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attached Joint Motion for Proposed Adjusted Standard and for Expedited Decision in the 
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Chicago. Illinois 60603 
(312) 853-8713 
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. RECEIVEC 
BEFORE THE ILLINOIS POLLUTION CONTROL BOARD \ CLERK'S OFFICE 

IN THE MATTER OF: ) AUG 191997 
) _iAic: vr- , ..... .;1'1018 

PETITION OF ) lPOLLVTION C.?NTROL BOA~ 
CARUS CHEMICAL COMPANY, ) AS - 98- 1 
for ADJUSTED STANDARD from ) 
Ill. Adm. Code Part 814, Subpart D ) (Adjusted Standard-Land) 

JOINT MOTION FOR 
PROPOSED ADJUSTED STANDARD 
AND FOR EXPEDITED DECISION 

NOW COMES Petitioner, CARUS CHEMICAL COMPANY, a division of CARUS 

CORPORATION (collectively "Carns"), by its anomeys Mauck, Bellande & Cheely, and, 

Respondent, ILLINOIS ENVIRONMENTAL PROTECTION AGENCY ("the Agency"), and, 

pursuant to 35 III. Adm. Code 106.709, jointly propose language for an adjusted standard to be 

issued by the Illinois Pollution Control Board ("Board"), based on certain agreements reached 

between Carns and the Agency. and, in support thereof, state as follows: 

1. Since Cams filed its Petition for Adjusted Standard in this matter on July 3. 1997, 

counsel for Cap's and counsel for the Agency have conferred on numerous occasions, along with 

Carus's consultants and Agency staff, in an effort to clarify statements made in the Petition and to 

resolve as many technical issues and questions as possible concerning the Petition. 

2. Pursuant to a jointly requested extension, the Agency filed its Response on August 

11,1997. In its Response, the Agency identified issues of agreement with Carns's Petition. and 

there were no technical bases for the Agency' s recommendation of denial except one. the 

groundwater impact assessment. (See Agency Response, p. 13, attaching summary letter from 

Carns's counsel dated August 8. 1997). 

3. The parties' one issue of disagreement is whether or not the adjusted standard 

should require that Carns submit a groundwater impact assessment ("GIA") to the Agency as a 

condition of the adjusted standard. The Agency indicated that it could recommend issuance of an 



adjusted standard if Carns met this condition. Carus, however, disagrees that it should be 

required to satisfy this condition under the circumstances related to its facility. For the 

Significant Modification Permit, Carns performed and the Agency approved the GIA for adjacent 

Parcel 2. Furthermore, the groundwater quality standards established at the compliance 

boundary for Parcel 1 are more stringent than the standards established for Parcel 2 based on the 

approved zone of attenuation. While the Agency acknowledges these facts, the Agency 

nevertheless believes that a GIA for Parcel 1 should be performed to demonstrate projected 

compliance with groundwater standards at least for me design period of Parcell. The Agency 

further believes that the GIA should account for waste disposed of prior to issuance of the 

Signiticant Modification Permit because all sections of Parcel 1 are considered part of one 

contiguous "unit." 

4. The Agency could not recommend approval of the adjusted standard because of 

the parties' disagreement on the issue concerning requirement of a groundwater impact 

assessment. Notwithstanding this disagreement. the parties identify this one issue as requiring 

consideraiion by the Board. Furthermore. the parties have proposed mutually agreeable language 

for an adjusted standard. to the extent of their agreement on all other issues. 

S. Carns and the Agency therefore propose the following language as mutually 

acceptable for an adjusted standard: 

Notwithstanding Sections 814.301 or 814.401. Cams Chemical Company may c01l1;llue to 
accept waste for (fisposal ;11 the remainillg portiolls of Parcel 1 of Cams Disposal Area 
No. 2 ;nLaSalle County. 1lI;lIois, based on the remaining portions of Parcell meeting the 
millimu/1/ design criteria of Subpart C of Part 814 and Section 814.302 for non-MSWLF 
ullits. for a period of up to 18 months after September 18. 1997. pursuant 10 the temls of 
its existillg operatillg permit. subject to rhe followil/g cOllditiol/s; 

(1) aJter the adjusted period of operation. Cams must commence closure of the 
facility pursuant to the standards set forth in Part 81 J of these regulations and 
its permit; and 
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6. 

(2) within 90 days after issuance of this adjusted stamklrd. Cams shall submit as a 
pennit modification to the Agency jor review and approval a revised 
postclosure care plan and postclosure (.lsI estimates, based on Sections 
812.115, 812.116 and 814.402(b)(4), if" account lorthe adjusted design period. 

In addition to the language proposed above, the Agency recommends addition of 

the following language as an additional condition of issuance of the adjusted standard, for the 

reasons stated in its Response: 

(3) within 90 days :!fier Issuance of this adjusted standard. Cams shall submit as a 
pennit modification 10 the Agency for review and approval a groul/dwllter 
impact assessment model for Parcel I. pursltanr to Sections 81I.317 alld 
811.318(c). except that the model Ileed ollly be petjormed for the adjusted 
design period. 

Carus, however, disagrees that it should be required to satisfy this condition under the 

circumstances related to its facility, ;'or the reasons identified herein and in its Petition. 

Furthermore, Carus believes that (he cost of performing a model, even as modified for the 

adjusted design period, will be substantially the same as performing a model that fully satisfies 

Sections 811.317 and 811.318(c), and is not necessary for the limited relief sought by Caruso 

7. If an adjusted standard is issued. it is the Agency's position that Parcel 1 should 

not remain open for "an indefinite period" beyond September 18, 1997, and that the adjusted 

standard theref0fe should appear in Subpart D of the regulations. as new Section 814.403, rather 

than Subpal1 C. Along with its original proposal under Subpart D, Carus had proposed 

alternative language under Subpart C because the remaining sections of Parcell, though 

originally d~signated under Subpart D. were designed and constructed to the minimum design 

criteria of Subpart C of Part 814, which the Agency acknowledged in recent db,cussions. Despite 

m(!eting these design criteria, Carus docs not need or want to operate i1arcP.! 1 for more than the 

time necessary to achieve final contours and complete a transition to operation of raree1 2. 

because operation of Parcel I for "an inr\etinite period" likely will i:lcrease Carus's overall 

operational and post-closure costs. Carus therefore acknowledges the Agency's preference that 
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the adjusted standard be made to Subpart D, but Carus still would not object to issuanCe of the 

adjusted standard under either Subpart C or D, depending on which subpart the Board finds more 

appropriate. For example, the Board may impose the same time limitation on continued 

operation in an adjusted standard whether under Subpart C or D. using language similar to that 

!iuggested above by the parties. 

8. Because both Carns and the Agency desire a decision as soon as practicable in this 

matter because of the approaching regulatory dead line. the parties h?Ve agreed upon the 

language for a proposed adjusted standard, as set forth above. except that the parties disagree on 

whether the additional condition requiring a groundwater impact assessment model is necessary. 

9. In addition to other infonnation and documents submitted in this proceeding. ihe 

parties attach the following documents for the Board's reference: Significant Modification Pemlit 

o'ued October 4, 1993 (Exhibit A); and Groundwater Impact Assessment. included as Attachment 

2 to Addendum 2 to the Application for Significant Modification attached to cover letter dated 

March 5. 1993 (Exhibit B). and modifications thereto attached to cover letter dated July 6. 1993 

(Ex.hibit C). 

10. No hearing has been requested in this matter, and the parties believe that all 

relevant information has been submHted to the B .. 'ard lor consiueralion and decision in this 

mattel. Nevertheless, the parties acknowledge that the Board may schedule a hearing in this 

matter or request further information from the parties. if the Board dep.lDs necessary. 

11 . Because of the significant progress made by the parties i:· discussing the Petition 

and in resolving as many technical issues as possible, and because of Carns's need to know 

whether it may continue disposal operations at Parcel I pursuant to the relief requested. it is vital 

that a final decision in this proceeding be issued as soon as practicable prior to September 18. 

1997. 
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WHEREFORE, Pr1Di"i&l CAlWS CHEMICAL COMPANY iDl Rcspaadc::It R.lJNOIS 

ENVIRONMENTAL PRO':l'ECTION AGENCY joimiy rcqu.cst that the Beard comicicr the 

of d.isa.gre:m&U for tbe BamI's ~ ami request that _ Beard n:::dc: an c:Dediter:l final 

de:ision on Cams's PetitiCll for iAdjusted Standard. 

CARUS CHE.~CAL COMPA..'\lY, 
a division of CARUS CORPORATION 

BY:1t~~ 
Mark Robert Sqis 
MAUa, BELIANDE &: CHEELY 
19 South I. <:a1lc Str=t 
Sllt 1203 
Chlcago, Illi%:Dis 60603 
(312) &53-8713 

n.l..INOIS ENVIRONMENTAL PROTEcnON 
AGENCY 

By:GJ~d& 
Pm! It Jagiello U 
Assim.m Cmmsd 
IllinDis EIIviromnemal P. ott::::iou ~y 
1701 ScuIh Ftr.Il A~. Suite 600 
Maywood. Dlim~ 60153 
(708) 338-7900 



Mal)' A. G~, D~r 

217/524-3300 

October 4, 1993 

Carus Chemical Company 
A Division of Carus COTp~ration 

2200 CbIUChill Road. $.pringfield, ~L 62794-9276 

O~I<J ~ II qo/tJ/ f 

ce: a (lover 

Attn: Hr. Paul tarus, Executive Vice President 
1500 Eighth Street 
laSalle, Illinois 61301 

Re: 0990800015 -- LaSalle County 
tarus Che.ical Company 
Permit No. 1991-365-lFH 
log Nu. 1991-365 
Pemit File 

Dear Hr. Carus: 

Permit is hereby granted to Carus Chemical Company as owner and operator 
allowing a significant .adification of the above-referenced non-hazardous 
special waste landfill all in accordance with the application and plans 
prepared by Andrews Environmental Engineering, Inc. Final plans, 
specifications, application and supporting documents as submitted and approved 
shall constitute part of this permit and are identified on the records of the 
Illinois Environmental Protection Agency, Bureau of land by the permit 
number(s) and log number(s) designated in the heading above. 

The application approved by Permit No. 1991-365-lR't 'consists of the following 
doculllents: 

DOCUMENT aHD DATE DATE' RECEIVED 

Original Application - November 19, 1991 
November 15, 1991 

Application Waiver - February 18, 1992 
February 14, 1992 

Application Waiver - Apri 1 20, 1992 
April 16, ) 992 

Application Waiver - Hay 19, 1992 
Hay 15, 1992 

Application Waiver - June 16, 1992 
June 12, 1992 

EXHIBIT 

PrilttH Oil R«reItd '~r I tr 
.~---
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Applt~lt;on WltVQ~ - July Hi. 1992 
July n. lQQ2 

Application Waiver - September 3, 1992 
August 31, 1992 

Application Waiver - October 30, 1992 
October 30, 1992 

Application Addendum - November 30, 1992 
Nove.ber 30, 1992 

Application Waiver - February 26, 1993 
February 24, 1993 

Application Addendum - March 5, 1993 
March 5, 1993 

Application Waiver - June 1, 1993 
May 27, 1993 

Application Addendum - July 6, 1993 
July 6, 1993 

Application Addendum - July 20, 1993 
July 19, 1993 

Pursuant to Section 39(a) of Illinois Environmental Protection Act 
(hereinafter -the Act-) and 35 lAC, 813.104(b), this permit is issued subject 
to the development. operating, and reporting requirements for non-hazardous 
waste landfills in 35 lAC Parts 810, 811, 812 and 813, as modified by 35 lAC 
Part 814, Subpart C, the standard conditions attached hereto, and the 
following special conditions. In case of conflict between the permit 
application and these conditions (both standard and special), the conditions 
of this per.it shall govern. 

I. CONSTRUCTION QUALITY ASSURANCE 

1. All necessary surface drainage control facil ities shall be 
constructed prior to other disturbance in any area. 

2. Except for those areas permitted for operation pursuant to Item C 
of Permit No. 1991-365-lFM, no part of the unit subject to Permit 
No. 1991-365-LFM shall be placed into service (i.e. begin waste 
disposal) until a acceptance report for all the activities listed 
below has been submitted to and approved by this Agency as a 
significant modification pursuant to 35 lAC, 811.505(d) and 813.20~1. 
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a. Compaction of the subgrade and foundation to design parameters; 

b. Installation of the compacted earth liner; 

c. Installation of the leachate drainage and collection system; 
and 

d. Construction of ponds, ditches, lagoons and benas. 

3. The permittee sball designate and independent third party 
contractor as the Construction Quality Assurance (CQA) Officer(s). 
The CQA Officer(s) shall be an Illinois Certified Professional 
Engineer who is independent from and not under the control or 
influence of the operator, any employee of the operator, or any 
other corporation, company or legal entity that is a subsidiary, 
affiliate, parent corporation or holding corporation associated 
with the operator. . 

4. All standards for testing the characteristics and performance of 
materials, products, systems and services shall be those 
established by ASTM unless otherwise stated in the permit 
applicat ion. 

II. OPERATING CONDITIONS 

1. Pursuant t~ 35 lAC, 811.107(a) and 811.107(b), throughout the 
operating life of this landfill, waste shall not be placed in a 
manner or at a rate which results in unstable internal or external 
slopes or interference with construction, operation or monitoring 
activities. 

2. The operator of this solid waste facility shall not conduct the 
operation in a manner which results in any of the following: 

a. refuse in standing or flowing waters; 

b. leachate flows entering waters of the State; 

c. leachate flows exiting the landfill confines (i.e., the 
facility boundaries established for the landfill in a permit 
or permits issued by the Agency); 

d. open burning of refuse in violation of Section 9 of the Act; 

e. uncovered refuse remaining from any previous operating day or 
at the conclusion of any operating day, unless authorized by 
permi t.; 

f. failure to provide final cover within time limits established 
by Illinois Pollution Control Board (the Board) regulations; 



Page 4 

g. acceptance of wastes without necessary permits; 

h. scavenging as defined by Board regulations; 

i. deposition of refuse in any unpermitted (i.e., without an 
Agency approved significant modification authorizing 
operation) portion of the landfill; 

j. acceptance of a special waste without a required manifest; 

k. failure to submit reports required by permits or Board 
regulations; 

1. failure to collect and contain litter from the site by the end 
of each operating day. 

3. Moveable, temporary fencing shall be used to prevent blowing litter 
when the refuse is above the natural ground line. 

4. All waste which is not covered within 14 days of placement of 
another lift of waste, intermediate cover or final cover shall have 
daily cover consisting of compacted clean soil with a minimum 
thickness of six (6) inches applied to it. 

