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RECEIVED OH
BY

MASTEAFIU

August 1, 1988

Mr. Paul Didier
Director of Bureau of Hazardous Waste
State,of Wisconsin i
Department of Natural Resources '
101 S. Webster Street j
GEF 2, Box 7921 \
Madison, WI 53707-7921 :i

MOWTFJU —————— / \
oc/iout-c KO HD DC^HK i

OH

RE: Conformance with NR 506.08 Hazardous Air Contaminant Control
Requirements at Waste Management of Wisconsin, Inc. Facilities

Dear Paul;

As we discussed in our meeting of June 9, 1988, Waste Management of
Wisconsin, Inc. proposes to install landfill gas control and
combustion (GCC) systems in conformance with the above regulation
in a phased sequence at our existing landfills which are not
currently equipped with these systems.. We believe that this
approach will optimize staff resources of both the DNB and Waste
Management.

To this end we prepared the proposed implementation time table,
shown on Attachment A, for those Waste Management sites which
exceed the 500,000 cubic yard design capacity criteria. Please
note that this table does not include the Omega Hills (License
#1678), Metro ( License #1099) or Brookfield (License #0001)
Sanitary Landfills which are equipped with DNR approved gas control
and combustion systems. The closed portion of the Green Lake
Landfill (License #1890) is not included in this time table since
it's design capacity is under 500,000 cu. yds. However, in
accordance with the proposed Consent Decree a gas control and
combustion system is being installed at Green Lake as part of the
site closure.>

The basic premise of this time table is that all WKWI sites with a
moderate to high potential for landfill gas at the property line
will receive priority attention in 1988. ' All other WMWI sites will
be addressed in 19R9. The major exception is for those sites
undergoing remedial investigations and feasibility studies pursuant
to consent orders with U.S. EPA and DNH. Upgraded systems for
these sites will be incorporated in the final site remedy.
Specifically this would include the inactive fill areas at the
Muskego Landfill (License #'s 0141 and 0936) and the City Disposal
Corporation Landfill (License #0037) in Stoughton. In anticipation
of DNR's impending response on the proposed investigation at the
Lauer I Landfill (License #0011) we would also request deferral of
this facility until resolution of the outstanding remedial issues.
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The proposed gas control and combustion system plans will be
submitted, for DNR review and approval, in the context of proposed
modifications to the existing closure plans. In addition to
conforminq to the general submittal requirements of NR 500.05 the
proposed plans will provide the following specific information:

o General plans and engineering details;
o Supporting rationale for the selected design elements,
including calculations used, assumptions made, and
references provided for any empirical data utilized in the
design;

o Pipe sizing, pipe profiles, connection .details and blower
characteristics;

o Estimates of maximum allowable vacuum pressures, radii of
influence and vacuum pressure variations at various points
in the system;

o A construction documentation program which will cover
installation of the extraction wells, piping, blower and
flare(s);

o A monitoring program to determine system performance and
radii of influence for each extraction point;

o Estimate of condensate production rates and a condensate
management program; and

o Information demonstrating conformance with NR 445
requirements for flare design and performance.

Please provide written acknowledgement of receipt of this letter
and approval of the proposed implementation schedule.

Should you or your staff have any questions regarding this matter,
or wish to arrange a meeting to discuss this further, please
contact me at 414/251-4000.

Jlonald F. DeBattistâ , P.E.
Regional Engineering Manager
Waste Management of Wisconsin, Inc.

RD/JD/del

cc: Kevin O'Toole
Jay Rooney
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Proposed Time Table for Compliance
with NR 506.08(6) Requirements at

WMWI Facilities

Hate of
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Anticipated
Date of
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Site Name
and License
Number

Pheasant Run
(#1739)

Green Lake
(#3066)

Reclamation
(#1356)

Eaton
(#0003)

Greidanus
(#0140)

Ridgeview
HEP & EIP
(#'s 2575
& 3041)

Muskego
Phase 1
(#2895)

Parkview/
(#3108)

Pheasant Run
North 80
(#3062)

Muskego Old Fill
and Southeast Fill
(it's 0141 & 0936)

City Disposal
Corp. (#0037)

Lauer I (#0011

Modification Revised Plan
Submittal Modi float ion

Approval

May, 1988 July, 1988 ̂

Sept., 1988 Nov., 1988

Sept., 1988 April, 1989

Nov., 1988 June, 1989

Jan., 1989 August, 1989

Feb., 1989 Sept., 1989

March, 1989 October, -1989
•

April, 1989 Nov., 1989

May, 1989 Dec., 1989

'
Gas Control and Combustion
be incorporated in Rl/FSfs
as part of Remedial Action.

Anticipated plan approval dates assume submittal of a
modification to DNR

Initiation
of
Construction

August, 1988

At closure of
Phase 1

May, 1989

July, 1989

Sept., 1989

Oct., 1989

Nov., 1989

At closure of
Phase 1

At closure of
Phase 1

Systems will
and installed

revised plan
and two 90 day (65 working day) DNR review periods.

If the DNR review is shorter, the schedule will be adjusted accordingly.
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Currotl D.
State Of Wisconsin \ lePARTMENT OF NATURAL RESOURCES

~ C W 1
DEC 17 1990

', Stcritiry
Southern District He*dqu*rter*

3911 Fith Httchiry Po»d
FHchburg, Wl 53711

TELEFAX NO. 608-275-3338

December 12, 1990 REMEDIAL & ENFORCEMENT
RESPONSE BRANCH

File Ref: 4400

United States Environmental Protection Agency
Mr. Charles Wilk, RPM *•
5HS-11
230 South Dearborn Street
Chicago, IL 60604

i
r

Subject:

Dear Mr. Wilk:

Review of City Disposal Superfund Alternatives Array Document -
Source Control Operable Unit

The Wisconsin Department of Natural Resources has reviewed Technical Memo 6A,
Alternatives Array Document for the Source Control Operable Unit at the City
Disposal Landfill. The Department has a number of concerns regarding the
remedial alternatives retained and the rationale for eliminating certain
remedial options which appear to have applicability to the site. These
concerns are laid out point by point below. In addition, the Department is
providing an ARAR list, attached to this letter, in response to the request
for state requirements associated with this site. At this time, the
Department is still investigating whether hazardous waste was sent to this
site. The results of this investigation may alter the ARAR's in the future.

The Department very much wishes to further discuss the PRP decisions made in
this tech memo. The Department needs further clarification why certain
processes were either eliminated or retained. To that end the Department
believes a meeting is necessary to resolve these differences as quickly as
possible.

Specific Department Concerns

p? - It is not cLear how the 10 percent figure was derived. The Department
would like a more detailed discussion of how this figure was
calculated. Also, the Department would like a more detailed discussion
of the ground penetrating radar results overall.
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Mr. Charles Wilk - December 12, 1990 2.

p9 - The term regulatory limits is used frequently throughout the memo. A
definition for regulatory limits is needed. The Department standards
for groundwater quality are preventative action limits established in
NR 140, Wis. Adra. Code. Regulatory limits should be defined consistent
with the preventative action limits.

F10 - The September, 1990 groundwater results should be shown in comparison
to state standards. This would clarify which of the five tested
piezometers showed elevated levels for which parameters.

pll - Reference is made to VOC occurrences in surface soils down slope from
cells 6 and 12. If these concentrations exceed background conditions,
an analysis needs to be completed on the risks, both environmental and
human health, posed by these concentrations. If warranted, remedial
action to address these surface soils will be required. The source
control alternatives discussed later in this tech memo must include
surface soil remedial measures if the contamination levels warrant it.

p!2 - The Department has a concern that the air migration pathway has not
been properly addressed to date. State administrative codes require
all landfills with waste capacity of greater than 500,000 cubic yards
to install active gas control systems and specific flaring technologies
to Control hazardous air emissions. The City Disposal Landfill,
because of its size, comes under these regulations. A specific site
can be exempted from these regulations if sufficient monitoring is
completed to verify that the site it not adversely impacting air
quality.

These control and testing requirements are specified in NR 506 and 445,
Wis. Adm. Codes. To date the testing necessary to attempt to exempt
the City Disposal site has not begun. Consequently, the site is
required to fully comply with the requirements in NR 506 and 445, Wis.
Adm. Codes. Compliance with these requirements must be included in the
various remedial alternatives developed at the end of this tech memo.

p!2-
13 - Until acceptable air monitoring is completed the Department believes

that air migration may be a significant pathway of concern. Unless
shown otherwise the Department believes an active gas control system
with air emission controls is required for this site.

p!3 - The elevated metal readings for iron, manganese, and arsenic need to be
viewed as primary impacts of the site. , The elevated concentrations of
these substances may influence the remedial measures selected under the
groundwater operable unit.

p!3 - While there may not be an immediate danger to nearby water supplies,
inconsistency between groundwater flow data and the apparent directions
of groundwater contaminant migration, make any long term conclusions
about the threat to water supplies tenuous. The potential threat to
nearby water supplies is still an unresolved issue in the Department's
opinion.
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Mr. Charles Wilk - December 12, 1990 3.

p!4 - The interpretations provided on this page are, in general, correct.
However, the Department has a concern that the contaminants found in
groundwater at elevated concentrations, and for which no standard
exists, are not forgotten in evaluating remedial measures.

When designing remedial actions, particularly for the groundwater
operable unit, consideration must be given to reducing the
concentrations of all contaminants to acceptable levels.

p!4 - The data assessment on this page should include a clear definition of
the principal environmental and human health threats from the site.

p!4 - The Department has a concern, at this time, that the groundwkter
migration pathway is not yet fully understood. A pathway to/explain
the contaminant readings at locations P-8A, B-6RR, PZ-14, and well nest
2,A,B,C has not yet been developed. In addition, it is not clear that
the vertical distribution of contaminants seen in well nest 11 is
completely understood. These questions may well be answered during a
detailed interpretation of the 1990 field work. However, at this time,
the Department sees these issues as unanswered migration pathway
concerns. Consequently, the conclusions regarding private well impacts
should be qualified to say that to date no impacts have been seen.

p!4 - The Department has a serious concern that'the lack of source
characterization data will hinder future decision making on the best
source control measures needed for this site. At this time, the
Department does not believe adequate waste characterization field work
has been done to properly select source control measures. It is not
clear how the various remedial options were developed at the end of
this tech memo. The Department will need better documentation of the
selection process used, before it can agree that some remedial measures
are not applicable to this site.

p!6 - There are some errors and uncertainties in Table 1. These are:

1. Landfill capping does not directly address gas generation.

2. Gas collection techniques may help deal with groundwater
contamination particularly when dealing with volatile organic
parameters. In fact, gas collection and treatment technologies
can be used as partial groundwater remedies to control future
releases to groundwater as required in Chapter 160, Stats.

3. Not all the methods shown under Waste/Soil Treatment deal with
gas generation or air contamination.

4. In situ neutralization/detoxification needs to be defined. Also,
it does not show up later in the report. The rationale for its
elimination needs to be defined.

P17-
18 - The discussion of institutional controls and site access restrictions

as compliments to active remedial measures is a good description of the
role these measures should play.
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Mr. Charles Wilk - December 12, 1990 4.

p!8 - The state requirements for landfill capping are not guidance they are
legal requirements contained in Administrative Code.

pl8 - State regulations require landfill caps to have a saturated hydraulic
conductivity of 1 X 10"7 centimeters/second (cm/s) or less. This
requirement is in NR 504.07 and NR 181.44(13), Wis. Adm. Code. The
statement concluding caps must have a permeability less than or equal
to surrounding subsoils is not entirely accurate.

pl9 - It is uncertain if the Department would approve a cap design relying
solely on an impermeable membrane (Cover A). "It is most likely that
the Department would require some thickness of compacted low
permeability clay similar to that requirement of an NR 504.07 cap to
act as a backup measure to ensure reduced infiltration. The specific
design and requirements would be developed if Cover A was chosen as the
remedial action. Also, the reference to the underlying clay needs to
be clarified. Is that the compacted native soil layer?

p!9 - It needs to be clarified that the state RCRA requirements in NR 500 and
NR 181 Wis. Adm. Code differ from (are more stringent) than the federal
RCRA requirements. Consequently, the clay cap requirements in NR 504
and NR 181, Wis. Adm. Code are not the same as the federal criteria.

p24 * As discussed previously, the City Disposal site is required to meet the
gas collection and hazardous air emission criteria in NR 506 and 445,
Wis. Adm. Code, unless otherwise exempted based on extensive monitoring
results. These requirements must be reflected in the gas control
discussions in this tech memo.

p27 - It is understood by the Department that the contaminants to be treated
under source control listed in section 5.2.8 is only a partial list
representative of the types of contaminants to be addressed. Source
control measures will be designed to address all the contaminants of
concern at the site including heavy metals.

p27 - In situ vitrification is not proposed as a possible remedial
technology. The Department would like to see this method considered as
a possible alternative for this site particularly as it relates to
possible "hot spot" control.

p28 - Waste stabilization has limited long term operation and maintenance
costs however, there are some short term costs.

p29 - The use of excavation at this site will be controlled in part by the
Department's decision on whether hazardous wastes were sent to this
site.

P27-
31 - Sections 5.2.8 and 5.2.9 provide a good brief narrative on the various

waste and soil treatment technologies and disposal options considered
for this site.

p31 - The state capacity assurance plan for hazardous wastes requires that
off site disposal out of state be used only as a last resort measure.
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Mr. Charles Wilk - December 12, 1990 5.

p32 - The Department agrees with the decision not to pursue sheet piles,
injected screens or asphalt curtains as remedial possibilities for this
site.

p33 - The treatment measures discussed under 5.2.11 must include a discussion
of best available technology for the control of inorganic parameter
discharges also.

P33-
34 - The air treatment discussion should be expanded to include the state

regulations, referenced previously concerning air emissions from
landfills. Also, air emission controls shall deal with all
contaminants associated with the site, not Just VOC's alone. The
discussion on page 34 gives the impression only VOC's are an air
concern, the Department believes all contaminants at the site are
potential air concerns.

