanadun [X¥] 0003 0004 0.007 0.001 0.001
Zinc 0.123 00481  <0.001 9.07¢ 0.008 0.008
(ARcalioity, phendd <10 <1.0 <1.0] <1.0]
Abicafinity, fotad 370 352 371.0 37001 178
[ AScalindly, bicasb 350 A3 3650 3320] 387
Ammmoria nivocen 0,30 <0.10 <0.1D 0.%) <0.10
800, 5-day 36
Chioride 3R 40 492 462 425
coD 73 <) 415 <2 28
Cyaride .10 i
Flooride 0.20 0.17 018 019 0.21
Nan s N <010 <0.10 <0.10) <0.10 <010
Odand G as6 <0.10 |
[pH (standard pH uniis) 1.9 3.9) MEX! 78 7.8
Sulfte 155 1.5 152 250 5.9
|Phesds
Phosphocus, Total
icC 709 854 12.1 042 073
Total Dissolved Sobds 356, U U7 351 1
Turtiaty {nephelometc turbidity unib 1 1 363
.0
,
Vibusa In bikd fwkcn sx00ed e background concarskcn
o mackrarm alowable 1 ol 0 S0 woler £3 par sechon J04.124 4 X4 124
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Summary of Analytical Resuits fer Inorganic

Compounds
at Dixon Marquette Cement Company, 1998-2000
{all values In mgil)
Parameter MWI-WT| MWIL-WT| MWI-WT{ MWI-WT] MW1.WT| MWEWT | MWL-WT | MWI-WTF | MW2-WT| MW2-WT] MW2-WT| MW2-WT| MWZWT)
265199 | 9m999 | 1y | 3nme | én3mo | 9200 | 1130/00 | 100 | 76se | ome | 11nme | 3k | éname
Aluminum 027]  <0.04] <0.0s] <0.04f  0.080 0.226 0.074 <0.04 0.31 0.16 0.275 9.312]  <0.04
Antimony <0.00i] <0001] <0001} <0001} <0.001] <0.001] <0.00i <0.001] <0.00i] <0.001] <0.001] <0.001] <0.001
Arsenic 0.003 0.002 0.001 0.002]  0.002 0.001]  <0.001 <0.001 0.002 0.002 0.002 0.001]  <0.001
Barium 0.122 0.155 0.140 0.183]  0.250 0.202 0.142 0.0  0.106 0.087 0.067 0.070]  0.049
Beryllium <0.001| <2.001] <0001} «<0.001} <0001] <0.00t] <0.001 <0.001] <0.001] <o0.00t] <0.001] <0.001] <0.001
Boron <0.05f <005 0,061 0.078]  <0.05 <0.05 0.031 0.016] <0.05] <0.051 <0.05 0080] <005
Cadmiym <0.001] <0001} <o0.001] <o0.001] <0001l <0001 <0.001 <0.001] <0.001] <0.001] <0.001] <0.001] <0.001
Calcium 91.7 107 99.1 11| 6.4 129 125 120 328 282 238 415 174
Chromium 0.002]  <0.001 0.001 0.00 .00 0.601]  <0.003 <0.003] 9.004] <0.00 0.002] 0.063 0.002
Cobalt 0,007 0.008 0.001 no04  0.004 0.008 0.005 0.002 0.002 0.002 0.002 0.005]  <0.001
Coppet 0.012 0.011 0.005 0.005{  0.00] 0.008 0.004 <0.001 0.008 0.012 0.008 0.008]  0.001
iron 0.730 0.50} 0.175)  0.9¢6] 0304 0.620] 0.532 0.048 1.40 1.09 0.344 1.55 0.346
Lead 0.003 0.004] <0.001] <0.00! 0.001 0.001] <0001 <0.00 0.006 0,004 0,002 0.002}  <0.001
{Magnesium 18.2 32.7 35.7, 39.6 38.8 49.4 46.8 458! 21 107 91.3 121 64.4
{Manganzse 2.04 2,64 0.912 2.23 1.R8 1.78 2.3 1.25 0.223 0.18} 0.286 0.089) <0.001
Mercury <0.0002] <0.0002] <0.0002] <0.0002] <0.0002] <0.0002{ <0.0002 <0.0002] <0.0002] <0.0002] <0.0002] <0.0002} <0.0002
Nickel 0.023 0.016]  0.009 0.010} 0022 0.018 0.017 0.008 0.013 0.009 0010} 0.045 0.003
Potassium 2.43 3.06 3.63 1.90 3.30 £.00 3.30 3.90) 1370 1480 1010] 815 488
Setenium <00m| <000 <000l <ooo] <ooo| o000l pooal  <oom| ooos] ooos| coos] eoos] oom
Isitves <0.001] <0.001] <0.001] <0.001 <0.001}  <0.001]  <0.001
Sodium .9 38.5 35.1 344 26.2 31.5 26.1 26,9) $9.3 62.4 48.7 443 314
Thailium <0.001] <0.001] <0.001 0.002] <0.00 0.001]  <0.001 <0.004] _ <0.001 0001} <0.001] <0.001] <0.00t
Vanadium 0.005]  <0.001 0.002 0.002}  0.007 0.007) 0.004 <0.001 0.005]  <0.00 0,002 0.004 0.004
Zinc 0.010 0.011 0.008 0.012] <0001 0.014 0.006) 0.001 0.013 0.012 0.012]  6.047] <0.001
Alkatinity, phenol. <10 < 1.0 <10 <10} <10
Alkalinity, total 201 346 2 215 220.0 290.0 280 384 362 198 ws| 4780
Alkalinity, bicarbonate (98 330 320 188]  265.0 276.0 m 365 388 290 298] 4710
Ammonia nitrogen <040| <010  <og0] <00l <00 0.14 <0.10 <0.10]  <0.00] <0.10] <0.30] <0.10
BOD, 5-dsy 2.2 35.9) 1.8 9.4] a1 66| <10
Chloride 1.55 22.1 7.9 18.8] 18.2 19.6 18.6 297 678 464 383 131
COD <20 44 <20 25,61 <20 42,9 <20 <20 <20) <20 <20 353
Cyanide <.10] <00l <ouo]  <o.of <ol <oao] <040
Fluoride 0.13 113 0,12 0.10] 0.13 0.13 0.15 6.23 0.09 0.11 0.06 0.24
Nitraze as N <0.10]  <0.10 0.12]  <0.16}  <0.10 <0.10] <0.10) 0.55 0.85 1.59 1.40 0.20
Oil and Grease <.10] <010 <o0.10| 0421 <.10]  <0.10]  <0.10
pH (standazd pH units) 1.5 8.3 7.8 8.9 7.4 7.1 1.6 2.6 8.1 2.7 7.2 1.2
Sulfate 80.6 86.1 95.7 120 175 238 283 21 1619 1300 1150 771
Phenols
Phosphorus, Total
TOC 8.06 22.3 4.04 7.44 10.4 1,28 1.43 10.9 12.7 14.0) 17.9 6.65
Total Dissolved Solids 320 430 407 390, 420 485 471 3168 3412 210 1968 1407
Turbidity (nephelometric surbidity
units) 8.50( 3.00] 2.54
..
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Ree 1803 - Summary of Analytical Resulis for Inorpanic
Cempounds
at Dixon Marquetts Cement Company, 1938-2000
(alt values in mgh)

Parameter MW2WT | MW2-WT | MW239TF | MWI-WT] MW3-WT MW3WT| MW3-AVT| MW3.WT] MWS-WT | MWIWT | MW3.WTF |MWAWT)
orz3i00 | 113000 | swsoice | vaeme | s | 1w | 3nreo | 6r23i00 | 9729700 | 11/30/00 | 11730/60 | 712699
Afuminum 0.190 0.060 0.060 0.25 0.16 0.091 0.149 0,041 0,069/ 0.047 0.042]  <0.04
Antimony <0.001]  <0.001 <0,001 0.001]  <0.001 0.001] <0.001) <0.00i} <0.001 0.003 <0.001]  <0.001
Arsenic 6.00! 0.001 0,001] 0.006] 0009] 0.008 0.004 0.002 0.002 0.020 0.007 0.003
Barizm 0.088 0.114 0.103 0.114 0.045 0.041 0.018 0.032 0.055 0.142 0.048 0.153
IBcryllium <0.001 <0.001 <0.001] <0.001] <0.001] <0.001}] <0.001] <0.00 <0.001 <0.001 <0001}  <0.001
Boron <0.05 0,056, 0.060 0.11 0.12 0.112 0.156] <008 0.065/ C.452 0.129 1.57
Cadmium <0.0011  <0.001 <0.001f <0.001] <000 <0001} <0.001] <0.001] <0.001] <0.00% <0.001] <0.001
Calcium 269 99 300 6.7 165 11.9 2.20 9.10) 18,0/ 15.2 3.50 440
Chromium 0.002 0.002 0.002 0.007 0.001 0.003 0,002 v.003 0.001 0.014 0.002 0.002
Cobalt 0.002] <0.001 <0.001 0.002 0.002, 0001} <o0.00t] <0.001] <0.001 0.002 <0.00] 0.010
Coppet 0.006 0.007 0.006]  0.014 0.0t 0.011 6.006 0,007 0.6% 0.022 0.012 0.003
fron 0.946 0.352 0,263 1.03 0.228 0.121 220 0.097 0.152 0.407 0.106) 1.87
Lead 0.003]  <0.001 <0.001 0.006 0.002}  <0.001 0.002 0.002 0.001]  <0.001 <0.00if <0.001
Magaesium 96.9 199 ] 26.9 1.7 1.1 1.40 10.7 174 124 12.2 7Ll
Manganese 0.435 0.031 0.027) 0.228 0.154 0.158 0.056]  <0.001 0.091 0.095 0.110 2.20
Mercury <0.0002] <0.0002] <0.0002] <0.0002] <0.0002] <0.0002] <0.0002] <0.0002] <0.0002]  0.0009 <0.0002] <0,0002
Nickel 0.010 0.008 0.007 0.010 0.010 0.006 0.002 0.006, 0.003 0,026 0.010 0.019)
Potassium 669 783 956 §92 1210 1030 767 675 $60 1050 1090 261
Selerium 0.006 0.006 0.007]  0.015 0006 0.009;  0.003] 0.005 0,005 0.023 0.005] 0,002
Silver <0.001f «0.001] <0.001 <(.001
Sodium 33.7 51.2 51.0] 78.7 85.5 73.8 63.7 81.0 816 95.4 94.8 21.3
Thallium 0.002 0.002 0.001] <0.003] <0.001] <0.00] 0.003]  <0.001 0.008). _ <0.001 <0.001]  <0.001
Vanadium 0.006 0.001 0.001 0,014 0.018 0.019 0.009 0.007 0.005 0.064 0.014 0.005
Zine 0.018 0.011 0.012 0.012 0.007 0.005 0.003 0.015 0.013 0.016 0.006) 0.033
Alkalinity, phenol. <1.0 <1.0 160 <10 $2.0 200 .
Alkalinity, total 376.0 430 507 922 852 530 437.0 368.0 760 363
Alkalinity, bictrbonate 360.0 422 433 245 799 168 428.0 3580 20 350

I Ammonia nitrogen <0.10 <0.10 <0.10. 0.45 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10

BOD. 5-day 30 5.0 <1.0 6.3
Chloride 276 563 128 131 108 133 195 169 163 715
coD 180 85.3 <20 65 <20 <20 232 514 <20, <20
[Cyanide <0l <010]  <0.10 <0.10 .
Fluoride 0.17 0.15 106 1.74 1,37 0.63 0.82 0.65 1.32 0.31 :
Nitrate as N 136 2m 0.87 0.30 1.79 0.60 0.65 0.65 0.3 <0.10
Qil and Grease <0.10 <0.10 <0.10; <0.10!
pH (sandard pH ¢ Jis) 7.1 1.5 P9l ol bed 10.2 s.8] 8.8 10.0 1.6
Sulfate 1095 1667 598 677 566 402 411 666 726 42
Phenols

Phosphorus, Total

TOC 2.58 4.86 7.46 49.3 14.0 15.4 10.1 5.11 8.34 6.63
Total Dissolved Solids 1770 3240 1459 2204 1859 1349 2301 1590 1893 848

Turbidity (pephelometric turbidity
units) 8.50 9.44 670

e
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Summary of AnalyY -~ ™ auits for inorganit -

Rev. $11501
Co _.ands
st Dixon Marquette ..ot Company, $998-2000
{all values in mgh)
Faramater MWEWT]MWAWT| MWA-WT{MWEWT] MWAWT | MWA-WT | MW4WTF | Mwo-w T MWe-WT| MWo-wT| stwo.wr| Mwe.wr| Mwo-wT
/999 | 199 1 32M00 1 6/23/00 | 9n29/00 | 1as3cme | 113000 | 72609 | 9msse | 1iniee | 3r2m9 | sr23i00 | 9229100

Aluminur .33 0.715 130  <0.04 0,205 0,104 0.055 9.92 1.51 1.65 0.781 <0.04 0.456
Antimiony <0.001] <0.001] <0.00i] <0.001] <0001 <0.001 <0.001] <0.001f <0.00i] <0001 <0.001] <0.000 <0.001
Arsenic 0,003 0.003]  0.006 0.002 0.002, 0.004 <0001l 0.005| 0.007] o011 0.006 0.004 0.003
Barium 0.149 0,123 0.117 0.053 0.122) 0.190 0,057 0,119, 0.214 0.098 0.08% 0.047 0,051
Beryllium <0.001] <0.001] <0.001j <0.091} <0.001] <0.00t <0.001] <0.001] <0.001] <0.0011 <0.001] <0.001{ <0.001
Boron 1.0 1.21 1.33 0.11 1.78} 2.14 0.232 0.03 0.08 0.0%]  <0.05]  <0.05 <0.08
Cadmium <0.001; <0.001] <0001} <0.001] <0001 <0.001 <0.001]  <0.001] <0001 <0001 <0.001] <0.001] <0.00
Calcium 175 180 261 725 164 158 222 262 424 279 205 104 66.7
Chromium 0.001 0.002 0.002 0.002 0.002 6.005 0.006 0.004 0.008 0.095 2.004 0.002 0.001
Cobalt 0.007 0.006 0.007]  <0.001 0.002, 0.011 <0100} 0.004]  0.020 0.012 0.007) 0.001 0.002
Copper 0.004 0.008 0.011{  <0.001 0.008] 0.009 0.007 0,008 0.013] 0.037) 0.025] <0.001 0.009)
Iron 3.92 2.60 7.97 1.08 2.23 3.80 0.953 2.84 7.57 3.64 2.62 0.032 0.772
Lead 0.002 0003] <0.001] <0.001 0.001 0.002 0.002 0.005 0.014 0.0} <0001} <9.001 0.004
{Magresium 2.0 62.0 69.7 40.1 $1.6 49.7 91.1 93.4 113 91.2 783 S1.9 6.5
[Manganese 0.368 1.67 1.07 0.171 0,520/ 2.8 0.167 1.36) 1.66 2.59 1.32]  <0.00 0,448
Mercury <0.0002] <0.0002| <0.0002] <0.0002) <0.0002] <0.0002) <0.0002] <0.00m] <0.0002] <0.0002] <0.0002] <v.0002] 0.000¢
Nickel 0.025 0.015 0.012| 0.003 0.009 0.025 0.005 0.012) 0094f 0.087] 0.0%2 0.011 0.008
Potassium 243 27 201 172 228 220 280 558 520 1000 621 527 s
Stleni 0.002f 0,002} <0.001] <0.001 0.002 0.006/ 0.002]  0.002]  0.003 00091  0.007] <0.001 0.003
Silver <0.001}  <0.001 <0.001] <0001} <0.001

Sodium 55.2 25.4 23.2 13.8 25.4 21.9) 224 38.8 6.6 74.2 59.5 47.9, 353
Thallium <0.001]  <0.001] <0.001 0.002]  <0.00! 0.001 <0000} <0.60i] <0.601] <0.00 0.001 _<0.001]  <0.00:]
Vanadium <0.00! 0.006 0.006 0.004 0.005 0.009 <0.001 0.007) 0.010 0.011] <0001 0.006 0.004
Zinc 0.038 0.02] 0.022]. <0,00 0.022 0.008 0.008 0.032 0.068 0.050 0.028] <0.001 0.014
Alkalinity, phenol. <1.0 <10 <1.0 <10 <10 <1.0 <10
Alialinity, totat 364 380 306 295.0) 356.0 370 418 420 340 480) 5000 5500
Alkalirity, bicarbonate 45 360 197 279.0 350.0 360 391 400 508 398 480.0 3760
Ainmonia nitrogen 0.34]  <0.40] <o0.10] <0.10 0.32 <0.10) <0.10 0.28) <0.10] <o0.10] <o.10 0.31
BOD, 5-day 3.4 <1.0 2.9 4.1 3.0

Chlorlds 87.1 96.9 77.3 4.9 76.2 8.2 164 306 373 219 145 191
COD 25 <20 <20 200 22.9 67.6 <20 <20 <20 <20 447, <20
Cyanide <0.10 <0.10, <0.10 <0.10 <0.10

Fluoride 0.23 0.24 0.16 0.28 0.29 0.31 0.52 0.21 0,42 0.30, 0.7} 0.75
Nitrate 33 N <0.10]  <o0.10]  <0.30 0.40 0,10 <0.10 <0.10 0.19 1.33 0.4] <0190 <0.10
0Oil and Grease <0.10]  <0.10 <0.10]  <0.10]  <0.10

H (standard pH urits) 8.2 7.2 7.1 1.3 7.2 1.1 2.8 8.2 1.8 1.5 1.9 1.6
Sulfste 2 487 472 365 419 432 690 986 1080 959 06| - 7
Phenols

Phospl Tota)

TOC 27.6 3.58 9.05 9.27 2.38 3.07 16.9 5.82 16.8 13.4 11.4 3.08
Total Dissolved Solids 989 978 853 683 832 876 1379 1876 3120 1500 1260 1470
Turbidity (nephelometric turbidity 4
Junits) 28. 3. 3.400 66.21
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i P 511501 Summary of Analyiical Results for Inorganic
. Compounds
at Dixon Marquette Cement Company, 1988-2000
(all values in mgh)
i Parameter MWO-WT | MWS-WTF| LW | Lw-1 | LW | Lwer | Lwe |- Lwer | ower | oRwe | Lwer | Ll o LWa
oo | 1soce | enos | anams | tonéss | 2168 | 126199 | 9/9/59 | 11/awe | 3/2/00 | €/23/00 | 9/29/00 | 11/30/00
Aluminum 0.180 0.008 7.3 3.3 2,45 2.02 457} o.6i0] <004 0305 0.009)
I Antimony <0.00} <0.001 <{0.50 <0.20 <0.001] <0.001] <0.001] <0.001] <0.001] <0.00{ 0.001
Atsenic 0.008 0.005 <0.400] <0.160 0.608] o000} eouaf 0010] 0.007] o083 0.621
Barium 0.07 0.070) 0.15% 0.159 00960 0.109] 0076] 0084 0.054) 0.070 0.26%
Beryllium <0,001 <0.001] <0.150{ <0.0504 _ <0.020 <0.00i] <0.001} <0001l <0001} <0.001] <0.001] _ <0.001
Boron 0.114 0.110] 0.22 <0.50 0.20 0271 0.276] 0233 <0.05]  0.176 0.825
Cadmium <0,001 <0.001 <0.100  <0.0404 <0.001] o001} 0.003] 0003 <0.001] <0.00! 0.907
Calcium 117 104 520 400] 7s8] 635  er3]  ssi|  397] s @23
! Chromium 0.002 0.002 <0.0% <o.o40| 0.009] 0007 0.022] o0.010{ 0005§ 0.008 0.028
Cobalt 0.001 0.001] <0300f <0.00] <0040 0.023] 0.035] o043 0028 0001 0.0l 0.043
Coppes 0.009 0,005] <0.300] <0.020{ <0.040 0.038] 0043] o0111] 0.043] o.018] 0.0 0.103
Iron 0.375 0.258 48 6.9 [X] 8.48 7.38 16.1 6.41 1.00 4.4 3.42
' Lead 0.001 <0.001 <0.50] <0.020] 0.615] 0.016] #£.019] 0002{ <0001 €.002] <0.00
Magnesium 59.8 60.0 229 220 287 228 30.5 2i6 118 168 138
IManganese 0.657 0.609 7.9 8.0 8.2 8.17 2,32 12.6] &322 3.59 $.76 29.2
Mercary <0,0002]  <0.0002{ 0.0002] <0.0002} <0.00020 <0.0002] 0.0064] <0.0002] <0.0002} <0.0002] 0.0006]  0.0034
l Nickel 0.010 0.011 <0.250}  <0.100] 0.043} 0.055) 900821 004] 00171 €.037 0,079
Potassium 209 83| 5100 4,300 5,500} s9001 ¢512] 6o0s0| 6074 7080 6220 €920 7420
Seleni 0.004 0.004 <075]  <0.30 0.021] ©0.027] 0074 0.037} 0.030) 0.050 0.104
Silver <0.100]  <0.040 <0.001] <0.001] <0.001
' Sodium 87.1 86.4 320 250 330 320 198 366 379 396 337 387 388
Thallium 0.001 <0.001 o <5.0 <2.0) <0.001] <0001 0002} G002f 0.001] 0.003 0.017
& Vanadium 0.005 0.003 @ <0.250] <0.109 0.016] coo8] o0024) o0.013] 0.005] 0.007 0.033
Zinz 0.009 0.005] <0.100]  <0.040 0.021] 0.022] 0.077] 0.030] <0.00t| 0.028 0.029
' Alkalinity, phenol, <1.02 <5.0 <5.0 <1.0 <1.0 <1.0 <1.0
Alkalinity, total 638 310 330 295 242 308 254 3100 2760 280]
Alkalinity, bicarbonate 599 310 330 287 240 270 198]  300.0] 3540 259
Ammonia nitrogen <0.10 5.2 7.7 5.61 4.53 2.31 3.66 6.09 13.7 1.40
I BOD, 5-day <5.0 <5.0 2,7 4.6 24
Chloride 293 1,500] 1,990 2,000 1,700] 1445) 2121} 3090] 2200| 3096} 3890 3588
Ccop 23.5 66 66 <20 42 <20, 25 542 257 26.5
Cyanide <0.0050] _<N.0050 <0.10] _<C10] <0.10
l Fluoride 1.12 0.40) 0.48 0.31 0.44 0.22 0.82 0.86] <0.05 0.30)
Nitrate a3 N 0.17 ‘21 13 12 <0.10] <0.10] <00l <0a0| «0.10] <010 = <010
0il and Grease <i$ 3.4 2.2)  <0.00] _<0.10
a pH (standasd pH units) 8.3 - 7.4 7.2 7.4 7.4 7.7 5.2 1.8 7.1 1.5 1.3 1.8
Sulfate 915 6,200] 8,809 59001 6,300] 4444) 6731) 6740) 6400| 6441 7339 7830
Phenols <0.020} _ <0.020
Phosphorus, Tetal i3
. TOC 5.76 16 22 23.8 4.1 30.8 413 22.1 13.8 174
Total Dissolved Solids 1894 13,000) 14,0001 11,000] 16,000] 13,200} 13120} 1326 14840| 711S| 15100 15180
Turbidity (nephelometric turbidity
I units) <l 2.85, 21,00
l -
s ’-
l -
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Rev. 51500 Summary of Analyticsl Results for Inorganic
Compounds '
ot Dixon Marquetie Cement Company, 1993-2000
{alt vaiuas in mgfl)
Paramter LW-9F | Lw-3 | Lw-3 | Lwd | Lw-d | w3 | Lwa LW-3F [ SPRING | SPRING | SPRING | SFRING | SPRING| SPRING
11/30/00 | 7726799 1 9/9/99 | 11/1/99 | 6/23/00 | 9/29/00 | 11/30/00 1173000 | 726/5% | 91959 | 11/1/99 32100 | 6/23/00 9129100
Aluminum <0.04 0.13 059 228] <o004f 0231 0.404 <0.04 0.08 0.10] 01331}  0.027] <0.04 0.031
Antimony <0.001} <0.001} <0.001] <0.001} <0.001] <0.001] <9.001 <0.001] <0.001] <0.001{ <0.001} <0.001] <0.001 <0.001
Ansenic oors|  0.001] o000 o.0s7] <0001] o008l <000 <o00:f“<o.001] <0001 0.002]  0.001]  0.007]  <0.001
Barlum 0.122) 0.9 0297] 0.061] 0.067] 0.109 0.091 0090 0065 0033 0066] 0.085] 0053 .079,
[Berytiium <0.001] <0.001] <0.001] <0.001] <0.001f <0.001] = <0.001] <0.001| <0.00i] <0.001] <0.001] <0.001] <0.001] <0.001
Boron 0.375 0.09 093] 0284 <0.05] 0132 0.159 0.169] <0.05| <008] <005 <0.05] <005 <0.05
Cadmium 0.002] <0.001} <0.001] 0.002] <0.001] <«0.001] o <0.001]. <0.001] <0.001f <0.001] <0.001] <0.001] <0.001} <0.001
Calcium 55| 1038 768 718 271 209 387 286 150 733 143 139 112 134
Chromium 0.012{ 0.605] 0.001] 0.069] 0.003] o008 0.001 0.001]  0.002] <0.001{ 0.002] 0.003] 0.008 0.004
Cobalt 0.029{ 0.006] 0.025] o0.018) 0.002] 0.007 0.003 0.004] <0.051] <0.008] <0.003] <0.001] 0067 <0.00
Copper 0.056¢  0.002] 0.008] 0.053] <0.001] 0.003 0.007 0.002| 0002] 0.018] 00031 0.005) 0017 0,002
fron 4.92 2.53 4.39 797  o0.848 15.7 0.676 0434 0254] o.144] 0373] 0230 1.00]  <0.003
Lead <0.001] <0.001| 0.004] 0.009] <0.001] 0Q.002 0,004, 0.002{ <0.001]  0.006] <0.001} <0001 <0.001 0.301
Magnesivm 133 109 128 106 83.4 93.7 90.6 35.1 61.6 2.7 63.4 53.3 49.5 59.6
Manganess 13.0 2.61 1.9  o.19| o0.830 186 1.06 1.59]  oo4tf 0.027] 0053 0028 3.59 0.042
Mercury 0.0013} <0.0002] <0.0002] <0.0002} <0.0002| <0,0002] «0.0002] <0.0002| <0.0002} <0.0002] <0.0002} <0.0002} <6.0002] <0.0002
Nickel 0.046}  0.023] 0.065] 0.048] 0.008] 0.019 0.014) 0012] o001l o000d] o00m| 0002 o016l 0.002]
Potassium 7250  60.6] s8.4] 449] 608 58.0 71.9 6.3 134 715 164 713] 358 138
Selenium 0.062] 0.005] 0.005] 0.023] «<0.001] <oc.001 0.002 <0.001]  0.002{ <0.001] 0.003] 0.006 0.030| 0.001
Silver <0.001] <0.001] <0.001 <0.001] <0.001] <0.001 i
Sodium 383 9.30 8.47 9.61 2.24 9.10) 8.40 8s0] 234 15.7 26.6 30.4 18.6) 2.8
Thallium 0.00s] _0002] 0003] <0.00i] <0.00if <0001 <0001 <0.001] <0.001] <0.001] <0.001] <0.001] 0.001] «0.001]
Vanadium 0.009] o013} <0001l o0.029] o0008) o0.000 0.002]  <0.001] 0.003] <0.001] 0002 0.004] 0.008 0.004
Zinc 0.020] 0.013| 0.016] 0200] <0.001] o0.%8 0.018 0.026]  0.005) 0.069] 0.012] 0.010] <0.001 0.003
Alkalinky, phenol. <ol «<10 <19 <to] <10 <1.0
Alkalinity, wtal 367 328, 64| 379.01 s180 s4s| 254 342 354, 320]  318.0, 340.0]
Alkalinity, bicarbonate 360 310 sis|  s70.0] 3329 497 245 330) 310 297} 3100 320.0|
Ammonlu nittogen <0.10} 0.28] <o.10] <o.10} 108} <o.10 <0.10] <0.10] <0.10] <0.16] <0.10! <0.10]
BOD, 5-day 29] 366 24 26| <10 <10
Chloride 21.0) 8.4 351 373 74.7 62.7 82.8] 959 114 98.4]  54.6 9.8
CcOD <20 45 <20/ <20l 514 <20 <20 <20 <20 <) 421 <20]
Cyanide <0.10] _<0.0] <010 ! <000 _<0.10] <0.10
Fluoride 0.21 0.20 020 o026 oz 0.25 0.21 0.16! 0.17 0.13 0.17 0.1
Nitrate as N <0.10f  <0.10] <0.10] _<0.10 0.16 0.4) 11.3 13,0 11,1 4.75 10.8{ 9.42
0t and Grease <0.10; <0.10) <0.10 <0.10]  <0.10] _<0.i0
H (standard pH units) 7.3 1.7, 7.4 6.8 6.8 8.2 8.1 8.3 1.1 7.0 7.3 7.1
Sulfate 429 416 403 431 04 71 210, 235 503 108 137 255,
Phenofs
Fhosphorus, Total
TOC 12.8 9.36 11.8 13.4 2.57 3.94 10.7 8.48 5.06 6.00] 6.7 1.17
Total Dissolved Solids 783 858 867 867 860 498 682 730 825 638 33 722
Turbidity (nephelometric turbidity
units) 17 0.15 3,19

Vakuos b bokd tak
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Rev §15/1 Summary of Anatytical Results for Inorganic
: Cempotinds
at Dixon Marquette Cemsnt Company, 1998-2000
(all values In mgh)
Parzmeter SPRING | RRUS | RRUS | RRUS | RRUS | RRDS | RRDS | RRDS | RRDS
£1/30/00 | 372600 | 6123/00 | 9n9/00 | 11/30/00 | 372100 | 6723/00 | 929100 | 11/30/00

Aluminum ] <004 o0a98] 0179 0435 <0.0¢] 0.172] 0.163] 0535 <0.04§
Antimony <0.001} <0.001] <0.091] <0.001] <0.00ij <0.001] <0.001] <0.00i <0.001
Arscnic <0,001] 0.002] <000y 0001 <GOOI| 0.002] <0.001} <0.001] <0.001
Barium 0.065] 0.064] 0064] 0.078 0.046; 0053) 006| 0079 0.041
Beryllium <0.001] <0.001] <0.001] <0.001] <0.001] <0.001] <0.001] <0.001} <0.001
Boron 0.038)  <0.05) <0.05{ <0.05 0.042] <0.05] <0.05] <0.05 0.036
Cadmium <0.001] <0.001] <0.00i] <0.008] <0.001] <0.001] <0.001} <o.c01] <0.001
Calclum 135 66.1 66.6 71.8 5.8 65.8) 64.3 74,3 73.9
Chromism <0.003] 0002 0001 o0.001 <0003} 0.002] 0.002] 0001 <0.003
Cobalt <0.001] <0.00t] <0.001] o002 <000 <0.001] <0.001] <0.001] <0.001
Coppez 0002 o000s] o001} 0005 <0001] 0005 <0.001] 0.004 0,001
Itoa 0.072] 0463 0481}  0.800 0.046]  0.345| 0475 0947 0.038 )
Lead <0.001} <0001] 0.002] o082 <0.001§ <0.00i] 0.002] 000} <0.0(t
hagnesium 59.6 322 31.6) 37.3 40.9 32.0 31.4 38,6 41.2
{Mangancse 0.033] 0.068] 0.055] 0.145 0.025] 0063 0.044) 0.153 0.04
Mercury <0.0002} <0.0002| <0.0002| <0.0002] <0.0002} <0.0002] <0.0002 <0.0002] <0.0002
Nickel 0.001] 0003} 0.006] 0.002 0001] 0.002] 0.001] 0.002 0.001
Potassium 178 5.55 7.00 6,70 3,20 5.13 7.23 3.80) 2.80
Seleni <0.001} 0008} <0.001] G.001] <0001 0.005] <0.00{] 0.002f <0.001
Stiver

Sodium 25.2 20.2 1.3 18.2 20.5 20.0 12.4 18.7 21.0
Thallium <0.001{ <0.001] <0.001] <0.001] <0.001} <0.001] <0.001] <0.00f <0.00)
Vanadium <0.001{ 0004] 0606] 0.008] <0.001] 0.004] 0.006] 0.005] <0.00
Zine <0.001] 0021] <0.001] 0025 <0.001] 0014] <0.001} 0.019] <0.001
Alkalinity, phenol. <1.0] <10} <10 16.0 16] <10 <10 <10 16,
Alkatinity, total 338 2000 210.0f  242.0 27 197]  213.0] 2300 270
Alkcalinity, bicarbonate 319 1397 185.0]  187.0 23 109) 207.0{ 216.0 227
Ammonia nitrogen <0.10] «<0.1)] <0.10 0.37 <0.10] <0.10] <0.10 0.13 <0.10)
BOD, 3-day

Chioride 112 41.4 28.6 39.5 44.5 40.6 28.9 46.3 50.1
cop <20 <20 <20 3.4 29.4 <20 126 <20 <29
Cyanide

Fluoride 0.21 0.14 0.14 0.14 0.15 0.18) 0.14 0.13 0.14
Nitrate as N 8.73 5.60 5.76 427 4.55 5.7} 5.85 4.12 3.85
Oii and Grease

pH (standard pH units) 1.7 7.6 8.1 8.1 8.7 7.8 8.1 8.0 8.7
Sulfate 320 30.3 29.1 33.6 39.9 30.4 28.0/ 35.3 33.5
Phenols

Phosphorus, Total

TOC 1.95 9.94 9.14 3,87 4,67 9,25 10.9) 4.00 4.47
Total Dissolved Solids 805 304 280 308 360 306 281 314 357
Turbidity (nephelomerric turbidity

units) 33. 45, 39, mJ 4s.od

Vakoot i bold Ralke es0094 $o background concerdration ) )
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R Snot Summary of Analytical Resuits for Semivolatile
Compounds, Pesticides, Herbicldes, and PCB's
at Dixon Marquetts Cement Company, 1998-2000
{ali values In ugh)
Parameter MWIS | Mwis | MWLS | MWI-S | MWL.S | MWL.S | MW2S | MW2S | MW2.8 | MW3S | MW3.S | MW3S
TR4/98 | 10/26/98 | 2/16/99 | 1126/99 9/9/9% 1171199 | 11699 819199 111199 7/2699 919199 111199
Acenaphthene <21 <10
Acenaphithyl <21 <10}
Alachler (lasso) <0.5 <05 <0.5 <1.0 <1.0 <1.0 <10 <1.0 <1.0 <1.0 <i0 <10
Atrazine <0.5 <90.5 <0.5 <1.0 <1.0 <1.0 <10 <10 <1.0 <10 <1.0 <l.0|
L
| Anthracene <21 <1
Benzid <210 <100
Benzo()ant} <21 <10
B, bt h <2} < 10)
Benzo(k)f h <2} <10
IBenzo(a)pyum <2) < wi
IBenm(x,h,Dpcrylcne <21 <1
Benzy! atoobot <11 <10
Benzy' butyl phthalate <2l <10
Bis(2-chioroethyl) cther <2 <l
Bis(2-chlorethoxy) methans <21 < ()
Bis(2-cthylhexyi)phthal: <2l <10 <10 <10 <1.0] <l.0i <1.0 <1.0 <1.0 <1.0 <1
Bis(ch! thyl, <1.0 <190 <10 <l.0| <1.0 <1.0 <1,0 <1.0 <1.0
Bis(2-chloroisopropyl)ether <21 <10
4-Bromophenyl phenyt ether <2} <104
4-Chloroanitine <21 < 10
2-Ch! phthal <21 <10
4-Chlorophenylpheny) ether <21 <1
Chrysens <2} <10
Dibenzo(a,h) anthracene <12 <0
Di-n-butylphthal. <2 < 10) <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <4.0 < 1.0
1,2-Dichlorobenzene <21 <]
1,3-Dschlorobenzene <2 <108
1,4-Dichlosobenzene <21 <108
3,3-Dichlorobenzidi < 100} <50
Diethy! phthal, <21 <104 <1.0 <1.0 <1.0 <10 <1.0 <1.0 <10 <1.0 <10
Dimethyl phtha <2i <10 <0 <10 <1.9 <19 <10 <1.9 <10 <1.0 <10
2,4-Dinitrotolucne <2l <10y
2,6-Diritrotoluene <2 <10
Di-n-octylphthal <2 <10
Fluoranthenc <2 < 10
Fivorene <2i <10
Hexachlcro-1,3-hutadiene <2 < 108 < 108
Hexachlorocyclopentadiene <42 <20
Hexachloroeth <2} <io
Indenof1,2,3-c)pyrene <21 < J08
Isophorone <2! <10 <}.0 <10 <1.0 <1.0 <10 <1.0 <10 <1.0 <1.0
2-Methylnaphthalene <2l <10
Naphthal <2t < 108 < 108 < 1.0 <1.0 <1.0 <1.0) <1.0 <1.0] <1.0 <1.0 <1.0
2-Nitroaniline <2l <10
3-Nitroaniline <2 <10
[4-Nitroaniline <21 <1
Nitrot <2} <10
N-Nirosodimethylamine <2 < |
N-Nitresodiphenylamine <2! <10
N-Nitrosodi-n-propylamine <2l <0}
Pt h <21 <.{1
Pyrene <2} < 108
Pyridine <2} < 10}
1,2 4-Trichlorobenzene <2 <d  <sd !
Benzoie Acid <42 <204
4-Chloro-3-methylphenol <2{ <1
2-Chloropheno! <21 <104
p-Cresol <1.0 <10 <i.0 <1.0 <1.0 <1.0 <10 <1.0 <10
Cresols, Total <21 <108
2,4-Dichlorophenol <2l <10
2,4-Dimethylphenol <2l < i} .
2,4-Dinitrophenol <2l < 10}

Yok in bod daka ereed B background woncansbon
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Rev. 511501 Summary of Analytical Results for Semivolatile
: Compounds, Pesticidss, Herbicides, and PCB's
at Dixon Marqueitc Cement Company, 1998-2000
(2l values in ugh)

Parameter MWIS | MWIS [ MWIS | MWIS | MWIS | MWIS | Mw2s | Mw2s | MW2S | MW3.S | MW3.S | MW3S
124198 10/26/98 1 2/16/99 | 12819 979199 131199 | 7/26/99 919199 /e 12699 912199 11/1/99
2-Methyl-4,6-dinitrophenot <21 <108
2-Nitrophenol <21 < 10}
4-Nitrophenol <21 <1
Parathion <0.5 <0.5‘ <10 <1.0 <1.0, <10 <1.0 <1.0 <10 <1.0 <10
Pentachloropheno! <21 <ol <10 <i.0 <10 <10 <i.0 <10 <10 <1.0 <10 <1.0
Phenol <21 <108 <1.0 <1.0 <1.0 <1.9 <1.0 < 1.0 < 1.0 <1.0 ;<|.0
2.4,5-Trichicrophenot <21 <10
2.4,6-Trichlorophenol <21 <10
Aldrin <0.05] <0.10) <0.034 <0.034 <0.034] <0.034 <0.034 <06.034 <0.034 <0.034 <0.034
alpha-BHC <005 <oa
beta-BHC <0.05 <0.10)
ma-BHC <0.05 <0.10 <0.10]  <0.025{ <0.025 <0.025 <0.025 <0.025] <0.025| <0.025] <0.025 <0.025
deha-BHC <0.05 <0,10
Chioidane <0.2 <t.0 <10} <0.037] <0.037] <0.037] <0.037 <0.037 <0.037]  <0.037] <0.037 <0.03?
4,4'-DDD <0.05 <0.10
4,4'-DDE <0.05 <0.10]
4.4'-DDT <0.05 <0.20] <0.031 <0.091 <0.091] <0.091 <0.091 <0.091 <0.051 <0.09} <0.091
Dieldrin <0.08 <0.10 <0.044 <0.044 <0.044] <0.044 <0.044 <0.044 <0.044 <0.044 <0.044
|Endosulfan | «0,05 <0.05
Endosulfan {l <0.05 <0.20
Endosulfan Sulfste <0.05 <0.10
{Endrin <0.08 <0.10, <0.10] <0.039] <0.039] <90.039] <0.039] «<0.039] <0.035] <0.039] <0.039] <0.039
Endrin Aldchyde <0,05 <0.10 <0.10
Heptachlor <0.05 <0.10! <0.10] <0.040] <0.040] <0.040] <0.040] <0.040{ <0.040] <0.040] <0.040] <0.040
Heptachlor Epoxide <0.08 <0.10 <0101 <0.032] <0.032] <0.032] <0.032 <0.032 <0.032] <0.032{ <0.032] <0.032
Methoxychlor <0.05 <1.0 <1.0] <0.176 <0.176 <0.176] <0.176 <0.176 <0.176 <0.176 <0.176 <0.176
Toxaphene <1i.0 <2.0 <2.0] <0.086] <0.086! <0.086] <0.086] <0.086] <0.086] <0.086] <0.086] <0.086

l Aroclor-1016 <0.050{ <0.050] <0.050] <0.050] <0.050] <0.050] <0.050] <0.050] «<0.050

Aroclor-1221 <0.054] <0.054] <0.054] <0.054| <0.054] <0.054] <0.054] <0.054] <0.054
Aroclor-1232 <0.065f <0.065| <0.065] <0.065] <0.065] <0.085] <0.065] <0.065] <0.065
Aroclor-1242 <O.0651  <0.065] <0.065] <0.065] <0.065] <0.065] <0.065] «0.065] <0.085
Aroclor-1248 <9.09%0 <0.0% <0.090{ <0.09% <0.0%0 <0.090| <0.09% <0.090] <C.09%0
Aroclor-1254 <0.100]  <0.100 <0.100f <0.100 <0.100 <0.100 <0.100}  <0.100 <0.100
Aroclor-1260 <0.100]  <0.100 <0.100]  <0.100 <0.100]  <0.100, <0.1001  <0.100 <0.100/
Aroclor-1268 <0.100] <0.100 <0.100] <0.100 <0.100]  <0.100, <0.100) <0.100 <0.100
PCB-1016/1242 <0.05 <1.0] <1.0
PCB-1221 <0.05 <1.0 <L0
PCB-1232 <0.08 <1.0 <1.0
PCB-1248 <0.05 <1.0 <1.0
PCB-1254 <0.08 <1.0 <1.0
PCD-1260 <0.05 <1.0 <1.0
PCB-1268 <10
2.4-D <2.0 <2.0 <2.0 <029 <0.29 <0.29 <0.29 <0.29 «<0.29 <0.29 <0.29 <0.29
Sitvex(2.4,5-TP) <2.0 <2.0 <2.0 <0.34 <0.34 <0.34 <0.34 <0.34 <0.34 <0.34 <0.34 <0.34
Aldicarb <if] <10 <10] <050 <.50 <.50] <0.50 <.50 <.50] <0.50 <.50 <.50
Carbofuran <10, <10] < 10 <3.0 <5.0 <5.0 <5.0 <35.0 <50 <5.0 <35.0 <50
1,2-Dibromo-3-Chioropropare <0.10, <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Ethylene dibromide <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Trifluralin <3

Yokt it boid akcn acseaed $4 bockground ronceniretion . .
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Rav 51501

Summary of Analytical Results for Semivolatile

Compounds, Pesticides, Herbicides, and PCB's

#t Dixon Marqueite Cement Company, 1998-2000
(ali values In ugh)

<

Parsmeter

MW4-S | MV4S | MW4S { MWSS | MWSS | MWSS | MW6S
N6/ 913195 1S9 | 1161 9/9/99 11/1/9% | 7126199

AW6.8
9/9/9%

MW6-S
111/5%

MW7.8
TREIY

MWT-S
9/9/99

MW7-§
11199

Acenaphthene

Acenaphthylene

Alachior (lasso)

<1.0 <10 <1.0 <1.0 <10 <10 <10}

<19

<19

<10

<1.0

<10

Atrazine

<1.0 «<1.0 <10 <1.0 < 1.0 <1.0! <10

<i.0

<1.0

<1.0

<10

<10

Anthracene

Bznzidine

|Benzo{a)anthiacere

Benzo(k){luoranthene

|Benza(a)pyrens

Benzo(g h,i)perylens

Benzyl alcoho}

Benzy! butyl phihatate

TBis2-chioroethyl) ether

[Bisq2-cttorethoxy)methane

{Bis(2-cthylhexytiphihatate

<10 <1,0 =10 <1.0; <1.0 <1.0 <10

<1.0

<1.0

<1.0

<10

<1.0

Bis(chloromethyl)ether

<1.0 <1.9] < 1.0 <10 <10 <10 < 1.9

<1.0

<1.0

<1.0

<1.0

<1.0]

Bis(2-chloroisopropyl)ethe:

|4-Bromophenyl phenyl ether

4-Chloroaniline

2-Chloronaphthalere

4-Chlorophenylphenyl ether

Chrysene

Dibenzo{a,h) anthracene

Dl-n-butflphmﬂlm

<1.0 <1.0 <1.0 <10 <10 <10 <1.0

<10

<.0

<10

>
<10} <1.0

1,2-Dichlorobenzene

1,3-Dichlorobenzene

1,4-Dichlorobenzens

3,3-Dichlorobenzidi

Diethyl phihal,

<1.0 <1.0] <10 <10 <1.0 <10 <10

<10

<1.0

<10

<10

<190

Dimethy! phthalate

<1.0 <1.0; <le <1.0 <1.0 <1.0, <1.0

<10

<1.0

<10

<10

<1.0

2.4-Dinitsoto!

2,6-Dinitrotvluene

Di-n-octylp

Fluoranthene

Fluorene

Hexachlore-1,3-butadiene

Hexachlorocyclopentadiene

Hexachloroethane

Hndeno(1,2,3-cd)pyrens

Isophorone

<1.0 <1.0 <1.0 <1.0 < 1.0] <1.0] <10

<10

<1.0

<10

<1.0]

2-Methylnaphthalene

<1.0 <1.0 <i.0 < 1.0/ <1.0 <1.0 <1.0

<10

<10

<1.0

2-Nitroaniline

3-Nitroaniline

4-Nitroaniline

N-Niirosodimeth

N-Nitrosodiphenylamine

N-Nitrosodi-n-propylamine

Phenanthrene

Pyrene

Pyridine

1,2,4-Trichlorobenzene

Benzoic Acid

4-Chloto-3-methylpheno!

2-Chlorophenol

p-Cresol

<1.0, <1.0 <10 < 1.0, < 1.0 <1.0 <3.0

<i.u

<10

<1.0

<1.0

Cresols, Tota]

2,4-Dichiorophenol

2,4-Dimethylphenol

2,4-Dinlrcphenol

Yaluat In bokd Aefics exosed the beck round concenk sbon
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Summary of Analytical Results for Semivolatile
Compounds, Pesticides, Herbicides, and PCB's
at Dixon Marquette Cement Company, 1688-2000

(all values in ugh)
Parameter MWAS | MWAS | MW4S | MWES | MwsS | MWSS | MWES | MWES | MWES | MW2S | MWIS | MWIS
TI6199 919199 1114758 mens 9/9/9% 111199 12699 9999 unm/m 1126199 99199 114199

2-Mtethyl-4,6-dinitrophenol
7. 3\ it D 'l
4 d o
Parathion < i.0) <1.0] <10 <10 <10 <1.0 < 1.0] <10 <1.0 <1.0 <19, <1.0
Pentachiorophenol <1.0 <1.0 <10 <10 <1.0 <1.0 <1.0 <l1.0 <1.0 <1.0 <10 <1.0!
Pheno! < 1.0] <1.0 <1.0! <1.0 <1.0 <1.0] <1.0 <1.0 <1.0 <1.0 <10 <1.0]
2,4,5-Trichlorophenol
2,4 6-Trichlorophenol
Aldrin <0.04 <0.034 <0.034 <0.034 <0.03]  <0.04 <0.034 <0.034 <0.034 <0.0)4 <0.034 <0.03¢
2'pha-BHC
beta-BHC

-BHC <0.028| <cozs] <oous| <o00s] <o003s] <o0s| <0.003] <0028 <0.028] <0.025) «<0.025] <0.028
delta-BHC
Chlordane <0.037 <0.037 <0.037 <0.037 <0.037 <0.037 <0.037, <0.037 <0.037 <0.037 <0.037] <0.037,
4,4'-DDD
4,4'-DDE
4.4'-DDT <0.091 <0.091 <0.091 <0.091 <0.091 <0.091 <0.091 <0.051 <0.091 <0.091 <0.091 <0.091
Dicldrin <0.044 <0.044 <(.044 <0.044 <0.044 <0.044 <0.044 <0.044 <0.044 <0.044 <0.044 <0.044
| Endosulfan |
Endosulfan 11
Endosuifan Sulfate
Endrin <0.039] <0029} <0.039] <0.039] <0.039] <0.039] <003 <039} <0.039 <0.03¢ <0.039 <0.039
Endrin Aldehyde
H=ptachlor <0.040 <0.040 <0.040 < 0.040, <0.040! <0.040 <0.040 <0.040 <0.040 <0.040 <0.040 <0.040/
Heptachior Epoyide <0.032] <0.032 <0.032 <0.032] <0032 <0932] <0.032] <0032] <0.032] <0.032 <0.032 <0.032
lMuhoxﬂlor <0.176] <0176} <0.176] <0.176 '<0.l76 <0.176] <0.176] <0.,176] <0.176] <0.176] <0.176 <0.176
 Toxaphene <0.086 <0086 <0.086 <0.086 <0.086 <0.086 <0.086 <0.086 <0.086 <0.086 <0.086 <0.086
Arocior-1016 <0.050 <0.050 <0.050 <0.050 </£.050 <0.050 <0.050 <0.050 <0,050 <0.050 <0.050 <0.050
Aroclor-1221 <0.054 <0.054 <0.084 < 0.054 <0.054 <0.054 <0.054 <0.054 <0.054 <0.054 <0,054 <0.054
Aroclor-1232 <0.065{ <0.065 <0.065 <0.065 <0.065 <0.065 <0.065 <0.065] '<0.065 <0065 <0.065 <0.065
{Aroclor-1242 <0.065] <0.065] <0.065] <0.065] <0.065] <0.065] <0.065] <0.065] <0.065] <0.065] <0.065) <0.065
Atoclor-1248 <0.0% <0.090] <0.09] <0.0% <0.090] <0.090| <0.0% <0.690 <0.090] <0.050 <0.090 <0.09%0
Aroclor-1284 <0.100 <0.100, <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100] <(.100 <0.100 <0,100
Aroclor-1260 <0.100 <0.100 <0.100 <0.100 «<0.100 <0.100 <0.100 <0.100] "<0.100 <0.100 0,100, <0,100
Aroclor-1268 <0.1m]  <o0.100] <0.100] <0.500} <0.100] <0100 <0.100]  <0.100] <0.100] <0.100] <0.100 <0.100
PCB-1016/1242 )
PCB-1221
PCB-1232
PCB-1248
PCB-1254
YCB-1260
PCB-1268
2,4-D <0.29: <0.29 <0.29 <0.29 <0.29 <0,29 <0,29) <0.29 <0.29 <0.29 < (.29 <0.29]
[Silvex(2,4,5-TP) <0.34 <0.34 <0.34 <0.34 <0.34 <0.34 <0.34 <0.34 <0.34 <0.34 <0.34 <0.M
£.1dicarb <0.50 <.50 <.50 <0.50 <.50 <.50 <0.5¢ <50 <.50, <0.50 <,30] «<.50
Carbofuran <5.0 <%0 <5.0 <5.0 <5.0 <5.0 <5.0 £5.0] <5.0 <5.0 <5.0] <5.0
},2-Dibtomo-3-Chloropropane <0.10 <(.10 <0.10| <0.10, <0.10 <0.10 <0.10 <910 <0.10 <0.10 <0.10 <0.10
Ethylene dibromide <0.10 <0.10 <0.10 <0.10 <0,10 <0.10 <0.10 <0.10 <0,10 <0.30 <0,10 <0,10
Trifluralin
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Rev 51501 Suminary of Analytical Results for Semivolstile
Compounds, Pesticides, Herbicides, and PCB's
at Dixon Marquette Cement Company, 1998-2000
{ali values in ugh)
Parameter MWSS | MWES | MWES | MWI-S | MWSS | MWes | MWI-D | MWLD | MWI-D | MWI-D | MWIL.D | MWI-D
899 99 11198 | 7126/9% 519199 11/3/99 | 772498 | 10/26/98 | 2/16/99 { 1126/99 /3199 117199
Acenaphthene <i9 <t
Acenaphthylene <19 <10
Alschlor (lasso) <10 <10 <LO <10 <1.0 <1.0 <0.5 <0.5 <1.0 <10 <19
Atrazine <1.0 <1.0 <1.0] <10 <10 <l.;1 <0.5 <0.5 <10 <1.0 <l.0_1
Anthracene < 19 <108
Benzidi < 19508 < 100,
Benzofa)anthracene < 19 < 1)
Benzo(bMivoranthene <19 <10
Benzo(k)fluoranthene <19 <10
Benzo{s)pyrene <19 < ld
Benzofg, b, perylenc <19 <10
{Benzyt akcohol <19 <10
{Benryt buiyt phitatare <19 <19
IBis(Z-d‘loroemyl) ether <14 <19
Bis(2-chloscthoxy)methane <19 <1
Bis(2-cthylhexyDphthatate <1.0 <1.0 <10 <10 <10 <10 <19 < 10 <10 <1.0 <1.0}
Bis(chloromethyl)ether <1.0] <1.0 <1.0 <1.0 <1.0 <1.0! <1.0 <1.0 < l.O‘
Bis(2-chlorcisopropyljether <19 <10
4-Bromophenyl phenyl ether <19 <10
4-Chloroaniline <9 <10
2-Chl phthal <19 <10
4-Chlorophenylpheny! ether <19 <10
Chrysene <19 <10
|Dibenzo(a,h) anthracene <9 <10
Di-n-outylphthalate <iob  <rol <10l <10] <10l <pl <19 <1d <10 <10l <10
1,2-Dichlorobenzene <19 <1
1.3-Dichlorobenzene <19 <10
1,4-Dishlosobenzene <19 <108
3,3-Dichlorobentidine < 93] < 508
Diethyl phthalate <1.0 < 1.0, < 1.0, <1.0 <10 <1.0 <19 < 10 <1.0 <1.0] <1.0)
Dimeshy} phthalate <1.0 <1.0 < 1.0 <1.0 <1.0 <1.0 < |9 < 10} <1.0 <1.0 <1.0
2,4-Dinitrotoluene <19 <{0
2,6-Dinitrotoluens <19 <108
Di-n-octylphthalate : <19 < 101
Fl t <19 - 10}
Fluorene < |19 <10
Hexachloro-1,3-butadiene < <108 < §(
Hexachlorocyclopentadi <39 <20
Hexachloroethane < 19 <10}
Indeno(1,2,3-cd)pyrene <19 <104
Isophorone <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <19 <108 <1.0 <1.0] <1.0]
2-Methylnaphtha) <19 <10
Naphthalere < 1.0 <1.0 <1.0] <1.0 <1.0 <1.0, < |9 <10 < 10 < 1,0 < 1.0! <1.0}
2-Nitroanifine < i9 <10
3-Nitroanilire < {9 < ()
4-Nitroaniline <19 = 10)
Nitrobenzene <19 < 10}
N-Ni dimethyl <19 <10
N-Nitzosodiphenylamine <Y <10
N-Nitrosodi-n-propylamine <19 <10
Phenanthrene <i9 < 10}
Pyrene < 19 <10
Pytidine <19 <10
1,2,4-Trichlorobenzene <49 <IN
Benzok Acld <3 < o
4-Chloro-3-methylpheno! <i9 <10
2-Chlorophenol <19 < i
p-Cresol <1.0] <1.0 <1.0| <1.0 <1.9) <1.0] <1.0 <1,0] <1.0
Cresols, Tols) <19 < (8
2,4-Dichlorophenot <19 <108
2,4-Dimethyiphenol < |9 <10
1,4-Dinitrophesol <19 <10}
Vohoet i Lokd Kadcs sxcned | @ beckground concenaton
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Roy. 51501

Summary of Analytical Resuits for Semivolatile
Compounds, Pesticides, Herblcldes, and PCB's
at Bixon Marquette Cement Company, 1998-2000

{all valuas in ug/)

Parameter MWSS | MWES ¢ MWSS | MWS-S | MWSS | MWSS | MWI-D | MWID | MWI-D | MWLD | MWLD | MWLD
1726795 b0y 1171199 1126199 $5/9% 11199 | 7724198 10/26/98 | 116/99 6199 3059 1111759

2-Methyl-4,6-disiitrophencl <19 < 10}
2-Nitropheool <19 <10
4-Nitrophenol <19 < i0§
Panhion <10 <1.0 <1.0] <19 1.0 <1.0 <0.5 <0.5 <1.0 <1.0 <1.0
Pentachlorophenot <1.0 <1.0 <1.0 <10 <1.0 <10 < 19 <10 <10 <10 <1.0{ <i.0
Pheno! <1.0 <1.0 <1.0 <1.0, <10 <1.0 <19 <ig <1.0 <1.0 <1.0
2,4,5-Trichiorophenol <19 <10
2,4,6-Tri-blorophenol <19 <id
Aldrin <0034) <oo34| <0om| <003] <o00M| <003] <oof  <oud <0.034]  <o.034] <oom
slpha-BHC <0 <n e
bets-BHC <0.05 <010

mma-BHC <0.025] <0.025] <0.025] <0.028] <0.025] <0.025 <0.05 <0.16 <0.10] <0.025| <0.028] <0.025
Idela-BHC «<0.05 <0.1n
Chlordane <0037  <0.037] <0037] <0037} <0037} <0.037 <0.2 <10 <1.0] <0037 <0.03?7] <0.037,
4,4'-DDD <0.05 <Q.10:
4,4'-DDE <0.05 <0.10 —]
4.4'-DDT <C.091 <0.091 <0.091 <0.091 <0.09] <0.091 <0.05 <0.20) <0.091 <0.091 < 0.094
Dieldrin <0.044] <0.044] <0.044] <0.044] <0.04] <0.044 <0.05 <0.10 <0.044] <0044] <0044
Endosulfan | <0.03 <0.05
Endosulfan il <0.05 <0.20
|Endo-ulfan Sulfare <0.05 <0.10
Endrin <0.039, <0.039 <0.039] <0.039 <0.039 <0.039 <0.05 <0.10 <0.10 <0.039; <0.039 <90.039
Endrin Aldehyde <0.05 <0.10]
hl_;.xhlol <0.040] <0.040] <0.040] <0.040] <0.040] <0.040) <0.05 <0.10 <0.10] <0001 <0040 <0.040
Heptachior Epoxide <0.032) <0.032 <0.032] <0.03%2 <0.032] <0.032 <0.05 <0.10 <0.032 <0.032 <0.032
Methoxychlor <0.176 <0.176 <0.176] <0.17% <0.176 <0.176 <0.05 <10 <1.0] <0.176 <0.176 <0.176
Toxaphene <0.086; «9.086 <0.086] <0.036] <0.086] <0.086) <1.0 <2.0] <20| <0.086] <0.086] «0.086
Aroclo-1016 <0.050 <0.050 <0.080] <0.050 <0.050 <0.050 <0.050 <0.030 <0.050
Arocloz-1221 <0.054 <0.054 <0.054 <0.054 <0.054 <0.054 <0.054 <0.054 <0.054
Aroclor-1232 <0.065 <0.05% +0.065 <0.065 <0.068 <0.065 <0.065 <0.06% <0.065
Aroclor-1242 <0.065 <0.065 <0.065 <0.065 <0.065 <0.065 <063 <0.065 < (.065
Aroclor-1248 <0.090 <0.090]  <0.090] <0.0%0 <0.090| <0.09% <0.090 <0.090] <0.09
Aroclor-1254 <0.100§  <0.100 <0.J00] <0.100] <0.100] <0.100 <0.100] «0.100] «<0.100,
Aroclor-12€0 <0.100]  <0.100]  <0.100] <0.100] <0.100] <0.100] <0.100]  <0.100] <0.100
Aroch e-1268 <0.100] <0.100] <0.100]  <0.i100] <0.100] <0.100, <0.100f  <0.100] <0.100
PCB-1016/1242 <0.05 <1.0 <!0
PCB-1221 <0.05 <1.0, <1.0
PCB-1232 <0.08 <1.0, <1.0:
PCB-1248 <0.05 <1.0 < 1.0
PCB-1254 +0.05 <1.0 <1.0
PCB-1260 <0.05 <1.0 < 1.0
PCB-1268 <1.0
2,4.D <.0.29 <0.29 <0.29 <0.29 <0.29 <0.29 <2.0 2.0 <2.0 <0.29 <0.29 <0.29
Silvex(2.4,5-TP) <0.34 0% <0.34 <0.34 <0.34 <0.34 <2.0 2.0 <2.0] <0.34 <0.34 <0.34
Aldicarb <0.50 <.50; <.50: <0.50 <.50 <. 50 <10 <10 <10 <0.50 <.50; <.50
Carbofuran <$5.0 <5.0 < 5.0 <5.0 <3.0 <$5.0 <10 <10 <10 <35.0 <5.0] <5.0
1,2-Dibsomo-3-Chloropropane <0.10 <{.10 <0.:0 <0.10 <010 <0.10; < (.10 <0,10, <0.10
Ethylenc dibromide <0.10 <0.10 <0.10 <0.10) <0.10 <0.10 <0.10 <0.10 <0.10
Trifluralin l
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P 51501

Summary of Analytical Results for Semivolatile
Compounds, Pesticides, Herblcides, and PCB's
at Dixon Mamueits Cement Company, 1596-2000

{sh velues in ughl)

Parameter

MW2-D

726199 9959

MWD
/9%

MW2-D
1171199

MWD
nsss

MW3.D
1119

MW4D
126199

MW4D
$10/9%

MW4D
sy

MWSD
2095%

MWS-D
111199

MWe-D
26/99

<10 <10

<1.0 <1.0 <i.0

< 1.0,

<1.9

<1.0

<30

<1.0

<10

<1.0}

<1.0 <1.0]

<1.0] <1.0] <1.0

<10

<1.0}

<1.0

<10

<1.0

<1.0

< l.0|

Bemo{ajpyrene

Benzo{g,b,Dperslene

Benzyl 2lcohol

Benzyl butyl phihal

Bis(2-chiroethyl) ether

Bis(2-chlorethoxy)meth

[Bis-einytiexypphuna

< 1.0 < 1.0

<1.0] <1.0 <1.0

<i.0

< 1.0,

<1.0]

<10

<1.0

<l.0i

Bis(ch} y

<1.0 <1.0

< 1.0 <1.0 <1.0

<1.0

< 1.0f

<10

<L.0

<1.0,

<1.QF
<1.9

< 1.0,

Y

Bis(2-chlorol Jethes

ProY

4-Bromophenyl phen” ether

4-Chlcroaniline

2-Chloronaphthalens

4-Chicrophznylpheny) ether

Chrysenc

Dihenzoa,h) anthracene

Dj-n-butylphthalate

<1.0 < 1.0!