5. No later than 60 days after placement of the final lift of waste in 
any area, the area shall receive a final cover system consisting 
of three (3) feet of low permeability material overlain by three 
(3) feet of final protective layer as detailed in 35 lAC, 811.314. 

6. All waste, which is not covered within 60 days of placement of 
another lift of waste or final cover, shall have an inteMMediate 
cover of compacted clean soil with a minimum thickness of one (1) 
foot applied to it. 

7. The operator shall implement a load checking program that meets 
the requirements of 35 lAC, 811.323. If regulated hazardous waste 
or other unacceptable wastes are discovered, the Agency shall be 
notified no later than 5:00 p.m. the day it is detected. The load 
checker shall prepare a report describing the results of each 
inspection. A summary of these reports shall be submitted to the 
Agency as part of this facility's annual report. 

S. No special waste shall be received for disposal at this facility 
without·a special waste stream permit granted by the Agency. 

g. All of this facility's previously issued, "individual" special 
waste stream permits, which have not yet expired, shall also remain 
in effect. However, their respective expiration dates are not 
modified by the issuance this permit. 
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10. In managing special waste at this landfill, the operator shall 
comply with the requirements of 35 lAC, Part 811, Subpart D. 
These requirements include: 

a. A prominent sign at the entrance of the facility notifying 
waste generators and transporters of the documents by which 
leads of special wastes must be accompanied; . 

b. Special waste manifesting; 

c. Special waste profile identification sheets and special waste 
recertifications; 

d. Recordkeeping requirements; and 

e. Procedures for excluding regulated hazardous wastes. 

11. The permittee shall submit an annual report to this Agency for all 
non-hazardous special waste in accordance with 35 111. Adm. Code, 
Subtitle S, Part 809, Subpart E. 

12. The operating hours for this facility shall be limited to between 
7:00 a.m. - 3:00 p.m., Mondays through Fridays, excluding holidays 
and between 7:00 a.m. - 11:30 a.m. on Saturdays. Operating hours 
are those hours during which waste may be accepted at this facility. 

13. The operation of th1s facility shall not cause a violation of the 
Noise Control Regulations in 35 lAC Subtitle H, Section 901. 

III. GENERAL CONDITIONS 

1. This permit is issued with the expressed understanding that no 
process discharge to Waters of the State or to a sanitary sewer 
will occur from these facilities except as authorized by a permit 
issued by the Bureau of Water Pollution Control. 

2. Site surface drainage, during development, during operation and 
after the site is closed, shall be managed in accordance with the 

. approved drainage control plan. 

3. If changes occur which modify any of the information the Permittee 
has used in obtaining a permit for this facility, the Permittee 
shall notify the Agency. Such changes would include but not be 
limited to any changes in the names or addresses of both 
beneficial and legal titleholders to the herein-permitted site. 
The notification shall be submitted to the Agency within fifteen 
(15) days of the change and shall include the name or names of any 
parties in interest and the address of their place of abode; or, if 
a corporation, the name and address of its registered agent. 
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4. The Agency reserves the right to require installation of additional 
monitoring devices, to require analyses for certain parameters, to 
alter the sample parameters list and to modify the method of 
eViluating the monitoring results as necessary to fulfill the 
intent and purpose of the Act or Board Regulations. 

5. This permit is subject to review and modification by the Agency as 
deemed necessary to fulfill the intent and purpose of the Act, and 
all applicable environmental rules and regulations. 

6. Pursuant to 35 lAC, 813.201(a), any modifications to this facility 
shall be proposed in the for. of a permit application and submitted 
to the Agency. 

7. Pursuant to 35 lAC, 813.301, an application for permit renewal 
shall be filed with the Agency at least 90 days prior to the 
expiration date of this permit. 

8. All elements of this permit. which do not require a significant 
modification authorizing operation pursuant to 35 lAC, 811.505(d) 
and 813.203, shall be implemented immediately. Examples of such 
elements include, but are not limited to, groundwater and leachate 
monitoring of existing .cnitaring points and the load checking 
program5 required by 35 lAC. 811.323 and 811.401 - 811.406. 

IV. LEACHATE MANAGEMENT/MONITORING 

1. The following monitoring points are to be used in the Leachate 
Monitoring Program for this facility: 

Leachate Collection Manholes 

Applicant Designation 

MH-I (~arce1 1) 

Undesignated Manhole 
In Parcel 2 

Agency Designation 

L301 

L302 

2. Pursuant to 35 lAC 811.309(g), 811.319(a)(1)(C)(ii), 810.103, 
811.202, 722.111 and 721. Subpart C, leachate monitoring (i.e., 
sampling, measurements and analysis) must be started at each 
manhole when that manhole accumulates a measurable quantity of 
leachate for the first time. The concentrations or values for the 
parameters contained in list l1 (below) shall be determined on a 
quarterly basis for each ·producing" manhole and submitted with the 
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quarterly groundwater reports. Condition IV.l. presents the 
sa.pling, testing and reporting schedules in tabular form. 
Le~chate monitoring at each manhole shall continue ~s long as 
groundwater monitoring at this landfill is necessary pursuant to 3S 
lAC, SII.lI9(a)(I)(C). 

LIST 11 

Routine leachate Monitoring Parameters STORE! 

Temp. of Leachate Sample (eF) 00011 
Spec; fic Conductance 00094 
pH 00400 
Elevation leachat~ Surface 71993 
8TH of Well Elevation 72020 
Leachate level from Measuring Point (ft.) 72109 
Arsenic (total) 01002 
Bariu. (total) 01007 
Ca~iu. (total) 01027 
Chro.iu. (hexavalent) 01032 
Chromiu. (total) 01034 
Iron (total) 01045 
Manganese (total) 01055 
Nickel (total) 01067 
Ch 1 ori de 00940 
Potassium 00937 
Sulfate 00945 
Total Dissolved Sol ids 70300 

3. leachate monitoring data shall be collected and reported to this 
Agency in accordanc0 with the following schedule: 

SAMPLING 
PERIODS 

January or 
February 

April or May 

July or August 

October or 
November 

MONITORING 
POINTS 

L301 and L302 

L301 and L302 

l301 and L302 

l301 and l302 

PARAMETER 
LIST 

List Ll 

List L1 

li st L1 

li st L1 

REPORT 
DUE DATE 

April 15 

July 15 

October 15 

January 15 
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4. Pursuant to 35 lAC 811.309(h)(1), leachate from this ~andfi11 shall 
be collected, treated, or disposed of beginning as soon as it is 
first produced ~d continued for at least five (5) years after 
closure. Collection, treatment and disposal of leachate may cease 
only when the conditions described in 35 lAC 811.309(h)(2) have 
been achieved. leachate removed from this landfill shall be 
treated at an IEPA per.itted facility or reused at the Carus 
Cha.ica1 plant in accordance with the leachate .anagement plan 
proposed in the Permit Application, log No. 1991-365. 

S. Pursuant to 35 lAC 811.307(a) and (b), 811.308(a) and (h) and 
811.309(a), throughout the period that the leachate 
col1ection/.anage.ent system must be operated, the maximum leachate 
head above the liner shall be one (1) foot. 

6. In the event that the leachate monitoring program identifies a 
constituent in the leachate that is not already in the parameter 
lists for the groundwater monitoring program, the operator shall, 
within 90 days of such di5c~',ery, submit a permit application to 
the Agency proposing to inc1ude that constituent in the groundwater 
monitoring program. 

7. The Agency has determined that the leachate holding ponds are 
treatment facilities and are therefore subject to permits from the 
Bureau Gf Water, Permit Section to construct and operate a 
treatment works. 

V. GROUNDWATER MONITORING 

I. The groundwater monitoring program must be capable of determining 
background groundwater quality hydraulically upgradient of and 
unaffected by the units and to detect, from all potential sources 
of discharge, any releases to groundwater within the facility. 
This Agency reserves the right to require installation of 
additional monitoring wells as may be necessary to satisfy the 
requirements of this permit. 

2. The yroundwatermoni.toring wells shall be constructed and 
maintained in accordance with the reqUirements of 35 lAC, 
811.318(d) and designs approved by the Agency. 

3. Groundwater monitoring wells shall be installed in the locations 
shown in Figure 2 of Addendum No.2, dated Harch 5, 1993 of the 
Permit Application, Log No. 1991-365, and screened in the 
hydrogeologic unit(s) identified as potential contaminant 
pathway(s) w'ithin the uppermost aquifer. All of the groundwater 
monitoring wells shown in Figure 2, for Parcel 1 which have not 
yet been constructed, shall be installed within 90 days of Permit 
No. 1991-365-lFM's date of issuance. Monitoring of these new wells 
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shall begin during October or November of 1993 in accordance with 
Conditions V.14 and V.IS. Groundwater monitoring wells shown in 
Figure 2 for Parcel 2 shall be installed prior to the operator's 
request for operating authorization for Parcel 2. 

4. Within 60 days of installation of any groundwater monitoring well, 
boring logs compiled by a qualified geologist, well development 
data and as-built diagrams shall be submitted to the Agency 
utilizing the enclosed ·Well Completion Report· fona. For each 
well installed pursuant to this permit, one form must be completed. 

5. Groundwater .anitoring wells shall be easily visible, labelled with 
their Agency .anitoring point designations and fitted with 
padlocked protective covers. 

6. In the event that any well becomes consistently dry or 
unserviceable and therefore require replacement, a replacement well 
shall be installed within ten (10) feet of the existing well. The 
Agency shall be notified in writing at least IS days prior to the 
installation of all replacement wells. A replacement well that is 
more than ten feet from the existing well or which does not monitor 
the same geologic zone is considered to be a new well and must be 
approved via a significant modification permit. 

7. All borings/wells not used as monitoring points shall be backfilled 
in accordance with the enclosed IEPA monitoring well plugging 
procedures. The decommis~ioning and reporting procedures, 
contained in the Illinois Department of Public Health's Water Well 
Construction Code, 77 lAC, Part 920 (effective 1/1/92), shall also 
be followed. 

8. Elevation of stick-up is to be sur'~eyed and reported to the 
Agency when: a. The well is installed (with the as-built diagrams), 
b. every two years thereafter, or c. whenever there is reason to 
believe that the elevation has changed. 

9. Groundwater sampling and analysis shall be performed in accordance 
with the requirements of 35 lAC 811.318{e) and the specific 
procedures and methods approved by the Agency. 

10. The applicable groundwater quality standards (AGQS) for the 
facility are subject to the following conditions: 

a. Temperature and the field parameters requiring depth or 
elevation measurements are not considered groundwater 
constituents and do not require AGQS. 

b. For constituents which have not been detected in the 
groundwater, the approved method detection limit (MOL) or 
practical quantitation limit (PQl) shall be used as the AGQ. 
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FIELD PARAMETERS 
pH 

LIST Gl (Groundwater - Quarterly) 

Specific Conductance 
Temperature of Water Salple (-F) 
Depth to Water (ft. below land surface) 
Depth to Water (ft. below measuring point) 
Elevation of Measuring Point (Top of casing ft. HSl) 
Elevation of Groundwater Surface (ft. HSL) 
Elevation of Botta. of Well (ft. HSL) 

.lABORATORY PARAMETERS 
Sulfate (MG/ll 
Sulfate (Dissolved, HG/l) 
Chloride (MG/l) 
Chloride (Dissolved, HG/l) 
Chromium 
Chromium (Dissolved) 
Manganese 
Manganese (Disso~ved) 
Potassium (HG/l) 
Potassium (Dissolved, MG/l) 
Total Dissolved Solids (lOS, Dried at lBO-C) (Dissolved) 
Aluminum 
Aluminum (Dissolved) 
C1l ci U/D (HG/l) 
Calcium (Dissolved, HG/l) 
Cobalt 
Cobalt (Dissolved) 
Copper 
Copper (Dissolved) 
Lead 
Lead (Dissolved) 
Sodium (MG/l) 
Sodium (Dissolved, HG/l) 

LIST G2 (Groundwater - Biennial) 

ORGANIC PARAMETERS 
1,1 Dichloroethane 
1,1 Dich10roethene 
Trans-l,2 Dichloroethene 
Ethyl Benzene 
Napthalene 
Phenols 
Toluene 
Trichloroethene 
Trichlorofluoromethane 
Vinyl Chloride 
Xylenes (Total) 

STORETS 
00400 
00094 
00011 
72019 
72109 
72110 
71993 
72020 

STOREIS 
00945 
00946 
00940 
00941 
01034 
01030 
01055 
01056 
00937 
00935 
70300 
01105 
01106 
01027 
01025 
01037 
01035 
01042 
01040 
01051 
01049 
00929 
00930 

STORErS 
34496 
34501 
34546 
78113 
34696 
32730 
34010 
39180 
34488 
39175 
81551 



Page 11 

ORGANIC PARAMETERS 
Atrazine 

LIST G2 (Groundwater - Biennial) 
(Con't; 

Bromomethane (Methyl Bromide) 
n-Butylbenzene 
sec-Butyl benzene 
Carbofuran 
Carbon Tetrachloride 
Chlordane 
Dis (Chlora.ethyl) Ether 
o-Chlorotoluene 
p-Chlorotoluene 
Chlorodibromo.ethane (Oibromochloromethane) 
DOT 
Oibromomethane (Methylene Bromide) 
m-Oichlorobenzene 
o-Dichlorobenzene 
Dichlorodifluoromethane 
D7eldrin 
Ethylene Oibromide (EDB) (l,2-Dibromomethane) 
~ieptach lor 
Heptachlor Epoxide 
Hexachlorobutadiene 
Iodomethane 
Isopropyl benzene 
p-Isopropyltoluene 
lindane 
Methoxyr.hlor 
Oil (Hexane-Soluble or Equivalent) MG/l 
Parathion 
Pentachlorophenol 
Polychlorinated Biphenyls 
n-Propylbenzene 
Styrene 
Tert-Butylbenzene 
Tetrachloroethylene 
Toxaphene 
m-Xylene 
o-Xylene 
p-Xylene 
1,1,1-2-Tetrachloroethane 
l,I,2,2-Tetrachloroethane 
1,I-Dichloropropene 
1,2,3-Trichlorobenzene 
1,2,J-Trichloropropane 

STORErS 
39033 
34413 
77342 
77350 
81405 
32102 
39350 
34268 
77970 
77970 
32105 
39370 
77596 
34566 
34536 
34668 
38380 
77651 
39410 
39420 
39702 
77424 
77223 
34723 
39782 
39480 
00550 
39540 
39032 
39516 
77224 
77128 
77353 
34475 
39400 
77134 
77135 
77133 
77562 
34516 
77168 
77613 
77443 
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LIST G2 (Gr~urjdwater - B:ennial) 
(Con't) 

ORGANIC ?ABAMETERS 
1,2.4-Trichlorobenzene 
1,2,4-Tri.athylbenzene-
1,2-Dibro.o-3-Chloropropane 
Cis-l,2-Dichloroethylene 
1,2-Dichloroethane 
1,2-Dichloropropane 
1,3,5-Tri.athylbenzene 
1,l-Dichloroprapane 
1,l-Dichloropropene 
2.2-Dichloropropane 
2.4,5-tp (Silvex) 
2,4-Dichlorophenoxyacetic Acid (2,4-0) 
Acrylonitrile 
Alachloi" 
AldicA\·b 
Benzelle 
Chlorobenzr:ne 
Chloroethane 
Chloroform 
Chloromethane 
p-dichlorobenzene 
DichloroDiethane 
Fluorotrichloromethane 

STORETS 
34551 
77222 
38760 
77093 
345.11 
34541 
77226 
77173 
34561 
77170 
39760 
39730 
34215 
77825 
39053 
34030 
34301 
34311 
32106 
34,09 
34571 
34713 
34722 

Note: All parameters with the -(Dissolv!d)- label to th~ right shall be 
determined using groundwater samples which have been filtered through 
a 0.45 .icron filter. All other parameters shall be detet~ined from 
unfiltered samples. 

i1. The a~plicable groundwater quality standards (AGQS) are given in 
u9ll except as otherwise noted. Also, the monitoring re~ults 
should be reported in ug/l unite; uilless otherwise indicated. 