P35-
36 - Under section 6.1.3 the narrative discusses six general steps for the

development and screening of alternatives. However, there are seven
individual points shown on pages 35-36.

p37 - ARAR's are not defined as frequently used standards but are legal
requirements associated with the activities or problems at the site.
Also, final acceptable exposure levels may be defined by ARAR's if they
are more stringent than calculated acceptable exposure levels.

P35-
40 - The FS process overview on these pages accurately reflects the FS

process contained in the USEPA, 1988 guidance document.

p41 - It would be useful if at the beginning of this section the specific
remedial objectives for each media were listed,. This would help tie
the objectives to the technologies discussed. Also, source control
technologies will not preclude future releases from the site, but
rather will control and limit future releases.

p41 - The rationale for elimination of several process options shown on Plate
1 is not clear. To make clear the Department's position, the decisions
to delete the various process options are reviewed individually below.

1. Sedimentation Basin - The Department agrees that, at this time,
contaminated surface water runoff from the site is not a concern
consequently a basin is not necessary. However, if future site
investigations or remedial actions expose waste to runoff waters
such a control basin may be necessary. Also, a basin for
sediment control from on site erosion during site activities may
be necessary.

2. Excavation - The Department does not agree with the complete
elimination of excavation as a remedial alternative. Clearly,
complete excavation of the site is not feasible. However,
excavation of smaller areas such as "hot spots" in cells 12
and/or 6 should be retained as possible actions. To date there
has been very little source characterization of the waste
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Mr. Charles Wilk - December 12, 1990 6.

material on site. This is particularly true for cells 6 and 12
which appear to be the most significant source areas on site.
Only a ground penetrating radar survey which shows that cell 12
produces a different signature than the rest of the site has been
conducted as a source characterization study. Until a far better
understanding of the physical and chemical nature of the waste in
cells 6, 12, and other possible unknown "hot spots" is known, the
Department will not agree to the elimination of various process
options. There is no data to support the conclusions that
certain process options can be eliminated in favor of others.
Consequently, the Department believes .excavation must stay as a
possible action until other options are proven, based on site
data, to be effective solutions.

3. Stabilization/Solidification - As stated above not enough site
specific data has been produced to entirely eliminate this
option. These processes may be applicable to "hot spot" control.
The radar results show a low metal content in cell 12. It seems
possible then, that this technology may be an applicable control
measure for the wastes in cell 12 or elsewhere.

4. Vacuum Heap Extraction - The Department agrees that vacuum heap
extraction does not appear to be a likely alternative at this
time. It seems possible that the same results can be achieved by
using in place injection and extraction methods.

5. Waste/Soil Washing - It is not clear why this option was
eliminated at this stage. For possible use in "hot spot" control
there appears to be some applicability for this measure. The
Department would like to further discuss this measure before it
is eliminated entirely.

6. In Situ Water/Soil Flushing • If the technology is selected,
state concerns on groundwater injection systems will have to be
satisfied.

7. On and Off Site Incineration - As with waste/soil washing the
Department would like better documentation why these options were
eliminated before it agrees on elimination.

8. On and Off Site Landfilling - the Department agrees that off site
transport of waste for landfilling is not desirable. However,
with some on-site treatment options (i.e., solidification/sta-
bilization) landfilling of the treated waste may be required.
Retaining this option is dependent on the final evaluation of
several of the treatment alternatives.previously discussed.
Consequently, dependent on other option evaluations on site
disposal may need to be retained.
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Mr. Charles Wilk - December 12. 1990 7.

9. Gas Extraction/Flaring/Cycling - As stated several times, the
Department does not agree with the proposed gas control options
developed for this site. The Department does not believe
adequate testing has been conducted to determine the appropriate
air emission control system. The requirements in NR 506 and 445,
Wis. Adm. Code must be met for this site. Consequently,
extraction wells and flaring options must be retained for further
analysis.

p41 - As shown on Plate 1 the groundwater remedial action objectives should
be compliance with groundwater preventative action limits not
enforcement standards. This is required by state law. Also, the air
treatment emissions section has applicability to many of the source
controls measures under consideration. Air emissions control must be
included in source control discussions.

p42 - As with Plate 1, the decisions to eliminate the two alternatives on
Plate 2 needs to be further discussed. At this time, the Department is
unwilling to accept the complete elimination of these process options.
Both options appear to have possible applicability to "hot spot"
control. Once a better description on the nature and extent of the
•hot spots" on site are available, more decisions can be made regarding
remedial alternative selections. Also, the remediation goals
referenced on this page need to be more specifically defined to better
evaluate the retained technologies.

p44-
48 - The descriptions of the retained process options are accurate.

However, as noted the Department does not agree necessarily that these
are the only options to be further developed. The Department very much
wants to further discuss the decision making process used to arrive at
the conclusions presented.

p44 - The specific remedial action objectives for source control should be
repeated here to be sure the alternatives developed meet the specific
identified objectives.

p48 - The Department has the following comments on the eight specific
remedial alternatives proposed for the site.

1. As with all eight alternatives the Department believes an active
gas control and air emission control system is required for the
site. Also, this alternative lacks additional control measures
for "hot spot" remediation which likely appears necessary for
some areas of the site. Also, as stated previously, it is not
likely that the Department would accept Cover A as an acceptable
cover technology for the site.

2. Same comments as with Alternative 1. The inclusion of Covers B
and C likely more accurately reflects the cover options thac will
be used at the site.
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Mr. Charles Wilk - December 12. 1990 8.

3. The alternative approaches what may be an acceptable option for
the site. However, the use of Cover A is likely not acceptable,
no gas control and air emissions measure is included and other
options may be more appropriate for control at cells 6 and 12
than gas injection/extraction or extraction.

4. The alternative is an increment improvement over Alternative 3.
However it still maintains the same fatal flaws as described for
the preceding alternatives.

5. This alternative may be acceptable if specific "hot spot" control
measures, are not necessary, Cover B was selected for use and on
site monitoring can exempt the site from NR 506 and 465, Wis.
Adm. Code air control measures.

6. This alternative is the same as 5 except the possible use of
Cover C. This is viewed as a better alternative because the use
of Cover C may be necessary for all or parts of the site.

7. This option may be acceptable, given the reservations already
stated, if Cover B were selected.

8. . This is the most acceptable option of the eight presented.
However, depending on additional site investigation it is likely
not an entirely acceptable alternative.

p51 - Under action specific ARAR's, NR 105 and 106 Wis. Adm. Codes should be
included as surface water discharge regulations.

As can be seen from the brief review of each alternative, the Department does
not believe any of the eight possibilities are acceptable. The most serious
drawbacks are the lack of an active gas control and air emissions system, the
limited alternatives kept available for "hot spot" control and the possible
use of Cover A at the site.

In conclusion, the Department has reviewed this document and has identified
several key areas in need of further discussion. The Department is confident
that these differences can be resolved through further communications. It is
the Departments desire that a meeting be set as soon as possible to resolve
the concerns about this report and continue towards remediating this site.

Sincerely,

Mike Schmoller
Solid Waste Specialist

MS:ps
Enc.
d: \swm\c i tydsps.mrs

cc: Sue Bangert - SW/3
Pat McCutcheon - SD



ARAR Determinations

Below arc listed the ARAR's as determined by the Department based on the
various remedial options presented. The Department may amend the list based
on changes or additions to the list of possible remedial actions for the site.

r

Alternative

1) Institutional controls,
access controls, monitoring
cover A or B

2) Institutional controls,
access controls, monitoring
cover A or B/C

3) Institutional controls,
access controls, monitoring
extraction, cover A or B

Preliminary Identification
ode3 of Standards/acquirements

181.49 Groundwater monitoring to identify degree
and extent of contamination, hazardous
waste grounduater monitoring requirements

<
181 Any waste generated during Whe remedial

investigation must be handled consistent
with hazardous waste requirements, general
hazardous waste management /requi rements

140 Groundwater standards and response
requirements

U9 Laboratory certification for environmental
testing

504,506,445 Landfill gas collection, treatment and
hazardous air emission controls

508 Landfill monitoring requirements

504,506,514,516 Landfill capping, closure and
documentation requirements

same requirements as alternative 1 above

RA Landfill capping, closure, monitoring and
long term care requirements

same requirements as alternative 1 above

4) Institutional controls,,
access controls, monitoring,
gas extraction, cover A or B/C A

I 181

same as alternative 2

181

Management requirements for hazardous
wastes removed during construction of gas
extraction systems

Management of hazardous wastes removed
during construction of gas extraction
systems

5) Institutional controls,
access controls, monitoring
trench/vent system, cover A or B

6) Institutional controls,
access controls, monitoring
trench/vent system, cover A
or B/C

same as alternative 1

same as alternative 2
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7) Institutional controls,
access restrictions,
monitoring, gas extraction,
trench/vent system, cover A
or B

8) Institutional controls,
access restrictions,
monitoring gas extraction,
trench/vent system, cover
A or B/C

A or RA Code

same as alternative 3

Preliminary Identification
of Standards/Requirements

same as alternative 4

t

1 A or RA * Applicable (A) or potentially Relevant and Appropriate (RA)
2 Code « Wisconsin Administrative Code, Chapter HR series



L Metcalf & Eddu

i;
December 14, 1990

Mr. Charles Wilk
U.S. EPA
CERCIA Enforcement
230 S. Dearborn
Chicago, IL 60604

Re: TES X Work Assignment No. C05012
City Disposal Corporation Landfill (CDCL)

Subject: Review of Technical Memorandum No. 6a
Alternatives Array Document (SCOU)

Dear Mr. Wilk:

Metcalf & Eddy, Inc. (M&E) has conducted a review of Technical
Memorandum No. 6a, Alternatives Array Document, (SCOU), prepared
by P.E. LaMoreaux & Associates (PELA)* As you requested, the
review was conducted to determine the appropriateness of the
proposed remedial technologies.

General Comments;

The Technologies and Process Options presented for the Source
Control Operable Unit (SCOU) are appropriate for CDCL.

Vitrification should be added to the Stabilization/Solidification
options.

The reasons for eliminating Process Options during screening are
not presented in most instances and, where presented, are vague.
Reasons for the elimination of each Process Option should be
included.

Specifie

Page

18
22
29
31

Section

5.2.4
5.2.5
5.2.8.7
5.2.9.1

Paragraph Comment

Relative costs were
identified for these
Technologies/Process
Options only. Relative
costs for all
Technologies/Process
Options should be
identified for
consistency.

65 W Aigonqum RoaC. Suite 500. Arlington Heights, illmois 60005-4422
Tel 708228-0900 FAX 708 228-5013
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Page Section Paragraph Comment

22 5.2.5 2 A detailed description
for the use of
sedimentation basins
should be provided.

27 5.2.8 2 The waste has been
characterized principally
by the analyses of
ground-water samples
collected from beyond the
fill area. Therefore,
the waste may contain
semi-volatile organics
and inorganics not
identified in ground-
water samples. These
additional parameters can
have an adverse effect on
the efficiency of certain
process options. The
potential problems
associated with these
•parameters should be
considered when
evaluating process
options.

32 5.2.10.1 1 . In addition to installing
physical barriers
downgradient of the
source area, physical
barriers can be installed
around the other sides of
the fill area to reduce
ground water flow through
the waste area. However,

, it should be noted that
the hydraulic
conductivity will be
decreased within the
barrier area when any
type of physical barrier
is used.

2 Health & Safety costs
have been included in the
Relative costs for
physical barriers. This
consideration should be
included for most of the
process options
presented.
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PacTe Section Paragraph Comment
33 5.2.10.2 2 See previous comment.
33 5.1.11 1 See comment for section

5.2.8.
34 5.2.12 2 As with other air

treatment options, the
efficiency of the vapor
condensation process
should be included.

Disadvantages are
presented for only one
air treatment option;
activated carbon.
Advantages and
disadvantages should be
presented for all
options.

41 7.0 1 Options involving
leachate control should
not be screened out
because leachate has not
been observed during the
RI. Leachate seeps have
been observed in the
past. Furthermore, the
RI has been conducted
over a period during
which there has been
below normal
precipitation. The
possibility of future
leachate generation
should be considered.

42 8.0 2 The evaluation process is
illustrated in Plate 1
not Plate 2.

43 8.0 2 , The text states that
three process options
were screened out. These
options and the reasons
for their elimination
should be identified.

44 9.1 1 The "No Action"
alternative should not be
eliminated at this stage.
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1 47 9.2.1.1.6 2 The text states that in
situ bioremediation has
been screened out. This

r is inconsistent with
I Plate 1.

The reasons for

C elininating
technologies/process
options should ber expanded and should
include all
technologies/options.

• Should you have any questions regarding the comments on Technical
Memorandum No. 6a, please do not hesitate to contact me.

Very truly yours,

[ METCALF & EDDY, INC.

I Robert A. Schoepke
Contractor Project Manager

| _ cc: Lorraine Kosik, U.S. EPA
Thomas Lentzen, M&E

. File
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State Of Wisconsin \ DEPARTMENT OF NATURAL RESOURCES
Carrotf D. Sesadny, Secretary

Southern District Headquarters
3971 Fish Hatchery Road

FHehburg, Wl S3711
TELEFAX NO. 608-275-3338

December 26, 1990 . File Ref: 4400

Mr. Chuck Wilk, RPM
United States Environmental Protection Agency
230 South Dearborn Street
5HS-11 . ';
Chicago. IL 60604 i

Dear Mr. Wilk:

This is a follow-up letter regarding our comments on Technical Memo 6A,
Alternatives Array Document for the Source Control Operable Unit at the City
Disposal Landfill. Based on the results of our December 19, 1990, meeting it
is our understanding that Waste Management has committed to closing the City
Disposal landfill in compliance with NR 500 and 445, Wis. Adra. Code
requirements. These closure requirements will be met in addition to whatever
closure measures are required by the CERCLA process. This commitment by Waste
MAnagement addresses many of the concerns our Department has about Tech Memo
6A.

It is our hope that this commitment, together with the additional information
to be supplied by Waste Management on why it retained the remedial
technologies shown in Tech Memo 6A, will enable us to decide on the source
control measures to be used at the site.