<1.0 < 1.0/ <1.0]

<t0

<1.0

<

<j.0

<i.0

<1.0}

1,2-Dichlorot

§.,3-Dichlorot

1,4-Dichlorobenzens

3,3-Dichlotobenzidi

Diethyl phihalate

<1.0 <10

<1.0 <LQ <1.0

<10

<1.0

<1.0

<1.0

<10

<10

<1.0

Dimethyl phtha!

<1.0 <10

<1.0 <10 <1.0

<1.0

<10

<1.0

<1.0;

<1.0

<1.0

<1.0

2,4-Dinirotol

2,6-Dini !

Di-p-octylp

Fluoranthene

|Fluorene

Hexachloro-1.3-butadiere

Hexachlorocyclopeniadi

Hexachloroethane

Indenc(1,2,3 cdjpyrene

< 1.0 <10 <1.0

<1.0

<30

<1.0

<1.0

<10

<1.0

?

4. Methvinanhthat
2-Methylnag

Naphthalene

<1.0

<i.0 <10 <1.0

<1.0,

<10

<1.0

<10

<1.9

<1.0

2-Niucaniline

3-Nitroaniline

4-iisoaniline

Nitrob "

N-Niuosodimethylsmine

N-Nitrosadiphenylamine

N-Nitrorodi-n-propylamine

Phenanthrene

Pyrene

Pyridine

1,2,4-Trichlorobenzene

Benzoic Acid

4-Chloto-3-methylphenc

2-Chiorophenot

p-Cresol

<10 <10

<1.0, <1.0

<1.0

<10

<30

<1.0

<1.0]

Cresols, Totad

2,4-Dichlotophenol

2,4-Dimethylphenct

2,4-Dinltrophenol
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P V01

Summary of Analytical Resuits for Semivolalils
Compounds, Pesticides, Habicides, and PCB's
a1 Dixon Marquelts Cement Company, 1998-2000 -

{(afl values in ug)
Parameter MW2D | MW2.D | MW2.D | MW3.D | MWD | MWD | MWED | MWD | MWED | MWED | MWSD | MWED
712699 8.9/9% 111193 | 7769 88193 111199 | 12699 91999 1111199 59799 1 21899

2-Methyl-4,6-Cinitzopherol .
2-Nizrophenol
4-Nitrophesol
Parathion <10 <10 <10 <1.0 <10 <10} <10 <190 <18 <1.0 <10 <10
Pentachlorophesol <10 <10 < 1.0 <1.0 <1.e <|,0l <L0] <1.0 <1.0 <19 <1.0 <1.0
Phenct <10l <10 <ol <1l <ol <io]  <10]  <io a0l <1 <10l <10
2,45 Trichlotephesol
24,6 Trichlorophenol
Alrin <003} <0.03] <0.0M] <00M] <0.0M] <0.0M4 <0.034] <O0M| <00M] <0034 <0.034] <0.0M
slpba-BHC
besz-BHC

-BHC <0.025] <0018] <0025] <0.0:5] <0.023] <o0.025] <0425 <0.035] <0025] <0.025] <0.025] <0.0)5
dela-BHC
1Chlordane <0.037 <6.037 <0.037 <0.037 <0.037 <0.037 <0.037 <0.037 <0.037 <0.037 <0.037 <0.037
4.4°-DDD
4.4 -DDE
4.4'-7DT <0.091 <0.091 <0.091 <0.0%1 <0.091 <0.091 <0.091 <0.094 <0.091 <0.09} <0.031 <0.091
Dieldria <00U4] <0044] <0.044] <0.04] <004] ~<0.0M4] <0.044] <0.04] <0.084] <0044] <0044 <0.044
Endesulfan |
Endoyulfan 11
Endosulfan Sulfse ]
Endrin <0.03} <0039 <0039 <00W] <0039 <C035, <0039 <0039 <0039] <0039} <0039} <1L.039
Endrin Aliehyde
’I_lMu <0.040] <0.040] <0.040] <000] <0040] <0040] <O0040] <0.040] <0.040] <0.040] <0.030] <0.040
Heptachlor Epoxide <0.032 <0.032 <0.032 <0.0%2 <0.032 <0.032 <0.032 <0.032 <0.032 <0.032 <0.012 <0.032
Meshoxychior <0.176] <0.176] <0.176] <0.176] <0.176] <0.176] <0.1%6] <0.176] <0.176] <0.176] <0.17%6] <0.176
Towsshtne <0.086] <0,086] «0.086] <0085] <0I86] <0.086] <0.086] <0086] «<0.086] <I086] <0.086] <0036
Araclt-1016 <0.050f <0.080] <0050] <0.030] «<)050] «<0.050] <0050] <0.050] <0050} <0.050] <0050} <0.950
Atocir-122) <0084] «<0.084] <0054] <0084] <0084] <0.054] <00%4] <0.058) <0.054] <00354] <0.084) <0054
Arslin-§232 <0068] «<0065] <0.065] «<0.065] <0.065 <0.065] <0068 <0045) <0.085] <0063] <0.068] <0.065
Areclor-1242 <{.066 <0.065 <0.068 <0.068 < 0.065 <0.063 <0.063 < 0.045 <(.065 <0.065 <0.065 <0.063
Arcchor-) V8 <0.0% <0090  <0.09%0] <0.090 <0.090] <0.090] <0.0% <0.09%0] <0.09] <0.090] <0.090] <0.0%0
Asrcrion 1254 <0.100 <0.100 <0.100 «<0.100 <0.100 <0.100 <0.100, <0100 <0.100! <0100/ <0.100 <0.100
Arc:lor-1360) <Q. 100 <0.100] ~ <0.100f <0.10 <0.100 <0.100 <0.100 «1).100; <0.100, <0.100 <0.100 <0100
Aroclor-1268 <Q.106] «<0.100] <0.100] «<0.i00] <0.100] <010] <0100 <0.300] <0.100] <0100} <0.100] <0.100
PCB-1016/1242
PCB-1221
I(B-12)1
PCD-1248
PCB-1254 .
P(B-i 260
PB-1368
24D <0.29 <0.29, <0.29 <0.29 <0.29 <0.29 <0.29 <0.2% <0.3¢ <0.29, <0.29 <0.29
Silves(2 4,5 TP) <03 <0.34 <04 <0N.U <0.M4 <0.34 <0.34 <0.34 <0.M4 <0.34 <0.3¢ <0.4
Alicad <0.50 <.50 <.50] <0%0 <. <30 €0.50 .50 <.%0 <.%0 <.30]  <nsp
Cubofuran <$5.0 <$.0, <5.0 <$.0 «<5.0 < 5.0, <$5.0 <5.0 <$.0 <3.0 <3.0 <$.0
1 2-Libroine - 3 Chitontans re <0 10 <010 <10 <0.10 < 0.10] <130 <0.10] <0.19 <0.10 < 0.30 <{),10 <0.10
Lihylere dibromide <0.10 <1.10 <0.10 <0.10 <9.10 <010 <0.10 <0.10 «0.10 <0.i0 <0.10 <0.10,
T1iflusalin
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o 505501 Summacy of Analytical Results for Seivolatite
Compounds, Pesticides, Herbicides, and PCB's
at Dixon Marquette Cament Company, 1998-2000
{3l values n ugh)

Parameter MWED § MWD ! MW?.D | MWD | MW?2.D | MWS-D | MW3.D - MWa.D | Mwe-D | Mwoa.D | Mwe.p |MwLwT
9999 1158 | 726199 9.9/9% 101/19% | 712699 95199 159 | 6% 81359 111539 899

Seenphthene
Aceraphthylene
Alachice (lasso) <1.0 <1.9 <1.0 <1.0 <1.0f <10 <10l <10 <o <1.0 <1.0) <1.0
[Atnzine <1.0] <1.0 < 1.0 <1.0 <l.0] <1.0] <1.0 <1.0 <l.0| <1.0 <1.0 < 1.0]
Anthracene
|Benzidine
I&nzo(a)andxmnc
[Beazomytuorantiene
[gem(k)n-mwm
Benzo(a)pyrene
{Beazoty. b Dperytece
[Benzy atcotet
{Benzyl bt phtsatse
Bis(2-chloroethyl) ether
Bis(2-chlorethory)methane o=
Bis(2-ethythexylohthatate <1.0) <1.0} < 1.9, <1.0 <1.0 <1.0 <J.Y] <1.0 < 1.0, <1.0 <1.0 <1.0
Bis(chloromethyljerhes <ol <rol  <wol <ol <nol <ol <ol <iof <10l <io]  <to|  <ig
BisQ-chlorohopropyfether
4-Bromophenyl phenyl ether
4-Chlozoaniline
2-Chioronaphthalene
4-Chlorophenyipheay! ether
Chrysene
1Dibenzo(s b) anthracene
Di-n-butylphthalate <1.0, <1.0 < 1.0, 1.0 <1.0, <1.0 <10 < 1.0 <10 <1.0 < 1.0 <1.0
1,2-Dichlocobenzene
§,3-Dichkorobeniene
1 .4-Dichlorabenzene
3.3-Dichlorobeazidine
Ditchyl phoak <1.0 <1.0, <1.0 <1.0 <190 <:0 <10 <10 <1.0 <1.0 <1.0 < 1.0
Dimethyl phthalate <10 <).0] <1.0 < 1.0 <1.0 <1.0] <30 <9 < 1.0, <1.0 <1.0 <1.0]
2,4-Dinisctoluene
2,6-Dinltrosoluent:
Di-n-octylphthalate

Fluorarthene

Fluotene
Heaachioro-1,3-butadiere
Hesachlorocycloperaadiene
jHexachloroethane
{Indeno(1,2,3<dmyrene
Isoptorone <1.0] <10 <10 <1.0 <1.9 <10 <10 <1.0 <1.0 <10 <10 <0
2-Methylngshthalene
Naphihalene <19 <19 <10 <1.9) <1.0 <190 < 1.0 < LO| <10 <1.0 <1.0 <1.0
2-Niwoaniline

3-MNwoaniline

4-Hoandine

[ Niroberaene
N-Hitosodimed ylamine
N-Nigosdinhe 1iylamise
N-Nittosodi-n-propyl amine
Phenanthrene

Pysene

Pyidine
1.2.4-Trichlorobensene
|Benzoic Acld
4-Chioro-3-methylpherol
2-Chioropheno!

p-Cresol <40 «<1.0) <19 <] < 1.0 < 4.0 <1.0, < 1.0 < 1.9] «<1,0 <1.0 <1.0
Cresols, Tous) bl
2,4- 02 borophenol
2,4 Dinethyiphenol
2.4-Dinitrophenot

Yo 0 bolf ebcs pcasd #4 pedgrord trcerirdion
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Rev 1500

Summary of Analytical Results for Semivolatile
Compounds, Pesticides, Herbicldes, and PCB's
at Dixon Marquette Cemant Company, 1998-2008

(all values in ugh)
Parameter * MWED | MWED | MW7-D | MWT-D | MWD | MWS.D | MWED | MW2D | MWSD | MWS-D | MWS-D | MWI-WT
39 1199 | 726799 999 111159 726199 9/9/89 11/ 7126/9% 9/9/99 H/ IR6I99
2-Methyl-4,6-dinizophenot
2-Nirophenol
4-Nirophenol
Panathi <1.0 <1.0] <1.0; <14} <1.0] <1.0] <1.0 < 1.9 <1.0 <1.0 <1.0 <10
Pentachlorophenol <1.0] <1.0 <1.0 <|.o| <1.0 <1.0 <1.0 <10 <i.0) <1.0 <1.0 <10
Phewt <1.0 <10 <10 <10l <10 <1.0] <1.0 <19 <1.0 <1.0 <1.0) <19
2,4,5-Trichlorophenol
2.4,6-Trichlorophenol
Aldrin <0.034] <0.034] <0.0M| <0034] <0.04] <0.04] <0034 <0.034] <003} <0.03] <0.03] <0.0
alpha-BHC
beta-BHC
|gamma-BHC <0.025]  <0.018 <0023 <0.025 <0.025 <(!.02‘5' <0.025 <0.025 <0.025 <0.025 <0.025 <0.018
delta-BHC
Chiordans <0.037] <0037} <0.037] <0.037] «<0.037] <0.037] <0.037( <0.037] <0.037] <0.037] <0.037] <0.037
4,4'-DDD
4,4'-DDE
4,4"-DDT <0.051 <0.051 <0.091 <0.091 <0.031 <0.09] <0.091 <0.091 <0.091 <0.091 <0.091 <0.091
[ Dicldrin <0.044 <0.044 <0.044 <0.044 <0.044 <0.0$4 <0.044 <0.044 <0.044 <0.044 <0.044 <0.044
Endosuifan |
E_ndmullm 1
Endosulfan Sulfare
'E:ilin <0.039] <0039 <0.039] <0.039] <0.039; <0.039] <0039} <0.039] <0039 <0.039 <0.039] <0.039
Endrin Aldehyde
rieptachlor <0.040] <0.040f <0.040] <0040 <0.040f <0.040] <0,0M0] <0040 <0.040] <0.040] <0.040] <0.040]
Heptachl.. Epoxide <0.032f <0.032] <0.032] <0.032 <0.032 <0.032 <0.032{ @ <’0.032 <0.032 <0.032 <0.032 <0.032
Methoxychlor <0.176] «0.176] <0.176] <0.176] <0.176] <0.176] <0.576] <0.176] <0176} <0.176] <0.176] <0.176
Toxaphene <0.086] <0.086] <0.086f <0.086] <0.086] <0.086] «<0.086] <0.086] <0.086] <0.086] <0.086] <0.086
Arocior-1016 <0.050]  <0.050] <0.050] <0.050] <0.050] <0.050] <0.050] <0.050] <0.050] <0.050] <0.050] <0.050]
Arozlor-1221 <0.054] <0.054] <0.054] <0.054] <0.054] <0.054] <0054 <0.054] <0.05¢4] <0.054] <0.054] <0.054
Aroclor-1232 <0.068] <0,065] <0.065] <0.065 <0.065 <0.063 <0.065 <0.065 <0.065 <0.065 <0.065] <0.065
Aroclcr-1242 <0.065 <0,065] <0.065] <0.063 <0.065 < 0.065 < 0.065 < 0.065 <0,065 <0.065 <0.065] <0.065
Arocior-1248 <0.090] <0.090| <0.0% <0.090] <0.09] <0.0% <0.090]  <0.090] <0.09% <0.000] <0.090] <0.0%
Aroclof 1254 <0.100] <0.100] <0.100} <0.100f <0.100 <0.100] <0.100] <0.100] <0.100] <0.100] <0.100] <«0.100
Aroclue-1260 <0.100 <0.100] ' <0.100] <0.100 <0.100/ <0.100 <(.300 <0.100 <0.100 <0.100; (0.]@! <0.100
Aroclor-1268 <0,100 <0.100, <0.100] <0.100, <0.100 <0.100 <0.100 <0.100¢  <0.100 <0.100 <0.100 <0.100
PCB-1016/1242
PCB-1221
PCB-1232
PCB-1248
PCB-1254 o
PCB-1260
PCB-1268
2,4-D <0.29| <0.29, <029 <0.29 <0.29, <0.29, <0.29 <0.29 <0.29 <0.29] <0.29 <0.29
iﬁlvcx(l.l,s-ﬂ’) <0.34 <0.34 <0.34 <0.34 <0.34 <0.34 <{0.34 <0.34 <0.34 <0.34 <0.24 <0.34
Aldicard <.50 <.50 <0.50 <.50 < .50 <0.50 <.50 <. 50 <0.50 <.50, <.50 <0.50
Carbofuran <3.0 <35.0 <5.0 <50 «<5.0 <5.0 <5.0] <35.0; <35.0 <$.0! <5.0| <3.0
1,2-Dibromo-3-Chloropropare <0.10, <0.10 <0.10 «< 0,10, <010, <0.10 <0.10 <0.10 <0.10 £0,i0 <0.IOI <0.10,
Ethylence dibromide <0.10 <0.10 <0.10, <0.10 <0.10] <N, 10; <0.10 <0.10 <0.10 <0.10 <0.10| <0.10]
Trifluralin l
-
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Rarv. 511504

Summary of Analytical Results for Semivolstile
Compounds, Pesticides, Herbicides, and PCB's
at Dixon Marquetis Cement Company, 1995-2000

{alt valuas in ugh)

Parameter

MWLWT
9/9/99

MW1-WT
w9

MWi-WT
3ni0

MW2-WT
7726193

MW2-WT
8/9/%9

MW2.WT
1171/99

MWwILwT
126199

MW3-WT
/999

MW3IWT
HUL

MWLWwT
7126193

MWLWT
9/9/9%

MWLWT:
111/59

Aczniphthene

Acepzphthylene

Alachlor (lass0)

<1.0

<10

<10 <30 <1.0

<10

<1.0

_ <10

<1.0

<1.0

<10

Aasioe

<10

<1.0

<1.0; <10 <1.0

<10

<10

<l.0l

<1.0

<1.0

<10

<1.0
<Ld

Anthracene

|Benzidine

Benzo(z)anthracens

Benzo(b)fluoranthene

Benzo{k)luoranthens

B p

Benzo(g,h,Dperylene

Benzyl alcobol

Benzyl buty) phialate

Bis(2-chlorocthyl) ethee

Bis(2-chlorethoxy)methane

Bis(2-ethythexylphtt

<1.0]

<).0

< 1.0 <10 <1.0

<1.0,

<1.0

<10

<1.0

<10

<i.0

<1.0

|Bistehlorometylyetber

<1.0

<1.0

<10 <1.0 <le

<l1.0

< 1.0

<10

<1.0

<10

<10

<1.0

[Ris(2-chtoroisopropyliether

4-Bromopheny! phenyi ethes

4-Chloroaniline

2-Chlor

4-Chlorophenylohenyl ether

Chrysene

Diby {2 ) anth

Di-n-buty'phthat

<1.0]

<1.0

<10 <L0 <10

<19

<30

<10

<1.0

<10

1,2-Dichlorobenzere

1,3-Dichlorobenzenc

1,4-Dichlorobenzene

3,3-Dichlorobenzidine

Diethyl phthalate

<10

<10

<l.0 <1.0 <10

< 1.0

<10

<1.0

<1.0

<1.0

<1i.0

<1.0]

Dimethyl phiha

<1.0|

<1.0

<19 <10 <10

<1.0

< 1.9

<10

<10

<1.0

<1.0

<10

2,4-Dinitrotol

2,6-Dinitrotoluene

Di

Fluoranthene

Fluorene

Hexachloro-1,3-butadi

™

Hexachiorocyclop

Hexachleroethane

Indeno(t,2,3-cd)pyrens

Isophorone

< 1.9,

<0

<1.0] <19 <1.0]

<1.0

<1.0

<1.0

<1.0]

<1.0

2-Methylnaphtbalene

Naphthalene

<10

<10

<1.0 < 1.0 <1.0

<1.0

<10

<1.0

<10

<1.0,

2-Niuozniline

3-Nivroaniline

4-Nitroaniline

Nitrobenzenc

N-Nitrosodimethylamine

N-Nitrosodiphenylamine

N-Nitrosodi-n-propylamine

Phenanthrene

Pyrene

Pytidine

1,2,4-Trichlorobenzene

Benzoic Acid

4-Chloro-3-methylphsnol

2-Chloroohenol

p-Cresol

<1.0

<1.0

<1.0 <10 <1.0

<1.0

<1.0

<10

<10

<1.0

<1.0

Cresols, Total

2,4-Di heno!

'

2,4-Dimethylphenol

2,4-Dinitrophenol

Yahoss in bold isivn arveed 0 beckround conoenkefon
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Rev. 511504

Summary of Anafytical Results for Semivolatile
Compounds, Pesticides, Heirbicides, and PCB's
at Dixon Marquette Cement Company, 19882000

{all values in ugh)
Parameter MWI-WT} MWIi-WT] MWI1-WT) MW2-WT | MW2-WT] MW2.-WT | MW3-VT} MWI.WT] MW3.WT | MWEWT} MWE-WT) MW4-WT
8/9/99 1171799 312700 1725199 9/9/99 1199 7126199 93/99 17199 7725199 9/9/9% 11/1/99
2-Methyl-4.6-dinitropheno! .
2-Nirophenol
4-Nitrophenol
Paraihion <10 <1.0 <10 <10 <1.0 <1.0 <10 <1.0 <1.0 <1.0 <1.0 <1.0
Pentachioropheno! <1.0 <1.0] <1.0 <1.0 <1.0 <1.0] <10 <1.0 <1.0 <1.0 <1.0] <1.0]
Phenol <1.0 <1.0 <10 <1.0 <1.0 <I.ol <1.0 <!0 <1.0 <10 <1.0 <10
2,4.5-Trichlorephenol
2,4,6-Trichlorophenol
Aldrin <0.034 <0.04 <0.034] <0.0M <0.034} <0.034] <0.034f <0.034 <0.04 <0.04 <0.0M] <0.034
alpha-BHC
beta-BHC
|gamma-BHC <0.025 <0.025 <0.025] <0.02% <0.025] <0.025 <0.025]  <0.025 <0.025 <0.025 <0.025] <0028
delta-BHC
Chlordans <0.0371 <0.037 <0.037f <0.037] <«0.037] <0.037} <0.037 <0.037] <0.037 <0.037)  <0.037 <0.037,
4,4'-DDD
4,4-DDE
4.4'-DDT <0.09% <0.091 <0.091 <0.09) <0.091 <0.091 <0.091 <0.09i] <0081 <0.091 <0.091 <0.091
Dieldrin <0.0441  <0D044] <0.044] <0.044] <0.044] <0.044] <0.044] <0.044] <0.044] <DN44] <0.044] <0.084
<0.039] <0.039 <0.039 <0.039: <0.039 <0.039 <0.0%9 <0.039 < 0,039 <0.039 <0.039 <0.039
<0.040] «0.040] <0.340] <0.040] <0.040] <0.040] <0.040] <0.040] <0.040] <0.040] <0.040} <0.040
<0.032] <0.032 <0.032] <0.032 <0.032] <0.032] <0.032] <0.032 <0.032 <0.032] < 0.032 <0.032
Methoxychior <0.176/ <0.176 <0.176} <0.176 <0.176] <0.176 «0.176 <0.176 <0.176] <0.176 <0.176 <0.176,
Toxaphene <0.086 <0.086 <0.086} <0.086 <0.086 <0.086] <0.085 <0.086 <0.086) <0.086/ <).086 <0.086
Aroclor-1016 <.0.080}] <0.050 <0.050] <0.050] «<0.050f <0.050] <0.050] <0.050] <0.050! <0.050] <0.050] «0.050
Aroclor-1221 <0.054] <0.054 <0.054] <0.054} <0054 <0.054] <0.054 <0.054 <0.054 <0.054 <0.054 <(.054
Aroclor-1232 <0.065 < 0,065 <0.065] «0.068 <0.065]  <0.065 <0.065] <0.065 < 0,065 <0.065 <0.055 <0.06%
Aroclor-1242 <0.063] <0.065] <0.065] <0.065] <0.065] <0.065] <0.085] <0.065] -:0.065] <0.065] <0.065] <0.085
Aroclor-1248 <0.09%0]  <0.09% <0.09]  <0.090 <0.090!  <0.090] <0.09 <0.090| <0.090] «0.09%0 <0.090]  <0.090
Aroclor-1254 <0,100] <0,100 < 2.100] <0.100 <0.100 «<0.100 <0.100 <0.100 <0.100; <0,100 <0,100 <0.109
Aroclor-1260 <0.100 <0.100 <0.100]  <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100
Aroclor-1268 <0.100 <0.100] <0.100] <0.100] <0.100} <0.100] <0.100f <0.100] <0,100 <0.100]  <0.100] <0.100
PCB-1016/1242
PCB-122)
PCB-1232
PCB-§248
PCB-1254
PCB-1260
PCB-, 168
2,4-D <0.29 <0.29 <0.29 < (.29, <0.29, <0.29] 0.29 <0.29, <0.29 <0.29 <0.29 <0.29
Silvex(2,4,5-TP) <0.34 <0,34 <034 <0.34 <0.34 <0.)4 <0.34 <0.34 <0.34 <0.34 <0.34 <0.34
Aldicah <.50 <50, <.50 <0.50 <.50 <.50 <0.50 <.50 <.50 <0.50 <.50 <.50
Carbofuran <35.0 <5.0 <5.0 <5.0 <5,0[ <5.0. <5.0 <5.0 <5.0 <$.0 <5.0 <5.0
1,2-Dibromo-3-Chioropropan <0.10] <0.10 <0.10 <0.10 <0.10! <0.10 <0.10 <0.10 <0.10. <0,10] <0,10] <0.10
Ethylene dibromide <0. 10| <0.10 <0.10 <0.10 <0.lg| <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Trifluralin I I
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Rev. $15%1

Summary of Analytical Results for Semivolatile
Compounds, Pesticides, Herbicides, and PCB's
at Dixon Marquatte Cemont Company, 1698-2000

{(all values In ugh}
Parameter MWS-WT| MW9-WT| Mwo.wr| Lw-t LW-t [RUA LWt | Lw LW-3 | Lwa LW-3 | SPRING
63 | o5 | e | zae | 1002608 § 12699 | 9/9i99 | 1N/W99 | 772699 | 9P/ | 113 | 172679
Acenaphthene <208 <10
Acenzphthylene <204 <10
Alachlor (lasso) <1.0 <10 <10 <0.5 <0.5 <10 <1.0 <1.0 <10 <19 <10 <1.0
Atrazine <10] <10l <10 <os <osl <10l <10l <a0l <10l <10l <10l <10
Anthracene < <10
Benzidine <20d <100/
B < <10
Benzod) h <2d < 10|
Benzo()fluoranthene <] <10
Benzo{s)pyrene <2 <10
Benzo(g, b, Dperylene < <1p
Benzyl alcohol < <10
Benzyl butyl phitalate <20 <10
Bis(2-chloroethyl) ether <X <10
Bis(2-chlorethoxy)meth <20y <10
[Risq2-eihylhexyDphibatste <1.0 <10 <10 <20 <10 <1.0 <10, <1.0 <1.0 <1.0 <1.0 <10
Bis{chloromethyljethes <1.0] <19 <i.0 <10 <10 <10 <1.0 <1.0 <10 <10
Bis(2-chloroisopropyljether <20 <10
4-Bi phenyl phenyl ethes <20, < 10,
4-Chloroaniline <208 <10
2-Chloronaphthalene <208 <10
4-Chiorophenyipheny! ether <2d <10
Chrysene < 208 <i0
Dibenzo{a,h) anthracene <200 <10
Di-n-butylphtt <L0 <10 <1.0 <20 <10 <1.0 <1.0 <LO <1.0 <1.0 <10 <10
1,2-Dichlorobenzene <2df <10
1,3.Dichlorobenzene <200 <10
1,4-Dichlorobenzene < <10
3,3-Dichlorobenzidine <100 <50
Dicthy! phihalate <1.0 <10/ <LO <208 <19, <1.0 <1.0 <10 <10 <1.0 <1.0) <1.0
Dimethy! phthalate <10 <1.0 <1.0 <2 <10 <10 <1.0 <LO <10 <10 <10 <1.0
2,4-Dinitrotol <2 <10
2,6-Dinjtrotol < <o
Di-n-octylphthal <20 <10
Fluoranthene <20y <19
Fluorene <208 <10
Hexachloro-1,3-butadiene <200 <10
Hexachlorocyclopentadi <408 <20
Hexachloroethane <20 <10
findeno(1,2,3-cd)pyrene <20} <10, ]
Isophorone <L <10 <1.0 <20 <10 <1.0 <1.0 <10 <10 <10 <1.0 <10
2-Methylnaphtbal <7d <10
Naphibal <10 <10l <10 <20 <10] <ol <ol <o <rol ol <ro] <l
2.Nioanifine <20l <10
3.Nitroaniline <0 <10
4-Nitroaniline <2d <10
Nitrobenzene <2d <10
N-Nitrosodimethylamine <29 <10,
N-Nitrosodiphenylamine <20] <19
N-Nitrosodi-n-propylamine <2d <10
Phenanthrene <1 <10
Pyrene <1d <10
Pyridine <29 <10
1,2,4-Trichlorobenzene <2d < 10
Benzoic Acid <l <20
4-Chiloro-3-methylphenol < <10
2-Chlorophenof <2 <10
p-Cresol <1.0] <10 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <10 <40
Cresols, Total <208 <10
2,4-Dichlorophenot < 20y <10
2,4-Dimethylphenol <1 <o
2,4-Dinlropheno) <20 <10
Values 0 bold 2abix exzmed the back ground oonosrrabon
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Rev. $1501

Summary of Anatytical Results for Semivolatile
I Compounds, Pasticidas, Herbicides, snd PCR's
at Dixon Marquetie Coment Company, 1958
(all values in ugh) -
I Parameter MWI-WT | MW-WTiMWO.wT| LW-1 LW-1 twi | Lwa Lw-1 LW-3 Lw-3 Lw3 | SPRING
T25i99 | 9/9/99 | 11/1/99 | 7724198 § 10/26/98 | 726559 | 999 | 11199 | 7026r99 | 91093 | 11199 | 106089
2-Methyi-4,6-dinitroplicnol <204 <10,
2-Nitrophenol <20 <ig
4-Nitrophenot <20 <10
Parathion <t.0 <1.0 <10 <0.5 <0.5 <1.0 <1.0 <10 <1.0 < 1.0 <10 <10
Pentachlosophenol <1.0 <10 <10 < <10 <1.0 <1.0 <10 <1i.0 <1.0 <10]  <L0
l Pheno} < 1.0 <1.0 <10 <208 < 0| <1.0 <1t <1.0 <10 <1.0 <10} <1.0
2,4,5-Trichlorophenol <204 <19
2,4,6-Trichlocophenot <20 <10)
Aldrin <0.034 <0.034 <0.034 <0.ld <0.10] <0.0M <0.034 <0.034 <0.034] <0.034 <0.034  <0.034
l alpha-BHC <0.1 <00
beta-BHC <. 10 <0.10
PMHC <0.025 <0.028 <0.028 <0.10 <0.10] <0.025 <0.025 <0.025 <0.025 <0.028 «<0.025 <0.028
delia-BHC <0.10 <0.10
l Chlosdane <0.037] <0.037] <0.0%7 <0.4 <LO| <0037 <0.037] <0.037 <0.057} «<0.037] <0.037{ <0.037
4,4'-DDD <0.10 <0.10 B,
4,4-DDE <0.10, <0.10
4,4"-DDT <0.091; <0.091] <0.091 <0.16 <0.20] <0.091] <091} <o0.mi| <0091} <0.091] <0.091] <0091
I Dieldrin <0.044] <0.044l <0.044 <0.10 <0.10] <0044] «0.044] <0044 <0.04] <0.044] <0.044]| <0.084
|Endosulfan | <0.10 «<0.05
Endosulfan I <0.10 <0.20
l Endosulfan Sulfate <010l <010
Endrin <0.039]  <0.039] <0.039 <0.10 <0.10] <0.039] <0.039] <0.039 <0.035  «<0.039] <0.039] <0.039
' Endrin AldehydSs <vt0]  <og0] %
Heptachlor <0.040{ <0.040{ <0.030 <0.10] ®<0.10] <0.040] «<0.040} <0040} <0.040] <0.040] <0.080] <0.040
Heptachlor Epoxide <0.032] <0.032] <0.032 2<0.10 <0.10; <0.032| «<0.032 <0.032 <0.0321  <0.032 <0.032 < _0_021
Methoxychlor <0.176f <0.176] <0.376 <0.10; <1.0 <0.l‘l(l <0.175] <0.176 <0.176] <0.176] <0.176] <0.176
Toxaphene <0.086] <0.086] <0.0%6 <2.0 <2.0] <008 <0.086] <0.086] <0086 <0.086] <0.085] <0.086
Aroclor-1016 <0.050]  <0.050] <0.050 <0.050] «<0.050| <0.050] <0.030] <0.050] <0.050| <0.050
Aroclor-1221 <0.054 <0054 <0.054 <0.054 <0.054 <0.054 <0.054 <0.054 <0.054 <0.054
Aroclor-1232 <0.065 <0.065 <0.065 <0.065 <0.065 <0.063 <N 65 <0.065] <0.065 <0.065
Aroclor-1242 <0.065] <d.065]1 <0.065 <0.065] <0.065] <0.065] <0.065] <0.065] <0.065] <0.065
Aroclor-1248 <0.090 <0.090] <0.09 <0.0% <0.030]  <0.090] <0.09%0 <0.090] <0.090] <0.090
' Aroclor-1254 <0.100 <0.100 <0.10) <0100]  «<0.100]  <0.500 <0.100]  «<0.100} <0.100] <0.100
Aroclor-1260 <0.100]  <0.100}  <0.100 <0.100| <0.100]  <0.300| <0.100] <0.100] <0.100] <0.100
Aroclor-1268 <0.500] <0.100] <0.100 <0.000] <G.100} <«0.100] <0.100] <0.100] <0.100] <0.1%0)
PCB-1016/1242 <1.0 <1.0
l PCB-122] <10 <1.0
PCB-1232 <1.0 <1.0]
PCB-1248 <10 <1.0
PCB-1254 <10 <1.0 ]
l PCB-1250 <1.0 <i.0
PCB-1268
2,4-D <0.29 <0.29 <0.29 <29 <20] <029 <0.29 <0.29, <0.29 <029 <029 <0.29
Silvex(2,4,5-TP) <0.34 <0.34 <0.34 <20 <2.0 <0.M <C.34 <0.34 <0.34 <0.34 <0.34 <0.34
I Aldicarb <0.50 < .50 <.50 <10 <10 <0.50 <.50 <50 <0.50 <50, <.50 <0.50
Carbofuran <5.0 <5.0 <5.0 <10 <10, <5.0 <3$.0] <5.0; <5.0 <5.0 <35.0] <5.0
1,2-Dibromo-3-Chloropropane <0.10 <0.10 <0.10 <0.10 <0.10 <0.16 <0.10 <0.10 <.0.10 <0.10,
Ethylene dibromide <0.10 <0.10 <0.10! <0.10 <0.10 <0.10 <0.10 <0.10]  <0.10]  <0.10
Trifluralin
,. ).
-
I Viohoet & Dok Wrbca 0700 e back round concond s5on
Shadad vahms exteed e mndmun adcerable In efoent 10 urface walel &9 per seclon 304,124 #w 304.12)
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Pav. 51501

Summary of Analytical Results for Semivolatite
Compounds, Pestizides, Herbicides, and PCB'o
at Dizxon Marquelte Cement Company, 1968-2000

(adt vaiues In ugh)

SPRING
3999

SPRING
11/1/99

Ac A

4

wpiLy

Alachlor (lasso}

<t 0

<10

<1.9

<1.0]

Atrazine
k2l

Antiirazene

ansidi

{Borzo{n)eathracene

l&mu(b)ﬂumn{h:bc

p) izalk)fl h

{Beszotapy

lggwm
Benuzyt alcobol

{Benzyt butyl phitat,

I_B_is(l-cbbroexhyl) ether
Bis(2-chlorethoxy)methane

[Bisc2-cthytheaynpha

<1.9,

<1.0

[BistchloromethyDether

<1.0

<1.0

Bis(2-chlorol sk

Prop

4-Bromophenyl phenyl ether

4-Chloroaniline

2.Chi A ehatl

) a

4-Chlerophenylpheny! ether

Chrysene.

Dibenzo(a,b) anthracene

1o batvlohthal
Di-n-butylp

<).0

<10

1,2 Dichlosok

LK )

1,3-Dichlorok

A4 1,4-Dichlorobenzene

3,3-Dichlorobenzidine

Diethyl phihalate

<1.0

<19

Dimeshyl phihalue

<i.0

<1.0

2,4-Di

2,6-Dinitrotol

Di-n-octylohthalaie

Fluoranthene

Fiuorene

Hexachloro-1,3-butadi

Hexachlorocyclopentadiene

Hexachloroethane

tnd.

(1,2.3cd)pyrene

{Isophorone

<1.9

<1.0

5. Methvinanhihal

Yy nap

Naphthalene

<1.0

2-Nitroaniline

3-Nitroaniiine

4-Nitroaniline

Nitrobenzene

N-Nitrosodimethylamine

N-Nitrosodiphenylamine

N-Nitrosodi- n-propylamine

Phenanthrene

Pyrens

Pyridine

1,2,4-Trichloscbenzene

Benrole Acid

4-Chloto-3-methylphenol

2:Chiorophenol

p-Cresol

<30

Cresols, Total

2,4-Dichlorophenol

2,4-Dimethylphenol

2,4-Dinirophenol

Yahuet 1, bokd ben avoied B background concentration
Shaded vehucs 0086 e i asbowstie 1 oflumnt 0 e wler 84 par pacton 304,126 vy 304128
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Rov. 51501

Vahsot in bokd Riics axcaed he back grourd concenkafon

Summary of Analytical Resuits for Semlivolatile
Compounds, Pesticides, Herbicidas, and PCB's
st Dixon Marguette Cement Company, 1598-2000

{all values In ugh}
Parameter SPRING | sPRinG |
$/9/99 11/1/9%

2-Meibyl-4,6-dinitrophenol
2. Nirophenol
4-Nitrophenot
Parathion < 1.0] <1.0]
Pentzchloropheno) <10 <l1.0
Phenol < 1.0, <1.0
2.4,5-Trichlorophenol
2,4,6-Trichlorophenol
Aldrin <0.0M] <0.034
alpha-BHC
beta-BHC
gamma-BHC <0.025] <0,023
dela-BHC
Chlordane <0.037] _ <0.017
4.4'-DDD
4.4'-DDE
4,4-DDT <0.091]  <0.091
Dieldrin <0.044 <0.044
Endosulfan | .
IEndosulfan It
IE Josulf{an Sulfate
{Bodein <0019| <0039
[Endrin Algehyde
Heptacht <0.040]  <0.040}
Heptachlor Epoxide <0032] <001
Methoxychlor <0.176] <0.176
Toxaphene <0.086}] <0.086
Avoclor-1016 <0.050 <0.050
Aroclor-1221 <0.054 <0.054
Asoclor-1232 <0.065 <0.065
Aroclos-1242 <0.065 <0.06%
Aroclor-1248 <0.090; <0.0%
Aroclor-1254 <0.100 <0.100;
Aroclor-1260 <0.100f  <0.500
Aroclor-1268 <0.100]  <0.100
PCB-1016/1242
PCB-1221
PCH-1232
PCB-1248
FCB-1254
PCD-1260
PCR-1268
2,4-D <0.29 <0.29
Silvex(2,4,5-TP) <0.34 <0.34
Aldicarh <.,50 <.50
Carbofuran <5.0 <3.0
1,2-Dibromo-3-Chloropropane <0.10 <0.10
Ethylene dibromide <0.10) <0.10
[ Teifluralin ;

Shachd yaluet axcsed the medmm allowsbis in efuend © srface w'sr 0 par cackon 04 124 0w 304 129
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Boring Logs




Boring Log
Dixon Marquette Cement Company

Monitoring Well MW1-D (east side of CKD landfill) : .
Drilled 19-March-98 by Geotechnical Services, Inc., Davenport, lowa
Continuous rock core sampling (2 inch diameter by 5 feet long) with 4.25 inch air hammer

Total depth 78 feet

Geologic descriptions are from rock core samples, logged by Mark Zell of Preston Engineering,

Inc. (All measurements in feet)

L
Dcpih of Top Thickness Unit
Pecatonica Formation
Medusa member
0 4
New Glarus member
4 9
Dane rnember
15 4
19 8.5
Chana member
27.5 8
Glenwood Formation
35.5 3
38.5 4
42.5 1.5
St. Peter Formation
44

Revised 5-March-01

28

Description

Limestone, yellow with gray dolomitic mottling, rare brachiopod

Limestone, yellow with dark yellow moitling, some brachiopods,
gastropods

Limestone, yellow with large dolomitic or shaly mottling, some
brachiopods, pyritic at 19 feet

Dolomite, gray, sandy, vuggy from 19 1o 29 feet

Dolomite, gray, sandy, pyritic
Sandstone, finc grained quartz, pyritic

Siltstone, gray, fissile

Sandstone, quariz, some pyrite

Sandstone, quartz, poorly ¢ emented




Boring Log

Dixon Marquette Cement Company
Monitoring Well MW2-D (south side of CKD landfill)

Drilled 16-March-98 by Geotechnical Services, Inc., Davenport, lowa

Continuous rock core sampling (2 inch diameter by 5 feet long) with 4.25 ir~h air hammer

Total depth 60 feet

Geologic descriptions are from rock core samples, logged by Mark Zell of Preston Engineering,

Inc. (All measurements in feet)

Depth of Top Thickness
0 L5
L5 4.5
6 ]
7 4.5

115 4.5
16 75
235 4
275 1.5
29 15
36.5 25
39 0.5
39.5 15
41 2
43 1
44 3
47 25
49.5 10

Revised 5-March-0}

Pecatonica Formation

Medusa member

New Glarus member

Dane member

Chana member

Glenwood Formation

€1, Peter Formation

Description

Fill material, crushed rock

Limestone, yellow with gray dolomitic motiling, rare brachiopod

Limestone, yellow with dark yellow mottling

v
Limestone, yellow with gray dolomitic mottling, some
brachiopods, gastropods, crinoids

Limestone, yellow and gray, stylolites at 12 fect

Limestone, yellow with large dolomitic or shaly mottling, some
brachiopods, pyritic at 19.5 feet, calcite in vu: (22 feet

Dolomite, gray, sundy, vuggy from 25 to 26 feet and 27 to 27.5
feet, calcite in vug at 24 feet, some pyrite

Limeskme, yellow and gray with dolomitic mottling
Dolomite, gray, sandy, pyritic, vuggy at 3210 35.5 fect

Sandstone, fine grained quartz, some pyrite
Silistone, sandy, gray, some pyrite
Siltstone, gray, fissile

Sandstone, quartz, some pyrite

Siltstene, gray, fissile

Sandstone, gnartz, inottled, some pyate

Sandstone, quai z, poorly cemented, pyritic at 47 feet

Sandstone, quartz

g
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Boring Log
Dixon Marquette Cement Company

Monit~iing Well MW3-D (west side of CKD landfill)
Drilled 17-March-98 by Geotechnical Services, Inc., Davenport, lowa
Continuous rock core sampling (2 inch diameter by 5 feet long) with 4.25 inch air hammer

Total depth 78 feet

Geologic descriptions are from rock core samples, logged by Mark Zell of Preston Engineering,

Inc. (All measurements in feet)

Depth of Top Thickness Unit
0 LS
Mifflin Formation
1.5 85
10 g5

Pecatonica Formation

Medusa member
185 4.5
New Glarus member
23 1.5
Dane member
345 13
Chana member
41.5 7.5
Glenwood Formation
55 25
57.5 15 .
59 2
61 2
63 3
St. Peter Formation
66

Revised 5-March-0]

S

.

Description

Fill material, crushed rock

Limestone, yellow, fossiliferous, brachiopods

Limestone, yellow, mottled

Limestone, yellow with gray dolomitic mottling, rare brachiopod

-
%

Limestone, yellowswith dark yellow mottling. some brachiopods,
and gastropods

Limestone, yei'ow with large dolomitic or shaly mottling, some
brachiopods, pyritic at 19.5 feet, calcite in vug at 22 fee?

Dolomite, gray, sandy, pyritic

Sandstone, fine grained quartz, some pyrite
Siltstone, gray, fissile

Sandstone, quartz, some pyrite

Siltstone, gray, fissile

Sandstone, quartz, motiled, some pyrite

Sandstone, quartz, poorly cemented




Boring Log

Dixon Marquette Cement Company
Monitoring Well MW4-D (northwest side of CKD landfill)
Drilled 18-March-98 by Geotechnical Services, Inc., Davenport, Jowa

Continuous rock core sampling (2 inch diameter by 5 feet long) with 4.25 inch air hammer

Total depth 60.5 feet

Geologic descriptions are from rock core samples, logged by Mark Zell of Preston Engineering,

Inc. (All measurements in fect)

Depth of Top
0

85
29
8.5
46

48

Revised 5-March-0)

Thickness

85

205

15

25

45

Unit

Pecatonica Formation

Chana member

Glenwood Formation

St. Peter Formation

31

Description

Fill material, crushed rock

Limestone, yellow and gray with dolomitic mottling

Doiomite, gray, sandy, pyritic, vuggy

Sandstone, fine grained quartz, some pyrite

Siltstone, gray, fissile

Sandstone, quartz, mottled, some pyrite

Sandstone, quartz, poorly cemented



Boring Log

Dixon Marquette Cement Company

Leachate Well LW-3

Drilled 07-July-99 by Geotechnical Services, Inc., Davenport, lowa

Hollow stem auger to 18 feet deep. 4.25 inch air hammer to 42 feet deep.

Total depth 42 feet

Geologic descriptions are from drill cuttings, logged by Mark Zell of Preston Engineering, Inc.
(All measurements in feet)

Depth of Top Thickness Unit Description
4] 15 v Brown moist rocky scil
Mifflin?
15 3 Rock, difficult drilling

Pecatonica Formstion

32 10 Yellow brown dolomite, wet

Kevised 5-March-01

32




Boring Log

Dixon Margquette Cement Company

Monitoring Well MWS5-D (west of CKD landfill along White Oak Lane)

Drilled 1-June-99 by Geotechnical Services, Inc., Davenport, Iowa

Continuous rock core sampling (2 inch diameter by 5 feet long) with 4.25 inch air hammer

Total depth 49.5 feet

Geologic descriptions are from rock core samples, logged by Elizabeth McMahon of Preston
Engineering, Inc. (All measurements in feet)

Depth of Top Thickness Unit Bescription
0 1 Top soil, brown, organis material
! i Fill materiat
2 1 Brown clay, trace silt, diy
3 3 Red (brick color) clay, crumbles easily
6 2 Light brown siit w/ trace saud, moist, gray motfles, re Jrust stains
8 2 Brown to gray sandy silt some limestone chips
10 12 Brown sand trace g.avel
22 4 Well graded brown soil, poorly sorted
26 7 Brown sand with trace gravel
33 ! Gray, claycy sandstone

St Peter Formution
34 5 Gray sandstone with brown mottling
39 5 Gray to yellow/white sandstone
44 5.5 Ycllow to gray/green sandstone
Revised 5-March-0)
33




Boring Log

Dixon Marquette Cement Company

Monitoring Well MW6-D (west of CKD landfill along White Oak Lane)

Drilled 7-June-99 by Geotechnical Services, Inc., Davenport, Jowa

Continuous rock core sampling {2 inch diameter by 5 feet long) with 4.25 inch air hammer

Total depth 40 feet

Geologic descriptions are from rock core samples, logged by Elizabeth McMahon of Preston
Engineering, Inc. (All measurements in feet)

Depth of Top Thickness Unit Description
0 1 Top soil, brown, organic material
1 1 Brown clay with organic material
2 275 Brown clay with trace sand with sust and yellow
mottles
4.75 7.75 . Brown sand with limestone chips, and trace silts
12.5 0.5 Gray sediment/silty material
13 9 Brown sand with trace gravel, brown, fine. trace silt
22 05 River Rock
22.5 4 Brown sand with gravel and trace silt
26.5 05 Light brown clay

5t, Peter Formation
215 6.5 Light gray to gray sandstone with sand Jens, ..
stains, and brown mottling

34 A 6 Gray to green sandstone with brown mottling

Revised $-March-01

34




Boring Log

Dixon Marguette Cement Company

Monitoring Well MW7-D (west of CKD landfill along White Oak Lane)

Drilled 9-June-99 by Geotechnical Services, Inc., Davenport, lowa

Continuous rock core sampling (2 inch diameter by 5 feet long) with 4.25 inch air hammer

Total depth 34.5 feet

Geologic descriptions are from rock core samples, logged by Elizabeth McMahon of Preston
Engineering, Inc. (All measurements in: feet)

Depth of Top Thickness Unit Description
0 0.5 - Top soil, brown, organic material

Pecatonica Formation

0.5 1.5 Gray to light brown limestone with brown mottles
3 6 Brown to gray limestone with fossils
9 4 Gray to dark gray limestone signs of dolomite
- lg 2 Light brown limestune with rust stains
Glenwood Formation
15 6 Dark gray shale with greasy feel
Fracture noted from 15.5° to 16.5°
St. Peter Formation
21 13.5 Green to gray sandstore

Pevised 5-Maich-01




Boring Log

Dixon Marquette Cement Company

Monitoring Well MWS8-D (west of CKD landfill along White Oak Lane)

Drilled 11-June-99 by Geotechnical Services, Inc., Davenport, Iowa

Continuous rock core sampling (2 inch diameter by 5 feet long) with 4.25 inch air hammer
Total depth 39.5 #zet

Geologic descriptons are from rock core samples, logged by Elizabeth McMahon of Preston
Engineering, Inc. (All measurements in feet) '

Depth of Top Thickness Uni¢ Description
0 1 ’ ) Top soil, brown, organic material with white limestone
chips : :

Pecatonica Formation

1 4 White limestone with brown mottles and fossilized
material

5 6 Brown limestone with gray to dark gray mottles

11 1 Quartz or dolomite material with silica fraces

12 1 Fossils observed in stone o’

13 2 . Limestone, gray cxterior with brown interior

15 3 White limestone with reddish brown mottles

18 2 Transition zone: altemating layers of Glenwood shale and

Pecatonica limestone,

2% § Clay with st motiles
21 0.5 Blue/gray greasy clay
21.5 3 Dark gray shale

24.5 25 No recovery from horing

St. Peter Formatlon

27 0 Sandstonc observed from cuttings
34 3 Friable sandstone
37 25 Solid sandstone
’
.

Revised 5-March-01

36
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~ rare brachiopod B
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@ Nlinois Environmental Protection Agency Field Boring Log #w | o i

Sia e Hc.: ceuny Lee

Stz Fe Kome Diyon Macqyette Cement Co.

Berag Na. EﬁW\:j Manitze Wsil No. W - D B
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fFed. ID. No. Auger Depth Ratery Degth
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Bev. | DESCRIPTION OF MATERIALS |53|dc| 3|4 (38| € |23|32 REMARKS

= Dolomite, gray, sandy, pyritic
70614 ,

- Sandstone, fine grained quara, pyritic
—-‘16'74 le@m. gray, fissile

= - | Sandstone, quartz, some pyrite

Sandstone, quartz, poorly cemented

Limestone, yellow with gray dolomitic moting,

- rare brachiopod

— Limestone, yellow with dark yellow motling,
- some brachiopods. gastropods

~— 4.5

r Limestone, yellow with large dolomitic or shaly
motting, some brachiopods, pyritic at 19 feet

—_.v"(,,gq Doloriite, gray, sandy, vuggy from 19 to 29 feet

¥
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Sits Fle Neo County L ee Sering No. MWL ~§ Nonitsr wat Ne. MW2Z-3 l

Site Fle Neme Divon Mqrgvuc}'}e Cemerct Co.
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-__‘%'c" bnchiopods_ gastropods, crinoids — (O derenfiinnnds TS POV I Wovs core.
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" L i
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. e - i
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=
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Attachment 6

Potentiometric Surface Maps
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Potentiomatric surface, Fecatonice Fm., 7/23/98.

DRAWK BY: MZ ]DA?B: I8/ Imnttr 41/ IREVISW:

Dixon Marquette Cement Company

CRANWING NUMBER
96-818.8

Presion Engineering, Inc.
COMSULTING £ "““ONMCITAL ENCINCERS

Arrows show groundwoler flow direction.
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Fotentiometric surface, St. Peter Fm.,

Dixon Morquette Cement Compony

28-518.5

DRAWING NUMBER

Preston Engineering, Inc.
CONSULTING ENVIRONMWENTAL ENGINLERS

Arrows show groundwater flow direction.
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Attachment 7

Zone Of Attenuation
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PETITION OF DIXON MARQUETTE
CEMENT COMPANY FOR ADJUSTED STANDARD
FROM: 35 ILL. ADM. CODE PARTS 811 & 814

EXHIBITS 6-10

March 15, 2001

Prepared by:

Preston Engineering, Inc.
4436 North Brady -Street
Davenport, lowa 52806
(319) 388-8288- phone
(319) 388-9003- fax
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ILLINOIS ENVIRONMENTAL PROTECTION AGENCY

1021 Nowt+ GRAND AVeNUE EasT, P.O. Box 19276, SPRINGFIELD, HuNOIS 62794-9276

217/782-0610 THOMAS V. SKINNER, DIRECTOR

September 13, 1999

Dixon-Marquette Cement Company
1914 White Oak Lane

Post Office Box 467

Dixon, Illinois 61021

Re: Dixon-Marquette Cement Coinpany
Dixon Plant
NPDES Permit No. IL0003514
Modification of NPDES Permit (After Public Notice)

Gentlemen:

The Illinois Environmental Protection Agency has reviewed the request for modification of the
above-referenced NPDES Permit and issued a public notice based on that request. The final d¢ ision of the
Agency is to modify the Permit as follows: *

Outfall 003A has been redesignated Outfall 015.

Internal Outfalls 001A, 001B, 001C, 002A, 002B, 002C, 002D, 002E, 003A, 003B, 004A and 004B have
been designated.

Outfall 014 has been added to the permit.

Outfalls 007, 008 and 009 have been removed from the permit due to coverage under NPDES Permit
11.GG840104,

Enclosed is a copy of the modificd Permit. You have the right to appeal this modification to the lilinois

Pollution Control Board within a 35 day period following the modification date shown o the firsi page of the
permit.

Should you have any question or comments regarding the above, please contact David Ginder of my staff,
Very truly yours,

LMo

Thomas G. McSwiggin, P.E.
Manager, Permit Section
Division of Water Pollution Control

TGM:BJY:DPG:98030407.d1k
Attachment: Modified Pcn%it

cc:  Records
Compliance Assurance Section; Willet, Hoffman & Associates




NPDES Permit No. 1L0O003514

ilinois Envirenmental Protection Agency

Division of Water Pollution Control

1021 Nerth Grand Avenue East

Post Office Box 18276

Springfield, illinois 62794-9276

NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM

Modified (NPDES) Permit

2

Fxpiration Date: November 30, 2000

Name and Address of Peimittee:

Dixon-Marquette Cement Company
1914 White Ozk Lane

Post Office Box 467

Dixon, lllinois 61021

Discharge Number and Name:

GO1A Internal Outfall *
001B Internal Qutfali .

001C internal QOutfall

001 Combined flows from Qutfalls 001A - 001C, and Siorm Water
002A Internal Outfall

0028 Internal Qutfall

002C Internal Outfali

002D Intermat Outfall

002E Internat Outfall

002 Combined flows from Qutfalls 002A - 002E, and Storm Waler
¢

003A Inlernal Qutfal

0038 Internal Outfall

003 Combined flows from 003A - 0038, and Storm Water

004A Internal Outfall

004B Internal Outfall

004 Combined flows from Outfalls 004A - 004B, and Storm Waler
runoff from an Inactive Limestone Mining Area and Cement
Kiln Dust Landfill

005 Storm Water Runoff from Inactive Limestone Mining Area,
Aggregate Wash Plant Sedimentation Pond Overflow and
Coal Stock Pile Runoff

006 Storm Water Runoff

014 Storm Water Runoff from an Inactive Limestone Mining Area
and Cement Kiln Dust Landfill

015  S~wage Treatment Plant Effluent

In compliance with the provisions of the Linols Environmental Protection Act, Title 35 of fll. Adm. Code, Subltitle C and/or Subtitle D, Chapter
1. and the Clean Water Act (CWA), the above-named permiltee is hereby authorized to discharge at the above location to the above-named

Issue Date: December 4, 1995
Modification Date: September 13, 1999

Facility Name and Address:

Dixon Plant

1914 White Oak Lane
Dixon, lllinois €1021
(Lee County)

Receiving Wators

Rock River

Rock River

Rock River

Unnamed Tributary to the Rock River

Rock River

Rock River
Ro.k% River

Rock River

feceiving stream in accordance with the standard conditions and attachmeats herein,



Pabe 2

Permittee is not auth&ized to discharge after the above expiration date. In order to receive authorization to discharge beyond the expiration

date, the permittee shall submit the proper application as required by the lliinois Environmental Protection Agency (IEPA) not later than
180 days prior to the expiration date. . :

Thomas G. McSwiggin, P,E.
Manager, Permit Seclion
Division of Wzter Pollution Contro!

TCM:DPG:98030407.dIk




Hodification Date: September 13, 1939
Page 3

NPDES Pemnit No. 1L0003514
Effluant Limitations and Monitoring
LOAD LIMITS Ibs/day CONCENTRATION
DAF (DMF) LIMITS ma/l
30 DAY DAILY 30 DAY DAILY SAMPLE SAMPLE
PARAMETER PVERAGE MAXIMUM AVERAGE MAXIMUM FREQUENCY TYPE

1. From the modification dale of this permii until the expiration date, the effluent of the following discharge(s) shall be monitored and limited
at all times as follows: ’

Gutfalls: 001 and 003

Flow 1/Month : Single
Reading
pH See Special Condition 2 1/Month Grab
Temperature* See Special Condition 5 1Month Single
Reading
Total Suspended Solids 15 30 1/Month Grab
Total Dissoived Solids  Monitor Only 1Month Grab
Suifate Monitor Only 1/Month Grab

*At the time of each effluent sampling event, & grab samplé of the cooling water intake for each outfall shall be collected and a temperature
reading shall be taken and reported on the DMR form,



Modi ff cation Date:

Paée 4
NPDES Permit No. 1L0O003514
nt Limitati d itorin
LOAD LIMITS Ibs/day CONCENTRATION
DAF (DMF) LiMITS mail
30 DAY DAILY 30 DAY DAILY
PARAMETER AVERAGE MAXIMUM AVERAGE MAXIMUM

September 13, 1999

SAMPLE
FREQUENCY

SAMPLE
TYPE

1. From the modification date of this permit until the explration date, the effluent of the followmg discharge(s) shall b2 monitored and limited

at all times as follows:

Outfall: 002
Flow
pH See Special Condition 2
Temperature* See Special Condition §
Total Suspended Solids 18.6**

Monitor Ont 3.5 7.

ron ito y 0
Total Dissolved Solids  Monitor Only
Manganese Monitor Only
Sulfate Monitor Oniy

1Month Single
Reading
1/Month Grab
1/Month Single
Reading
1Month Grab .
1Month Grab
1Month Grab
1Mionth Grab
1/Month Grab

“At the time of each effluent sampling event, a grab sample of the cooling water intake for each outfall shall be coliected and a temperature

reading shell be taken and reported on the DMR form.

**See Special Condition 13



. Modification Dite: September 13, 7999

Page 5

NPDES Permit No. 1L0003514
Effluent Limitations and Monitori
LOAD LIMITS ibs/day CONCENTRATION
DAF_(DMF) LIMITS man
30 DAY DAILY 30 DAY DAILY SAMPLE SAMPLE
PARAMETER AVERAGE MAXIMUM AVERAGE MAXIMUM FREQUENCY TYPE

1. From the modification date of this permit until the expiration date, the effluent of the following discharge(s) shall be monitored and limited
at all times as follows: '

Quitfalls; 002C, 004A, 0048 and 014

Flows : 1/Month Single

B ' Reading
pH See Special Condition 2 _ 1/Month Grab
Total Suspended Solids 15 30 1/Month ' Grab
Tota! Dissolved Soiids**  Monitor Only 1Month Grab
Suifate** Monitor Only. 1Month Grab

*Total Dissolved Solids and Sulfate Monitoring required for Outfall 014 only.




) Modification Date: September 13, 1999
Page 6

NPDES Permit No. 1L0003514
il imit ng Mo! in
LOAD LIMITS lbs/day CONCENTRATION
DAF (DMF) LIMITS mah 7
30 DAY DAILY 30 DAY DAILY SAMPLE SAMPLE
PARAMETER AVERAGE MAXIMUM AVERAGE MAXIMUM FREQUENCY TYPE

1. From the modification date of this permit unfitthe expiration 3ate, the effluent of the following discharge(s) shall be monitored and limited
at all times as follows:

Qutfall: 004

&
Flow . 1/Month Single
Reading
pH See Speclal Condition 2 ' © 1Month Grab
*Temperature See Special Condition 5 1/Month Single
’ Reading
Total Suspended 15 30 - 1/Month Grab
Solids** '
Total Dissolved Solids ~ Monitor Only . 1/Month Grab

Sulfate Monitor Only 1/Month Grab

*At the time of each effluent sampling event, a grab sample of the cooling water intake for each outfall shall be collected and a temperature
reading shall be taken and reported on the DMR form,
**See Special Condition 13.

Outfall: 002A and 005

Flow 1/Month Single
: Reading
pH See Special Condition 2 1/Month Grab
Total Suspended Solids 15 30 1/Month Grab
fron** 20 4.0 1/Month Grab
Manganese** 1.0 20 1Month Grab

“Effluent sampling for fiow shall be continuous if hardware allows otherwise it shall be once a month single reading.
**iron and Manganese monitoring for Outfail 005 shall be Monitor only.