11. The following monitoring points are to be used in the groundwater 
monitoring program for this facility: 

Background Groundwater Quality Wells 

Applicant Designation 

G110 
G150 
G160 

~cy Designation 

G110 
G130 
G131 
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Zone of Attenuation Wells 

Applicant Designation 

G132 
G133 
GI34 
GI35 

GI04 
GI2D 
GUD 
GIll 

PIOI 
PIOZ 
PI32 
PIll 
PIl4 
PI3S 

Detection Monitoring Wells 

Piezometer Wells 

Agency Designation 

Gll2 
G133 
G134 
G13S 

GI04 
GI2D 
GI3D 
Glll 

PIOI 
PI02 
PI32 
PI33 
PI34 
PI3S 

12. The approved monitoring prograJI shall begin inrnediate1y, and . 
continue for at least fifteen (IS) years after closur~ and shall 
not cease until tJ)e cQ,.ditions described in 35 lAC, 
8II.3I9(a)(1)(C} have been achieved. The operator shall collect 
samples from all of the monitoring pOints listed in Condition V.II 
for ~ Ie paramete\'s 1 isted in Condition V.IO (lists GI and G2) and 
tJ!.<f famp 1 e resul ts reported to thi s Agency, all in accordance with 
the f~l1owing schedule: 

~amDJing Period 

January or February 
April or Hay 
July or August 
October or November 

Parameter lis~ 

List GI 
li st Gl 
Li st Gl 
Lists Gl and ~2 

Note: list G2 shall be conducted biennially. 

Report Due Date 

Apri 1 15 
July IS 
October IS 
January 15 

13. Elevation of groundwater surface (ft. MlS), Storet No. 71993, 
shall be measured at all groundwater monitoring points listed in 
Condition V.II. on a monthly basis. The measurements shall be 
submitted quarterly in accordance with schedule listed above. 
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14. The HAPCs proposed in Section 3, Table 5 of Addendum 2 dated March 
5, 1993 are hereby approved. However, MAPes for all inorganic 
constituents detected in the leachate were not developed. 
Therefore, unless modified by the permittee, the HAPC values listed 
below for the following constituents at each downgradie"nt 
IDOnitoring well have been set at background groundwater values. 
(In the event a statistical backg!"ound value was not provided in 
Section 3, Appendix J of Addendum 2 to the application, the Class I 
groundwater quality standard was used): 

PARAMETER 

Boron 
Fluoride 
Nitrogen (as Nitrate) 
Beryllium 
Iron 
Magnesium 
Mercury 
Silver 
Zinc 

+ = Class I Standard 
* - Detection limit 

Note: All values in mg/l. 

HAPC 

1. 107 
4.0 + 

10.0 + 
0.002 * 

46.516 
133.42 

.0014 

.084 
17 .081 

IS. The permittee shall use the method in Attachment 23, page 11 of log 
No. 1991-365 or propose for Agency approval, a mOl'e appropriate 
method to statistically evaluate the groundwater monitoring data. 
The selected method must provide for statistical comparisons 
between upgradient and downgradient groundwater quality data and a 
reasonable balance between the probability of obtaining Type I 
(false positive) and type II (false negative) errors. The Type I 
error rate must be no less than 11 percent. The proposal must 
consider the gathering of a background data set (from upgradient 
wells), sufficient to provide an accurate representation of the 
variability in the quality of groundwater that is unaffected by " 
operations at the facility, and ~o assure that the selected test 
has a reasonable chance of detecting releases should they occur. 

16. Pursuant to 35 lAC, 811.319(a)(4)(A}, any of the following events 
shall con~titute an observed increase: 

a. The concentration of any constituent in list Gl of 
Condition V.IO. shows a progressive increase over four (4) 
consecutive quarters. 
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b. The concentration of any constituent monitored in accordance 
with list Gl or list G2 of Condition V.IO. exceeds the NAPC at 
an established monitoring point within the zone of attenuation. 

c. The concentration of any organic constituent in list G2, 
monitored in accordance with Condition V.IO.: 

i. Exceeds the preceding measured concentration at any 
established point; and 

ii. Is greater than or equal to its practical quantitation 
limit (PQL). 

d. The concentration of any constituent monitored at or 
beyond the zone of attenuation exceeds an AGQS. 

e. For each sampling "event, using the methods in Condition V.IS 
above, the permittee must determine if an observed increase in 
groundwater quality has occurred by comparing sample results 
from ~ach downgradient well to the upgradient well's 
background data established during the first year of 
monitoring. This comparison must evaluate each parameter for 
each well. 

17. For each round of sampling described in Condition V.IS., the 
operator must determine if an observed increase has occurred within 
45 days of the date the samples were collected. If an observed 
increase is identified, the operator must also notify the Agency in 
writing within 10 days and follow the confirmation procedures of 
3S lAC, 811.319(a)(4)(B). lila o~er~tor est al su c0IIp1ete the 
confirmation procedures within 90 days of the initial sampling 
event. 

18. Within 90 days of confirmation of any monitored increase, the 
operatcr shall .~umit a pemit application for a significant 
modlficltion to begin an assessment monitoring progra. in order 
to determine whether the solid waste disposal facility is the 
sourc~ of the contamination and to provide information needed to 
carry out a groundwater impact assessment in accordance with 3S lAC 
811.319(b} . 

19. Issuance of this permit does not constitute acceptance of the 
permittee's contention as provided in log No. 1991-365 that 
groundwater quality fot' this facility should be governed by the 
standa~ds established pursuant tQ 35 Ill, Adm. Code 620.240, 
entitled ·Class IV: Other Standards". All groundwater shall be 
considered Class I until the permittee provides appropriate 
jijstification for Class IV standards. 
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VI. CLOSURE/POST CLOSURE CARE 

1. Upon completion of closure activities, the operator shall notify 
the Agency that the site has been closed in accordance with the 
approved closure plan utilizing the Agency's -Affidavit for 
Certification of Completion of Closure of Non-Hazardous Waste 
Facilities-. 

2. Inspections of the closed landfill shall be conducted in accordance 
with the approved post-closure care plan. Records of field 
investigations, inspections, sampling and corrective action taken 
are to be maintained at the site and made available to IEPA 
personnel. During the post-closure carr. pt;'iod, these records are 
to be maintained at the office of ~he site operator. 

3. If necessary, the soil over the entire planting area shall be 
amended with lime, fertilizer and/or organic matter. On 
sideslopes, mulch or some other form of stabilizing material is to 
be provided to hold seed in place and conserve moisture. 

4. When the post-closure care period has been completed, the operator 
shall notify the Agency utilizing the Agency's -Affidavit for 
Certification of Completion of Post-Closure Care for Non-Hazardous 
Waste Facilities·. 

5. The current cost estimate for closure and post-closure of Parcell, 
provided in the Permit Application, Log No. 1991-365, pursuant to 
35 lAC, 811.704, is $213,921.00. As part of (or prior to) the 
application for the first significant modification authorizing 
operation pursuant to 35 lAC, 813.203, the operator shall revise 
this cost estimate to reflect the modifications entailed by the 
penlit conditions of Permit No. 1991-365-LFM. For example, there 
are leachate and groundwater monitoring parameters required by 
the permit conditions, which were not proposed in the permit 
application. The additional cost of analyzing for these parameters 
during the post-closure care period will increase the cost estimate 
for post-closure care. 

6. The operator shall provide financial assurance for closure and 
post-closure care pursuant to 3S lAC, Sll.700(b). Documentation of 
this financial assurance must be submitted with the application for 
the first significant modification to authorize operation. The 
receipt of waste, beyond those areas permitted for waste disposal 
in Item C of this permit letter, shall not be approved until 
adequate documentation of 3S lAC, SI1.700(b) financial assurance 
has been provided. However, 35 lAC, 811.700(b) financial assurance 
shall be required only for those areas for which authorization to 
operate has been obtained or is being requested. 
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7. The operator shall increase the total a.ount of financial assurance 
so as to equal the current cost esti.ate within 90 days of an 
increase in the current cost estimate in accordance with 35 lAC, 
811.701(b). 

VII. REPORTING REOUIREMENTS 

I. This landfill's annual report for the year ending March 31, shall 
be submitted to the Agency by May I. pursuant to 35 lAC, 813.501. 
The annual report shall include: 

a. A waste volume summary which includes: 

i. Total volume of solid waste accepted at the facility 
during the past year in cubic yards "as measured at the 
gate; 

ii. The remaining solid waste capacity in the unit in cubic 
yard as measured at the gate; and 

iii. A copy of all identification reports required under 
35 lAC 811.404. 

b. Monitoring data from the leachate collection system and 
groundwater monitoring network, including: 

i. Graphical results of monitoring efforts; 

ii. St~tistica1 summaries and analysis of trends; 

iii. Changes to the monitoring program; and 

iv. Discussion of error analYSis, detection limits and 
observed trends. 

c. Proposed activities for the upcoming year including: 

i. Amount of waste expected; 

ii. Structures to be built; and 

ii1. New monitoring stations to be installed. 

d. Any significant modification affecting the operation of the 
facility. 

e. The signature of the operator or duly authorized agent as 
specified in 35 lAC 812.104. 
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2. In addition to the annual report, the quarterly reports on the test 
results from groundwater and leachate .anitoring ~hall be submitted 
to the Agency in accordance with th~ schedules d,scribed in 
Conditions IV.3. anJ V.IS, pursuant to 35 lAC, 8\3.501. 

The original and two (2) copies of all certifications, logs. reports and plan 
sheets and three (3) copies of groundwater monitoring chemical analysis forms 
which are required to be submitted to the Agency by the permittee should be 
Mailed to the following address: 

Illinois Environmental Protection Agency 
Planning and Reporting Section 
Division of Land Pollution Control -- 124 
2200 Churchill Road 
Post Office Box 19276 
Springfield. Illinois 62794-9276 

C:Y'~~rf' 
t Section 

Div' ion of land Pollution Control 
Bureau of land 

lWE:K~at/sP/823y,I-18 
Enclosures: I. Well Completion Report Form 

2. Monitoring Well Plugging Procedures 
3. Affidavit for Certification of Completion of Closure 

of Non-Hazardous Waste facilities 
4. Affidavit for Certification of Completion of 

Post-Closure Care for Non-Hazardous Waste facilities 

cc: LaSalle County Health Oepartllient 
Bryan C. Johnsrud, P.E., Andre,-'s Environmental Engineering, Inc. 



.. . :. ANDREWS ENVIRONMENTAl ENGINEERING INC. 3535 MayIlo.o.e' &.d .. Spingfield. nlinds 62707/(217) 787-2334 

March 5, 1993 

Mr. lawrence W. Eastep, P.E., 
Permit Section Manager 
Division of land Pollution Control 
illinois Environmental Protection Agency 
Post Office Box 19276 
Springfield, IL 6~794-9276 

re: 0990800015 - LaSalle County 
Carus Disposal Area No.2 
Application for Significant Modification to Permit 
IEPA-DLPC Log No. 1991-365 

Dear Mr. Eastep: 

On behalf of our client, Carus Chemical Company, enclosed herewith is an original and two (2) 
copies of Addendum 2 to the referenced application for the subject facility. This Addendum has 
been prepared to address each of the deficlencieSlinadequacies related to the Hydrogeologic 
investigations, Groundwater Impact Assessment, and Groundwater Monitoring Program, as 
identified by th~ staff of the Groundwater Assistance Unit 

The Addendum to the Report of HydrogeologiC Investigations is designed to augment the original 
report in the above referenced application. The Groundwater Impact Assessment and 
Groundwater Monitoring Program of this Addendum were written to completely replace the 
comparable Sections in t\1e original submittal. 

Addendum 1 was previously submitted to the Agency on November 30, 1992. 

We believe the accompanying materials satisfactorily address the issues and concerns identified 
by the Agency. However, if any questions arise or further information or clarification is needed 
by your staff, please do not hesitate to contact us. 

Sincerely, .$ 
~::ager7U-
Hydrogeologist 
Division of Solid Waste Management 

CC: Carus Chemical Company 

Enclosures 

B I 
EXHIBIT 

RWH:njm 

Mcde with Recyced Fit€r FAX: (217) 707-9495 
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GROUNDWATER IMPACT ASSESSMENT 

Introduction 

Under the current Illinois Environmental Protection Agency (I EPA) and Illinois Pollution 

Control Board (IPCB) Regulations, a groundwater impact assessment is required pursuant 

to 35 lAC 811.117. An overview of the site geology, the formulation of a conceptual model, 

the conversion of the conceptual model into a mathematical framework, and the analysis of 

the transport processes shall be presented herein. 

Since this format was not previously followed, all prior Groundwater Impact Assessments 

should be disregarded. Any former assumptions, data, model outputs, andlor conclusions 

were not used as part of this addendum, and should not be examined in conjunction with 

the review of this addendum. 

Site Geology 

A thorough discussion of the site geology may be found in the Report of Hydrogeological 

Investigations (see original submittal dated 15 November 1991, Attachment 20; hereafter 

referred to as Original Report of Hydrogeologie Investigations, or ORHI). An overview, 

however, may be helpful in understanding the conceptual model used, and to elaborate on 

some of the model specific data needed. 

The facility is located on the north bluffs overlooking the Illinois River flood plain. The 

bluffs have a thin veneer of Pleistocene ground moraine. This till has been eroded in some 

places, exposing the underlying bedrock. 