Sincerely,

Mike Schmoller
Solid Waste Specialist

MS:ps
9101\swldspsl.mrs

cc: Sue Bangert - SW/3
Pat McCutcheon - SOD
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State Of Wisconsin \ DEPARTMENT OF NATURAL RESOURCES
CairoO D. B«Mdny, Stcrtttry

Southern District H««d<jt»rt«r»
3911 Fl*h H»tch9ty Road

FHchburg, WJ 53711
TELEFAX NO. «0*-275-W38

January 16, 1991
R, R0f; 4400

Mr. Chuck Wilk, RPM
U.S. Environmental Protection Agency
5HS-11
230 South Dearborn Street " .
Chicago, IL 60604

Subject: City Disposal Landfill; Dane County; Town of Dunn, Wisconsin;
ARAR Aplicability

Dear Mr. Uilk:

This letter is to document the applicability of state hazardous waste rules to
the waste and possible remedial actions at the City Disposal landfill.

First of all, based on available information, it cannot be determined that •;,
listed hazardous wastes were disposed of at the site. Consequently, the
wastes are not considered to be listed hazardous wastes. Also, at this time,
the waste mass has not been tested to determine if it or any portions of it
exhibit any hazardous characteristic. Consequently, the waste mass at the
site is not considered to be characteristic hazardous wastes at this time.
Lastly, waste disposal operations ceased in 1977 prior to the effective dates
of RCRA and state hazardous waste rules. Therefore, state hazardous waste
rules are not considered applicable to the waste mass. However, available
information suggests that the wastes disposed on site are sufficiently similar
in nature to hazardous waste and the Department considers state hazardous
waste rules to be. relevant and possibly appropriate to the waste mass while
the wastes remain in place.

If during the course of remedial action, waste materials are removed from the
cite (i.e., excavated), then the waste material will be tested to determine if
it exhibits a hazardous characteristic and, if applicable, state hazardous
waste rules will be applied. This will include application of the land ban
requirements.

In terms of the groundwater, based on the contaminant concentrations present,
the groundwater exhibits a characteristic of hazardous waste. Consequently,
the groundwater and any media contaminated by the groundwater that also
exhibits the hazardous characteristics must be managed as hazardous wastes. .
The groundwater and contaminated material will continue to be a subject to
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Mr. Chuck Wilk - January 16, 1991 5.[
hazardous waste regulations until the characteristic la no longer present.

.. Consequently, state hazardous vaste lave are applicable to any ground vatcr
I treatment technologies and to any residual material that is characteristically
*- hazardous.

I If there are questions on these determinations, please contact me at your
convenience .

I Sincerely,

I Mike Schmollar
I - Solid Waste Specialist

TELEPHONE: (608) 273-3303

I HS:kaa
f10Z\SU1CITY1.KRS

I ce: P*t McCutchaon * SD
Ed Lynch - SV/3
Sue Bangdrt • SW/3
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S UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
tSSRZJ? REGIONS
V <T 230 SOUTH DEARBORN ST.

CHICAGO. ILLINOIS 60604

j/iN 1 £ i
HEPLYTOATTEWTIONOF: 5HS-11

Ms. Dee Brncich
Waste Management of North America, Incorporated
Midwest Region
Two Westbrook Corporate Center, Suite 1000
Westchester, Illinois 60154

Re: City Disposal Corporation Landfill
SCOU Alternatives Array Review and Potential ARARs

Dear Ms. Brncich:

The United States Environmental Protection Agency (U.S. EPA) and
the Wisconsin Department of Natural Resources (WDNR) have reviewed
Technical Memorandum No. 6a Alternatives Array Document (SCOUl For
Remedial Investigation/Feasibility Study Citv Disposal Corporation
Landfill. Enclosed are (a) a table of potential Applicable or
Relevant and Appropriate Requirements (ARARs) arranged according to
each of the eight (8) Source Control Operable Unit (SCOU) remedial
alternatives described in the Technical Memorandum No. 6a, and (b)
U.S. EPA and WDNR comments on Technical Memorandum No. 6a.

Most ARARs pertaining to this operable unit are State requirements.
Be advised that the State of Wisconsin hazardous waste management
regulations, formally Wisconsin Administrative Code NR. 181, have
been extensively revised and are now codified in Wisconsin
Administrative Code NR. 600. These State regulations become
effective February 1991.

U.S. EPA and WDNR comments must be addressed in the revision to
Technical Memorandum 6a, due 30 calendar days after your receipt of
this letter. i

If you have any questions concerning this letter, please telephone
me at (312) 353-1331.

Sincerely, DATE RECEIVED/SENT
BY: DEEBRNCICH
SITE _______
CC/ROUTE: * '

Charles Wilk PK. DP. WS, HK. JD, GM. DO. AK. RO, AS
Remedial Project Manager — — _ _ _ _ _ _ _ _

FILE SYSTEM: PRpJECT/SOE
Enclosures FILE CODE: _̂ jlA__̂ .W/ATTACH

Q- • /____ :v 13 VV/O ATTACH
cc: Mike Schmoller, WDNR

Doug Ballotti, RERB
Eileen Fury, ORC
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City Disposal Corporation Landfill
Potential Applicable or Relevant and Appropriate Requirements

Source Control Operable Unit

I
[

[
I

All Alternatives. Each of the eight alternatives includes'access
restrictions, institutional controls, landfill cap and ground water
monitoring.

ARARs: Wis. Adm. Code NR. 600 series (formally NR. 181),
including, requirements for ground water monitoring,
management of hazardous waste resulting from
remedial activities, landfill capping, closure,
monitoring, post closure maintenance and use, and
documentation;

Wis. Adm. Code NR. 500 series, including 504, 506,
508, 514 and 516. These solid waste regulations
include requirements for landfill gas collection
and treatment,1 landfill capping, landfill closure,
monitoring, post closure maintenance and use and
documentation;

Wis. Adm. Code NR 445, hazardous air emissions
control;

Wis. Adm. Code NR. 140, ground water quality
standards and response requirements;

Wis. Adm. Code NR. 149, laboratory certification for
environmental testing; AND

Resource Conservation and Recovery Act (RCRA)
Subtitles C and D.

To Be Considered:
Technical Guidance Document Final Covers on
Hazardous Waste Landfills and Surface Impoundments
EPA/530/SW-89/047

r
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Alternatives 3,4. 5. 6. 7. and 8. These alternatives all include
vacuum extraction, gas inj ection/extraction systems, and/or
landfill gas trench/vent system.

ARARs: Wis. Adm. Code NR 445, hazardous air emissions
control;

Title 40 of the Federal Code of Regulations
(40 CFR) Part 50, National Ambient Air Quality
Standards (NAAQS);

40 CFR Part 61, National Emission Standards for
Hazardous Air Pollutants (NESHAP); AND

4 0 CFR Part 60, National New Source Performance
Standards (NSPS).

To Be Considered:
OSWER Directive 9355.0-28, U.S. EPA policy guidance
entitled Control of Air Emissions from Suoerfund
Air Strippers at Suoerfund Ground Water Sites.
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U.S. EPA Comments
Technical Memorandum 6a

Page 13. Data available at the time of writing the Technical
Memorandum was insufficient to support the statement "The
drinking water supply for the wells in closest proximity
to the site have not been impacted by the site". Data
available indicated that no contamination attributable
to the site was found in wells tested down to the
detection limits of the analysis. The method detection
limits for some of the hazardous 'constituents analyzed
for were above..the MCLs for those constituents.

U.S. EPA is currently awaiting results from a resampling
and analysis of private wells using lower detection
limits. Future sampling and analysis of drinking water
wells at the site will be required to use lower method
detection limits that are below the MCL for all
constituents analyzed for.

Page 14. The interpretation that data is sufficient to determine
that the private wells in proximity to the site have not
been impacted by the landfill may be misleading. The
data is sufficient to determine that private wells have
not been affected down to the method detection limits of
the analysis. U.S. EPA and WDNR, at this time, do not
believe that the wells have been affected by this site
considering current information on ground water flow
direction, and that contamination by the site would
likely manifest itself as levels of contamination that
would exceed the method detection limits used for
analysis. However, in order to be more conservative, the
U.S. EPA and the WDNR are currently resampling and
analyzing the private wells in the area using lower
detection limits at or below the MCLs established.

Page 34. Use of media like activated carbon to sorb hazardous
constituents is not considered fulfillment of the
40 CFR 300.430 (a)(1)(iii) expectations (preferences) for
use of treatment technologies to address principal
threats posed by a site, unless the hazardous
constituents sorbed are ultimately destroyed, as through
incineration (regeneration of the activated carbon).
Disposal of the contaminated carbon in a landfill without
treatment of the sorbed constituents would not satisfy
the expectations.

This preference for actual treatment of the hazardous
constituent holds true for all treatment technologies
proposed including air stripping, chemical filtration,
physical filtration, etc.
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Page 49. The Technical Memorandum proposes that the eight
assembled alternatives be carried through to the detailed
analysis. This is acceptable however, note that
Alternatives 1, 2, 3 and 4 apparently will not fulfill
the State requirement for installation of landfill gas
control systems under Wis. Adm. Codes NR. 500 and
NR. 600.

Page 50. ARARs for ground water remediation are not presented in
this review. These ARARs will be provided upon review of
the Alternatives Array document for the Ground Water
Control Operable Unit (GCOU).
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State of Wisconsin \ DEPARTMENT OF NATURAL RESOURCES
Carroil D. -Besadny, Secrottty

Southern District He»dquart«r*
39if Ft9t\ Hatchery ftotd

FitGhburg, Wl 53711
TEL/FAX NO. 608-275-3338

January 25, 1991
File R«(: 4400

Hr. Chuck Wilk, RPM ^ '
U.S. Environmental Protection Agency *'
5HS-11
230 South Dearborn Street
Chicago. IL 60604

Subject: Review of Technical Memo 63 - Alternatives Array Document for the
Groundwater Control Operable Unit

Dear Mr. Wilk:

The Department has completed its review of Technical Memo 6B, Alternative Array
Document for the groundwater control operable unit at the City Disposal Landfill
Superfund site. The Department has a number of page-by-page comir.encs vhich^are
shown below. In addition, the Department has the following two major comments which
it wishes to clearly state. Also, the Department has attached its ARAK V*x .
determinations based on the proposed remedial alternatives.

1) Any groundwater remedial action taken at the site must be able to comply
with the preventive action limits set in ch. NR 140, Wis. Adm. Code, The
compliance point for this site is the waste boundary. If compliance with
preventive action limits is proven not to be technically and economically
feasible, as specified in s. NR 140.24, Wis. Adm. Code, tha lowest
technically and environmentally feasible groundwater concentration shall be
achieved. In no case can the target cleanup level exceed state enforcement
standards . i
For parameters for which no ch. NR 140, Wis. Adra. Code, standard exists, the
cleanup standard shall be background concentrations. If achievement of
background concentrations is proven not co be technically and economically
feasible, the lowest technically and economically feasible concentrations
-Uo.il t* — ki&Mtd 40 1-ho nloannp

2) It must be understood that all air emissions from both source control and
groundwater control remedial measures must comply with the toxic air
emissions criteria in ch. HR 445. Vis. Ada. Code. The technologies retained
tor air emission cwuL*.wl mw*e iftfcet e'no mandated p«T-fnrmanrp levels •

rnnrUTTCnCS WlUl 5»Tf remedial action to be taken at the

ch. Wtt'l/iO and rh M? 44*1. Wis. Ata. Code, are critical criteria to be used
in evaluating the adequacy of any remedial measures.
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PAGE-BY-_PA.GE COMMENTS:

P. 11 On this page and in several other locations in the technical nemo, the
term "regulatory limits" is used. This term needs to be specifically
defined. For groundwater quality, the regulatory limits are the
preventive action limits contained in ch.. NR 140, Wis. Admv Code.

P.11 The regulatory concentrations that should be used to evaluate the
significance of groundwater concentrations are preventive action
limits—not enforcement standards. State groundwater law sets
preventive action limits as the triggering levels for initiating
response activicies. £•

P.12 The Department does not have a record of a wethylene chloride soil
detect of 8.5 ug/kg downslope from cell 6. Please provide the sample
location and date for this result.

P.19 The conclusion chat there is no landfill gas production and low gas
pressures needs to be verified with field data. There have been pasc
complaints from nearby residences about "pmells" around Grass Lake. It
seems possible these odors are landfill'feas migrating towards the
topographic low of Grass Lake.

?.?0 Tn n prflr.rir.fl1 smv.. nniirrr r.nnrrnl nrnsiirrs will UVrly rrrtunr
contaminant migration from the landfill—not completely preclude any
transport. >

t

I
I

P.21 This page provides a good summary of tnê status of the groundwater -
studies and the conclusions that can be reached to date. The
Department would like to see a proposed tineline for completing the
additional studies proposed at the bottom of the page.

P.24 The section on environmental monitoring correctly states that
monitoring surface water and groundwater quality ara used to assess the
performance of the remedial action. The concept of nonitoring needs to
be expanded for both operable units to include monitoring che
performance of active source control alternatives and the active gas
collection system. If a technology is chosen to actively remediate
cells 6 and 12, such as vapor extraction, a monitoring program to
assess the effectiveness of the remediation will be required.
Monitoring source contaminant concentrations in the waste before,
during, and after the remediation will be essential to evaluating
system perforaance.

P. 25-34 Section 5.4 provides a good general discussion of che various
groundwacer control, treatment and discharge options.

P. 34-41 Section 6.0 provides a good general overview of the feasibility process
for Superfund sites.

P.38 As stated in comments on the SCOU, ARARs are not frequently used
standards, but rather are legally mandated requirements than rr.ust be
met in designing and implementing remedial actions.

P.41-45 The Department agrees with the evaluation process discussed on these
pages and summarized on Plate 1. The retained technologies Are likely
thti most promising alternatives. However, it must be clear that the
retained air emissions treatment technologies must be capable of
meeting state air quality rules. AHARs for this process option,
discussed in detail later, include air toxic substance emission
controls. These requirements must be complied with.
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Mr. Chuck Wilk - January 25, 1991 C
3.

P.45-49 The Department also agrees with the elimination process discussed on
these pages and summarised on Plate 2. The remaining process options
are believed to be the universe of practical alternatives available.