Outfalls: 008
Flow 1Month .
pH See Speclal Condition 2 1/Month Grab
Total Suspended Solids 35 70 1/Month , Grab

*Effluent sampling for flow shall be continuous If hardware allows otherwise it shall be once a month single reading.




Modification Date:

Page 7
~ NPDES rermit No. ILO003514 &
Effiuent Limitations and Monitorin
LOAD LIMITS Ibs/day CONCENTRATION
DAF (DMF) LIMITS maf
30 DAY DAILY 30 DAY DAILY
PARAMETER AVERAGE MAXIMUM AVERAGE MAXIMUM

September 13, 1999

SAMPLE
FREQUENCY

SAMPLE
TYP=

1. From the modiﬁcaiion date of this permit until the expiration date, the effluent of the following discharge(s) shall be monitored and limited

at all times as follows:

Outfail: 015 - Sewage Treatment Plant Effiuent

Flow

pH See Special Conditioﬁ 2

Total Suspended Solids 30 60
BOD, . 30 60

Fecal Coliform See Special Condition 1

1/ivionth

/Month Grab
“1/Month Grab

1/Month Grab



Modification Date: September 13, 1999

-Page 8 ' NPDES Permit No. IL0003514

ial Condifl

SPECIAL CONDITION 1. The daily maximum fecal coliform count shall not exceed 400 per 100 mi.

SPECIAL CONDITION 2. The pH shall be in the range 6.0 t0 9.0. The monthly minimum and monthly maximum values shall be reported
on the DMR form,

SPECIAL CONDITION 3. Within 180 days of the modification date of this permit, the permittee shall provide written information fo the
lllinois EPA on any biocides used in the Powerhouse Cooling Towers. Such information shall include the name of the chemical(s} used,
active ingredients, dosage concentration, anticipated concentration in the discharge from Outfall 001A and Outfall 001, and aquatic toxicity

data. The Hllinois EPA may modify this permit during its term based on information provided under this Special Condition. Such
modification shall follow Public Notice and opportunity for hearing.

SPECIAL CONDITION 4. Sampling at Qutfalls 001, 002 and 003 shall be performed during dry weather periods (when no stormwater is
present in the discharges). '

SPECIAL CONDITION 5. Discharge of wastewater from Outfails 001, 002, 003, and 004 must not alone or in combination with other
sources cause the receiving stream to violate the follawing thermal limitations at the edge of the mixing zone which is defined by Section
302.211, llinois Administration Code, Tille 35, Chapter 1, Subtitle C, as amended:

A. Maximum temperature rise above natural temperature must not exceed 5°F (2.8°C).

@

Water temperature at representative locations in the main river shall not exceed the maximum limits in the following table during
more than one (1) percent of the hours in the 12-month period ending with any month. Moreover, at no time shall the water
temperature at such locations exceed the maximum limits in the following table by more than 3°F (1.7°C). (Main river temperatures
are temperatures of those portions of the river essentially similar to and following the same thermal regime as the temperatures of
the main flow of the river.) .

Jan, Feb, Mar, April May Juns July Aug, Sepl,  Oct, Nov, Dec,
60 60 60 90 90 90 0 50 90 90 90 60
16 16 16 32 32 32 32 32 32 32 32 16

3 o
O m

o

The monthly maximum vaiue shall be reported on the DMR form.

SPECIAL CONDITION 6. For the purpose of this permit, Outfalls 001A-001C, 001, 002A-002E, 002, 003A-L03B, 003, 004A-B, 004, 005,
and 014 are designated as follows:

Outfall Description

Number

001A Non-contact cooling water from the Powerhouse Cooling Towers

0018 Qid Clay Storage Building compressor cooling water

001C Raw Mills and Raw Mill compressor cooling water

001 Flows Tributary to Outfalls 001A, 001B, 001C and storm water

002A Coal Pite Runoff

0028 Plant Air compressors cooling water

002C Coal Mill cooling water

002D Precipitator compressors cooling water, Preheater Fans cooling water, Analyzer water, Dracco

Baghouse Fan cooling water, Homogenizing Silos compressors cooling water, #1, 2, 3 Kiin Plers
Discharge €nd cooling water

002E #1, 2, 3 Finish Mills cooling water, cement coolers, #1, 2, 3 Finish Mill compressor cooling water,
#4 Finish Mifl cooling water, #4 Finish Mill compressor cooling water, B Pump compressors
cooling water .

002 Flows tributary to Outfalls 002A - 002E, and storm water
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Special Condition

Packhouse compressors “A” Pump cooling water

003A

0038 Packhouse compressors Instiument Air céoling water

003 Flows tributary to 003A and 003B, and storm water

004A #1, 2, 3, Kiln Piers Feed End cooling water, #4 Piers Discharge End cooling water

0048 #4 Kiin compressors cooling water, Wheelabrator Baghouse Fan Motor Bearings cooling water,
#4 Kiln Plers Feed End cooling water

004 Flews Tributary to Outfall 004A and 004B, and storm water runoff from an Inactive Limestone
Mining Area and Cement Kiln Dust Landfill ’

005 Storm water runoff from Inactive Limestone Mining Area, Aggregate Wash Flant Sedimentation
Pond Overflow and Coal Stock Pile Runoff. :

014 Storm Water Runoff from an Inactive Limestone Mining Area and Cement Kiln Dus? Landfill

SPECIAL CONDITION 7. Samples taken in compliance with the effluent monitoring requirements shall be taken at a point representative
of the discharge, but prior to entry into the receiving siream.

SPECIAL CONDITION 8. The permittee shall record monitoring results on Discharge Monitoring Report forms uging one such form for
each discharge each month. The completed Discharge Monitoring Report form shali be submitted monthly to IEPA, no tater than the 15th
of the following month, unless otherwise specified by the Agency, to the following address: .

lllinois Environmental Protection Agency .
Bureau of Water

Compliance Assurance Section

1021 North Grand Avenue East

Post Office Box 19276

Springfield, lllinois 62784-9276

Flows shall be reported as a monthly average on the Discharge Monitoring Report form.

. The permittee shall notify the Agency in writing by certified mail within thirty days of abandonment, cessation,
or suspension of active mining for thirty days or more unless caused by a labor dispute. During cessation or suspension of active mining,
whether caused by a labor dispute or not, the permittee shail provide whatever Irterim impoundment, drainage diversion, and wastewater
treatment Is necessary to avoid violations of the Act or Subtitle D, Chapter 1.

SPECIAL CONDITION 10. The Agency has determined that the effluent limitations in this permit constitute BAT/BAC for storm water which
is treated In the existing treatment facillties for purposes of this permit issuance, and no pollution prevention plan will be required for stuch
storm water. In addition to the chemical specific monitoring required elsewhere in this permit, the permittee shall conduct an annual
inspection of the facllity site to identify areas contributing to a storm water discharge assoclated with mining or industrial activities and
determine whether any facllity modifications have occurred which result in previously-treated storm water discharges no longer receiving
treatment. If any such discharges are identified the permitiee shall request a modification of this permit within 30 days after the inspection.
Records of the annual inspection shall be retained by the permittee for the term of this permit and be made avallable to the Agency upon
request.

SPECIAL CONDITION 11. Mining excavation operations shall maintain & minimum setback of 200 feet from the two private potahle wells
located in Sections 15 and 22, identified as wells 13, 17, 18 and 113 in the permit application, pursuant to section 14.2 of the Illinois
Environmental Protection Act.

SPECIAL CONDITION 12. The use or aperation of this facility shall be by or under the supervision of a Sertified Class K operator.

SPECIAL 13. The Outfall 002C Total Suspended Solids (TSS) loading rate shall be subtracted from the TSS loading rate
determined for Outfall 002 when verifying compliance with the 18.8 Ibs/day TSS load limit placed in the permit. :

Additionally, when river water Is used as a source of couling water for Outfalls 002 and 004, a grab sample of the river watar at the river
water intake shall be taken and analyzed for TSS and the result shall be reported on the Discharge Monitoring Report (DMR) in mg/l. The
background river TSS loading rate may be subtracted from the TSS loading rate for Outfalls 002 and 004 when verifying compliance with
the TSS limits placed in the Effluent Limitations and Monitoring portion of the permit, If the TSS background river value fs subfracted from
the TSS resulls reported on the DMR for Outfalis 002 and/or 004, calculations ghall be provided that demonstrate how the reported TSS
values were determined,
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Constiuction Authorization
Authorization is hereby granted to the above designee to construct the mine and mine refuse area described as follows:

The facility is an existing, approximately 802 acre inactive limestone quarry, aggregate processing area and wash plant, and cement
processing plant, designated as the Dixon-Marquette Company, Dixon Flant, located in Sections 22, 27, 33 and 34, T22N, ROE of the 4th
P.M. in Lee County, lilinois in Dixon, Facility operations include the crushing and stockpiling of limestone aggregate which is processed
through a rotary kiln for the production of Portland Cement. Piant operation results in an average discharge of 0.06 MGD of noncontact
cooling water from the powerhouse cooling towers from outfall 001A, 0.005 MGD of compressor cooling water from the Oid Clay Storage
Building from outfall 0018, 0.009 MGD of raw mills and raw mill compressor cooling water from outfall 601C, 0.074 MGD of combined flows
from outfalis 001A, 001B, 001C and storm water from outfall 001, 0.004 MGD of coal pile runoff from outfall 024, 0.008 MGD of plant air
compressors cooling water from cutfall 0025, 0.028 MGD of coal mill cooling water from outfall 002C, 0.132 MGD of precipitator
compressors cooling water, preheater fans cooling water, analyzer water, Dracco baghouse fan cooling water, homogenizing silos
compressors cooling water, #1,2,3 kiln piers discharge end cooling water from outfall 002D, 0.314 MGD of #1,2,3 finish mills cooling water,
cement coolers, #1,2,3 finish mill compressor cooling water, #4 finish mill cooling water, #4 finish mill compressor cooling water, B pump
compressers cooling water from outfall 002E, 0.48 MGD of combined flows from cutfalls 002A-002E, and storm water from outfali 002,
0.008 MGD of packhouse compressors “A” pump cooling water from outfall 003A, 0.006 MGD of packhouse compressors instrument air
cooling water from outfall 0038, 0.014 MGD of combined flows from outfalis 003A and 003B and storm water from outfall 603, 0.05 MGD
of #1,2,3 kiln piers feed end cooling water, #4 kiln plers discharge end cooling water from outfall 004A, 0.10 MGD of #4 kiln compressors
cooling water, wheelabrator baghouse fan motor bearings cooling water, #4 kiln piers feed end cooling water from outfall 004B, 0.15 MGD
of combined flows from outfalls 004A and 004B and storm water runoff from an inactive limestone mining area and cement kiln dust landfiil
from outfall 004, storm water runoff on an Intermitient basis from an Inactive limestone mining area, aggregate wash plant sedimentation
pond overflow and coal stock pile runoff from outfall 005, an intermittent discharge of storm water runoff from an inactive mining area and
mine processing area from outfail 006, 0.229 MGD of storm water runoff from an Inactive limestone mining area and cement kiln dust landfill
from outfall 014 and 0.013 MGD of sewage treatment plant effluent from outfall 015, Sedimentation ponds will be constructed prior to
outfalis 002A and 014. Outfalls 001, 002, 003, 005, 006, 014 and 015 and the flows tributary to these outfalls discharge to the Rock River.
Outfall 004 and the flows tributary to outfall 004 discharge to an unnamed tributary of the Rock River.

The abandonment plan submitted with the application May 22, 1995 shall be executed and completed in accordance with Section 405.109
of Subtitle D: Mine Related Water Pollution.

This Authorization Is Issued subject to the following Special Condition(s). If such Special Conditions require additional or revised facilities,
satisfactory engineering plan documents must be submitted to this Agency for review and approval.

if any statement or representation in the application is found to be incorrect, this permit may be revoked and the permitiee thereupon waives
all rights thereunder. ’ :

The issuance of this permit (a) shall not be considered as in any manner affecting the fitle of the premises upon which the mine or mine
refuse area Is to be located; (b) does not release the permittee from any liability for damage to person or property caused by or resutting
from the instaliation, maintenance or operation of the proposed facilities; (c) does not take into consideration the structural stability of any
units or parts of the project; and (d) does not release the permittee from compliance with other applicable statutes of the State of lllinois,
or with applicable local laws, regulations or ordinances. :

This permit may not be assigned or transferred. Any subsequent operator shall obtain a new permit from the (llinols Environmental
Protection Agency.

There shall be no deviations from the approved plans and specifications unless revised plans, specifications and application shali first have
been submitted to the Illinois Environmental Protection Agency and a supplemental permit issued.

The permit holder shall notify the llinois Environmental Protection Agency (217/782-3837) immediately of an emergency at the mine or
mine refuse area which causes or threatens to cause a sudden discharge of contaminants into the waters of Ilfinois and shall immediately
undertake necessary correciive measures as required by Rule 405.111 under Chapter 1, Sublilie D: Mine Related Water Pollution of lfiinols
Pollution Control Board Rules and Regulations.

Final plans, specifications, application and supporting documents as submitted and approved shall constitute part of this permit and are
identified in the records of the lllinois Environmental Protection Agency, by the permit number designated in tha heading of this Section.

BY:DPG\98030407.DLK



Attachment H

. Standard Conditions '
-
Definitlons

Act means the lllinols Environmendal Protection Act, 4°51LCS 5 as Amended,
Agency means the lilinois Environmental Protection Agency.
Board means tha lllinois Potiution Control Board.

Clean Water Act (formerly referred 10 as the Federal Water Pollution Control Act) means
Pub..L 92-500, as amended. 33 U.S.C. 1251 et seq.

NPDES (National Pollutant Discharge Elimination System) means the nationa! program for
issuing, modifying, revoking and reissuing, terminating, monitoring and enfureing permits, and
imposing and enforcing pretreatment tequirements, under Sections 307, 402, 318 and 405
of the Clsan Water Act,

USEPA means the United States Environmental Proteclion Agency.

Lally Discharge means the discharge of a poliuiant measured during & calendar day or any

24-hour period that reasonably represents the calendar day for purposes of sampling. For

potiutants with limitations expressed in units of mass, the “dally dischargs”® Is chiculated as

the total mass of the pollulant discharges over the day, For poliutants’ with limhations

zxpressed in other units of measurements, the *dally discharge® is calculated as the average
of the poliutan! over the day.

Maximum Dally Discharge Limitation {daily maximum) means the highest atiowabls dally
discharge.

Average Monthly Discharge Limitatlion (30 day average) means the highest allowable
average of daily discharges over @ valendar month, caiculaisd as the sum of a¥ cally
discharges measured during a calendar month divided by the number of dally discharges

measured during that month. s

A'v'eraga Awleokly ﬁlschuge Limitation (7 day average) 'r,nelnu the highest atlowable

average of daily discharges over a calendar week, calzulated &s the sum of all daily.

discharges measured during & calsnder wesk dividzd by the number of dally discharpes
measured during that week. : e _

s . I S IO
Best Management Practices (BMPc) meant schedules of activiies, prohibitions of practices,
maintenance procedures, and other management prastioss 10 prevent or reduce the poltution
of waters of the State, BMPs also inciude treatment requicemnents, operating pfoceauras, and
praztices to control plant she runof, spillage or leaks, studge or waste disposal, or dratnage
from raw malerial storage, .

o regre R T

Allguot means a sample of specified volums used to meke Up & total composita sampls, -

Gr;b Sample means an lnai;’-'!‘unl sampi.e of at least 100 ri\ll!llhérn coflected at a randomty-
selecled time over s period not oxceeding 15 minutes, .

24 Hour Composite Sample means a combination of at least 8 sample aliquots of at lzast
100 milliliters, coliecied at periodic intervals during the operating hours of a facility over  24-
hour period, :

8 Héur Composite Sarple means a combination of at least 3 sample aliquets of at least 100
mililters, collected at penadic intervals during the operating hours of & facility over sn 8-hour
period. -

Flow Propordonat Composite Sample & cornbination of sample aliquots of 2t feast
100 millilters collected at periodic Intervals such that either the time interval between each
aliquot or the volume of each aliquut is proportional to either the stream fiow al the time of
sampling or the (otal sream fiow since the colsstion of the previous aliquot.

(1) Duty to comply. The permittes must comply with ali conditions of this permit. Any
permit noncomplance constiutes a viclation of the Act and is grounds for enforcement
Lction, penmit termination, revosation and reissuance, modificetion, ¢r for denia! of 8
permit renewal apphicaticn, The parmities shall comply with efflusnd standards of
prohibitions estabkshed under Saction 307(s) of the Clean Waler Acl for foxic
pofiaants within the tims provided in the regulations that establish thess standards or
prohibitions, even  the permit has not yet been modified (o incorporate the
requirement,

{2) Outy to reapply, If the permittes wishes (o sontinus an astivity regulated by this permit
after tne expiration date of this permit, the permities must apply for and obiain & new
penmit. If the permitiee submits 8 proper spplication as sequired by ths Agency no later
than 180 days prior 1o the expiration date, this parmit shall contlnue in futl force end
efiect until the final Agency decision on the application has boen made.

{3) Need 10 halt or reduce sctivity not a defense. it shall not be a defense for &
permatze in an enforcement aclion that § would have been necessary 1o halt or reducs
the permitted activity in onder o maintain compliance with the conditions of this permit,

(4) Duty to mitigats. The permitice shall take afl reasonabie sieps 10 minimize or prevent

any discharpe bn viclation of this permit which has & reasonsble likelihood of sdve: sely
affecting human hea'th or the environment,

{5) Proper opsration and maintenance. The permitiee shall at all times property operste
and malinisin all facilties and systems of reaimenl and control (and related
appurienances) which are instalied of used by the permiitee to achieve compliancs
wilh conditions of this permit, Proper operation and maintenance includes effoctive
performancs, adequate funding, adoquate operaior stating and tralning, nd adequate
laboratory and process controls, including appropriole quality 88surance procedures,
This provision raquires tho operation of back-up, or auxiliary facllities, of similar
systems only when nacessay 1o schisve compliance with the conditions of the penmit.

)

n

(®

(%)

(10)

(11)

Permit actions. This permit may be modified, revoked snd reissued, or termina
for cause by the Agency pursuant 1o 40 CFR 122.62. The fiing of a request by
parmitise for a pennk modification, revocation and reissuance, of termination, ¢
notification of planned changes or anticipated noncomplience, does not stay ¢
parmit condiiion,

Property rights. This permi does not convey any property fighls of any sor. of
exclysive privilege.

Duty to provids (nformation, The permittes shisil fumish to the Agency withi
! ble time, any information which the Agency mary request 1o determine whes
cause axists for moditying, revoking and reissuing, or terminating this pemnit. o
determine compliance with the permit. The permittee shall also fumish to the Ager

upon request, copies of records required to be kept by this permit.

inspection and vatry. The permities shalt sliow an authorized representative of

Agency, upon the presentstion of credentials gnd other documents as may be requl

by law, to: .

(@) Enter upon the permittee’s premises where a regulated facility or activil:
lozated or condutied, or whars records musi be kept under the condilions of
permit;

®
(b} Hsve access (0 and Copy, &l reasonabie times, any records that must be k
under the conditions of this penmit;

(c) Inspoct at reasonabie imes &ny facilitias, equipment (including monttoring
control equipment). practices, or operations regulated or required under
permit; and :

(d) Sample or monitor af reasonable times, for the purpase of assuring pe
compliance, or as otherwisa suthorized by the Act, ary substances or parame'
at any location, . ’

Monltoring and records.

() Samples and messuremenis taken for the purpose of monfioring shal

. fepresentatiye of the monitored activity.
B A A e

(b) The permities’ shall relaii records, of ail monitoring information, incluging
calibration ahd mainienance records, and all origingl strip chan recordings
continuous fmonforing Instrumentaticn, coples of il repons required by

. P, and records of all data used to complets the application for this pemit,
8 period of al least 3 yaars from the date of this permit, measurement, repor
application, This period may be extended by request of the Agency at any t

{c) Records of monftoring Evformation shall inchude:
(1) Thedate, exiq place, and time of sampling or inal:uraments;
(2) The hd'rvidt_m!(:) who pem?rmod the sampling or measurements;
(3) The date(s) analyses were performed;
(4)" The individual(s) who performed the snriyses;
. (5) The analytical led\nlquv‘es or methods used; and

(8) The results of such analyses,

(d) Monltoring must be conducted aceording to test procedures approved under
CFR Part 136, unless other tost procedures have besn speciied in this perr
Where no test procedure under 40 CFR Part 136 has been approved,
permities must submit 1o the Agency a test method for approval, The permi
shall calibrate and perform maintenance proceduras on all monitoring &
snahytical instnumentation at intervals to ensure sccuracy of measurements.

Signa oty requiremant  All applications, reports or information submitted 10 ¢
Agency thall be rigned end cenified,

(9) Application. Al permit applications shall be sigried as follows:

(1) Fora corporsilon; by 8 principal executive offizer of at lenst the leve!
vice preskieni or a person or poshion heving ovarall responsidility
environmontal matiers for the corporation;

(2) For a partnorship or sole proprietorship; by a general pannar of 1
proprietor, raspectivety; or

(3) For a municipality, State, Fedsial, or other public agency: by eithe
principal executive officar of ranking elocted officlsl.

(b) Reports. Al reports required ., permite, or other information requesied by !
Agency shall be signed by & person deacribed In paragraph (a) or byagd
suthorized representiative of that person, A person s a Suly authoriz
representative only if;

(8)] The authorization is made in writing by a person déscribed in paragraph (
o

(2) The suthorization specifies elther an individua; o & position responsible
the oversll ope!s'ion of the faciiity, from which the discharge originstes, su

n; plant mansger, supsrizlendont of person of equivalent rosponsibil:
an

(3). The witten authorizelion fs submitted (o the Agency,




(12

(13)

(14)

(c) Changes of Authorfzation. If an authosizatioh under (b) Is no longer accurate

because a diferent Individual of position hus responsibiity for the overall
cperaticn of the faclity, a new authorization satisfying the requiremerds of (b}
must be submitted to the Agency prior 10 or 1ogethar with any reports, information,
of applications to be signad by &n authorized representative.

Reporting requirements.

(2) Pilanned changes, The permittee shall give notice to the Agency as soon as
possible of any planned physical alterations or additions to the pennitied facility.

{b) Anticipated pli The permittee shall give advance notice to the
Agency of any planned changes in the parmitted facilty or aclivity which may
result in noncompliance with permit requicements,

(¢} Compliance schedules. Reporis of complience or noncompliance with, or any
progress reports on, interim and final requirements contained in any compliance
scheduls of this parmit shall be submitied no laler than 14 days following each
schedule date.

,\
Y
~

Monitoring reports. Monitoring resuhs shali be reported st the intervels
specified elsewhere in this permit.

(1) Monltoring resufts must be reportes on a Discharge Monitoring Repon
(OMR).

{2} ¥thc permitiee monitors any pothutant more (requantly than reguzed by the
pemit, using test procedures approved under 40 CFR 136 or a3 specifisd
in the permiz, the resutts of this moniftonng shall ba included i the calculation
and reporting of the data submitied in the DMR.

{(3) Calculations for sl limitations which require ging of wnt3

shall ulifze en aitimelic mean unless cthervise spetified by the Agancy i

the permit, . .

B

~

(e} Twenty-four hour reporting. The permittes shalt report any noncomplianze -

which ramy endanger hoalth or the environmeni Any information shall be
provided orally within 24 hours from the time the penmittee becomes aware of ths
circumstances, A written submission shall alto be provided within 5 days of the
tima the permittee becomes sware of the crcumsiances. The written submission
shall contain a description of the noncomnliance and its cause; the period of
nancompliance, inchucing exac dates and time; and & the noncompliznce has not
been comacied, the anlicipated time X is expezied to conlinue; and steps teken
or planned 10 reduce, elminate, and provent recccumence of the noncompliarce,
The following shall be included ss informalion which must be reporied within 24
hours: . . .

(1) Any unanticipated bypass which exceeds sny effiusnt imitation in the
permit;

(2) Viotatian of & maximum daily discharge limiation for any of the pollutants
listed by the Agency in the permit to be reporied within 24 hours,

The Agancy may walve the written repori on & case-by-case basis f the oral
report has been recetved within 24 hours. ’

() Other noncompliance, The permttee shall report all instances of
noncompliance not reporied under paragraphs (12)(¢), (d), or (¢), at the time
monioring reports sre submitted. The reporis shall contsin the information listed
in paragraph (12)(e). . .

Other information. Whers the pannitiee becomes aware that i failed 10 submit
any relevant facts in & permi application, or submitied incormsct information in &
permn application, or in any report 10 the Agency, K shali promptly submit such
facts o information.

-

)

Transter of permits. A permit tnay be automatically transfesred 10 8 new permiites
f: :

(8) The current parmiiise notifies the Agency et joast 30 days in advance of the
proposed transfer date:

{b) The notize includes & wrttten egr 1 bat the existng and new permitteas
contalning & spocific date for transfer of parmit tesponsiblity, coverage and
liabilty between the cument and new permittees; and

{c) The Apond does not notfy tho existing permitiee and the proposed new
permiies of fs intent 10 modify or revoke and relssue the perrit, [f this notice is
notl received, the translfer is effective on the date specified in the agroement.

All manutacturing, commercial, mining, and silvicutiural dischargers must notify the
Agency as soon &s they know or have reason 10 believe:

(8) That any activity has occurred of will occur which would result in the discharge of
any toxic poliutant identified under Section 307 of the Clsan Weter Act which is

hot kmited in the permit, ¥ that discharge wiil exceed the highesi of the following
nolification levels:

(1
[t]

One hundrad micrograins per her (100 ugh);

Two hundred inlcrograms per iter (200 ugh) for acroloin and scrylonltrile;
five hundred micrograms per iter (500 up/) for 2 4-dinkropheno! and for 2.
methyl-4,6 dinfrophenol; and une mitligram per Iter (1 mp/) for antimony,

Five (5) times the m-x'!mum concontration vaius reporied for that polivtant
in the NPDES permit spplication:; or

Q

E—

(15}

(16)

(N

(18)

(19):

(20

(21

(22)

23)

(24)

25)

(26)

(%) The level establishec by the Agency in this permit., : : l

(b) That they have begun or expedt 1o begin 10 use or mandacture 8s an intermedis
or fina! product or byproduct sny toxic poliutant which was not"mporied
NPDES pemmnit application.

Al Publicly Owned Treatment Works {POTVVS) must provide adeguate notice to
Agency 0of the following:

(a) Any new introtiuction of politanis into that POTW from an ndirec! dis:
which would be subjett 10 Sections 301 or 306 of the Clean Water Aci il i
directly disc{mging those pcilutants; ang

(b) Any substaiiiiai change h the valume or character of poliutants being intro,
into that POTW by a source inroducing polhstants into the POTW st the fi
fssuance of the permit. '

(¢) Forpurposes of this parajraph, adequate notice shall inchude information on
the quality and quantity of eMuent Introduced into the POTW, and (i) €
anticipated impact of the chanpe on the quantity or qualdy of efMuent
discharged from the POTW,

if the parmX is issued 1o 8 publicly owned or publicly regulated v 't works, |
permitters shall require &ny industrial user of such treatment works 10 comply w
federal nxquirements conceming: I

{a) Usaer charges pursuant to Section 204(b) of the Clean Water Act, and app!
regulations appearing in 40 CFR 35;

{b) Toxic poliutant effivent standards and pretreatment standards pursuantto S
307 of the Ci3an Wgtu Act; and

{c) lnipe:ﬁon. montoring and entry pursuant to Section 595 of the Clean Wat

I an applicable standard or fimhtation Is promulgated under Section 301(b)(2)(C) &
(D). 304(b){2), or 3G7(a)(2) and that effuent standard or limitation is more siri
than any effiuent fimitation in the permit, or controls a polivtant not limited
perndt, the pamait shall be promptly modified of revoked, and reissued 10 cont
that effiuent standard or limitation. .-

Any autheriration to construct issued 10 tho permities pursuant to 35 1. Adm.
309.1‘5»4 is har_eby Inrorporated by reference as a condition of this permit,

The permittes shall not make any talse statement, representation or ceriification i
applicstion, record, report, plan or other document submitted to the Apency or ¢
USEPA, or required 10 be maint2ined under this permt. -
The Glean \Vater Act provides thal any person who violates 8 perm# con
implementing Sections 301, 302, 306, 307, 308, 318, or 405 of the Clean Wai

I3 sutject 10 8 civil penalty not to exceed $10,000 per day of such violation, £
person who willfully or negligently violates permi conditions implementing Sectic
301, 302, 306, 307, or 308 of the Clean Water Act is subject 1o & fine of not les
$2,500 nor rnorc: than $25,000 per day of violation, or by imprisonmant for nn'.ll
then one year or both. : :

The Clean Waler Act provides thet any parson who falsifies, lampers with,
Xnmngly renders inaccurale any moniloring device or method required |
maintained under penmit shak, upon conviction, be punished by & fine of not mare
2 1%&}‘00 per vlqlallon, or by imprisoament for not more than & months per violst

y ¥
The Clean Water Act provides thal any person who knowingly makes any fal
sisterment, representation, or cenification in sny record of tiher document sub
or required to e maintained under this permit shatl, inchuding monkoring repo
reponts of comphance or non-compliance shal, upon conviction, be punished by
of not more than $10,000 per vicilon, of by imprisoament for not mare than 6 moni
per viotation, or by both,

& manner as 10 prevent entry of those wastes (of runoft from the wnstes) into
of the State. The proper authorizalion for such disposat shatl be ublained fro

Collectou screening, slurries, sludget, and other solids sihall ba disposed of i:’
Agency and is incorporated as pan hereof by reference,

In case of conflict betwasn these standard conditions and any other congti
included in this permit, the other condition(s) shall govem.

The permtteo shall comply whh, in nddition 15 tha requirements of the permi,
applicable provisions of 35 lli. Adm. Cade, Subtitis C, Subtiiie D, Sublitle B, and
applicable orders of the Board, I

The provisians of this permit sre severable, and ¥ any provision of ths perme,
application of any provision of ths permil is held invalid, the remaining provisions
this pormit sholl eontinue in full forcs and etect,

{Rov, 3.13.98)
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427 Burton Avenue
Highland Park, llinois 60035

Phone (847) 433-2443
Fax (847) 433-2431
E-mail buchanaw@aol.com

Mr. Gordon M. Stevens, P.G.
Department Head, Geosciences
Versar, Inc.
Green Brook Executive Center
200 West 22nd Street, Suite 250
Lombard, IL. 60148
22 July 1999
Re:  Vegetation Assessment Report
Shoreline and Biuff Areas Adjoining Dixon-Marquette Cement Kiln Dust Landfill
Dixon, IL

Dear Mr. Stevens:

Buchanan Consulting Inc. (BCI) is pleased to submit this report as a deliverable from its
services to Versar, Inc. to perform a vegetation assessment adjacent to the Dixon-
Marquette Cement Kiln Dust (CKD) landfill located near Dixon, lilinois (Figure 1) as an
indication if leachate frem the CKD landfill operation is having an impact on the local
terrestrial or shoreline ecosystem. The scope of work was completed in accordanc:e with
Schedule A of Versar’s purchase order #07045 (corresponding to BCI’s ~roposal dated
25 June 1999). ‘

Understanding of the Project

BCI’s understanding of this project is that the CKD landfill at the Dixon-Marquette
Cement Company facility is undergoing regulatory scrutiny. It has been deemed prudent
and proactive to perform a vegetation assessment in the areas down-gradient from the
CKD landfill to see if groundwater leachate and/or runoff from the CKD landfill is
adversely impacting the bluff and shoreline environment adjacent to the Rock River.
Assessing the vegetation adjacent to and down-gradient from the CKD landfilt operation is
being used as an environmental indicator because vegetation is a prominent component of
the base of the ecologica¥food chain, is dependent on and reflective of the immediate
physical environment, and, therefore, will exhibit observable patterns in composition and
form if influenced by contamination. The use of vegetation to indicate environmental
contamination is a commonly used standard practice for property assessments (ASTM
Standard E£1527-94, “Standard Practice for Environmenial Site Assessments: Phase |
Environmental Site Assessment Process”). This assessment is voluntary and not
regulatory driven.
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Mr. Gordon M. Stevens, P.G. : Versar, Inc.
Vegetation Assessment, Dixon-Marquette Cement, Dixon, IL
22 july 1999

BCl understands that its services and work product are confidential and are the property
of Versar, Inc. for use by its client.

Scope and Approach
BCI performed the following tasks to complete this assessment:

Collect Background Information - To ensure that the scope and approach was
appropriate and accurate, BCI visited the site 23 June 1999 with Versar, Inc., met with
the client, and performed a preliminary walkdown to identify appropriate locations for a
representative vegetation assessment.

BCI reviewed literature cn similar assessments of vegetation in river-side areas in Central
Ilinois and texts on regional flora to develop a context for what represents “normal”
floristic compositivn. FCI also collected information on the physical setting, soil types,
disturbance history, etc. to ensure that comparisons between the observations made in the
“potential impact zone” and the “control zone” are valid.

Perform Site Investigation - BCI visited the sitc 6 July 1999 and established four
transects (i.e., linear observation routes through the representative vegetation
communitics), two transccts in each of two types of vegetation communities (Figure 2).
Within the area northwest of the CKD landfill, between the CKD landfill and the Rock
River, are two primary vegetation types: the wooded bluff vegetation community and the
river shoreline community. BCI established a transect in each of these two vegetation
types within the potential impact zone adjacent to the CKD landfill and compured the
observations to those taken from two similar transects in the control zone located north
(up-gradient) outside the area of potential influence of the CKD faidin!

Per discussions with Versar (Mr. Gordon Stevens, personal communication, 23 June
1999), it is understood that groundwater travels toward the river through highly fractured
dolomite/limestone, which forms the bluffs. The groundwater emerges at some points as
active springs and also sceps into the river along the shoreline. A permitted surface water
discharge also drains the landfill, traverses the bluff, and enters the river as a point
discharge If contamination is present in this groundwater and surface water at levels that
could impact vegetation, these impacts would manifest themselves in the form of urusual
vegetation species composition, or visible stress such as discoloration or odd growth
forms.

BCI obscrved the vegetation along the designated transects and recorded the species
composition of all existing strata (i.c., groundlayer, shrub, understory, and overstory).
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Mr. Gordon M. Stevens, P.G. : Versar, Inc,
Vegetation Assessment, Dixon-Marquette Cement, Dixon, ;L
22 July 1999

These strata are defined as follows:

Groundlayer = all herbaceous (non-woody) species and seedlings of woody shrubs and
trees growing on the ground;

Shrub stratum = woody shrubs, vines, and tree seedlings or young saplings growing
above the groundlayer;

Understory = Woody species larger than 17 diameter but smaller than 4” diameter.
Overstory = Woody species larger than 4” diameter.

An indicator of abundance was recorded for each species in each stratum by ranking the
species as: 1 - abundant and widespread; 2 - common; or 3 - infrequent or local.
Qualitative observations of the condition of the vegetation were also recorded. Standard
quantitative sampling methodologies were not employed for this assessment because the
inherent variability of quantitative sampling methodologies renders them statistically
invalid for comparing control and experimental vegetation transects in this manner.
Qualitative observations by a trained plant ecologist haye been adopted here as a more
reliable means of detecting any abnormalities that mig'ht be due to operations at the subject
facility.

The observations are summarized on data sheets for each stratum along each of the four
transects. In addition, observations of wildlife or other evidence indicative of the health of
the ecosystem were noted.

Results '

Setting - The assessment areas are located on the eastern shoreline and bluffs of the Rock
River, just north of Dixon, Lee County, Illinois. This area forms the border of two
principal geographical biotic divisions in Illinois: the Grand Prairie Division and Western
Division (Jones 1963). The specific sampling transects are strongly influenced by very
site-specific physical conditions that create a combination of soils, moisture regime and
microclimate. In addition, the land traversed by the sampling transects has a history of
human disturbance that also is manifested in the composition and distribution of the
vegetation.

The two shoreline transcets (Figures 3 and 4) were locatéd between the Rock River
waterway and the river frontage road (White Oak Road formerly Grand Detour Road)
along a narrow strip of river bank. The soils are a combination of alluvial deposits and
eroded silt-loams at the foot of the river bank grading into fractured limestone/dolomite
and scree (loose rock pieces) overlain by a thin silt loam soil at the crest of the river bank.
Slopes range from 15% in isolated arcas where surface water outfalls from the blufls have
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Mr. Gordon M. Steveds, P.G. : Versar, Inc.
Vegelation Asscssment, Dixon-Marquette Cement, Dixon, iL
22 July 1999

deposited an alluvial delta to 80% in the most severely eroded river cuts. Generally, the
banks slope 30% to 50%. Most of the length of the upper river bank in this area is
occasionally mowed and maintained as roadside. This results in a component of the
vegetation being reflective of early-successional disturbed sites close to the roadside. The
lower river bank is occasionally subject to flooding and erosion/deposition. This influence
is also reflected in certain components of the vegetation. A few scattered trees provide
some shaded areas, especially along the up-gradient control transect, but most of the
shoreline is in full sun and west-facing, At regular intervals are seeps and surface
discharges from the fractured limestione/dolomite bluffs above and cast of the river. The
moisture regime, due to contributions from both the river and the seeps and springs, is wet
to mesic.

The two wooded bluff transects (Figures 5 and 6) were located east of the river frontage
road and beneath the crest of the bluff. The soils here are quite thin in most places,
overlying fractured limestone/dolomite and scree near or at the surface in many places.
Soil development is most advanced in level areas or depressed pockets within the bluffs,
but generally the prevalent landform is steep scree slopes, 30% to 90%, and occasional
bare limestone/dolomite escarpment. The predominance of limestone/dolomite contributes
to a highly calcareous (calcium-rich) soil chemistry. The moisture regime varies from
somewhat dry, as might be expected on a west-facing scree slope, to mesic in the vicinity
of springs and seeps.

Vegetation Survey Results - The results of the qualitative surveys of each vegetation
transect are presented in Tables 1 through 4 and can be summarized as follc ws:

Transect #1 Shoreline Trausecct Adjacent and Down-gradient from CKD Landfill

Area

Table | shows the results for this transect. The most prominent species in the ground
layer are a mix of typical central Iifinois floodplain species (orange jewelweed and Virginia
creeper) and weedy invasive and non-native species reflestive of physical disturbances
(reed canarygrass and black mustard). A total of 30 groundlayer species we.'e observed,
indicating a reasonably diverse vegetation matrix. In the shrub stratum, the c'ominant
species (indigo bush, Virginia creeper, and riverbank grape) are all typical nadve llinois
floodplain and riparian residents. A total of 16 species of shrubs and tree svedlings were
observed, almost all of which were typical native species for this situation. Only a few
large scattered trees occur along the shoreline, consisting of white ash and cottonwood.
Again, these are typical of this type of vegetation community. Per Swink and Wilhelm
(1979) Plants of the Chicago Region, the association of species found here are generally
reflective of other similar plant associations found elsewhere in north-centrat and northeast
Hinois.

Page 4




Mr. Gordon M. Stevens, P.G. : Versar, Inc.
Vegetation Assessment, Dixon-Marquette Cement, Dixon, IL
22 July 1999

All of the vegetation strata were vigorous, healthy, and showed no signs of stress, such as
discoloration, inalformation, or necrosis.

Transect #2 Shoreline Transect Up-gradient from CKD Landfill Area

This transect was selected as a background or control area outside of the influence of the
CKD landfill area. Table 2 presents the observations from this transect. To make the
comparison of the vegetation of this transect with that of the down-gradient transect, it is
important to note that there were a few significant physical differences between transects.
First, the up-gradient transect is shorter in length, due to the fact that its northern end
abuts cropland and a camping/recreational area so that sampling beyond that point was
untenable. Second, portions of the up-gradient transect are shaded by trees more than the
down-gradient transect, and the ground layer composition is influenced somewhat by this
shade.

Even so, the composition of the up-gradient transect is quite similar to the down-gradient
transect. The two dominant species in the groundlayer are orange jewelweed and reed
canarygrass, similar to the down-gradient composition. Species diversity was almost
identical, with 29 groundlayer species recorded, of which 24 were also recorded in the
down-gradient transect. Of the five species that were found in the up-gradient transect
not found in the down-gradient, four are shade-loving. The shrub stratum also matches
quite closely between the up-gradient transect and down-gradient transect. Both transects
include Virginia creeper and riverbank grape as dominants. The notable difference
between the two transects in shrub composition is that indigo bush is prominent in the
down-gradient transect and lacking in the up-gradient. Indigo bush is not particularly
shade tolerant, which might explain its absence in the up-gradient transect. This does not
indicate that the down-gradient transect is relatively impacted or degraded; in fact, to the
contrary, indigo bush is a fairly conservative species (Quality Rating of 6 by Swink and
Wilhelm 1979) which means that it is fairly intolerant of disturbance. In a similar vein, the
existence in both transects of glade mallow, a very high quality species intolerant of
disturbance, underscores this point.

Again, the vegetation in the up-gradient transect was healthy, vigorous, and showed no
signs of adverse environmental impacts.

Transect #3 Bluff Woods Transect Adjacent and Down-gradient from CKD
Landfill Area

The obscrvations of species in the various strata in this survey transcct are presented in
Table 3. The groundlayer was quite diverse, with white snakeroot, Virginia creeper, and
poison ivy the most prevalent species. A total of 32 species were observed in the
groundlayer, indicating a fairly high diversity. Almost all of these species are native and
typical of a calcareous river bluff woodland. The shrub stratum was also fairly diverse,
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Vegetation Assessment, Dixon-Marquette Cement, Dixon, TL
22 July 1999

with honeysuckle and choke cherry dominant, and a total of 12 species of tiee
reproduction and shrubs observed. The understory was composed of 10 species of tree
saplings and understory trees, of which hackberry was most widespread. The overstory
was dominated by boxelder and contained a total of 14 tree species; however, both the
understory and overstory had a fairly even mix of tree species, indicating good balance and
healthy reproduction. Nearly all of the species, with the exception of white mulberry
which is a non-native adventive species, are typical native residents of river-side slopes in
this part of Illinois. All strata appeared healthy and vigerous.

‘Transect #4 Bluflf Woods Transect Up-gradient from CKD Landfill Area

Table 4 presents the observations of species in this transect. Again, for comparative
purposes, this transect was not quite as long as Transect #3 adjoining the CKD landfill
area due to changes in topography that limited the survey length. However, the resuits
indicate the composition and structure of the two transects are similar and, therefore,
underscore the validity of the comparisons. In fact, all of the 25 species observed in the
groundlayer of the up-gradient transect, also appear in the adjoining transect. The shrub
stratum was dominated by honeysuckle, as was the adjoining transect, and in general, all
strata were similarly composed. The slightly lower diversity in the up-gradient transect
probably simply reflects the smaller sampling area due to the aforementioned topographic
limitations on the transect placement. All strata appeared healthy and vigorous.

Discussion and Conclusions - In general, the vegetation both within and outside of the
potential zone of influence of the CKD landfill operation appear quite similar and in
excellent condition. No evidence of impacts from the CKD landtiil operation was
observed, and no discernible differences in composition, form, or health were observed
between the up-gradient transects and those adjoining or down-gradient from the CKD
landfill.

The shoreline transects both cantain a mix of plant species reflective of some amount of
physical disturbance, which is to be expected in this setting with the periodic flooding and
road construction/maintenance. The wooded bluff transects reflect a fairly high quality
river-side woods in all strata. All transects support a species composition and structure
that are quite typical of this location and physical setting. When comparing the results of
the survey to other similar reports from the Illinois River valley (Buchanan 1975), the  *
Sangamon River basin (Jones and Bell 1974), and the typical associations reported by
Swink and Wilhelm (1979) for the north-central and northeast llinois region, this
conclusion is strongly supported.

The differences that exist between the up-gradient sampling transects and the adjoining or
down-gradient transects are casily attributable to microclimate, topography and natural
diversity. Many of the species found in both transects, but most notably in the transects
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Vegetation Assessment, Dixon-Marquette Cement, Dixon, IL
22 July 1999

adjoining or down-gradient from the landfill operation, are conservative species intolerant
to disturbance. The bluff woods in particular are fairly high quality in terms of vegetation.
While a few invasive species such as common buckthorn and white mulberry occur, they
are not dominant as in other degraded woodlands throughout the region. Relatively few
exotic non-native species were observed in any transect. Numerous species observed in
both the shoreline and bluff woods survey transects are assigned quality ratings by Swink
and Wilheim of 5 or higher (on a scale of 0 - 10). If these shoreline and woodland
communities were being significantly and adversely impacted by the landfill operations,
such conservative species would probably not occur.

Corollary observations were made of wildlife usage as an indication of ecosystem health.
While certainly not exhaustive or complete, the presence of such higher level consumers as
hawks and turtles, the abundance of frogs, fish hatchlings in the outfall points of the
springs from the bluffs, and nesting birds are suggestive of a healthy functioning
ecosystem. ,

Thank you very much for the opportunity to serve you. Please contact BCE with any
questions or comments.

Respectfully submitted

Mb/-am\

Warren J. Buch
President
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Figure 3. Shoreline Vegetation Transect #1
Adjacent to and Down-Gradient from CKD Landfill
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Figure 4. Shoreline Vegetation Transect #2
Up-Gradient from CKD Landfill
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Figure 5, Bluff Woods Vegetation Transect #3
Adjacent to and Down-Gradient from CKD Landfili
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Figure 6. Bluff Woods Vegetation Transect #4
Up-Gradiznt from CKD Landfill
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Dixon-Marquettc Cement Vegetation Assessment Report

22 July 1999

Table 1. List of Species and Abundance Index for Transect #1

Shoreline Transect Adjacent to Landfill Area

(‘Nete: 1=abundant, widespread; 2=common; 3=infrequent, local)

Groundlayer

Scientific Name
Brassica nigra
Impatiens capensis
Parthenocissus quinquefolia
Phalaris arundinacea
Bromus inermis
Convolvulus sepium
Erigeron philadelphicus
Heliopsis helianthoides
Napaea dioica

Nepeta cataria
Oenothera biennis
Rhus radicans
Rudbeckia laciniata
Silphium perfoliaturis
Urtica gracilis

Vg riparia

A, scynuin cannabinum
Asclepias incarnata
Asclepias syriaca

Aster sp.

Cicuta maculata
Eupatorium rugosum
Heracleum maximum
Ipomoea purpurea
Menispermum canadense
Polygonatum biflorum
Smilax tamnoides hispida
Solidago altissima
Teucrium canadense
Thalictrum polygamum

Shirvb Stratum

Scientific Name
Amorpha fruticosa
Parthenocissus quinquefolia

Conimon Name
Black mustard
Orange jewelweed
Virgin‘a creeper
Reed canarygrass
Smooth brome
Hedge bindweed
Marsh fleabane
False sunflower
Glade mallow
Catnip

Common evening primrose
Poison ivy ‘
Wild golden glow
Cup plant

Tall nettle
Riverbank grape
Dogbane

Marsh milkweed
Common milkweed
Aster species
Water hemlock
White snakeroot
Cow parsnip
Common morning glory
Moonseed
Solomon’s seal
Bristly catbrier

Tall goldenrod
Germander or wood sage
Miadow rue

Common Nampe
Indigo bush
Virginia creepcr
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Dixon-Marquette Cement Vegetation Assessment Report o , 22 July 1999

Table 1. (continued) List of Species and Abundance Index for Transect #1
Shoreliie Transect Adjacent to Landfii! Area

('Note: 1=abundant, widespread; 2=common; 3=infrequent, focal)

Shrub Stratum (continucd)

Scientific Name Common Name Abun lance
Vitis riparia Riverbank grape 1
Acer negundo " Boxelder 2
Acer saccharinum Silver maple 2
Fraxinus americana White ash 2
Rhus radicans Poison ivy 2
Celtis occidentalis Hackberry 3
Cornus racemosa Gray dogwood 3
Lonicera prolifera Honeysuckle 3
Morus alba White mulberry 3
Rosa multifiora Multiflora rose 3
Prunus virginiana Choke cherry 3
Sambucus canadensis Elderberry 3
Tilia americana Basswood 3
Ulmus rubra Slippery elm 3

Tree Stratum (few scattered trees)

Scientific Name Commen Name Abundance
Fraxinus americana White ash 3
Populus deltoides ‘Cottonwood 3
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Table 2. List of Species and Abundance Index for Transect #2
Shoreline Transect Upgradient from Land{ill Area

('Note: I=abundant, widespread; 2=common; 3=infrequent, local)

Groundlayer

Scientific Name
Impatiens capensis
Phalaris arundinacea
Brassica nigra

Bromus inermis
Convolvulus sepium
Heliopsis helianthoides
Napaea dioica
Parthenocissus quinquefolia
Rhus radicans
Rudbeckia laciniata
Silphium perfoliatum
Teucrium canadense
Vitis riparia

Actinomeris alternifolia
Asclepias incarnata
Asclepias syriaca

Aster sp.

Elymus virginicus
Heracleum maximum
Laportea canadensis
Menispermum canadense
Oenothera biennis
Polygonatum biflorum
Sanguinaria canadensis
Silene cucubalus

Smilax tamnoides hispida
Solidago altissima
Thalictrum polyganium
Urtica gracilis

Shrub Stratum

Scientific Name
Parthenocissus quinquefolia
Vitis riparia

Rhus radicans

Common Name
Orange jewelweed
Reed canarygrass
Black mustard
Smooth brome
Hedge bindweed
False sunflower
Glade mallow
Virginia creeper
Poison ivy

Wild golden glow
Cup plant
Germander or wood sage
Riverbank grape
Wingstem

Marsh milkweed
Common milkweed
Aster species
Virginia wildrye
Cow parsnip

Wood nettle
Moonseed
Common evening primrose
Solomon’s seal
Bloodroot ‘
Bladder campion
Bristly catbrier

Tall goldenrod
Meadow rue

Tall nettle

Common Name
Virginia creeper
Riverbank grape
Poison ivy

Page 17

Abundance’
1

RN N NN

[ 3
W W W W W W W W) W) W W W W W W W NS




Dixon-Marquette Cement Vegetation Assessment Report

22 July 1999

Table 2. (contmued) Llst of Species and Abundance Index for Transect #2
Shoreline Transect Upgradient frem Landfill Area

(‘Note: 1=abundant, widespread; 2=common; 3=infrequent, local)

Shrub Stratum (continued)

Scientific Name Common Name
Celtis occidentalis Hackberry

Cort s racemosa Gray dogwood
Lonicera prolifera Honeysuckle
Miorus alba White mulberry
Rosa muitiflora Multiflora rose
Sambucus canadensis Elderberry
Staphylea trifolia ‘Bladdernut

Tilia americana Basswood
Ulmus rubra Slippery elm
Viburnum opulus Highbush cranberry

Tree Stratum (few scattered trees)

Scientific Name Common Name

Acer negundo Boxelder

Acer saccharinum Silver maple

Fraxinus americana White ash

Ulmus americana American el
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Table 3. List of Species and Abundance Index for Transect #3
Blufl Woods Transect Adjacent to Landfill Area

(‘Note: 1=abundant, widespread; 2=common; J=infrequent, local)

Groundiayer

Scieniific Name
Eupatorium rugosum
Parthenocissus quinquefolia
Rhus radicans

Alliaria officinalis

Aster shortii

Campanula americana
Carex laxiflora

Hepatica acutiloba
Sanguinaria canadensis
Sanicula gregaria
Smilacina racemosa
Smilax tamnoides hispida
Anemone virginiana
Aquilegia canadensis
Arabis laevigata

Celtis occidentalis
Circaea quadrisulcata
Desmodium glutinosum
Elymus villosus

Galium concinnum
Geum canadense
Helianthus strumosus
Hydrophyllum virginianum
Impatiens capensis
Menispermum canadensc
Osmorhiza claytoni
Physalis heterophylla
Polygonatum biflora
Prenanthes alba
Sanguinaria canadensis
Solidago flexicaulis
Trillium recurvatum

Common Name
White snakeroot
Virginia creeper
Poison ivy

Garlic mustard
Short’s aster

Tall bellflower
Wood sedge.
Sharp-lobed hepatica
Bloodroot

Black snakeroot
False Solomon’s seal
Bristly catbrier
Thimble Jower
Columbina

Smooth bank cress
Hackberry
Enchanter’s nightshade
Pointed tick-trefoil
Silky wildrye
Shining bedstraw
White avens
Woodiand sunflower
Virginia waterlcaf
Orange jewelweed
Moonseed

Sweet cicely
Clammy ground cherry
Solomon’s seal
Lion’s foot
Bloodroot

Zigzag goldenrod
Prairie wake robin
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Dixon-Marquette Cement Vegetation Assessment Report

22 July 1999

Table 3. (continued) List of Species and Abundance Index for Transect #3
Bluff Woods Transect Upgradient from Landfill Area

('Note: 1=abundant, widespread; 2=common; 3=infrequent, local)

Shrub Stratum (continued)

Scientific Name

Vitis riparia

Celtis occidentalis
Fraxinus quadrangulata
Physocarpus opulifolius

Understory Stratum

Scientific Name

Celtis occidentalis
Fraxinus americana
Fraxinus quadrangulata
Acer negundo

Acer saccharum
Juglans nigra

Ostrya virginiana
Ulmus rubra

Overstory Stratum

Scientific Name

Celtis occidentalis
Fraxinus quadrangulata
Quercus macrocarpa
Tilia americana
Fraxinus americana
Juglans nigra

Porulus deltoides
Ulmus rubra

Common Name
Riverbank grape
Hackberry

Blue ash
NMinebark

Common Name
Hackberry
White ash

Blue ash
Boxelder

. Sugar maple

Black wainut
Hop hornbeam
Slippery elm

Common Name
Hackberry

Blue ash

Burr oak
Basswood
White ash

Black walnut
Cottonwood
Slippery clmt

Page 20

Abuadance’
2

3
3
3

Abundance

W W W W WA N

Abundance
2

Lo W W W NN
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Table 4. List of Species and Abundance Index for Transect #4
Bluff Woods Transect Upgradient from Landfill Area

(‘Note: 1=abundant, widespread; 2=common; 3=infrequent, local) ‘

Groundiayer

Scientific Name
Parthenocissus quinquefolia
Aster shortii

Eupatorium rugosum
Osmorhiza claytoni
Prenanthes alba

Rhus radicans
Sanguinaria canadensis
Sanicula gregaria
Alliaria officinalis
Anemone virginiana
Aquilegia canadensis
Arabis laevigata
Campanula americana
Carex laxiflora

Celtis occidentalis
Elymus villosus

Galium concinnum
Geum canadense
Hydrophyllum virginianum
Impatiens capensis
Menispermum canadense
Smilacina racemosa
Smilax tamnoides hispida
Solidago flexicaulis
Trillium recurvatum

Shrub Stratum

Scientific Name
Lonicera prolifera
Fraxinus americana
Prunus virginiana
Rhamnus cathartica
Ribes missouriense
Smilax tamnoides hispida
Staphylea trifolia

Conimon Name
Virginia creeper
Short’s aster
White snakeroot
Sweet cicely
Lion’s foot
Poison ivy
Bloodroot

Black snakeroot
Garlic mustard
Thimble flower
Columbine -
Smooth bank cress
Tall bellflower
Wood sedge.
Hackberry

Silky wildrye
Shining bedstraw
White avens
Virginia waterleaf
Orange jewelweed
Moonseed

False Solomon’s seal

Bristly catbrier
Zigzag goldenrod
Prairic wake robin

Common Name
Honeysuckle

White ash

Choke cherry
Common buckthorn

Missouri gooseberry

Bristly catbrier
Bladdernut
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Dixon-Marquette Cement Vegetation Assessment Report

Table 4. (continued) List of Species and Abundance Index for Transect #4

22 July 1999

Blufl Woods Transect Adjacent to Landfill Area

(iNote: 1=abundant, widespread; 2=common; 3=infrequent, local)

Shrub Straztum

Scientific Name
Lonicera prolifera
Prunus virginiana
Rhamnus cathartica
Rhus radicans

Smilax tamnoides hispida
Staphylea trifolia

Vitis riparia

Acer negundo

Juglans nigra
Physocarpus opulifolius
Rhus glabra

Ribes missouriense

Understory Stratum

Scientific Name
Celtis occidentalis
Acer negundo
IFraxinus americana
Ostrya virginiana
Staphylea trifoliata
Acer saccharum
Fraxinus quadrangulata
Juglans nigra

Morus alba

Quercus macrocarpa

Overstory Stratum

Scientific Namne

Acer negundo

Celtis occidentalis
Fraxinus americana
Fraxinus quadrangulata

Common Name
-Honeysuckle
Choke cherry
Common buckthorn
Poison ivy

Bristly catbrier
Bladdernut
Riverbank grape
Boxelder

Black walnut
Ninebark

Smooth sumac
Missouri gooseberry

Common Name
Hackberry
Boxclder
White ash

Hop hornbeam
Bladdernut
Sugar maple
Blue ash

Black walnut
White mulberry
Burr oak

Common Name
Boxelder
Hackberry
White ash

Blue ash
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Dixon-Marquette Cement Vegetation Assessment Report . : 22 July 1999

Table 4. (continued) List of Species and Abundance Index for Transect #4
Bluff Woods Transect Adjacent to Landfill Area

('Neote: 1=abundant, widespread; 2=common; 3=infrequent, local)

Oiferstory Stratum (continued)

Scientific Name Common Name Abundance
Quercus borealis Red oak 2
Quercus macrocarpa Burr oak 2
Acer saccharum Sugar maple 3
Juglans nigra Black walnut 3
Morus alba White mulberry 3
Morus rubra Red mulberry 3
Ostrya virginiana Hop hornbeam 3
Populus deltoides Cottonwood 3
Tilia americana Basswood 3
Ulmus rubra ' Slippery elm 3
Page 23
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1.0  INTRODUCTION | -

During March and April 1998, nine monitoring wells (MW 1-S, MW1-D, MW2-S, MW2-D,
MW2-M, MW3-§, MW3-D, MW4-S, and MW4-D) were installed around the CKD disposal site at the
Dixon Marquette Cement plant in Dixon, Illinois. The wells were installed in pairs at three sites, and
three wells were installed at one site. Each well was assigned a number designating which well cluster it
was in, and a letter designating the location of the screened interval. Letter designations were S and D,
which designated screened intervals at the base of the Pecatoniica Formation and the top of the St. Peter
Formation, respectively. One well, completed in the Glenwood Formation, was designated MW2-M, and
was used solely for conducting hydraulic conductivity testing, Each well, except for MW2-M, has a 10

foot long, 2 inch diameter screen at its base.

In May 1998 two ieachate wells were installed in the CKD disposal area. The wells were
designated LW-1 and LW-2. The base of the screen in both wells was positioned at the contact between
CKD and the underlying Pecatonica Formation. One of the wells, LW-2, was dry and was later
abandoned. Well LW-1 has consistently had several feet of water in it. 'Fl:e water in the well is assumed
to have been in contact with the surrounding CKD and is considered to be leachate. An additional
leachate well, LW-3, was installed in the CKD disposal area in July 1999. No groundwater was noted in
the CKD during drilling. Groundwater was found in the uppermost part of the Pecatonica Formation,

which was directly under the CKD,

In June 1999 four pairs of wells were installed along White Oak Lane on the west side of Dixon
Marquette property. In each pair, one well is screened across the water table, and one is screened at the
top of the St. Peter Formation. The wells were designated MW5-S, MW5-D, MW6-S, MW6-D, MW7-S
MW?7-D, MW8-S, and MW8-D.

In June 1999 a pair of wells was installed south of the CKD disposal area between wells MW?2
and MW3. They were designated MW9-S and MW9-D. The screen in well MW9-S was placed al the
base of the Pecatonica Formation, and the screen in MW9-D was placed at the top of the St. Peter

Formation.

In July 1999 wells were added that were screened across the potentiometric surface, or as close
to it as practical, at five locations. These wells were designated MW1-WT, MW2-WT, MW3-WT,
MW4-WT, and MW9-WT,
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Seven piezometers (P1 through P7)} were added southeast, east, and north of the landfill, They
are narrow diameter PVC pipes that run from just above the surface to about 15 feet deep. They are used
to measure the potentiometric surface near the top of the uppermost aquifer, and they are not included in
the sampling program. Figure 1 is a map of the site with the well and piezometer locations shown, and

Table 1 lists well data.

!
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Table 1. Monitoring well data.

Well Totel Depth Formation screened
(ft from top of casing)
MWI1-§ 4205 Pecatonica
MW1-D 80.5 St. Peter
MWI-WT 15.5 Pecatonica
MW2-S 41.85 Pecatonica
MW2-D 62.25 St. Peter
MWwW2-M 46.20 Glenwood
MW2-WT 15.5 Pecatonica
MW3.S 61.5 Pecatonica
MW3-L 80.6 St. Peter
MW3-WT s Pecatonica
MW4-S 44.1 Pecatonica
MW4-D 63.2 St. Peter ]
MW4.WT 25 Pecatonica
MWS-S 15 Afluvium*
MWS5-D 415 St. Peter
MW6-S 15 Alluvien®
MW6-D 40 St. Peter
MW7-§ 15 Pecatonica
MW7-D 34.5 5S¢ Peter
MWS8.s - 18 Pecatonica
MWs-D 40 St. Peter
MW9-S 315 Pecatonica
MW9-D 59.5 St. Peter
MWY.WVT 15.5 Pecatonica
L.W-1 65 CKD filt
Lw-3 44.5 Pccatonica
Spring not applicable cmanates from Pecatonica

*The Pecatonica Formation has been eroded at this Jocation and replaced with alluvium of the Rock River,
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The groundwater in and around the CKD disposal area will be monitored quarterly. The

sampling plan is designed to detect changes in groundwater quality that result from contamination by

leachate derived frcm the landfill.

Groundwater flow beneath the landfill is rougly east to west, or toward the Rock River. One
well triplet (MW 1-S, MW1-D, and MW1-WT) was placed on fhc east, or upgradient side of the landfill.
These wells monitor the groundwaier quality in an area that has not been affected by CKD disposal.
Data from the upgradient wells will be used in comparisons with data from other wells to detennine if

leachate has affected the groundwater quality.