Bedrock at the site consists of three distinct lithologies. The upper bedrock consists of 

Pennsylvanian shales and coal of the Carbondale Formation. The coal and the underlying 

clay have been removed by mining or has been eroded in many areas of the faCility. 

The second lithology present is the fine- to medium-grained sands of the Ordovician St. 

Peter Sandstone. The 81. Peter Sandstone has been defined as the uppermost aquifer for 

the facility. 

1 



The final lithology present is the Lower Ordovician Shakopee Dolomite. The Shakopee 

Dolomite has been defined as the confining unit beneath the uppermost aquifer. 

Conceptual Model 

Conversion Assumptions 

To adequately express the site geology within the context of a contaminant transport 

model, some simplifications to the site geology and facility design are necessary (see 

Figures 1 and 2). 

Several assumptions were made in the conversion to this conceptual mode\. These are: 

1) All geologic units and earthen structures are homogeneous and Isotropic with 

respect to all lithologic and hydrologic parameters. - Most contaminant 

transport models are incapable of working with the small-scale changes for these 

parameters, seen within many geologic materials. Sensitivity analyses perfonned 

over the observed range of values should provide an adequate examination of the 

effects of this variability. 

2) The uppermost aquifer is of uniform thickness, or possesses a linear rate of 

change in thickness. - The thicknesses used within the model is much t..,inner 

than actually present at the site. This thinning is used to restrict the mixing zone. 

The lower (or thinner) values used here provide a cons~rvative estimate of the 

transport processes at the site. Sensitivity analysis provides a tool to appraise the 

effects of localized variability in this parameter. 

3) Transport of constituents through the unsaturated portion of the uppermost 

aquifer is vertical and instantaneous. - There is a portion of the uppennost 

aquifer that is unsaturated. To assess the impact of the unit on the site, all 

constituents are instantly moved to the saturated portion of the aquifer. This 

provides a conservative approach to the model scenario, as the transport time 

through the vadose zone is not Induded in the impact assessment, and hence 

provides higher concentrations sooner than what might actually occur. 
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4) Geologic and hydrologic parameters used are mean values for site specific 

data, Of mean values taken from the literature for similar materials. Ranges for 

these values are also taken into consideration. - The mean values analyzed 

provide a reasonable analysis of the site conditions. Transport through a geologic 

lmit with a high variability of hydrauliC conductivity, transmissivity, porosity, etc., will 

actually produce an "average" movement through the geologic unit. 

5) The basal liner is 5 ft (feet) thick. - This in the minimum thickness cited in the 

application. 

6) The bottom of the uppennost aquifer is at 315 ft MSL -. This is an assumed 

elevation, and Is based on interpolation of two (2) boring IClcated east and west of 
the site. However, for modeling purposes, contaminant transport in the uppermost 

aquifer has been limited to the upper, saturated 50 feet of the aquifer. This 

thickness ranges from 53 to 47 feel 

7) The flux through the liner is based on HELP model output - The rate, or flux 

through the liner is used in the transport model to provide a quantitative value fe;:, 

the amount of contaminant entering the system. This flux was assessed over the 

active life and 100 year post-dosure period. This assessment includes turning off 

the leachate pump! I and allowing ieachate levels to rise within the unit 

8) All angles are assumed to be 90-. - Providing right angle comers removes any 

extra thicknesses from the liner and other parts of the landfill. This makes travel 

distances small, and hence is a cons&rvative assumption. 

9) External stresses on the system are constant - Stress on the model system 

over time can not be accurately estimated for the entire Groundwater Impad 

Assessment period. Therefore, potential changes in heads due to construction, 

weather, pumping, and other flux changes are ignored. However, 35 lAC 813.304 

does provide a mechanism to reevaluate the site should any change in the 

parameters used within the impact assessment occur. 
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Transport Proce .... 

Using the design and geology simplifications presented in Figure 2 coupled with the 

analysis of groundwater flow infonnation presented in the Original Report of Hydrogeologic 

Investigations, the transport process within the aquifer may be analyzed with respect to 

migration of the leachate constituents. 

Within the aquifer, migration of contaminants is primarily controlled by mechanical 

dispersion. This can best be seen when the value for the coefficient of hydrodynamic 

dispersion (0', is analyzed. This coefficient consists of two parts O'U = Oij + (0· d)q, where 

DU is the coefficient of convective (or mechanical) dispersion, and (0* d)g is the coefficient of 

molecular diffusion. 0,. the coefficient of convective dispersion is defined as the product of 

the average linear velocity and the dispersivity (Oq = vaijkl) (Bear, 1972). As the velocity 

becomes smaller, the convective dispersion coefficient value approaches the value of 

molecular diffusion coefficient. As this occurs, diffusion becomes the dominant transport 

mechanism. 

A simple calculation of the hydrodynamic dispersion can be used to assess which transport 

mechanism dominates. Table 1 shows the input parameters for the calculations. 

Layer Disperslvity 1 Hydraulic Effective Gradlent4 Molecular 

Conductivity2 Porosi~ DiffusionS 

Liner 3.20 em 1.00 x 10-7 cmJs 0.34 1.2 4.4 x 10-0 em2/s 

Sandstolle 286.07 em 6.16 x 1Q-5 cm/s 0.27 0.0087 5.6 x 1 O~ em2/s 

Table 1: Hydrodynamic Dispersion Calculation Input Parameters 

1 after Neuman (1990) I mean value. Liner = 5' liner. Ss = lateral zone of attenuation = 100'. 

2Field determined value, see ORHI. 

3after Sharp-Hansen et al. (1990), mean values. 

"Liner = thickness wi l' head. Ss = determined from mean water levels. 

safter ShaCkelford, (1990). 
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D'(Irw) = (1.0 X 10-7 emls (1.20» /0.34) 3.20 an + 4.4 x 1~ cm2/s 

= 1.13x 1o.ecm2/s+4.4x 1()-8cm2/s 

= 5.53 x 1fr8 cm2/s 

D'(_) = (6.16 x 1Q-5 emls (0.0087» / 0.2?) 23S.07 em + 5.6 x 1o.a cm2/s 

= 5.68 x 1~ cm2/s + 5.6 x 1Q-6 cm2/s 

= 5.73 x 1Q-4 cm2/s 

As seen in the previous calculations, there is a dramatic impact on the liner scenario by 

including chemical diffusion into the calculation. The effective increase In the 

hydrodynamic dispersion over the mechanical dispersion is over 455%. In contrast, the 

effective increase of the hydrodynamic dispersion in the uppennost aquifer is only slight 

(0.9%). This therefore shows that the transport process is advection-dominated in the 

uppermost aquifer. 

The migration of leachate constituents through the liner may be "ignored" by using a 

conservative approach ' .. ~in the modeling context. The first of these assumptions 

provides for constant source of contaminants. Next, leachate constituents are directly 

moved from within the unit to the aquifer at leachate concentrations, thereby completely 

short-circuiting any diffusion front lastly, leachate migration occurs beginning at day one 

(1) and continuing through the active life plus the one hundred (100) year model period. 

The model needed for this transport scenario sliould provide adequate characterization of 

the processes associated with advection driven transport. Within the framewor1< of the 

conceptual model (as shown in Figure 2), the two-dimensional transport model previously 

submitted should be adequate to property characterize the impact of the facility on the site 

groundwater. 
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Mathematical Model 

A twcHiimensional, dispersive transport model capable of adequately representing 

contaminant tran:;port is the U.S.G.S. two-dimensional solute transport and dispersion 

model (MOC) by Konikow and Bredehoeft(1978). This model provides for: 

• continuous saturated aquifer, 

• single phase flow, 

• slightly compressible fluid, 

• negligible thermal and density gradients, 

• major components of flow normal to the grid plane, 

• pumping/injection wells are lully penetrating, 

• dispelSion is a random process in the porous media, 

• non-reactive solute, 

• fluid density and viscosity independent of solute concentrations, and 

• hydrogeologic properties not affected by contaminants (Hensel et a/., 1990). 

The principal assumptions inherent in MOC are: 

1) Darcy's Law is valid and hydraulic-head gradients are the only significant driving 
mechanism for fluid flow. 

2) The porosity and hydraulic conductivity of the ac;uiter are constant with time. and 
porosity is uniform in space. 

3) Gradients of fluid density. viscosity, and temperature do not affect the velocity 
distribution. 

4) No chemical reactions occur that affect the concentration of the solute, the fluid 
properties, or the aquifer properties. 

S) Ionic and molecular diffusion are negligible contributors to the total dispersive flux. 

6) Vertical variations in head and concentration are negligible. 

7) The aquifer is homogeneous and isotropic with respect to the coefficients of 
longitudinal and transverse dispersivity (Konikow & Bredehoeft. 1978). 
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MOe was first presented by L F. Konikowand J. D. 8redehoeft (1978) and has been 

updated and modified over time. The last modification by D. J. Goode and L F. Konikow 

(1989) allows for decay and ion exchange as contaminant transport options. The model 

has been thoroughly tested (see Model Documentation supplied in other binder). and Is 

probably one of the most widely accepted groundwater flow and contaminant tran$port 

models available. MOe has been calibrated in several field studies induding the Rocky 

Mountain Arsenal (Konikow, 1977), the National Reactor Testing Station (Robertson, 

1974). and Butler County Landfill, Ohio (Hudak. 1986). 

The goveming flow equation for MOC (Konikow & Bredehaeft, 1$7~}\ can be written in 

Cartesian tensor notation as: 

where: 

T, 
h 

S 

t 

W= W(x,y,z) 

X; and xJ 

a ( Otl) ltt - T,- =S-+W ox, Cx} at 

is the transmissivity tensor [L2T-1]. 

is the hydraulic head [L1, 

i-! tj')e siorage coefficient [ • 1, 
is time [T]. 

is the volume flux per unit area [L T-11, and 

are the Cartesian coordinates [L]. 

The transport equatiol' that descrfbes dispersion of a nOl}-read5'J. ~?etie$ \n 9f<lunawater 

has been previously described (8ear, 1972; 8~ar & Verruijt, 1990) and several others. As 

used by MOC (Goode & Konil,ow, 1989), this equation is written as: 

cC:+~~_dC=.!_a (bO'OC)-V( ec + W(C-CI)_l.C_~A.C 
at £ at b ex, ox) (}x, gb a 
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where: 

e 
c 
C' 

0, 

VI 

b 

e 

rb 
I 

is the concentration of solute sorbed on the porous medium [MM-1], 

is the concentration of the dissolved chemical species [ML -3], 

is the concentration of the dissolved chemical in a source or sink fluid 
[ML -3], 

is a second-order tensor for the coefficient of hydrodynamic dispersion 
[l2T-1], 

is the fluid seepage velocity [L T-1]. 

is the saturated thickness of the aquifer [LJ. 

is the effective porosity of the aquifer [ - 1, 
is the bulk density of the porous medium [Ml-3j, and 

is the decay rate constant [T-1]. 

By using the conservative opproach provided in the conceptual model coupled with 

conservative input parameters, the MOC should produce an appropriate representation of 

leakage from the proposed facility. A copy of MOC has already been submitted to the 

Illinois Environmental Protection Agency, Groundwater Assistance Unit in conjunction with 

the original application. This copy has been provided by Geraghty and Miller, Inc., 

Groundwater Modeling Group. 

Model Input and Sensitivity Analysis 

Input parameters have for the most part been detennined from samples collected at the 

site. These parameters ~,cJude hydraulic conductivity, thickness of units. leachate 

concentrations, and groundwater concentrations. Parameters that are not site specific are 

taken from literature value for comparable materials The literature citations used for the 

impact assessment may be found in Appendix A. 

A selection of model input parameters cannot be done without a discussion of the 

sensitivity analysis used to detennine the viability of each parameter selected to be used in 

the baseline model. Therefore, along with the discussion of the source of input data will be 

a discussion of the selection process and a weighting of "confidence" or the Calibration 

Level the modeler has in the selected parameter. Concentration versus Time and Mass 

Balance Error % versus Time plots are presented in Appendix D. These graphs wen: used 
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to assess the viability of each parameter selected for the baseline model. These plots 

were also used to assign Calibration levels to each model parameter. 

The Calibration level is a weighting fador assign by the modeler. This level represents the 

confidence the modeler has in the data used within the Groundwater Impact Assessment. 

For intemal model parameters (i.e.; TOl, CELOIS, etc.), the Calibration Level is seleded 

based on the following criteria: 

Level 1: Results of the sensitivity analysis produce the most stable mass balance 

error, and the highest predicted concentration at the end of the modeling 

period. 

Level 2: Results of the sensitivity analY1;is produce the most stable mass error, but 

not the highest predicted concentra:!:ln at the end of the modeling period. 

Level 3: Results of the sensitivity analysis produce the highest predided 

concentration at the end of the modeling period with no regard for the mass 

balance error. 

For external or field pa""meters (i.e.; THCK, BETA, WT, etc.) the Calibration Level will use 

the same criteria as above, coupled with a modifier that is indicative of the modeler's 

confidence in the input parameter used. This appraisal is purely subjective, and represents 

the modeler'S confidence in the parameter value selected. These modifiers are: 

a: The input parameter accurately reflects actual site specific calibration to field 

conditions. Uterature citations are not evaluated at this level. 

b: The input parameter approaches the adual site specific calibration to field 

conditions, or is believed to reasonably refled site conditions if the data is 

not from site specific sources. 

c: The input parameter s:mply produces the most conservative value within the 

range of data selected. Site specific parameters are not evaluated at this 

level. 

To provide an example of the Calibration Level, a hypothetical analysis of dispersivity may 

be used. Dispersivity was not determined from site specific data, a literature source was 

used. Sensitivity was performed over a range of reasonable values, and the value that 

produced the highest concentration at the end of the modeling period was selected. 

Therefore, the resulting Calibration Level would be 1 c. That is, the value selected for 
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dispersivity produces a stable value with a high final concentration, and since there is no 

site specific data, the parameter was selected as simply being the most conservative. 

Table 2 lists the layer parameters used for the modeling scenarios with the range of values. 

The following sections will describe how each parameter was selected In more detail. 