The following table summarises the Department's ARAR determination for the remedial
measures proposed in this tech memo.

TABLE 1
ARAR DETERMINATTON

Below Are listed the ARARs as determined by the Department based on the various
remedial options presented. The Department may amend this list based on changes or
additions to the list of remedial actions for this site.

*

Alternative A or BA1

D A
A
A
A

A
A
A
A

Code /Statute1

NR 140. & 160

NR 141 :

.^R149
NR161

NR 106, 106
NH112

•fyfL 144.04
NR445

Preliminary Identification
Standards /Requirements

Groundwatcr standards and response requirement*.
Monitoring well requirements.
Laboratory certification (or environmental testing.
H the extracted groundwaler cxhibtte a characteristic
hazardous waste, the water and discharges are hazardous
until the characteristic is no longer exhibited.
Toxic substance effluent surface water standards.
Wtfor well construction and reporting requirements.
Wactowatar plan review requirements.
Toxic aJr enwisstons control requirements.

3)

*)
5)

7)

6)

Same requirements «s Artemonve 1.
A NR 181

Same requirements as AhomoOvw 2.
£amti requirements ac AJtemaiive 2,
Same roquiremontj me AJtemative 2.
A NR211

Same requirements as AKamatJve 1.
A MR 112

Same requirements as Attametive 2.
Same tcquiremems as Aftemativc 2.i
Same requirements as Alternative 1.

Spent carbon residues shall be treated ss hazardous westo
if tho exhibit hazardous characteristics, unless regenerated.

Stele wasiewater pretrcatment requirement lor discharge ta
PQTWs.

Injection of material to the subsurface is regulated under
water supply codex.

Sincerely,

Mike Schmoller, Hydrogeologist
Environmental Response Program

MRS:kas (0\su'M\ciTY6B.RW)
cc: Darci Foss - SW/3

Ed Lynch - SW/3
Pat McCutcheon - SD

A or RA « Applicable (A) or potentially relevant and appropriate (RA).

Code •• Witcontln Administrative Code. Chapter NH series;
Statute - Wisconsin State Statutes.
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• State Of Wisconsin \\ DEPARTMENT OF NATURAL RESOURCES
Carro// D. Becadny, Secretary

January 25, 1991

Mr. Chuck Wilk, RPM
U.S. Environmental Protection Agency
5HS-11
230 South Dearborn Street
Chicago, IL 60604

^ JAN '-' 1 1991
REMEDIAL & ENFORCEMENT

RESPONSE BRANCH

Southern O/sfr/ct Haadquarttra
3911 Fish Hatchery Road

Fttchburg, Wl S3711
TELEFAX NO. 608-275-3338

Fila Rtf: 4400
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Dear Mr. Wilk:

The Department has received the gas probe proposal contained in the
January 18, 1991, letter from P. E. LaMoreaux and Associates. The Department
approves of the proposal with the following conditions :

1. The monitoring of the probes must be done in compliance with NR 508, Vis
Adm . Code .

2. The installation and construction of the probes must be done in
compliance with NR 504 and 508, Wis, Adm. Code.

3. An additional probe location shall be included along the north side of
the facility somewhere north of LW-2.

Lastly, the Department would like to explore the Idea of using the proposed
gas probes as volatile organic chemical (VOC) sampling points. At this time
some questions still remain about the migration pathway from the landfill to
the contaminated monitoring wells west, southwest and southeast of the site,
A proposed pathway was vapor migration from the waste mass to the wells. If
this is occurring, sampling the probes for VOC's may give indication that the
pathway exists.

If you have further' questions on these comments please give me a call.

Sincerely,

Hike Schmoller
Hydrogeologist
Environmental Response Program

MS:ps
d : \swm\gasprb . mrs

cc: Darsi Foss - SW/3
Pat McCutcheon - SD



[
[
c
[
[

r

Response to Comments on Technical Memorandum No. 6A
Alternatives Array Document (SCOU)

City Disposal Corporation (Dunn) Landfill
Dated January 28,1991

PELA 495209 February 18. 1991

United States Environmental Protection Agency
Region V, Office of Superfund

Charles Wilk, Remedial Project Manager

Technical Memorandum 6A

* 1. Page 13 Data available at the time of writing the Technical Memorandum was insufficient to support the
statement The drinking water supply for the wells in closest proximity to the site have not been
impacted by the site'. Data available indicated that no contamination attributable to the site was
found in wells tested down to the detection limits of the analysis. The metho< detection limits for
some of the hazardous constituents analyzed for were above the MCLs for fttose constituents.

RESPONSE:

Samples were collected and analyzed in accordance with the approved Sampling and Analysis Plan
(SAP) and Quality Assurance Program Plan (QAPP). During preparation of the SAP and QAPP, the
draft documents were reviewed by the agencies on numerous occasions. The detection limits, as
specified in the QAPP, are included in the SOPs for the routine analysis .required under the Contract
Laboratory Program.

U.S. EPA is currently awaiting results from a resampling and analysis of private welts using tower
detection limits. Future sampling and analysis of drinking water wells at the site will be required
to use lower method detection limits that are below the MCL for all constituents analyzed for.

RESPONSE:

Future sampling and analysis of drinking water wells using criteria for lower method detection limits
can certainly be accomplished; however, will require a modification to the Work Plan (QAPP). The
recommended approach to such modification is by letter to the agencies with reference to SOPs for
special analytical services.

* 2. Page 14 The interpretation that data is sufficient to determine that the private wells in proximity to the site
have not been impacted by the landfill may be misleading. The data is sufficient to determine that
private wells have not been affected down to the method detection limits of the analysis. U.S.
EPA and WDNR, at this time, do not believe that the wells have been affected by this site
considering current information on ground water flow direction, and that contamination by the site
would likely manifest itself as levels of contamination that would exceed the method detection
limits used for analysts. However, in order to be more conservative, the U.S. EPA and the WDNR
are currently resampling and analyzing the private wells in the area using lower detection limits
at or below the MCLs established.

RESPONSE:

Comment noted. There was no intent to misrepresent the data.

* 3. Page 34 Use of media like activated carbon to sorb hazardous constituents is not considered fulfillment of
the 40 CFR 300.430 (a) (1) (iii) expectations (preferences) for use of treatment technologies to
address principal threats posed by a site, unless the hazardous constituents sorbed are ultimately

(WP S.I 2/tWIJ i4d.M9620ORMeonM.6A

•RELaMoreaux&Associates—'
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destroyed, as through incineration (regeneration of the activated carbon). Disposal of the
contaminated carbon in a landfill without treatment of the sorfaed constituents would not satisfy the
expectations.

This preference for actual treatment of the hazardous constituent holds true for all treatment
technologies proposed including air stripping, chemical filtration, physical filtration, etc.

RESPONSE:

Comment noted. Based on our understanding of the impacts of TCLP, contaminated carbon would be
a RCRA characteristic waste. Therefore, the use of carbon in the remedial strategy without treatment
of carbon would not satisfy the statutory mandate of minimizing hazardous waste generation.

14. Page 40

RESPONSE:

The Technical Memorandum proposes that the eight assembled alternatives be carried through
to the detailed analysis. This is acceptable however, note that Alternatives 1. 2, 3 and 4
apparently will not fulfill the State requirement for installation of landfill gas control systems under
Wis. Adm. Codes NR. 500 and NR. 600.

In a letter written in August 1988 from Ron DeBattista to Lakshrimi Sridhara, WMWI committed to
comply with the NR 506.08 requirements within the context of the remedial action. The failure to
reference this commitment in Technical Memorandum 6A was an unintentional oversight.

* 5. Page 50

RESPONSE:

ARARs for ground water remediation are not presented in this review. These ARARs will be
provided upon review of the Alternatives Array document for the Ground Water Control Operable
Umt(GCOU).

Comment noted and concur.

Potential Applicable or Relevant and Appropriate Requirements. Source Control Operable Unrt

* 1. All Alternatives Each of the eight alternatives includes access restrictions, institutional controls, landfill cap and
ground water monitoring.

ARARs: Wis. Adm. Code NR. 600 series (formally NR. 181). including requirements for ground
water monitoring, management of hazardous waste resulting from remedial activities,
landfill capping, closure, monitoring, post closure maintenance and use, and documen-
tation;

Wis. Adm. Code NR. 500 series, including 504. 506, 508. 514 and 516. These solid
waste regulations include requirements for landfill gas collection and treatment, landfill
capping, landfill closure, monitoring, post closure maintenance and use and documen-
tation;

Wis. Adm. Code NR. 445. hazardous air emissions control;

Wts. Adm. Code NR. 140. ground water quality standards and response requirements;

Wis. Adm. Code NR. 149. laboratory certification for environmental testing; AND

fWP 5.1 2T1M1) 14dA496200lflMpofiM.6A
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Resource Conservation and Recovery Act (RCRA) Subtitles C and D.

To Be Considered:

Technical Guidance Document Final Covers on Hazardous Waste landfills and Surface
Impoundments EPA/530VSW-89-047

RESPONSE:

Comments noted. Please refer to WMWI's responses to the ARAR determinations provided by the
Department (p. 27 of this document).

9 2. Alternatives 3, 4.
5, 6, 7, and 8 These alternatives all include vacuum extraction, gas injection/extraction systems, and/or landfill

gas trench/vent system.

ARARs: Wis. Adm. Code NR. 445, hazardous air emissions control;

Title 40 of the Federal Code of Regulations (40 CFR) Part SO. National Ambient Air
Quality Standards (NAAOS);

40 CFR Part 61, National Emission Standards for Hazardous Air Pollutants (NESHAP);
AND

40 CFR Part 60. National New Source Performance Standards (NSPS).

To Be Considered:

OSWER Directive 9355.0-28. U.S. EPA policy guidance entitled Control of Air
Emissions from Suoertund Air Strippers at Superfund Ground Water Sites.

RESPONSE:

Comment noted. Please refer to WMWI's responses to the ARAR determinations provided by the
Department (p. 27 of this document).

State of Wisconsin, Department of Natural Resources
Southern District Headquarters

Mike Schmoiler, Solid Waste Specialist

* 1. Page 7

RESPONSE:

It is not clear how the 10 percent figure was derived. The Department would like a more detailed
discussion of how this figure was calculated. Also, the Department would like a more detailed
discussion of the ground penetrating radar results overall.

The 10 percent (10%) figure regarding the constituents of the waste at Cell 12 was based on
recollection of operations at the facility. With the completion of the interpretation of GPR indicating the
absence of concentrations of metals and/or drums, the qualitative assessment is no longer applicable.

Approximately 25,000 linear feet of ground penetrating radar survey was completed. In summary,
results allow for interpretation to varying degrees of waste composition, horizontal and vertical limits

(WP 5.1 2/1M1) 144M96O)OVtaponM.6A
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of waste, and presence or absence of fluids. Interpretation of radar lines indicates and confirms the
absence of accumulation of leachate. Radar signals at Cell 12 are significantly different in character
than signals for the remainder of the landfill such that the area of Cell 12 can be identified. Where the
base grade is visible, the occurrence of a relatively thin waste mass is confirmed. Metals and objects
that may be identified as drums are sparse, including the area of Cell 12. No concentration of drums
has been detected within the limits of the landfill.

Radar lines were run at approximately 100-foot spacings along the full length of the landfill (lines
100N, 200N, 300N, and 400N). Radar was set with 168 nanosecond two-way, travel-time, which
corresponds to an approximate depth of penetration of 24 feet. .In the northwestern portion of the
landfill, north/south radar lines were run at approximately 25-foot spacings. In the southeast portion
of the landfill, the approximate location of Cell 12, radar lines were spaced at 10-foot intervals and run
east and west between lines 1700E and 2100E. Approximately 3,600 feet of radar lines were run out-
side the landfill area with predominant concentration in the area immediately north of the eastern half
of the landfill. Off-site lines were concentrated in areas of accessibility.

Radar data were processed and enhanced to include digital processing, through computer stacking
techniques, and analog processing, which consisted of enhanced range-gain of the tap recorded radar
data. The processing was designed to enhance the ability to interpret the radar charts at depth. As
a result of the process, near surface anomalies on the radar are not readily visible with the initial set
of charts prepared. As a consequence, another set of charts was prepared, in which the upper portion
of the charts was enhanced at the expense of the lower.

One of the obvious features on radar charts, in the landfill, is the existence of a dark image in the
upper 7 to 11 feet in the landfill material. Correlation of the radar charts with data on the thickness of
cover, along lines 100N and 200N indicates that such dark areas correspond with areas where the
cover material is less than 1-1/2 feet thick. In areas where cover is greater than 1-1/2 feet thick, the
radar image is much lighter in tone near the surface. The darker areas appear to be a result of
increased infiltration through areas of the landfill that have a thinner cap. The infiltration of rain water
has leached salt from the moist waste in the near surface. The decrease in salt content of the waste
causes an increase in transparencies of the waste to transmission radar.

In general, the waste material exhibits a particularly light tone, indicating a low dielectric permittivity,
which consumes radar energy and yields less reflected energy to the receiver. In appearance, the
light tones are somewhat similar to an overexposed photograph. The waste in Cell 12 is distinct in
that the waste is tonally lighter than the tone in the remainder of the landfill.

Lines 100N and 200N traverse the entire length of the landfill. The base of the landfill is indistinct, but
discernable. On line 200N the thickness of the landfill varies somewhat, but between approximately
10 or less feet near the end of the landfill to 14 to 19 feet within the central portion of the landfill. On
line 100N the base of the landfill exceeds 14 feet in depth between stations 400E and 1000E; and
between stations 1900E and 2100E. In the intermediate zones, between stations 900E and 1800E.
the landfill has an approximate average depth of 14 feet. The depth determined in this last interval is
coincident with depths approximated from the contour map of the land surface, because line 100N
runs along the edge of the landfill.

On line 100N, between stations 1850E and 2150E (within Cell 12). the bottom of the landfill is not
visible on the radar charts. This particular section appears to have been entrenched more deeply than

(WP 5.1 2/1M1) 14dttM20OflMponM.6A
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the adjacent portions of the landfill and may have been dug deeper than other portions of the landfill.
The deeper portion extends northward for approximately 40 feet. It is visible on line 140N, but is not
visible on the 150N line.