Wells at MW2, MW3, MW4, and MW9 are used to detect leachate in the groundwater in areas
close to the CKD and downgradient from it. Well pairs at MWS5, MW6, MW7, and MW3 are used to
determine if leachate has affected the groundwater near the Rock River, and to determine if the

sroundwaler quality may affect the surface water quality in the river.
g q qualny

Two wells, LW-1 and LW-3, are used to characterize groundwater beneath the landfill.
Groundwater in these wells may have been in contact with the CKD. Data from these wells will be used

1o determine which prrameters should be monitored in other wells.

Water elevations in all ol the wells and piezometers will be measured before cach sampling
event. The data can be used to creal* potentiometric maps of the groundwater. Maps will be made from

data from groups of vells that are screencd at the same depth in the same formation.
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2.0 SAMPLING METHODOLOGY

Prior to ficld activities, arrangements will be made with a commercial laboratory that is certified
in the State of Ilinois. The lab will provide sample containers and will place the proper preservative in

each container prior to shipping. A list of the container types and preservatives is presented in Table 2.

The following information from each well will be recorded at the time of sampling:
Date and time of sampling

Depth to water from the top of the casing prior to purging

The volume of water that was purged prior to sampling

‘The appearance of the vater

The temperature, pH, conductivity, and turbidity of the groundwater at the time of sampling

Wells MV/1-§, MWI-D, MWI1-WT, MW2-S, MW2-D, MW2.WT, MW3-S, MW3-D, MW3-
WT, MW4-S, MW4-D, MW4-WT, MW5-S, MW5.-D, MW6-S, MWG-D, MW7-S, MW?-D,.MWS-S,
MWS§-D, MW9-§, MW9-D, MW9-WT, L'W-l, LW-3, the Rock River (two locations), end the spring that
is west of MV/-3 will be sampled. We'ls will be purged prior to sampling. Sampling will take place
within 24 hours of purging. The water will be field tested for turbidity. If the turbidity is 5 NTU or less,
samples will not be field filtered for mctals. If the turbidity exceeds § NTU, two samples for metals will
be collected: one that is anfiltered, and one that is field filtered through a filter with a pore size of 0.45
um or less prior to preservation. All of the samples will be kept on ice in the field and during delivery to
the lab. Samples will be packed in coolers wilh ice, sealed, and delivered to the laboratory by ovemight
courier. A chain of custody form will a.company the shipment. An example chain of custody form is

attached. This form, or an equivalent form supplicd by the laboratory, will be used,

Sampling of the Rock River will take place quarterly. Sampling will consist of collection of
river water from a location upgradicnt from the landfill (about 1000 feet upriver from MWS) and from a
location downgradicent from the landfill (ncar MW8). Sampling will take place from the shore on the lefi
bank. “The river water will be analyzed for the same parameters as the groundwater. Samples will first
be collected from the upstream location, then the samples from the downstream location will be
collected. Field measurements of temperature, pli, and specific conductivity will be made. ‘The river
samples for dissolved iron will be passed through a filter with a pore size of 0.45 jun or less prior to

preservation.
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In addition to monitoring for compounds that exceed the background concentrations, the list of
organic chemicals in 40 CFR 141.40, and any other organic chemical for which a groundwater quality
standard or criterion has been adopted pursuant to Section 14.4 of the Act or Section 8 of the Illinois

Groundwater Protection Act, will be analyzed biennially.

Table 2. Chemical Parameters to be Analyzed.

Parameter Method C%ntainer Preservative | Holding Time
Volatile organics 8260 2 40 m] glass HC], 4°C 14 days
vials
Metals 200.8 125 ml HDPE HNO3, 4°C 6 months
pH 4500 250 m! HDPE 4°C immediate
. ’ Calcium, Potassium, | 200.8, 250 ml HDPE 4°C i4 days

Sodium, Chloride, 4110,
Fluoride, Nitrate, 2320,
Sulfate, Alkalinity, 2540C,

Ammonia, 4500,
Dissolved solids, 5310
TOC
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3.0 ANALYTES
Quarterly samples from all 28 locations will be analyzed for the following. Practical

quantitation limits will be those specified by USEPA SW846 laboratory methods.

Benzene
1,1-dichioroethane
1,1-dichloroethene
1,1,1-trichloroethane
Toluene

Aluminum
Antimony

Arsenic

Barium

Beryllium

Boron

Cadmium

Calcium

Chromium

Cobalt

Copper

fron

Lead

Magnesium
Manganese
Mercury

Nickel

Potassium

Selenium

Sodium

Thallium

Vanadium

Zinc

Ammionia nitrogen
Chloride

COD

Fluoride

Nitratc as N

Sulfate

Alkalinity, phenol.
Alkalinity, bicarbonate
Alkalinity, total
Total organic carbon
Total dissolved solids
pH

‘
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These parameters have been previously detected in downgradient wells at concentrations

exceeding the background concentrations.

4.0 QUALITY CONTROL

Additional samples for quality control will be submitted to the laboratory. Split samples will be
collected from wells MW !-S and MW3-S (both screened in the Pecatonica Formation), and MW7-S,
The samples will be labeled as split samples, bui no well numbers will identify them. The split samples
will be analyzed for the same parameters as the other samples from the same wells. These samples will

be used as a check on sampling procedures and reproducibility at the laboratory.

A trip blank consisting of pure water will be prepared by the laboratory and analyzed for organic
compounds by Method 8260 and metals by Method 200.8. The trip blank will be used as a check on

‘contamination of the samples.

The laboratory will be certified by the State of Illinois, and will adhere to a quality control
program that meets specifications in 35 IAC 186, which governs the certification of laboratories.
Samples will be analyzed by standard methods according to USEPA SW-846 Test Methods for
Evaluating Solid Waste. Quality control procedures listed in SW-846 for the methods that are used will

be used by the laboratory.
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EXECUTIVE SUMMARY

Sixty four remediation technologies listed on the federal remediation technology
roundtable were screened for applicability to Dixon Marquette Cement Company’s
landfill. Eleven technologies were considered theoreticaily feasible and were evaluated
for installation at the landfill. '

Installation of a RCRA Subtitle D Cap with Cap Enhancement was determined to be
technically feasible. This type of technology would have a capital cost of $2,000,000 to
$4,000,000.

No other technologies were feasible.
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L. INTRODUCTION

The Dixon Marquette Cement Plant (DMC) has disposed of waste cement kiln dust in an
onsite landfill since 1984. The landfill appears to have been used as early as 1959 by
previous plant owners. It is located in a portion of an old surface mine. The landfill is
approximately 300 feet cac1 of the Rock River at its closest point.

DMC desires to continue to use the landfill for disposal of waste cement kiln dust (CKD).
However, because of inherent siting and design factors it is not technically or
economically feasible to comply with all current landfill regulations. Therefore, it was
necessary to evaluate alternatives that could be included in adjusted standards. Numerous
sources were used to evaluate the costs and feasibility of various alternatives to the
landfill regulations.

USEPA publication 540-R-00-002 “A Guide to Developing and Documenting Cost
Estimates During the Feasibility Study” was used as a reference. The Federal
Remediation Technology Roundtable website was used to screen various alternatives. A
more detailed cost analysis was done for favorable alternatives.

The general alternatives considered were closing the landfill and hauling all new waste to
the local landfill, hauling all new and previously disposed waste to the local landfill, and
operating the landfill with adjusted standards. Options for collecting groundwater,
treating groundwater, and hydraulic control were cvaluated for the operating with
adjusted standards alternative.
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II. PRELIMINARY FEASIBILITY ANALYSIS

The Federal Remediation Technology Roundtable website (www.fitr.gov) contains a
treatment technology screening matrix for many aiternatives for treating waste, soil and
groundwater. Table 3-2: Treatment Technologies Screening Matrix is included in the
Appendix A. The inorganic contaminant column was selected because the CKD waste is
inorganic and the leachate contaminants were primarily inorganic. The array of treatment
technologies is rated by effectiveness. Technologies rated better for inorganic
contaminants were selected for additional consideration. Background information was
reviewed to determine if a technology could be used for the DMC site.

Many of the technologies rated better for inorganic technologies were determined to be
ineffective, unproven, or expensive after review of background information. The
following technologies were determined to be infeasible and were eliminated from
further consideration. Technology descriptions are included in Appendix B.

4.6 Electrokinetic Separation

4.8 Soil Flushing

4.10 Solidification/Stabilization
4.17 Chemical Extraction

4.18 Chemical Reduction/Oxidation
4.20 Separation

4.21 Soil Washing

4.24 Solidification/Stabilization
4.40 Hydrofracturing

4.46 Passive/Reactive Treatment Walls
5.57 Decp Well Injection

The following technologies were determined to be theoretically feasible and were
evaluated further to determine the site specific feasibility and cost at this facility.
Technology descriptions are located in Appendix C.

4.30 Landfill Cap (Soil Containment Remediation)

4.31 Landfill Cap Enhancement (Soil Containment Remediation)
4.32 Excavation, Retrieval, and Off-Site Disposal (Soil Remediation)
4.36 Phytoremediation (In Situ Groundwater Remediation)

4.48 Constructed Wetlands (Ex Situ Groundwater Remediation)

4.49 Adsorption/Absorption (Ex Situ Groundwater Remediation)
4.52 lon Exchange (Ex Situ Groundwater Remediation)

4.53 Precipitation/Coagulation/Flocculation (Ex Situ Groundwater Remediation)
4.40 Dircctional Wells (In Situ Groundwater Remediation)

4.58 Groundwater Pumping (Groundwater Containment)

4,59 Slurry Walls (In Situ Groundwater Remediation)
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III. FEASIBILITY ANALYSIS OF SELECTED TECHNOLGGIES
Eleven technologies that were theoretically feasible were evaluated in more detail. The
effectiveness at addressing all of the contammants assocnated with the landfill as well as

the cost was considered.

4.30 Landf{ill Cap

The purpose of a cap is to prevent direct contact with waste, prevent wind blown
transport of the waste, and to reduce the volume of precipitation that infiltrates through
the waste and becomes leachate. The most common cap is a soil layer that has been
compacted to former a barrier layer, which is then covered with a protective layer that
supports vegetation. Two types of designs which are common are a RCRA Subtitie C
Cap and a RCRA Subtitle D Cap.

A RCRA Subtitle D Cap is required for non-hazardous waste landfills. The Illinois
regulation for Subtitle D landfills (811.314 Final Cover System) calls for a low
permeablhty layer that has a minimum thickness of three feet and a permeability of less
than 107 cm/sec. A final protective cover is required that is three feet thick and is capab]e
of supporting vegetation. Based on the technology summary, the rough industry cost is
$175k/acre acre for a RCRA Subtitle D. This works out to be a total cost of $4,025,000
dollars for a 23-acre cap. However, because DMC has equipment to move soil it is
anticipated the cost for a cap that meets Illinois requirements would cost less than
$2,000,000 if onsite soils can be used for the cap. A preliminary construciion cost
estimate for a landfill cap is included in Appendix D. The estnnated cost for a landfill cap
was $1,852,000.

A RCRA Subtitle C Cap is a multilayered landfill cap that is suggested for use in RCRA
hazardous waste applications. These caps have at least one synthetic liner in addition to
the provisions of the Subtitle D cap. The synthetic liner will further reduce infiltration of
water into the waste. The drawback is increased difficulty in construction and increased
cost. The rough industry guideline cost is $225k/acre. This would be a total of
$5,175,000 for a 23-acre cap. DMC does not have the ability to construct this type of
cover and would need to use a landfill contractor. Therefore, the industry average is a
reasonable estimate.

Construction of Subtitle D Cap installed in accordance with the IEPA rule 811.314 when
the landfill is closed is a technologicaily feasible option.

4.31 Landfill Cap Enhancements

The purpose of landfill cover enhancement is to reduce or eliminate percolation, Water
harvesting increases runoff. Vegetation cover 1educes soil moisture via plant uptake and
evapotranspiration.
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The anticipated design is likely to have at least a 20% slope which will result in a
substantial amount of runoff. In addition, the landfill cap will need to be seeded with
vegetation to control wind and water erosion of the soil cover. Landfill cap enhancements
are anticipated as part of a normal soil cap construction and will not increase the cost of a
Subtitle D cap.

Inclusion of landfill cap enhancements such as vegetation is a feasible and appropriate
technology to apply to the anticipated Subtitle D cap.

4.32 Excavation, Retrieval, and Off-Site Disposal

Contaminated material is removed and transported to permitted off-site treatment and
disposal facilities. The technology guide provides a cost estimate of $270 to $460 per ton
for disposal at a RCRA permitted facility. ,

The CKD landfill is estimated to - untain 650,000 tons of waste. Disposal costs at the
local permitted Subtitle D landfill urc $38/ton. The total cost-would be $24,700,000 for
disposal. There would be an additional cost of approximately $300,000 for site
restoration. The total cost for this technology is $25,000,000. .

The cost of offsite disposal is economically infeasible.

4.36 Phytoremediation

Phytoremediation is a set of processes that uses plants to remove, transfer, stabilize and
destroy organic/inorganic contamination in groundwater, surface water, and leachate.
These mechanisms include enhanced rhizosphere biodegradation, hydraulic control,
phyto-degradation, phyto-volatilization, phyto-accumulation, and phyto-stabilization.

The DMC site poses significant constraints on this technology. The primary contaminants
arc inorganic and thus are not amenable to biodcgradation or volatilization, Much of the
contamination is deep and in bedrock where roots are not likely to penetrate. Plants could
pump shallow groundwater and accumulate contaminants in the shallow water near the
Rock River. Planting trees along the river was investigated. However, there is very little
arca between the bluff overlooking the river and the river to plant trees. Currently, there
is a lush stand of trees and vegetation along the bluff face that may very well attenuate
contaminants in the shallow water table.

This technology was determined to be infeasible for this site because of sitc constraints.

4.48 Constructed Wetlands

‘The constructed wetlands-based treatment technology uses natural geochemical and
biological processes inherent in an artificial wetland ccosystem to accumulate and
remove metals, explosives, and other contaminants from influent waters. The process can
usc a filtration or degradation process.
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Although the technology incorporates principal components of wetland ecosystems,
including organic soils, microbial fauna, algac. and vascular plants, microbial activity is
responsible for most of the remediation. Meials are removed through ion exchange,
adsorption, absorption, and precipitation with geochemical and microbial oxidation and
reduction. Ion exchange occurs as metals in the water contact humic or other organic
substances in the wetland. Wetlands constructed for this purpose often have liitle or no
soil instead they have straw, manure or compost. Oxidation and reduction reactions
catalyzed by bacteria that occur in the aerobic and anaerobic zones play a major role in
precipitating metals as hydroxides and sulfides. Precipitated and adsorbed metals settle in
quiescent ponds or are filtered out as water percolates through the medium or the plants.

The performance of wetland systems is not easily predicted nor is the cost. One estimate
from the technical document is $1.36 per thousand gallons. Up to three million gallons
per day of contaminated groundwater is discharged. The cost for treating this volume of
water weuld be $4,080 per day or about $1.5 million dollars per year.

This technology is not economically feasible and the technical feasibility is dubious.

4.49 Adsorption/Abserption

In liquid absorption, solutes concentrate at the surface of the sorbent, tlereby reducing
their concentration in the bulk liquid piiase. The most common adsorbent is granular
activated carbon. Other adsorbents include activated alumina, forage sponge, lignin
adsorption, sorption clays, and synthetic resins.

Adsorption does not work well for water soluble compounds and small molecules.
Therefore, it would not be a good choice for inorganic centaminants such as dissolved
solids. Cost estimates range from $280/1000 gallons to $340/1000 gallons. At three
million gallons per day of contaminated groundwater, the cost could be over $1,000,000
per day.

This technology will not work well for the -dissolved constituents found in the
groundwater at this site and the cost is pro!libitory.

4.52 lon Exchange

lon exchange removes ions from the aqueous phase by exchange with counter ions on the
exchange medium. lon exchange can remove dissolved metals from aqucous solutions.
However, the ions removed are replaced with other ions with little change is dissolved
solids content. Wastewater is also produced when the unit is regenerated. The cost is
typically $0.30 to $0.80 per 1000 gallons treated. For three million gallons per day of
contaminated groundwater, the cost would be $900 to $2,460 per day.

This technology would not significantly decrease the level of dissolved solids and the
expense is significant.
&




Feasibility and Cost Analysis of Remedial Alternatives
For: Dixon Marquette Cement Company

Prepared by: Preston Engineering

March 13, 2001

4.53 Precipitation/Coagulation/Flocculation

This process transforms dissolved contaminants into an insoluble solid, facilitating the
contaminant’s subsequent reinoval from the liquid phase by sedimentation or filtration.
The process usually uses pH adjustment, addition of a chemical precipitant, and
flocculation.

Precipitation of metals has long been the primary method of treating metal-laden
industrial wastewaters. This involves the conversion of soluble heavy metal salts to
insoluble salts *liat will precipitate. The precipitate can be removed from the treated water
by physical methods such as ciarification (settling) and/or filtration. The precipitate or
sludge must ther* be disposed in a landfill unless they have sufficient commercial value to
allow recycling.

Cost for this process may be from $0.30 to $0.70 per 1,000 gallons plus $0.50 per 1,000
gallons for sludge disposal. For a three million gallon per day system, the cost ranges
from $2,400 per day to $3,750 per day.

This is a poor technology for treating groundwater under the DMC landfill. The
groundwater has low hesvy metal contamination. Adding chemicals will raise the
dissolved solids content of the groundwater, which already has elevated levels. The
annual cost is from $876,000 to $1,365,000 per year.

The technology is eliminated because of the high cost and questionable benefit.

4.40 Directional Wells

14
Drilling techniques are used to position wells horizontally, or at an angle, to reach
contaminants not accessible by dircci vertical drilling.

Use of the technology may be limited by the potential for wells to collapse, requirement
of specialized technology, difficulty in precisely locating wells, cost, and depths limited
to 50 feet.

Cost cstimates in the technology guide are $20 to $75 per foot. However, these costs
appear to be for unconsolidated formations. Typically drilling in rock increase costs by a
factor of 10. An analysis of Icachate collection systems is included in Appendix E. The
preliminary cost cstimate for a horizontal well 2000 foot long is $695,000 or $350 per
foot.

This technology appezrs feasible although there i some uncertainty of the percent of
capture vecause of the variability of jointing in the bedrock.
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4.58 Croundivater Pumping

Groundwater ' nmping is a commonly used groundwater remediation technology at
contaminated sites. Possible objectives of groundwater pumping include removal of
dissolved contaminants from the subsurface, and containment of contaminated
groundwater to prevent migration.

Limitations of the technology include the length of time necessary to meet the
remediation goal, the systems often fail to contain the contaminant plume, the cost of
installation and operation is high, and biofouling of wells is common.

The cost for this type of system depends on the specific design and site conditions. A
preliminary design is included in Appendix E. A system of 100 wells, 30 feet deep at
DMC would cost over $600,000 for construction. Operating costs were estimated to be
$100,000 per year.

This technology is feasible, although the actual capture of groundwater will depend on
how effectively major joints are intersecied. The lo- ation of major joints is difficult to

predict, making the percent of groundwater capture uncertain,

4.59 Slurry Walls

‘These subsurface barriers consist of vertically excavated trenches filled with slurry. The
sturry, usually a mixture, of bentonite and water, hydraulically shores the trench to
prevent collapse and retards ground water flow. Slurry walls are used to contain
centaminated ground water, divert uncontaminated groundwater flow, and/or provide a
barrier for the groundwater treatment system,

Slurry walls are typically placed at depths up to 100 fect and are gencrally 2 to 4 feet
thick. The most effective application of a slurry wall for site remediation is to key the
slurry wall 2 to 3 feet into a low permeability layer such as clay or bedrock. This keying-
in provides for an effective foundation with min® wm leakage potential,

The cost for a soil-bentonite wall in a soft to medium soil range is $5 to $7 per square
foot. A recent bid for a local landfill resulted in a construction cost of approximately $7
per square foot. These costs arc based on excavation in soil. At the DMC site the slurry
wali would have 1o be constructed in fractured dolomite and keyed into the Glenwood
shale unit. Bedrock excavation is typically a factor of 10 higher than soil excavation. To
circle the landfill with a 40-foot deep slurry wall would require a minimum of 160,000
square feet of slurry wall. At $50 a square foot, the cost would be $8,000,000.

The cost and difficulty in installing a slurry wall in 40 foot of rock makes this alternative
infeasible.
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Table 3-2: Treatment Technologies Screening Matrix

Eating Codes ~
- Better; O - Average;
A\ - Worse. 9 - See Definition
in Table 3-1a. =
Y - Yes; N - No. E
F - Full; P - Pilot. ® L. L
S - Solid; L - Liquid; 51 B 1% 3 g g
V - Vapor. Sles |3l = E . 3 5
NA - Not Applicable -~ 'g;? g .‘g_ 32‘ gl 18y bt
I - Inadequate. flen el &, 12| 85 |E g & i1
O&M - Operation & g E§ 515512 €5 | 5= ‘8
Maintenance; Cap - Capital; B - E a'g Bl = g ? i‘% E i | _g ‘
Both (=} ,!‘:'_ cloE |zl 2% |5 g : x
Soil, Sediment, and Sludge
3.1 In Situ Biological Treatment
4.1 Bioventin FI N ININ [& & ¢onN|&|&/mA|S]]
lgiao—;_e!g_e_diaﬂgn F[ N |[N|joaMm|@| ¢ |¢|o|m|mleloimieo|seim
cromc
{311 Anaerobic
4.3 Land Trcatment FIN IN| N | ¢ |¢(¢R|BS SIRIAS|®
4.4 Natural Attenuation . | F| N INJjO&M|€@]| & |Al¢|m|e|e|dlele|d e
4.5 Phytoremediation
[ J 0 Enhanced Rhizosphere
Piocandation P[ N IN| N |[a] 0 |alm|o|o]|ojo|m|ala]m
.1 [J Phyto-accumulation
{10} Phyto-degradaticn
{31} Phyto-stabilization
3.2 In Situ Physical/Chemical Treatment
4.6 Electrokinetic ;
Separation FI Y |LiO&M{E| O |Oojololololoialmloin
4.7 Fracturing
‘j{”} :2::;:{:‘:§j2§‘5 ¥l Y [NjoaMlal o |ololololololololalo
(171 Pncumatic Fracturing
4.8 Soil Flushing F| N [L{oaM[®! o |alajm|m|ojo]o|m|ala
{10) Cosolvents Inhancement
4.9 Soil Vapor Extraction [ F{ N 'L |0O&M|® r'O BBEOCIOIRIA|AIA
4,10 ¥
Selidification /Stabilizationt o | |g| B o] o lolo|w|ale|m|ale|alas
{10 In Situ Vilrification
3.3 In Situ Thermal Treatment
htp://www.frtr.gov/matrix2/section3/matrix.html 12/20/00
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4.11 Thermally Enhanced
Soil Vapor Extraction

0O Blectrical Resistance Heating P N INI] N 1Al B AIRIOICIRIEIN
030 Radio Frequency/ Electromagnetic
Hecating

{31] Hot Air Injection

>
>
>

3.4 Ex Situ Biclogical Treatment (assuming excavation)

4.12 Biopiles FI N INJ] N |H| B |[O/R|E|R|®IS/m&IA|E
4.13 Composting F{ N IN| N |m] B |[O|jmjain|eeim|éinln
4.14 Fungal :
[Biodegradation F| N [N|O&M|A] A |Alm|¢|é|®|&|®iAn|nlm
CJ C)White Rot Fungas
4.15 Landfarming F{ N |N| N |m] ® [Alminjm|é¢|¢|m|élale
4.16 Slurry Phase ¥ .
{Biological Treatment FI NANE B jO[70 |OfO|RIM|&|&|M | A i

3.5 Ex Situ Physical/Chemical Treatment (assuming excavation)
4.17 Chemical Extraction
(103 Acid Extraction F Y L B O O AIAOIOIR|BIO|BIOIE
{10J Solvent Extraction
(L8 Chemical Fl Y |s| N |m| m |[m|o|o]|o|o|o|o]|alala

4.1% Dehalogenation

(103 Base-Catalyzed Decnmposition F N v B |lAal A Aalajololololalalala
00 Glycolate/Alkaline Polyethylene

Glycol (A/PEG)

4.20 Scparation
{10) Gravity Separstion F Y S logM|m o @lololololoim|mlalAa
(003 Magnetic Sparation

(10) Sieving/Physical Separation

4.21 Soil Washing rly |2
4.22 Soil Vapor Extraction| '] N |L| N @
N_|N

B |O|jB|R|E|O|O(0|AIA|IA
4.23 Solar Detoxification | P Cap. [O] O [oimiminmBAIA|A|R
4.24
Solidification /Stabilization
('] Bituminization
CHY Emuisificd Asphalt
L11) Modified Sulfur Cement F N S Cap [ ] ] Ho|alaloloianm| mlA

U501 Polyethylene Extrusion

P10V Porzolan/Porttand Cement

[ it} Radioactive Waste Solidification
{31) Sludge Stabilization

[11') Soluble Phosphates

1111 Vigitication/Molten Gluss

3.6 Ex Situ Thermal Treatment (assuming excavation)

PI N IN| B O B [mimia(AA|AIAIAIAIR

4.25 Hot Gas
Decontamination

http://www.frir.gov/matrix2/section3/matrix.html 12/20/00
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4.26 Incineration
{10 Circulating Bed Combustor L
00 fiwdized Bed FI N |[S] B |[RB|] O |BlA|IRIERIE|EIAIAINR
30 Infrared Combustion A4
O[] Rotary Kiln
‘S”O"?“B“m/of?@ Fl N |s| B |m| m |m|m|lalalajalalalalw
Detonation
4,28 Pyrolysis ‘. .
{30 Fluidized Bed
{03 Molten Salt Destruction F N S B Al I BIAIOIO|B W OIAIANT
{11 Retary Kiln
4.29 Thermal Desorption L °
(31 High Temperature F Y S B - | O RjO|R|B|R BAIBIA|AIN
[} Low Temperature
3.7 Containment
4.30 Landfill Cap
(003 Asphalt/Concrete Cap
00 RCRA Subtitle C Cap NAL N INAl N B/ B IAIBOICIOIOIOIOIAIO
[J 00 RCRA Subtitie D Cap
4.31 Landfill Cap
Enhancements NAl N NAl N |m| m [a|m|o|o|olololo]alo
(30 water ITarvesting
(10 Vegetative Cover »
3.8 Other Treatment
4,32 Fixcavation, Retrieval,
and OFE-Site Disposal NA] N NAI N [ W H{AalO|Oo|o10|o|oiAalc
Ground Water, Surface Water, and Leachate
. 3.9 In Situ lBiologi_chl‘gcgtment
4.33 Co-metabolic 4
Treatment P N IN[O&M|A] & [&|¢|m|&|H|®[SIA[A[O
4.34 Enhanced.
Biodegradation
{10J Nitrate Enhancement
ID[—) Qxygcnl!nhuncuncnl with Air F N N1o&Mi@ @ @ @ L @ . @ BIAIA|O
%)i(lrlu(l;iygcn Enhancement with Hydrogen
Peroxide
4.35 Natural Attenuation |[F| N INIO&M|mB| & |@1@]|a||&|éle|AalAlA
4.36 Phytoremediation
{311 Enlienced Rhizosphere
3iodcegradation
8] i.lydrnulic(lonlml P N N N O L ARIOI010|0|10Im|A .
{10 Phyto-Degradation
U105 Phyto-Volatilization
3.10 In Situ Physical/Chemical Treatmy ¢
4.37 Aeration F|] Y |[VI N 8] O |MIEE®R|O|O[R|AIAIA
4.38 Air Sparging Tl Y [VIN[m]l & mimjaimjalalm]AlATA
4.39 Bioslurping Pl vy ol N | o [olmlo|o|m|m|m|alalo
hitp://www.fitr.gov/matrix2/section3/matrix.html 12/20/00
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4.40 Directional Wells

(cnhancement)

Z
>
g
]

O
@)

>

4.41 Dual Phase Extraction

4.42 Fluid/Vapor

@)
]

*Extraotion

4.43 Hot Water or Steam

[Flushing/Stripping

4.44 derofra_c;ging

ojb1bIPIloO

4 45 In-Well Air Stripping
10 Circulating Wells

)i < Z

<rjzi< < o<

® |~ m | ®|E|D

B EpD|OjO]|C

Oimi®m | OO | B

O (0] O
B O O

BiOojo|® ! B

CjopmjolpPD} O
OOl B{O|D} O
2O/ E | E|®R|O

PIofjbibib o

DIMIDIDID

4.46 Passive /Rreactive
Treatment Walls

{10} Funnel and Gate

{103 fron Treatment Wall

N

Cap.

>

O

>
)

3.11 Ex Situ

Biolo

3

ical

,
=
>
-~
-

|

1CR1L

4.47 Biorcactors

F

N

'S

Cap.

4.48 Constructed Wetlands

e

F

N

S

Cap.

8|o|

ol|n

>{D>
.=

1C{
]
JAN
reat

3.12 Ex Situ Physical/Chemical Ty

-
>
—

;
|

4.49 Adsorption/
Absorption

(30 Activated Alumina

OO Forager Sponge

(30 Lignin Adsorption/ Sorplive Clays
{10 Synthetic Resins

N

O

= |®]O

SsUl

ming |

pun

4.50 Air Stripping

< -

Oo&M

4.51 Granulated Activated
Carbon (GAC)/Liauid
’hase Carbon Adsorption

S

0&M

4.52 Ton Exchange

4.53 Precipitation/
Coagulation /Flocculation

[1{] Coagulants and Flocculation

u m &

4.54 Separation

(0] Distiltation

(103 Fittration/

Ultrafiltration /Microfiltration
30 Freeze Crystllization
000 Membrane Pervaporation
U117 Reverse Osmosis

s

4,55 Sprinkler Irrigation
107 Trickling Filter

S
L

N

O

>

4.56 UV Oxidation

303 UV Photolysis

N

B

VAN

NA
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4.57 Deep Well Injection |F| N IS: N o [NAlm|o olololo
4.58 Ground Water
{Pumping F| N |[L] B |@ B [NAA|O Q|0 O
103 Surfactant Enhanced Recovery
00 Drawdown Pumping
4.59 Slurry Walls F| N |NA]Cap. |H Ni®0 Oj0 O

3.14 Air Emissions/Off-Gas Treatment
4.60 Biofiltration FINA DI N [of & |mimim B |ANAle
4.61 High Energy
[Destruction P|INA[N| I [a] & Nalo|m | |0 NAlA
33 High Energy Corona
{303 Tunable Hybrid Plasma Reactor
4.62 Membrane Separation| P | NA IN| 1 Al A NAjOj® QOIANAIO
4.63 Oxidation
{10} Catalytic Oxidation
(f;][;i:{\lemal Combustion Engine FINAINI N |l 8 INAIBIm AINALO
00 Themmal Oxidation
(30 Ultraviolet Oxidation
4.64 Vapor Phase Carbon
Adsorption FINA|S| N |@] B NAjE|® BIOINAIE
30 VOC Recovery and Recycle |
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4.6 Electrokinetic Separation

(In Situ Soi} Remediation Technology)

Previp'[fs; F i
. Section

admm———— et —.

I Technélogy “ Description I
l [Soil, Sediment, and Sludge ]

13,2 In Situ Physical/Chemical Treatment ‘I

4.6 Electrokinetic Separation  |'The Electrokinetic Remediation (ER) process removes metals and organic contaminants from low
permeability soil, mud, sludge, and marine dredging. ER uses electrochemical and electrokinetic

processes to desorb, and then remove, metals and polar organics. This in situ soil processing
I technology is primarily a separation and removal technique for extracting contaminants from soils.
Description: The principle of electrakinetic remediation relies upon application of a low-intensity direct current
through the soil between ceramic electrodes that are divided into a cathode array and an anode
array. This mobilizes charged species, causing ions and water to move toward the electrodes. Metal
ions, ammenium ions, and positively charged organic compounds move toward the cathode.
Anions such as chloride, cyanide, fluoride, nitrate, and negatively charged organic compounds
move toward the anode, The current creates an acid front at the anode and a base front at the

cathode. This generation of acidic condition in situ may help to mobilize sorbed metal
contaminants for transport to the collection system at the cathode.

Electrokinetic Separation The two primary mechanisms transport contaminants through the soil towards one or the other

System electrodes: electromigration and electroosmosis. In electromigration, charged particles are
transported through the substrate. In contrast, electroosmosis is the movement of a liquid
containing ions relative to a stationary charged surface. Of the two, electromigration is the main
mechanism for the ER process. The direction and rate of movement of an ionic species will depend
on its charge, both in magnitude and polarity, as well as the magnitude of the electroosmosis-
induced flow velocity. Non-ionic species, both inorganic and organic, will also be transported along
with the electroosmosis induced water flow,

Two approaches are taken during electrokinetic remediation: "Enhanced Removal” and "Treatiment
without Removal".

“Enhanced Removal" is achieved by electrokinetic transport of contaminants toward the polarized
electrodes to concentrate the contaminants for subsequent removal and ex-situ treatment. Removal

http://www.{rtr.gov/matrix2/section4/4_6.html ‘ : 1/19/01
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Synonyms:

Applicability:

Limitations:

Data Needs:

Performaince Data:

http://www.frtr.gov/matrix2/section4/4_6.html

of contaminants at the electrode may be accomplished by several means among which are;
electroplating at the electrode; precipitation or co-precipitation at the electrode; pumping of water
near the electrode; or complexing with ion exchange resins. Enhanced removal is widely used on
remediation of soils contaminated metals.

"Treatment without Removal” is achieved by electro-osmotic transport of contaminants through
treatment zones placed between electrodes. The polarity of the electrodes is reversed periodically,
which reverses the direction of the contaminants back and forth through treatment zones. The
frequency with which electrode polarity is reversed is determined by the rate of transport of

contaminants through the soil. This approach can be used on in-situ remediation of 2oils
contaminated with organic species,

Electrokinetics; Electromigration.

i BacK to'Ta
Targeted contaminants for electrokinetics are heavy metals, anions, and polar organics in soil, mud,
sledge, and marine dredging, Concentrations that can be treated range from a few parts per million

(ppm) to tens of thousands ppm. Electrokinetics is most applicable in low permeability soils. Such

soils are typically saturated and partially saturated clays and silt-clay mixtures, and are not rcadily
drained.

cAR

Factors that may limit the applicability and effectiveness of this process include:
| 4

¢ o Effectiveness is sharply reduced for wastes with a moisture content of less than 10 percent.
+ Maximum effectiveness occurs if the moisture content is between 14 and 18 percent.

o The presence of buried metallic or insulating material can induce variability in the electrical
conductivity of the soil, therefore, the natural geologic spatial variability should be
delineated. Additionally, deposits that exhibit very high electrical conductivity, such as ore
deposits, cause the technique to be inefficient. .

o Inert electrodes, such as carbon, graphite, or platinam, must be used so that no residue will
be introduced into the treated soi} mass. Metallic electrodes may dissolve as a result of
clectrolysis and introduce corrosive products into the soil mass.

» Electrokinetics is most effective in clays because of the negative surface charge of clay
particles. However, the surface charge of the clay is altered by both charges in the pH of the
pore fluid and the adsorption of contaminants. Extreme pH at the electrodes and reduction-
oxidation changes induced by the process elecirode reactions many inhibit ER’s
effectiveness, although acidic conditions (i.e., low pH) may help to remove metals.

¢ Oxidation/reduction reactions can form undesirable products (e.g., chlorine gas).

A detailed discussion of data elements is provided in Subsection 2.2.1 (Data Requirements for Soil,

47
7

Sediment and Sludge).

b L
There have been few, if any, commercial applications of electrokinetic remediation in the United
States. The electrokinetic technology has been operated for test and demonstrationspurposes at the
pilot scale and at full scale at the following sites: (1) Louisiana State University, (2)
Electrokinetics, Inc., (3) Geokinetics International, Inc., and (4) Battelle Memorial Institute,

Geokinetics International, Inc.(GI) has successfully demonstrated the in situ clectrokinetic
remediation process in five field sitcs in Europe.

In 1996, a comprehensive demonstration study of lead extraction at a U.S.Anny firing range in
Louisiana was conducted by DoD’s Small Business Innovative Research Program and

1/19/01
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Cost:

Electrokinetics, Inc. The EPA taking part in independent assessments of the results, found pilot-
scale studies have demonstrated that concentrations of lead decreased to less than 300 mg/kg in 30
weeks of electrokinetic processing when the soils where originally contaminated as high as 4,500
mg/kg of lead.

' Back o Top ¢
Costs will vary with the amount of soil to be treated, the conductivity of the soil, the type of

contaminant, the spacing of electrodes, and the type of process design empioyed. Ongoing pilot-
scale studies using "real-world" soils indicate that the energy expenditures in extraction of metals

from soils may be 500 kWh/m3 or more at electrode spacing of 1.0m to 1.5m. Direct costs
estimates of about $15/m3 for a suggested energy expenditure of $0.03 per kilowatt hours, together

with the cos: of enhancement, could result in direct costs of $50/m3 or more. If no other efficient in
situ technoiogy is available to remediate fine-grained and heterogeneous subsurface deposits
contaminated with metals, this technique would remain potentially competitive.

References: EPA, 1996 Recent Development for In Situ Treatment of Metal Contaminated Soil, EPA Office

of Solid Waste & Emergency Response. Technology Innovative Office. Washington, DC,

USAEC, 1997. “In-situ Electrokinetic Remediation for Metal Contaminated Soils" in

Innovative Technology Demonstration, Evaluation and Transfer Activities, FY 96 Annual Report,
Report No. SFIM-AEC-ET-CR-97013, pp. 87-88.

U.S. DOE, 1995. "Electrokintic Remediation of Heavy Metals and Radionuclides,” in
Technology Catalogue, Second Edition, Office of Environmental Management Office of
Technology Development, DOE/EM-0235, pp. 201-203,

Site Information:

Technology Specific Web Sites:

Army Demo, U.S. Army Waterways Experiment Station, Baton Rouge Louisiana
An Underground Storage Tank Spill

DOE Demo, Oak Ridge K-25 facility, Tennessce

DOE Demo: Sandia National Laboratories Chemical Waste Landfill

EPA/DGE Demo; DOE Gaseous Diffusion Plant, Paducah, Kentucky

DOE Demo, Old TNX Basin, Savannah River Site, South Carolina

U.S. Army, firing range, LA »
Additional site information on the FRTR web sife

Points of Contact:

http://www.frtr.gov/matrix2/section4/4_6.html 1/19/01
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f

Vendor Information:

A list of vendors offering In Situ Physical/Chemical Soil Treatment is available from the Vendor Information System for Innovative
Treatment Technologies (VISITT; developed by U.S. Environmental Protection Agency (EPA).

. Batkto Top';,

Health and Safety:.

To be added
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4.8 Soil Flushing

- Previous- |/
". Section |,

Page 1 of 4

4.8 Soil Flushing

(In Situ Seil Remediation Technology)

|. Screen:: |
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3.2 In Situ Physical/Chemical Treatment

I Technology —LI[ — Description —]
Soil, Sediment, and Sludge ____]I
|

4.8 Soil Flushing

injected into the ground water to raise the water table inio the contaminated soil zone.
Contaminants are leached into the ground water, which is then extracted and treated.

T————————

Water, or water containing an additive to enhance contaminant solubility, is applied to the soil or I

Desc- ‘ption:

Figure 4-8:
Typical Soil Flushing System

http://'www.frtr.gov/matrix2/sectiond/4 _8.html

In situ soil flushing is the extraction of contaminants from the soil with water or other suitable
aqueous solutions. Soil flushing is accomplished by passing the extraction fluid through in-place
soils using an injection or infiltration process. Extraction fluids must be recovered from the
underlying aquifer and, when possible, they are recycled.

> Cosolvent Enhancement

Cosolvent flushing involves injecting a solvent mixture (e.g., water plus a miscible organic solvent
such as alcohol) into cither vadose zane, saturated zone, or both to extract organic contzminants,
Cosolvent flushing can be applicd to soils to dissolve cither the source of contamination or the
contaminant pluine emanating from it. The cosolvent mixture is nonmally injected upgradient of the

contaminated area, and the solvent with dissolved contaminants is extracted downgradient and
treate: above ground.

Recovered ground water and flushing fluids with the desorbed contaminants may need treatment to
meet appropriate discharge standards prior to recycle or release to local, publicly owned wastewater
treatment works or receiving streams. To the maximum extent practical, recovered fluids should be
reused in the flushing process. The separation of surfactants from recovered flushing fluid, for
reuse in the process, is a major factor in the cost of soil flushing, Treatment of the recovered fluids
results in process sludges and residual solids, such as spent carbon and spent fon exchange resin,
which must be appropriately treated before disposal. Air emissions of volatile contaminants from
recovered flushing fluids shouid be coliccted and treated, as appropriate, to meet applicable
regulatory standaids. Residual flushing additives in the soil may be a concern and should be

1/19/01




4.8 Soil Flushing

Synonyms:

Applicability:

Limitations:

Data Needs:

Performance Data:

Cost:

Page 2 of 4

evaluated on a site-specific basis.

The duration of soil flushing process is generally short- to medium-term.

DSERTS Code: M12 (Soil Flushing).

- Back to Top
The target contaminant group for soil flushing is inorganics including radioactive contaminants,
The technology can be used to treat VOCs, SVOCs, fuels, and pesticides, but it nay be less cost-
effective than alternative technologies for these contaminant groups. The addition of
environmentally compatible surfactants may be used to increase the effective solubility of some
organic compounds; however, the flushing solution may alter the physical/chemical properties of
the soil system. The technology offers the potential for recovery of metals and can mobilize a wide
range of organic and inorganic contaminants from coarse-grained soils,

Back :
Factors that may limit the applicability and effectiveness of the process include:

« Low permcability or heterogeneous soils are difficult to treat.

e Surfactants can adhere to soil and reduce effective soil porosity.

» Reactions of flushing fluids with soil can reduce contaminant mobility.

o The potential of washing the contaminant beyond the capture zone and the introduction of
surfactants to the subsurface concern regulators. The technology should be used only where
flushed contaminants and soil flushing fluid can be contyined and recaptu®ed.

* Aboveground separation and treatment costs for recovered fluids can drive the economics of
the process. d

ackK1nTob &

A detailed discussion of these data elements is provided in Subsection 2.2,1 (Data Requirements for
Soil, Sediment, and Sludge). Treatability tests are required to determine the feasibility of the
specific soil-flushing process being considered. Physical and chemical soil characterization
parameters that should be established include soil permeability, soil structure, soil texture, soil
porosity, moisture content, total organic carbon (TOC), cation exchange capacity (CEC), pH, and
buffering capacity.

Contaminant characteristics that should be cstablished include concentration, solubility, partition
coefficient, solubility products, reduction potential, and complex stability constants. Soil and
contaminant characteristics will determine the flushing fluids required, flushing fluid compatibility,
and changes in flushing fluids with changes in contaminants.

:Back 10 Top."

Soil flushing is a developing technology that has had limited use in the United States. Typically,
laboratory and ficld treatability studies must be performed under site-specific conditions before soil
flushing is selected as the remedy of choice. To date, the technology has been selected as p st of the
source control remedy at 12 Superfund sites. This technology is currently operational at only one
Superfund site; a second was scheduled to begin operation in 1991, ZPA completed construction of
a mobile soil-flushing system, the tn Situ Contaminant/Treatment Unit, in 1988, This mobile soil-
flushing system is designed for use at spills and uncontrolled hazardous waste sites, There has been
very little commercial success with this technology,

The cost of soil flushing depends greatly on the type and concentration of surfactants used, if they
are used al all. Rough cstimates ranging from $25 to $250 per cubic yard have been reported,

http://www.frir.gov/matrix2/sectiond/4_8.html , 1/19/01
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Additional cost information can be found in the Haiardous, Toxic, and Radioactive Wastes
(HTRW) Historical Cost Analysis Systcm (HCAS) developed by Environmental Historicai Cost
Committee of Interagency Cost Estimation Group.

. Batk to Top !

References: T _~9_'Z~chln ology Practices Manual for Surfactants and Cosolvents, Technical Report,

Document No, TR-97-2. o

op>

EPA, 1991. In Situ Soil Fiushing, Engineering Bulletin, EPA/540/2-91/021.

EPA, 1994. In Situ Remediation Technology Status 11eport Cosolvent, Engineering Bulletin,
EPA/542/K-94/006,

EPA, 1996. A Citizen's Guide to In Situ Soil Flushing, Technology Fact Sheet, EPA/542/F-
96/006,

EPA, 1997, Bes: Managcitent Practices (BMPs) for Soil Treatment Technologies: Suggested
Operational Guidelines to Prevent Cross-media Transfer of Contaminanis During Clean-UP
Activities, EPA OSWER, EPA/530/R-97/007.

Nash J., R.P. Traver, and,B.C. Duwney, 1986. "Surfactant-Enhanced In Situ Soils Washing",
USAF Engmeer ag and Services Laboratory, Florida. ESL-TR-97-12, Available from NTIS,
Springfield, VA, Order No. ADA188066.

Extraction at the United Chrome Superfund Site," Journal of Hazardous Materials, El Savior
Science Pub., B.V., Amsterdam, Vol. 29, pp. 59-78.

- Batk o Top.
Site Information:

o Laramic Tie Plant, WY

- BacktoTop

Points of Contact:

Technology Specific Web Sites:

Vendor tnformation:

L 4
Sturges, S$.G., Jr., P. McBeth, Jr., R.C. Pratt, 1992. "Performance of Soil Flushing and Groundwater l
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A list of vendors offering 'n Situ Physical/Chemical Soil Treatinent is available from the Vendor Information Systemn for Innovative

Treatment Technologies (VISITT) developed by U.S. Environmental Protection Agency (EPA).

“ Back10:Top

Health and Safety:

£ Prevlous Screen
Section | 2age | Matrjx  J:
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4.10 Solidification/Stabilization

(In Situ Soil Remediation Technology)

i Screen- | T
X ;,.'Mat’r,ix'r' "

Technology

it -Description

Soil, Sediment, and Sludge

3,2 In Situ Physical/Chemical Treatment

]

4.10 In Situ Solidification/
Stabilization

Contaminants are physically bound or enclosed within a stabilized mass (solidification), or
chemical reactions are induced between the stabilizing agent and contaminants to reduce their
mobility (stabilization).

|
]

= ™~

Description:

Figure 4-10a:
Typical Auger/Caisson and
Reagent/Injector Head Systems

[

Figure 4- lOb
‘Typical In Situ Vitrification
System

hitp://www.frtr.gov/matrix2/scctiond/4_10.html

Solidification/stabilization (S/S) reduces the mobility of hazardous substances and contaminants in
the environment through both physical and chemical means. Unlike other remedial technologies,
S/S seeks to trap or immobilize contaminants within their "host” medium (i.c., the soil, sand, and/or
building materials that contain‘them), instead of removing them through chemical or physical
treatment. Leachability testing is typically performed to measure the immobilization of
contaminants. S/S techniques can be used alone or combined with other treatment and disposal
methods to yield a product or material suitable for land disposal or, ir: other cases, that can be
applied to beneficial vse. These techniques have been used as both final and interim remedial
measures.

Auger/caisson systems and injector head systems are techniques used in soil 8/S. They apply S/8
agents to soils to trap or immobilize contaminants. ’

Bottom barriers are horizontal subsurface barriers that prevent vertical migration by praviding a
floor of impermeable material beneath the waste. The installation of a grout injection bottom barrier
involves directional drilling with forced grout injection, Implementation of this technology is
highly dependent on the physical properties of soil.

> In Sini Vitrification (ISV)

In situ vitrification (ISV) is another in situ S/S process which uses an clectric current to melt soi].or
other earthen materials at extremely high temperat::;es (1,600 to 2,000 °C or 2,900 to 3,650 °F) and
thereby immobilize most inorganics and destroy organic pollutants by pyrolysis. Inorganic

1/19/01



4.10 Solidification/Stabilization (In Situ)

Synonyms;

Applicability:

Limitations:

Data Needs:

Performance Data:

pollutants are incorporated within the vitrified glass and crystalline mass. Water vapor and organic
pyrolysis combustion products are captured in a hood, which draws the contaminants into an off-
ges treatment system that removes particulates and other pollutants from the gas. The vitrification
product is a chemically stable, leach-resistant, glass and crystalline material similar to obsidian or
basalt rock. The process destroys and/or removes organic materials. Radionuclides and heavy
metals are retained within the molten soil. '

The timeframe for in situ S/S is short- to medium-term, while in situ ISV process is typically short-
term.

DSERTS Codes: M13 (Vitrification
NI11 (Solidification/Stabilization)
il

The target contaminant group for in situ S/S is generally inorganics (including radionuclides).

The Auger/Caisson and Reagent/Injector Head Systeins have limited effectiveness against SVOCs
and pesticides and no expected effectiveness against VOCs; however, systems designed to be more
cffective in treating organics are being developed and tested.

The ISV process can destroy or remove organics and immobilize most inorganics in contaminated
soils, slwdge, or other earthen materials. The process has been tested on a broad range of VOCs and

#SYOCs, other organics including dioxins and PCBs, and on most priority pollutant metals and
radionuclides.

i

Factors that may limit the applicability and effectiveness of the in situ S/S inciude:

* Depth of contaminants may limit some types of application processes.

« Future usage of the site may "weather" the materials and affect ability to maintain
immobilization of contaminants.

 Some processes result in a significant increase in volume (up to double the original
volume).

o Certain wastes are incompatible with variations of this process. Treatability studies are
generally required.
Reagent delivery and effective mixing are more difficult than for ex situ applications.

Like all in situ treatments, confirmatory sampling can be more difficult than for ex situ
treatments,

« The solidified material may hinder future site use.
¢ Processing of contamination below the water table may require dewatering,

' pack

A detailed discussion of these data elements is provided in Subsection 2.2.1 (Data Requirements for
Soil, Sediment, and Sludge). Data needs include particle size, Atterberg limits, moisture content,
metal concentrations, sulfate content, organic content, density, permeability, unconfined
compressive strength, leachability, pH, and microstructure analysis. For ISV, a minimum alkali
content in soil (sodium and potassium oxides) of 1.4 wi% is necessary to form glass, The
composition of most soils is well within the range of processability.

Auger/Caisson and Reagent/Injector Head Systems processes are well demonstrated, can be applied
to the most common site and waste types, require conventional materials handling equipment, and
are available competitively from a number of vendors, Most reagents and additives are also widely
available and relatively inexpensive industrial commodities.

http://www.frtr.gov/matrix2/sectiond/4_10.html 1/19/01
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Cost:

References:
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Auger/Caisson and Reagent/Injector Head Systems processes have demonstrated the capability to
reduce the mobility of contaminated waste by greater than 95%. The effects, over the long term, of
weathering (e.g., freeze-thaw cycles, acid precipitation, and wind erosion), ground water
infiltration, and physical disturbance associated with uncontrolled future land use can significantly
affect the integrity of the stabilized mass and contaminant mobility in ways that cannot be predicted
by laboratory tests.

There have been few, .if any, commercial applications of ISV. The ISV process has been operated
for test and demonstration purposes at the pilot scale and at full scale at the following sites: ¢))
Geosafg Corporation's ¥est site, (2) DOE's Hanford Nuclear Reservation, (3) DOE's Gak Ridge
National Laboratory, and (4) DOE's Idaho National Engineering Laboratory. More than 170 tests at
various scales have been perfonined on a broad range of waste types in soils and sludge. A
demonstration will take place at the Parsons/ETM site in Grand Ledge, Michigan, where the
process is currently operating.

Process depths up to 6 meters (19 ft) have been achieved in relatively homogeneous soils. The
achievable depth is limited under certain heterogeneous conditions.

Costs for Auger/Caisson and Reagent/Injector Head Systems processes vary widely according to
materials or reagents used, their availability, project size, and chemical nature of contaminants
(e.g., types and concentration levels for shallow applications). The in situ soil mixing/auger
techniques average $50 to $80 per cubic meter (340 to $60 per cubic yard) for the shallow
applications and $190 to $330 per cubic meter (8150 to $250 per cubic yard) for the deeper
applications.

The shallow soil mixing technique processes 36 to 72 metric tons (40 to 80 tons) per hour on
average, and the deep soil mixing teLinique averages 18 to 45 metric tons (20 to 50 tons) per hour.

The major factor driving the selection process beyond basic waste compatibility is the availability
of suitable reagents. Auger/Caisson and Reagent/Injector Head Systems processes require that
potentially large volumes of bulk reagents and additives be transported to project sites.
Transportation costs can dominate project economics and can quickly become uneconomical in
cases where local or regional material sources are unavailable.

The cost for grout injection varies depending on site-specific conditions. Costs for drilling can
range from $50 to $150/ft and grouting from $50 to $75/ft, not including mobilization, wash
disposal, or adverse site condition expenses,

For ISV, average costs for treatability tests (all types) are $25K plus analytical fees; for PCBs and
dioxins, the cost is $30K plus analytical. Equipment mobilization and demobilization costs are
$200K to $300K combined. Vitrification operation cost varies with electricity costs, quantity of
water, and depth of process.

California Base Closure Environmental Committee (CBCEC), 1994. Treatment Tecltnologles

Applications Matrix for Base Closure Activitles, Revislon 1, Technology Matching Process Action
Team, November, 1994,

DOE, 1992. In Situ Vitrification, Technology Transfer Butletin, prepared by Battelle's Pacific
Northwest Laboratories for DOE, Richland, WA.

DOE, January 1992. "ISV Planning and Coordination," +Y92 Technical Task Plan and Technical
Task Description, TTP Reference No. RL-8568-PT.

DOE, July 1992. "116-B-6A Crib ISV Demonstration Project," Y92 Technical Task Plan and

http://www.{rtr.gov/matrix2/section4/4_10.html _ 1/19/01
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Technical Task Description, TTP Reference No. RL-8160-PT.

DOE, April 1995. Technology Catalogue, Second Edition, Office of Environmental Management
& Office of Technology Development, DOE/EM-0235.

EPA, 1989. Chemfix Technologies, Inc. Chemical Fixadion/Stabilization, EPA RREL, serics
includes Technology Evaluation, Vol. I, EPA/540/5-89/011a, PB91-127696, and Technology
Evaluation, Vol. II, EPA/540/5-89/011b, PB90-274127.

EPA, 1989. Hazcon Solidification, EPA RREL, series includes Technology Evaluation, Vol. 1,
EPA/540/5-89/001a, PB89-158810; Technology Evaluation, Vol. 11, EPA/540/5-89/001b, PB89-
158828; Applications Analysis, EPA/540/A5-89/001; and Technology Demonstration Summary,
EPA/540/55-89/001.

EPA, 1989. IWT/GeoCon In-Situ Stabilization, EPA RREL, series includes Technology
Evaluation, Vol. I, EPA/540/5-89/004a; Technology Evaluation, Vol. ., EPA/540/5-89/004b,
PBR89-194179; Technology Evaluation, Vol. 111, EPA/540/5-85/004¢, B90-269069; Technology
Evaluation, Vol. 1V, EPA/540/5-89/004d, PB90-269077; Applications Analysis, EPA/540/A5-
89/004; Technology Demonstration Sumimary, EPA/540/S5-89/004; Technology Demonstration
Summary Update Report, EPA/540/55-89/004a; and Demonstration Bulletin, E¥A/540/M5-89/004,

EPA, 1989. SITE Program Demoustration Test International Waste Technologies In Situ
Stabilization/Solidification Hialeah, Florida, Technology Evaluation Report, EPA RREL,
Cincinnati, OH, EPA/540/5-89/004a.

EPA, 1989, Soliditech, Inc. Solidification, EPA RREL, series includes Technology Evaluation,
Vol. 1, EPA/540/5-89/005a; Technology Evaluation, Vol. 11, EPA/540/5-89/005b, PB90-191 768;
Applications Analysis, EPA/540/A5-89/005; Technology Demonstration Summary, EPA/540/S5-
89/005; and Demonstradon Bulletin, EPA/540/M5-89/005.

EPA, 1989. Stabilizatlon/Solidification of CERCLA and RCRA Wastes: Physical Tests, Chemical
Testing Procedures, Technology Screening, and Field Activities, EPA, CERL, Cincinnati, OH,
EPA/625/6-89/022. *

EPA, 1990. International Waste Techuologies/Geo-Con In Situ Stabilization/Solidification,
Applications Report, EPA, ORD, Washington, DC, EPA/540/A5-89/004.

EPA, 1993. Solidification/Stabilization and Its Application to Waste Materials, Technical
Resource Document, EPA, ORD, Washington, DC, EPA/530/R-93/012.

EPA, 1993. Solidification/Stabllization of Organics and Inorganics, Engineering Bulletin, EPA,
ORD, Cincinnati, OH, EPA/540/5-92/015.

EPA, 1994. In-Siw Vitrification Geosafe Corporation, EPA RREL, Demonstration Bulletin,
EPA/540/MR-94/520.

EPA, 1995. Remediavion Case Studies: Thermal Desorption, Soll Washing, and In Sitn
Vitrification, Federal Remediation Technologies Roundtable, Report, EPA/542/R-95/005,

EPA, 1991. Best Manogement Practices (BMPs) for Soll Treatment Technologies: Supgested
Operational Guidelines to Prevent Cross-media Transfer of Contamlnants During Clegn-{P
Activities, EPA OSWER, EPA/530/R-97/007.

EPA, 1997. Technology Alternatives for the Kemediation of Solls Contaminated with As, Cd, Cr,
Ig, aud Pb, Engineering Bulletin, EPA540/R-97/008.
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Federal Remediation Technologies Roundtable, 1995. Remediation Case Studies: Thermal
Desorption, Soil Washing, and In Situ Vitrification, EPA/542/R-95/005.

¢ In Situ Vitrification at the Parsons Chemical/ETM Enterprises Superfund Site Grand Ledge,
Michigan (interim results)

Federal Remediation Technologies Roundtable, 1997. Remediation Case Studies: Bioremediation
and Vitrification, EPA/542/R-97/008.

s In Situ Vitrification at the Parsc
Ledge, Michigan

o In Situ Vitrification, U.S. Department of Energy, Hanford Site, Richland, Washington; Qak
Ridge National Laboratory WAG 7; and Various Commercial Sites.

ns Chemical/ETM Enterprises Superfund Site, Grand

Rumer, R. and L.K,, Mitchell (eds.), 1995. Assessment of Barrier Containment Technelogies - a
Compreliensive Treatment for Environmental Remediation Applications, International
Containment Technology Workgroup, Baltimore.

Wiles, C.C., 1991. Treatment of Hazardous Waste with Solidification/Stabilization, EPA Report
EPA/600/D-91/061.

Site Information:

EPA SITE Demo: Hialeah, FL

EPA Demo; Geosafe Test Site, WA; Hanford Nuclear Reservation, WA

DOE Demo: Hanford Reservation, WA

EPA Demo: Douglassville, PA

Parsons Chemical/ETM Enterprises Superfund Site, Grand Ledge, M! (interim report)

Points of Contact:

Technology Specific Web Sites:

cBackiaTop

Vendor Information:
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A list of vendors offering In Situ Physical/Chemical Soil Treatment is available from the Vendor Information System for Innovative
Treatment Technologies (VISITT) developed by U.S. Environmental Protection Agency (EPA).

Health and Safety:

hitp://'www.{rir.gov/matrix2/sectiond/4_10.html » | ' _ 1/19/01
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4.17 Chemical Extr actlon

{Ex Situ Soil Remediation Technology)

Table of'i

T Cbntents ,

L J

|

Technology — || ” Description ___]

Soil, Sediment, and Studge

3.5 Ex Situ Physical/Chemic

cal Treatment (assuming cxcavation)

4.17 Chemical Extraction

|

Waste contaminated soil and extractant are mixed in an extractor, dissolving the contaminants.
The extracted solution is then placed in a separator, where the contaminants and extractant are
separated for treatment and further use.

—car e — Ceama—tat

Description:

Figure 4-17:
Typical Solvent Extraction
Process

http://www.frtr.gov/matrix2/sectiond/4_17.html B ' 1/19/01

Chemical extraction does not destroy wastes but is a means of separating hazardous contaminants
from soils, sludges, and zediments, thereby reducing the volume of the hazardous waste that must
be treated. The technology uses an Extracting chemical and differs from soil washing, which
generally uses water or water with wash-improving additives. Commercial-scale units are in
operation. They vary in regard to the Chemical employed, type of equipment used, and mode of
operation.

Physical separation steps are often used before chemical extraction to grade the soil into coarse and
fine fractions, with the assumption that the fines contain most of the contamination. Physical
separation can also enhance the kinetics of extraction by separating out particulate heavy metals, if
these are present in the soil.

2> Acid Extraction

Acid can also be used as the extractant. Acid extraction uses hydrochloric acid to extract heavy o
metal contaminants from soils. In this process, soils are first screened to remove coarse solids.
Hydrochloric acid is then introduced into the soil in the extraction unit. The residence time in the
unit varies depending on the soil type, contaminants, and contaminant concentrations, but generally
ranges between 10 and 40 minutes. The soil-extractant mixture is continuously pumped out of the
mixing tank, and the soil and extractant are separated using hydrocyclones.

o

When extraction is complete, the solids are transferred to the rinse system. The soils are rinsed with
water to remove entrained acid and metals. The extraction solution and rinse waters are regencrated
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Synonyms:
. Applicability:

*

Lireitations:
Data Needs:

Page 2 of 5

using comercially available precipitants, such as sodium hydroxide, lime, or other proprietary
formulations, along with a flocculent that removes the metals and reforms the acid. The heavy
metals are concentrated in a form potentiaily suitable for recovery. During the final step, the soils
are dewatered and mixed with lime and fertilizer to neutralize any residual acid.