Model mean minimum rnax.lmum BaHline Calibration 
Parameter model value level 

l ~uifer thickness 53-47 tl 43-37 tl 63-57 tl 53-47 tl 2b 
Boundarycond~ons Combo. Type I Type II Type I 1b 
Convergence criteria 0.0001 0.1 0.01 1-
Oi~~;Y;'r 5.50 It 2.25 It 15.6ft 15.6 It 3c 
Oi '.160 ratio 0.05 0.2 0.1 2b 
Et'fec:tive J)Oro~ity 0.27 0.12 0.41 0.27 2b 
Gradient 53-47 ftlgrid 52-48 ftlgrid 5445 ftlgrid 53-47 ft/grid 2b 
~~draulic conductivity 4.52x1o-7 ftls 2. 02x1 ere ftls 6.75x1ere ftls 3.:38x10-5 ftls 2b 
In~al no. of particles/node 4 16 4 1-
Un« nux rate from HELP -15% +15% from HELP 2b 
Max. cell distance/move 0.20 1.50 1.00 3-
Max. no. time steps variable 1 10 variable 2 
No. iteration parameters 5 ·9 7 1-
Storaae coefficient 1.Ox1~ 0.0 C.1 0.0 1c 
TransmissivitY = k • h (hom grid) = k • h (from grid) = k • h (from grid) = ~: • h (from grid) 2b 

Table 2: Model Input Parameters 

Model now and transport grid 

The model node grid was devised to provide for two separate needs. First, node spacing 

must allow for concentration values to be calculated for several points within the zone of 

attenuation (per 35 lAC 812.316 (d». Without a rather fine nodal spacing, detennination of 

compliance would be difficult Secondly, MOC averages concentrations I:)ver the aerial 

extent of the node cell. With larger nodal areas, it is possible that this averaging may 

produce a result that is in compliance with 35 lAC 811.317(b), but upon analysis with a 

finer resolution, would not actually be in compliance. With these points in mind, a model 

grid was designed to allow for the vendor's version of MOC to use minimal grid cell sizes 

(20' x 20'), within a maximized flow grid (50 x 70 cells) superimposed over the area at 

known groundwater data. A transport grid of equal dimensions is then placed within the 

flow grid (see Plate 1: Contaminant Transport Model Grid at end of report). 
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Spatial errors are almost norrexistent in MOC due to the finite difference solution method 

(iterative altemating-direction Implicit) which is unconditionally stable for variations in time 

steps. To provide for stability within the transport equation, MOe has an internal procedure 

that divides the time step into smaller units until the solute transport solution is solvable, 

Therefore, variation over a range of time steps has very IiWe impact on the results of the 

model. 

Aql;:fer thickness 

Actual aquifer thickness at the site is in excess of 200 feet However, the saturated 

thickness of the sandstone is only about 150 feel As stated in the discussion of the 

conceptual geology, the unsaturated portion of the sandstone has in effect been ignored. 

To provide some understanding of the transport properties of the site, a mixing zone 

analysis was performed. This analYSis was performed to determine the degree of vertical 

migration by potential leachate constituents, and to provide a "thickness" limit for the 

contaminant transport model. The model used for the Impact Assessment should only 

address the transport of contaminants within the mixing zone, to reduce the degree that 

dilution would occur within the aquifer. 

The mixing zone analysis was performed in a similar fashion to how a well spacing 

determination would be performed. That is, a known concentration was moved from a 

source to a point, and the plume shape in the vertical plane was evaluated (in this study, 

the distance is 200 feet or about 15% of the model grid distance in the down-gradient 

direction). The time of transport is calculated, and then depths are determined for various 

distances at the specified time and concentration. Table 3 shows the results of this 

analysis. As can be seen in this table, the maximum plume depth is in excess of 52 feet. 

This value is the actual depth calculated, since the source was positioned to reasonably 

depict vertical migration through an unsatl.~i3ted zone and then lateral transport in a 

saturated zone. That is why the source vertical dimension and location have been set to 

0.01 meters. This "forces" the model to move the contaminants from a narrow band, 

instead of a wider "hole" as would be used in a well spacing determination. 
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3.05 0.00 5.115 0.49 0.55 1.110 19.5355 
6.10 0.00 8.~ 0.iil7 0.55 1.00 27.3675 
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12.111 0.00 11.49 1.95 0.55 1.00 37.70804 
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33.53 0.00 15.88 5.36 055 1.00 52.1052 
36.58 0.00 15.87 5.841 0.55 1.00 52.0735 
3962 0.00 1569 6.33 0.55 1.00 51.4727 
"2.67 0.00 15.32 6.82 055 1.00 50.2478 
.s.72 0.00 14.73 7.30 055 1.00 48.3202 
48.n 0.00 13.89 7.79 055 1.00 45.5778 
51.82 0.00 1275 8.28 0.55 1.00 "'.8541 
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57.S1 ;).00 9.21 9.25 0.55 1.00 30.2185 
so. 66 0.00 6.71 9.69 0.55 1.00 22.0102 

Table 3: Mixing Zone Analysis 



On the basis of the results of the mixing zone analysis, the aquifer thickness was set to a 

maximum of 53 feet, and reduced in thickness to appropriately represent the change In 

gradient at the site. This approach there for limits the degree of dilution within the model, 

reasonably represents the actual mixing zone beneath the unit, and predudes having to 

have a precise elevation for the base of the sandstone aquifer. 

To further assess the aquifer thickness, a sensitivity analysis was performed. The 

thickness was varied over a range of 20 feet (± 10 feet). The sensitivity analysis shows 

that a thinner aquifer produces concentrations at the end of the modeling pgriod ttl at are 

higher. The thicker aquifer produces lower concentrations. In this instance, modet stability 

coupled with the mixing zone analysis were the driving criteria for parameter SEllection. 

Therefore, the Calibration Level seleded is 2b. 

Boundary conditions 

Boundary conditions analyzed for this study are Type I (constant head), Type II, (constant 

flux), or a combination of Type I and Type II. Type I boundaries are set within MOC by 

setting the NODEID array for the boundary cells to a value other than zero (O). The 

(eakance value is then set sufficiently high to produce value that is explicitly computed to 

equate to a constant head value (see Konikow & Bredehoeft, 1978; page 13 for details). 

Type II boundaries are set by using REC to address the flux in (negative value) or out 

(positive value) of the aquifer. The appropriatc number of cells is then used to produce the 

needed boundary. As a note, the enti\'·~: medel grid must be surrounded by no-flow 

boundaries, a type of constant flux boundary (see Konikow & Breadhoeft, 1978). 

Sensitivity was performed on various combinations of Type I and Type II boundaries. Type 

I boundaries up-gradient and down-gradient were selected for the baseline scenario. This 

selection was made for three reasons. First, Anderson and Woessner (1992) state that, 

"Although hydrogeologically defensible, exclusive use of [all Type II] flux boundaries 

generally should be avoided for the following mathematical reason. The governing 

equation is written in terms of derivatives, or differences in head, so that the solution will be 

non-unique if the boundary conditions also are specified as derivatives." (They state earlier 

that Type II boundaries are derivatives of Type I boundaries). Second, using all Type I 

boundaries produced the highest concentrations. Third, the input values used in the model 
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at the Type II boundaries were several orders of magnitude different from those calculated 

for actual site conditions [NOTE: for all scenarios, the flow system was calibrated to 

reproduce the heads at the !Up-gradient wells. To reproduce those heads using constant 

flux boundary conditions, the flux rates were incr<;'3sed). Since the input values are not 

representative of the adual calculated flux values, the results from the use of Type /I 

boundaries would be suspect Calibration level for this parameter is 1 b. 

Convergence criteria 

The error tolerance or conv1ergence criteria was studied over a range of input values. 

These values are 0.1,0.01,0.001, and 0.0001. Resull.:; of sensitivity on this parameter 

show very little variability in concentrations or mass balance error. However, 0.0001 

produce some instability early in the model run, and hence the final concentration values 

may not be as accurate as the others. A value of 0.01 produced a slightly more stable 

result at the end of the model run, and hence was used as the input value for the baseline 

model. Since there is good error control and maximum concentrations resulted, Calibration 

level for TOl is 1. 

Dispersivity 

Values for dispersivity were not determined from adual field tests. To assess the facility, a 

study distance was determined for the dispersivity equations. This study distance was 

determined to be 10% of the length of the unit (from up-gradient zone of attenuation to the 

down-gradient zone of attenuation), or 70 feel This distance also coincides with the 

distance from the base of the invert to the monitoring line surrounding the unit. Neuman's 

(1990) study of dispersivity was used to calculate a dispersivity value. For the purposes of 

this study, sensitivity was performed on the lower 95% confidence level (2.25 ft.), the mean 

value (5.50 ft.), and the upper 95% confidence level (15.59 ft.). On the basis of sensitivity 

studies, the upper 95% confidence level was used in the baseline modeling scenario, 

resulting in a Calibration level of 3c. 
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Dispersivity ratio 

The dispersivity ratio is the ratio of the transverse dispersivity to the longitudinal 

dispersivity. This ratio has been traditionaUy assigned a value of 0.1 (Walton, 1980; Gelhar 

et a/., 1992). For the baseline model. this was the value used. Sensitivity was perfonned 

on values ranging from 0.05 to 0.2, resulting in a Calibration Level of 2b. 

Effective porosity 

Actual values for effective porosity were not available for the site. The most recent boring 

program is still several years old, and the samples did not survive intad due to the highly 

friable nature of the sandstone. To provide an alternative to having actual values for 

effective porosity. a literature search was made for specific yield (Sy) of similar geologic 

materials. Bear (1972) defined effective porosity as equivalent to specific yield or the 

"drainable water". Values of specific yield were found for a medium-grained sandstone in 

Anderson and Woessner (1992, after Monis & Johnson, 1967). These values range from 

12% to 41% poroSity, with a mean value of 27%. 

Sensitivity anaiysis was done on the maximum, minimum. and mean values cited above. 

MOC appears to be extremely sensitive to the value assigned to paRaS. The 

concentration produced by the mean value increased 330% over the concentration 

produced by the maximum value. The concentrations generated at POROS = 12% 

increased over 560% above the concentrations produced at POROS = 27%, and produced 

results that are incapable of passing the Impact Assessment With the extreme variation in 

predicted concentrations, a narrowing of options is necessary to appropriately assess the 

site impact. 

The St. Peter Sandstone in Illinois " ... consists largely of fine to medium, well sorted, well 

rounded, frosted grains of quartz sand that is friable or weakly cemented: (Willman et a/., 

1975, pg. 62). Since the sandstone is well rounded and well sorted, porosity reductions 

associated with the introduction of fines within the grain matrix should not be present. 

Also, the friable nature of the matrix show that pore size reduction by the introduction of 

cements are also not likely to occur, or are minimized. Mathematically, the porosity of a 

three-dimensional packing of spheres should range from 26% (rhombohedral packing), to 

30.2% (tetragonal packing), to 39.5% (orthomombic packing) (Berg, 1986; after Graton & 

Fraser. 1935). With the likelihood that low porosity vall1es are limited based on sorting and 
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cementation, the actual porosity values for the St. Peter Sandstone should be doser to 

those seen in the rhombohedral or tetragonal packing schemes. The mean value provides 

a realistic estimate that falls within the range of mathematical values. Using 27% produces 

a Calibration Level of 2b. 

Gradientlpotentiometric surface 

The site gradient or potentiometric surface was detennined by taking the mean value for 

each well in the uppennost aquifer from actual groundwater elevation over the past three 

(3) years. The results of· this statistical analYSis may be found in Table 4. The model was 

calibrated to the mean potentiometric surface by changing the input head elevations such 

that the two up-gradient wells located within the model grid produced similar elevations as 

the calculated values. Changes in the water table (WT) array within the model, must be 

made in conjunction with similar changes in the transmissivity (VPRM) array, and the 

aquifer thickness (THCK) array. This is due to the assumption that the aquifer water table 

and saturated thickness are the same. The transmissivity array change is needed to 

maintain a constant hydraulic conductivity across the model grid. 

To provide a range of values to evaluate the Groundwater Impact Assessment, prediction 

limits were calculated for the groundwater elevations for each well. These prediction limits 

are based on a two-tail Student's t-test witil a 95% confidence inteiVal. The results of this 

analysis are also provided in Table 4. For the minimum gradient scenario, the lower 

prediction limit was used for the up-gradient wells, and the upper prediction limit was used 

for the down-gradient wells. This produces a shallow gradient across the site. For the 

maximum gradient scenario the opposite was used, that is, lower limits were used down

gradient, and upper limits were used up-gradient to produce ." ... leeper gradient. Again, 

changes in the water table array are combined with change~ ,n transmissivity and aquifer 

thickness. The sensitivity analysis shows that the steeper the gradient, the higher the 

resulting concentrations. Ma~s balance error under the three scenarios shows that there is 

considerable fluctuatioll in error values over the first 50 years for the minimum and 

maximum scen~rios. OverrJlI, the mean scenario appears to produce the more stable 

scenario. Although the maximum gradient scenario produces the highest concentrations, 

there is no evidence to show that this gradient can be expected at the site. Therefore, the 

mean gradient shall be used for the baseline scenario. This produces and Calibration 

Level of 2b. 
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Carus Chemical Co. 
Blank cell indicate water level below bottom of monitoring well. 

Well II -> G101* P102 P103 G104 G105 G106 G107 G108* G12D G13D G14D G15D G16D 
Quarter Date 

Jan .. al 11120192 524.69 524.09 456.30 463.00 461.64 
Oct .. U 8/12192 524.16 454.24 521.88 456.01 451.63 462.02 460.68 
Jul .. S2 5127/92 525.13 455.06 462.57 460.78 
Apr .. S2 2119192 525.06 455.70 524.76 456.37 451.85 462.52 460.46 
Jan .. B2 11/18191 524.26 456.03 521.23 456.77 454.16 463.04 460.48 
Oct .. S1 8127/91 523.16 457.17 520.73 454.49 455.36 463.36 460.95 
Jul~91 5/16191 526.10 456.81 526.28 458.04 455.83 463.78 462.13 

Apr .. S1 2122191 523.90 456.31 523.93 457.54 455.18 463.36 461.58 
Jan-91 11/8/90 523.30 456.61 522.63 457.69 455.53 463.66 462.03 
Oct .. BO 811190 524.70 456.81 524.13 457.84 456.13 463.66 462.38 
Jul-80 413/90 523.51 455.91 523.64 457.02 453.40 461.62 460.42 

Mean Eleyatlon. 524.38 458.01 523.33 ..s8.81 454.34 482.86 481.23 
Std. Dey. 0.8878 0.8936 1.7057 1.0751 1.6973 0.7075 0.7388 
N 11 0 0 10 0 0 0 10 10 9 0 11 11 
t-Value • ,_% Intervel 2.2281 2.2822 2.2822 2.2822 2.3080 2.2281 2.2281 
PTedIc:Uon Uml' (upper) 524.96 456.70 524.55 457.58 455.65 463.44 461.73 
PredH;Uon Uml' (lower) 523.76 455.43 522.11 456.04 453.04 462.49 460.73 

*PennsylvanianlOrdoYician interface 

Table 4: Statistical Analysis of Groundwater Elevation Data 



Hydraulic conductivitylParmeability 

The values of hydraulic conductivity for the aquifer were detennined by slug test (see 

Original Report of Hydrogeologic Investigations). A statistical analysis was made of the 

test results. The mean value was 2.02 x 1~ ttls (6.15 x 1O-S cmls) with a standard 

deviation of 1.10 x 1O-S. The maximum observed hydraulic conductivity was 6.75 x 1Q-6 

ttls, and the minimum observed value was 4.52 x 10-7 ttls. These values were input into 

the model framework as FCTR in the transmissivity grid. By using this technique coupled 

with setting the VPRM array equal to the THCK array, the permeability map, in the model 

output file, produces a constant penneabilily across the site with the value desired. 