Metal objects are present, but randomly scattered throughout the landfill. Metal may consist of old
refrigerators, stoves, drums, bathtubs, crushed metal or scrap metal. No concentrations of metal
objects indicating disposal of stacked drums have been observed in Cell 6, Cell 12, nor along lines
100N through 400N.

Where the bottom of the landfill is discernable on the radar charts., it does not appear that the bottom
serves as a boundary to constrain downward infiltration of moisture through the landfill system.

* 2. Page 9

RESPONSE:

The term regulatory finite is used frequently throughout the memo. A definition for regulatory
limits is needed. Trie Department standards for groundwater quality are preventatrve action limits
established in NR 140, Wis. Adm. Code. Regulatory limits should be defined consistent with the
preventative action limits.

Water Quality and Contaminants of Concern

No leachate is present in the landfill, therefore, no characterization of the constituents of the leachate
has been completed. Analyses of water samples from monitoring wells indicate elevated concen-
trations for some parameters in ground water the immediate area of the landfill. Parameters detected
in ground-water samples collected from September 25 to October 12, 1989, at levels above
Enforcement Standards established in NR 140, Wisconsin Administrative Code include:

Metals
Arsenic
Iron
Manganese

Volatile Orqanics
Benzene
Methylene chloride
Tetrachloroethylene
Tetrahydrofuran
Toluene

Conventional Parameters
Nitrate

Miscellaneous Parameters
Total dissolved solids

Trichloroethylene
Vinyl Chloride
Xylene
1,2-dichloroethane
1,2-trans-dichloroethylene

No pesticides, PCB compounds, or semi-volatiles, on the EPA Target Compound List, were detected.
In September 1990 samples were collected from selected new piezometers southeast and east of the
landfill. The samples were analyzed for volatile organics. Concentrations above Enforcement
Standards were detected in five of the six piezometers tested.

Analyses of samples collected at CDCL indicate levels exceeding Wisconsin Enforcement Standards
(NR 140,1988) for volatile organic compounds in the following wells:

(WP 5.1 &1I/91)
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P-1B
P-1C
P-2C
P-4B
P-4C

P-5A
P-8A
P-10A
B-6RR
B-7RR

B-9AR
B-9RR
B-16RR
B-18RR
B-19RR

PZ-5
PZ-9
PZ-11S
PZ-111
PZ-11D

Parameters detected in ground-water samples collected from September 25 to October 12,1989, and
September 1990, at levels above preventative action limits (PALs) established in NR 140, Wisconsin
Administrative Code include:

Metals
Arsenic
Barium
Cadmium
Fluoride

Iron
Manganese
Selenium

Conventional Parameters
Nitrate

Miscellaneous Parameters
Total dissolved solids

Volatile Orqanics
Benzene
Ethylbenzene
Methylene chloride
Tetrachloroethylene
Tetrahydrofuran
toluene
Trichloroethylene

Vinyl Chloride
Xylene
1,1-dichloroethane
1.1-dichloroethylene
1.2-dichIoroethane
1,2-trans-dichloroethylene

Table 1 provides a listing of parameters, preventative action limits, and wells from which ground water
analyzed exceeds the current PALs.

Analysis of samples collected at CDCL indicates levels exceeding Wisconsin PALs for volatile organic
compounds in the wells listed above.

Well P-1A is the only bedrock well in which a parameter other (nan metals, total dissolved solids, or
nitrate was detected at a level exceeding the PALs. The parameter is trichloroethylene (3.7 ug/«).
Limits for iron, manganese, and total dissolved solids were exceeded in wells P-3A and P-4A {bedrock
wells). Total dissolved solids and selenium levels were exceeded in well P-4A, selenium at 1.4 ug/j,
0.4 ug/e above the PAL of 1.0 jig/l.

On the basis of the'one comprehensive round and one special round of sampling and analyses of
ground-water samples, the highest concentrations of organic compounds (tetrahydrofuran, benzene,
1,2-trans-dichloroethylene. methyl ethyl ketone, vinyl chloride) occur near the area of documented
industrial waste disposal at Cell 12 (wells 18RR, PZ-11S, PZ-111, PZ-11D. P-4C). Tetrahydrofuran
was not detected in the bedrock wells. Organic compounds (trichloroethylene, tetrachloroethylene,
benzene, 1,2-trans-dichloroethylene) exceeding regulatory limits were also detected in wells near the
western and northwestern perimeter of the landfilled area (Cell 6). Concentrations of methylene
chloride, methyl ethyl ketone, methyl-iso butyl ketone, and acetone were detected at levels in excess
of 1.000 ug/j near the eastern, southeastern, and northwestern portions of the site, in wells in which
other VOCs were detected.

(WP 5.1 2/1 Ml) 14dM9620OflMponM.fiA
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TABLE 1. Summary of
PALs.

Parameter

Arsenic

Barium

Benzene

Cadmium

(WP5.1 2MW1) 14d«»KXW«pon»»

Water Quality Data Showing

It^lczjLyAX

Page?

Parameters and Concentrations Relative to

PAL Concentration
Well Number (ng/c) ' (ug/$)

P-4
P-4
P-5
P-9
P-10
B-9
B-9
B-9
B-17,
B-18

P-9
P-10
B-9

P-1
P-1
P-4
P-4
P-8
P-10
B-7
B-9
B-9
B-16
B-19
B-15
B-18

P-1
P-1
P-2
P-3
P-4
P-4
P-5
P-6
P-7

iA

B
C
A
A
A
AR
AR
RR
RR
RR

A
A
RR

B
C
B
C
A
A
RR
AR
RR
RR
RR

B
C
C
C
A
C
A
A
A

5
7.1

18.0
31.6,
30.0}

9.(?
12.0
14.0
63.0
8.2

18.0

200
260
380
670

0.067
1.82
1.61
1,59
3.15
1.45
2.43
5.24
2.75
2.77
1.63
7.47

44.00
470.00

1
3.2
2.6
2.0
2.8
1.1
3.2
4.2
2.1
1.6

——— PP i aMnraaux& Associates — '
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1,1-Dichloroe thane

1,2-Dichloroethane

1,1-Dichloroethylene

1 ,2-Trans-dichloroethylene

Ethylbenzene

Fluoride

Iron

(WP 5.1 2/1 Ml) 14dM9S200W«ponM.M

P-8
P-9
P-10
B-6
B-18

P-5

P-5
B-15

B-7
B-9
B-9
B-14
B-15
B-17
B-18
B-19

P-4
P-5
P-8
B-18
PZ-11

B-18
B-15
B-18

P-3
B-17

P-2
P-3
P-3
P-4
P-4
P-5
P-9
P-10

A
A
A
RR
RR

85 .
A

0.05
A

0.024
R
A
R

R

20
B
A
A
RR
D

272
RR

440
C
RR

150
B
A
B
B
C
A
A
A

—————————————————— E

P1IL4-
3.1
2.1
3.2
1.5
2.5

496

2,610
29

2.7
31.0
2.4
1.6

6,100.0
1.6

100.000.0
3.7

779
3,290

22
145

1,400

1.070
720

4,700

500
500

690
1.000

280
1,800

17,400
32,300

6,400
8,800

Pages
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Manganese

Methylene Chloride

Nitrate as N

Selenium

Tetrachloroethylene

(WP5.1 2/10/91) 144JUg620aflMCont«.6A

B-6
B-7
B-9
B-9
B-16
B-18
B-19

P-1
P-1
P-2
P-2
P-3
P-3
P-4
P-4
P-5
P-7
P-8
P-9
P-10
B-7
B-9
B-9
B-12
B-14
B-16
B-17
B-18
B-19

P-5
B-16
B-18

P-3
P-6

P-4
P-7

P-1
P-1

RR
RR
AR
RR
RR
RR
RR

25
B
C
B
C
A
B
B
C
A
A
A
A
A
RR
AR
RR
RR
RR
RR
RR
RR
RR

15
A
RR
RR

2,000
C
A

1
A
A

0.1
B
C

160
790

1,600
23,000
2,700

37,600
1,800

637
270
61

240
94

250
160
636
340
76

3,700
1,090
2,120

789
613
160
813
110
440

71
240
625

1.130
516
63

6,900
18,500

1.4
1.3

47.10
119.00

Page 9
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Tetrahydrofuran

Toluene

Total Dissolved Solids

l̂l̂ ,,****. ———— M

P-8 A
B-7 RR
PZ-9
B-12 R

10
P-4 B
P-4 C
P-10 A
B-7 RR
B-9 AR
B-9 RR
B-16 RR
B-18 RR
B-19 RR
PZ-11 I
PZ-11 D
B-6 R
B-9 A
B-14
B-15
B-16 R
B-17
B-18

68.6
P-4 B
P-4 C
B-16 RR
B-18 RR
PZ-11 S
PZ-11 I
PZ-11 D
B-15
B-18

250.000
P-1 B
P-1 C
P-2 A
P-2 B
P-2 C
P-3 A
P-3 B
P-3 C
P-4 A
P-4 B
P-4 C

——————— ————————————— PI

116.00
6.91
5.73
1.90

19,900
16,700
5,480

722
278
208

7,520
14,600

16
160,000

9,960
1,800

160
360

3,200
1,200

420
60.000

341
385
164

5.190
2,260

18,500
566

4,800
110.000

1,000,000
868,000
411,000
404,000
521,000
323.000
324,000
455.000
308.000
316,000
692,000

Page 10
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P-5 A
P-6 A
P-7 A
P-8 A
P-9 A
P-10 A
B-6 RR
B-7 RR

' B-9 AR
B-9 RR
B-12 RR
B-14 RR
B-16 RR
B-17 RR
B-18 RR
B-19 RR

Trichloroethylene
P-1 A
P-1 B
P-1 C
P-2 C
P-4 B
P-8 A
B-6 RR
B-7 RR
PZ-5
P2-9
B-6 R
B-7 R
B-9 A
B-9 R
B-12 R
B-19 R

Vinyl Chloride
P-4 B
P2-11 I
P2-11 D

m-Xylene
B-18 RR
PZ-11 I

o+p-Xylenes
B-18 RR
PZ-11 I

- - total xylenes

<WP 5.1 2/1W1) 14dM9620ORMponM.GA
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1,030,000
433,000
500,000 -
621.000
538,000
841,000
527,000
424,000
927,000
945,000
527.000
663,000
572,000
462,000
631,000
397,000

0.18
3.67

84.90
14.70
87.30

6.22
20.70
16.30
23.40
55.60

367.00
20.00
40.00

2.80
1.40
1.10
3.00

0.0015
286

3.260
327

124 i'
1.790
1.680

124 *
1,880
1.610

————— DC i aMrtr«flmc& Associates —
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No parameters were detected above PALs in the samples collected from the private water wells, with
the exception of limited inorganic constituents (i.e. manganese, iron, lead, arsenic, barium, nitrate, and
total dissolved solids) in the wells, which cannot be directly attributed to the landfill site. Table 2
provides a summary of concentrations determined in excess of PALs in the private wells.

Elevated concentrations of iron, manganese, and total dissolved solids are not uncommon in Dane
County.

* 3. Page 10

RESPONSE:

The September, 1990 groundwater results should be shown in comparison to state standards.
This would darify which of the five tested piezometers showed elevated levels for which
parameters.

In September 1990, samples were collected from six new piezometers installed southeast and east of
the landfill. The piezometers include PZ-5, PZ-9. PZ-10. PZ-11S, PZ-111. and PZ-11D. Volatiles were
detected at levels in excess of the PALs in each piezometer with the exception of PZ-10. Data are
provided in the response to the previous comment of WDNR.

* 4. Page 11 Reference is made to VOC occurrences in surface soils down slope from cells 6 and 12. If these
concentrations exceed background conditions, an analysis needs to be completed on the risks,
both environmental and human health, posed by these concentrations. If warranted, remedial
action to address these surface soils will be required. The source control alternatives discussed
later in this tech memo must include surface soil remedial measures if the contamination levels
warrant it

RESPONSE:

Surficial soil samples collected and analyzed as a part of Subtask 3.1, Soil Sampling, indicate the
occurrence of volatile organics at downslope locations from waste disposal. The organics include
methylene chloride and acetone directly downslope from Cells 6 and 12. respectively. Table 3
provides a summary of the organic constituents detected in the samples collected and analyzed. The
risks will be evaluated and provided in the qualitative risk assessment for the SCOU. With regard to
measures for remediation of surface soils: (1) The highest concentration detected is 20,250 ug/kg
acetone at SD-5. Elevated concentrations of VOCs, mainly acetone, in the topographic low are limited
and isolated as the sample collected at X2230, Y640 (approximately 530 feet from SD-5) was reported
at <13 u.g/kg. (2) The concentration of 9,540 jig/i determined in the sample collected from X1920,
Y200 is from surficial material on Cell 12.

i
* 5. Page 12 The Department has a concern that the air migration pathway has not been properly addressed

to date. State administrative codes require all landfills with waste capaoty of greater than
500,000 cubic yards to install active gas control systems and specific flahng technologies to
control hazardous air emissions. The City Disposal Landfill, because of its size, comes under
these regulations. A specific site can be exempted from these regulations if suffiaent monitoring
is completed to verify that the site is not adversely impacting air quality.

These control and testing requirements are specified in NR 506 and 445, Wis. Adm. Codes. To
date the testing necessary to attempt to exempt the City Disposal site has not begun.
Consequently, the site is required to lully comply with the requirements in NR 506 and 445. Wis.
Adm. Codes. Compliance with these requirements must be included in the various remedial
alternatives developed at the end of this tech memo.

(WP 5.1 2T1M1) 144M0620nflMOO«w«.6A
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TABLE 2. Summary of Water Quality Data, Private Wells, Showing Parameters and Concentrations
Relative to PALs

Parameter PAL (pg/i) Well ID

Arsenic 5 

Barium 200 

Iron 150 

Lead 5 

Total Dissolved Solids 250 mgtf 

Nitrate 2 mg/f 

Manganese 25 

Cadmium . 1 

Selenium , 1 

- BMDL: below method detection limits.