> Solveirt Extraction

Solvent extraction is a common form of chemical extraction using organic solvent as the extractant,
It is commonly used in combination with other technologies, such as solidification/stabilization,
incineration, or soil washing, depending upon site-specific conditions. Solvent extraction also can
be used as a stand alone technology in some instances. Organically bound metals can be extracted
along with the target organic contaminants, thereby creating residuals with special handling
requirements. Traces of solvent may remain within the treated soil matrix, so the toxicity of the
solvent is an important consideration. The treated media are usually returned to the site after having
met Best Demonstrated Available Technology (BDAT) and other standards. '

The duration of operations and maintenance for chemical extraction is medium-term,

DSERTS Codes: N16 (Acid Extra
N17 (Solvent Extraction)
' BacktnTan:
Solvent extraction has been shown to be effective in treating sediments, sludges, and soils
containing primarily organic contaminants such as PCBs, VOCs, halogenated solvents, and
petroleum wastes. The process has been shown to be applicable for the separation of the organic

contaminants in paint wastes, synthetic rubber process wastes, coal tar wastes, drilling muds, wood-
treating wastes, separation sludges, pesticide/insecticide wastes, and petroleum refinery oily wastes.

Acid extraction is suitable to treat sediments, sludges, and soils contamirated by heavy metals,

- Back1o Jon
Factors that may limit the applicability and effectiveness of the process include:

o Some soil types and moisture content levels will adversely impact process performance.
Higher clay content may reduce extraction efficiency and require longer contact times.

» Organically bound metals can be extracted along with the target organic pollutants, which
restricts handling of the residuals,

e The presence of detergents and emulsifiers can unfavorably influence the extraction
performance.

o Traces of solvent may remain in the treated solids; the toxicity of the solvent is an important
consideration,

o Solvent extraction is generally least effective on very high molecular weight organic and
very hydrophilic substances.

s After acid extraction, any residual acid in treated soil needs to be neutralized.

o Capital costs can be relatively high and the technology may be more economical at larger
sites,

o Meeting highly stringent heavy metals criteria (e.g., passing the California WET test) may
prove uneconomical,

A detailed discussion of these data elements is provided in Subsection 2.2.1 (Data Requircments for
Soil, Sediment, and Sludge). It is important to deterinine whether mass transfer or equilibrium will
be controlling. The controlling factor is critical to the design of the unit and 1o the determination of

whether the technology is appropriate for the waste,

hitp://www.frtr.gov/matrix2/sectiond/4_17.htmi 1/19/01
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Soil properties that should be determined include particle size; pH; partition coefficient; cation.
exchange capacity; organic content; TCLP; moisture content; and the presence of metals, volatiles,
clays, and complex waste mixtures.

Performance Data: The performance data cutrently available are mostly from Resource Conservation Company (RCC).
The ability of RCC's full-scale B.E.S.T.TM process to separate oily feedstock into product fractions

B l
was evaluated by EPA at the General Refining Superfund site near Savannah, Georgia, in February '
1987. The treated soils from this unit were backfilled to .he site, product oil was recycled as a fuel

oil blend, and the recovered water was pH-adjusted and transported to a local industrial wastewater

treatment facility.

otk (o7

1

Cost: Cost estimates for this technology range from $110 to $440 per metric ton ($100 to $400 per ton),
depending on the volume of soil treated.

§

- Back 1o Top::

References:
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Applications Matrix for Base Closure Activities, Revision 1, Technology Matching Process Action
Team, November, 1994.

DOE, April 1995. Technology Catalogue, Second Edition, Office of Environmental Management
& Office of Techiology Developent, DOE/EM-0235.

EPA, 1988. Evaluation of the B.E.S.T.TM Solvent Extraction Sludge Treatment Technology
Twenty-Four Hour Test, EPA/600/2-88/051

EPA, 1988. Technology Screening Guide for Treatment of CERCLA Soils and Siudges Appendix
B.1: Chemlcal Extraction, EPA, Washington, DC, EPA/540/2-88/004.

EPA, 1989. Innovative Technology: B.E.S.T. T™ Solvent Extraction Process, OSWER Dircctive
9200.5-253FS.

Analysis Report, Superfund Innovative Techpology Evaluation, Washington, DC, EPA/540/A5-
90/002. Available from NTIS, Springficld, VA, Order No. PB91-1133845,

EPA, 1990. CF Systems Corp. Solvent Extraction, EPA RREL, series includes Technology
Evaluation Vol. I, 540/5-90/001; Technology Evaluation Vol. I1, EPA/540/5-90/002a, PB90-
186503; Application Analysis, EPA/540/A5-90/002; and Technology Demonstration Summary,
EPA/540/85-90/002.

EPA, 1990. Solvent Extraction Treatment, Enginecring Bulletin, EPA, OERR and ORD,
Washington, DC, EPA/540/2-90/013,

EPA, 1993. Terra Kleen Svlveis Extraction Technology Terra Kleen Response Group, Inc., EPA
RREL, Demonstration Bulletin, EPA/540/MR-94/521.

Federal Remnediation Technologies Roundtable, 1998. Remedlation Case Studies: Ex Situ Sail

Treatment Technologies (Bloreniediatlon, Solvent Extractlon, Thermal Desorption), EPAi542/R-
98/011. '

s Solvent Extraction at the Spairevohn Lopg Range Radar Station, Alaska

EPA, 1990. CF Systems Organics Extraction Process New Bedford Harbor, MA, Applications .
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Raghavan, R, D.H. Dietz, and E. Coles, 1988. Cleaning Excavated S»il Using Extraction Agents:
A State-of-the-Art Review, EPA Releases Control Branch, Edison, NJ, EPA Report EPA 600/2-

89/034.

Site Information:

EPA Removal Action: Traband Warehouse PCBs, OK
EPA Removal Action: Stanford Pesticide Site No. 1, AZ
EPA Remedial Action: Palimetto Wood Preserving, SC

EPA Removal Action: PBM Enterprises, Ml

EPA Demo: Midwest, California, Australia
EPA Demo: Grand Calumet River Site, L
EPA SITE Demo: Research Facility, Edison, NJ

United Creosoting, Conroe, TX

SUPERFUND Remediai Action, Arrowhead Refinery Co,
EPA SITE Demo; Naval Air Station North Island Site 4, San Diego, CA
EPA Removal Action: General Refining Company, GA

EPA Removal Action: Vineland Chemical Company, NJ

EPA Removal Action: Avtex Fibers, VA

EPA & Navy Demo: EPA Lab, Nj

EPA Demo; Douglassville, PA

EPA Demo

Star Enterprise, Port Arthur, TX

EPA Demo: New Bedford Harbor, MA & O'Connor Site, ME
Sparrevohn Long Range Radar Station, AK
Additipnal site infofmation onthe FRTH web site

Points of Contact:

Technology Specific Web Sites:

Vendor Information:

A list of vendors offering Ex Situ Physical/Chemical Soil Treatment is availabie from the Vendor Information System for Innovative

Treaunent Technologies (VISITT) developed by U.S. Environmental Protection Agency (EPA).
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Health and Safety:
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4.18 Chemical Reduction/Oxidation ] o : o Page 1 of 3 l

4.18 Chemical Reduction/Oxidation

(Ex Situ So:f Remediation Technologv)

" Previous
. Sctioh

i roovers

Technology " . Description !

.Soil, Scdiment, and Sludge
3.5, Ex Situ Physical/Chemical Treatment (assuming excavation)

4.18 Chemical Reduction/oxidation chemically converts hazardous contaminants to non-hazardous or less toxic
Reduction/Oxidation compounds that are more stable, less mobile, and/or inert. The oxidizing agents most commonly
I used are ozone, hydrogen peroxide, hypochlorites, chiorine, and chlorine dioxide.

em———

Description: Reduction/oxidation (Redox) reactions chemically convert hazardous contaminants to
nonhazardous or less toxic compounds that arc more stable, less mobile, and/or inert. Redox
reactions involve the transfer of clectrons from one compound to anotker. Specifically, one reactant
is oxidized (loses clectrons) and one is reduced (gains clectrons). The oxidizing agents most
commonly used for treatment of hazardous contaminants are ozone, hydrogen peroxide,
hypochiatites, chiorine, and chlorine dioxide. Chemical redox is a fi ull-scale, well-establisked
technology used for disinfection of drinking water and wastewater, and it is a common treatment

% S for cyanide wastes. Enhanced systems are now being used more frequently to treat contaminants in
Figure 4-18: soils.

Typical Chemical .

Reduction/Oxidution Process  Chemical reduction/oxidation is a short- to medium-tenn technology.

- BacK 1018 s
Syaonyms: DSERTS Code: N13 (Chemical Reduction/Oxidation).

1organics. The technology can be used but
may be less effective against nonhalogenated VOCs and SVOCs, fuel hydrocarbons, and pesticidcs,

Applicability:

' BACK 10 Top
Limitations:
Factors that may limit the applicability and effectiveness of the process include:

http://www frtr.gov/matrix2/sectiond/4_18.htmi . 1/19/01



4.18 Chemical Reduction/Oxidation ' ' Page 2 of 3

Data Needs:

Performance Data:

Cost:

Site Information:

. References:

 Incomplete oxidation or formation of intermediate contaminanis may occur depending upon
the contaminants and oxidizing agents used.

» The process is not cost-effective for high contaminant concentrations because of the large
amounts of oxidizing agent required.

o Oil and grease in the media should be minimized to optimize process efficiency.

A detailed discussion of these data elements is provided in Subsection 2.2.1 (Data Requirements for
Soil, Sediment, and Sludge). Treatability tests should be conducted to identify parameters such as
water, alkaline metals, and humus content in the soils; the presence of multiple phases; and total
organic halides that could affect processing time and cost.

Chemical redox is a full-scale, well-established technology used for disinfection of drinking water
and wastewater, and it is a common treatment for cyanide (oxidation) and chromium (reduction of
Cr (VI) to Cr (I1I) prior to precipitation) wastes. Enhanced systems are now being used more
frequently to treat hazardous wastes in soils.

' BagktoTop,
Estimated costs range from $190 to $660 per cubic meter ($150 to $500 per cubic yard).
Additional cost information can be found in the Hazardous, Toxic, and Radioactive Wastes

(HTRW) Historical Cost Analysis System (HCAS) developed by Environmental Historicat Cost
Committee of Interagency Cost Estimation Group.

Bak10 1o
California Base Closure Environimental Committee (CBCEC), 1994. Treatment Technologies
Applications Matrix for Buse Closure Activities, Revision I, Technology Matching Process Action
Team, November, 1994,

EPA, 1993. Lawrence Liverntore National Laboratory Superfund Slte, Project Summary,
EPA/540/SR-93/516.

EPA, 1991. Chemical Oxidation Treatment, Engineering Bulletin, EPA, OERR and ORD,
Washington, DC, EPA/530/2-91/025.

Mayer, G., W. Bellamy, N. Ziemba, and L.A. Otis, 15-17 May 1990. "Conceptual Cost
Evaluation of Volatile Organic Compound Treatment by Advanced Ozone Oxidation,"
Second Forum on isnovative Hazardous Waste Treatiment Technologies: Domestic and
International, Philadelphia, PA, EPA, Washington, DC, EPA Report EPA/2-90/010,

USAEC, 1997. "Catalyzed Hydrogen Peroxide Treatment of 2, 4, 6-Trinitrotoluene in Soils" in
Innovative Technoiogy Demonstration, Evaluation and Transfer Activities, FY 96 Annual Report,
Report No. SFIM-AEC-ET-CR-97013, pp. 77-78.

USAEC, 1997, "Remediation of Chemical Agent Contaminated Soils Using Peroxysulfate” in
Innovative Technology Demonstration, Evaluation and Transfer Activities, FY 96 Annual Report,
Report No. SFIM-AEC-ET-CR-97013, pp. 93-94.

- BackADTop
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4.18 Chemical Reduction/Oxidation Page 3 of 3

s EPA Demo: Coleman-Evans Site, FL,
Additional site information on the F RTR wel site

Points of Contact:

Technology Specific Web Site:

Vendor Information:

A list of vendors offering Ex Situ Physical/Chemical Soil Treatment is available from the Vendor Information System {or Innovative
Treatment Technologies (VISITT) developed by U.S. Environmental Protection Agency (EPA).

Health and Safety:
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4.20 Separation

(Ex Situ Soil Remediation Technology)

| Table of |
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‘Contents 7]
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- Section . |

I—”—'__?eﬁ.ﬁi&gy____l[_ Descripti-u—n__——_—_—————_l
{Soil, Sediment, and Sludge l
[3.5 Ex Situ Physical/Chemical Treatment . ]
4.20 Separation Separation techniques concentrate contaminated solids through physical and chemical means.

These processes seck to detach contaminants from their medium (i.e., the soil, sand, and/or
binding material that contains them).

Description: Ex situ sEparalion can be performed by many processes. Gravity separation and sieving/physical
separation are two well-developed processes that have long been primary methods for treating
municipal wastewaters. Magnetic separation, on the other hand, is a much newer separation process
that is still being tested.

> Gra vity Separation

Gravity separation is a solid/liquid separation process, which relies on a density difference between
the phases. Equipment size and effectiveness of gravily separation depends on the solids settling
velocity, which is a function of the particles size, density diffcrence, fluid viscosity, and particle
concentration (hindered settling). Gravity separation is also used for removing immiscible oil
phases, and for classification where particles of different sizes are separated. 1t is ofien preceded by
coagulation and flocculation to increase particle size, thereby allowing removal of fine particles.

Figure 4-20: .T.ypi,cgl,,(j,ravijy
Separation System

) o Magnetle Separation

Magnetic separation is used to extract slightly magnetic radioactive particles from host materirls
such as waler, soil, or air. All uranium and plutonium compounds are slightly magnetic while most
host materials are nonmagnetic. The process operates by passing contaminated fluid or slurry
through a magnetized volume. The magnetized volume contains a magnetic mmatrix material such as
steel wool that extracts the slightly magnetic contamination particles from the slurry.

> Sieving/Physical Separation

»

http://www.frir.gov/matrix2/sectiond/4_20.html | 1/19/01
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4.20 Separation

Synonyms:

Applicability:

Limitations:

Data Needs:

Performance Data:

Cost:

 Page 2 of 4

Sieving and physical separation processes use different size sicves and screens to effectively
concentrate contaminants into smaller volumes. Physical separation is based on the fact that most
organic and inorganic contaminants tend to bind, either chemically or physically, to the fine (i.e.,
clay and silt) fraction of a soil. The clay and silt soil particles are, in turn, physically bound to the
coarser sand and gravel particles by compaction and adhesion. Thus, separating the fine clay and
silt particles from the coarser sand and gravel soil particles would effectively concentrate the
contaminants into a smaller volume of soil that could then be further treated or disposed.

NA

The target contaminant groups for ex situ separation processes are SVOCs, fuels, and inorganics
(including radionuclides). The techinologies can be used on selected VOCs and pesticides. Magnetic
separation is specifically used on heavy metals, radionuclides, and magnetic radioactive particles,
such as uranium and plutonivm compounds.

Physical separation often precedes chemical exraction treatment based on the assumption that most
of the contamination is tied to the finer soil fraction, which alone may need to be treated,
Separation is also useful when heavy metal contaminants occur as particulates (e.g., in small-arms
ranges). One advantage of physical separation processes is that high throughputs can be achieved
with relatively small equipment. '

Factors that may limit the applicability and effectiveness of these processes include:

o High clay and moisture content will increase treatment cost.

« Gravity separation processes rely on a difference in the solids and liquid phase densities.
Specific gravity of particles will effect scttling rate and process efficiency. Additionally,
settling veldtity is dependent on the viscosity of the suspending fluid, which must be known
to estimate process efficiency and to size equipment,

o Special measures may be required to mitigate odor problems, resulting from organic sludge
that undergoes septic conditions.

A detailed discussion of data elements is provided in Subsection 2.2.1 (Data Requirements for Soil,
Sediment, and Sludge). In addition, particle size distributicn; soil type, physical form, handling
propertics, and moisture content; contaminant type and concentration; texture; and organic content
need to be investigated.

Gravity separation and sieving/physical separation are full-scale, well-established technologies
used mostly for treatment of wastewater and contaminated soil, sediment, and sludge. Magnetic
separation is a promising new technique used to remove radioactive contaminants from soils. It has
recently been tested at the bench-scale level at DOE sites.

NA

Additional cost information can be found in the Hazardous, Toxic, and Radioactive Wastes
(HTRW) Historical Cost Analysis System (HCAS) developed by Environmental Historical Cost
Committee of Interagency Cost Estimation Group.

' hllp://www.frlr.gov/matrix2/section4/4_20.html , , 1/19/01
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References: Battelle Memorial Institute, 1995, ReOpt. V3.1, by Battelle viemorial Institute for DOE under
Contract DE/AC06/76RLO 1830.

Coyne Prenger, 1995. High Gradient Magnetic Separation (HGMS), Los Alamos National
Laboratory (LANL), LALP-94-264.

DOE, April 1995. Technology Catalogue, Second Edition, Office of Environmental Management
& Office of Technology Development, DOE/EM-0235. .

Site Information:

Los Alamos National Laboratory (LANL)
DOE Demo: INEL, 1D
EPA Demo: Iron Mountain Mine Site, CA

Twin Cities AAP, New Brighton, MN
Additional site informvation on the FRTR web site

Points of Contact:

Technology Specific Web Sites:

Yendor Information:

A list of vendors offering Ex itu Physical/Chemical Soil Treatment is available from the Vendor Information System for Innovative
Treatment Technologies (VISITT) developed by U.S. Environmental Protection Agency (EPA).

Health and Safety:
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4.21 Soil Washing '

(Ex Situ Soil Remediation Technology)

- Previous |-

|

{ Technology |l , Description |

[Soil, Sediment, and Sludge
[3.5 Ex Situ Physical/Chemical Treatment (assuming excavation)

4.21 Soil Washing Contaminants sorbed onto fine soil particles are separated from bulk soil in an aqueous-based ]
system on the basis of particle size. The wash water may be augmented with a basic leaching
agent, surfactant, pH adjustment, or chelating agent to help remove organics and heavy metals.

—

Description: Soil washing is a water-based process for scrubbing soils ex situ to remove contaminants. The
process removes contaminants from soils in-one of two ways:
.

» By dissolving or suspending them in the wash solution (which can be sustained by chemical
manipulation of pH for a period of time).

« By concentrating them into a smaller volume of soil through particle size separation, gravity
separation, and attrition scrubbing (similar to those techniques used in sand and gravel
operations).

“Typical Soil
Washing Process Soil washing systems incorporating most of the removal techniques offer the greatest promise for
application to soils contaminated with a wide varicty of heavy metal, radionuclides, and organic
contaminants. Commercialization of the process, however, is not yet extensive.

The concept of reducing soil contamination through the use of particle size separation is based on
the finding that most organic and inorganic contaminants tend to bind, either chemically or
physicelly, do clay, silt, and organic soil particles. The silt and clay, in turn, are attached to sand and
gravel particles by physical processes, primarily compaction and adhesion. Washing processes that
separate the fine (small) clay and silt particles from the coarser sand and gravel soil particles
cffectively separate and concentrate the contaminants into a smaller volume of soil that can be
further treated or disposed of. Gravity separation is effective for removing high or low specific
gravity particles such as heavy metal-containing compounds (lead, radium oxide, etc.). Attrition
scrubbing removes adherent contaminant films from coarser particles. However, attrition washing
can increase the fines in soils processed. The clean, larger fraction can be returned to the site for
continued use.

http://www.{rtr.gov/matrix2/sectiond/4_21.html _ 1/19/01



4.21 Soil Washing

Synonynis:

Applicability:

Limitations:

Data Needs:

Performance Data:

Page 2 of 4

Complex mixture of contaminants in the soil (such as a mixture of metals, nonvolatile organics, and
SVOCs) and heterogeneous contaminant compositions throughout the soil mixture make it difficult
to formulate a single suitable washing solution that will consistently and reliably remove all of the
different types of contaminants. for these cases, sequential washing, using different wash
forinulations and/or different soil to wash fluid ratios, may be required.

Soil washing is generally considered a media transfer technology. The contaminated water
generated from soil washing are treated with the technology(s) suitable for the contaminants.

The duration of soil washing is typically short- to medium-term. >

DSERTS Code: N15 (Soil Washing).

Bk 16 Thp; s
The target contaminant groups for soil washing are SVOCs, fuels, and heavy metals. The
technology can be used on selected VOCs and pesticides. The technology offers the ability for
recovery of metals and can clean a wide range of organic and inorganic contaminants from coarse-
grained soils.

Factors that may limit the applicability and effectiveness of the process include:
-

L 4

o Complex waste mixtures (e.g., metals with organics) make formulating washing fluid
difficult. v

» High humic content in soil may require pretreatment.

o The aqueous stream will require treatment at demobilization.

« Additional treatment steps may be required to address hazardous levels of washing solvent
remaining in the treated residuals, N

« It may be difficult to remove organics adsorbed onto clay-size particles.

(Data Requirements for
Soil, Sediment, and Sludge). Particle size distribution (¢.24 to 2 mm optimum range); soil type,
physical form, handling properties, and moisture content; contaminant type and concentration;
texture; organic content; cation exchange capacity; pil and buffering capacity. A complete bench
scale treatability study should always be completed before applying this technology as a remedial
solution.

At the present tiime, soil washing is used extensively in Europe but has had limited use in the
United States. During 1986-1989, the technology was one of the selected source control remedies at
eight Superfund sites.

Soil washing provides a cost effective and environmentally proactive alternative to stabilization and
landfilling. Two pilot scale demonstrations were carried out at Fort Polk, Louisiana in 1996, These
employed commercially available unit processes - physical separation/acid leaching systems. The
system employcd acetic acid as the leaching agent, and the other, hydrochloric acid. Input soil had
a lead content of approximately 3500 mg/kg. The hydrochloric acid system was most effective.
Processed soil had total lead concentration of 200 mg/kg and TCLP leveis for lead of
approximately 2 mg/L. The through put rate was approximately 6 tons per hour, Choice of acid
leaching agent is a funclion of specific soil chemistry and degree of solubility required,

http://www.frtr.gov/matrix2/séction4/4_21 Jtml o : 1/19/01
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Cost:

References:

L J

Page 5 of 4

The average cost for use of this technology, mcludmg excavation, is approximately $170 per ion,
depending on site specific conditions and the target waste quantity and concentratlon

Battelle, 1997. Physical Separation and Acid Leaching: A Demonstration of Small-Arms Range
Remediation at Fort Polk, Louisiana. Final report prepared for Naval Facilities Engineering
Service Center (NFESC) and U.S. Army Environmental Center under contract with NFESC, Port
Hueneme, CA.

Battelle, 1997. Physical Separation and Acid Leaching: A Demonstration of Small-Arms Range
Remediation at Fort Polk, Louisiana. Implementation Guidance Handbook. Prepared for Naval
Facilities Engineering Service Center (NFESC) and U.S. Army Environmental Center under
contract with NFESC, Port Hueneme, CA.

BDM, 1997. Demonstration of Physical Separation/Leacking Methods for (I Remediation of
Heavy Metals-Contaminated Soils at Small-Arms Range Final E>port. Prepared for U.S. Army
Environmental Center (USAEC) and Naval Facilities Engineering Service Center under contract
with USAEC, Aberdeen Proving Ground, MD.

BDM, 1997. Demonstration of Physical Separation/Leaching Methods for the Remediation of
Heavy Metals-Containated Soils at Small-Arms Range Worldwide Search Report. Prepared for
U.S. Army Environmental Center (USAEC) and Naval Facilities anmeermg Service Center under
contract with USAEC, Aberdeen Froving Ground, MD.

California Base Closure Environmental Committee (CBCEC), 1994. Treatment Technologies
Applications Matrix for Base Closure Activities, Revision 1, Technology Matching Process Action
Team, November, 1994.

EPA, 1989. Innovative Technology: Soil Washing, OSWER Directive 9200.5-250F8S.

EPA, 1989. Soils Washing Technologles for: Comprehensive Environmental Response,
Compensation, and Liability Act, Resource Conscrvation and Recovery Act, Leaking
Underground Storage Tanks, Site Remediation.

EPA, 1990. Soil Washing Treatment, Engincering Bulletin, EPA, OERR, Washington, DC,
EPA/540/2-90/017. Available from NTIS, Springfield, VA, Order No. PB91-228056.

EPA, 1991. Blotrol Soll Washing System, EPA RREL, series includes Technology Evaluation Vol.
1, EPA/540/5-91/003a, PB92-115310; Technology Evaluation Vol. 11, Part A, EPA/540/5-91/0030,
PB92-115328; Technology Evaluation Vol I1, Part B, EPA/540/5-91,/003c¢, PB92-115336;
Applications Analysis, EPA/S40/A5-91/003; Technology Demonstration Summary, EPA/540/S5-
91/003; and Demonstration Bulletin, EPA/540/M5-91/003.

EPA, 1992. A Cttizen's Gukde to Soll Washing, EPA, OSWER, Washington, DC, EPA/542/F-
92/003.

EPA, 1992, Bergmann USA Soll/Sediment Washing System, EPA RREL, Demonstration Bulletin,
LEPA/540/MR-92/073.

EPA, 1993. Bescorp Soll Washing System Baitery Fnferprises Site Brice Environmental Services,
Ine., EPA RREL, Demonstration Bulletin, EPA/540/MR-93/503.

EPA, 1993. Blogenesls Soll Washing Technology, EPA RREL, series includes Demonstration
Bulletin, EPA/540/MR-92/510; fnnovative Technology l:valuauon Report, EFA/540/R-93/510; and
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Site Technology Capsule, EPA/540/SR-93/510.

EPA, 1997, Best Managentent Practices (BMPs) for Soil Treatment Teclnologies: Suggested
Operational Guidelines 1o Frevent Cross-media Tronsfer of Contaminan(s Durin g Clean-UP

Federal Remediation Technologies Roundtable, 1995. Remediation Case Studies: Thermal
Desorption, Soil Washing, and In Situ Vitrification, EPA/S42/R-95/005.

e Soil Washing at the King of Prussia Technical Corporation Superfund Site, Winslow
Township, New Jersey

Raghavan, R., D.H. Dietz, and E. Coles, 1988. Cleaning Excavated Soll Using Extraction Agenis:
A State-of-the-Art Reviev, EPA Report EPA 600/2-89/034.

Site Information:

Ft. Polk, LA

Twin Cities AAP, New Brighton, MN

EPA Demo; Santa Maria, CA

Army Saginaw Bay Confined Disposal Facility, Ml

DOE Demo: Clemson Technical Center, SC |

EPA & DOFE Demo: Montclair, West Orange & Glen Ridge Sites, NJ
EPA_Demo: Toronto Port Industrial District, Canada

Army Demo: Sacramente Army Depot, CA I
’
it

DOE Demo: Fernald Site, OH
EPA Demo: Alaska Battery Enterprises Superfund Site, AK

e N 5 0 & ¢ o & & o 0

EPA Demo: MacGil
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4.24 Solidification/Stabilization

(Ex Situ Soil Remediation Technology)

“Table'of..
“| Contents |

Frevious | ' Top = | . 'Sereen”

~ Section  |. -'Pag .1 Matrix_

[ , Technology Il Description

'Soil, Sediment, and Sludge

3.5 Ex Situ Physical/Chemical Treatiment (assuming excavatiun)

4.24 Solidification/ Contaminants are physically bound or enclosed within a stabilized mass (solidification), or

Stahilization (Ex Situ) chemical reactions are induced between the stabilizing agent and contaminants to reduce their
mobility (stabilization), — I

Description: As for in situ solidification/stabilization (§/8) (see Technology Profile No. 4.10), ex situ S/S

contaminants arc physically bound or enclosed within a stabilizzd mass (solidification), or chemical
reactions are induced between the stabilizing agent and contaminants to reduce their mobility

(stabilization). Ex situ 8/8, however, typically requires disposal of the resultant matcrials. Under
CERCLA material can be replaced on site.

Th -v¢ arc many inrtovations in the stabilization and solidification technology. Most of the

[u PR IEN ins. vations are modifications of proven processes and are directed to encapsulation or

Figure 4-24; Typical Ex Situ immobilizing the harinful constituents and involve processing of the waste or contaminated soif.

Solidification/ stabilization Nine distinct innovative processes or groups of processes include: (1) bituminization, (2) emulsificd

Process Ilow Diagram asphalt, (3) modificd sulfur cement, (4) polycthylene extrusion, (5) pozzolan/Portland cemment, (6)
radioactive waste solidificatin:, (7) sludge stabilization, (8)soluble phiosphaics, and (9)
vitrification/molten glass.

Typical ex situ S/S is a short- to medium-term technology.
> Bituminlzation

In the bituminization process, wasies are embedded in molien bitumen and encapsulated when the
bitumen cools. The process combines heated bitumen and a concentrate of the waslc material,
usually in slurry form, in a heated extruder containing screws that mix the bitumen and waste,

Water is evaporated from the mixture to about 0.5% moisture. The final product is a homogenous
mixture of extruded solids and bitumen.

‘II
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> Emulsified Asphalt

Asphalt emulsions are very fine droplets of asphalt dispersed in water that are stabilized by
chemical emulsifying agents. The emulsions are available as either cationic or anionic emulsions.
The emulsified asphalt process involves adding emulsified asphalts having the appropriate charge
to hydrophilic liquid or semiliquid wastcs at ambient temperature. Afier mixing, the emulsion
breaks, the water in the waste is released, and the organic phase forms a continuous matrix of
hydrophobic asphalt around the waste solids. In some cases, additional neutralizing agents, such as
lime or gypsum, may be required. Afier given sufficient time to set and cure, the resulting solid
asphalt has the waste uniformly distributed throughout it and is impermeable fo water.

> Modified Sulfur Cement

Modified sulfur cement is a commercially-available thermoplastic material. It is easily mnelted (127°
to 149° C (260° to 300° F)) and then mixed with the waste to form a homogenous molten slurry
whith is discharged to suitable containers for cooling, storage, and disposal. A variety of common
mixing devices, such as, paddle mixers and pug mills, can be used. The relatively low temperutures
used limit emissions of sulfur dioxide and hydrogen sulfide to allowable threshold values.

> Polyethyiene Extrusion

The polyethylene extrusion process involves the mixing of polyethylene binders and dry waste
materials using a heated cylinder containing 4 mixing/transport screw. The heated, homogenous
mixture exits the cylinder through an output die into a mold, where it cools and solidifies.
Polyethylene’s properties produce a very stable, solidified product. The process has been testedon
nitrate salt wastes at plant-scale, establishing its viability, and on various other wastcs at the bench o
and pilot scale.

Pozzolan/Portland cement process consists primarily of silicates from pozzolanic-based materials
like fly ash, kiln dust, pumice, or blast furnace slag and cement-based materials like Portland
cement. These materials chemically react with water to form a solid cementious matrix which
improves the handling and physical characteristics of the waste. They also raise the pH of the water
which may help precipatate and immobilize some heavy metal contaminants. Pozzolanic and
cemeni-based binding agents are typically appropriate for inorganic contaminants. The
effectiveness of this binding agent with organic contaminants varies.

» Radioactive Waste Solldification

In radioactive waste solidification (Grouting/Other) treatinent, solidification additives are used to
form a uniform and stable matrix to cncapsulate radioactive waste materials. Assemblies include
pumps for liquids or slurrics, conveyors for sludges or solids, storage silos, weigh feeders, piping,
mixers and disposal or storage.

> Sludge Stabilization

The sludge stabilization process is the addition of a reagent, cither slags or cementitious matcrials,
to siudge to transform the material so that the hazardous constituents are in their least mobile or
toxic form. Sludges which leach heavy metals or other contaminants are often stabilized to
immobilize the hazardous constituents.

> Soluble Phosphates

hod : - .
‘The soluble phosphates process involves the addition of various forms of phosphate and alkali for
control of pH as well as for formation of complex metal molecules of low-solubility to immobilize

' > Pozzolan/Portland Cement
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Synonyms:

Applicability:

Limitations:

Data Needs:

Performance Data:

(insolubilize) the metals over a wide pH rahge. Unlike most other stabilization processes, ‘soh-xble
phosphate processes do not convert the waste into a hardened, imonolithic mass. One apphca.txon of
soluble phosphates and lime is in stabilizing fly ash by immobilizing the lead and cadmium in the
ash.

> Vitrification/Molten Glass

Vitrification, or molten glass, processes are solidification methods that employ heat up to 1,200°C
to melt and convert waste materials into glass or other glass and crystalline products. The high
temperatures destroy any organic constituents with very few byproducts. Materials, such as heavy
metals and radionucljdes, are actually incorporated intc the glass structure which is, generaily, a
relatively strong, durable material that is resistant to leaching. In addition to solids, the waste
materials can be liquids, wet or dry §ludges, or combustible materials. Borosilicate and soda-lime
are the principal glass formers and provide the basic matrix of the vitrified product.

DSERTS Code: M3 (Vitrification)
N11 (Solidification/Stabilization)
CHACK {0 TOH;
The target contaminant group for ex situ S/S is inorganics, including radionuclides. Most S/S
technologies have limited effectiveness against organics and pesticides, except vitrification which
destroys most organic contaminants.

Factors that may limit the applicability and effectiveness of the process include:

« Environmental conditions may affect the long-term immobilization of contaminants.

« Some processes result in a significant increase in volume (up to double the original
volume).

» Certain wastes are incompatible with different processes. Treatability studies are generally
required.

e Organics are generally not immobilized.
Long-term effectiveness has not been demonttrated for many contaminant/process
combinations.

LHACK b Toii-
A detailed discussion of these data elements is provided in Subsection 2.2.1 (Data Requirements for
Soil, Sediment, and Sludge). Soil parameters that must be deternined include particle size,
Atterberg limits, moisture content, metal concentrations, sulfate content, organic content, densily,
permeability, unconfined compressive strength, leachability, microstructure analysis, and physical
and chemical durability.

The performance of ex situ S/S is dependent on the type of S/S process used.

DOE has demonstrated the Polycthylene Encapsulation of Radionuclides and Heavy Metals
(PERM) process at the bench scale. The process is a waste treatinent and stabilization technology
for high-level mixed waste. Specific targeted contaminants include radionuclides (e.g., cesium,
strontium, and cobalt), and toxic metals (¢.g., chromium, lead, and cadmiuin). Scale-up from
bench-scale tests has demonstrated the feasibility to process waste at approximately 2,000 1b/hr.
The scale-up feasibility tests have successfully demonstrated the potential to encapsulate at least 60
wi% nitrate salt in polyethylene. Polyethylene waste forms have been demonstrated to exceed
Nuclear Regulatory Commission, EPA, and Departiment of Transportation waste form criteria,

Waste forms containing up to several thousand ppin of toxic-metal contaminants have passed the
EPA's TCLP. .
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DOE also demonstrated the arc melter vitrification process, which is capable of melting soil and
metgs, pyrolizing or oxidizing residual organics, melting structural metals from melted slag (silica
and metal oxides), and partitioning transuranic (TRU) waste into slag phase. Durability tests with
the resultant slag showed an approximately order of magnitude reduction in leachability when
compared with high-leve! borosilicate glass.

Cost: Ex situ solidification/stabilization processes are among the most mature remediation technologies.
Representative overall costs from more than a dozen vendors indicate an approximate cost of under
$110 per metric ton ($100 per ton), including excavation,

References: Battelle Memorial Institute, 1995. ReOpt. V3.1, by Battelle Memorial Institute for DOE under

Contract DE/AC06/76RLO 1830.

Bricka, R.M., et al., 1988. An Evaluation of Stabilization/Solldification of Flnidized Bed
Incineration Ash (K048 and K051), USAE-WES Technical Report EL-88-24.

California Base Closure Environmental Committee (CBCEC), 1994, Treatment Technologies

Applications Matrix for Base Closure Activities, Revision 1, Technology Matching Process Action
Team, November, 1994.

DOE, 1993. "Technology Name: Polyethylene Encapsulation”, Technology Information Profile
(Rev, 2) for ProTech, DOE ProTech Database, TTP Reference No. BH-321201.

Office of Technology Development, DOE/EM-0235.

EPA, 1989. Chemfix Technologies, Inc. Chemical Fixation/Stabilization, EPA RREL,
Technology Evaluation Vol. 1, EPA/540/5-89/011a, PB91-127696; and T echnology Evaluation
Vol. 11, EPA/540/5-89/011b, PB90-274127.

EPA, 1989. Harcon Solidification, EPA RREL, series includes Technology Evaluation Vol. 1,
EPA/540/5-89/001a, PR89-158810; Technology Evaluation Vol. I1, EPA/540/5-89/001b, PB89-
158828; Applications Analysis, EPA/540/A5-89/001; and Technology Demonstration Summary,
EPA/540/S5-89/001.

EPA, 1989. Solldtech, Inc. Solidification, EPA RREL, series includes Technology Evaluation Vol.
I, EPA/540/55-89/005a; Technology Evaluation Vol. 11, EPA/540/5S-89/005b, PB90-191768;
Applications Analysis, EPA/540/A5-89/005; Technology Demonstration Summary, EPA/540/85-
89/005; and Demonstration Bulletin, EPA/540/M5-89/005.

EPA, 1989. Stabilization/Solldification of CERCLA and RCRA Wastes - Pl ysical Tests,
Chemical Testing Procedures, Technelogy Screening and Field Activities, EPA, ORD,
Washington, DC, EPA/625/6-89/022.

EPA, 1992. SHlicate Technology Corporatian Solldification/Stabilization of Organic/Inorganic
Contaminants, EPA RREL, Demonstration Bulletin, EPA/540/MR-92/010; Applications Analysis,
EPA/540/AR-92/010, PB93-172948.

EPA, 1993. Solidification/Stabilization and Its Application to Waste Materlals, Technical
Resource Document, EPA, ORD, Washington, DC, EPA/530/R-93/012.

EPA, 1993. Solidlfication/Stabillzation of Organics and Inorganics, Engincering Bulletin, EPA,
ORD, Cincinnati, OH, EPA/540/8-92/015.

I DOE, 1995. Technology Catalogue, Second Edition, Office of Environmental Management and
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EPA, 1994. Innovative Site Remediation Technology: Solidification/Stabjlization, Vol. 4, EPA
OSWER 542/B-94/001. '

EPA, 1697, Best Managemens Practices (BMPs) for Soil Treatinent Technologies: Suggesied
Operational Guidelines to Prevent Cross-media Transfer of Contaminauts During Clean-Up

Acrivities, EPA OSWER, EPA/530/R-97/007.

EPA, 1997. Technology Aliernatives for tie Remediation of Soils Contamminated with As, Cd, Cr,
Hyg, and Pb, Engineering Bulletin, EPA540/R-97/008,

Federal Remediation Technologies Roundtable, 1997. Remediation Case Studies: Soil Vapor
Extraction and Other In Situ Technologles, EPA/542/R-97/009.

o In Situ Enhanced Soil Mixing at the U.3. Departiment of Energy's Portsmouth Gaseous
Diffusion Plant, X-231B Unit, Piketon, Ohio

Federal Remediation Technologies Roundtable, 1998. Remediation Case Studies: Debris and
Surface Cleaning Technologies, and Other Miscellaneous Technologies, EPA/542/R-98/017,

« Polyethylene Macroencapsulation at Envirocare of Utah, Inc., Salt Lake City, Utah

USAEC, 1997. "Plasma Arc Technology Evaluation" in Innovative Technology Demonstration,
Evaluation and Transfer Activities, FY 96 Annual Report, Report No. SFIM-AEC-ET-CR-97013,
pp. 107-110.

Wittle, J.K., et.al., 1995, Graphite Electrode DC Are Techuology Program for Burled Waste
Treatment, Electro-Pyrolysis, Inc. Wayne, Penn.

Site Information:

EPA SITE Demo: Robins AFB, Macon, GA

EPA SITE Demo: Selima Pressure Treating Selma, CA

EPA SITE Demp: Portable Equip. Salvage Co. Clackamas, OR

Navy Demo; Naval Const. Battalion Ctr. Port Hueneme, CA

Imperial Oil Co./Champion Chemical Co. Superfund Site Morganville, N}
Small Arms Range, Naval Air Station Mayport, FL

Davis-Monthan AFB

DO; Demo: Salt Lake City Research Center

EPA & DOE Demo;: Component Development & Integration Facility, MT
NEL Demo; NAS North Island Installation Restoration (IR) Site 11, CA
Enyirocare of Utah, Inc., Salt Lake City, Utah

DOE's Portsmouth Gaseous Diffusion Plant, X-23{B Unit, Piketon, OH

Points of Contact:
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Technology Specific Web Sites:

Vendor Information:

A list of vendors offering Ex Situ Physical/Chemical Soil Treatment is available from the Vendof Information System for Innovative
Treatment Technologies (VISITT) developed by U.S. Environmental Protection Agency (EPA).

Health and Safety:
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4.44 Hydrofracturing

(In Situ Ground Water Remediation Technology)
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Ground Water, Surface Water, and Leachate

.10 In Situ Physical/Chemical Treatment

4.44 Hydrofracturing
(enhancement)

Injection of pressurized water through wells cracks Tow permeability
and over-consolidated sediments. Cracks are filled with porous media
that serve as substrates«for bioremediation or to improve pumping

efficiency.

Description:

Typical Sequence of
Operations for
Creating Hydraulic
Fracturcs

1gure

http://www.fitr.gov/matrix2/scctiond/4_44.html

Hydrofracturing is a pilot-scale technology in which pressurized water
is injected to increase the permeability of consolidated material or
relatively impermeable unconsolidated material. Fissures created in
the process are filled with a porous medium that can facilitate
bioremediation and/or improve extraction efficiency. Fractures
promote more uniform delivery of treatment fluids and accelerated
extraction of mobilized contaminants. Typical applications are linked
with soil vapor extraction, in situ bioremediation, and pump-and-treat
systems.

The fracturing process begins with the injection of water into a sealed
borehole until the pressure of the water exceeds the overburden
pressure and a fracture is created. A slurry composed of a coarse-
grained sand and guar gum yel or a similar substitute is then injected
as the fracture grows away from the well. After pumping, the sand
grains hold the fracture open wilile an enzyme additive breaks down
the viscous fluid. The thinned fluid is pumped from the fracture,
forming a permeable subsurface channel suitable for delivery or
recovery of a vapor or liquid.

The hydraulic fracturing process can be used in conjunction with soil

12/20/00
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vapor extraction technology to enhance recovery. Hydraulically-
induced fractures are used to deliver fluids, substrates and nutrients
for in situ bioremediation applications.

£ BackipTon
Synonyms: DSERTS Code¢: F17 (Hydrofracturing - enhancement)

Applicability: Hydrofracturing is applicable to a wide range of contaminant groups
with no particular target group.

s Hagk o Tops
Limitations: Factors that may limit the applicability and effectiveness of the
process include:

¢ The technology should not be used in bedrock susceptible to
seismic activity.

« Investigation of possible underground utilities, structures, or
trapped free product is required.

« The potential exists to open new pathways leading to the
unwanted spread of contaminants (e.g., DNAPLS).

e Pockets of low permeability may still remain after using this
technology.

o There is an inability to control the final location or size of the
fractures that are created,

» Fractures are anticipated to collapse due to over burden
pressure.

~RacKttTont

Data Needs: A detailed discussion of these data elements is provided in Subsection
2.2.2. (Data Requirements for Ground Water, Surface Water, and
Leachate).

SRAEK A0 Top:
Performance Data:  The technology has had widespread use in the petroleum and water-
well construction industries but is an innovative method for
remediating hazardous waste sites.

Cost: The cost per fracture is estimated to be $1,000 to $1,500, based on
creating four to six fractures per day. This cost (including equipment
rental, operation, and monitoring) is small compared to the benefits of
enhanced remediation and the reduced number of wells needed to
complete the remediation. A number of factors affect the estimated
costs of creating hydraulic fractures at a site. These factors include
physical sitc conditions such as site accessibility and degree of soil
consolidation; degree of soil saturation; and geographical location,
which affects availability of services and supplies. The first two
factors also affect the cffectiveness of hydraulic fracturing,

The costs presented in this analysis are based on conditions found at
the Xerox Oak Brook site. A full-scale demonstration was not
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References:

Page 3 of 4

conducted for this technology. Because operating costs were not
independently monitored during the pilot-scale demonstrations at the
Xerox Oak Brook and Dayton sites, all costs presented in this section
were provided by Xerox and University of Cincinnati Center Hill.

EPA, 1991. Feasibility of Hydn:ulic Fracturing of Soil to Improve
Remedial Actions, EPA/600/S2-91/012.

EPA, 1993. Hydraulic Fracturing Technology, EPA/600/R-93/505.

EPA, 1993. Hydraulic Fracturing of Contaméinated Soil, series
includes Demonstration Bulletin, EPA/540/MR-93/505; Technology
Evaluation and Applications Analysis Combined, EPA/540/R-93/505;
and Technology Demonstration Summary, EPA/540/SR-93/505.

EPA, 1994. In Situ Remediation Technology Status Report:
Hydrofracturing/Pneumatic Fracturing, EP A/542/K-94/005.

EPA, 1997. Analysis of Selected Enhancements for Seil Vapor
Extraction, EPA OSWER, EPA/542/R-97/007.

Federal Remediation Technologies Roundtable, 1997. Remediation
Case Studies: Soil Vapor Extraction and Other In Situ
Technologies, EPA/542/R-97/009.

» Hydraulic and Pneumatic Fracturing at the U.S. Department of
Energy's Portsmouth Gaseous Diffusion Plant, Ohio;
Department of Defense; and Commercial Sites,

Hubbert, M.K and D.G. Willis, 1957. "Mechanics of Hydraulic

Fracturing," Petroleum Transactions AIME, Vol. 210, pp. 153
through 168.

Murdoch, L.C., 1990. "A Field Test of Hydraulic Fracturing in

Glacial Till," in Proceedings of the Research Symposium, Ohio, EPA
Report, EPA/600/9-90/006.

Murdoch, L.C., 1993, "Hydraulic Fracturing of Soil During
Laboratory Experiments, Part 1: Methods and Observations;
Part II: Propagation; Part III: Theoretical Analysis",
Geotechnique, Vol. 43, No. 2, Institution of Civil Engineers, London,
pp. 255 to 287.

University of Cincinnati (UC), 1991. "Work Plan for Hydraulic
Fracturing at the Xcrox Oak Brook Site in Oak Brook, Hlinois".

Wolf, A. and L..C. Murdoch, 1992. "Fhe Effect of Sand-Filled
Hydraulic Fractures on Subsurface Air Flow: Summary of SVE
Field Tests Conducted at the Center Hill Research Facility", UC
Center Hill Facility, Unpublished Report.
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Site Information:

o Xerox Facility Oak Brook, IL
e UST site, Dayton, OH
e DOE's Portsmouth Gaseous Diffusion Plant, OH

Points of Contact:

Vendor Information:

A list of vendors offering In Situ Physical/Chemical Water Treatment is available from the

Vendor Information System for Innovative Treatment Technologies (VISITT) developed by
U.S. Environmental Protection Agency (EPA).

Health and Safety:

To be added
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4.46 Passive/Reactive Treatment Walls

: Pf;av'i_éﬂ,s
" *Sectio

(In Situ Ground Water Remediation Technology)

: Sereen |
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'r Technology

Description

Ground Water, Surfa

ce Water, and Leachate

4.46 Passive/Reactive
Treatment Walls

These barriers allow the passage of water while causing the
Idegradaiion or removal of contaminants.

Description:

Typical Passive
Treatment Wall
(Cross-Section)

A permeable reaction wall is installed across the flow path of a
contaminant plume, allowing the water portion of the plume to
passively move through the wall. These barriers allow the passage of
water while prohibiting the movement of contaminants by employing
such agents as zero-valent metals, chelators (ligands selected for their
gpecificity for a given metal), sorbents, microbes, and others,

The contaminants will cither be degraded or retained in a concentrated
form by the barricr material, The wall could provide permanent
co:tainment for relatively benign residucs or provide a decreased
volume of the more toxic contaminants for subscquent treatment.

> Funnel and Gate

Modifications to the basic passive treatment walls may involve a
funnel-and-gate system or an iron treatment wall. The funncl-and-gate
system for in situ treatment of contaminated plumes consists of low
hydraulic conductivity (e.g., 1E-6 cm/s) cutoff walls (the funnel) with
a gate that contains in situ reaction zones. Ground water primarily
flows through high conductivity gaps (the gates). The type of cutoff
walls most likely to be used in the current practice are slurry walls or
sheet piles. Innovative methods such as deep soil mixing and jet
grouting arc also being considered for funnel walls.

hitp://www.fitr.gov/matrix2/scction4/4_46.himl 12/20/00
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4.46 Passive Treatment Walls _ . Page2of5

> Iron Treatment Wali

An iron treatment wall consists of iron granules or other iron bearing
minerals for the treatment of chlorinated contaminants such as TCE,
DCE, and VC. As the iron is oxidized, a chlorine atom is removed
from the compound by one or more reductive dechlorination
mechanisms, using electrons supplied by the oxidation of iron . The
iron granules are dissolved by the process, but the metal disappears so
slowly that the remediation barriers can be expected to remain
effective for many years, possibly even decades.

Barrier and post-closure monitoring tests are being conducted by the
USAF, U.S. Navy, and DOE in field-scale demonstration plots and
are being designed for actual contaminated sites. The range of
materials available for augn.enting existing barrier practice is broad.
Two typcs of barriers have been the focus of initial efforts of this
program, i.c., permeable reactive barriers and in-place biorcactors.

Passive trcatment walls are generally intended for long-term operation
to control migration of contaminants ir: ground water.

Oatkto Yop
Synonyms: Permeable reactive barrier; In place bioreaction; In-situ chemical
filters.
DSERTS Code: F16 (Passive Trcatment Walls)

(BavktTogi

Applicability: Target contaminant groups for passive treatment walls arc VOCs,
SVOCs, and inorganics. The technology can be used, but may be less
cffective, in treating some fuel hydrocarbons.

; Bagk10,100
Limitations: Factors that may limit the applicability and cffectiveness of the
process include:

o Passive treatment walls may lose their reactive capacity,
requiring replacement of the reactive medium,

¢ Passive treatment wall permeability may decrease due to
preciph ation of metal salts

o Depth and width of barricr.

e Limited to a subsurface lithology that has a continous aquitard
at a depth that is within the vertical limits of trenching
cquipment,

o Volume cost of treatment medium,

» Biological activity or chemical precipitation may limit the
permeability of the passive treatment wall,
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Data Needs:

Performance Data:

Cost:

References:

A detailed discussion of these data elements is provided in Subsection
2.2.2. (Daa Requirements for Ground Water, Surface Water, and
Leachate).

Data needs inclunde hydraulic gradient; contaminant characteristics
{depth, areal extent, type, and concentration); depth to ground water,
including range of anticipated fluctuations; depth to impermeable
barrier key-in; site stratigraphy; ground water hydrology; water
quality, flow rate, and dircction; soil permeability; and buffering
capacity.

. BaektoTan !
Data has been developed by the USAF, the University of Waterloo,
and Enviromeial Technologies, Inc.

Several full-scale and demonstration scale walls have been installed
for remediation of ground water contaminated with chlorinated
aliphatic hydrozarbons. These sites include Lowry AFB and Moffett
Field NAS. Several more sites are currently being evaluated or have
passive treatment walls scheduled for installation.

Complete cost data are still not avmlable because most sites have been
demonstration scale and may have been overdesigned for a safety
margin. However, costs are decreasing as the price of reactive iron
meia declines and cost per unit of contaminant removed is a function
of the concentrations in ground water.

REE R0

California Base Closure Environmental Committee (CBCEC), 1994,
Treatment Technologies Applications Matrix for Base Closure
Activities, Revision 1, Technology Matching Process Action Team,
November, 1994.

EPA, 1995. In Situ Remediation_Technology Status Report:

Treatment Walls, Office of Solid Waste and Emergency Response,
EPA/540/K- 94/0()4

EPA, 1997. Permeable Reactive Subsurface Barriers for the
Interception and remediation of Chlorinated Hydrocarbon and
Chromium(V1) Plumes in Ground Water, EPA/600/1-97/008,

DO, 1993, Technical Name: Barriers and Post-Closure
Monitoring, Technology Information Profile (Rev. 2), DOE Protech
Database, TTP No. AlL-1211-25,

DOE, 1994. Technology Catalogue, First Edition. February,

Federal Remediation Technologies Roundtable, 1998, Remediation
Case Studies: Innovative Groundwater Treatment Technologies,
EPA/542/R-98/015.
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o Pump and Treat and Permeabie Reactive Barrier to Treat
Contaminated Groundwater at the Former Intersil, Inc, Site,
Sunnyvale, California

e Permeable Reactive Barrier to Treat Q_og_tammated
Groundwater at Moffett Federal Airfield, Mountain View,
California

e In Situ Penneable Reactive Barrier for Treatment of

Center, Elizabeth City, North Ca,rglwg

Hansen, W., et al., 1992. "Barriers and Post-Closure Monitoring",
Briefing Chart, Los Alamos National Laboratory, Los Alamos, NM,
TTP No. AL-1212-25.

USAF, 1997. Design Guidunce for Applicaticn of Permeable
Barriers to Remediate Dissolved Chlorinated Solvents, prepared by
Battelle under contract to Environics Directorate, Armstrong
Laboratory.

Vidic, R.D. and F.G. Pohland. "Technoiogy Evaluation Report:
Treatment Walls", GWRTAC Series TE-96-01.

Site Information:

Tonolli Corporation, PA

Lowry Air Force Base, CO
Somersworth Sanitary Landfill Site, NH
Moffett Field NAS, CA

Brown's Battery Brcakm;, Site, QU 2, PA
Canadian Forces Base, Canada

Borden Aqunfcr,r(ja_n._vld

Air Force Demo Hill AFB, UT

Los Alamos National Laboratory

Former Intersil, Inc. Site, Sunnyvale, CA
Moffett F cglcral ‘Airficid, Mountain View, CA

lhc U.S. Coast Guard Suppon Ccntu Lhmbclh City, NC

Ak top

Points of Contact:

‘Technology Specific Web Sites:

i

Lo
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= BatkloThp

Vendor Information:

Page 5 of 5

A list of vendors offering In Situ Physical/Chemical Water Treatment is available from the
Vendor Information System for innovative Treatment Technologies (VISITT) developed by

U.S. Environmental Protection Agency (EPA).

Health and Safety:
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4.57 Deep Well Injection

(Ground Water Containment Remediation Technology)

Section |-

Technology “Description

Ground Water, Surface Water, and Leachate

3.13 Confainment

3757 Deep Well WIDcep well injection 1s a liquid waste disposal technology. This™
Injection alternative uses injection wells to place treated or untreated liquid

waste into geologic formations that have no potential to allow
mig.ation of contaminants into potential potable water'aquifers.

Description: A typical injection well cunsists of concentric pipes, which extend
scveral thousand feet down from the surface level into highly saline,
permeable injection zones that are confined vertically by impermeable
strata. The outermost pipe or surface casing, extends below the base
of any underground sources of drinking water (USDW) and is
cemented back to the surface to prevent contamination of the USDW,

‘1gurc 4-57: Dircctly inside the surface casing is a long string casing that extends
Typical Decp Well to and sometimes into the injection zone. This casing is filled in with
Injection System cement all the way back to the surface in order to scal off the injected

waste from the formations above the injection zone back to the
surface. The casing provides a scal between the wastes in the injection
zone and the upper formations. The waste is injected through the
injection tubing inside the long string casing either through
perforations in the long string or in the open hole below the bottom of

. the long string. The space between the string casing and the injection
tube, called the annulus, is filled with an inert, pressurized fluid, and

. is sealed at the bottom by a removable packer preventing injected

wastewater from backing up into the annulus.

~HACK 10 To 3

hitp://www.frtr.gov/matrix2/scctiond/4_57.html 12/20/00
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4.57 Deep Well Injection | 7 Page 2 of 4
Synonyms: Subsurface injection, Underground injection, Class I injection wells.
- Backto Tol.
Applicability: The target contaminant groups for deep well injection are VOCs,

SVOCs, fuels, explosives, and pesticides. However, existing
permitted deep well injection facilities are limited to a narrow range
of specific wastes. Success at expanding existing permits to manage
hazardous wastes seems unlikely.

1 Hack to Top:
Limitations: Factors that may limit the applicability and effectiveness of these
processes include:

o Injection will not be used for hazardous waste disposal in any
areas where seismic activity could poteniially occur.

» Injected wastes must be compatible with the mechanical
components of the injection well system and the natural
formation water. The waste generator may be required to
perform physical, chemical, biological, or thermal treatment for
removal of various contaminants or constituents from the waste
to modify the physical and chemical character of the waste to
assure compatibility.

» High concentrations of suspended solids (typically >2 ppm) can
lead to plugging of the injection interval.

¢ Corrosive media may react with the injection well components,
with injection zone formation, or with confining strata with
very undesirable results. Wastes should be neutralized.

» High iron concentrations may result in fouling when conditions
alter the valence state and convert soluble to insoluble species.

» Organic carbon may serve as an energy source for indigenous
or injected bacteria resulting in rapid population growth and
subsequent fouling.

¢ Waste strcams containing organic contaminants above their
solutlwlility limits may require pretreatment before injection into
a well.

 Site assessment and aquifer characterization are required to
determine suitability of site for wastewater injection.

 Extensive assessments must be completed prior to receiving
approval from regulatory authority.

thatkloTops:
Data Needs: A detailcd discussion of data clements is provided in Subsection 2,2,2
(Data Requirements for Ground Water, Surface Water, and Leachate).

Performance Data:  Injection wells have been used for the disposal of industrial and
hazardous wastes since the 1950s, so the equipment and methodology
are readily available and well known; however the use of them today
is continuing under very strict regulatory control. '

hitp:/fwww fitr.gov/matrix2/section4/4_57.html 12/20/00



4.57 Deep Well Injection : _ Page 3 of 4

Cost: ) NA

BackioJoiy :
References: ~ EPA, 1985. Report to Congress on Injection of Hazardous Waste,
EPA, Office of Drinking Water, EPA/9-85-003.

Reeder et al., 1977. Review and Assessment of Deep Well Injection
of Hazardous Waste, Volume I, EP A/600/2-77/029a.

Warner and J.H.Lehr, 1977. An Intreduction to the Technology of
Subsurface Wastewater Injection, P A/600/2-77/240.

Site Information:

Points of Contact:

Vendor Information:

Information System for Innovative Treatment Technologies (VISITT) developed by U.S.
Environmental Protection Agency (EPA).

- DACK 16Ty
Health and Safety:

To be added

http://www.frir.gov/matrix2/section4/4_57.html . , 12/20/00
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4.48 Constructed Wetlands

{Ex Situ Ground Water Remedistion Technology)

" Technology

Description |

Ground Water, Surface Water, and Leachate

3.11 Ex Situ Biological Trcatment (assuming pumping)

4.48 Constructed [The constructed wetlands-based {reatment technology uses natural

Wetlands geochemical and biological processes inherent in an artificial wetland
ecosystem to accumulate and remove metals, explosives, andvother
contaminants from influent waters. The process can use a filtration or
degradation process.

Description: Although the technology incorporates principal components of

Tigure 4-45:
Typical Constructed
Wetlands System

http://www.fitr.gov/matrix2/section4/4_48.html

wetland ecosystems, including organic soils, microbial fauna, algae,
and vascular plants, microbial activity is responsible for most of the
remediation.

Influent waters with high metal concentrations and low pH flow
through the acrobic and anaerobic zones of the wetland ecosysiem.
Metals are removed through ion exchange, adsorption, absorption,
and precipitation with gecochemical and microbial oxidation and
reduction. Ion exchange occurs as metals in the water contact humic
or other organic substances in the wetland. Wetlands constructed for
this purpose often have little or no soil instead they have straw,
manure or compost. Oxidation and reduction reactions catalyzed by
bacteria that occur in the aerobic and anaerobic zones, respectively,
play a major role in precipitating metals as hydroxides and sulfides.
Precipitated and adsorbed metals settle in quiescent ponds or are
filtered out as water percolates through the medium or the plants.

Influent water with explosive residues or other contaminants flows
through and beneath the gravel surface of a gravel-based wetland. The

12/20/00
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4.48 Constructed Wetlands Page 2 of 5

Synonyms;

Applicability:

Limitations:

Data Needs:

Performance Data:

wetland, using emergent plants, is a coupled anaerobic-aerobic
system. The anaerobic cell uses plants in concert with natural
microbes to degrade the contaminant. The aerobic, also known as the
reciprocating, cell further improves water quality through continued
exposure to the plants and the movement of water between cell
compartments.

Wetland treatment is a long-term technology intended to operate
continously for years.

- Back1eTpp’.

NA

vBack10Tgir
Constructed wetlands have most commonly been used in wastewater
treatment for controlling organic matter; nutrients, such as nitrogen
and phosphorus; and suspended sediments. The wetlands process is
also suitable for controlling irace metals, and other toxic materials.
Additionaily, the treatment has been used to treat acid mine drainage
gencrated by metal or coal mining activities. These wastes typically
contain high metals concentrations and arc acidic. The process can be
adapted to treat neutral and basic tailings solutions. :

- Back10. 7o
The wetlands remediation technology must be adjusted to account for
differences in geology, terrain, trace meta! composition, and climate
in the metal mining regions of the western United States,

The following factors may limit the applicability and effectiveness of
the process:

o The long-term effectiveness of constructed wetlands is not well
known. Wetland aging may be a problem which may contribute
to a decrease in contaminant removal rates over time.

o The cost of building an artificial wetland varies considerably
from project and may not be financially viable for many sites.

A detailed discussion of data clements is provided in Subsection 2.2.2

(Data Requirements for Ground Water, Surface Water, and Leachate).

This technology was accepted into the Emerging Technology Program
in 1988; the project was completed in 1991, The purpose of the
project was to build, operate, monitor, and assess the effectiveness of
a constructed wetlands in treating a portion of acid mine drainage
from the Big Five Tunnel site near Idaho Springs, Colorado. The
Final Report (EPA/540/R-93/523) is available from NTIS (Order No.
PB93-233914). The Summary (EPA/540/S¥: -93/523) and Bulletin
(EPA/540/F-92/001) are available from EPA.

Study results indicated that heavy metal removal efficiency can
approach the removal efficiency of chemical precipitation treatment
plants. Some of the optimum results from the 3 years of operation are

http://www.frir.gov/matrix2/section4/4_48.html . » 12/20/60




4.48 Constructed Wetlands Page 3 of 5

listed below.

o pH was raised from 2.9 to 6.5.