Sensitivity on the penneability shows that there is considerable variation in resultant 

concentrations at the end of each modeling scenario. That is, the higher the hydraulic 

conductivity, the higher the resultant concentrations. However, the mass balance error 

analysis shows that earty in the model scenario the lower hydraulic conductivities are more 

stable, and this stability degrades as the flux from the landfill increases. Therefore, the 

mean value of penneability is the most stable over the entire model period. If future testing 

shows that the mean estimates are not appropriate to the site, then a reevaluation of the 

impact assessment shall be performed. On the basis of the sensitivity analysis, a 

Calibration Level of 2b has been assigned to hydraulic conductivity. 

Initial number of particles per node 

The initial number of particles per node (NPTPND) is an internal parameter used by MOC. 

This value provides the geometric dispersion of partides per grid cell when the model is 

initialized (see Konikow & Bredehoeft, 1978). Values for this parameter ~re 4, 5, 8,9, and 

16. 

Sensitivity was perfonned on the full range of parameters. Variation in concentration is 

minimal over the modeled range of values (only 3.4%0). Variation in mass balance error 

was much more apparent, with NPTPND = 4 producing the most stable result, and 

NPTPND = 8 producing the o'llerall least stable results. NPTPND = 4 was selected as 

being the most stable, and produced the highest predicted concentrations. Therefore, the 

Calibration Level for NPTPND is 1. 
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Uner ftux rate 

To provide a conservative approach to modeling the rate of seepage from the unit. the 

HELP model (Hydrologic Evaluation of Landfill Performance model. version 2.03) was used 

to calculate leakage rates for the proposed fadlity over the 118 year model period (see 

HELP model output files is Appendix C). This was necessary due to the way MOC treats 

constant concentration nodes 'Nithin the model. In a constant concentration node. the 

actual assigned concentration is placed directly into the aquifer cell. This is not a realistic 

approach. A better approach is to produce a constant flux node that supplies a continuous 

concentration at a constant rate. This is the approach taken in this study. 

To evaluate the seepage rate. HELP model runs were made to represent changes in the 

facility over the model period. The HELP model was initially calibrated using actual lab 

data for the layers of the unit were this data was available. The other layers used the 

default values from the HELP literature. After each HELP model run. the data from the end 

of one run was used as input for the next model period. When the HELP model reached 

the point where leachate collection was terminated. the drain~ge layer was changed to a 

vertical percolation layer. and the HELP model was run until the entire 116 year 

Groundwater Impact Assessment period was analyzed. 

The results of the HELP model runs are located in Appendix C. The resultant percolation 

rates for the entire unit are divid~ by the area of the unit, and then multiplied by the area 

of a MOC grid cell (400 sq. ft.). This value is then used for the flux rates into the aquifer 

from the 410 constant flux nodes within the MOC grid. The following table shows the cell 

flux rates and the point in time the rate changes for the minimum standard scenario and 

the design standard scenario. 

Time Flux rate Flux rate 

(minimum standal'c1l (design standard) 

1·70 years 7.42 x 1006 ft3/s 7.42 x 1008 ft3/s 

70-90 years 7.11 x 10.7 ft3/s 7.42 x 10-a ft3/s 

90·100 years 1.49 x 1 O~ tt3/s 7.42 x 10..e ft3/s 

100·118 years 1. a8 x 1 ()-d ft3/s 7.42 x 10~ ft3/s 

Table 5: Liner Flux Rates Over Time 
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For the minimum design standard the flux rate varies, depending when in the post-closure 

period the mcxJeI is addressir.g. The actual design standard allows for a constant flux rate 

of 7.42 x 1()-8 ttl/s for the entire assessment period. The rate is fixed over the entire 

period to represent the collection of leachate for the entire 118 years. Since leachate is 

collected, HELP precludes a build up of head, no matter how long a time period. 

To further represent leachate migration, the constant flux nodes are "staged" based on the 

cell staging plan (see Plate 1: Contaminant Transport Model Grid). This staging provides 

for a realistic migration of potential contaminants, instead of requiring the entire unit to 

Induce contaminants from the beginning of the modeling period. 

A sensitivity was performed on the flux rates used in the baseline model scenario. The 

inp'.Jt parameter was varied over an arbitrary limit of :t 15%. This value was selected Simply 

to determine the degree of sensitivity within the model. As would be expected, higher flux 

rates produce higher concentrations at the end of the modeling period. Mass balance error 

analysis shows some interesting trends. Generally, the mean level produces the overall 

more stable results. At 70 years, the error associated with each scenario is considerably 

different than before or atter. lower flux rates produce a lower error, and larger flux rates 

produce a larger error. This is due the way MOC handles sharp concentration gradients. 

The model becomes less stable as a sharp gradient develops, as occurs at 70 years. 

Once the model is able to disperse the concentration front, the stability retums. Although 

the mean value does not produce the highest concentrations, it is overall the most stable. 

The HELP model should provide a reosonable estimate of leakage from the unit, until a 

better method becomes available. Until then, the Calibration Level assigned to the liner 

flux rate is 2b. 
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Maximum cell distance per particle 1110'\1. 

The percent eel distance traveled per step (CELDIS) is an intemal MOe parameter. This 

value sets the maximum distance a particle may travel per time step in f:ach cell. The 

range of values for this parameter range from zero CO) to one (1), however realistic values 

range from 0.1 to 1.00. For the sensitivity analysis, values of 0.25,0.50,0.75, 1.00, and 

1.50 were selected. 1.00 produced the highest concentrations even though 050 and 0.75 

were the most stable. 1.00 was used in the baseline model with a Calibration Lev.;,1 for this 

parameter at 3. 

Maximum number of time steps 

The number of time steps (NTIM) used by MOC may be selected by the user, or if set to 1, 

MOC will calculate the number of time steps necessary to produce stable results (see 

Konikow & Bredehoeft, 1978). For sensitivity purposes, three scenarios were analyzed. 

The first sets NTIM = 1, and allowed MOC to calculate the stable number of steps 

necessary. The next scenario set variable time steps In increments to produce the 5 year 

increments required under 35 lAC 811 and 812 (NTIM = VARIABLE). The third scenario set 

NTIM to 10. 

Sensitivity analysis was done using the three scenarios. Results show that the mass 

balance error for NTIM = 1 produces only 1 result for each time step used. This produces 

no data between year 20 and year 70, and may not give a genuine appraisal of the 

problem. Mass balance error comparison for the NTIM = VARIABLE scenario versus the 

NTIM = 10 scenario shows that in almost all instances the NTIM = VARIABLE scenario 

produces more stable results. This may directJy impact the result of the concentration 

comparisons, too. The greater mass balance error associated with NTIM :-: 10 surely 

produces the greater concentration seen at the end of that model scenario. Therefore, 

NTIM = VARIABLE shall be utilized in the baseline model scenario. Calibration Level for this 

parameter Is set to 2. 

Number of iteration parameters 

The number of iteration parameters (NITP) Is an internal MOe parameter. A range of 

values was selected at 5,7, and 9, with recommended values between 4 and 7. 
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Sensitivity was performe<i on the range of values. There was minimal variation in 

concentration and mass balance error among the three values selected. NITP = 7 

produced the highest concentrations as weff as produdng the most stable mass balance 

errors, especially in the first 75 years of the model period. Therefore, the Calibration Level 
selected for NITP is 1. 

Storage coefficient and steady state versus transient flow 

Within the context of storage coefficient, the discussion of steady state flow versus 

transient flow should be addressed. Within MOe, aquifer storage and transient flow can 

not be separated. In other words, if transient flow is to be modeled, then a storage 

coeffident must be input. Conversely, if steady state now is to be addressed, then there 

can be no storage coeffidenl 

Values for storage coefficient were not determined from actual field tests. Uterature values 

for an unconfined sandstone also were not available, so values were selected over a wide 

range of known storage coefficients. The values selected range from 0.1 to 1.0 x 1~. 

Sensitivity analysis shows that transient flow (over the entire range of storage coefficient 

values) increases the mass balance error within MOC, especially eany in the model period. 

Even though there is an elevated error assodated with transient flow, the concentration 

predicted at the end of the modeling period is still greatest under steady state flow (storage 

. coefficient = 0.0). Therefore, steady state conditions shall be used in the baseline model 

scenario, and a Calibration Level of 1 c is assigned. 

Transmissivity 

No direct analysis of transmissivity was performed. Since transmissivity is the product of 

permeability and head, it was deemed redundant to perform these analyses again. Since 

gradient, aquifer thickness, and hydraulic conductivity have Calibration Levels of 2b, 

transmissivity should retain the same 16vel. 
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Baseline Model Scenarios 

The baseline scenarios used to evaluate the site utilize the data presented in Table 2. 

Pursuant to 35 lAC 811.317(a)(1), two baseline scenarios were used. A minimum 

standards scenario (MIN.· designation in model files), that uses the minimum design and 

regulatory requiremants, and a design standards srAnario (DSN.· designation in model 

files), that uses actual design specifications, and operating requirements. Since the overall 

design does not specify any greater tolerances than those specified in the regulations, the 

only difference in model scenarios is leachate collection and buildup. 

In the minimum standard scenario, leachate shall be collected for 50 years, and then 

collection was stopped. HELP model runs were used to detennine what the internal head, 

and liner flux shall be over the remaining model period. The design standard scenario 

addresses leachate collection for the entire 118 year impact assessment period. 

The baseline model uses an initial leachate concentration of 1000 mgll. This value was 

selected to provide a mechanism to evaluate all leachate constituents with only one model 

run. The 1000 mgJ1 value can be assumed to be 100% (or 1000%0) of the initial leachate 

concentration. Values predicted by the model at various points in time and space are 

therefore simply a percent (or perm ill) value of the initial concentration. The value 

predicted at the edge of the zone of attenuation or Compliance Prediction Factor (CPF) 

may be used for values that are In the parts per million (ppm) range, or for values in the 

parts per billion (Ppb) range. The actual initial concentration value aSSigned is not 

important It is only necessary that the value is large enough to produce a value within the 

model, at the point in question within the model framework, and lIsing powers of ten makes 

the transformation to percentages easier (this technique may produce a Well Prediction 

Factor (WPF) at a specific monitoring pOint, also). 
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Surrogate Modeling 

For the purposes of the groundwater impact assessment, surrogates were used to aid In 

the characterization of leachate constituents. The parameters used for the surrogate 

modeling are listed in Table 6. The parameters addressed are leachate species, species 

concentration, retardation/partitioning coeffICient (Ka), mobility, the statistically detennined 

background water quality (at a 95% confidence leve!), the 35 lAC 620 Class I groundwater 

standard, the practical quantitation limit (PQL) or method detection limit (MOL), and the 

model produced concentration. 

Leachate Species 

Compounds listed as leachate species are those chemical constituents and/or compounds 

that had values that were above detection in the leachate analysis. To put it simply, these 

are the compounds expected to be present in the leachate. 

LeachateConcenUation 

Concentrations are those values assigned based on a statistical analysis of the leachate 

data. The values in Table 6 are those calculated at the upper 950/0 confidence level (see 

Groundwater Monitoring Report in this Addendum for specific details), 

Retardation/Partitioning Coefficient (Kct) 

For the purposes of the surrogate table, the ~ values listed for SUlTogate 1 were taken 

from a table In Oragun (1988), This table provides an observed range, a nlean value, and 

standard deviation of observed data, for each listed constituent. In a conservative 

approach for Surrogate 2, the ~ value selected was the lowest observed value listed In 

Oragun (1988) for Manganese. 

Mobility 

Mobility of leachate compounds were taken from 2 table of values in 8agchi (1990). This 

list is strictly an empirical relationship, and has no real quantitative value. It is place herein 

as a reference and guideline, but has no direct impact on the results of the assessment. 
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Compound Leacha .. Mobility Background 35 lAC 620 PQUMOL Model P,.dic:tad 

Concentration Qua:!!! Class I std. Concantration 

5,,"ogate1 
AJuminum 51.00 low 12.851 1.887 

Berytlium 0.02 low 0.002 0.00074 

Boron 0.29 high 1.107 2.0 0.011 

Cadmium 0.16 6.89 ±2.5 moderate 0.033 0.005 0.00592 

Calcium 317.00 4.06 ±2.2 high 305.895 11.729 

Chloride 76.40 0.0 1 high 1 37.255 200.0 2.827 

Chromium 0.59 36.60 ±9.0 high 0.114 0.1 0.022 

Cobalt 0.46 54.60 :t9.9 0.175 1.0 0.017 

Copper 0.51 22.12 :t:3.0 low 0.207 0.65 0.019 

Auoride 0.21 high 4.0 0.03 o.oom 
Iron 2.18 54.60 ± 1.7 moderate 46.516 5.0 0.081 

lead 0.36 99.48 ±S.S low 0.099 0.0075 0.013 
Magnesium 168.00 5.47 ± 1.6 moderate 133.421 6.216 

"~anganese 84.16 148.41 :i: 14.9 high 1.612 0.15 3.114 2 

Mercury 0.0018 high 0.0014 0.002 0.0001 
Nickel 5.69 moderate 0.396 0.1 0.211 
Nitrate, as N 0.30 high 10.0 0.1 0.011 
Potassium 891.94 5.47 ± 1.6 moderate 48.759 33.002 
Silver 0.05 109.95 :t:3.7 0.084 0.05 0.00185 
Sodium 164.71 high 117.514 6.09. 
Sulfate 4212.80 high 1115.108 400.0 158.097 
Zinc 5.09 18.44 :t6.7 low 17.081 5.0 0.188 

Surrogate 2 
Manganese 84.16 0.2 high 1.612 0.15 0.0252 3 

Table 6: Surrogate Parameters and Results. 

1 Input value for Surrogate 1 (baseline model scenano). 
2 Value ~J8sed on Surrogate 1 Input parameters exceeds background concentrations. Re-evaluate as new surrogate. 
3 Eva ••. alion at actuall-sachate concentration exceeds model resolution. Actual con~ntrallon evaluated using Prediction Factor (PF). 