(WP 5,1 2/21/91) 14dtt9S200ttMponM.6A

Concentration (ug/{) Sample Date

: 7.2 (BMDL) i'

230

' ^ \
3,500 )
1,200 /
3,600 /

18
12
12
17

1,920

467 mg/«
384 mg/«
377 mg/«
487 mg/j
670 mg/J
594 mg/j

12.7 mg/«
10.7 mg/j

8.65 mg/J

90
. 300

320

2.5

1.5 (BMDL)
1.4 (BMDL)
0.99 (Duplicate)

1989

1989
1990

1989
1989
1990

1989
1989
1989
1990
1990

1989
1989
1989
1990
1990
1990

1989
1990
1990

1989
1989
1990

1989

1989
1989

-PP LaMoreaux&Assoaates-
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TABLE 3. Results of Analyses, Soil Samples

Acetone
Acetone

Sample Designation (H9/kg) -

X120 Y600 <11
X1520 Y300 • 11.5
X1920 Y200 9,540
X220 Y300 <11
X220 Y700 <12
X2230 Y640 <13

(SD-1) XE1500 YN1250 ND *
(SD-2) XE2000 YNOO 6.94 (BMDL)
(SD-3) XE2275 YN15 9.59 (BMDL)
(SD-4) XE1650 YNOO 63.6.
(SD-5) XE2175 YN575 20,250
(SD-6) XE1440 YN635 ND
(SD-7) XE400 YN800 ND

It

bis (z-ethylhexyl)
phthalate
(ng/kg)

NA 2
NA
NA
NA
NA
NA
ND

* ND
ND
ND
ND
54 (BMDL)
ND

^jciL/c^v

Di-n-octyl
phthalate
(ng/kg)

NA
NA
NA
NA
NA
NA
ND
ND
149 (BMDL)
ND
ND
ND
ND

Page 14

Methylene
Chloride

<5.7
15.4
<6.4
<5.7
<6.0
<6.5
18.3
10.6
18.7
19.5
0

11
81.5

- US'kQ - micrograms/kiiogram % ND - not detected
2 NA - not analyzed * BMDL - below method detection limits

(W 5.1 2/1W1) 144M96200tHMponM.6A
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Page 15

RESPONSE:

See response to comment # 4 from Charles Wilk (p. 2).

* 6. Pages 12 - 13 Until acceptable air monitoring is completed the Department believes that air migration may be a
significant pathway of concern. Unless shown otherwise the Department believes an active gas
control system with air emission controls is required for this site.

RESPONSE:

See response to comment # 4 from Charles Wilk (p. 2).

7. Page 13

RESPONSE:

The elevated metal readings for iron, manganese, and arsenic need to be viewed as primary
impacts of the site. The elevated concentrations of these substances may influence the remedial
measures selected under the groundwater operable unit

Comment noted and as appropriate will be addressed in the detailed evaluation of alternatives. WMWI
will complete a comparison of results of analyses from 1989 and 1990 samplings to background
conditions after completion and receipt of the results of analyses.

*8. Page 13

RESPONSE:

While there may not be an immediate danger to nearby water supplies, inconsistency between
groundwater flow data and the apparent directions of groundwater contaminant migration, make
any long term conclusions about the threat to water supplies tenuous. The potential threat to
nearby water supplies is still an unreserved issue in the Department's opinion.

Information obtained and interpreted regarding direction of ground-water movement indicates two
dominant directions of movement: (1) northeast under the eastern portio of the landfill, and (2)
predominantly north under the western portion of the landfill. WMWI would like to point out that there
are no inconsistencies in data, the setting is complex. The gradient expressed by the various water
levels is gentle. Based on the data collected to date, PELA's opinion is that the TCE and other
volatiles of low molecular weight that occur in wells in locations directly upgradient, however slight,
represent dispersion.

* 9. Page 14

RESPONSE:

The interpretations provided on this page are. in general, correct However, the Department has
a concern that the contaminants found in groundwater at elevated concentrations, and for which
no standard exists, are not forgotten in evaluating remedial measures.

Comment noted and concur. As applicable, these other parameters will be addressed in the GCOU -
Detailed Analysis of Alternatives.

When designing remedial actions, particularly for the groundwater operable unit, consideration
must be given to reducing the concentrations of all contaminants to acceptable levels.

(WP 5.1 2/18/91) 14dM0620aR«*eonM.6A
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Table 1. Summary of Cost Effectiveness of the Capping Alternatives

Infiltration Percent
Cover (cubic feet per year) Reduction

Total
Present Worth

Existing 460,000 (average)
A 1,000
B 91,000
C 30

B/C 74,000

99.8
80.2
99.99
83.9

N/A
2,918,000.00
3,269,000.00
4,060,000.00
3,465,000.00

Assumptions: Water Balance

Maximum/Minimum Slopes of 5%/3% were used.

Cost Analysis

Landfill total acreage assumed to be 24.2 acres with Cells 6 and
12 containing 4.4 acres.

Also, an interest rate of 7.6% was used for the present
worth analysis.

Source control cost only. Does not include GCOU costs.

10/30/91, WP5.1, 13D:\4M200\RmponM.M

-RELaMoreaux&Assoctates-



Pag* 29 Paragraph 2. Section 5.1.5.2, Amount of Hazardous Materials Destroyed or Treated. The operational life of the active
landfill gas extraction and combustion system should be Indicated.

RESPONSE: The prediction of long-term landfill gas generation Is an extremely Inexact science
which is highly dependent on site specific factors. Some of these factors, such as the depth and age
of the waste and absence of leachate are well enough defined at the CDCL to allow us to state with a
fair degree of confidence that mitigation of gas will be a relatively short term issue. The placement of
a synthetic cover system will have the affect of reducing the moisture content of the waste, and will in
turn, further shorten the time required to mitigate gas generation in the landfill. However, at this time
there does not exist either: 1) a rationale method or model, or 2) sufficient site specific information to
accurately predict future landfill gas generation rates. This is a dilemma posed by all solid waste landfill
and one which the WDNR has implicitly acknowledged in its proposed method for determining
hazardous air contaminant levels In landfills. Consistent with this methodology, WMWI is proposing that
the gas extraction and combustion system be installed and operated for a two-year demonstration
period. At the end of the two-year demonstration period there should be sufficient site specific data to
establish future operating standards and accurately predict the time required to achieve remediation.
The draft FS report will be modified to reflect this approach.

Page 37 Paragraph 4, Section 5.2.6.1, Risks to Community During Remedial Action.
Further explanation/details regarding air contaminant monitoring at the site boundary should be included. The
duration/intervals of monitoring should be stated.

RESPONSE:
7.2.6.1)

Text will be added to the draft FS regarding site boundary air monitoring, (see Section

Page 40 Section 5.3, Alternative III.
Alternative III is incorrectly labeled as Alternative II. This should be corrected.

RESPONSE: Comment acknowledged.

Page 49 Paragraph 1, Section 5.4.8.1, Capital Costs.
The Installation costs for Cover B are presented in the capital cost estimate for Alternative FV. This alternative actually
stipulates use of the combination Cover B/C. This typographical error should be corrected.

RESPONSE: Comment acknowledged.
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State of Wisconsin
Department of Natural Resources

Michael R. Schmoller, Hydrogeologist
Environmental Response Program

April 4, 1991

Review of Technical Memorandum OA

The Department has completed Its review of Technical Memo 9A. The Department believes the memo does a very
good job In presenting and evaluating the possible remedial options for the site. In particular, the report does a very good job
applying the specific review criteria to each alternative. Based on its review, the Department has concluded that Alternative
V is potentially an acceptable remedial option for the site. As discussed later, there are concerns about the long term reliability
of an artificial membrane without a backup infiltration barrier. In addition, the Department has concluded that Alternative VI,
as proposed, Is an acceptable measure. While not providing the same level of infiltration control as other options, this
alternative does include the range of source control actions necessary to adequately address site concerns. The Department
believes both Alternatives V and VI can be retained for future review and discussion. The remaining four options are not
recommended by the Department to be carried forward for further review for the various reasons stated below.

In addition to these introductory remarks, the Department has the following general and specific comments on the
memo.

General Comments

1. In reviewing the first 18 pages of the report, a number of specific design details were noted. Specifics such as
trench spacing, depth of cutoff wall, trench depth, number of extraction wells per cell, blower sizing, number of vent pipes, etc.
are given. The Department interprets all of these to be estimates only and that the exact design details will be developed
during the remedial design phase. The Department wants to be clear that it is not agreeing to the specific design details
discussed in this tech memo. Rather, we are agreeing to remedial approaches to be used.

RESPONSE: Comment acknowledged.

2. The Department appreciates the complete evaluations done on each of the proposed alternatives. The explanation
and application of the review criteria is consistent with what is expected in the CERCLA process. The presentation of the
evaluations made the Departments review of the remedial options very easy.

RESPONSE: Comment acknowledged.

Specific Comments

Page 8 Before the Department can make a final decision on the acceptability of Cover A, more information on the proposed
compacted soil layer is needed. Technical Memos 1, 2, and 3 present a large volume of physical data describing
the existing cover material 0.e. soil depth, grain size curves, moisture density curves, etc.). The Department would
like an interpretation of this data to describe what the characteristics of this compacted native soil layer would be.
Issues such as degree of compaction, resulting permeability, soil layer thickness, etc. need to be addressed. The
extent to which this soil layer will provide a 'backup' infiltration barrier is a key criteria in Department decision
making. Also, more detailed information on the synthetic material proposed for use is needed.

RESPONSE: An interpretation of the data obtained regarding the existing cover materials will be
presented in the draft FS along with more detailed information on the synthetic material proposed for
use. (see Section 5.2.1.2, paragraphs 2, 3 and 4)
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Table 1 The performance level of Cover A, as shown in Table 1, makes it an attractive alternative.
However, concerns on long term effectiveness and the possible need for a secondary barrier
need to be resolved. (Please see Attachments A and B for further discussion of the proposed
use of Cover A.)

RESPONSE: It is believed that tight QA/QC control during membrane installation is a more effective
and less expensive form of secondary containment than either placing more day or placement of clay
in thin lifts. The responses to attachments A and B are attached. -

Page 11 During the remedial design phase, specific supporting information will be needed to document the^proposed trench
spacing and construction. There is a concern that the 2-foot proposed trench depth may not adequately address
gas concentrations deep in the fill. There may be a need to use extraction wells in areas outside df cells 6 and 12.
Also, there is a concern that the proposed 300-foot spacing may be too wide to adequately control gas conditions.
Lastly, the detailed design will need to discuss handling condensate produced during system operation.

RESPONSE; Comment acknowledged. These details will be addressed in the remedial phase upon
determination of the appropriate remedial action.

These pages provide a good discussion of the review criteria and their proper use in evaluating remedial
alternatives.

Page 19-26

RESPONSE: Comment acknowledged.

Page 26 Alternative I does not reduce infiltration through the srte and does not adequately address the remediation needs for
cells 6 and 12. Consequently, this alternative is not acceptable to the Department. The evaluation on pages 26-32
does a very good job of highlighting strengths and weaknesses of this proposal. Based on this review, the
Department believes this alternative does not satisfactorily remediate known site conditions and recommends that
it not be further reviewed during the Feasibility Study.

RESPONSE: Comment acknowledged.

Page 32-39 Alternative II is an incremental improvement over Alternative I because it includes Cover A. The
Department has already expressed its concerns about the use of Cover A. This proposal also does not
provide'specific remedial measures to deal with cells 6 and 12. The Department believes additional source
control measures beyond capping and the trench gas extraction system are needed to remediate the
contamination sources in cells 6 and 12. Based on the Rl data available, cells 6 and 12 are acting as
major ground-water contamination source areas. Since Alternative II does not contain specific actions to
remediate these cells, the Department does not believe this option is acceptable and should not be carried
forward to the Feasibility Study stage.

RESPONSE: Comment acknowledged.

Page 36 If the extraction system is operated at higher vacuum pressure, it increases the importance of having a continuous
low permeability layer below the membrane cover. This continuous layer will help protect the membrane from
increased stresses because of the higher operating vacuums.
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RESPONSE: It is not envisioned that high vacuums will be applied at or near the geomembrane.
Scarifying the top 6 Inches of cohesive material beneath the geomembrane should be adequate to
insulate the geomembrane from vacuum induced stresses.

Page 38 There needs to be some supporting information given for the estimated 2-year compliance period for NR 445 Wis.
Adm. Code.

RESPONSE: Comment acknowledged. Further supporting information will be provided in the draft
FS regarding an active venting demonstration period (see Section 7.2.6.4).

Page 40 There Is a typographic error. This section should be titled Alternative III.

RESPONSE: Comment acknowledged.

Page 40 The drainage layer design will need to incorporate measures to prevent sloughing of saturated sideslopes.

RESPONSE: Comment acknowledged. Design items will be addressed upon determination of the
appropriate remedial action.

Page 40-44 Based on the HELP model evaluation of the various caps, Cover B does not perform as well as Cover A
or Cover B/C. Consequently, alternatives that use Cover B alone are not as effective and therefore less
acceptable. In addition, Alternative 111 does not address the remediation needs of cells 6 and 12.

RESPONSE: Comment acknowledged.

Alternative III is not an acceptable measure to the Department because of the shortcomings in infiltration reduction
in comparison to the other possibilities and in the lack of specific remedial options for cells 6 and 12.

RESPONSE: Comment acknowledged.

As with the narrative describing Alternatives I and II, the discussion of Alternative III and the use of the evaluation
criteria was well done.

RESPONSE: Comment acknowledged.

Page 45 Alternative IV, while again an incremental improvement over the preceding three options, is not an acceptable
measure because of the lack of attention given to cells 6 and 12. The use of cover B/C does provide for a further
reduction of water through cells 6 and 12. Therefore Its proposed use is an acceptable infiltration control option.
However, when used alone, ft does not adequately address migration from cells 6 and 12. Consequently, use of
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8
cover B/C will need to be done in conjunction with other remedial measures as proposed in Alternative VI. The
Department recommends this alternative not receive further review.

RESPONSE: Comment acknowledged.