Dissolved aluminum, cadmium, chromium, copper, and zinc

concentrations were reduced by 99 percent or more.

Iron was reduced by 99 percent.

Lead was reduced by 94 percent or more.

Nickel was reduced by 84 percent or more.

Manganesc remgval was relatively low, with reduction between

9 and 44 percent.

¢ Biotoxicity to fathead minnows and water fleas was reduced by
factors of 4 to 20.

e 6 09

Because wetland removal processes are primarily microbial, the
technology can be developed with traditional process engineering
approaches. Laboratory studies can indicate whether remediation is
possible, while bench-scale experiments can determine the proper
loading and reactor design. Using this approach, five laboratory
proof-of-principle studies and three bench-scale studies have been
performed, and at least four successful demonstration reactors have
been built to remove heavy metals from different types of water.

A final project goal was to develop a ranual thai discusses design and
operating criteria for constructing a fuli-scale wetland to treat acid
mine discharges. The "Wetland Designs for Mining Operations”
manual is available from the National Technical Information Service.

Based on the results from the SITE Emerging Technology Program,
this technology was selected to participate in the SITE Demonstration
Technology Program. Under the Demonstration Program, EPA is
evaluating the cftectiveness of biogeochemical processes at the
Burleigh Tunnel mine site, near Silver Plume, Colorado. Treatment of
Burleigh Tunnel discharge is part of the remedy for the Clear
Creck/Central City Superfund sitc. Constructicn of a pilut-scale
system began in summer 1993 and was completed in Octoter 1993,
For more information on this project, refer to the Colorado
Department of Health profile in the Demonstration Program section
(ongoing projects).

The USAEC is demonstrating a gravel based wetland system at Milan
Army Ammunition Plant through the ESTCP. The gravel-based
system has been effective at degrading TNT and RDX, with a total
nitrobody concentration of 10,000 ppb. Analyses indicate degradation

duc to the rise and fall of daughter products. TNT is reduced to less
than 2 ppb. The demonstration had been operational since June 1996,

| itk o

hitp://'www frir.gov/matrix2/scction4/4_48.himi : ’ 12/20/00
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4.48 Constructed Wetlands Page 4 of 5

Cost: Studies at Milan Army Ammunition Plant conducted by USAEC and
Tennessee Valley Authority (TVA) indicate that plants with
nitrereductase, in concert with microbes, can degrade explosive
residues. It is estimated that amortizing the capital costs of wetland
treatment over a 10 year period results in a cost of $1.36/K gal; over a
30 years period, the cost is $0.45/K gal.

~BacR10Top &
References: EPA, 1993. Constructed Wetlands-Based Treatment, EPA/540/R-
93/523. \

EPA, 1995. Coloraav School of Mines profile in the Emerging
Technology Program.

Lefave, 1.P., 1997. Constructed Wetlands for Treatment of NPS
Pollution, NFESC.

" BacktoTop

Site Information:

o Burleigh Tunnel Silver Plume, CO

o EPA Demo Burleigh Tunnel, CO

« Big Five Tunnel, CO .
e Bear Creek, Oak Ridge, TN ’
» Naval Amphibious Base in Little Creck, Virginia

~<Back o Top:-

Points of Contact:

AL
Wb
e

0 !
it dBrdor £

Vendor Information:

A list of vendors offering Ex Sitn Biological Water Treatiment is available from the Vendor
Information System for Innovative Treatment Technologics (VISITT) developed by U.S,
Environmental Protection Agency (EPA).

hitp://www.frtr.gov/matrix2/section4/4_48.html : 12/20/00
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Health and Safety:
To be added

http://www.frtr.gov/matrix2/scctiond/4_48.htm} 12/20/00
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4.49 Adsorption/Absorption

l (Ex Situ Ground Water Remediation Technology) :
Preyious | Tdp | -Screen: | Table of
- Section |- ‘Page. - | Matri¥ - Coritents’

Technology Description

Ground Water, Surfacec Water, and Leachaie
3.12 Ex Sifu Physical/Chemical Treatment

749 —A(lsorptlon/ n liquid adsorption, solutes concenirate at the surface of a sorbent, |
Absorption thereby reducing their concentration in the bulk liquid phase.

Description: Adsorption mechanisms are generally categorized as either physical
adsorption, chemisorption, or electrostatic adsorption. Veak
molecular forces, such as Van der Waals forces, provide the driving
force for physical adsomption, while a chemical reaction forms a
chemical bond between the compound and the surface of the solid in
SRk chemisorption. Electrostatic adsorption involves the adsorption of
gurc 4-49 Typical  ions through Coulombic forces, and is normally referred to as jon
Adsorption/ exchange, which is addressed separately in tae ion exchange modules.
Abcorption System In liquids, inferactions between the solute and the solvent also play an

l important role in establishing the degree of adsorption,

The most common adsorbent is granulated activated carbon (GAC)
(Technology Profile No, 4.51). Other natural and synthetic adsorbents
include: activated alumina, forage sponge, lignin adsorption, sorption
clays, and synthetic resins.

> Activated Alumina

Activated alumina is a filter media made by treating aluminum ore so
tha: it becomes porous and highly adsorptive. Activated alumina will
remeve variety of contaminants, including excessive fluoride, arsenic,
and selenium. The medium requires periodic cleaning with an
appropriate regenerant such as alum or acid in order to remain

http://www.frtr.gov/matrix2/sectiund/4_49.him! . 12/20/00
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Synonyms:

Applicability:

effective.
> Forage Sponge

Forage sponge is an open-celled cellulose sponge incorporating an
amine-containing chelating polymer that selectively absorbs dissolved
heavy metals. The polymer is intimately bonded to the cellulose so as
to minimize physical separation from the supporting matrix. The
functional groups in the polymer (i.e. amine and carboxyl groups)
provide selective affinity for heavy metals in both cationic and
anionic states, preferentially forming complexes with transition-group
heavy metals.

> Lignir Adsorption/Sorptive Clay

Lignin adsorption/sorptive clays are used to treat aqueous waste
streams with organic, inorganic and heavy metals contamination. The
waste stream is treated due to the molecular adhesion of the
contaminants to an adsorptive surface.

> Synthetic Kesins

Synthetic resins are more expensive than GAC, but can be designed to
achieve higher degrees of selectivity and adsorption capacity for
certain compounds than activated carbon. Resins are typically
regenerated using acids, bases, or organic sc vents, instead of thermal
methods, so they are better suited for thermally unstable compounds
such as explosives, and are resistant to deactivation due to the
adsorption of dissolved solids. Additionally, resins tend to be more
F:fsistant to abrasion than activated carbon, increasing their service

ife.

~Backto Top-

Liquid phase adsorption.

S Opek16Top:
The target contaminants groups for adsorption/absorption processcs
arc most organic contaminants and selected inorganic contaminants
from liquid and gas streams. Activated alumina can remove fluoride
and heavy metals. The forager sponge is specifically used to remove
heavy mctals. Lignin adsorption/sorptive clays treat organic,
inorganic and heavy metals contamination within aqueous waste
streams. Synthetic resins are better suited for thermally unstable
compounds such as explosives than GAC, due to the resins' non-
therinal regeneration requirements.

Tack (i Toh

htip://wvew.iitr.gov/matrix2/scctiond/4_49.htm} - 1220000
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Limitations: Factors that may limit the applicability and effectiveness of these
processes include:

o Water-soluble compounds and small molecules are not
adsorbed well.

» Costs are high if used as the primary treatment on waste
streams with high contaminant concentration lev is.

o Not applicable to sites having high levels of oily substances.
« Not practical where the content of the absorbable hazardous
substance is so high that very frequent replacement of the

absorbent unit is necessary.
« Contaminated media often require {reatment/disposal as
hazardous wastes, if they can't be regenerated.

S Hacka Tup.
Data Needs: A detaiied discussion of data elements is provided in Subsection 2.2.2
(Data Requirements for Ground Water, Surface Water, and Leachate).

~Back b Top ¢

Performance Dzata:  Adsorption/absorption processes have a long history of use as
treatment for municipal, industrial, and hazardous waste streams. The
concepts, theory, and engineering aspects of the technologies are well
developed. They are proven technologies with documented
performance data.

- ack (o Toit,]

Cost: The cost to treat heavy metal contaminated ground water over a one
year period with the Forager Sponge technology is estimated at
$340/1000 gallons, assuming the sponges are not regenerated and are
replaced upon saturation; or $238/1000 gallons, assuming the sponges
are regenerated twice providing for three useful treatment cycles.
Ceosts for other adsorbent processes are not available.

y'Backta;Top.;
References: Battelle Memorial Institute, 1995. "ReOpt V3.1 User
Documentation”, for DOE under contract DE/AC06/76RLO 1830.

Rainer, N., 1995, "Forager Sponge, Tech.\ology Description",
Dynaphone, Inc.

Water Quality Association, 1994. "Treating the Water We Drink,
When and Where We Drink It.", WaterReview Technical Brief,
Vol. 9, No. 4.

: Bagk{otop -

Site Information:

o Pease Air Force Base, Newington, NH
o Superfund Site: Western Processing, WA

o EPA Demo National Lead Industry, NJ

http://www.frtr. gov/matrix2/section4/4_49.html ) 12/20/00




4.49 Adsorption/ Absorption ‘ Page 4 of 4

Superfund Site: Rocky Mountain Arsenal, QU 17, CO
Superfund Site: Vally Wood Preserving, Inc., Turlock, CA
Superfund Site: Motor Wheel, Lansing TWP, MI
Superfund Site: Perham Arsenic, Perham, MN

Additional site information on the FRTR web site

Back{o.Jop )

Points of Contact:

“BackXoTop t

Vendor Information:

A list of vendors offering Ex Situ Physical/Chemical Water Treatment is available from the
Vendor Information System for Innovative Treatment Technologies (VISITT) developed by
U.S. Environmental Protection Agency (EPA).

Health and Safety:

Previous-[ . Top |- Sereen. | Tableof-
Section | Matrix. ] Contents
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L ad

4.52 Ion Exchange

(Ex Siin Grourd Water Remediation Technology)

" Technology [ ﬁescription
Ground Water, Surface Water, and Leachate
3.12 Ex Situ Physical/Chemical Treatment (assuining pumping)

4.52 Ton Exchange Ion exchange removes ions from the aqueous phase by exchange with
counter ions on the exchange medium.

Description: fon exchange removes ions from the aqueous phase by the exchange
of cations or anions between the contaminants and the exchange
medium. Ion exchange materials may consist of resins made from
synthetic organic materials that contain ionic functional groups to
which exchangeable ions are attached. They also may be inorganic
and natural polymeric materials. After the resin capacity has been

ﬁ;gu_rg_{_;_l exhausted, resins can be regenerated for re-use.
Typical lon Exchange
and Adsorption The duration of jon exchange technology is typically short- to

Equipment Diagram  medium-term depending on the factors discussed in Data Needs.

Z Ttk A6 Tol,
Synonyms: NA
[ Back 10 Top':
Applicability: Ion exchange can remove dissolved metals and radionuclides from

aqueous solutions. Other compounds that have been treated include
nitrate, ammonia nitrogen, and silicate.

Back o op:5

http://www.{itr.gov/matrix2/sectiond/4_52.himi 12/20/00
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4.52 Ion Exchange

Limitations:

Data Needs:

Performance Data:

Page 2 of 4

Factors that may affect the applicability and cffectiveness of this
process include: :

o Oil and grease in the ground water may clog the exchange resin.

o Suspended solids content greater than 10 ppm may cause resin
blinding.

o The pH of the influent water may affect the ion exchange resin
selection.

e Oxidants in ground water may damage the ion exchange resin.

o Wastewater is generated during the regeneration step and will
require additional treatment and disposal.

£ Brck ta Tojy:
A detailed discussion of these data elements is provided in Subsection
2.2.2 (Data Requirements for Ground Water, Surface Water, and
Leachate).

Factors affecting the design of an ion exchange system include the
presence of oil and grease, contaminant concentration, exchange
capacity of the resin, suspended solids, metals, oxidant content,
inorganic ions in ground water; and pH of the ground water.

~Batk o Top?
DOE has developed compact processing units (CPUs), or "modular
waste treatment units,” which are relatively small mobile equipment
modules. They perform unit chemical process operations. The CPUs
allow rapid deployment of technologies for the treatment of
radioactive wastes in underground storage tanks. The modules would
be manufactured off-site by commercial vendors and moved into
place using trucks or special transports. The concept of having
standardized modules is based on the notion that various radioactive
waste treatment subsystems could be standardized to match the CPU
hardware package, leading to more rapid, cost-effective deployment.
The cost benefits are realized even when multiple units are deployed
to achieve greater processing rates. The modular design concept will
also allow for reuse of CPU components for different unit processes
or process deployments.

The ion-exchange CPU will pump undiluted liquid tank waste from
an underground storage tank or receive liquid waste from a waste
retrieval system for treatment., DOE Northwest Laboratories
devcloped the CPU concept in FY91. Development of a cesium ion-
exchange CPU technology is scheduled for 1996. A radioactive waste
treatment demonstration is scheduled for FY97.

Another DOE technology, the resorcinol-formaldehyde ion exchange
(ReFIX) resin, is being developed for prototype demonstration at the
Hanford site in Y97, ReFIX resin is applicable to high-level
wastestreams containing cesium-supernate salt solufions,

+ Béck 16 Tops

hitp://www.frir.gov/matrix2/sectiond/4_52.html ' 12/20/00
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Cost: ' The cost for a typical ion exchange system ranges from $0.08 to $0.21
per 1,000 liters ($0.30 to $0.80 per 1,000 gallons) treated. Key cost
factors include:

¢ Pretreatment requirements.
¢ Discharge requirements and resin utilization.
o Regenerant used and efficiency.

LBack10,Tap, :

References: California Base Closure Environmental Committee (CBCEC), 1994.
Treatment Technologies Applications Matrix for Base Closure
Activities, Revision 1, Technology Matching Process Action Team,

November, 1894,

S

DOE, 1993. Technology Name: Cesium Removal by Compact
Processing Units for Radioactive Waste Treatment, Technology
Information Profile (Rev. 2) for ProTech, DOE ProTech Database,
TTP Reference No.: RL-321221.

DOE, 1993. Technology Name: Resorcinol-Formaldehyde Ion

Ecchange Resin for Elutable Ion Exchange in the Compact

Portable Units (CPUs) Proposed at Hanford, Technology

Information Profile (Rev. 2) for ProTech, DOE ProTech Database,
. TTP Reference No.: SR-1320-02.

DOE, 1994, Technology Catalogue, First Edition. February.

EPA, 1990. Innovative and Alternative Technology Assessment
Manual, EPA, Office of Water Program Operations, EPA/430/9-
78/009.

Site Information:

¢ EPA Demo Kerr-McGee Chemical Corp., WI
e Army Demo USACE-WES, MS

- Agditional site information on the FRTR web site -

Points of Contact:

http://www.fitr.gov/matrix2/sectiond/4_52.html 1220000
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“Back fo.Top ;

Vendor Information: e
. [ ]
A list of vendors offering Ex Situ Physical/Chemical Water Treatment is available from the

Vendor Information System for Innovative Treatment Technologies (VISITT) developed by
U.S. Environmental Protection Agency (EPA).

Health and Safety:

http:/fwww.fitr.gov/matrix2/section4/4_52.html 12/20/00
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4.53 Precipitation/Coagulation/Flocculation

(Ex Situ Ground Water Remediation Technology)

" Previous. | -*Top - | .'Screen
- Section. Pa - Matrix -

|| Technology | Description "]
||Ground Water, Surface Water, and Leachate
[3.12 Ex Situ Physical/Chemical Treaiment (assuming pumping)

4.53 Precipitation/  |[This process transforms dissolved confaminants into an insoluble

Coagulation/ solid, facilitating the contaminant's subsequent removal from the

Flocculation liquid phase by sedimentation or filtration. The process usually uses
pH adjustment, addition of a chemical precipitant, and flocculation.

Description: Precipitation of metals has long been the primary method of treating
metal-faden industrial wastewaters. As a result of the success of
metals precipitation in such applications, the technology is being
considered and selected for use in remediating ground water
containing heavy metals, including their radioactive isotopes. In

b e ground water treatment applications, the metal precipitation process is
Figure 4-53: often used as a pretreatment for other treatment technologies (such as
Typical Metals chemical oxidation or air stripping) where the presence of metals

Precipitation Process  would interfere with the other treatment processes.

Metals precipitation from contaminated water involves the conversion
of soluble heavy metal salts to insoluble salts that will precipitate. The
precipitate can then be removed from the treated water by physical
methods such as clarification (settling) and/or filtration. The process
usually uses pH adjustment, addition of a chemical precipitant, and
flocculation. Typically, metals precipitate from the solution as
hydroxides, sulfides, or carbonates. The solubilities of the specific
metal contaminants and the required cleanup standards will dictate the
process used. In some cases, process design will allow for the
generation of sludges that can be sent to recyclers for metal recovery.

http://www.frtr.gov/matrix2/section4/4_53.html , 12/20/00
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> Coagulants and Flocculation

In the precipitation process, chemical precipitants, coagulants, and
flocculantation are used to increase particle size through aggregation.
The precipitation process can generate very fine particles that are held
in suspension by electrostatic surface charges. These charges cause
clouds of counter-ions to form around the particles, giving rise to
repulsive forces that prevent aggregation and reduce the effectiveness
of subsequent solid-liquid separation processes. Therefore, chemical
coagulants are ofter added to overcome the repulsive forces of the
particles. The three main types of coagulants are inorganic
electrolytes (such as alum, lime, ferric chloride, and ferrous sulfate),
organic polymers, and synthetic polyelectrolytes with anionic or
cationic functional groups. The addition of coagulants is followed by
low-sheer mixing in a flocculator to promote contact between the
particles, allowing particle growth through the sedimentation
phenomenon called flocculant settling,

Flocculant settling refers to a rather dilute suspension of particles that
coalesce, or flocculate, during the sedimentation operation. As
coalescence or flocculation occurs, the particles increase in mass and
settle at a faster rate. The amount of flocculation that occurs depends
on the opportunity for contact, which varies with the overflow rate,
the depth of the basin, the velocity gradients in the system, the
concentration of particles, and the range of particles sizes. The effects
of these variables can only be accomplished by sedimentation tests.

Biack 10}
Synonyms: NA.
L Hackag Toy 2
Apnlicobility: Precipitation is used mainly to convert dissolved ionic species into

solid-phase particulates that can be removed from the aqueous phase
by coagulation and filtration. Remedial application of this technology
usually involve removal of dissolved toxic metals and radionuclides.
Depending on the process design, sludges may be amenable to metal
recovery.

Back tn Ton s
Limitations: Disadvantages of metals precipitation may include:

o As with any pump and treat process, if the source of
contamination is not removed (as in metals absorbed to soil),
treatment of the ground water may be superfluous.

o The presence of multiple metal species may lead to removal
difficulties as a result of amphoteric natures of different
compounds (i.e., optimization on one metal species may
prevent removal of another).

» As discharge standards become more stringent, further
treatment may be required.

¢ Metal hydroxide sludges must pass TCLP prior to land
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Data Needs:

Performance Data:
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disposal.

¢ Soluble hexavalent chrome requires extra treatment prior to
coagulaation and flocculation.

» Reagent addition must be carefully controlled to preclude
unacceptable concentrations in treatment effluent.

o Efficacy of the system relies on adequate solids separation
techniques (e.g., clarification, flocculation, and/or filtration).

« Process may generate toxic sludge requiring proper disposal.

o Process can be costly, depending on reagents used, required
system controls, and required operator involvement in system
operation.

¢ Dissolved salts are added to the treated water as a result of pH
adjustment.

+ Polymer may need to be added to the water to achieve adequate
settling of solids.

o Treated water will often require pH adjustment.

e Metals held in solution by complexing agents (e.g., cyanide or
EDTA) are difficult to precipitate.

: 2 Back1o Top::

A detailed discussion of these data elements is provided in Subsection
2.2.2 (Data Requirements for Ground Water, Surface Water, and
Leachate).

Bench-scale treatability tests should be conducted to determine
operating parameters and characteristics [i.e., reagent type and
dosage, optimum pH, retention time, flow rate, temperature, mixing
requirements, flocculent (polvmer) selection, suspended solids,
precipitate settling and filtration rates, and sludge volume and
characteristics].

B‘tfi‘_ckl‘?:ID“ .
Precinitation of heavy metals as the metal hydroxides or sulfides has
beew practiced as the prime method of treatment for heavy metals in
industrial wastewater for many years. More recently, precipitation
(usually as the metal hydroxides) has been used in the electronics and
clectroplating industries as a pretreatiment technology for wastcwater
discharge 1o a publicly owned treatment works (POTW). Metals
precipitation is widely used to meet NPDES requirements for the
treatment of heavy metal-containing wastcwatcrs.

Because of its success in meeting requircments for discharge of
treated wastewater, metals precipitation is recognized as a proven
process for use in remedial activities such as ground water treatment,
Precipitation (combined with sedimentation, and/or flocculation and
filtration) is becoming the most widely selected means for heavy
metals removal from ground water in pump and trcat operations,

12/20/00
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Cost:

References:
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The primary capital cost factor is design flow rate. Capital costs for
75- and 250-liters-per-minute (20-gpm and 65-gpm) packaged metals
precipitation syst:ms are approximately $85,000 and $115,000,
respectively.

The primary factorz affecting operating costs are labor and chemical
costs. Operating costs (excluding sludge disposal) are typically in a

range from $0.08 to $0.18 per 1,000 liters ($0.30 to $0.70 per 1,000
gallons) of ground water containing up to 100 mg/L of metals.

For budgetary purposes, sludge disposal may be estimated to increase
operating costs by approximately $0.13 per 1,000 liters ($0.50 per
1,000 gallons) of ground water treated. Actual sludge disposal costs
(including fixation and transportation) have been estimated at

ap .~ ximately $330 per metric ton ($300 per ton) of sludge.

Couts for performing a laboratory treatability study for metals
precipitation may range from $5,000 to $20,000. Depending on the
degree of uncertainty or other requirements, a pilot or field
demonstration may be needed. Associated costs may range from
$50,000 to $250,000 (depending on scale, analytical requirements,
and duration).

Additional cost information can be found in the Hazardous, Toxic,
and Radioactive Wastes (HTRW) Historical Cost Analysis 8ystem
(HCAS) developed by Environmental Historical Cost Committee of
Intcragency Cost Estimation Group.

Go to |GEERE

. Backiy Top
Balaso, C.A., et al., 1986. "Soluble Sulfide Precipitation Study",
Arthur D. Little, Inc., Final Report to USATHAMA, Report No.
AMXTH-TE-CR-87100.

Battelle Memorial Institute, 1995, "ReOpt. V3.1", by Battclle
Memorial Institute for DOE under Contract DE/AC06/76RLO 1830.

Bricka, R. Mark, 1988. “Investigation and Evaluation of the
Performance of Solidified Cellutose and Starch Xanthate Heavy
Metal Sludges", USACE-WES Technical Report EL-88-5.

EPA, 1980. Control and Treatment Technology for the Metal
Finishing Industry: Sulfide Precipitation, EPA/625/8-80/003,

EPA, 1990. Innovative and Alternative Technology Assessment
Manual, EPA, Office of Water Program Operations, EPA/430/9-
78/009.

Federal Remediation Technologics Roundtable, 1998, Remediation
Case Studies: Innovative Groundwater Treatment Technologles,
EPA/542/R-98/015.
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» Coagulation/Flocculation/Dissolved Air Flotation and
Oleofiitration™ at the Coastal Systems Station, AOC 1,
Panama City, Florida

NEESA, 1993. Precipitation of Metals from Ground Water. NEESA
Document Number 20.2-051.6, Naval Energy and Environmental
Support Activity, Port Hueneme, CA.

Tchobanogious, G. and F.L. Burton, 1991. "Wastewater
Engineering - Treatment, Disposal and Reuse," Third Edition.
Metcalf & Eddy, Inc.

ack Lo Top.

B
Site Information:

EPA Demo Palangana Uranium Mine Site, TX
Coakley Landfill New Hampshire

Stringfellow Acid Pit Site CA

Winthrop Landfill Winthrop, ME

EPA Removal Action Crown Plating, MO

Coastal Systeins Station, AOC 1, Panama City, FL
Additional site ipformation on the £ RTR veeb site

e & & ¢ ¢ & O

“Backio Topt

Points of Contact:

" fack tn Topr

Yendor Infermation:

A list of vendors offering En Situ Physical/Chemical Water Treatment is available from the

Vendor Information System for Innovative Treatment Technologies (VISITT) developed by
U.S. Environmental Protection Agency (EPA).

http://www.fitr.gov/matrix2/scctiond/4_53.html 12/20/00
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- Dackfo Top

Health and Safety:

».Back 10 Top::
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4.40 Directional Wells

(In Situ Ground Water Remediation Technology)

Technology

ﬁé;cription

Ground Water, Surface Water, and Leachate .-

3.10 In Situ Physical/Chemical Treatment

4.40 Directional Wells

Dnrilling techniques are used to position wells horizontally, or at an

angle, to reach contaminants not accessible by direct vertical drilling.

Typical Diagram of In
Situ Air Stripping with
Horizontal Wells

Synonyms:

Drilling techniques are used to position welis horizontally, or at an
angle, to reach contaminants not accessible by direct vertical drilling.
Directional drilling may be used to enhance other in-situ or in-well
technologies such as ground water pumping, bioventing, SVE, soil
flushing, and in-well air stripping.

Hardwarc used for directional boring includes wireline coring rigs,
hydraulic thrust systems, electric cone penetrometers, steering
tracking hardware, sonic drilling, and push coring systems.
Hydraulically activated thrust equipment capable of exerting more
than 40 tons of thrust is used to push the dircctional boring heads into
the earth. Directional control is obtained by proper positioning of the
face of the nonsymmetric boring head. Slow rotation of the boring
head will cut and compact the geologic material into the borehole
wall. Thrusting a boring head that is not rotating wil -1wuse a
directional change. The machinery is capable of initiating a borchole,
steering down to a desired horizontal depth, continuing at that depth,
and then steering back to the surface at a downrange location.

Mack tu Jop,
Horizontal Wells.

MaeKin ol
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4.40 Directional Wells

Applicability:

Limitations:

Data Needs:

*

Performance Data:

Page 2 of 4

Directional well technology is applicable to the complete range of
contaminant groups with no particular target group. It is particularly
useful when existing structures interfere with placement of vertical
wells.

- Batkid Toh -
Factors that may limit the applicability and effectiveness of the
process include:

The potential exists for the wells to collapse.

Specialized equipment is required.

Wells are difficult to position precisely.

Installation of horizontal wells is typically costly.

Currently, the technology is limiteé to depths of less than 50
feet.

e & & 3 ®

<Hack to Top~
A detailed discussion of these data elements is provided in Subsection
2.2.2. (Data Requirements for Ground Water, Surface Water, and
Leachate).

JBacKtoTop
Testing was performed as part of the Mixed Waste Landfill hitegrated
Demonstration at Sandia National Laboratorics, Albuquerque, NM.
Several directional holes were drilled; a depth of 12 meters (40 feet)
was achieved with a maximum horizontal extent of 174 meters (570
feet).

A DOE field demonstration at the Savannah River site was performed
in FY90 for in situ air stripping (ISAS), a mass transfer process that
uses horizontal injection and vacuum extraction wells to remediate
sites contaminated with VOCs within the vadose zone and soil/ground
water in the saturated zone. Air is injected into the saturated zone
through horizontal injection wells placed below the water table. As
the air passes through the contaminant plume, it volatilizes the
chemical constituents. This process performs best in homogenecus
soil conditions, while heterogeneities such as formations, fractures,
clay layers, and partial clay lenses hinder performance. Clay layers
often have high contaminant concentrations, while stratigraphy can
cause preferential flow paths and limit the process efficiency. ISAS
has been shown to be effective when some interbedded, thin, and/or
discontinuous clays are present. A full-scale demonstration, including
4% methane enhancement as a bioremediation nutrient in the injection
well, was conducted during FY92, with results to be available in
FY93. Better underground transport modeling and bioremediation
modeling are needed. The technology was also used successfully in
the DOE VOCs in the Non-Arid Soils Integrated Demonstration in
Savannah River, South Carolina. Testing of directional boring for
monitoring equipment installation was performed in an actual
contamination zone during the summer of 1992,

http://www.frtr.gov/matrix2/scction4/4_40.htinl 12/20/00
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4.40 Directional Wells

Cost:

References:

Site Information:

~ Page 3 of 4

Estimated costs are about $60 to $250 per meter ($20 to $75 per foot)
for hydraulic bi-directional thrust drilling. Sonic drilling can be as
much as $330 per meter ($100 per foot).

“Back to T ¢
DOE, 1991. Horizontal Hybrid Directional Boring, FY92 Technical
Task Plan, TP Reference No.: AL-ZU23-J2.

[
DOE, 1991. SRS Integrated Demonstration: Divectional Drilling,
FY92 Technical Task Plan, TTP Reference No.: SR-1211-01.

DOE, 1992. Directional Sonic Drilling, FY93 Technical Task Plan,
TTP Reference No.: AL-2311-05,

DOE, 1993. Directional Boring and Thrusting with Hybrid
Underground Utility Industry Equipment, ProTech Database, TTP
References: AL2211-16 and AL2211-03.

DOE, 1994. Technology Catalogue, First Edition. February.

DOE, 1993. Technology Name: Slant-Angile Sonic Drilling,
Technology Information Profile (Rev. 2), DOE ProTech Database,
TTP Reference No.: AL.2310-05.

EPA, 1994. Manual: Alternative Methaeds for Fluid Delivery and
Recovery, Prepared by: Murdoch, L., and Wilson, D.D. EPA/625/R-
94/003.

EPA, 1997. Analysis of Selected Enhancenients for Soil Vapor
Extraction, EPA OSWER, EPA/542/R-97/007. ‘

Kaback, D., and Oakley, D. 1996. "Horizontal Environmental Wells
in the United States: A Catalogue," Colorado Center for
Environmental Management (CCEM).

Wilson, D.D., and Kaback, D.S., 1993. "Industry Survey for
Horizontal Wells", Westinghouse Savannah River Company (DOE),
Aiken, SC. WSRC-TR-93-511,

Wilson, D.D., 1996, "Use of Horizontal Drilling In Environmental
Remediation: A Horizontal Well Case Study", Water Well Journal,
February.

Wilson, D.D., 1996, "Horizontal Well Development Made Easy",
Water Well Journal, October. :

» DOE Demo Savannah River Site, SC

htip://www.frtr.gov/matrix2/section4/4_40.html 12/20/00




4.40 Directional Wells , ~ Pagedofd

Points of Contact:

Technology Specific Web Sites:

Vendor Information:

A list of vendors offering In Situ Physical/Chemical Water Treatment is available from the
Vendor Information System for Innovative Treatment Technologies (VISITT) developed by
U.S. Environmental Protection Agency (EPA).
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4.58 Ground Water Pumping

" Praviou
- Section”

(Ground Water Contsinment Remediation Technology)

“Tapie of |
-Gontéﬁts. ;-

Tecbnology

Tﬁescription

[Ground Water, Surface Water, and Leachate

I3.13 Containment

4.58 Ground Water  |[Ground water pumping is a component of many pump-and-Treat

Pumping processes, which are some of the most commonly used ground water
remediation technologies at contaminated sites.

Description: Possible objectives of ground water pumping include removal of

Tigure 4-38:
Typical Ground Water

dissolved contaminants from the subsurface, and containment of
contaminated ground water to prevent migration.

The first step of uny remediation project consists of defining the
remedial action objectives to be accomplished at the site. This
involves gathering enough background site information and field data
to make assessments of remedial requirements and possible cleanup
levels. The first determination is whether cleanup or containment will
be the most appropriate remedial action. If cleanup is chosen, the
level of cleanup must be determined. If containment is chosen, ground
water pumping is used as a hydraulic barrier to prevent off-site
migration of contaminant plumes.

The next component consists of the design and implementation of the
ground water pumping system based on data evaluated in setting the
goals and objectives. The criteria for well design, pumping system,
and treatment are dependent on the physical site characteristics and
contaminant type. Actual treatment may include the design of a train
of processes such as gravity segregation, air strippers, carbon systems
tailored to remove specific contaminants.

http://www.frtr.gov/matrix2/scction4/4_58.htmi 12/20/00
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Another component of any ground water extraction system is a
ground water monitoring program to verify its effectiveness.
Monitoring the remedial with wells and piezometers allows the
operator to make iterative adjustments to the system in response to
changes in subsurface conditions caused by the remediation.

The final component is determining the termination requirements.
Termination requirements are based on the cleanup objectives defined
in the initial stage of the remedial process. The termination criteria are
also dependent on the specific site aspects revealed during remedial
operations.

Aithough pumping for containment implies no treatment the
following treatments usually follow pumping in pump and treat
systems. These are briefly described below and in detail in technology

.profiles 4.47 through 4.55:

4.47 Bioreators:

Contaminants in extracted ground water are put into contact with
microorganisms in attached or suspended growth biological reactors.
In suspended systems, such as activated sludge, contaminated ground
water is circulated in an aeration basin. In attached systems, such as
rotating biological contractors and trickling filters, microorganisms
are established on an inert support matrix.

The constructed wetlands-based treatment technology uses natural
geochemical and biological processes inherent in an artificial wetland
ecosystem to accumulate and remove metals and other contaminants
from influent waters.

4.49 Adsomption/Absorption:

In liquid adsorption, solutes concentrate at the surface of a sorbent,
thereby reducing their concentration in the bulk liquid phase. The
most common adsorbent is granulated activated carbon (GAC) (see
Technology Profile No. 4.51). Other natural and synthetic adsorbents
include: forage sponge, lignin adsorption, sorption clays, and
synthetic resins.

4.50 Air Stripping:

Volatile organics are partitioned from ground water by increasing the
surface area of the contaminated water exposed to air. Aeration
methods include packed towers, diffused aeration, tray aeration, and
spray aeration,

4.51 Granulated Activated Carbon (GAC)/Liquid Phase Carbon
Adsorption:

Ground water is pumped through a series of canisters or columns
containing activated carbon to which dissolved organic contaminants
adsorb. Periodic replacement or regeneration of saturated carbon is
required.

http://www fitr.gov/matrix2/section4/4_58.html ' 12/20/00
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4.52 Jon Exchange:

Ion exchange removes ions from the aqueous phase by the exchange
of cations or anions between the contaminants and the exchange
medium. Ion exchange materials may consist of resins made from
synthetic organic materials that contain ionic functional groups to
which exchangeable ions are attached. They also may be inorganic
and natural polymeric materials.. After the resin capacity has been
exhausted, resins can be regenerated for re-use.

4.53 Precipitation/Coagulation/ Flocculation:

This process transforms dissolved contaminants into an insoluble
solid, facilitating the contaminant's subsequent removal from the
liquid phase by sedimentation or filtration. The process usually uses
pH adjustment, addition of a chemical precipitant, and flocculation.

4.54 Separation: :

Separation processes seek to detach contaminants from their medium
(i.e., ground water and/or binding material that contain them). Ex sitn
separation of waste stream can be performed by many processes: (1)
distillation, (2) filtration/ultrafiltration/microfiltration, (3) freeze
crystallization, (47’ membrane pervaporation and (5) reverse osmosis.

«  4.55 Sprinkler Irrigation:
Wastewater is distributed over the top of the filter bed through which
wastewater is trickled. The organic contaminants in wastewater are
degraded by the microorganisms attached to the filter medium.

> Surfactant Enhavced Recovery

The application of surfactants micelles or steam to the ground water
can facilitate the ground water pumping process by increasing the
mobility and solubility of the contaminants sorbed to the soil matrix.
This material can also facilitate the entrainment of hydrophobic
contaminants to allow removal and assures that multi-phase
contaminants can be effectively removed. Thu it can increase the
contaminant mass removal per pore volume of ground water flushing
through the contaminated zone.

The implementation of surfactant-enhanced recovery requires the
injection of surfactants into a contaminated aquifer. Typical systems
utilize a pump to extract ground water at some distance away from the
injection point. The extracted ground water is treated ex situ to
separate the injected surfactants from the contaminants and ground
water. In order to be cost-effective, the design of the surfactant-
enhanced recovery system is critical. Once the surfactants have
separated from the ground water they can be re-injected into the
subsurface. Contaminants must be separated from the ground water
and treated prior to discharge of the extracted ground water,

> Drawdown Pumping

http://www.frtr.gov/matrix2/section4/4_58.html 12/20/00



4,58 Ground Water Pumping  Pagedof12

Synonyms:

Applicability:

Pump drawdown nonaqueous-phase liquid (NAPL) recovery systems
are designed to pump NAPL and ground water from recovery wells or
trenches. Pumping removes water and lowers the water table near the
extraction area to create a cone of depression. The cone of depression
in the vicinity of the extraction well produces a gravity head that
pushes flow of NAPL toward the weli and increases the thickness of
the NAPL layer in the well. Each foot of ground water depression
provides a driving head equivalent to a pressure difference of 0.45 psi.
In most cases; the production of a cone of depression will increase
NAPL recovery rates.

Pumping may be accomplished with one or two pumps. In the single-
pump configuration, one pump withdraws both water and NAPL. The
dual-pump configuration uses one pump located below the water table
to remove water and a second located in the NAPL layer to recover
NAPL. A single-pump system reduces capital and operating costs and
allows simpler contro! systems and operation, but produces a stream
of mixed water and NAPL that must then be separated.

BackETop .
Pump and treat.
DSERTS Code: Q1 (Waste Removal - Liquids)

5 BAcK o Top -
The first step in determining whether ground water pumping is an
appropriate remedial technology is to conduct a site characterization
investigation, Site characteristics, such as hydraulic conductivity, will
determine the range of remedial options possible. Chemical propertigs
of the site and plume need to be determined to characterize transport
of the contaminant and evaluate the feasibility of ground water
pumping. To determine if ground water pumping is appropriate for a
site, one needs to know the history of the contamination event, the
properties of the subsurface, and the biological and chemical
contaminant characteristics. Identifying the chemical and physical site
characteristics, locating the ground water contaminant plume in three
dimensions, and determining aquifer and soil properties are necessary
in designing an effective ground water pumping strategy.

Surfactant-enhanced recovery are most applicable for contaminated
sites with enhanced light, nonaqueous-phase liquids (LNAPLSs) and
dense, nonaqueous-phase liquids (DNAPLs).

Drawdown pumping is effective for NAPL recovery when the aquifer
has moderatc to high hydraulic conductivity and a thick layer of low-
viscosity NAPL. An aquifer with high hydraulic conductivity gives
less flow resistance of NAPL into the well. A thick layer of NAPL
allows the pumping system to collect a high proportion of NAPL in
relation to the amount of ground water. For best operation, the NAPL
thickness should be sufficient to completely cover the pump suction
port.

http:/iwww.frtr.gov/matrix2/section4/4_58.html - 12/20/00
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Limitations:

Drawdown pumping is a commercially available technology that can
be easily implemented with conventional pumps in wells or trenches.
System installation costs are low to moderate, but the cost per amount
of NAPL recovered varies greatly.

- Pack o 1oy
The following factors may limit the applicability and effectiveness of
ground water pumping as part of the remedial process:

o The potentially long time necessary to achieve the remediation
goal

o System designs fail to contain the contaminant as predicted,
allowing the plume to migrate and failure of the pumping
equipmert,

¢ Residual saturation of the contaminant in the soil pores cannot
be removed by ground water pumping. Con' aminants tend to be
sorbed in the soil matrix. Ground water pumping is not
applicable to contaminants with high residual saturation,
contaminants with high sorption capabilities, and homogeneous

aquifers with hydraulic conductivity less than 107 cmisec.

o The cost of permitting procuring and operating treatment
systems is high. Additional cost may also be attributed to the
disposal of spend carbon and other treatment residuals and
wastes.

o Biofouling of the extraction wells and associated treatment
stream is a common problem which can severely affect system
performance. The potential for this problem should be
evaluated prior to the installation.

The following factors may limit the applicability and effectiveness of
surfactant-enhanced recovery:

o Subsurface heterogeneitics, as with most ground water
remediation technologies, present challenges to the successfu!
implementation of surfactant-enhanced recovery

¢ Potential toxic effects of residual surfactants in the subsurface

o Off-site migration of contaminants due to the increase solubility
achieved with surfactant injection Obtaining regulatory
approval to inject surfactants into an aquifer.

The following factors may limit the applicability and effectiveness of
drawdown pumping:

¢ Drawdown pumping generally produces large volumes of water
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Data Needs:

Performance Data:

Cost:

in the process of recovering the free product.

« The production of a cone depression in the water table can
smear the free product or trap the fuel in the saturated zone
when the water table returns to its original level.

 Bapk{gTop
Collecting as much background site data as possible, obtaining
accurate information on the type of contaminants present, and
determining the hydrogeological nature of the site are essential.
Contaminant information needed consists of: 1) source
characterization, including the volume released, the area infiltrated,
and duration of release; 2) concentration distribution of contaminants
and naturally occurring chemicals in the ground water and soil; and 3)
processes affecting plume development, such as chemical and
biological reactions influencing contaminant mobility. Hydrogeologic
information include determining the size of the contaminated aquifer,
depth to water table, hydraulic conductivity of the surrounding aquifer
material, impermeable units and confining layers, ground water flow
direction and velocity, recharge and discharge arcas, seasonal
variations of ground water conditions, and local ground water use.
Methods for determining aquifer properties include a slug test, pump
test, and a borehole flowmeter test. The pump test consists of
pumping one well and measuring the water level response of
surrounding wells. A slug test measures the rate at which water level
in one well returns to its initial state after inducing a rapid water level
change by introducing or with drawing a volume of water. The
borehole flowmeter test measures flow direction and rate ina
borehole.

- Back o Top. .
DOE has developed and tested many pump and treat technologies for
hazardous waste removal over the past twenty years. Performance
data on some of the most recent DOE sites can be in the Technology
Application Analyses and site information below.

.- Back t0-Toy ;
Cost data varies from site to site for ground water pump and treat
technology. Recent cost data on a few of DOE's sites can be found
below in the links to the Technology Application Analyses and in the
site information.

Additional cost information can be found in the Hazardous, Toxic,
and Radioactive Wastes (HTRW) Historical Cost Analysis System
(HCAS) devceloped by Environmental Historical Cost Committee of
Interagency Cost Estimation Group.

*Uatktodop:,

http:/fwww.frir.gov/matrix2/section4/4_58.html ' ' 12/20/00




4.58 Ground Water Pumping - Page 7 of 12
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Groundwater at Superfund Sites, EPA/540/G-88/003.

EPA, 1989, Evaluation of Groundwater Extraction Remedies
OSWER, Washington, DC
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EPA, 1989. Performance of Pump-and-Treat Remediations,
EPA/540/4-89/005.

EPA , 1990. A Guide to Pump and Treat Groundwater Remediation
Technology, EPA/540/2-90/018.

EPA, 1992. Chemical Enhancements to Pump-and-Treat
Remediation, EPA/540/S-92/001; NTIS: PB92-180074.

EPA, 1996. Surfactani-Enhanced DNAPL Remediation: Surfactant
Selection, Hydraulic Efficiency, and Economic Factors, EP A/600/S-
96/002.

Federal Remediation Technologies Roundtable, 1995. Remediation
Case Studies: Groundwater Treatment, EPA/542/R-95/003.

o Petroleum Product Recovery and Contaminated Groundwater
Remediation at Amoco Petroleum Pipeline, Constantine,
Michigan

o Pump and Treat System at Commencement Bay, South Tacoma
Channel (Well 12A), Phase 2, Tacoma, Washington

e Recovery of Free Petroleum Product at Fort Drum, Fuel
Dispensing Area 1595, Watertown, New York )

o Pump and Treat of Contaminated Groundwatcr at IRP Site 4,
Langley Air Force Rase, Virginia

¢ Pump and Treat of Contaminated Groundwater at Operable
Unit B/C, McClellan Air Force Base, California

e Pump and Treat of Contaminated Groundwater at the Twin
Cities Army Ammunition Plant, New Brighton, Minnesota

¢ Pump and Treat of Contaminated Groundwater at the U.S,
Department of Energy's Kansas City Plant, Kansas City,
Missouri

¢ Pump and Treat of Contaminated Groundwater at the U.S.
Department of Encrgy's Savannah River Site, A/M Area, Aiken,
South Carolina

Federal Remediaiion Technologies Roundtable, 1998, Remediation
Case Studies: Groundwater Pumip and Treat (Chlorinated Solvents),
EPA/542/R-98/013

o Pump and Treat of Contaminated Groundwater at the Des
Moines TCE Superfund Site, QU 1, Des Moines, lowa

o Pump and Treat of Contaminated Groundwater at the Former
Firestone Facility Superfund Site, Salinas, California

« Pump and Treat of Contaminated Groundwater at the JMT
Facility RCRA Site, Brockport, New York

o Pump and Treat of Contaminated Groundwater at the Keefe
Environmental Services Superfund Site, Epping, New
Hampshire

o Groundwater Pump and Treat and Soil Vapor Extraction at
DOE's Lawrence Livermore National Laboratory, Site 300,

%
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GSA 0U, Livermore, California

Pump and Treat of Contaminated Groundwater at the Mystery
Bridge at Hwy 20 Superfund Site, Dow/DSI Facility,
Evansville, Wyoming

o Groundwater Containment at Site LF-12, Offutt AFB, Nebraska

Pump and Treat of Contaminated Groundwater at the Old Mill
Superfund Site, Rock Creek Ohio

Dixiana Superfund Site, Cayce, South Carolina

Groundwater Contamment at Site OT-16B, Shaw AFB, South
Carolina

Groundwater Containment at Site SD-29 and ST-30, Shaw
AFB, South Carolina

Pump and Treat of Contaminated Groundwater at the Sol
Lynn/Industrial Transformers Superfund Site, Housten, Texas
Pump and Treat of Contaminated Groundwater at the Solid
State Circuits Superfund Site, Republic, Missouri

Pump and Treat of Contammated Groundwater with
Containment Wall at the Solvent Recovery Services of New
England, Inc, Superfund Site, Southington, Connecticut

Federal Remediation Technologies Roundtable, 1998. Remediation
Case Studies: Greundwater Pump anc' Treat (Nonchiorinated
Solvents), EPA/542/R-98/014

Pump and Treat of Contaminated Groundwater at the Baird and
McGuire Superfund Site, Holbrook, Massachusetts

Pump and Treat of Contaminated Groundwater at the City
Industries Superfund Site, Orlando, Florida

Pump and Treat of Contaminated Groundwater at the King of
Prussia Technical Corporation Superfund Site, Winslow
Township, New Jersey

Pump and Treat of Contamlmtcd_ Groundwater at the LaSalle

Pump and Treat of Contammatcd Groundwatcr at the Odessa

Chromium T Superfund Site, OU 2, Odessa, Texas

Pump and Treat of Contamnmted Groandwater at the Odessa

Chromium I11S Superfund Site, Of 2, Odessa, Texas

Gmu]ndwmcr Containment at Site 'T-01, Popc, AFB, North
Carolina

Groundwater Containment at Site $S-07, Pope AFB, North

Carolina

Pump and Treat and Containment of Contaminated

Groundwater at the Sylvester/Gilson Road Superfund Site,

Nashua, New Hampshire

Pump. and Trea of Contaminated Groundwater at the United

Chrome Superfund Site, Corvallis, Oregon

Pump and Treat of C ‘(mtdmmdt(:(_l ,(Jroun(lw(xter at the U.S,

Aviex Superfund Site, Niles, Michigan

Pump and Treat of Contuminated Groundwater at the Western

Procgssing Superfund Site, Kent, Washington
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Federal Remediation Technologies Roundtable, 1998. Remediation
Case Studies: Innovative Grounwater Treatment Technologies,
EPA/542/R-98/015.

e Pump and Treat and Permeable Reactive Barrier to Treat
Contaminated Groundwater at the Former Intersil, Inc. Site,
Sunnyvale, California

o Pump and Treat and In Situ Bioremediation of Contaminated
Groundwater at the French Ltd. Superfund Site, Crosby, Texas

« Pump and Treat and Air Sparging of Contaminated
Groundwater at the Gold Coast Superfund Site, Miami, Florida

o Pump and Treat and In Situ Bioremediation of Conteminated
Groundwater at the Libby Groundwater Superfund Site, Libby,
Montana

o Pump and Treat, In Situ Bioremediation, and In Situ Air
Sparging of Contaminated Groundwater at Site A, Long Island,
New York

Keely, J.F., 1989. "Performance of Punp-and-Treat
Remediations," EPA/540/4-89/005.

»
Back 1o Tuj);

Site Information: R

® © 6 & © © 6 % O 0 P @O O O O OO OO SO 00 0 0D

Lawerence Livermore Nat'l Lab (LLNL), Livermore, CA
McClellan Air Force Base, Operable Unit (OU) D, CA
FAA Technical Center, NJ
Former Intersil, Inc, Site, Sunnyvale, CA,

Amoco Petroleum Pipeline, Constantine, M1 A

Baird and McGuire Superfund Site, Holbrook, MA

City Industries Supcrfund Site, Orlando, FL

Commencement Bay, South Tacoma Channel (Well 12A), Phase 2, Tacoma, WA
Des Moines TCE Superfund Site, OU 1, Des Moines, 10

Former Firestone Facility Superfund Site, Salinas, CA

Fort Drum, Fuel Dispensing Area 1595, Watertown, NY

French Ltd. Superfund Site, Crosby, TX

Gold Coast Superfund Site, Miami, FL

JMT Facility RCRA Site, Brockport, NY

Kcefe Environmental Services Superfund Site, Epping, NH

King of Prussia Technical Corporation Superfund Site, Winslow Township, NJ
Langley Air Force Base, IRP Site 4, Langley, VA

LaSalle Electrical Superfund Site, LaSalle, IL

DOE's Lawrence Livermore National Laboratory, Site 300, GSA OU, Livermore, CA
Libby Groundwater Superfund Site, Libby, MT

McClellan Air Force Base, Operable Unit (OU) B/C,CA

Mid-South Wood Psoducts Superfund Site, Mena, AR

Mystery Bridge at Hwy 20 Superfund Site, Dow/DSI Facility, Evansvilie, WY
Odessa Chromium I Superfund Site, QU 2, Odessa, TX

Odessa Chromium 13 Superfund Site, OU 2, Odessa, TX

Site LF-12, Offutt AFB, 1B

Old Mill Superfund Site, Rock Creck, OH

http:/fwww.fitr.gov/matrix2/scctiond/4_58.html 12/20/00
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Site FT-01, Pope AFB, NC

Site SS-07, Pope AFB, NC

SCRDI Dixiana Superfund Site, Cayce, SC

Site OT-16B, Shaw AFB, SC

Site SD-29 and ST-30, Shaw AFB, SC

Site A, Long Island, NY

Sol Lynn/Industrial Transformers Superfund Site, Houston, TX

Solid State Circuits Superfund Site, Republic, MO

Solvent Recovery Services of New England, Inc. Superfund Site, Southingfon, CT
Sylvester/Gilson Road Superfund Site, Nashua, NH

Twin City Army Ammunition Plant, New Brighton, MN
United Chrome Superfund Site, Corvallig, OR

U.S. Aviex Superfund Site, Niles, MI

U.S. DOE's Kansas City Plant, Kansas City, MO

U.S. DOE's Savannah River Site A/M Area, Aiken, SC
Western Processing Superfund Site, Kent, WA

Additional site informatiop on the £ RTR-wel site -

Points of Contact:

- Backta Tof.;

E,:M: YIR
it

Vendor Information:

A list of vendors offering Water Containment Treatment. is available from the Vendor
Informa’ion System for Innovative Treatment Technologies (VISITT) developed by U.S.
Environmental Protection Agency (EPA).

Icalth and Safety:

Rackfo Top;.
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4.59 Slurry Walls

-|[These subsurface barriers consist of vertically excavated trenches

filled with slurry. The slurry, usually a mixture of bentonite and
water, hydraulically shores the trench to prevent collapse and retards
ground water flow.

————

Description:

Typical Keyed-In
Slurry Wall (Cross-
Section)

Slurry walls are used to contain contaminated ground water, divert
contaminated ground water from the drinking water intake, divert
uncontaminated ground water flow, and/or provide a barrier for the
ground water treatment system.

These subsurfacc barriers consist of a vertically excavated trench that
is filled with a slurry. The slurry hydraulically shores the trench to
prevent collapse and forms a filter cake to reduce ground water flow.
Slurry walls often are used where the waste mass is too large for
treatment and where soluble and mobile constituents pose an
imminent threat to a source of drinking water.

Slurry walls are a full-scale technology that have been used for
decades as long-term solutions for controlling seepage. They arc often
used in conjunction with capping. The technology has demonstrated
its effectiveness in containing greater than 95% of the uncontaminated
ground water; however, in contaminated ground water applications,
specific contaminant types may degrade the slurry wall components
and reduce the long-term effectivencss.

Most slurry walls are constructed of a soil, bentonite, and water

http://www frtr.gov/matrix2/section4/4 _59.html 12/20/00
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Applicability:
Limitations:
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mixture. The bentonite slurry is used primarily for wall stabilization
during trench excavation. A soil-bentonite backfill material is then
placed into the trench (displacing the slurry) to create the cutoff wall.
Walls of this composition provide a barrier with low permeability and
chemical resistance at low cost. Other wall compositions, such as
cement/bentonite, pozzolan/bentonite, attapulgite, organically
modified bentonite, or slurry/geomembrane composite, may be used if
greater structural strength is réquired or if chemical incompatibilities
between bentonite and site corfaminants exist.

Shurry walls are typically placed at depths up to 30 meters (100 feet)
and are generally 0.6 to 1.2 meters (2 to 4 feet) in thickness.
Installation depths over 30 m (100 ft) are implementable using clam
shell bucket excavation, but the cost perunit area of wall increases by
about a factor of three. The most effective application of the slurry
wall for site remediation or pollution control is to base (or key) the
slurry wall 0.6 to 0.9 meters (2 to 3 feet) into a low permeability layer
such as clay or bedrock, as shown in the preceding figure. This
"keying-in" provides for an effective foundation with minimum
leakage potential, An alternate configuration for shurry wall
installation is a "hanging” wall in which the wall projects into the
ground water table to block the movement of lower density or floating
contaminants such as oils, fuels, or gases. Hanging walls are used less
frequently than keyed-in walls.

Vertical cutoff walls; Hydrodynamic barriers; Slurry Trenches.
DSERTS Code: 12 (Shurry Walls/Underground Barriers)

- Back 0. o
Slurry walls contain the ground water itself, thus treating no particular
target group of contaminants. They are used to contain contaminated
ground water, divert contaminated ground water from drinking water
intake, divert uncontaminated ground water flow, and/or provide a
barrier for the ground water treatment system.

Toit*
t

Factors that may limit the applicabi
process include:

10/
li

l ‘,
and effectiveness of the

o Most of the approaches involve a large amount of heavy
construction.

o The technology only contains contaminants within a specific
area.

o Soil-bentonite backfills are not able to withstand attack by
strong acids, bases, salt solutions, and some organic chemicals.
Other slurry mixture can be developed to resist specific
chemicals. .

« There is the potential for the slurry walls to degrade or
deteriorate over time.

o Use of this technology does not guarantee that further
remediation in the future may not be necessary.

http://www.frir.gov/mattix2/section4/4_59.html 12/20/00
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Data Needs:

Performance Data: °

Cost:

Page 3 of 5

EBACK {0 T0)
A detailed discussion of these data elements is provided in Subsection
2.2.2. (Data Requirements for Ground Water, Surface Water, and
Leachate).

The following factors, at a minimum, must be assessed prior to
designing effective soil-bentonite slurry walls: maximum allowable
permeability, anticipated hydraulic gradients, required wall strength,
availability and grade of bentonite to be used, boundaries of
contamination, compatibility of wastes and contaminants in contact
with slurry wall materials, characteristics (i.e., depth, permeability,
and continuity) of substrate into which the wall is to be keyed,
characteristics of backfill material (e.g., fines content), and site terrain
and physical layout.

BACK ta Jop
Slurry walls have been used for decades, so the equipment and
methodology are readily available and well known; however, the
process of designing the proper mix of wall materials to contain
specific ~ontaminants is less well developed. Excavation and
backfilling of the trench is critical and requires experienced
contractors.

L BAcK0Top
Costs likely to be incurred in the d

sign and installation of a standard
soil-bentonite wall in soft to medium soil range from $540 to $750
per square meter ($5 to $7 per square foot) (1991 dollars). These costs
do not include variable costs required for chemical analyses,
feasibility, or compatibility testing. Testing costs depend heavily on
site-specific factors. |

Factors that have the most significant impact on the final cost of soil-
bentonite slurry wall installation include:

Type, activity, and distribution of contaminants.

Depth, length, and width of wall.

Geological and hydrological characteristics.

Distance from source of materials and equipment.
Requirements for wall protection and maintenance.

Type of slurry and backfill used.

Other site-specific requirements as identified in the initial site
assessment (e.g., presence of contaminants or debris).

o Planning, permitling, regulatory interaction, and site
restoration.

Additional cost information can be found in the Hazardous, Toxic,
and Radioactive Wastes (HTRW) Historical Cost Analysis System
(HCAS) developed by Environmental Historical Cost Committee of
Interagency Cost Estimation Group.

Go to jsis
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Site Information:

Hazardous Waste Landfill

Sanitary Landfill

Coal Tar Disposal Pond

Sylvester/Gilson Road Superfund Site, Nashua, NH

Backli Top-.

= Backto Yo

Points of Contact;

Page 5 of 5

Back to Top :

Vendor Information:

A list of vendors offering In Situ Physical/Chemical Water Treatment is available from the

Vendor Information System for Innovative Treaiment Technologies (VISITT) developed by

U.S. Environmental Protection Agency (EPA).
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4.30 Landfill Cap

(Soil Contalnment Remediation Technology)
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13.7 Containment

ILF.'_BO Landfill Cap [Landfill caps are used for contaminant source control.

Description:

Figure 4-30: Typical
RCRA Subtitle C
Landfill Cap System’

Landfill caps can be used to:

o Caps can minimize exposure on the surface of the waste
facility.

o Prevent vertical infiltration of water into wastes that would
create contaminated leachate.

o Contain waste while treatment is being applied.

Control gas emissions from underlying waste.

¢ Create a land surface that can support vegetation and/or be used
for other purposes.

Landfill Capping is the most common form of remediation because it
is gencrally less expensive than other technologies and effectively
manages the human and ecological risks associated with a remediation
sitc.

The design of landfill caps is site specific and depends on the intended
functions of the system. Landfill Caps can range from a one-layer
system of vegetated soil to a complex multi-layer system of soils and
geosynthetics. In gencral, less complex systems are required in dry
climates and more complex systems are required in wet climates. The
material used in the construction of landfill caps include low-
permeability and high-permeability soils and low-permeability
geosynthetic products. The low-permeability materials divert water

http://www. frtr.gov/matrix2/sectiond/4_30.html 12/20/00
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4.30 Landfill Cap Page 2 of 7

and prevent its passage into the waste. The high permeability
materials carry water away that percolates into the cap. Other
materials may be used to increase slope stability.

The most critical components of a landfill cap are the barrier layer and
the drainage layer. The barrier layer can be low-permeability soil
(clay) and/or gcesynthetic clay liners (GCLs). A flexible
geomembrane liner is placed on top of the barrier layer.
Geomembranes are usually supplied in large rolls and are available in
several thickness (20 to 140 mil), widths (15 to 100 ft), and lengths
(180 to 840 ft). The candidate list of polymers commonly used is
lengthy, which includes polyviny! chloride (PVC), polyethylenes of
various densities, reinforced chlorosulfonated polyethylene (CSPE-
R), polypropylene, ethylene interpolymer alloy (EIA), and many
newcomers. Soils used as barrier materials generally are clays that are

compacted to a hydraulic conductivity no greater than 1 x 107
cm/sec. Compacted soil barriers are generally installed in 6-inch
minimum lifts to achieve a thickness of' 2 feet or more. A composite
barrier uses both soil and a geomembrane, taking advantage of the
properties of each. The geomembrane is essentially impermeable, but,
if it develops a leak, the soil component prevents significant leakage
into the underlying waste.

For facilities on top of putrescible wastes, the collection and control
of methane and carbon dioxide, potent greenhouse gases, must be part
of facility design and operation.

> Asphalt/Concrete Cap

The most effective single-layer caps aie composed of concrete or
bituminous asphalt. It is used to form a surface barrier between
landfill and the environment. An asphalt concrete cap would reduce
leaching through the landfill into an adjacent aquifer.

> RCRA Subtitle C Cap

The RCRA C multilayered landfill cap is a baseline design that is
suggested for use in RCRA hazardous waste applications. These caps
generally consist of an upper vegetative (topsoil) layer, a drainage
layer, and a low permeability layer which consists of a synthetic liner
over 2 feet of compacted clay. The compacted clay liners arc effective
if they retain a certain moisture content but are susceptible to cracking
if the clay material is desiccated. As a result alternate cap designs are
usually considered for arid environments.

» RCRA Subtitle D Cap

RCRA Subtitle D requircinents are for non-hazardous waste landfills.
The design of a land{ill cover for a RCRA Subtitle D facility is
generally a function of the bottom liner system or natural subsoils
prescnt. The cover must meet the following specifications:

hitp://www.frtr. gov/matrix2/scctiond/4_30.him! 12/20/G0
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Synonyms:

Applicability:

Limitations:

Page 3 of 7

« the material must have a permeability no greater than 1 x 10-5
cm/s, or equivalent permeability of any bottom liner or natural
subsoils present, whichever is less,

o The infiltration layer must contain at least 45 cm of earthen
material.

o The erosion control layer must be at least 15 cm of earthen
material capable of sustaining native plant growth.

Alternative design can be considered, but must be of equivalent
performance as the specifications outlined above. All covers should
be designed to prevent the "bathtub" effect. The bathtub effect occurs
when a more permeable cover is placed over a less permeable bottom
lizier or natural subsoil. The landfill then fills up like a bathtub.