Background Quality 

Background quality refers to the background water quality at the site. The results of this 

analysis may be found in the Groundwater Monitoring Program as part of this Addendum. 

The value is the upper 95% confidence level compiled from the background water quality 

data collected on site. 

35 lAC 620 - Class I Standard 

The values presented here are the Class I groun~ter standards pursuant to 35 lAC 620, 

as set forth by the Illinois Pollution Centrol Board. They are included here simply as 

reference, since the groundwater at the facility has been classified in the Groundwater 

Monitoring Program (this Addendum), as Class IV, or Other Groundwater. 

PQUMOL 

Values for Practical Quantitatir, , Umit (POL) or Method Detection Umit (MOL) are provided 

for those leachate compounds not tested for in the background water quality study. The 

value for Nitrate (0.1 mg/l) is the lowest MOL value noted in the range of values presented 

in SW-846 (1986). The value for Fluoride (0.03) is the MOL used by National 

Environmental Testing, Inc. at their Rockford, IL office. 

Model Predicted Concentration 

Predicted concentration values for the constituents listed under Surrogate 1 were 

calculated at the down-gradlent edge of the zone of attenuation at the end of the 118 year 

assessment period using the following fonnula: 

Cp = Cu(CPF) 

Where, 

Co = the Initial leachate concentration, 

CPF = the Compliance Prediction Factor from the transport model, and 

Cp = the predicted concentration at the desired monitoring point. 

The predicted concentrations for the leachate constituents in Surrogate 1 do not exceed 

the background water quality values, except for Manganese. A further assessment was 

made, using data specifiC to Manganese. 
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Surrogate Model Results 

Two surrogates were required to determine compliance. The following are the 

combinations of parameters for the surrogate modeling scenarios: 

1) Surrogate 1 - Anion/Cations 

(all listed parameters) 

Baseline concentration = 1,000%0 (or 100%) of initial concentration 

Chloride retardation = 0.0 

Chloride mobility = high 

Model Predicted Concentration = 37.0%0 (or 3.70%) of initial leachate 

concentration for each parameter in Surrogate 1 list 

2) Surrogate 2 - Manganese 

Initial concentration:: 84.16 

Manganese retardation = 0.2 

Manganese mobility = high 

Background water quality = 1.612 mg/l 

Model Predicted Concentration = 0.3%0 of 84.16 mgJI or 0.0253 mgll. 

Numerical result ot the surrogate modeling are presented in Table 6 along with the Input 

parameters. To provide some sensitivity to the baseline model and the use of the 

Compliance Prediction Factor (CPF), the actual leachate concentration from three 

conl'itituents were used in a sensitivity analysis. Sensitivity was performed on the low, mid, 

and high range ot values to determine if the CPF produced ieasonable and accurate 

results. The values selected were for Silver (at 0.05 mgJ1), Chloride (at 76.4 mgJ1), and 

Sulfate (at 4,272.90 mgll). Results are presented in Table 7 for comparison. 
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Constituent calculated Value Modeled Value 

Silver NlA 

Chloride 2.827 

Sulfate 158.097 158.2 

Table 7: Predicti()n Factor (PF) Sensitivity 

Correlation between cslcuJated and .modeled values is good (within rounding error), with 

the exception of Sulfate. The Sulfate results are 0.1 mgll higher for the modeled results. 

This variation is negligible. Variance between the two values is only 0.065%. However. 

the variation in mass balance error is much more substantial. The er _r associated with the 

prediction factor is -1.02, the error assodated with the actual cOncentration is -1.24, 

producing a variance between values of 21.57%. The change in mass balance error is 

more than enough to produce the variation in values, and therefore, the calculated value is 

actually more accurate. Regardless, ot the difference in values, the predicted 

concentrations are still an order of magnitude lower that the background water quality 

standard, and variations in a tenth of a milligram at thousands of milligrams per liter are 

trivial. 

Silver, at ppm resolution, did not produce detectable levels in the model. MOe output files 

only produce concentrations to the tenths place holder. The calculated value Is at the 

thousandths range. To compensate, the initial concentration was converted to ppb levels, 

and then used as Input to the model (I.e., modeling ~gII 35 mgll within the model). Using 

this higher resolution, results are again within rounding error (values in pamntheses In 

Table 7). 

Concentration versus Time and Concentration ver,~us Distance profiles are presented in 

Appendix F for the two surrogate scenarios. The graphs show the breakthrough curves 

predicted by the model. and show results at various pOints within the zone of attenuation 

for each 5 year period. Results presented show what can be expected. with no unusual 

results. That is, Concentrations are highest near the fill boundary (0.0 feet distance) and 

lowest at the edge of the zone of attenuation (100.0 feet distance). The graphs represent 

the worst case concentrations found within the two-dimensional model. 
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Isopleth maps of the results of the surrogate modermg are provided in Figure 2, 3, and 4. 

The isopleth maps represent the contaminant plume as a function of the Initial 

concentration (Co = 1,~) and the associated permill isopleth. This provides a quiCK 

assessment of contaminant migration at any point. cy simply multiplying the initial 

concentration by the permill isopleth value at the point of interest The isopleth maps 

depicts the model generated plume with respect to the site boundaries and geometry at the 

and of each 118 year model period for the minimum standardslbaseline scenario, the 

design standard scenario. and the manganeH surrogate scenario. 

In the model output ""es (may be found on the diskettes appended to the end of this 

report). are a series of Observation Wells. The observation wells in the output files for the 

Minimum Standard/Surrogate 1, the Design Standard, and the Surrogate 2 scenarios 

correspond two distinct groups of wells. The first group, {Obs. Well #1-10} are a line of grid 

cells, parallel to the model groundwater flow through the zone of attenuation, that 

correspond to the highest concentrations predided by the model. It is this group of 

Observations Wells that produce the time and distance profiles presented in Appendices 0, 

E, and F. The second group, (Obs. Well #11-16) correspond to G-130 to G135, 

rf:fspectively. The 10Cltions are such that the observation well is the point in the center of 

the grid cell ttlat contains the actual location of the corr~$ponding monitOring well. 

Graphical and tabular results of the various analyses have been compiled, and are 

presented in Appendix E (for the Design and Minimum Standard Scenarios) and Appendix 

F (for the Surrogate Scenarios). As a result of the surrogate analysis, Table 6 clearty 

shows that the proposed facility shall be in compliance with existlng groundwater q'Jality 

standards and site background prediction standards at the end of the 118 year modeling 

period. 

Maximum Allowable Predicted Concentrations (MAPCl 

MAPCs have been calculated for each down-gradient monitoring point. As stated in 35 

lAC 811.318(c), the calculation must be based on the same calculation method, data, 

assumption, etc., used in the impact assessment contaminant transport model. Therefore, 

MAPC runs for Chloride, Chromium, Manganese, Potassium, and Sulfate were made. The 

baseline model was allowed to run for a longer duration for each parameter, until the 

background water quality standard was reached at the zone of attenuatlon. The MOC 
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observation wei value associated with the corresponding proposed monitoring well was 

then used as the MAPC for that constituent at the specified well. 

Table 5, in the Groundwater Monitoring Program (this Addendum) contains a list of the 

detection monitoring parameters, and the associated MAPC for each down-gradient 

monitoring well. Appendix G contains the concentration versus time profiles for each 

constituenl 

MAPes ware not calculated for the bi-annual flrganics testing. For the purposes of this 

application, the MAPC shall be the Practical Ouantitation Umit (POL) as given in 35 lAC, 

Part 724, Appendix I for any organic parameter that is also determined to be associated 

with the leachate generated at the facility. 

Contaminant Transport Appraisal 

The assumptions inherent in MOC should be addressed to see if simplifications within the 

conceptual model, the conversion to mathematical model, or any external parameters have 

produced a potential problem within the contaminant transport model framework. Model 

provisions and assumptions shall be addressed one at a time to determine the adequacy of 

this impact assessmenl 

Inherent Assumptions 

Continuously saturated aquifer - Within the confines of the impact assessment, the 

aquifer Is always saturated. The site does have an unsaturated zone between the 

base of the proposed unit, and the top of the aquifer. However, the conceptual 

modal accounts for this vadose zone, by assuming that it does not exist, and 

contaminants are directly and instantaneously moved from the unit to the aquifer. If 

vadose zone transport were to be assessed, concentrations of contaminants would 

be dispersed through the vadose zane, and longer periods of time would elapse 

before contaminants would be detected at the edge of the zone of attenuation. 

Ignoring the vadose lone, in the context of this assessment is conservative. 

Single phase flow - Based on the leachate analysis, there are no multi-phase 

components present. 
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Slightly compressible fluids - Again, there are no leachate components that would 

indicate that ttlis were not true. 

Negligible thennaI and density gradients - The Carus Disposal facility is an inorganic 

monofiil. There is no biological or geothennal activity to produce heat. and 

concentrations in the leachate are not high enough to produce severe density 

gradients either wHhin the liner, or aquifer. 

Major com~ts of flow are nonnal to the grid plane - To comply with this inherent 

provision, the model grid was rotated to provide for parallel flow. 

Pumping and Injection wells are tully penetrating - That is, the wells are fully penetrating 

the modeled thickness of the aquifer. Since the model uses injection wells as the 

mechanism fO( contaminant migration out of the landfill, fully penetrating well 

appear to present a problem. The transport properties of the site were analyzed to 

provide for a mixing zone beneath the unit. The mixing zone model used. shows 

that me contaminant plume reaches iii thickness of 52 feet. within 100 feet of the 

source. Since the mixing zone madel shows that any discharge from the unit will be 

fully incorporated within the mixing zone by the time the edge of the zone of 

attenuation Is reached, fully penetrating well is not a completely unrealistic 

assumption. 

Dispersion is a random process in the porous media - There is nothing within the 

conceptual model or observed at the facility that would dispute this statement. 

Non-reactive solute - That is, no reaction occurs that affects the solute concer,tration. No 

known reactions are present at the facility. 

Fluid density and viscosity are independent of solute concentrations - Same as above. 

No known reactions or interactions are present at the facility. 
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Hydrogeologic properties 818 not affedt1d by the contaminants - Since the aquifer at the 

site is composed almost entirety of quartzose sand, it would be very unlikely that 

there would be any interaction at lUI. The only interaction that may occur would be 

the dissolution of the carbonate cement matrix that binds the sandstone due to the 

low pH of the groundwater. As far as the transport of contaminants, this would 

increase porosity. As seen in the sensitivity analysis. increases in porosity, produce 

decreases in concentrations. Therefore. by assuming this interaction does not 

occur. the impact assessment results are conservative. 

Sensitivity Discussion 

Calibration Levels and parameter selection developed from the sensitivity analysis should 

be addressed. Parameter selection for all intemal parameters was driven by selecting 

those values that produced the highest concentrations and generated the most stable 

mass balance error. hence the preponderance of Calibration Level 1 values. Site specific 

values do not produce such clear cut selections. In most instances, the production of 

higher concentrations was the main goal in parameter selection. However. reasonable 

model values must also be a consideration. An attempt has been made to provide a 

quantitative evaluation of the parameter selection process utilizing the Calibration Levels. 

Most site specific values have Calibration Levels of 2b, and have been aSSigned this level 

due to site specific data, or the logical elimination of the altematives. Overall. the 

parameter selection process should produce conservative estimates of concentration at the 

facility. 

A review of the outputs, and specifically the concentration versus time plots, do not show 

anything that Is extremely unusual. There are two points to note when reviewing the 

concentration versus time plots. Arst, the leachate buildup within the unit can be seen In 

these plots. Thera is a distinct upswing in concentration at about 75 years. or shortly after 

the "pump$- are tumed off. The next major upswing OCCl!"~ shortly after 100 years, or 

when the waste layer in the HELP model become fully saturated. 
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The second point. reeates to the rather unusual characteristic: of the concentration versus 

time cwve for G-135. The very shallow slope of the concentration curve, coupled with the 

dramatic steepening of the slope may be related to its location with respect to the landfill. 

Although G-135 is doser to the unit than any other monitoring well, the phasing of waste 

does not place waste adjacent to the monitoring well for almost fifteen years. However, 

once the waste is place adjacent to G-135, coupled with the inaeased flux produced by the 

tennination of leachate collection quickly produces high concentrations at the well. 

Conclusions 

A groundwater impact assessment was performed for the Carus Disposal facility in Ottawa 

Township, laSalle County. Illinois. This impact assessment reviewed the site geology and 

hydrology to produce a conceptual model for the site. This conceptual model was then 

analyzed to see what type of transport model would best represent the site. The model 

selected was Konikow and Bredeh~ft'5 U.S.G.S. two-dimensional flow and transport 

model known as MOC. It provided tt':e best solution to the diffusion dominated 

environment at the facility. 

Sensitivity analylAs was performed on both the Intemal and hydrogeologic data used in the 

model. This sensitivity analysis not only addressed variation in concentrations, but also 

address the variance In the mass balance error percentages as well. A baseline model 

scenario was developed from the sensitivity analysis to provide a conser\Istive model 

framework for the impact assessment Surrogates were developed from this baseline 

model to adequately express all leachate constituents within the conceptual model 

framework. Sased on Ulese surrogate scenarios, this facility does not produce a 

statistically significant Inc:tease over background concentrations over the life, post-closure 

care, and 100 year modeling periods, pursuant to 35 lAC 811.317 and 811.320. 
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July 6,1993 

Mr. Lawrence W. Eastep, P.E. 
Permit Section Manager 
DMsion of Land Pollution Control 
JIIlnols Environmental ProtectIon Agency 
2200 Churchill Road RECE"'ED 

JUL 061993 Fost Office Box 19276 
Springfield, IL 62794-9276 

ra: 0990800015 -- LaSalle County 
Carus Disposal Area No.2 
Application for Significant Modification to Permit 
IEPA-DLPC Log No. 1991-365 

IEPA- BOL 
PERMIT SECTION 

Dear Mr. Eastep: 

On behalf at our client, Carus Chemical Company, enclosed herewith is an original and two (2) 
copies of modifications to Addendum 2 to the referenced application for the subject facility .. 

Tne following modifications address the concerns andlor deficiencies noted by the Groundwater 
Assista..,ce Unit, Permit Section, Division of Land Pollution Control, through various telephone 
c~nversations. 

, • MAPC values tor all leachate constituents and biennial organic constituents .. 

2. 

a. MAPC values may be found for leachate constituents in Appendix F of the 
Groundwater Impact Assessment, Addendum 2. MAPC values for each 
downgradient well is included with the graph for each constituent 

b. MAPC values for the biennial organic testing may be found In Appendix G, 
Groundwater MonitOring Program, Addendum 2. The values for the 
organic parameters from 40 CFR 141.40 and 35 lAC 620 aJe the Practical 
Quantltation Limits (POL). as listed in the IEPA draft Attachment A dated 
November 1992. 

c. MAPC values for auarterly Indicator Parameters may still be found in Table 
5 of the Groundwater Monitoring Program. 