Page 49 As stated. Alternative V Is an improvement of Alternative II with the inclusion of extraction wells for cells 6 and 12 and
the membrane cutoff wall. The Department believes this is possibly an acceptable alternative. Questions on the use
of cover A need to be resolved. Once the capping issues are addressed, a final decision on this option will be made.

RESPONSE: Comment acknowledged. See comments concerning Cover A.

Page SO It should be stated that the installation of active gas extraction wells will remove more contaminants from the depths
of waste. This in turn provides more migration control and is consequently somewhat more protective than
Alternative II.

RESPONSE: Comment acknowledged.

Page 55 As proposed, Alternative VI Is an acceptable remedial measure. This option addresses all the source control issues
of concern. While not providing the same level of Infiltration control as Alternative V, there is improved long term
reliability of the proposed cover. This alternative provides for more contaminant removal from the waste mass,
therefore is more protective than some of the previous options.

RESPONSE: Comment acknowledged.

As stated earlier, the Department believes either Alternatives V or VI are potentially acceptable. This position is
reaffirmed by comparative analysis conducted on pages 60-64. Alternatives V and VI include the range of source control
measure needed to address releases from the site. Each of the rejected options, while having individual strong points, do not
completely address the source control problem. Consequently, the Department believes Alternative V and V) can be retained
for consideration and additional evaluation.

RESPONSE: Comment acknowledged.

The Department has no specific comments on Appendices A, B, C, or D.

RESPONSE: Comment acknowledged.
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Attachment A, Page 1

Attachment A

On March 19, 1991, WDNR staff visited the landfill to preliminarily evaluate the feasibility of a synthetic membrane
cap at the site. Based on initial observations, site slopes appear compatible with the use of a synthetic cap. Also, during the
site discussions, it was concluded that installation of the gas collection and vapor extraction trenching and piping would need
to be done before the cap was placed. It is believed this would help address the concern of fitting the pipes through the cover
and preventing any possible leakage around the pipes. Also, it was noted that the level of gas production would have to be
reviewed to insure that excessive methane production would not cause long term problems with the cap. Further more, it was
discussed that since the fill was (airly shallow (approximately 15-22 feet thick) and relatively old (last waste filled in 1977) that
differential settling is not expected to be a major problem. Lastly, the issue was raised of the need for reference information
on the use of synthetic materials as caps at other solid and hazardous waste disposal facilities.

RESPONSE: There is general agreement to many of the statements in Attachment A, namely that
existing sideslopes at the site appear compatible with the use of a synthetic cap, differential settlement
is not expected to be a major problem due to the relative shallowness (15-22 ft.) and age of the landfill
(last filled In 1977), and that gas collection and vapor extraction piping should be installed prior to the
final cover to minimize leakage around pipes.

The level of excess methane production is expected to be relatively low due to the fact
that the landfill Is relatively shallow (15-22 ft.) and the refuse consists of a mixture of both organic
putrescent waste and inorganic refuse.

References for use of geosynthetics as barriers to hazardous waste include.
"Background Document on Button Liner Performance In Double-Lined Landfills and Surface
Impoundments" (NTIS #PB87-182291, EPA/530-SW-87-013), and the following attached list from a
paper by John Boschuk, Jr.. "Landfill Covers - An Engineering Perspective."

Attachment A • References

1. USEPA "Technical Guidance Document: Final Covers on Hazardous Waste Landfills and Surface Impoundments,"
EPA-530/SW-89-047, US ERA, Cincinnati, OH, 1989.

2. Pennsylvania Environmental Quality Board, Municipal Waste Management.Regulations, Chapter 273, "Municipal
Waste Landfills."

3. Zlenkiewicz, O.C., 1977, The Finite Element Method for Engineers. Prentice-Hall. Inc., Englewood Cliffs, NJ.

4. Huebner, K. H., The Finite Element Method for Engineers. John Wiley and Sons.

5. Segerlind, S. J., Applied Finite Element Analysis. John Wiley and Sons.
i

6. Gallagher, R. H., Finite Element Analysis Fundamentals. Prentice-Hall, Inc., Englewood Cliffs, NJ.

7. Fenves, S. J., Computer Methods in Civil Engineering. Prentice-Hall, Inc., Engtewood Cliffs. NJ.

8. Wong, P. C. W., Kulhawy, F. H. and Ingraffea, A. a, 1989, "Numerical Modeling of Interface Behavior for Drilled Shaft
Foundations Under Generalized Loading," ASCE Foundation Engineering, p. 565-579.

9. Herrmann, L R., (1978), "Finite Element Analysis of Contact Problems,' J. Eng. Mech. (ASCE1. 104f5l. p. 1043-1059.

10. Whitman, J. R., ed. Thejdathematics of Finite Elements and Applications U. Academic Press, NY.

11. Desai, C. S., Zaman, Ughtner and Siriwardane, 1984, Thin-Layer Element for Interfaces and Joints," Int. J. Num. &
Anal. Meth. Geomech.. vol. 8, p. 19-43.

12. Ghaboussi, J., Wilson, E. L, and Isenberg, J., 1973, "Element for Rock Joints and Interfaces," j. Soil Mech. Fndns.
Div. (A8CB. vol. 10, p. 833-848.
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Attachment A. Page 2

13. Taylor, R. L, Beresford, P. J., and Wilson, E. L. 1976, "A Non-conforming Element for Stress Analysis," Int. Journal
of NumericaLMethods IriEnor.. vol. 10, p. 1211-1219.

14. Wilson, El L, Taylor, R. L, Doherty, W. P. and Ghaboussi, J., 1973, 'Incompatible Displacement Models,' Numerical
and Computer MethodsJn Structural Mechanics, p. 43-57, edited by Fenves, S. J., et. al., Academic Press Inc., NY.

15. Beer, G., 1988, Isoparametric Joint/Interface Bement for Finite Element Analysis, Int. J. Num. Meth. in Eno.. vol. 21,
p. 585-600.

16. Ptnde, G. N. and Sharma, K. G., 1979, "On Joint/Interface Elements and Associated Problems of Numerical III-
Condrtioning," Int. J. Num. & Anal. Meth. Geomech.. vol. 3, p. 293-300.
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Attachment B, Page 1

Attachment B

The following narrative was provided by WDNR Central Office staff concerning the proposed cover types. H provides
a good discussion of Department concerns specific to the proposed use of Cover A.

Different cover options are provided: cover A, cover B, cover B/C, and cover C. The upper components of these
caps are the same; the caps differ In the low permeability barriers provided. Cover A provides a geomembrane over the
existing cover as the low permeability barrier (with estimated saturated hydraulic conductivity of 3.2 x 10"4) and uses the HELP
model to estimate infiltration through this cap. It is not clear how these values were derived, or how the interaction between
the membrane and the lower soil layer was modeled. Row through holes in geomembranes is dependent upon characteristics
of the underlying materials. A major assumption of the HELP model is that flow occurs only through soil pores. With the
existing cap, significant fractures and macro-structure are likely to be present. Row through this macro-structure may not
behave as porous media flow and it may not be appropriate to model tills flow using porous media assumptions. It is unlikely
that the existing cap presents a continuous permeability of 3.2 x 10"6 cm/sec. I understand that the existing cover may meet
the NR 500 material specifications, but does not meet placement specifications. The clay layer must meet both the soil
specifications and placement specifications. I do not believe that compaction of the existing cap could effectively eliminate
the macro-structure such that a consistent 1 x 10'7 hydraulic conductivity would be present across the entire cap. Without the
re-working of the existing cover such that the macro-structure is removed, this cap would not be as effective as is presented
in the discussion of this alternative. I believe it is necessary to strip the existing cover, test the material, and replace
acceptable clay soils in thin lifts such that the completed clay layer meets placement specifications throughout the 2-foot
depth, prior to placement of a membrane. Also, it is unknown how much additional settlement will follow capping of this
landfill. A low-permeability soil layer is necessary below the membrane to not only limit infiltration through membrane holes,
but to provide redundancy should settlement strain exceed the membrane capacity.

RESPONSE: Attachment B refers to the analysis of Cover A with the HELP model and comments on
the importance of having a low permeability soil beneath the membrane to limit infiltration and to
provide redundancy should settlement strain exceed the membrane capacity.

In order to dear up any misunderstanding, a brief description of the HELP model input
for Cover A follows:

It was assumed one foot of beneath the synthetic liner had a permeability rate of 3.2
x 10"* cm/s (not 3.2 x 10"4 cm/s). A leakage ratio of 0.00025 was assigned to the membrane
which corresponds to a 1 cm diameter hole spaced 200 ft. on centers within the membrane
(ref. NTIS Background Document PB87-182291). Considering the fact that re-compacted (to
100% field density) permeability tests of existing cover soils had permeability rates of 1.2 x 10"*
cm/s to 1.0 x 10"B cm/s, using 3.2 x 10"6 cm/s may be conservative.

Also, because the clayey soils which comprise the existing cover have relatively low to
medium plasticity, it may be reasonably assumed that scarifying the top six inches of cover,
moistening and re-compacting may provide a cover similar to that produced by total removal
and replacement of the cover in place.
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Foth & Van Dyke
January 29, 1992

2737 S. Ridge Road
P. O. Box 19012

Green Bay, Wl 54307-9012
414/497-2500

FAX: 414/497-8516

Mr. Charles Wilk
Remedial Project Manager
United States Environmental Protection'Agency ,
Region 5
Mail Code HSRW 6J * ' "
77 West Jackson Boulevard
Chicago,IL 60604-3590

i
Dear Mr. Wilk: j

RE: City Disposal Corporation Landfill - Response to EPA Draft Feasibility Report
Comments (HSRW 6J)

Per your letter of December 19, 1991, this brief narrative is being submitted with the
amended Draft Feasibility Report for the City Disposal Corporation Landfill. The
narrative presents the reviewer comments and corresponding response by Waste
Management of Wisconsin.

i
In addition to the changes which were made in direct response to your comments,
numerous other changes were made in an attempt to provide a more balanced
presentation of the cover alternatives. These changes are too numerous to list
individually, but are generally located in Sections 5, 7, and 8.

Comment A: Final Site Remedy

"The RI/FS for this site is no longer being conducted in Operable Units.
U.S. EPA plans to issue one Record of Decision on this site that
encompasses remedial action for the landfi l l (source control) and the
contaminated groundwater (groundwater control). The term Operable
Unit has a distinct defini t ion in the National Contingency Plan. The use
of the terms: Source Control Operable Unit and Groundwater Control
Operable Unit arc no longer appropriate for this site. The authors may
wish to use the terms Source Control and Groundwater Control to denote
the separate activities necessary at the site."

Revision: The early chapters of the draf t FS (Chapters 1 through 4) refer to
previous reports and therefore usage of the terms "SCOU" and "GCOU"
arc used appropriately. The later chapters of the d ra f t FS were edited
to remove the operable un i t terminology. Sections 5 through 14 were
generally affected by this revision.
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Mr. Charles Wilk
United States Environmental Protection Agency
January 29, 1992
Page 2

Comment B: NR 500 CAP Requirement

"As stated on page 84, Section S.3.2.-3, Cover A does not comply with
Wisconsin's NR 504.07. Cover A consists of a geomcmbrane underlain by
one foot of compacted native soil. NR 504.07 requires a cover consisting
of a minimum of two feet of clay compacted in six-inch lifts.

The Draft Feasibility Report discusses Cover A as a cap which exceeds the
performance of an NR 504.07 cap. It is important to note that the
NR 504.07 cap is a minimum cover technical specification, and is not a
performance standard for infiltration.

The revised Report shall include another alternative that includes an
NR 504.07 cover, in addition to Alternative VI, with an active landfill gas
extraction system. The extraction system should use wells with additional
wells in Cells 6 and 12. The description of such an alternative must
include a discussion of methods to minimize air intrusion into Cells 6 and
12 during vacuum extraction."

Revisions: Alternative VII was added to the Draft FS. Alternative VII uses an
NR 504.07 cover (Cover B) and a deep well extraction system for the
entire landf i l l . Section 7.4 was added between Sections 7.3 and 8.0 to
address Alternative VII.

Comment No. 1 - Page 76. Section 5.2.1.6. Summary of Capping Technologies

"The U.S. EPA does not agree with third paragraph of this section. The U.S.
EPA believes that a clay liner a minimum of 2 feet thick (thicker than the layer
proposed in Cover A) is necessary to ensure the cap's integrity during and after
construction. As important , WDNR's regulation NR 500 requires a minimum
thickness for a clay cap. The Section shall be revised to include a discussion of
this requirement"

Revisions: Section 5.2.1.6 has been expanded to address the concerns associated
witji Cover A. In addition, a discussion of Cover A's non-compliance
with NR 504.07 is presented in Section 7.2.3.3. Finally, the WDNR's
pre l iminary response to the proposed Cover A design is presented in
Section 7.2.9.1.

Comment No. 2 - Page 92. 7.0. Detailed Analys is of Alternat ives-SCOU

"The first sentence reads: A detailed analysis of Alternatives I through VI
is performed in this section. The section includes a discussion of
Alternat ives I, V, and VI. The first sentence in the section should be
revised to indicate only the a l ternat ives discussed in the section."
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Mr. Charles Wilk
United States Environmental Protection Agency
January 29, 1992
Page 3

Revision: The first sentence of Section 7.0 was revised to read that a detailed
analysis of I, V, VI, and VII is performed in this section.

Comment No. 3 - Page 100. 7.2. Alternative V

"Alternative V includes the Cover A capping component. Some of the text
discussing Alternative V is referenced in the discussion of Alternat ive VI.
The referenced text should be incorporated into the discussion on
Alternative VI."

Revision: Referenced text in section was incorporated into the discussion in
Alternative VI.

Comment No. 4 - Pace 100. 7.2.1.1. Active Extraction Through Wells

The second sentence in the section references Section 5.2.4.2 as a
description of vent wells. Section 5.2.4.2 does not appear to describe the
active extraction wells.

Revision: The reference to Section 5.2.4.2 was unintentional. Section "5.2.4.2" was
changed in the text to Section "5.2.3.2".

Comment No. 5 - Page 105. 7.2.6.1. Risks to Communi ty Dur ing Remedial Act ion

"This discussion includes a statement that air moni tor ing wil l be
conducted twice annua l ly . This statement shall be changed to be a
suggestion of twice annual monitoring.