LBdtktaTop..
Cap; Landfill cover; Surface cover.
DSERTS Codes: 10 (Containment)

I1 (Capping)
.-Back inTop -
Landfill Caps may be temporary or final. Temporary caps can be
instalied before final closure to minimize generation of leachate until
a better remedy is selected. They are usually used to minimize
infiltration when the underlying waste mass is undergoing scttling. A
more stable base will thus be provided for the final cover, reducing
the cost of the post-closure maintenance. Landfill caps also may be
applied to waste masses that are so large that other treatment is
impractical. At mining sites for example, caps can be used to
minimize the infiltration of water to contaminated tailings piles and to
provide a suitable base for the establishment of vegetation. In
conjunction with water diversion and detention structures, landfill
caps may be designed to route surface water away from the waste area
while minimizing erosion.

Backta Top. .
Landfilling does not lessen toxicity, mobility, or volume of hazardous
wastes, but does mitigate migration, Landfill caps are most effective
where most of the underlying waste is above the water table. A cap,
by itself, cannot prevent the horizontal flow of ground water through
the waste, only the vertical entry of water into the waste. In many
cascs landfill caps are used in conjunction with vertical walls to
minimize horizontal flow and migration. The effective life of landfill
components (including cap) can be extended by long-term inspection
and maintenance. Vegetation, which has a tendency for deep root
penetration, must be climinated from the cap arca. In addition,
precautions must be taken to assume that the integrity of the cap is not
compromised by land use activitics.

HacK10T0nY
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Performance Data:

Cost:
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A detailed discussion of these data elements is provided in Subsection
2.2.1 (Data Requirements for Soil, Sediment, and Sludge). Many
laboratory tests are needed to ensure that the materials being
considered for each of the landfill cap components are suitable. Tests
to determine the suitability of soil include grain size analysis,
Atterberg limits, and compaction characteristics. Landfill instability
can be solved by understanding interface friction properties between
all material layers, natural or synthetic. The major engineering soil
properties that must be defined are the shear strength and hydraulic
conductivity. Shear strength may be determinied with the unconfined
compression test, direct shear test, or triaxial compression test.
Hydraulic conductivity of soils may be measured in the laboratory by
the constant head permeability test or the falling head permeability
test. Field hydraulic conductivity tests on test pads are generally
recommended prior to actual cover construction to ensure that the
low-permeability requirements can actually be met under construction
conditions.

Laboratory tests are also needed to ensure that geosynthetic materials
will meet the cap requirements, For example, geosynthetics in caps
may be subjected to tensile stresses caused by subsidence and by the
gravitational tendency of a gcomembrane or material adjarent to it to
slide or be pulled down slopes.

Since facility performance is a function of quality construction more
so than selection of materials, construction quality assurance of caps
are critical. EPA has generated a technical guidance document on this
subject. The technica! guidance should be strictly followed during
design and construction.

Previously installed caps are hard to monitor for performance.
Monitoring well systems or infiltration monitoring systems can
provide some information, but it is often not possible to determine
whether the water or leachate originated as surface water or ground
water. Performance can be monitored much more effectively by
including pan lysimeter in future caps.

- Mack o Tbp ¢
Landfill caps are generally the least expensive way to manage the
human health and ccological risks effectively. Rough industry cost are
$175k/acre for RCRA Subtitle D, and $225k/acre for RCRA Subtitle
C.

Additional cost information car: be found in the Hazardous, Toxic,
and Radioactive Wastes (HTRW) Historical Cost Analysis Systein
(HCAS) developed by Environmental Historical Cost Committee of
Intcragency Cost Estimation Group.
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Liner and Cover Systems, EP A/600/2-91/002.

EPA, 1991. Inspection Techniques for the Fabrication of
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Case Studies: In Situ Soil Treatment Technologies (Soil Vapor
Extraction, Thermal Processes), EPA/542/R-98/012

¢ Soil Vapor Extraction at the Seymour Recycling Corporation
Superfund Site, Seymour, Indiana

i Federal Remediation Technologies Roundtable, 1998. Remediation
. Case Studies: Groundwater Pump and Treat (Nonchlorinated
Solvents), EPA/542/R-98/014

» Pump and Treat and Containment of Contaminated
Groundwater at the Sylvester/Gilson Road Superfund Site,
Nashua, New Hampshire

Federal Remediation Technologies Roundtable, 1998. Remediation
Case Studies: Debris and Surface Cleaning Technologies, and
Other Miscellaneous Technologies, EPA/542/R-98/017.

e Lawrence Livermore National Laboratory (LLNL) Site 300 -
Pit 6 Lgndﬁll Operable Unit (OU), Livermore, CA,

Pack (o Top

Site Information:

AFCEE action, Fairchild AFB, WA

DOE Oak Ridge, TN facility

Lawrence Livermore National Laboratory, Site 300, Coast Ranges, CA

DOE Demo, Lee Acres landfill, Farmington, NM

Lawrence Livermore National Laboratory, Site 300, Pit 6 Landfill OU, Livermore, CA
Seymour Recycling Corporation Superfund Site, Seymour, IN

Sylvester/Gilson Road Superfund Site, Nashua, NH

Datk o Top -

Points of Contact:

“Bark i Top

Vendor Information:
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A list of vendors offering Soil Containment Treatment is available from the Vendor

Information System for Innovative Treatment Technologies (VISITT) developed by U.S.

Environmental Protection Agency (EPA).

Health and Safety:

http://www.frtr.gov/matrix2/section4/4_30.html . 12/20/00




.31 Water Harvesting Vegetative Cover

4 Page 1 of 4 .

4.31 Landfill Cap Enhancements

(Soil Containment Remediation Technology)

Technelogy | ﬁescription
Soil, Sediment, and Sludge
3.7 Containment
4.31 Landfill Cover he purpose of landfill cover enhancement is to reduce or eliminate
Enhancements contaminant migration (e.g. percolation). Water harvesting and

vegetative cover are two ways for landfill cover enhancements. Water
harvesting uses runoff enhancement to manage landfill site water
balance. Vegetative cover reduces soil moisture via plant uptake and
evapotrangpiration.

Description: The precipitation to the landfill cover is balanced by the combination
of following effects: run-off, cumulating in soil, evapotranspiration,
and percolation. For a given amount of precipitation, in order to
reduce or clirainate percolation, the effects of run-off and/or
evapotranspiration need to be enhanced.

igure 4-31: Typical  » Water Harvesting
Water Haivesting
Ephancement Water harvesting vses runoff enhancement to manage landfill site

water balance. This enhancement can be achieved by simply covering
landfill cover surface with metal rain gutter placed parallel io the
slope. The percentage of runoff increases when gutter coverage
increases. However, too much coverage (> 40%) has little effect on
runoff enhancement.

» Vegetative Cover

Vegetative cover reduces soil moisture via plant uptake and
evapotranspiration. Plant cover also limits soil erosion. Vegetative

http://www.fitr.gov/matrix2/sectiond/4_31.html ' 12/20/00
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4.31 Water Harvesting Vegetative Cover Page 2 of 4

Synonyms:

Applicability:

Limitations:

&

Data Needs:

Performance Data:

Cost:

cover is more stable because it emphasizes use of natural materials
and configurations, which implies longevity.

NA

: - Backiofon -

Landfill cover enhancement is applicable for traditional landfills,
surface impoundment’s, waste piles, sludges, and some mine tailings.
It may prove to be less costly than a conventional barrier becauss it
uses simple structure or local resources. It is simple in design, easy to
install over an existing landfill cover, and easy to remove if other uses
for the land emerge in the future.

Factors that may limit the applicability and effectiveness of these
processes include:

e Proper site evaluation is required.
o Plant coverage is seasopal.
e Too much gutter covera§e,( > 40%) has little effect on runoff

enhancement.
P>

BaCkoTOD.
A detailed discussion of data elements is provided in Subsection 2.2.1
(Data Requirements for Soil, Sediment, and Sludge).

, | Back16T0h
Landfill cover enhancement is a fairly new technclogy that is still
being tested and demonstrated.

Naval Facilities Engineering Services Center initiated a demonstration
project at Marine Corp Base Hawaii to evaluate infiltration contrcl
cover design. Metal rain gutters were placed on the ground surface
and parallel to the slope. Remaining surface was seeded with 6 native
grasses and shrubs. After 9 months of operation, it was found that
plots with runoff enhancement had 2 to 5 times more runoff, and 2 to
3 times less percolation.

;BacktuTop. ¢
The simple configuration of landfill cover enhancement should result
better containment with little increase in costs. These costs are
currently determined on a case-by-case basis because of construction
material availability and design requirements at various site locations.

http://www.{rtr.gov/matrix2/section4/4_31.htm! ' | - 12/20/00
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References: Dwyer, S., 1997. Alternative Landfill Cover Demonstration. Sandia
National Laboratories, U.S. DOE Environmental Management, Office
of Science and Technology.

EPA, 19983. Evaluation of Subsurface Engineered Barriers at Waste
Sites, Technology Report, EPA/542/R-98/005.

Finley, R., 1997. Demonstrate Capillary Barrier Design Tools.
Sandia National Laboratories, U.S. DOE Environmental Management,
Office of Science and Technology.

Hakonson, T.E., L, Karr, and B. Harre, 1997. 4 Water Balance Study
of Infiltration Control Landfill Cover Design at Marine Corp Base
Haweii, Technical paper, Naval Facilities Engineering Services
Center, Port Hueneme, CA.

Murphy B., 1995. Demonstration project may lead to more effective
hazardous waste landfill covers. Sandia National Laboratories, U.S.
DOE Environmental Management, Office of Science and Technology.

. BALK 10,700

Site Information:

| 4
+«>*DOE Demonstration, Sandia National Laboratories
o MCAS Kaneohe Bay

Points of Contact:

- Dackin’Tup.:

Vendor Information:

A list of vendors offering Soil Containment Treatment is available from the Vendor

Information System for Innovative Treatment Technologies (VISITT) developed by U.S.
Environmental Protection Agency (EPA).
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Health and Safety:

Page 4 of 4
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4.32 Excavation, Retrieval, and Off-Site Disposal

(Other Soit Remediation Technology)

s o N D ot o T oYt ity

[ Technology

r— Description w_—j

[Soil, Sediment, and Sludge

[ﬁ_ Other Treatment

[4.32 Excavation,
Retrieval, and Off-Site

|[Contaminated material is removed and transported to permitted off-site

treatment and disposal facilities. Pretreatment may be required.

Disposal

Description:
S

Figure 4-32: Typical
Contaminated Soil
Excavation Diagram

Contaminated material is removed and transported to permitted off-site
treatment and/or disposal facilities. Some pretreatment of the contaminated
media usually is required in order to meet land disposal restrictions.

Confined disposal facilities (CDFs) are engincered structure enclosed by
dikes and designed to retain dredged materials. A CDF may have a large cell
for material disposal, and adjoining cells for retention and decantation of
turbid, supernatant water. A variety of linings have been used to prevent
seepage through the dike walls. The most effective are clay or bentonite-
cement slurries, but sand, soil, and sediment linings have also been used.

Location and design are two important CDF consideration. Terms to consider
in the location of a CDF are the physical aspects (size, proximity to a
navigable waterway), the design/construction (geology/hydrology), and the
environmental (current use of the area, environmental value, and
environmental effects). The primary goal of a CDF design is minimization of
contaminant loss. Caps are the most effective way to minimize contaminant
loss from CDFs, but selection of proper liner material is also an important
control on CDFs. Finally, CDFs require continuous monitoring to ensure

hitp://www.frtr.gov/matrix2/sectiond/4_32.html 22-Jan-01




4.32 Excavation, Retrieval, and Off-Site Disposal ' i Page 2 of 5

Synonyms:

Applicability:

Limitations:

Data Needs:

Performance Data:

structural integrity.

Operation and maintenance duration lasts as long as the life of the facility.

DSERTS Codes: EO (Removal)
: E1 (Waste Removal-Soils)
R1 (Waste Removal-Sludges)
S1 (Waste Removal-Non-soil Solids)
Excavation and off-site disposal is applicable to the complete range of
contaminant groups with no particular target group. Excavation and off-site
by relocating the waste to a different (and presumably safer) site.

%

“Back10 Topd
Factors that may limit the applicability and effectiveness of the process
include:

» Generation of fugitive emissions may be a problem during operations.

e The distance from the contaminated site to the nearest disposal facility
with the required permit(s) will affect cost.

o Depth and composition of the media requiring excavation must be
considered.

e Transportation of the soil through populated areas may affect
community acceptability.

« Disposal options for certain waste (¢.g., mixed waste or transuranic
waste) may be limited. There is currently only one licensed disposal
facility for radioactive and mixed waste in the United States.

o Contaminants can potentially migrate from CDF from several
pathways, including effluent discharge to surface water, rainfall
surface runoff, leachate into ground water, volatilization to the
atmosphere, and dike uptake.

¢ CDFs can develop odor problems as well as mosquito and insect
problems without proper design and maintenance.

. BagktoTop:

A detailed discussion of these data elements is provided in Subsection 2.2,1
(Data Requirements for Soil, Sediment, and Sludge).

The type of contaminant and its concentration will impact off-site disposal
requirements. Soil characterization as dictated by land disposal restrictions
(LDRs) are required. Most hazardous wastes must be treated to meet either
RCRA or non-RCRA treatment standards prior to land disposal. Radioactive
wastes would have to meet disposal facility waste form requirements based
on waste classification.

" Back o Top::

Excavation and off-site disposal is a well proven and readily implementable
technology. Prior to 1984, excavation and off-site disposal was the most

hitp://www.frtr.gov/matriy2/sectiond/4_32.html 22-Jan-01
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References:

l Cost:

common method for cleaning up hazardous waste sites, Excavatlon is the
initial component in all ex situ treatments.”

The rate of excavation depends on a number of factors, including the number
of loaders and trucks operating. The excavation of 18,200 metric tons
(20,000 tons) of contaminated soil would typically require about 2 months.
Disposal of the contaminated media is dependent upon the availability of
adequate containers to transport the hazardous waste to a permitted facility.

CERCLA includes a statutory preference for treatment of contaminants, and
excavation and off-site disposal is now less acceptable than in the past. The
disposal of hazardous wastes is governed by RCRA (40 CFR Parts 261-265),
and the U.S, Depariment of Transportation (DOT) regulates the transport of
hazardous materials (49 CFR Parts 172-179, 49 CFR Part 1387, and DOT-E
8876).

DOE has demonstrated a cryogenic retrieval of buried waste system, which
uses liquid nitrogen (LN2) to freeze soil and buried waste to reduce the
spread of contamination while the buried material is retrieved with a series of
remotely operated tools. Other excavation/retrieval systems that DOE is
currently developing include a remote excavation systei, a hydraulic impact
end effector, and a high pressure waterjet dislodging and conveyance end
effector using confined sluicing.

Cost estimates for excavation and dlsposal range from $300 to $510 per
metric ton ($270 to $460 per ton) depending on the nature of hazardous
materials and methods of excavation. These estimates include
excavation/removal, transportation, and disposal at a RCRA permitted
facility. Additional cost of treatment at disposal facility may also be required.
Excavation and off-site disposal is a relatively simple process, with proven
procedures. It is a labor-intensive practice with little potential for further
automation. Additional costs may include soil characterization and treatment
to meet land ban requirements.

Additional cost information can be found in the Hazardous, Toxic, and
Radioactive Wastes (HTRW) Historical Cost Analysis System (HCAS)
developed by Environmental Historical Cost Committee of Interagency Cost
Estimation Group.

Goto BB

- Bark to.Ton «

Church, HK., 1981. Excavation Handbook, McGraw Hill Book Co., New
York, NY.

DOE, 1995. Technology Catalogue, Second Edition, Office of
Environmental Management and Office of Technology Development,
DOE/EM-0235.
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EPA, 1991. Survey of Materials-Handling Technologies Used at Hazardous
Waste Sites, EPA, ORD, Washington, DC, EPA/540/2-91/010.

EPA, 1992. McColl Superfund Site Demonstration of a Trial Excavation,
EPA RREL, series include Technology Evaluation EPA/S40/R-92/015,
PB92-226448; Applications Analysis, EPA/540/AR-92/015; and Technology
Demonstration. Summary, EPA/540/SR/-92/015.

EPA, 1997. Best Management Practices (BMPs) for Soil Treatntent
Technologies: Suggested Operational Guidelines to Prevent Cross-media
Trausfer of Centaminants During Clean-UP Activities, EPA OSWER,

EPA/530/R-97/007.

" Back ta Top:”

Site Information:

e EPA Demo; Carter Industrial, MI; Shaver's Farm, GA; Hopkinsville, KY

o EPA Demo:IN, MI, OH, SD, VA, WI

o DOE Integrated Demo: (1,2) Chemical and Mixed Waste Landfills, Albuquerque, NM; (3)
Mixed Waste Landfill at Kirkland AFB, NM

e DOE Integrated Demo: Fernald Environmental Project Cincinnati, OH

- Back10:Top -

Points of Contact:

Vendor Information:

A list of vendors offering Soil Excavation, Retrieval, and Off-Site Disposal Trcatment is available from
the Vendor Information System for Innovative Treatment Technologies (VISITT) developed by 1.8,
Environmental Protection Agency (EPA).
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“ BackioJop.-

Health and Safety:

. Backto Jop -
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4.36 Phytoremediation

(In Site Ground Wstcr Remediation Technology)

'_,;:Pré\‘l'ibétl'.:é- - Top’ 7| “Streen | Tableof:]" Next "

. Section- 1 Matrix |- Contents™ | List | Section -

ama——"— C—
.

[’I‘echnology j Description
'Ground Water, Surface Water, and Leachate
IB.‘)AIn Situ Biological Treatment

4.36 Phytoremediation |[Phytoremediation is a set of processes that uses plants to remove, transfer,
stabilize and destroy organic/inorganic contamination in ground waler,
surface water, and leachate.

r— -

Description: Phytoremediation is a set of processes that uses plants to clean contamination
in ground watcr and surface water. The treatment of meials or cther inorganic
contamination has been discussed in Section 4.5 (Phytoremediation for Soil).
There are several ways plants can be used for the phytoremediation. These
mechanisms include enhanced rhizosphere biodegradation, hydraulic control,
phyto-degradation and phyto-volatilization.

|
|
|

.

b :

Figure 4-36 Typical In

Situ Phytoremediation ~ » Enhanced Rhizosphere Biodegradation

System
Enhanced rhizosphere biodegradation takes place in the soil surrounding
plant roots. Natural substances released by plant roots supply nutrients to
microorganisms, which enhances their ability to biodegrade organic
contaminants. Plant roots also loosen the soil and then die, leaving paths for
transport of water and acration. This process tends to pull water to the
surface zone and dry the lower saturated zoncs.

> Hydraulic Control

Depending on the type of trecs, climate, and scason, trees can act as organic

hitp://www.frir.gov/matrix2/section4/4_36.htmi 18-Jan-01
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Synonyms:

Applicability:

Limitations:

pumps when their roois reach down towards the water table and establish a
dense root mass that takes up large quantities of water.

> Phyto-degradation

Phyto-degradiion is the metabolism of contaminants within piant tissues.
Plants produce enzymes, such as dehalogenase and oxygenase, that help
catalyze degradation. Investigations are proceeding to determine if both
aromatic and chlorinated aliphatic compounds are amenable to phyto-
degradation.

> Phyto-volatilization

Phyto-volatilization occurs as plants take up water containing organic
contaminants and release the contaminants into the air through their leaves.
Plants can also break down organic contaminants and release breakdown
products into air through lcaves.

. Backto Top..
Vegetation-enhanced bioremediation.

. Backto Top.
Phytoremediation can be uced to clean up organic conteminants from surface
water, ground water, leachate, and municipal and industrial wastewater.

Plants also produce enzymes, such as dehalogenase and oxygenase, which
help catalyzc degradation.

“Backn Tap

There are a number of limitations to phytoremediation

It is limited to shaliow soils, streams, and ground water.

High concentrations of hazardous materials can be toxic to plants,

It involves the same mass transfer litnitations as other biotreatments.

Climatic or seasonal conditions may interfere or inhibit plant growth,

slow remediation efforts, or increase the length of ihie treatment period.

It can ‘ransfer contamination across media, ¢.g., from soil to air.

¢ It is not effective for strongly sorbed (e.g., PCBs) and weakly sorbed
contaminants,

¢ Phytoremediation will likely require a large surface arca of fand for
remediation.

o The toxicity and bioavailability of biodegradation products is not

always known. Products may be mobilized into ground water or

bioaccumulated in animals. More research is needed to determine the

fate of various compounds in the plant metabolic cycle to ensure that

plant droppings and products manufactured by plants do not contribute

toxic or harmful chemicals into the food chain or increase risk

exposure to the general public.

hip://www.fitr.gov/matrix2/sectiond/4_36 himl 18-Jan-01
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Data Needs:

Performance Data:

Cost:

iteferences:

A detailed discussion of these data elements is provided in Subsection 2.2.2.
(Data Requirements for Ground Water, Surface Water, and Leachate).

In addition, detailed information is needed to determine the kinds of seil used
for phytoremediation projects. Water movement, reductive oxygen
concentrations, root growth, and root structure all affect the growth of plants
and should be considered when implementing phytoremediation.

- Back {0 Top
The U.S. Air Force used poplar trees to contain a ground water TCE plume.
TCE was shown to be degraded in the tissues of the poplar trees, The trees

pumped a sufficient amount of water to produce a cone of depression
limiting the spread of the TCE plume.

In Iowa, EPA demonstrated the usage of phytoremediation by planting poplar
trees along a stream bank between a corn ficld and the stream. These trees
acted as natural pumps to keep toxic herbicides, pesticides, and fertilizers out
of the streams and ground water. Afier three years, while the nitrate
concentration in ground water at the edge of the corn field was measured at
150 mg/L, the ground water amcng the poplar trees along the stream bank
had nitrate concentration of only 3 mg/L.

USAEC is also leading the team of experts from EPA, Tennessee Valley
Authority (TVA) and the Waterways Experimental Station (WES) to
successfully demonstrate phytoremediation of explosive contaminated sites
in Milan Army Ammunition P'ant in Milan, TN.

Hatkto,Top. -
Construction estimates for phytoremediation are $200K/acre and $20K/acre
for operations and maintenance.

"otk tb'Top®"

Boyajian, G. E. and Devedjian, D. L., 1997. "Phytoremediation: It Grows
on You", Soil & Groundwater Cleanup, February/March, pp. 22-26.

California Base Closure Environmcnatal Committee (CBCEC), 1994,
Treatment Technologies Applications Matrix for Base Closure Activities,
Revision 1, Technology Matching Process Action Team, November, 1994,

EPA, 1998. A Citizen's Guide to Phytoremediation, Technology Fact Sheet,
EPA NCEPI, EPA/542/F-98/011,

EPA, 1996. A Citizen's Guide to Bioremediation, Technology Fact Sheet,
EPA NCEPI, EPA/S42/8-96/007.

EPA, 1996. A Citizen's Guide to Phiytor.zmediation, Technology Fuct Sheet,
EPA NCEPI, EPA/542/F-96/014,
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>

EPA, 1996. Recent Developments for In Situ Treatment of Metal
Contaminated Soils, EPA/542/R-96/008.

USAFC, 1997. Phytoremediation of Explosives in Groundwater Using
Constructed Wetlands in Innovative Technology Demonstration,
Evaluation and Transfer Activities, FY 96 Annual Report, Report No.
SFIM-AEC-ET-CR-97013, pp. 155-156.

Site Information:

Aberdeen, MD

Ogden, UT @
U.S Air Force Facility, Fort Worth, TX

Milan Army Ammunition Plant {USAEC), TN

DOE, Bear Creek, Oak Ridge National Laboratory, TN

:

<&

>
Poigts of Contact:

“Backto Top.-

Vendor Information:

A list of vendors offering In Situ Biological Treatment is available from the Vendor Information System
for Innovative Treatment Technologies (VISITT) developed by U.S. Environmental Protection Agency
(IzPA).

. Backto Top,
Health and Safety:

To be added

L3
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4.5 Phytoremediation

Page 1 of 5

4.5 Phytoremediation

]
(In S:itu Soil Remediation Technology)

vabls of :f
| contents’

| Technology —lr Description

h@l’ Sediment, and Sludge l
3.1.In Situ Biclogical Treatment |

4.5 Phytoremediation

» Phytoremediation is a process that uses plants to remove, transfer, stabilize,
and destroy contaminants in soil and sediment. Contaminants may be either i

florganic or inorganic.

Description:

Figure 4-5:
Typical In Situ
Phytoremediation
System

————

Phytoremediation is a process that uses plants o remove, transfer, stabilize,
and destroy contaminants in soil and sediment. The mechanisms of
phytoremediation include enhanced rhizosphere biodegradation, phyto-
extraction (also called phyto-accumulation), phyto-degradation, and phyto-
stabilization.

> Enhanced Rhizosphere Biodegradation

Enhanced rhizosphere biodegradation takes place in the soil immediately
surrounding plant roots. Natural substances released by plant ronts supply
nutrients to microorganisms, which enhances their biological activities, Plant
roots also loosen the soil and then die, leaving paths for transport of water
and acration. This process tends to pull water to the surface zone and dry the
lower saturated zoncs.

> Phyto-accumulation

Phyto-accumulation is the uptake of contaminants by plant roots and the
translocation/accumulation (phytoextraction) of contaminants into plant

http://www.frir.gov/matrix2/sectiond/4_S.html ‘ 18-Jan-01
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Synonyms:

Applicability:

Limitations:

Page 2 of 5

shoots and leaves.
> Phyto-degradation

Phyto-degradation is the metabolism of contaminants within plant tissues.
Plants produce enzymes, such as dehalogenase and oxygenase, that help
catalyze degradation. Investigations are proceeding to determine if both
aromatic and chlorinated aliphatic compounds are amenable to phyto-
degradation.

> Phyto-stabilization

Phyto-stabilization is the phenomenon of production of chemical compounds
by plant to immobilize contaminants at the interface of roots and soil.

pesticides, solvents, explosives, crude oil, PAHs, and landfill leachates.

Some piant speéies have the ability to store metals in their roots. They can be
transplanted to sites to filter metals from wastewater. As the roots become
saturated with metal contaminants, they can be harvested.

Hyper-accumulator plants may be able to remove and store significant
amount of metallic contaminants.

Currently, trees are under investigation to determine their ability to remove
organic contaminants from ground water, translocate and transpiration, and
possibly metabolize them either to CO, or plant tissue,

There are a number of limitations to phytoremediation in soil.

o The depth of the treatment zone is determined by plants used in

phytoremediation. In most cases, it is limited to shallow soils.

High concentrations of hazardous materials can be toxic to plants.

It involves the same mass transfer limitations as other biotreatments.

It may be seasonal, depending on location.

It can transfer contamination across media, e.g., from soil to air.

It i= not effective for strongly sorbed (e.g., BCBs) and weakly sorbed

contaminants.

» The toxicity and bioavailability of biodegradation products is not
always known.

o Products may be mobilized into ground water or bioaccumulated in
animals.

o It is still in the demonstration stage,

http://www.frtr.gov/matrix2/section4/4_5.html : ©18-Jan-01
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4.5 Phytoremediation

Data Needs:

Performanee Data:

Cost:

References:

Page 3 of §

o It is unfamiliar to regulators.

A detailed discussion of these data elements is provided in Subsection 2.2.1
(Data Requirements for Soil, Sediment, and Sludge). In addition, detailed
information is needed to determine the kinds of soil used for
phytoremediation projects. Water movement, reductive oxygen
concentrations, root growth, ar.d root structure all affect the growth of planis
and should be considered when implementing phytoremediation.

;Back to Top
Currently, the Superfund Innovative Technology Evaluation (SITE) Program
is attempting to demonstrate and evaluate the efficacy and cost of
phytoremediation in the field at sites in Oregon, Utah, Texas, and Ohio.

USAEC is also leading the team of experts from EPA, Tennessee Valley
Authority (TVA) and the Waterways Experimental Station (WES) to
successfully demonstrate phytoremediation of explosive contaminated sites
in Milan Army Ammunition Plant in Milan, TN.

*Batk 10 TojL:

US AEC estimated that the cost for phytoremediation of one acre of lead-
contaminated soil to a depth of 50 cm was $60,000 to $100,000, whereas
excavating and landfilling the same soil volume was $400,000 to $1,700,000.

. ‘BatktoTap-

Boyajian, G. E. and Devedjian, D. L., 1997. "Phytoremediation: It Grows
on You", Soil & Groundwater Cleanup, February/March, pp. 22-26.

EPA, 1998. A Citizen's Guide_ to Phytoremediation, Technology Fact Sheet,
EPA NCEPI, EPA/542/F-98/011.

EPA NCEPI, EPA/542/F-96/014.

EPA, 1996. A Citizen's Guide to Phytoremediation, Technology Fact Sheet,

EPA, 1°96. Recent Developments for In Situ Treatment of Metal
Contamur ted Soils, EPA/S42/R-96/00

Schnoor, J.L., L.A. Licht, S.C. McCutchcon, N.L. Wolfe, and I..I. Carreira.
1995. "Phytoremediation of organic and nutrient contaminants,”
Environ. Sci. Technol. 29:318A-323A.

USAEC, 1997. "Phytoremediation of Lead" in Innovative Technology
Demonstration, Evaluation and Transfer Activities, I'Y 96 Annual Report,
Report No. SFIM-AEC-ET-CR-97013, pp. 89-92,

U.S. DOE, 1995. "Bioremediation of High Explosives by Plants," in
Technology Catalogue, Second Edition, Office of Environmental
Management Office of Technology Development, DOE/EM-0235, pp. 169-

http://www.frtr.gov/matrix2/scctiond/4_5.html 18-Jan-01
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. 172.

A comprehensive list of 850 references on phytoremediation are available at
Remediation Technologies Development Forum (RTDF) Phytoremediation
Action Team Web Site. Click to access

Site Information:

McCormick & Baxter SUPERFUND Site, Portland, OR ( Wood treatment site)
Argonne National Laboratory

Craney Island Fuel Terminal, U.S. Navy, Portsmouth, VA

EPA S.IL.T.E. Program, Ogden, Utah

Ohio (Former metal plating site)

DOE Demo: Savannah River Site , SC

DOE Savannah River Site, SC

Points of Contact:

Vendor Information:

System for Innovative lreatmcnt lechnologles (VISI_TT) dcveloped by U.S. Environmental Protection

Agency (EPA).

http://www.frtr.gov/matrix2/sectiond/4_5.htinl ' 18-Jan-01
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Health and Safety:

To be added

- Previotis}

- Section” |** Pag
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Preliminary Cost Estimate
CKD landfill Cap
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l:ent;echmnai
Services inc.

June 28, 1999

Preston En;ineering Inc.

4436 N. Brady Street
Davenport, lowa

ATTN:Mr, Morris Preston, P.E.

RE: GSI No. 993181
Preliminary Construction Cost Estimate
CKD Landfili Cap
Dixon Marquette Cement Company
Dixon, Illinois 61021

Decar Mr. Preston:

Geotechnical Services, Inc, (GSI) is pleased to provide this preliminary cost estimate for the
construction of the CKD Landfill Cap. As requested in our telephone conversation of June 25,
1999, and June 28, 1999 the following information presents our preliminary cost estimate for
the construction of a three (3) foot thick low permeability cap with hydroseeded vegetative
layer for the Cement Kiln Dust (CKD) Landfill 1o be located at the Dixon Marquette Cement
Company in Dixon, Illinois.

For estimating purposes the following data has been utilized:

1.

Landfill cap: 24 acre area, capped with a 3 foot recompacted low
permeability layer without drainage layer. A six inch vegetative layer
will be placed over the recompacted low permeability cap.
Hydroseeding will be utilized to seed the vegetative layer.

On site sandy clay soil will be amended and utilized for the cap borrow
material, borrow transport distance will be 2,000 feet or less.

On s1te sandy clay borrow does not meet required permeability (k) of
I x 107 cm/sec or less.

Prior to construction, geotechnical laboratory testing will be performed
to identify optimum soil amendment quantities to achieve required
permeability value based on Standard Proctor compaction criteria.
Construction QA/QC will be performed by an independent testing
laboratory.

Bentonite soil amendment wrill bc wiilized to achieve recompactcd s0il
layer permeability (k) of 1 x 107 cm/sec or less for the cap.

QGEOTECHNICAL, MATERIALS ENGINEERING & ENVIRONMENTAL CONSULTANTS

268 EAST 90TH STREET
DAVENPORT, IOWA 62808-7341

(319) 285-8541 « FAX (319) 285-8545

OFFICES LOCATED THROUGHOUT IOWA, KANSAS, MISSOURI & NEBRASKA




7. On site water will be used for moisture conditioning at no charge to the
contractor,
8. On site sandy clay borrow will be mixed/amended at a rate of

approximately 2 pounds bentonite /cu.ft. of borrow, moisture conditioned
in 8 inch loose lifts and compacted with sheeps foot roller with
appropriate lift bonding,

9. Construction  equipment  consisting of CMI or Caterpillar
recycler/pulverizer, tank truck with spray bar, earth moving pans, grader,
and sheeps foot compactor — self propelled.

10.  Off site contractor will provide equipment operators and manual labor
for the addition of the bentonite amendment and construction of the cap.

11.  Bentonite amendment to be supplied by Bentonite Performance
Minerals, delivered by truck, 100# bags on pallets.

12. Estima‘ed construction completion: 4 months.

Based on the above information, the following preliminary cost estimate for the landfill cap has
been developed:

Item Material Labor Cost/Acre Total Cost
(Per Acre) (Per Acre) M&L)

Hydroseed $ 900 $ 600 $ 1,500 , $ 36,000
Vegetative $ 9,700 $ 2,400 $12,100 $290,400
Layer, 6” '
Bentonite $15,700 $2,100 $17,800 $427,200
Amendment
Haul/Place $ 8,700 $ 8,700 $208,800
Borrow
Mixing & $21,000 $21,000 $504,000
Compaction
Construction $ 3,000 $ 3,000 $ 72,000
QA/QC
Amendment $ 200 $ 200 $ 4,800

Lab Testing

GSI No. 993181 ' 2 o Junc 28, 1999
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L%J
Total Estimated Cost $1,543,200
Estimated Cost/Acre $ 64,300
Total Estimated Cost (w/20% Contingency) $1,851,840

If you have any questions or require additional information concering the above information,
material and labor rates and the estimated cost for the construction of this landfill cap, please

call me at 319-285-8541,

Sincerely,
GEOTECHNICAL SERVICES, INC.

Ry O Vermioam

George D. Komisarek, P.E., P.G.
Vice President

cc: file

Mr. Neil DeRynck

Dixon Marquette Cement Company
1914 White Oak Lane

Dixon, Illinois 61021

GSI No, 993181 2 June 28, 1999
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Leachate Collection System
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Dixcn Marquette Cement
98-516

Proposed Leachate Collection System
January 27, 7000

The CKD landfill at Dizca Marquette Cement generates leachate that enters the bedrock beneath the
landfill and travels downgradient toward the Rock River. To meet State of Illinois requirements, a leachate
collection system must be installed.

The CKD directly overlies the Pecatonica Formation, a highly jointed dolomite about 35 feei thick. The
joints in the rock are essentially veitical, and run in two preferred directions, roughly north and south, and
east to west. Groundwater flow beneath the landfill is probably primarily along the joints. Consequently,
any effective and efficient leachate collection system should be designed to intercept groundwater in the
joints.

Traditional dewatering systems use multiple vertical wells. This type of system would work as a leachate
collection system at the site, but only if wells could be placed so that the screens would intersect the joints.
Because the number of and locations of the joints are not known, well placement becomes a preblem. One
way to solve the problem is to instail a large number of vertical wells in the hope that some percentage of
them will coincide with joints. This becomes a trial-and-error method that potentially +vastes a lot of
money in exploratory drilling.

The geologic conditions are very suitable, on the other hand, for horizontal well.. A single horizontal well,
drilled at some angle to the planes of the Jom'« will intersect the _|omts Each horizontal well can replace
dozens of vertical welis. There are cost savings that come with using horizontal wells. Vertical wells
would need a pump placed in each well, with electricity delivered to each pump. Surface piping connecting
the wells would need to be trenched in for hundreds of feet. The multiplicity of recovery pumps, and the
cost ¢ maintaining them, would be many times more than the singie pump in a horizontal well. Electrical
costs in operating a single well would also be less. The saving in operation and maintenance increases as
the duration of the project increases.

Unless a large number (hundreds?) of vertical wells are drilled, the probability of failure of vertical wells to
capture the leachate is high. The recommended C(glectlon system, therefore, is onc that uses a horizontal
well.

The proposed system consists of one horizontal well. It will run east of and parallel to the haul road on the
west side of the landfill. It will be about 8 to 10 inches in diameter, and be located near the base of the
Pecatonica Formation. This location should allow the well to capture a large majorit of the groundwater
in the uppermost aquifer that has traveled beneath the landfill, It should also dewater the Peculonica
enough so that groundwater is no longer in contact with CKD at the base of the landfill.

The horizontal well could be drilled from cither the north or south end. ‘The drilf stern will enter the ground
at a shallow angle and be rotated so it becomes horizontal at a depth of about 30 feet. At the other end, the
drill stem will again be rotated, this time upward, to cxit at a point about 2000 feet from the entry, A well
screen will then be pulled into the hole as the drill is backed out.

A single large capacity submersible pump will be used in the well to recover groundwater, which will be
transferred to a holding basin before treatment and discharge to the Rock River.




PRESTON ENGINEERING, INC.

PROJECT ESTIMATE for.  Leachale system, 1 honzontal well
Project # 98-516
Location: Dixon Marquelte
Date of Estimate: 19-Dec 00
——DESCRIPTION QUANTITY UKIT RATIE I0TAL
PERSONNEL
Principal 18 hour $100.00 $1.600
Principal 16 hour $100.00 $1,600
Level 3 Scieatist 40 howr $70.00 $2,800
Level 3 Scientist 130 hour $706.00 $9,100
Level 3 Sceniist 192 hour $70.00 313,440
Level 3 Scientist 0 hour $70.00 $0
Level 3 Scientist 4G 1, ur $70.00 $2,800
Level 3 Scientist 0 hour $70.00 $0
Level 3 Scientis! 0 hour $70.00 $0
Level 3 Scientist 0 hour $70.00 $0
Level 2 Technician 8 hour $49.60 $392
TRAVEL
Mileage 7560 mile $0.38 $2,873
Tolis, parking 54 each $0.60 $32
Per Diem 0 day $40.00 $0
Lodging 0 day $50.00 $0
EQUIPIMENT AND SUPPLIES
Survaying equipment 1 day $25.00 $25
Submersible pumps and conts 1 ¢ach $10,000.00 $10,000
Equipment sheds 1 each $3,000.00 $3,000
Computer drafting 4 hour $10.00 $40
DRILLING SUBCONTRACTORS
Mobitization 1 each $500.00 $500
Bedrock driliing 2000 feet $200.00 $400,000
Well installation (PVC) 2000 feel $50.00 $100,000
Flush mount covers 0 each $126.06 $0
Well development 10 hour $125.00 $1,250
Decontamination 0 hour $100.00 $0
Por diemn 23 day $150.00 $3,450
EXCAVATOR SUBCONTRACTOR
Backhoe 0 hour $75.00 $0
ELECTRICAL SUBCONTRACTOR
Connoct pump 16 hour $75.00 $1.200
SUBCONTRACTOR HANDLING 10 percent $500,400 $50.640
CONTINGENCY 15 percent $604,7°° &90.711
TOTAL [ 508,454 |

management

4 site visits

<28ign

{ravel, 54 trips

install well
manifolding, trenching
slariup

$31,732

$15,970




PRESTON ENGINEERING, INC.

PROJECT ESTIMATE for: Leachate system, 100 vertical wells
Project #: 98-576
Location: Dixan Marquette
Date of Estimate: 28-Jan-00
- DESCRIPTION QUANTITY URIT BATE IQTAL
5
PERSONNEL
Principal 16 hour $100.00 $1,600 management
Principal 16 hour $100.00 $1,600 4 site visits
Level 3 Scientist 40 hour $70.00 $2,800 design
Level 3 Scientist 130 hour $70.00 $9,100 travel, 64 trips
Level 3 Scientist 272 hour $70.00 $19,040 install wells
Level 3 Scientist 160 hour $70.00 $11,200 manifolding, trenching
Level 3 Scientist 80 hour $76.00 . $5,600 startup
Levl 3 Sclentist 0 hour $70.00 $0
Level 3 Scientist O hour $70.00 $0
Level 3 Scientist O hour $70.00 $0
tevel 2 Technician 8 hour $49.00 $392
§61,332
TRAVEL
Mileage 7680 mile $0.38 $2,873
Tolls, parking 54 each $0.60 $32
Per Diem O day $40.00 $0
Lodging 0O day $60.00 $0
EQUIPMENT AND SUPPLIES "
Surveying equipment 1 day $26.00 $26
Submersible pumps and controll 100 each $3,000.00 $300,000
Equipment sheds 3 each $3,000.00 $9,000
Computer drafting 8 hour $10.00 $80
$312,010
DORILLING SUBCONTRACTORS
Mobitization 1 each $500.00 $500 GSI
Bedrock drilling 3000 feet $25.00 $75,000
Well installation (PVC) 3000 feet $11.00 $33,000
Flush mount covers 100 each $126.00 $12,600
Well develcpment 60 hour $1256.00 $6,260
Decontamination 0 hour $100.00 $0
Per diem 34 day $160.00 $5,100
EXCAVATOR SUBCONTRACTOR
Backhos 80 hour $76.00 $6,000
ELECTRICAL SUBCONTRACTOR
Connect 100 pumps 200 hour $76.00 $16,000
SUBCONTRACTOR HANDLING 10 percent $163,350 $16,336
CONTINGENCY 16 percent $632,027 $19.804
ToTaL
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Adjusted Groundwater Standards

Dixon Marquette Cement Company— Dixon, lilinois
Prepared by Preston Engineering, Inc.
February 27, 2001

L. INTRODUCTION

v
Groundwater samples have been collected from wells around the Dixon Marquette Cement (DMC)
landfill fo, several years. This information from wells (MW5-S, MW6-S, MW7-S, and MWS8-S) at the
boundary of the proposed zone of attenuation (ZOA) indicate values for some chemical parameters that
exceed the background concentration established for the background wells (MW 1-WT, MW 1-S). A

statistical analysis was performed on the data covering thirty-nine (39) parameters.

’

The background concentration was evaluated by establishing the 99% confidence level for each
parameter. Levels in downgradient wells that are higher than this confidence interval indicates a

statistically significant increase over background.

The concentration of parameters in downgradient wells was examined using statistical methods. The
99.5% confidence level was established for each parameter. A tre.d analysis was also performed to
determine if the level in each well appeared to be increasing or decreasing over time. The data, trend line,

and 99.5% confidence level were plotted for each well and each parameter.
A narrative discussion of each parameter was provided,

Groundwater criteria were established for each parameter. Levels were selected that could be met at
monitoring wells MW 5-§, MW 6-S, MW 7-S and MW 8-S. The criteria selected was the higher of the
Section 620 groundwater standards or the 99.5% confidence interval. Higher levels were set for some
parameters where it appeared there was an increasing trend and where levels where higher at MW 3-S

which is upgradient. In these cases the 99.5 % confidence level for MW 3-8 was used as a criteria.
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I1. BACKGROUND CONCENTRATIONS

Statistical analysis was performed on three background monitoring wells, MW 1-WT, 1-S, and 1-D. Six

methods were used to calculate the upper limit concentration to compare the downgradient monitoring
wells with the background. '

o Student’s T Distribution: When the parameter was detected in all of the sample resulis, this
method was used to calculate the upper limit concentration, The student’s t distribution is used for
a small data set, less thati 30 samples, and assumes that the sample set is normal.

»  Detection Limit Divided by 2 (DL/2): In cases where 15 percent or less of the data was below the
detection limit, the values below the detection limit were replaced with one-half of the detection
limit. Student’s t test was then applied.

o Cohen’s Method: When less than 50% of the samples were reported as below the detection limit,
the upper background limit concentration was calculated using this method. Cohen’s method
provides estimates of the mean and standard deviation when there are observations less than the
detection limit. The method assumes that the sample set is normally distributed and the detection
limit remains the same through the sampling period.

s . Test of Proportions; When more than 50% of the samples were reported as below the detection
limit, a test of proportions was performed on the downgradient monitoring well. This procedure
does not establish a background concentration since it is a comparison of two sampling sets,
Using the sample sizes and the number of samples that were below the detection limit in each

sample set, the test indicates if the downgradient concentration is statistically different than the
background concentrations.

» Lowest Non Detect: When the concentration was below detection limits during the entire
sampling period, the lowest non-detect was used as the upper limit.

s Method Detection Limit: The method detection limit was established as the upper limit for
volatile and semi-volatile compounds. However, any detection is considered to be an exccedance
of the background concentration.

Using data from only one monitoring well, the 99" percentile was calculated for the upper limit in the
student’s t distribution and the Cohcn methods. The two sided 99" percentile confidence interval was
used to calculate background levels for pH. This was performed in accordance to Title 35 of Illinois

Administrative Code, Scction 811.320.¢, entitled: “Statistical Analysis of Groundwater Monitoring Data.”

The sampling results of MW 1-S, 1-W', and 1-D, and the statistical analysis is summarized in the section
entitled “BACKGROUND TABLES.”

A
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III.  STATISTICAL APPROACH OF DOWNGRADIENT MONITORING WELLS

The arithmetic mean and standard deviation were calculated for each parameter and each well. When the
result was reported as below the detection limit, the detection limit was used in the calculations. These

results are denoted in the tables by italicizing the value.

The data set was compared to the average plus one standard deviation and the average plus two standard
deviations. Those that were greater than the average plus one standard deviation were represented with
bold characters in the tables. The results that were greater than the average plus two standard deviations

were highlighted in the tables.

The one sided 99.5% confidence interval was calculated for each parameter and each of the four
downgradient monitoring wells (5-S through 8-S). For pH, the two-sided 99% confidence interval was
calculated. Since there were less than 30 sampling events, the student’s t distribution was used to
calculate the interval, The four intervals were compared, and the maximum value was chosen to represent

the results of the four downgradient monitoring wells.

Sampling data and statistical analysis for each well is located in the section of this document entitled
“DOWNGRADIENT TABLES.” Summaries of the confidence intervals, background concentrations, and
the Class I Groundwater Standards are found in the section entitled “SUMMARY TABLES.”

The data was graphed with the 99.5% confidence intervél and the Class I Groundwater Standard, when
applicable. The standards are published in Title 35 of the Illinois Administrative Code Section 620.410
entitled Groundwater Quality Standards for Class I: Potable Resource Groundwater. A trend line was
added to each of the wells for each parameter. Since the resuits did not indicate a clear trend, a linear

trend or the best-fit line was chosen to reprecent the data.

The graphs of each parameter are found in the section entitled “GRAPHS” of this document,
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1IV. GROUNDWATER IMPACT- INORGANIC COMPOUNDS

In the following sections, each inorganic compound in MW 5-S through 8-S is discussed with respect to '

the background concentrations. When comparing these wells to background concentrations, both MW 1-
WT and 1-S were used since the groundwater is shallow near White Oak Lane. Since MW 1-D monitors
the upgradient groundwater in the Saint Peter Formation, the levels were not compared to the MW §5-S
through 8-S.

Aluminum
The upper limit in the background MW 1-WT was calculated to be 0.454 mg/L using Cohen’s method,

The upper limit in MW 1-S was set at 0.04 mg/L,, the lowest non-detectable limit. All but three results
were greater than the MW 1-S background limit. All concentrations in MW 5-S were below the
background concentration in I-WT. In MW 6-S, two values, 1.74 and 3.01 mg/L, were significantly
higher than the I-WT background concentration. There were two resuits in MW 7-§ that were slightly
greater than the 1-WT background. These were 0.88 mg/L on July 26, 1999 and 0.662 on March 2, 2000.
In the July and November 1999 samplings, the results in the MW 8-S were also slightly greater thanwthe
1-WT background. These values were 0.51 and 0.665 mg/L, respectively.

The average concentrations of aluminum in the four downgradient monitoring wells were below the
background concentration in MW 1-WT. Each, however, were greater than upper limit of 0.04 mg/L in
MW 1-S,

Antimony
Since antimony was not detected in the background well 1-WT, the upper limit was set to be 0.001 mg/L,

the lowest not detectable limit. Antimony was detected only once during the monitoring period in one of,
the wells. The parameter was detected in MW 7-S at 0.003 mg/L on March 2, 2000,

To determine if there is a difference between the background MW 1-8 and the four downgradient wells, a
test of proportions was performed. The test of proportions indicates that the result was not different than
the background MW 1-S. Therefore, the landfill has had very little affect on this parameter in the

groundwater.

Arsenic
The upper limit background concentration was calculated to be 0.003 in MW 1-WT using the student’s t

distribution. The concentration of arsenic ranged from 0.001 to 0.005 mg/L in MW 5-S, 0.001 to 0.004 in
MW 6-5, 0.0017 to 0.044 mg/L in MW 7-S and 0.001 to 0.005 mg/L in MW 8-S, A total of four sample

results, one from each well, were greater than the upper limit concentration in MW 1-WT,
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A test of proportions was performed to indicate whether or not the arsenic concentrations in the
downgradient wells were significantly different than the concentrations in MW 1-S. Although arsenic was
detected in all four of the downgradient monitoring wells, the concentrations were not considered to be
significantly different than MW 1-8 except for MW 5-8. The landfill has had very litile affect on this

parameter in the groundwater.

Barium
The background concentration of bariuls was calculated to be 0.227 and 0.091 mg/L in the MW 1-WT

and 1-S, respectively. These limits were calculated using the student’s t 99% confidence interval. Barium
was detected in all four of the downgradient monitoring wells. The concentrations ranged from 0.025 to
0.35 mg/L. Four of the samples were greater than 0.091 mg/L in MW 5-S, however only 1 was greater
than 0.227 mg/L. All seven results were greater than the MW 1-S background limit in MW 6-5. Two of
the results were greater than the 1-WT background limit. There were no results that were greater the
background concentrations in MW 7-8, and only 1 that was greater than the MW 1-WT background

concentration in MW 8-S,

The average concentration of barium ileW 5-8 through 8-S was 0.138, 0.258, 0.042, and 0.075 mg/L,
respectively. Monitoring well 6-S Was the only average that was greater than the background
concentration of 0.227 mg/L. Therefore, 'the landfill has had very littie affect on this parameter in the
groundwater.

Beryllium
Since beryllium was not detected in the background monitoring wells, 1-8 or 1-WT, the upper

background limit is 0.001 mg/L, the lowest non-detectable limit. On March 2, 2000, beryllium was
detected in MW 8-S. This was the only time that the parameter was detected in the four shaliow wells
along the Rock River. Therefore, the landfill has had very little affect on this parameter in the

grour.dwater.

Boron
To determine if the downgradient wells are significantly different than the background monitoring wells,

a test of proportions was performed. The tests indicated that only MW 8-S was significantly different than

the background MW 1-WT. All of the wells were significantly different than MW 1-8S.

The concentration of boron ranged from 0.05 to 1.95 mg/L in the four downgradient monitoring wells,
The average concentration of boron in MW 5-S through 8-S was 0.464, 0.424, 0.436, and 0.208 mg/L,

respectively. This parameter ia the groundwater has been significantly impacted by the landfill.
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Cadmium
Since cadmium was not detected in the background monitoring wells 1-WT or 1-8, the upper background

limit is 0.001 mg/L, the lowest non-detectable Limit for each. Cadmium was detected in MW 5-S, 6-S, and
8-S during the March 2000 sampling event only. The average concentration for each of the four
downgradient monitoring wells was 0.001 mg/L, the detection limit, Therefore, the landfill has had very

little affect on the concentrations of cadmium in the groundwater.

Calcium
The background concentration of calcim was calculated to be 109 mg/L in the MW 1-S and 126 mg/L in

MW 1-WT using the upper limit of the stvdent’s t 99% confidence interval. The concentration of calcium
in monitoring wells 5-S, 6-S, and 8-S were consistently greater than the background limits during the
entire sampling period. The concentrations ranged from 24.6 to 345 mg/L. The average concentrations of
calcium in these three wells were 240, 234, and 237 mg/L, respectively. Calcium concentrations in MW
7-S were cousistently below the background concentrations ranging from 11.9 to 43.4 mg/L, with an

average of 35 mg/L. The concentration of calcium in the groundwater has been significantly impacted by
the landfill.

Chromium )
The background concentrations were calculated to be 0.002 mg/L in both MW |-WT and [-S using

Cohen’s method. Chrominm was detected in all four of the downgradient monitoring wells 5-S through 8-
S. The maximum concentration was found in MW 8-S during the March 2000 sampling event. The
concentration was found to be 0.04 mg/L. The average concentration of chromium in MW 5-8 through 7-
3 was found to be 0.003 mg/L. The average concentration in MW 8-S was caleulated to be 0.010 mg/L.

Concentrations of chromium in the groundwater have been slightly affected by the landfill.

Cobalt
Using Cohen’s method, the upper limit of the 99% confidence interval was calculated to be 0.003 mg/L in

MW 1-S. In MW 1-WT, the background limit was calculated to be 0.008 mg/L using the student’s t
distribution. Cobalt was detected in all four of the downgradicnt monitoring wells 5-S through 8-S during
the sampling period. Most of the concentrations were below the 0.008 mg/L background level, Threc of
the exccedances were in MW 6-S. In the March 2000 sampling event, MW 8-S also exceed the
background concentration, having a result of 0.035 mg/L,

The average concentration of cobalt in MW 5-S through 8-S is 0.002, 0.012, 0.001, and 0.006 mg/L. The

landfiil has had a small affect on the concentration of cobalt in the groundwater.,
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'glffpbea::kground concentration was calculated to be 0.012 mg/L in MW 1-WT using student’s t
distribution and 0.008 mg/L with Cohen’s method in MW 1-S. Copper was detected in all four of the
monitoring wells. The concentrations ranged from below the detection limit to 0.113 mg/L. In MW 35-S
there was one result that was greater than the 1-WT background limit. The rest were below 0.008 mg/L.
In MW 6-5, there were three results that were greater than 0.012 mg/L and three that were below 0.008
mg/L. All of the sampling results were less than or equal to 0.008 mg/L in MW 7-S. In MW 8-S, there
were three results greater than 0.012 mg/L and one that was greater than 0.008 mg/L,

. The average concentration of copper in the four downgradient monitoring wells 5-§ through 8-S is 0,006,

0.013, 0.005, and 0.024 mg/L, respectively. The concentration of copper has been affected slightly due to
the landfill.

Lead
Since lead was not detected in the background MW 1-8, the upper background limit is 0.001 mg/L, the

lowest non-detectable limit. In MW 1-WT, the background concentration was calculated to be 0.006
mg/L. In MW 5-S, lead was detected in two of the samples and was reported at the detection limit, The
average lead concentration in this monitoring well was calculated to be 0.001 mg/L. In MW 6-S, there
were two sample events that had detectable concentrations. The concentration of these detected
concentrations were 0.015 and 0.008 mg/L and were greater than the Class I Groundwater Standard of
0.0075 mg/L. The average concentration was calculated to be 0.0604 mg/L. Four out of the seven sample
sets in MW 7-S had levels that were detected. These were less than 0.005 mg/L. In MW 8-S, five of the

sample had levels of lead that were detectable. The concentrations were below 0.006 mg/L.

Of all of the sampling events, two sample results in MW 6-S were greater than the MW §-S upper limit
background concentration. These concentrations were also greater than the Class I Groundwater Standard,

Lead concentrations in the downgradient monitoring wells has been slightly affected by the landfill.

Iron
The background concentration was calculated to be 0.465 mg/L. in MW 1-S using Cohen’s method and

0.891 in MW I-WT using student’s t distribution. Iron was detected in all of the sample locations during
all of the sample events. The average concentrations were calculated to be 0.898, 2.665, 0.805, and 1.654
for MW 5-S through 8-S, respectively. The concentration of iron in the groundwater has been

significantly impacted by the Jandfill.
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Magnesium

The background concentraiion was calculated 1o be 53.9 and 50.5 mg/L in the MW 1-S and 1-WT,
respectively. Both of these confidence intervals were calculated using the upper limii of the student’s t
distribution. The average concentrations were calculated to be 82.3, 55.16, 9.3, and 100.1 mg/L, for
monitoring wells 5-S through 8-S, respectively. Approximately 72% of the samples were greater than the
MW 1-WT background concentration in MW 5-S. Four of the seven sampling events had concentrations
greater than 50.478 mg/L. The concentration of magnesium was greater than 50.478 mg/L in MW 8-S. In
MW 7-8, the greatest concentration was 15.1 mg/L. The concentration of magnesium in the groundwater

has been significantly impacted by the landfill.

Manganese
The background concentration was calculated to be 0.045 mg/L in the MW 1-8 and 2.687 mg/L in MW 1-

WT using the upper limit of the student’s t 99% confidence interval. Two concentrations in the four
downgradient wells had concentrations that were greater than 2.687 mg/L. Monitoring well 6-S had a
manganese concentration of 3.11 mg/L during the July 1999 sampling event. Monitoring well 8-8 had a
manganese concentration of 4.3 mg/L during the March 2600 sampling event. The average concentrations
were 0.229, 1.695, 0.094, and 0.763 in the four respective monitoring wells, 5-S through 8-S. Therefore,

the landfill has had very little affect on the concentration of manganese in the groundwater.

Mercury
Since mercury was not detected in the background MW 1-S, the upper background limit is 0.0002 mg/L,

the lowest non-detectable limit. A test of proportions showed that the wells were not significantly
Mercury was not detected in the four shallow wells near the Rock River during the monitoring period.

There has been very little affect on the concentration of mercury from the landfill.

Nickel
The background concentration was calculated to be 0.007 mg/L in MW 1-S using Cohen’s method. In

MW 1-WT the 99% confidence interval was calculated to be 0.023 mg/L using student’s t distribution.
There were three sampling results that were greater than the 1-WT background concentration in the four
downgradient monitoring wells 5-S through 8-S. Two concentrations, 0.033 and 0.038 mg/L, were in the
sampling data from MW 6-S. During th~ arch 2000 sampling event, MW 8-S had a nickel concentration
of 0.058 mg/L. The average concentration  fnickel in MW 5-3 through 8-S were 0.005, 0.020, 0.010, and
0.014 mg/L, respectively. The landfill has had a small affect on the concentration of nickel in the

groundwater.
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Potassium
Since the data had 350% of non-detects in the background well, MW 1-S, a test of proportions was

performed to determine if the downgradient wells were significantly different. Each of the four
downgradient wells had levels of potassium that was detected during all of the seven sampling events,

The test of proportions proved that the downgradient and upgradient wells were significantly different,

The upper limit of the 99 percentile background concentration in MW 1-WT was calculated to be 4.0
mg/L, using the student’s t distribution. Each of the four downgradient wells was significantly higher than
the background. The average concentrations in monitoring wells 5-S and 6-S were calculated to be 86.0,
and 55.0 mg/L. Monitoring wells 7-S and 8-S were higher with averages of 632.6 and 245 mg/L,

respectively. The concentration of potassium in the groundwater has been significantly impacted by the
landfill.

Selenium
The 99" percentile was calculated 1o be 0.004 mg/L in background well 1-S. In MW 3-8, concentrations

ranged from below detection limits to 0.006 mg/L. The average concentration was 0.002 mg/L in this
well. Monitoring well 6-S and MW 7-§ had an average selenium concentration of 0.003 and 0.002 mg/L,
respectively. The range for each of these wells was from below detection limits to 0.005 mg/L.
Monitoring well 8-S was significantly different than the backgrov=:" mionitoring well. The average

concentration in this well was calculated to be 0.005 mg/L and the data ranged from 0.001 to 0.014 mg/L.,

A test of proportions was performed to determine if the downgradient wells were considered to be
significantly different than the background well 1-WT. In the downgradicnt monitoring wells 5-S through
8-S, there were 6 to 7 samples that had levels of selenium that was detected. The test of proportions
confirmed that the downgradient wells were significantly different than MW 1-WT. Comparing both

background concentrations to the four downgradient monitoring wells, the landfill has affected the

concentration of selenium,.
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%l:g lbl;’(’:;(ground concentration was calculated to be 12.3 mg/L in the MW 1-S using the upper limit of the
student’s t 99% confidence interval. In MW 1-WT, the 99™ percentile was calculated to be 53.7 mg/L. In
MW 5-S, the concentrations ranged from 9 to 78.5 mg/L with an average sodium concentration of 37.9
mg/L. The average concentration of scdium in MW 6-S was calculated to be 46.4 mg/L. The sample
results ranged from 27.3 to 64.9 mg/L. In MW 7-S, the sampling results ranged from 25.8 to 49.9 mg/L
with an average of 40.9 mg/L. In MW 8-, the average was calculated to be 39.7 mg/L and the sample
result ranged from 8.2 to 52.4 mg/L. Sodium concentration in the groundwater has been significantly
affected by the landfill.

L4

Thallium
To determine if the downgradient monitoring results were significantly different than MW 1-S and MW

I-WT, tests of proportions were performed. The results of these tests indicated that there was no
significant difference between the background, MW 1-§ and MW 1-WT, and the downgradient
monitoring wells, 5-S through 8-S. Thallium was detected oncz during the monitoring period in MW 6-S
at the detection limit, 0.001 mg/L. In MW 8-S, there were two sampling events in which the parameter
was detected. The results were 0.002 and 0.005 mg/L. The average thallium concentration for this
monitoring well was calculated to be 0.002 mg/L. The landfill has had very little affect on this parameter

in the groundwater,

Van:zdium
The upper limit of the 99" percentile was found to be 0.007 mg/L in the background MW 1-WT using the

student’s t distribution. In MW 5-S, there was one concentration that exceeded the background. The
concentration was reported during the March 2000 sampling event and had a concentration of 0.023
mg/L. The average vanadium concentration was calculated to be 0.007 mg/L. Results of MW 6-S were
similar to MW 5-S. There was only one sample result, 0.023 mg/L, that was greater than the background
concentration. The average vanadium concentration for this well is 0.008 mg/L. The sampling results in
MW 7-8 ranged from 0,006 to 0.022 mg/L.. The average concentration was calculated to be 0.013 mg/L.
All of the results were less than the background concentration in MW 8-8, The average concentration was
calculated to be 0.003 mg/L.