Justification ~f Quarterly Indicator Parameters. 

An enhanced discussion of the selection ot Indicator Parameters may be found on 
Page 17 of the Groundwater Monitoring Program. ,.-~~--.. 

EXHIBIT 

J ~ 
fVC~ IMlh Recycled Feef FAX; (217) 1'6I·WNO . 



, . 

r •. 

Mr. lawrence W. Eastep, P.E. Paoe: 2 
July 6, 1993 illinois Environmental Protection Agency 

3. Selection of Groundwater Standard as Class IV for the uppermost aquifer. 

4. 

Page 16 of the Groundwater Monitoring Program contains additional points on the 
,choice of a Class IV Groundwater Standard for the facility. 

Replacement of G-104, G-12D, and G-13D with nested wells~ 
. - - .. ..... -

',.' .:,_. Adiscus::ion 'of the merits of well replacement has been added to Page 10 of the, "I 

:,:::~,:.:':~, Groundwa~er Monitoring prog~,: ' ' ", -" - -.-: " '~' ,-" ,~'. , , ... ?,i:.=< 

The aciditi~ri~ "~d SUb~tituti~ns' n~e~ ~e' deseribi!d 'in Changes t~ Add~~dum ~~' attached' 
. herewith~" This information only pertains to the Groundwater, .Impact Assessment and, the 

Groundwater', Monitoring Program. ,Andrews' Environmental Engineering, Inc., shall provide 
additional Information requested in conjunction with the engineering and d~sign aspects of the ' " 
facility by the end of' July.' " - ,- ' . 

If any,qJestions arise~ 'or 'further information or clarification' is needed by your staff, please do no't • 
hesitate to contact me. ' , 

" 

Si~cerely, ,'~.. , ", ' 

~./J /JI ~ 
~:~yag~iYV .' ... 
Hydrogeo!ogist " 
Division of Solid Waste Management 

.. 

CC:" Carus ChemicaJ COf'!'lpany 
" Kenn Smith 

EnClosures ' !\ :. 

. .... " 
,., ___ , - . 

, .. ;.,. 1,' 

RWH:njm: " , . 
'- '-'. 



CHANGES TO ADDENDUM 2 :. < 

CARUS CHEMICAL COMPANY 

Reports of Hydl'ogeologlc Investigations: 

None 

Groundwater Impact Assessment: 

1. Insert new graphs behind existing graphs in Appendix F. 

2. Insert new tables behind existing graphs in Appendix F. -, ,'. 
. f 

3. Append new diskettes to end of Section. 

Groundwater Monitoring Program: 

1. Replace Ust of Figures. 

2. Replace List of Appendices. 

3. Replace Pages 10 and 11. 

4. Remove Pages 16 and 17. Insert new Pages 113, 16a, and 17. 

5. Replace Appendix G. 



-== DI 
E 
.5 -c: 
0 

; 
f! -c: ., 
u 
c: 
0 
0 

: 

MAPC - Aluminum 
30.0~----------------~-----------------------------------------------.-----------, 

Monitoring Wells I MAPC's 

28.0 -0- G·132" 12.8 mgJI 

26.0 
-.- G·133 = 21.0 mgn 
-0- G-13-4 = 19.8 mgJI 

I , , 
MArC values al169 years --------.;>~! i 

: ,I : .-. 
I / • 

2 .... 0 -.- G-135 = 23.8 mgJI • 
1/ 

,J. /,I·.P 
22.0 

20.0 

18.0~ 
16.0" 

1 .... 0 

12.0' . 

10.0 

8.0 

6.0 

.... 0 

2.0" 

/ , 
/ I 

l I' ~/d / • / cfl 
/

,e / I 
,f I 

/-. ~l I I I 

/ 
/ I 

./ Background Water Quality /. /f' I 
/ ,..-!' : ........... _ •.•......•...•.•.•.•.. _ ...•.•.• _ .... -.•.•...• _ .. __ .•.•.... _. __ .. _ .. _._ .. _ ..• _--_._.............. •........ . ..•. , .•. -.-..•. _....... -"""""'.""""""'" 

,. / 
/ /0 __ .• D ._e /-

/ 
~ 

/' 

/ 
i 

/ 
I /::J 

P 
/ 

cf 
/ 

/ 
o 

0.0 • -. • • • • • I I I I I I I I I I I 1---1-f-f-f 

o 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 

Time (In years) 

-----------------------------------------------------------------------------------_. 

.' 



-c::: aa 
E 
.~ -c 
0 
~ 
f! -c: 
lID 

" c 
0 
0 

. . 
~ " 

-400.0 

380.0 

360.0 

340.0 

320.0 

300.0 

260.0 

260.0 

2-40.0 

220.0 

200.0 

180.0 

160.0 

1040.0 

120.0 

100.0 

80.0 

60.0 

40.0 

20.0 

Monitoring Wells I MAPe's 

-0- G-132:= 305.9 mgn 
--- G-133:= 308.2 mgn 
-0- G-134:= 308.3 mgiJ 

-.- G-135:= 310.0 mgJI 

"'I. --' 

MAPC - Calcium 
I 
I 
I 
I 
I 
I 
I 

MAPC values at 463 ~ .. ears ------~>: 
I 
I 
I 
I 
I 
I 

.. --... ~-... -- .... -.---.-.-.... -- .... -... -....... - .... --.. --.-.-.----.-._----- ----_ ... ---- .. _--_ .. __ ... _---_ .. _ .. _ ..... _------_ .. _--_ ... _.- .... :...- ::: ~ . 
T-; 

~ Bad<ground Waler Quailly 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I , 
I 

I , , 
I 

• I 

• I 
I 
I 
I , 
I 
I , 
I 
I 
I 
I , 

0.0 ••••••••••••• e.~S9~~~~~~~~_+_+~~~~~+-~~~_4_+~_r~~~+_+_~~_4_+-4~' 
o 20 .. 0 60 80 100 120 1040 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 

Time (In years) 



! 

l 
I 

J 
i 
i 

t 
I 

-s::: m 
:a. 

-= -c 
0 = g 
c • II c 
8 

MAPC .. Cadm!um 
65_0~------'-~r--------'-----------------------';-------' 

Mor~ Wels I ft.APCs , 

80.0 -0- G--132 II: 33 •• J.91 
75.0 ........ G-133 s 585 ~ 

-0-- G-1301 a: 504.1 pg.1 
1~J.O -_._ G--135 -= as51JG11 . 

85.01 
60.0 

55.0 

50.0 

.5.0 

.0.0 

35.0 

30.0 

25.0 

20,0' 

15.0 

10.0 

S.O -

i 
• I 

• I 
I 
I 
,I 

j , 
1-fL;i-9--f-~ 

160 170 180 

. , 



-c:: 
at 
::l-

.E '-c: 
0 = i • u 
c: 
8 

300,0 

280,0 

260,0 

2.co.0 

220.0 

200,0 

180.0 

180.0 

1"0.0 

120.0 

100.0" 

eo.O 

60,0 

"0.0 

McniIodng Wells I MAPC"s 

-0- (;,,132. 17"_~ P1Jfs 
...- G-133 = 2"'.3 pgII 
-0- G-134:8 230.3 pgII 

- ..... G--135 "" 284.8 pgII 

'. 

MAPC - Cobalt 
I 
I 
I 

UAPC values 81190.5 yews~------+;) : 
I •. " , " 

. .t
Il 

• I 
I I / .. ~ 

, I ,~ ._e 
/ ..-of' 

./ . I 
• ./0: 

.• / p I 

/-/ /ci 
I- /p . / 

• I ___________ .. _/.~ _=~~ _____ . __ . ______ . __ .. /_{~ ~_ .. _l __ _ 

/ " 
I

e""'· 0/ 

/ 
J" 

/

'....... d/ 
/ /j 

l' / 
.'/ .0 

... / 
• 0 

/ ./ . ,0 
/ 0'

--' -.-· .... 7~ / ~....o-: 
0.0 ~ •.• -.•• • • • • ....... I-a 8"=i~'i::--*~~HI-I--+-f--f--f-+-t-I-Ir-+--f--t--f--f-..f-~~ 

30 .. 0 SO 60 70 80 80 100 110 120 130 , .. 0 150 160 17U 180 190 200 o 10 20 

Time (In years) 



(7 . .. 
<:,.-~". ... "" 

320.o~ Wells I MAPC"s 

300.0 -0- G-132:: 207.5 pgII 
. -+- G-133 a: Z17.5 pgII 

280.0 -0- G-134 s 268.11J011 

260.0 - •• G-135:: 3012 tJQn 

MAPC - Copper 

• 
MAPC values at 185 yeatS ------~' i 

:),.' 

.' /i 
.• _e 

• / 

l" 

240.0+ a ......... ..-..... W t "..._D ,;' /- .. 13 

f /
--.,. .......... aer""UlWny •. / e ,0'-

" . 220.0 .,' / 
~ ~ p - ...... --.................. _ ........... _ ... , .... _ .. __ ... _-- . '-"'''-'-' .-.. - "'----'--"-"-'--'-"--'-"-'''''-----''1'''--'- _.:; ... _ ... _ .... __ . -_.-

ra. 2000 ,/ /' : 
:a. ./, : 
..5 t80.0 • 

f ::: /j;/' ! 
i f,/;",e / j 
U 120.0 ,.l l 

.. P I 

100.0 ,...... / : 
I a : 

1 /1 
" 1 

, ? ! 
./ I : 

./e rI : 
; / : l " _ 

I ,P I 

O ~
_ .• o/O' 1 

20. .-•. .- ~ I 

or ,,'" ....... 0 : 

o.o~·-.-.-.-•••••• §.r8=$-8*;;:::;~i-! , I I 4 I I ! I I I r-t-t 

80,0 

60.0-

.40 .. 0 

o 10 20 30 .. 0 50 60 70 80 90 100 110 120 130 1410 150 160 170 180 190 200 

TIme (In years) 

• 



{" ,; 

\1, ....... 

180,0 

170,0 

160.0 

150,0 

140.0 

130.0 

120.0 -t::: 110.0 at 
:a. - 100.0---c 
0 gO.O 

i 
80.0 c • go 

c 70,0·' 0 
U 

60,0 

50,0-

40,0 

30.0' 

20.0 . 

10,0 

0.0 

° 

tAonilodng Wells I MAPC'$ 

-0- G--132:.: 117.51JG11 

--- G--133:.: 12i.5 POll 
-Q-- G-134 ~ 128.3 pg4 

--- G--13531: 133." J,JgII . 

.............. 
20 4O 60 80 100 

;' .. 

MAPC - Sodium 

MAPC values at 170 years -----~> 

I , I 
120 , .. 0 160 180 200 220 2-40 260 

TIme (In years) 

• 

280 300 



-c::: 
~ 
::l-
e 
e. 
c 
0 

i! -c: • u 
c: 
0 

<J 

200.0 

180.0 

180.0 

170.0 

160.0 

150.0 

140.0 

130.0 

120.0 

110.0' 

100.0 

GO.O 

eo.O 

70.0 

60.0 

SO.O-

40.0 

30.0 

20.0 

10.0-

MotJBIorl:ng Web I UAPC's 

-0- G-132 s:: 88.e pgI: 

--- (;,,133- t5S.opgll 

-e· (;'t35:11; 170.0 I'0Il • 

" .. 

,ilAPC - Lead 

• I 
l 

MAPC vaIues.r 173 yell'S ------~> ~ ." ....... 

.~' ~ ~. . "'" ~. .'" .' : /' / ~ I I' · ~ 
.I ef 
~ .. I 

,t'" ./. 
/. ": 

I '. • fI' : 

/ 

Background Water Qualily / ,/ ! 
j d • ,/ : .. -. ~ .. " ................ ~.-.- .. -.. -..... --."".,~.-.-.-,,--.. -.- .".----.. --... ---"--.. '-------.---.- ... --... ~~-:7; .. l: .. _.}/ ....... _-_ ...... • 

. J' 
• I , /, : 

/ I i 
_/;". I : I K i 

I lri : 
" . 

• d : 
• /' 4 / a .,. /' : 

/ / ~ ,0. 
I ,.' , , ~ : 

I . • 
, .J:J' ~ 

.-. /- j .····Z·····o : 
~-8·,;A- : 

0.0 - •.• -_ .•••••• -.--e=e=;::;~~~1 I I • I I I I * I I " 1-4-4 
o 10 20 30 40 50 60 70 80 90 100 110 120 130 UO 150 160 170 180 

nme (in years) 

--- ----------------------------------------------------

'. ". 

190 



MAPC - Nickel 
1.7oo.0,----------.,----------------------------.---'l. 

I ./ MonModBg Wells I MAPes 

1.600.0 -0- G-132:: 385.8 pgJI 

1.500..0 -+- G-133:::: 1162.1 pgIl 

-0-- G-134: 955..8..-on 
1.400.0 _.-. (;,,135:::: 1563.0 IIDII • 

1.~.O 

1.200.0 

: ' 
MAPC values at 133.5 years~------>~:,./ _.t 

r 
/ 
I • 

/' 
I I 

_'.100.0 
c: .' • • 

I / a 
:a.1~OOO.O 

. / 
~o 

-= -c 900.0 o 
,fl 

t! = 
i • u 
C 
o 
U 

800 .. 10 

700.0 

300.0 . 

200.0 . 

/ • 

J 
/ 

/ 

I : 

/ I 
,P I' 

l 

/ 
:' I 

/~_QUaItY ,.i! 
_ . . • ~.. . . . _ _ .••.. ,t; .. ". , . . .. . • .• _ ••• _ •• _. ~ , ............ , .-..... _ .............. - .......... - _ .•.•.•....•.... /. •.• - •.•• -. ri~·:'~ ............... _ ! 

I I 
I i 

• .------ : 
............. I 

..~ : 
./~ ....0 I 

! 0...... • 10001 t /" • 
.. __ ~-,:;:;---':.---~~~:-•. _ .. 0- .-0 : ., ----i!.--.----~-- it") ,.. I 

O.O~'"~.·.~· __ - •• - ...... - ... - ... ~ ........... ~F__.~;:;;;;;· .~.j.;..;;.;"'-~ .• ,:;...~~. ~t ... -iiil-iidr .~IIIII:'=~F==: t===i===:~+-III_-f-~3i-i-":-_+__lIi--'-i-
o 10 20 30 .cO 50 60 70 eo 90100 110 120 130 140 

Time (in years) 

~ ... 