A test of proportions was performed on the data to determine if the results were significantly different
than the background MW 1-S. The test of proportions found that only MW 7-§ is considered to be
different than the results of the background MW 1-S. The landfill has had a small impact affect on the

concentration of vanadium in the groundwater,
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g:cbackground concentration was calculated to be €.058 and 0.014 mg/L in the MW 1-S and 1-WT,
respectively. Each of ithese concentrations was calculated using the upper limit of the student’s t 99%
confidence iaterval. There was one sample result in the four monitoring wells, 5-S through 8-S that was
greater than the background concentration of 0.058 mg/L. The concentration, 0.363 mg/L. was reported in
the March 2000 sampling event iz. MW 8-S. The average zinc concentrations for MW 5-S through 8-S
are: 0.017, 0.015, 0.016, and 0.075, respectively. The landfill has had very little affect on this parameter

in the groundwater.

Total Alkalinity
‘The background concentration was calculated to be 253 and 342 mg/L in the MW 1-S and 1-WT,

respectively Each of these concentrations was calculated using the upper limit of the studeut’s t 99%
confidence interval. In MW 5-S through R-S, the alkalinity was consistently higher than the background
concentrations. Only one value was less than the MW 1-WT background concentration at 324 mg/L in
MW 5-S. The average concentrations for the four downgradient wells were 442, 389, 396, and 287 mg/L.

The concentration of total alkalinity in the groundwater has been significantly impacted by the landfill.

Phenol Alkalinity
Phenol alkalinity was ot detected in the three samples of MW 1-WT, thus the upper limit of the

background concentration was set at 1.0 mg/L, the lowest detection limit.

To determine if the downgradient monitoring wells were significantly different than the background
concentrations in MW 1-S, a test of proportions was performed on cach downgradient well. Monitoring
well 7-S has the only detectable levels of phenol alkalinity. The test of proportions indicates that this is
not significantly different than the background. However, the concentrations range from below the
detection limit to 160 mg/L. The average concentration of phencl alkalinity was calculated to be 73.5

mg/L.

Bicarbonate Alkalinity
The background concentrations were calculated to be 250 and 334 mg/L in the MW 1-S and 1-WT using

the upper limit of the student’s t 99% confidence interval. Sample results ranged from 314 to 540 mg/L. in
MW 5-S. The average concentration was calculated to be 410 mg/L. In MW 6-S, results ranged in
concentration from 325 to 410 mg/l.. The average concentration in this well was calculated to be 366
mg/L. Bicarbonate alkalinity in MW 7.8 ranged from 154 to 475 mg/L and had an average concentration
of 366 mg/l.. In MW 8-5, all of the results were less than the background concentration of 334.029 mg/lL..
I'h average was calculated to be 276 mg/L. in MW 8-S, ‘The concentration of bicarbonate alkalinity has

heen slightly impacted due to the landfill.
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Ammonia Nitrogen‘

Since therc were more than 50% cof samples that had non-detectable rcsults in the background monitoring
weils 1-S and 1-WT; a test of proportions was performed on each downgradient monitoring well. The test
showed that there was no significant difference in concentrations between the both of the background
concentrations and the concentrations in the four downgradient monitoring wells. There were a tota! of
two sample results that had detectable levels of ammonia nitrogen in the downgradient wells. These were
in MW 5-§ and 7-S with values of 0.19 and 0.94 mg/L, respectively. Therefore, the landfill has had very

little affect on this parameter in the groundwater.,

Chloride
The background concentration was calculated to be 30.8 and 25.4 mg/L in MW 1-S and 1-WT,

respectively, using the upper limit of the student’s t 99% confidence interval. In MW 5-S, the
concentration of chloride ranged from 21.6 to 125 mg/L with an average of 62.7 mg/L. In MW 6-S, the
sampling results ranged from 71.1 to 246 1ag/L. The average concentration of chloride was calculated to
be 152.9 mg/L. The average chloride concentration in MW 7-S was found to be 82.6 mg/L, the data
ranged from 48.8 to 110 mg/L. The concentration of chloride ranged from 113 to 198 in MW 8-S. The
average was calculated to be 153 mng/L. The concentration of chloride in the groundwater has been

significantly impacted by the landfill.

Chemical Oxygen Demand (COD)
Since the chemical oxygen demand was not detected in the background MW 1-S, the upper background

limit is 5.0 mg/L, the lowest non-detectable limit. When detected, the sample results were greater than §

mg/L in each of the four downgradicnt monitoring wells,

A test of proportions was performed to determine if there was a significant difference between the COL.
concentrations in the background monitoring well, 1-W'T, The background well had three of the seven
samples that were detected. The concentrations were 44, 25.6, and 42.9 mg/L. Although, the test of
proportions indicated that there was no difference in the data, it appears that there is a difference in three
of the downgradient monitoring wells, The four detected concentrations in MW 5-S were 26, 57.9, 25.7,
and 203 mg/L.. Monitoring well 6-S had three detected concentrations. The results are 100, 123, and 94.1
mg/L. Two sample events had quantitative results in MW 8-S. The results were 30.3 and 158 mg/L.
Monitoring well 7-S had two detected results, which were 10.5 and 34.3 mg/L. There has been an impact

on the concentration of COIDD in the groundwater duc to the landfill,
Fluoride
The background concentration was calculated to be 0.193 mg/L in MW 1-S using Cohen’s method. The

student’s t distribution was used to calculate the upper limit in MW 1-WT, This concentration was found
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to be 0.757 mg/L. Of the four downgradient monitoring wells, only MW 7-S has had a significant change
from the backy-ound concentrations. Monitoring well 5-S had concentrations that were less than 0.13 .
mg/L. The average concentration was calculated to be 0.10 mg/L in this monitoring well, The
concentration of fluoride in MW 6-S ranged from 0.17 to 0.41 mg/L. The average concentration was
calculated to be 0.26 mg/L. The results in MW 8-S were all below the 1-WT upper limit concentration of
0.757 mg/L. The data ranged from 0.14 to 0.26 mg/L. with an average of 0.21 mg/L. There is a significant
variation between the background concentrations and MW 7-S. The results ranged from 0.64 to 2.43

mg/L with an average concentration of 1.52 mg/L. The concentration of fluoride in the groundwater has

been slightly impacted.

pPH
The limits calculated for pH range from 7.16 to 8.14 in MW 1-WT and 7.22 to 7.82 in MW 1-8. In the

downgradient monitoring welle, pH ranged from 6.9 to 7.8 in MW 5-§, 7.1t0 7.9 in MW 6-S, 8.9 to 10.2
in MW 7-S an7.1 to 8.3 in MW 8-S,

Nitrate as N ‘
The background concentration was calculated to be 11.07 mg/L in MW [-S using Cohen’s method.

Monitoring well 5-S and 8-S had quantitative results for nitrate concentrations. In monitoring well 5-S,
the three results were 1.31, 6.24, and 2.00 mg/L. Using the detection limit to calculate the average

concentration for this well, the result was 1.42 mg/L. Data ranged from 1.68 to 3.01 mg/L in MW 8-S,

The average concentration was calculated to be 2.48 mg/L.

A test of proportions was used to determine if there was a difference between the background MW 1-WT
and the four downgradient monitoring wells, 5-S through 8-S. Nilrate was detected in three of the sample
events in MW 5-S and all seven cf the events in MW 8-S. The test of proportions indicated that therc was
no significant difference between MW 5-S and 1-WT. Monitoring well 8-S was determined to be

significantly different than the background concentration,

The groundwater has been affected only slightly by the landfill with regards to nitrate concentrations.

Sulfare
* . background concentration was calculated to be 178 mg/L in the MW 1-S and 243 mg/L in MW 1.WT

using the upper limits of the student’s t 99% confidence intervals. In MW 5-8, the concentrations of
sulfate ranged from 196 to 650 mg/L. with an average of 385 mg/L. In MW 6-8, the average of sulfate was
235 mg/l., where the data ranged from 106 to 332 mg/L. The concentration of sulfate ranged from 336 to

494 mg/L in MW 7-8 with an average concentration of 425 mg/L. The average sulfate concentration in
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MW 8-S was calculated to'be 803 mg/L. The results ranged from 686 to 865 mg/L. The concentration of
sulfate in the groundwater has been significantly impacted by the landfill. V -

Total Organic Carbon (TOC)
The background concentrations were calculated to be 4.5 and 17.1 mg/L in the MW 1-S and 1-WT using

the upper limits of the student’s t 99% confidence intervals. The concentration of TOC in MW 5-S ranged
from below detection limits to 29 mg/L. The average concentration was calculated to be 11.7 mg/L. In
MW 6-§, the data ranged from 2.01 to 13.7 mg/L. The average concentration in this well was calculated
to be 10.2 mg/L. The range of TOC concentration in MW 7-S was 7 to 18 mg/L and the average was 13.4
mg/L. In MW 8-S, the results ranged from 2.05 to 14.4 mg/L with an average of 8.5 mg/L. Therefore, the

landfill has had very little affect on this parameter in the groundwater.

Total Dissolved Solids (TDS) .
The background concentrations were calculated to be 540 and 488 mg/L in the MW 1-S and 1-WT,

respectively, using the upper limits of the student’s t 99% confidence intervals. The concentration of TDS
in MW 5-S ranged from 633 to 1213 mg/L with an average concentration of 846 mg/L. In MW 6-S,
results ranged from 566 to 867 mg/L with an average concentration of 797 mg/L.. The range and average
of TDS concentrations in MW 7-S were 802 to 1423 mg/L and 1133 mg/L, respectively, In MW 8-S, the
results ranged from 1125 to 1252 mg/L. The average concentration was calculated to be 1179 mg/L for

MW 8-8. The concentration of dissolved solids in the groundwater has been significantly impacted by the
landfill.
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V. GROUNDWATER IMPACT- VOLATILE ORGANIC COMPOUNDS

Al of the monitoring wells have been scanned for volatile organic compounds during the sampling
period. Compounds have been eliminated from the list when all of the downgradient and upgradient

monitoring results are below detection limit for two sampling events.

Currently there are five volatile compounds that are being analyzed for in the monitoring wells at Dixon
Marquette Cement Company. These are benzene, 1,1-dichloroethane, 1,1-dichloroethene, toluene, and
1,1,1-trichloroethane. Of these compounds, benzene, l',l-dich!oroethene, toluene, and 1,1,1-

trichloroethane have class I groundwater standards.

In the following sections, these five compounds are discussed with respect to the background

concentrations, and the concentrations in the downgradient monitoring wells: 5-S through 8-S,

Benzene
The compound was not detected in the background monitoring wells MW 1-WT and 1-S. The upper

background concentration limit was found to be 0.005 mg/L, the method detection limit. Benzene was not

detected in the downgradient monitoring wells 5-S and 8-S.

1,1-Dichloroethane
The compound was not detected in the background monitoring wells MW 1-WT and 1-S. The upper

background concentration limit was found to be 0.005 mg/L. In the downgradient monitoring wells 5-S
through 8-S, the compound was detected in only 7-8. Seven of the eleven samples had quantitative results

in MW 7-S. The average concentration was calculated to be 0.0299 mg/L.

1,1-Dichloroethene '
The compound was not detected in the background monitoring wells MW 1-WT and 1-S, The upper

background concentration limit was found to be 0.005 mg/L, the method detection limit. In the
downgradient menitoring wells, 5-S through 8-S, the compound was detected in MW 7-S only. Three of

the seven samples had quantitative results. The average concentration was calculated to be 0.0058 mg/L.

Toluene
The sample from the shallow aquifer had 0.0082 mg/! toluene on July 24, 1998. The source of the toluene

was not identified. There have been no other sampling events in whic toluene was detected in MW1-S
above 0.005 mg/l. Because toluene was not confirmed in the well, its detection in the sample from July
1998 is considered to be sporadic, and toluene is not actually present in the well. Toluene was not

detected in MW 1-WT, thus the upper background concentration limit is 0,005 mg/L, the method
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detection limit. In the four downgradient- monitoring wells, 5-S through 8-S, toluene was p-t detected

during all of the sampling events and is not considered to be different than the background concentration.

1,1,1-Trichioroethane
The compound was not detected in MW 1-WT and 1-S. The upper background concentration limit was

found to be 0.005 mg/L, the method detection limit. In MW® 7-S, two of the sample events had results that
¢ - €
were detected. The average conceatration oft 1,1,1-trichloroethane was calculated to be 0.0052 mg/L.

There were no detected concentrations of 1,1, 1-trichlorethane in MW 5-S, 6-S, and 8-S.
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VI. GROUNDWATER STANDARDS ' -

In the foll. -wing sections, the maximum 99.5% confidence interval of MW 5-S through 8-S is discussed
with respect to the Class I Groundwater Standard. In addition, the best fit lines and trends of the sampling

data are presented.

Aluminum
There is no Class I Groundwater Standard for this parameter. The maximum 99.5% confidence iaterval

for MW 5-S through MW 8-S was calculated to be 2.522 mg/L.

Linear trend lines for each of the four monitoring wells indicate a decreasing slope for the data. Results

from other downgradient monitoring wells indicate that the 99.5% confidence interval would be met in

the future ¢t Dixon Marquette Cement Company.

Antimony
The Class I Groundwate r Standard for this parameter is 0.006 mg/L. The 99.5 % confidence interval was

calculated to be 0.002 mg/L using data from MW 7-S,

Since the parameter was not detected in the other three wells, the trend line was steady, without a slope.
The trend line for MW 7-S was negative, representing a decreasing trend. The parameter was not detected
in two downgradient wells, MW 3-S, and MW 4-S,

Arsenic
The Class I Groundwater Standard for this parameter is 0.05 mg/L. The maximum 99.5% confidence

interval was calculated to be 0.041 mg/L using data from MW 7-S,

The linear trend lines indicate a decreasing slope for each of the four monitoring wells. Although the
trend lines indicate a decreasing slope for each of the monitoring wells, it is expected that the
concentrations of arsenic is expected to rise to levels that exceed the standard since MW 3-S has

consistently exceeded the standard.

Barium
The Class 1 Groundwater Standard for this parameter is 2.0 mg/L. The maximum 99.5% confidence

interval for the four downgradient wells, 5-S through 8-S was calculated to be 0.371 mg/L.

Each of the four trend lines has a negative slope, indicating a decreasing trend in the concentrations over
time. Using data from MW 3-8 and 4-S and the trend lines for the four monitoring wells, the

concentration of barium is not expected to rise to concentrations greater than the standard.

17




Adjusted Groundwater Standards

Dixon Marquette C t Company-— Dixon, Hlinoi's
Prepared by Presion Engineering, Inc.

February 27, 2001

Beryllium

The Class I Groundwater Standard is 0.004 mg/L for beryllium, The maximum 99.5% confidence interval
was calculated to be 0.002 mg/L using the data from MW 8-8.

Since the parameters were not detected in the other three wells, the trend lines were steady, without
slopes. The trend line for MW 8-S was negative, representing a decreasing trend. The monitoring data
from MW 3-S and 4-S indicate that there should not be an increase in the concentrations of this

parameter.

Boron
The Class I Groundwater Standard is 2.0 mg/L. The maximum 99.5% confidence interval was calculated

to be 1.452 mg/L from the sampling data at MW 7-8,

All of the trend lines for the four downgradient monitoring wells are negative, indicating a decreasing
trend. Using the trend lines, and monitoring data from other downgradient wells, it is not expected that the

concentration of boron would exceed this standard,

Cadmium
The Class I Groundwater Standard for this parameter is 0.005 mg/L. The 99.5% confidence interval was

calculated to be 0.002 mg/L for the four downgradient monitoring wells.

The slopes of the trend lines indicate a that the concentrations are steady with a slight decrease in the
concentration over time. Since cadmium was not detected in MW 3-S and 4-8, the landfill has had very

little affect on the groundwater for this parameter.,

Calcium
There is no Class I Groundwater Standard for this parameter. The maximum 99.5% confidence interval

was calculated to be 420 mg/L for the four downgradient wells,

The linear trend lines have a positive slope for MW 6-S and 7-S indicating a slightly increasing trend over
time. The results from MW 3-S do not indicate an increase in the parameter. Values were below 10 mg/L
in MW 3-S,

Chromium—
The maximum 99.5% confidence interval was calculated to be 0.030 mg/L, this is significantly lower than

the Class I Groundwater Standard of 0.1 mg/L.
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The trends indicate that the concentration of chromium slightly is decreasing in MW -5-S through 7-S.
There is a small increasing trend in MW 8-S. There is very little difference between the concentrations of

MW 53-8 through 8-S and the chromium concentrations in MW 3-S.

Cobalt
The 99.5% confidence interval for the four downgradient wells was calculated to be 0.027 mg/L. This is

significantly lower than the Class I Groundwater Standard of 1 mg/L.

All of the trend lines for the four monitoring wells indicate that the cobalt concentrations are remaining
steady with a slight decrease over time. The data from MW 3-S indicate that the landfill is having very

little affect on this parameter, and one would not expect a significant increase over time.

Copper
The 99.5% confidence mterval for the four monitoring wells 5-S through 8-S was calculated to be 0.084

mg/L. This is significantly lower the Class I Groundwater Standard of 0.65 mg/L.

Except for MW 6-S, the trends indicate a slightly decreasing slope. The slope for MW 6-S indicates an

increasing trend over time. This, however, is a very shallow slope.

Lead
The maximum 99.5% confidence interval was calculated to be 0.012 using data from MW 6-S. This is

approximately 60% higher than the class I groundwater standard.

The linear trends for the four monitoring wells have negative slopes, indicating a decreasing trend.
Concentrations of lead in MW 3-S were below 0.002 mg/L, which indicate that the landfill has not had a

significant affect on this parameter.

Iron
The maximum 99.5% confidence interval for the four downgradient wells was caiculated to be 6.399

mg/L using the data from MW 6-8. This is approximately 128% increase from the Class 1 Groundwater
Standard of 5 mg/L.

The four best-fit lines have negative slopes, representing a decreasing trend. Concentrations of iron in

MW 3-§ are less than 1 mg/L, whereas the concentrations of MW 4-S range from 0.323 tc 5.39 mg/L.,
Magnesium

There is no Class I Groundwater Standard for this parameter, The maximum 99.5 % confidence interval

was calculated to be 171.5 mg/l. using data from MW 5-S.
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The best fit line for the sampling daia in MW 5-S, 7-S and 8-S indicate an increasing trend for this

parameter. Monitoring well 3-S has concentrations that are significantly less than the 1-WT background
concentration,

Manganese
The Class I Groundwater Standard is 0.15 mg/L for this parameter. The maximum 99.5% confidence

interval was calculated to be 3.251 mg/L using data from MW 6-S.

Only MW 8-S .was represented by a positive slope during trend analysis. This indicates that the

concentration manganese is increasing in this monitoring weil.

Meircury
The class I ground water standard for this parameter is 0.002 mg/L. Since the parameter was not detected,

the lowest non-detectable limit, 0.0002 mg/L was found to be the maximum 99.5% confidence interval.

Nickel
The 99.5% confidence interval was calculated to be 0.044 mg/L, this is significantly lower than 0.1, the

Class I Groundwater Standard. The best fit lines four each of the four monitoring wells indicate a slightly
decreasing trend in the data.

Potassium
There is no class I ground water standard for this parameter. The maximum 99.5% contidence interval

was calculated to be 838.1 mg/L.

Although the four best-fit lines that represent the data have negative slopes, or decreasing trends, it is
unlikely that the concentration in these wells will decrease. Data from MW 3-S suggest that the

concentration will increase as the average concentration in this well is 1636 mg/L.

Selenium
The maximum 99.5% confidence interval was calculated to be 0.011 mg/L. There is approximately 355%

difference between the confidence interval and the Class I Groundwater Standard of 0.05 mg/L.

Three of the four best-fit lines have a positive slope, indicating an incrcasing trend. The trend line for
MW 5-S is negative. Data “rom MW 3-S indicate that there may be an increase in the concentrations of

selenium over time.

Sodium
There is no Class I Groundwater Standard for this parameter, The maximum 99.5% confidence interval

was calculated to be 74.4 mg/L using the data from MW 5-S.
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Three of the four trend lines indicate that the concentration of sodium is increasing over time. Data from
MW 3-S further indicate that sodium concentrations are being affected by the landfill and the
concentration will increase in the four downgradient monitoring wells. The average concentration in MW
3-Sis 122.1 mg/l.. '

Thallium .
The Class I Groundwater Standard for thallium is 0.002 mg/L. The 99.5% ronfidence interval was

calculated to be 0.004 mg/L using data from MW 8-S.

There were no trend lines for the monitoring wells 5-S through 7-S. The best-fit line for MW 8-S has a

positive slope, indicating an increasing trend. Data from MW 3-8 indicate that an increase in thallium is
unlikely to occur, |

Vanadium
There is no Class I Groundwater Standard for this parameter. The maximum 99.5% confidence interval

was calculated to be 0.021 mg/L using the data from MW 7-8.

Three of the four slopes of the best-fit lines were negative, indicating a decreasing trend. The slope on the
trend line for MW 8-S was positive. Data from MW 3-S indicate that there is a slight increase in

vanadium concentrations over time, as the average concentration in this well is 0.012 mg/L.

Zinc
The 99.5% confidence interval was calculated to be 0.268 mg/L, this is significantly lower than the

groundwater standard of 5 mg/L.

The trend lines for the four monitoring wells indicate a decrease in concentration of zinc over time. Data
from MW 3-S indicate that the landfill has had little affect on the zinc concentrations, as the average is
0.011 mg/L.

Total Alkalinity
There is no Class I Groundwater Standard for this parameter. The 99.5% confidence interval was

calculated to be 578 mg/L, using data from MW 5-S.

The best fit lines for the four downgradient wells, 5-S through 8-S, were positive, indicating an increase
in the concentration of total alkalinity over time. Data from MW 3-§ indicates that the alkalinity in these

wells will continue to rise as the average concentration in this well is 1488 mg/L.

21



Adjusted Groundwater Standards

Dixon Marqueite Cement Company— Dixon, Hlinois
Prepared by Preston Engineering, Inc.

February 27,2001 i

Phenol Alkalinity :
There is no Class I Groundwater Standard for this parameter. The 99.5% confidence interval was

caiculated to be 305 mg/L using data from MW 7-8.

The slope of the best-fit line for the results in MW 7-S indicates a positive increase in concentration of

phenol alkalinity over time. In addition, MW 3-8 has concentrations that average 765 mg/L.

Bicarbonate Alkalinity
There is no Class I Groundwater Standard for this parameter. The 99.5% confidence interval was

calculated to be 528 mg/L using data from MW 5-S.

The best-fit lines for MW 5-S and 6-S have positive slopes, indicating an increase in concentration over
time. Data from MW 3-8 also indicates that there will be a steady increase in the bicarbonate alkalinity as

the range of sampling data is 120 to 1450 mg/L and the average concentration is 523 mg/L.

Ammonia Nifrogen
There is no Class I Groundwater Standard for this parameter. The 99.5% confidence interval was

calculated to be 0.70 mg/L, using data from MW 7-S.

The trends for MW 5-8 and MW 7-§ indicate an increase in ammonia nitrogen over time. Data from MW

3-S had two sampling events with detectable concentrations. The results were 1.60 and 0.61 mg/L.

Chloride
The Class I Groundwater Standard is 200 mg/L, whereas the 99.5% confidence interval was calculated to

L
be 241 mg/L for the four downgradient monitoring wells, 5-S through 8-S. This is a 17% difference.

Only the best fit line for the ifW 5-S sampling data indicates a decreasing trend over time, Chloride
concentrations are expected to continue to rise in the four downgradient monitoring wells. Monitoring

well 3-S has chloride concentrations that range from 130 to 231 mg/L, the average was calculated to be
169.0 mg/1.

Chemical Oxygen Demand (COD)
There is no Class I Groundwater Standard for COD, The maximum 99.5% confidence interval was

calculated to be 155.3 mg/L using data from MW 5-8.

All four best-fit lines indicated that the concentration of COD would increase over time. Monitoring well
3-S also indicates that thc concentration of COD will increase in the four downgradient monitoring wells,

The concentration of COD ranged from below detection limits to 242 mg/LL.
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Fluoride

The Class I Groundwater Standard for fluoride is 4 mg/L. The maximum 99.5% confidence interval was
calculated to be 2.48 mg/L using data from MW 7-S.

The best fit lines indicate that the concentration of fluoride is increasing in all of the monitoring wells
except for MW 7-S. In addition, the concentration of fluoride in MW 3-8 ranged from 3.02 to 4.44 mg/L
with an average concentration of 3.60 mg/L. This further indicates that there will be an increase in the

fluoride concentration in the four downgradient monitoring wells.

Nitrate as N
The Ciass 1 Groundwater Standard for nitrate is 10 mg/L. The 99.5% confidence interval was calculated

to be 4.84 mg/L. There is approximately 107% difference between the two values.

The trend lines showed a decreasing slope for MW 5-S and an increasing one for MW 8-S. Since the
concentrations in MW 3-S are similar to the MW 5-S, the concentration of nitrate is not expected to

increase.

pPH
The two sided 99% confidence interval was calculated to be 7.0 to 10.4 for the four downgradient

monitoring wells 5-S through 8-S. Although the linear trends indicate a decreasing pH, values greater
than 10 were reported in MW 7-S.

Sulfate
The Class I Groundwater Standard for sulfate is 400 mg/L, The 99.5% confidence interval was calculated

to be 897 mg/L from the MW 8-S data.

The best-fit lines indicate that sulfate 1s increasing in MW 8-S only. Results from MW 3-S indicate that
the concentration of sulfate will increase. The average concentration was calculated to be 1076 mg/L in
MW 3-§.

Total Organic Carbon (TOC)
There is no Class I Groundwater Standard for total organic carbon. The maximum 99.5% confidence

interval was calculated to be 28.9 mg/L.

All of the best-fit lines indicete a decreasing trend in concentration over time. Data from MW 3-8

indicates that the concentration of TOC will increase as the average concentration is 17.32 mg/L.
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Total Dissolved Solids (TDS)
The Class I Groundwater Standard for this parameter is 1200 mg/L. The maximum 99.5% confidence

interval for the four downgradieit monitoring wells was calculated using results from MW 7-S. The resuit
is 1478 mg/L.

The best-fit line for MW §-S indicates an increasing trend for the conzentration of TDS over time. The
other three have a negative slope, indicating a decrease in concentration. Data from MW 3-S indicates

that the concentration of TDS will increase instead of decrease. The average concentration is 3843 mg/L.

Benzene
The class I groundwater standard for this compound is 0,005 mg/L. The maximum 99.5% confidence

interval could not be calculated for monitoring wells 5-S through 8-S since benzene was not detected

during the sampling events. Ali of the trend lines are represented by horizontal lines that have no slope.

L1-Dichloroethane
There is ne class I groundwater standard for this parameter. The maximum 99.5% confidence interval was

calculated to be 0.0669 mg/L using data from MW 7-8. Since the compound was not detected in MW 35-S,
6-S, and 8-S, the trend lines are horizontal without  slope. The best fit line in MW 7-S was representaed

by a positive slope representing an increasing trend.

L1-Dichloroethene
The class I groundwater standard for this parameter is 0.007 mg/L. The maximum 99.5% confidence

interval was calculated to be 0.0076 mg/L using data from MW 7-S. Since the 1,1-dichloroethene was not
detected in MW 5-S, 6-S, and 8-S, the trend lines are horizontal without a slope. The best fit line in MW

7-S was represented by a positive slope representing an increasing trend.

Toluene
The class I groundwater standard for this compound is | mg/L. The maximum 99.5% confidence interval

could not be calculated for monitoring wells 5-S through 8-S since toluene was not detected during the

sampling cvents. All of the trend lines are represented by horizontal lines that have no slope.

L1, 1-Trichloroethane
The class 1 groundwater standard for this compound is 0.2 mg/L. The maximum 99.5% confidence

interval was calculated to be 0.0059 mg/L using data from MW 7-S. Since the 1,1, !-trichloroethane was
not detected in MW 5-8, 6-S, and 8-S, the trend lines are horizontal without a slope. The best fit line in

MW 7-§ was represented by a negative slope representing a decreasing trend.
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VII.

ADJUSTED GROUNDWATER STANDARDS

In the following table, the Class * Groundwater Standards, the maximum 99.5% Confidence Inte; val of
MW 5-8 through 8-S, the upper limits of the 99™ percentile for MW 1-WT and 1-8, and the calculated

99.5% confidence interval for MW 3-8 are given. The requested adjusted groundwater standard is listed.

All concentrations are given in mg/L, unless noted otherwise.

Class 1 Standsrd] MW 5S-85 | MW I-SUpper | MW I-WT | MW 3-599.5% | Requested Adjusted
Max 99.5% CI Limit Upper limit C1 Standard
Aluminum 2.522 0.94 0.454 0730 2522
Antimony 0.006 0.002 Tst of Prop 0.001 0.001 0.006
Arsenic 0.05 0.041 Tst of Prop -0.003 0.141 0.141 -
Barium 2 0371 0.091 0.227 0.068 2
Berylium 0.004 0.002 0.001 0.001 0.001 0.004
Boron 2 1.452 Tst of Prop Tst of Prop 0.212 2
Cadmium 0.005 0.002 0.00] 0.001 0.006 0.005
Calcium 420 109 126 6.6 420
Chromium 0.1 0.030 0.002 0.002 0.032 0.1
Cobalt 1 0.027 0.003 0.008 0.003 1
Copper 0.65 0.084 0.005 0.012 0037 0.65
Lead 0.0075 0.012 0.001 0.006 0.004 0.012
fron 5 6.399 0.465 0.891 1.017 6.4
Magncsium 171.5 539 504 4.6 1715
Mangancse 0.15 3.251 0.045 2.687 0.186 33 T
Mercury 0.002 0.0002 0.0002 Tst of Prop 0.001!? 0.002
Nickel 0.1 0.044 0.007 0.023 0.03) 0.1 T
Pota:sium 838 Tst of Prop 4.004 2309 2309
Selenium 0.05 0.011 0.004 Tst of Prop 0.012 0.05
Sodium 74.4 12.8 53.7 140.5 140.5
Thallium 0.002 0.004 Tst of Prop Tst of Prop 0.002 0.004
Vanadium o 910_41 Tst of Prop 0.007 0.02% 0.02
Zinc ] 0.268 0.058 0.014 0.018 5
Alkalinity, total 578 253 342 1699 1699
Alkalinity, 305.0 Tst of Prop 1.0 1121 121
_____phenol. B Hel
Alkalinity, bicarb 528 250.036 334.029 977 977
l:::::)lggr,la 0.70 Tst of Prop Tst of Prop 1.25 1.25
Chloride 200 241 U308 254 197 241
N iss 50 Tstof Prop | 787 i87
CFlueride |4 |77 248 0.19 0.76 442 44
Nitratc as N 10 4.84 - 11,07 Tst of Prop 0.88 1.1
pH (stnd units) 7010104 12210 7.82 70610 8.14 9.010 0.9 7.01010.9
" Sulfate 400 897 178 243 1243 N YT
TOC B i 28.9 4.5 171 26.51 BT
"7 Dis Solids 1200 1478 540 488 4338 4338
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MW SS-8S | MW 1-S Upper MW I-WT MW 3-§99.5% | Requested Adjusted
Class IStandard| 1o 99.5% CI Limit Upper limit cl Standard
Benzene 0.005 NA 0.005 0.603 NA 0.065
dichlorhane 0.0669 0.005 0.005 5.4 mgl 07+
L1 0.007 0.0076 0.005 0.005 NA 0.035 ++
dichlorocthene _
Toluene 1 NA 0.005 0.005 NA 1
i,1,1- 5
trichlorocthane 02 0.0059 0.005 0.005 12.0 0.2

NA~ Concentrations for all sampling events were below detection limits. The 99.

parameter.

5% confidence interval was not calculated for this

* The Class I grcundwater remediation objective from Section 742 was used because a groundwater standard is not availak'e.

** The Class 11 620 groundwater standard is proposed.
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Due to the concentrations in monitoring well 3-8, some of the parameters are expected to increase above
the maximum confidence interval of 5-S through 8-S, These parameters include: arsenic, potassium,
sodium, alkalinity, sulfate, and total dissolved solids. In these instances, the 99.5% confidence interval of
3-S was requested as the adjusted standard. In the following paragraphs, each of these parameters is

explained with respect to the concentrations in MW 3-S and the maximum 99.5% confidence interval of
MW 5-S through 8-S.

Arsenic— The class I groundwater standard is 0.05 mg/L, which is significantly higher than the
99.5% confidence interval calculated for monitoring wils 5-S through 8-S. Seven of the nine

ssmple results in MW 3-S were greater than the standard of 0.05 mg/L. The average
concentration was calculated to be 0.083 mg/L,

Po:assium~ The maximum 99.5% confidence interval of MW 5-S through 8-S is 838 mg/L.

Potassium concentrations in MW 3-S ranged from 200 to 2314 mg/L with an average
concentration of 2010 mg/L.

Sodium~ The maximum 99.5% confidence interval of MW 5-S thrdugh 8-S is 74.4 mg/L. This
concentration is significantly lower than the average concentration of sodium in MW 3-S. Sodium

ranged from 82 to 145 mg/L with an average of 122.1 mg/U in this dbwngradient well.

Total Alkalinity—The maximum 99.5% confidence interval of MW 5-8 through 8-S is 578 mg/L.
In monitoring well 3-5, total alkalinity peaked at 1660 mg/L. on November 29, 2000. The
concentration of tutal alkalinity has heen consistently rising in this-"well. The average was
calculated to be 1488 mg/L..

Phenol Alkalinity— The average concentration in MW 3-8 was calculated to be 765 mg/L,
however the peak concentration of phenol alkalinity was measured to be 1155 mg/L during the

June 2000 sampling event. The maximum 99.5% confidence interval of MW 5-S through 8-S is
305 mg/L.

Bicarbonate Alkalinity— The average ¢ mcentration of bicarbonate alkalinity in MW 3-8 is 523
mg/L, this is lower than the maximum 99.5% confidence interval of MW 5-S through 8-S, 528
° mg/L. Since the maximum concentration in MW 3-S is 1450 mg/l., the four downgradicnt

monitoring wells are expected to exceed the adjusted groundwater standard,
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Sulfate— The maximum 99.5% confidence interval of MW 5-§ through 8-S is 897 mg/L. This is
significantly lower then the average concentration in MW 3-S. The average concentration was

calculated to be 1076 mg/L and the peak concentration in this well was 1400 mg/L.

Total Dissolved Solids— The maximum 99.5% confidence interval is 1478 mg/L. in MW 5-S
through 8-S. This concentration is significantly lower than the average concentration, 3843 mg/L,
in MW 3-S. Concentrations of total dissolved solids have been increasing in MW 3-S over time.

The peak concentration was 4400 mg/L during the September 2000 sampling event.

Since there were exceedances of the requested adjusted groundwater standard in MW 3-S, the following
parameters are also considered to be of future concern.

Vanadium— During the sampling period, there was one MW 3-S concentration of vanadium that
was greater than the 99.5% confidence interval of 0.021 mg/L. This occurred during the

November 2000 sampling event and the concentration was 0.029 mg/L.

Ammonia Nitrogen—Two of the seven sample results had concentrations of ammonia nitrogen in
MW 3-S. The concentrations were 1.60 and 0.61 mg/L. The requested adjusted standard for this

parameter is 0.70 mg/L. Thus one sample was significantly greater than the standard.

Chemical Oxygen Demand~ Although the average concentration of COD in MW 3-8 is less than

the requested standard, there is some concern with future results. During the June 2000 sampling
event, the concentration of COD peaked at 242 mg/L.

Fluoride— In monitoring well 3-8, one concentration was greater than the Class I Groundwater

Standard. The concentration was 4.44 mg/L, a 110% increase above the standard,
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Dixon Marquette Cement Comp
99.5% CIs Summary

Parameter MWS5-S MW6S MW7.S MWSS
Aluminum 0.277 2,522 0.844 0.664
Antimony 0.001 0.001 0.002 0.001
Arsenic 0.004 0.004 0.041 0.004
Barium 0.269 0.371 0.057 0.141
Beryllium ) 0.00: 0.001 0.00t 0.602
Boron 0.786 0.751 1.452 0.318
Cadmium 0.002 0.001 0.001 0.002
Calcium 318 420 45 268
Chromium 0.006 0.006 0.005 0.030
- Cobalt 0.005 0.027 0.001 0.025
Copper 0.014 0.027 0.009 0.084
Lead 0.001 0.012 0.003 0.004
Iron 1.834 6.399 1.806 4,186
Magnesium 171.5 95.8 159 119.3
Manganese 0.913 3.251 0.187 3.133
Mercury 0.0002  0.0002  0.0062  0.0002
Nickel 0.016 0.039 0.016 0.044
Potassium 259.6 71.6 838.1 302
Selenium 0.005 0.005 0.004 0.011
Sodium 74.4 68.0 53.5 62.2
Thallium 0.001 0.001 0.001 0.004
Vanadium 0.018 0.019 0.021 0.004
Zinc 0.039 0.035 0.033 0.268
Alkalinity, total 578 425 534 317
Alkalinity, phenol, | 2.4 305 1.0
Alkalinity, bicarb 528 409 441.57 309
Ammonla nitrogen 0.16 0.10 0.7 0.10
Chlorlde 132.0 241 119.32 206
cobp 155.3 127 31.24 119
Fluoride 0.15 0.39 248 0.28
Nitrate as N 4.84 0.10 0.10 327
pH Upper Limit (stnd units) 1.9 8.1 104 8.3
pH Lower Limit (stnd units) 7.0 7.0 9.0 7.9
Sulfate 694 352 523 897
TOC 28.89 20.83 19.3 16.5
Ttl Dis Solids 1225 957 1478 1245
Benzene NA NA NA NA
1,1-dichloroethane NA NA 0.0669 NA
1,1-dichlorocthene NA NA 0.0076 NA
Toluene NA NA NA NA
1,1,1-trichloroethane NA NA 0.0059 NA

All values in mg/L unless noted otherwise.
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Class I
GroundWater Stnd

0.006
0.05
2
0.004
2
0.005
0.1
1

0.65
0.0075

0.15

0.002
0.1
0.05

0.002

200

400

1200
0.00s
0.007

0.2

Maximum
Value
2.522
0.002
0.041
0.371
0.002
1.452
0.002

420
0.030
0.027
0.084
0.012
6.399
1715
3.251

0.0002
0.044

838
0.011

74.4
0.004
0.021
0.268

5718
305.0
528
0.70
241
155
248
4.84
10.4
7.0
897
28.9
1478

NA
0.0669
0.0076

NA
0.0059




Dixon Marquette Cement Comp

99.5% Cls Summary with MW 3-S

Parameter

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Calcium
Chromium
Cobalt
Copper
Lead
Iron
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Sodium
Thallium
Yanadium
Zinc

Alkalinity, total
Alkalinity, phenol.
Alkalinity, bicarb
Ammonia nitrogen

Chloride
CcoD
Fluoride
Niirate as N
pH Upper Limit (stnd units)
pH Lower Limit (stnd units)
Sulfate
TOC
Ttl Dis Solids

Benzene
1,1-dichloroethane
1,1-dichloroethene

Toluene

1,i,i-trichloroethane

Summary Tables

MW3.S MWS5S MW6S MW7-8 MWS.S

0.730
0.001
0.141
0.068
0.00!
0.212
0.006
6.6
0.032

0.003

0.037
0.004
1.017
4.6
0.186
0.0011
0.031
2309
0.012
140.5
0.002
0.026
0.018

1699
1120.8
977
1.25
197.5
187.4
4.42
0.88
10.9
10.3
1245
26.51
4338

NA
0.005
NA
NA
0.012

0.277
0.001
0.004
0.269
0.001
0.786
0.002
318
0.006
0.005
0.014
0.001
1.834
1715
0.913
0.0002
0.016
259.6
0.005
74.4
0.001
0.018
0.039

578

528
0.16
132.0
155.3
0.15
4.84
7.9
7.0
694
28.89
1225

NA
NA
NA
NA
NA

2.522
0.001
0.004
0.371
0.001
0.751
0.001
420
0.006
0.027
0.027
0.012
6.399
958
3.251
0.0002
0.039
716
0.005
68.0
0.001
0.019
0.035

425
2.4
409
0.10
241
127
0.39
0.10
8.1
7.0
352
20.83
957

NA
NA
NA
NA
NA

0.844
0.002
0.041
0.057
0.001
1.452
0.001
45
0.005
0.001
0.009
0.003
1.806
15.9
0.187
0.0002
0.016
838.1
0.004
53.5
0.001
0.621
0.033

534
305
441.57
0.7
119.32
31.24
2.48
6.10
10.4
9.0
523
19.3
1478

NA
0.0669
0.0076

NA
0.0059

All values in mg/L unless noted otherwise,
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0.664
0.001
0.004
0.141
0.002
0.318
0.002
268
0.030
0.025
0.084
0.004
4.186
119.3
3.133
0.0002
0.044
302
0.011
62.2
0.004
0.004
0.268

KN
1.0
309
0.10
206
119
0.28
3.27
8.3
7.0
897
16.5
1242

NA
NA
NA
NA
NA

Class I
GroundWater Stnd

0.006
0.05
2
0.004
2
0.005

0.1
l

0.65
0.0075

0.15
0.602
0.1
0.05

0.002

200

400

1200

1000
200

Maximum
Value
2.522
0,002
0.144
0.371
0.002
1.452
0.006

420
0.032
0.027
0.084
0.012
6.399
171.5°
3.251

0.0011
0.044
2309
0.012
140.5
0.004
0.026
0.268
0.000

0.00

1699

1121

977

1.25

241

187

442

4.84

10.9

7.0

1245

28.9
4338

NA
0.0669
0.0076

NA

0,032




Dixon Marquctte-Cement Comp
Requested Groundwater Standards Summafy

GCri::vltr MW s5Sto 85 MW 1-S Upper MW 1-WT MW 3-599.5% Requested Adjusted
) Max 99.5% CI Limit Upper limit Cl Groundwater Stnd
Standard )
Aluminum 2.522 0.04 0454 . 0.730 2.522
Antimony 0.006 0.002 T:t of Prop 0.001 0.601 0.006
Arsenic 0.05 0.041 Tst of Prop 0.003 0.141 0.141
Barium ' 2 0.371 0.091 0.227 0.068 2
Beryllium 0.004 0.062 0.001 0.001 - 0001 0.004
Boron 2 1.452 Tst of Prop Tst of Prop 0.212 2.000
Cadmium 0.005 0.002 0.001 0001 ® 0.006 0.005
Caleium ' : 420 09 126 6.6 - 420
Chromium 0.1 0.030 0.002 0.002 0.032 0.1
Caobalt 1 0.027 0.003 . 0.008 0.003 1
Copper 0.65 0.084 0.005 0.012 0.037 0.65
Lead 0.0075 0.012 0.001 0.006 0.004 - 0.012
Iron 5 6.399 0.465 0.891 1.017 6.399
Magnesium 171.5 53.903 50.478 46 171.5
Manganese 0.15 3.251 0.045 2.687 0.186 3.251
Mercury 0.002 0.0002 0.0002 Tst of Prop 0.0011 0.002
Nickel 0.1 0.044 0.007 0.023 0.031 0.1
Potassium 838 Tst of Prop 4.004 - 2309 2309
Selenfmn 0.05 0.011 0.004 Tst of Prop 0.012 0.05
Sodium 74.4 12.8 53.7 140.5 140.5
Thallium 0.002 0.004 Tst of Prop Tst of Prop 0.002 0.004
Vanadium 0.021 Tst of Prop 0.007 0.026 0.026
® Zine 5 0.268 0.058 0.014 0.018 S
Alkaiinity, total 578 253 342 1699 1699
Alkalinity, phenol, 305.0 Tst of Prop 10 1121 1121
Alkalinity, bicarb . 528 250.036 334.029 977 977
Ammonia nitrogen 0.70 Tst of Prop Tst of Prop 1.25 1.25
Chloride 200 241 308 254 197 241
cOoD 155 5.0 Tst of Prop 187.4 187
Fluoride 4 248 0.1 0.76 4.42 4,42
Nitrate as N 10 4.84 11.07 Tst of Prop 0.88 11.07
pH Upper Limit (stnd units) 104 7.82 8.14 10.9 10,9
pH Lower Limit (stnd units) 7.0 7.22 7.16 10.3 7.0
Sulfate 400 897 178 243 1245 12458
TOC 28.9 4.5 17.1 26.51 289
Ttl Dis Solids 1200 1478 540 488 4338 4338
Benzene 0.005 NA 0.005 0,005 NA N
1,t-dichlorocthanc 0.0669 0.005 0.005 0.005 . 0.7¢
1,1-dlchloroethene 0.0076 0.005 0.005 NA 0.354*
Toluene 1 NA 0.005 0.005 NA 1
1,1,1-trichlorocthane 0.2 0.0059 0.005 0.005 0.012 0.2

All values in mg/L unless noted o:herwise.

2

* The Class | groundwater remediation objective from Section 742 was used because a groundwater standard is not available.
*+ The Class 11 620 groundwater standard is proposed.
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Dixon Marquette Cement Comp

Summary

Aluminum
Antimony
Arsenic
Barium
Beryllluin
Boron
Cadmium
Caleium
Chromium
Cobalt
Copper
Lead
Iron
Magnesinm
Manganese
Mercury
Nickel
Potassium
Selenium
Sodium
Thalllum
Vanadium
Zinc

Alkalinity, total
Alkalinity, phenol
Alkalinity, bicarb
Ammonia nitrogen

Chloride
cOD
Fluoride
Nitrate as N
pH Upper Limit (stnd units)
pll Lower Limit (stnd units)
Sulfate
TOC
‘Tt Dis Solids

Benzene
1, 1-dichloroethane
1,1-dichloroethene
Toluene
1,1,1-trichloroethanc

Summary Tables

MW3S MWSS

AVE

0.322
0.001
0.083
0.051
0.001
0.107
0.002
43
0.012
0.001
0.017
0.002
0.576
2.6
0.096
0.0004
0.016
1636
0.007
122.1
0.001
0.012
0ctl

1488
765.2
523
0.39
169.0
68.3
3.60
0.43
10.6
10.6
1076
17.32
3843

NA
0.0045
NA
NA
0.0081

AYE

0.168
0.001
0.002
0.138
0.001
0.464
0.001
240
0.003
0.002
0.006
0.001
0.898
82.3
0.229
0.0002
0.005
86.0
0.002
37.9
0.00t
0.007
0.017

442
1.0
410
0.11
62.7
53.2
0.10
1.42
7.4
74
385
11.68
846

NA
NA
NA
NA
NA

MW 6-8

AVE

0.754
0.001
0.002
0.258
0.001
0.424
0.001
234
0.003
0.012
0.013
0.004
2,663
55.2
1.695
0.0002
0.020
54.8
0.003
46.4
0.001
0.008
0.015

389
0.8
366
0.10
153
57
0.26
0.10
7.6
7.6
235
10.19
797

NA
NA
NA
NA
NA

All values in mg/L unless noted otherwise,

.MW7-§ MW3-§
AVE AVE
0.387 1326
0.001 0.001
0.023- 0.002
0.042 0.075
0.001 0.001
0436 0.208
0.00) 0.00}

25 237
0.003 0.010
0.001 0.006
0.005 0.024
0.002 0.003
0,805 1.654

9.3 100.1
0.094 0.763
0.0002 0.0002
0.010 0.014
632.6 245
0.002 0.005
40.9 39.7
0.001 0.002
0.013 0.003
0.016 0.075

422 287

74 [X(]
294.71 276

0.2 0.10
82.59 153
20.69 41

1.52 0.21
0.10 2.48
9.7 1.6
9.7 7.6
425 803
13.4 8.5
1133 1179
NA NA
0.0299 NA
0.0058 NA
NA NA
0.0052 NA
Page 4 of 4

Class |
Gradwtr
Standard

0.006
0.05
2
0.004
2
0.005
0.1
i

0.65
0.0075

0.15
0.002
0.1
0.05

0.002

200

400

1200

0.005

0.007

0.2

MW 58 to 8S

Max 99.5%
CI
2.522
0.002
0.041
0.371
0.002
1.452
0.002
420
0.030
0.027
0.084
0.012
6.399
1715
3.251
0.0002
0.044
838
0.011
74.4
0.004
0.021
0.268

578
305.0
528
0.70
241
155
2.48
4.84
10.4
7.0
897
28.9
1478

NA
0.0669
0.0075

NA
0.0059

MW (-8 MW I-WT
Upper Limit  Upper Hmit
. 0.04 0.454
Tst of Prop 0.001
Tst of Prop 0.003
0.091 0.227
0.001 0.001
Tstof Prop  Tstof Prop
0.001 0.001
109 126
0.002 0.002
0.003 0.008
0.005 0.012
0,001 0.006
0.465 0.891
53.9 50.5
0.04s 2.687
0.0002  Tstof Prop
0.007 0.023
Tst of Prop 4.0
0.004 Tst of Prop
12.8 53.7
Tstof Prop  Tst of Prop
Tst of Prop 0.007
0.058 0.014
253 342
Tst of Prop 1.0
250 334
Tstof Prop  Tst of Prop
31 25
5.0 Tst of Prop
0.19 0.76
11.07 Tst of Prop
7.82 ‘s.14
7.22 7.16
178 243
4.5 17.1
540 488
0.005 0.005
0.005 0.005
0.005 0.005
0.005 0.005
0.005 0.005




Adjusted Groundwater Standards

Dixon Margquette Cement Company— Dixon, Hflinois
Prepared by Presion Engineering, Inc.
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Dixon Marquette Cement Comp

Background MW1-8
Statistical Analysis

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Calclum
Chromium
Cobalt
Copper
Lead
Iron
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Scedium
Thallium
Vanadium
Zine

Alkalinity, total
Alkalinity, phenol.
Alkalinity, bicarbonate
Ammonia nitrogen
Chioeride
CcOoD
Fluoride
Nitrate
pH Upper Limit
pH Lower Limit
Sulfate
TOC
DS

Benzene
1,1-dichlorocthane
1,1-dichlorocthenc

Toluene

1,1,1-trichlorocthane

Background Tables

Sample! Sample2 Sample3 Sample 4
<0.1 <0.1 <0.04 <0.04
<0.1 <0.1 <0.001 <0.001

<0.005 <0.08 <0.08 <0.08
0.067 0.064 0.056 0.069
<(0.0} <0.01 <0.01 <0.001
<0.1 <0.05 <0.05 <0.05
<0.005 <0.02 <0.02 <0.02
a5 N 100 100
0.001 0.001 0.001 0.001
0.001 0.001 0.001 0.004
0.002 0.002 0.002 0.005
<0.005 <0.1 <0.1 <0.1
0.258 0.298 0.153 0.2
43 45 49 59.7
0.031 0.029 0.025 0.03
<0,0002 <0.0002 <0.0002 <0.0002
0.005 0.006 0.006 <0.058
1.04 0.89 1.81 1.8
0.004 0.003 0.003 <0.005
1l 10 11 11
<i <1 <0.001
<0.05 <0.05 0.001 <0.001
0.08 0.039 0.034 0.032
256 240 250 188
<5 <5 4
256 240 250 170
<2 <2 <2 <l
31 30 K}l K}
<5 <5 <5
0.18 0.15 0.16 <0.2
6.9 69 9.7 1.5
7.41 7.3 7.1 7.4
160 180 150 180
3.9 1 5 6.09
574 550 580 550
<(.0010 <0.0005 <0.0005 <0.0005
<0.0010 <0.0010 <0.0010 <0.0010
<0.0010 <0.0020 <0.0020 <0.0020
<0.0010 0.0082 <0.0010 <0.0010
<0.0010 <0.0010 <0.0010 <0.0010

All concentrations in mg/L.
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Sample 5

<0.04
<0.001
<0.001
0.072
<0.001
0.0
<0.001
117
0.001
0.001
0.001
<0.001
0.201
48
0.029
<0.0002
_ <0.05
113
<0.15
12.5
<0.001
<0.001
0.037

216
<1.0
201
0.27
32
<20
<0.2
6.03
74

170
232
550

<0.0050
<0.0050
<0.0050
" <0.0050
<0.0050

Sample 6

<0.04
<0.001
<0.001
0.067
<0.001
<0.05
<0.001
98.3
0.003
0.061
0.004
<0.001
022
50.7
0.045
<(1.0002
<0.05
2.2
<0.15
113
<0.001
<0.001
0.01

242
<}
230
<0.1
29.6
<20
<0.21
6.89
78

169
1.45
428

<0.0059
<0.0050
<0.0050
<0.0050
<0.0050




Dixon Marquette Cement Comp
Background MWI1-S
Statistical Analysis

Sample 7 Sampie8 Sampie9 Sample 10 Samplic Il Sample 12

Aluminum <0.04 <0.04 <0.04
Antimony - <0.001 0.001 <0.001
Arsenic <0.001 <(0.001 <0.001 0.001 <0.001
Barium 0.066 0.075 0.062 0.069 0.135
Beryllium <0.001 <0.001 <0.001 <0.001
Boron <0.05 0.078 <0.08 0.048
Cadmium <0.001 <0.001 <0.001 <0.001 <0.001
Calcium 103 112 100 106 104
Chromium <0.04 <0.02 <0.02 <0.02 <0.001
Cohalt <0.02 <0.02 <0.02 <0.001
Copper <0.02 <0.02 <0.02 <0.001
Lead . <0.001 <0.001 <0.0Mm <0.001 <0.001
Iron 1.01 <0.05 <0.1 <0.1 <0.1 <0.1
Magaesium 523 49.5 51.5 48,5
Manganese 0.039 0.044 0.028 0.032 0.063 0.0005
Mercury <0.0002 <0.0002 <0.0002 <0.0002
Nickel 0.003 0.004 0.005 0.01
Potassium <2 <2 o< <2 <2 <0.05
Selenium <0.15 0.002 <0.001 0.007 0.012
Sodium 11.8 12.6 14.5 12.5 il
Thallium <0.001 <0.001 0.005 <0.001
Vanadium 0.002 0.002 0.008
Zinc 0.019 0.007 0.036 0.067
Alkalinity, total 240 240 230 246
Alkalinity, phenol. <]
Alkalinity, bicarbonate 228 227 226 238
Ammonia nitrogen <0.10 <0.1 0.23 <0.1
Chlorlde 275 279 28.1 29.2 299 28.1
CcoD <20 <20 <20 <20 <20
Fluoride 0.13 0.17 0.17 0.18
Nitrate 6.24 3.54 5.49 6.42 5.91 <1
pH Upper Limit 8.2 1.7 72 7.5 7.3 8.1
pH Lower Limit
Sulfate 178 178 179 174 165 169
TOC 3.16 2.73 0.57 0.61
TDS 440 435 435 422 420 422
Benzene <0.0050 <0.0050 <0.0050 <0.0050 <0.0050
1,1-dichlorocthane <0.0050 <0.0050 <0.0050 <0.0050 <0.0050
1,1-dichlorocthene <0.0050 <0.0050 <0.0050 <0.0050 <0.0050
Tolucne <0.0050 <0.0050 <0.0050 <0.0050 <0.0050
1,1,)-trichlorocthane <0.0050 <0.0050 " <0.0050 <0.0050 <0.0050

All concentrations in mg/L.
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Sample 13

<0.02
13
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Dixon Marquette Cement Comp
Background MW1-S
Statistical Analysis

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Calclum
Chromium
Cobalt
Copper
Lead
Iron
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Sodium
Thallium
Vanadium
Zine

Alkalinity, total
Alkalinity, phenol.
Alkalinity, bicarbonate
Ammonia nitrogen
Chloride
CcOD
Fluoride
Nitrate
pH Upper Limit
pH Lower Limit
Sulfate
TOC
DS

Benzene
1,1-dichlorocthane
1,1-dichlorocthene

Toluene

1,1,1-trichlorocthane

Background Tables

Sample 14

Deg of
Mean Stnd. dev. Freedom
0.073 0.021 10
102 7 10
0.001 0.001 5
0.002 0.001 5
0.003 0.002 S
0.236 0.075 2
50.2 39 9
0.033 0.015 1
0.003 0.003 5
0.002 0.002 5
11.8 1.2 10
0.036 0.023 9
235 20 9
227 25 9
29.6 1.5 11
0.08 0.09 5
7.32 1.26 5
7.516 0.338 12
7.52 0.338 12
170.8 9.2 1
2.7 1.9 9
484 69 i
All concentrations in mg/L.
Page3of 10

99
Percentile

2.76

2.76
3.36
336 *-
336

3.36
2.82
2.72

3.36
3.36
2.76
282
282,
2.82
272
3.36
3.36
3.06
3.06
272

2.82
2.72

Upper Himit
0.040

0.091
0.001

0.001
109
0.002
0.003
0.005
0.001
0.465
53.9
0.045
0.0002
0.007

0.004
12.8

0.058
253
250

30.8
5.0
0.19
1.07
7.82
7.22
178.3
4.5
540

0.005
0.005
0.005
0.005
0.005

Method

Lowest non-detect
Test of proportions
Test of proportions
Student's t

Lowest non-detect
Test of proportions
Lowest non-detect
Student's t

Cohen

Cohen

Cohen

Lowest non-detect
Cohen

Student's t
Student's t

Lowest non-detect
Cohen

Test of proportions
Cohen

Student's i

Test of proportions
Test of proportions
Student's t

Student's t

Test of proportions
Student's t

Test of properticns
Student's t

Lowest non-detect
Cohen

Cohen

Student's t
Student's ¢
Student's t
Student's t
Student's t

Method Detection Limit
Method Detection Limit
Mrthod Detection Limit
Method Detection 1.imit
Method Detection Limit




01Jo ¢ 38eg $9|qeL ponczdyoeg

panas@ocq Uy CADYTP ANUTILILBIS S1 39§ SHAWTS UNG "06'T < PZ 31
780 L 4] 80 L 0 80 L [¢ 80 L 0 il i susrio]
9Tl L [ ] L 1 0£'0 L 1 at0 L - 1 01 < 3301 CIHoUNTY
98°0 ¥ 0 ¥8°1 14 3 980 4 0 980 v 0 9 1 Jouayd ‘QrunErY
80°1 L S 8€'T L L 69'1 L . 9 §9'1 L 9 6 + anipeues
Sv't L € 160 L 0 610 L L 50 L 0 6 1 winirey Y,
9T L L 9T L L 97T L L 9T L L Cl 9 wnissxog
687 L L LT L 9 wr L 9 LTe L 9 ot £ roreg
01T L 2 99°t L L 19T L S 660 L 4 ot 14 dnuasxy
160 L 0 610 L ¢ 1 16'0 L 0 160 L [ 6 1 {uoswnuy

ozig ojdwesg pajoda(] sejdues az1§ opdweg o103 soyduwres sz1g opdwies peIsarQ sofdwes o715 ojdwing pRIo9IdQ SojGwIES o1 sldwstsy PSR seduieg
Pz $-8 IPAA Buro3iuoly pZ §-L I3 Bupojuon PZ S-9 1IPA\ Sursoyuoy PZ S-S IR A\ Sutioymopy LA\-1 IPA\ Suuioruoly
suonodoud 5359,

SSEMIN
daro)) Jwaua)) 3pzanbarely uoxig




A s

Dixon Marquette Cement Comp
Background MWI1-WT
Statistical Analysis

Sample 1 Sample2 Sample3 Sample4d SampleS Sample6 Sample?

Aluminum 0.27 0.08 0.226 0.074 <0.04 <0.04 <0.04
Antimony <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Arsenic 0.003 0.002 0.001 0.002 0.002 0.001 0.0005
Barium 0.122 0.155 0.14 0.183 0.25 0.202 0.142
Beryllium <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Boron <0.05 <0.05 0.061 0.078 <0.05 <0.05 0.031
Cadmium <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Calcium 97.7 107 99.1 110 96.4 129 125
Chromium 0.002 0.001 0.001 0.001 0.001 <0.001 <0.001
Cobalt 6.007 0.008 0.001 0.004 0.004 0.005 0.005
Copper 0.012 0.011 0.005 0.005 0.001 0.008 0.004
Lead 0.003 0.004 0.001 0.001 <0.001 <0.001 <0.001
Iron 0.73 0.501 0.175 0.966 0.304 0.62 0.582
Magnesium 18.2 327 35.7 39.6 388 494 46.8
Manganese 2.04 2.64 0.912 2.23 1.88 1.78 2.36
Mercury <0.0002  <0.0002 <0.0002 <00002 <0.0002 0.0002 <0.0002
Nickel 0.023 0.016 0.009 0.6t 0.022 0.018 0.017
Potassium 243 3.06 363 1.9 33 4 33
Selenium <0.004 <0.001 <0.001 <0.00f , <0.001 0.005 0.002
Sodium 64.9 385 35.1 344 26.2 315 26.1
Thallium <0.001 <0.001 <0.00] 0.002 <0.001 0.001 <0.00!
Vanadium 0.005 0.002 0.002 0.007 0.004 0.007 0.0005
Zinc 0.0i 0.011 0.008 0.012 0.001 0.014 0.006
Alkalinity, total 201 346 322 215 270 290 280
Alkalinity, phenol <10 <L0 <1.0
Alkalinity, bicarbonate 198 330 320 188 265 276 272
Ammon{a nitrogen <0.1 <0.1 <0.1 <0.1 <0.1 0.14 <0.01
Chiloride 1.55 22.1 17.9 18.8 18.2 19.6 18.6
con <20 44 <20 25.6 <20 42.9 <20
Fluorlde 0.13 1.13 0.12 0.1 0.13 0.13 0.15
Nitrate <0.1 <0.1 0.12 <0.1 <0.1 <0.1 <0.1
pH Upper Limit 1.5 8.3 7.8 8 7.4 1.1 1.6
pH Lower Limit
Sulfate 83.8 86.1 95.7 120 175 238 253
TCG