This discussion appears more detailed than the similar discussion found at
page 112, Section 7.3.6.1. The Section 7.3.6.1 discussion shall be as
detailed."

Revision: The statement of air monitoring frequency was changed to the
suggested wording. The discussion in Section 7.3.6.1 was changed to be
as Retailed as Section 7.2.6.1.

Comment No. 6 - Page 112. Section 7.3.6.1. Risks to C o m m u n i t y Dur ing Remedial
Action

"This section includes a discussion about potential for vehicular t raff ic .
The appendix to the report shall include a calculated estimate of the
amount of vehicular t r a f f i c for each alternative. This estimate should be
expressed in cubic yards of mater ia l that wi l l be transported, the capacity
of a t ruck and number of t ruck trips necessary to transport the estimated
volume."
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United States Environmental Protection Agency
January 29, 1992
Page 4

Revision: Gross estimates of vehicular t raff ic required for material transport for
each alternative are included in the appendix. The results are briefly
mentioned in Sections 7.1.6.1, 7.2.6.1, 7.3.6.1, and new Section
(Alternative VII) 7.4.6.1. In addition, a table summarizing the haul trips
required for each option was included in Section 5.2.1.6.

Comment No. 7 - Page 116. 8.2. Compliance With ARARs

"This section and Table 5 discusses the performance of the proposed covers and
compares them to the cost of each cover. The discussions are misleading since
they hint that the selection of a cover type for the landfill should be based on
the aspect of landf i l l cover performance (infiltration rate) compared to cost of
installation alone. As stated an earlier comment, NR 504.07 is a technical
specification for a landfill cover not a performance standard. The U.S. EPA
and the WDNR must consider a number of factors when deciding on a cover
type. Among other factors to consider is the abi l i ty to install a synthetic
membrane cover without damage and long-term reliability.

The U.S. EPA and WDNR have serious reservations on the ability of Cover A to
perform in the long-term. Cover A relies on a synthetic membrane to achieve
impermeability performance. The agencies are concerned that the synthetic
membrane has the potential to become damaged during installation or dur ing
the long-term closure period of the landfil l . The clay layer beneath the
synthetic membrane of Cover A does not meet NR 504.07 and therefore may not
provide suff ic ient backup should the synthetic membrane be damaged."

Revisions: See Comment No. 1. The issues of concern raised in Comment No. 7
were discussed in a meeting with the U.S. EPA, WMWI and WDNR held
on January 8, 1992. Subsequent to that meeting, the U.S. EPA
determined that it was appropriate to carry Alternative V through the
detailed analysis in the FS, on the condition that a balanced, unbiased
discussion of the cover options was presented.

To comply wi th this condition, numerous changes have been made
thrpughout the report. In general, most of these changes are s imply
expanded discussions of issues and concerns that were perhaps too brief
in the prior submittal. Chapters 5, 7, and 8 were generally affected in
an attempt to provide a balanced discussion of Alternat ives I, V, VI,
and VII.

r
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Mr. Charles Wilk
United States Environmental Protection Agency
January 29, 1992
Page 5

Comment No. 8 - Page 119. Section 8.8. State Acceptance

"This section shall be revised to be'consistent with page 91, Section 6.3.1
which states that this criterion will not be addressed in this report, but
will be addressed in the ROD after WDNR review of the proposed plan."

Revision: To present a balanced discussion of the various source control
alternatives, we found it necessary to identify and discuss WDNR's
preliminary indications of acceptance. We have, however, indicated in
all of these sections that this input is preliminary and that final
acceptance will be addressed in the ROD after WDNR review of the
proposed plan. Sections 7.1.9.1, 7.2.9.1, 7.3.9.1, 7.4.9.1, and 8.9 have been
revised to address this comment.

Comment No. 9 - Page 127. Section 9.4.6. Alternatives 7 and 8

"Alternative 7 was dropped from fu r the r consideration in the Draft
Feasibility Study Report based on the belief that the high moisture
content on the air-stripper emissions would prevent the catalytic oxidation
system from functioning properly. Reduction of the moisture content
would result in higher operating costs and generation of a side stream.

It is U.S. EPA's understanding that a high-moisture content would not
significantly affect operation of the catalytic oxidation system.
Consequently, there would be no additional cost or side stream.
Alternat ive 7 should not be eliminated."

Revision: The limitations of air stripping as a core technology were not addressed
adequately in the feasibility study. Air stripping cannot remove
signi f icant levels of acetone, methyl ethyl ketone and te t rahydrofuran
which constitute a h igh percentage of the projected total organic load at
this site, owing to their unfavorable air/water partition coefficients,
i.e.. Henry's Law constants <10'2 atm-ms/niole for all three components.
Section 9.4.6 will be revised to clearly present the limitations of the air
stripping technology for this application. Nevertheless, Al ternat ive 7,
Air Str ipping - Catalytic Oxidation has been included. The evalua t ion
has been provided as Section 12.5 to avoid revising numerous section
references and maintain the clarity and cont inui ty of the report.
Section 13 has also been revised to include Al te rna t ive 7. In addi t ion to
the new Section 12.5 and revised Section 13, references to A l t e r n a t i v e 7
or to its evaluation have been modified.

In conclusion, it must be noted tha t due to the nature of the p r i m a r y
organic contaminants at this site, air stripping as a core technology is
believed to be fundamenta l ly flawed. Nevertheless, an evaluat ion of

(32-10)90L24.Sl
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January 29, 1992
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Alternative 7 has been provided. Numerous revisions were made in
Sections 9, 12, and 13 and on Table 8 in response to this comment.

Comment No. 10 - Pace 129. Section 9.4.9. Final Summary of Alternatives

"Alternative 10 presented in the report consists of UV oxidation as the
primary technology. Elsewhere in the report, and also in the WMI memo
discussing the treatability study conducted at Hagen Farm, only chemical
oxidation is discussed. If the chemical oxidation technology evaluated in
the Hagen Farm treatability study and discussed in the Feasibility Study
Report is UV oxidation specifically, then it should be referred to as UV
oxidation in all documents. If the technology evaluated was non-specific
chemical oxidation, then all references to UV oxidation should be
eliminated."

Revision: The reference to UV oxidation throughout Sections 9 and 12 has been
changed to chemical oxidation. AH other references have also been to
chemical oxidation.

Comment No. 11 - Page 141. 12.1.3.2. Compliance with Location-Specific ARARs

"This section includes a discussion on point of compliance. The U.S. EPA has
determined that the point of compliance for this site is the waste boundary.
This determination is made in accordance with 40 CFR 300.430(f)(5)(iii)(A).

The waste-boundary point of compliance shall be used for alternatives
development and analysis."

Revision: Section 12.1,3.2 and the corresponding sections in 12.2 through 12.5 have
been revised to properly note this ARAR. 'The revisions in Sections 12.2
through 12.5 do, however, note the potential technical i n f e a s i b i l i t y of
achieving this requirement. In addition to the limitations of hydraulic
extraction of groundwatcr noted in the revision, it is important to note
that the site was initially designed, permitted, and operated as a na tura l
at tenuat ion l andf i l l . An implicit assumption in the concept of natural
at tenuation was that a portion of the area immediately around and
beneath the landfill would act as a filter for the exfiltrating leachate
and would become part and parcel of the waste management un i t . While
this concept is no longer considered state-of-the-art engineering, it must
also be recognized that no technologies current ly exist to to t a l ly reverse
it's consequences. As such, it may be appropriate and more accurate to
cite this location-specific ARAR as a goal rather than a requ i rement .

[32-10J90L24.51
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Mr. Charles Wilk
United States Environmental Protection Agency
January 29, 1992
Page 7

Numerous other changes have been made to address internal inconsistencies,
misrepresentations of code requirements or to minimize the potential for future
confusion. The most notable of these changes are: '•

• The drainage layer in Cover B has been removed so as to assure that the cover
conforms exactly to the technical specification requirements of NR 504.07. The

[ cost and predicted infiltration performance of Cover B have been similarly
modified to reflect this ch'ange. \

[ • Plate 2, which depicts plan view schematics of the various source control
alternatives which have been carried through detailed analysis, has 'been
deleted. The rationale for removing this plate is that the f inal design may not
exactly conform to the layout presented as a conceptual design. It has been

[ Waste Management's experience that the general public may not understand the
difference between conceptual design and final design drawings and are unduly
alarmed when the final design does not conform exactly to the conceptual

( design. Plate 2 has served a valid purpose in communicating the proposed
source control concepts to the U.S. EPA and WDNR but may only serve to cause
unwarranted fu ture confusion if presented in the f inal FS and deposited in the
public repository.

The maximum slope value used in the HELP model infi l tration predictions has
been changed from five percent to nine percent to more accurately represent the
anticipated sideslope grades. While this change does effect the value of the
predicted in f i l t r a t ion , it does not change the relative effectiveness of the
various cover alternatives since it was applied to each cover design.

The basis for the present net worth cost estimates has been changed from a
7.6 percent discount rate to a nine percent discount rate and a five percent
inf la t ion rate. This change has been made to more accurately present the
expected actual costs. Again, this change has resulted in an increase in the
estimated values but has not resulted in any significant relative cost changes
between alternatives since this basis was applied equally to all the alternatives.

i
The terminology of "enhanced oxidation" used in Section 4.3.3.2.2.3 has been
changed to "chemical oxidation" to resolve internal inconsistencies. A generic
def in i t i on or description of the basic theory of chemical oxidation was also
included in this section for fu r the r clarification.

|32-10]90L24.51
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As stated previously, every effort has been made to present the key issues and
selection criteria in a factual and unbiased manner. Should you have any questions or
comments regarding these revisions, please contact Mr. March Smith of Waste
Management of North America at (708) 409-0700.

Sincere4y,

Jack E. Dowden
Director
Foth & Van Dyke

imes B. Hutchison, P.E.
'reject Engineer

Foth & Van Dyke

JBHl/lb

cc: March Smith
Don Otter
Dee Brncich

r
r
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Page 16

RESPONSE:

With regard to the GOOD, it is assumed that ARARs will be provided. ARARs generally are specific
to regulations, standards, and limits set by State or Federal code, etc. AH contaminants are not
addressed.

i10. Page 14

RESPONSE:

The data assessment on this page should induda-a dear definition of the principal environmental
and human health threats from the site.

Comment noted. Environmental and human health threats and endangerment will be addressed in
detail in the Risk Assessment.

* 11. Page 14 The Department has a concern, at this time, that the groundwater migration pathway is not yet
fully understood. A pathway to explain the contaminant readings at locations P-flA. B-6RR.
PZ-14, and well nest 2AB.C has not yet been developed. In addition, it is not clear that the
vertical distribution of contaminants seen in well nest 11 is completely understood. These
questions may well be answered during a detailed interpretation of the 1990 field work. However,
at this time, the Department sees these issues as unanswered migration pathway concerns.
Consequently, the conclusions regarding private well impacts should be qualified to say that to
date no impacts have been seen.

RESPONSE:

See response to comment # 8.

* 12. Page 14 The Department has a serious concern that the lack of source characterization data will hinder
future decision making on the best source control measures needed for this site. At this time, the
Department does not believe adequate waste characterization field work has been done to
properly select source control measures. It is not clear how the various remeaal options were
developed at the end of this tech memo. The Department will need better documentation of the
selection process used, before it can agree that some remedial measures are not applicable to
this site.

RESPONSE:

Comment noted. Refer to responses to comment # 33 and reference to the EPA fact sheet.

* 13. Page 16 There are some errors and uncertainties in Table 1. These are:/

1. Landfill capping does not directly address gas generation,

RESPONSE:

Capping does have a direct effect on the moisture content of the waste which in turn has a direct
effect on gas generation. See response to comment # 4.

2. Gas collection techniques may help deal with groundwater contamination particularly
when dealing with volatile organic parameters. In fact, gas collection and treatment
technologies can be used as partial groundwater remedies to control future releases to
groundwater as required in Chapter 160, Stats.

(WP 5.1 2/1841) 14<fM962(XARMponM.«A
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Page 17

RESPONSE:

Comment noted.

RESPONSE:

3. Not all the methods shown under Waste/Soil Treatment deal with gas generation or air
contamination.

It is agreed that treatment and excavation does not deal with gas generation on hazardous air
emissions per se; Table 1 will be revised accordingly.

4. In situ neutralization/detoxification needs to be defined. Also, it does not show up later
in the report The rationale for its elimination needs to be defined.

RESPONSE:

In site neutralization/detoxification pertains to pH adjustment and/or other means to chemically treat
a waste mass to reduce toxicity. The technology is typically used to treat contaminated soils and
sludges through the injection of chemical solutions. It is not generally applicable to sanitary landfills.
Because of the ground-water flow regime, injection of any fluids into the subsurface at the CDCL site
is not recommended and probably would not be accepted by the State.

114. Pages 17 -18 The discussion of institutional controls and site access restrictions as compliments to active
remedial measures is a good description of the role these measures should play.

RESPONSE:

Comment noted.

f 15. Page 18 The state requirements for landfill capping are not guidance they are legal requirements contained
in Administrative Code.

RESPONSE:

Comment noted.

»16. Page 18

RESPONSE:

Comment noted.

* 17. Page 19

State regulations require landfill caps to have a saturated hydraulic conductivity of 1 X 107

centimeters/second (cm/s) or less. This requirements is in NR 504.07 and NR 181.44(13), Wis.
Adm. Code. The statement concluding caps must have a permeability less than or equal to
surrounding subsoils is not entirely accurate.

It is uncertain if the Department would approve a cap design relying solely on an impermeable
membrane (Cover A). It is most likely that the Department would require some thickness of
compacted low permeability ctay similar to that requirement of an NR 504.07 cap to act as a
backup measure to ensure reduced infiltration. The specific design and requirements would be
developed if Cover A was chosen as the remedial action. Also, the reference to the underlying
clay needs to be clarified. Is that the compacted native soil layer?

fWP 5.1 2T18/91) !4d:U962{X*flMCM>rtM.6A
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RESPONSE:

To darify the intent of Cover A, the existing site cover would be regraded and supplemented to provide
a minimum of 1 foot thick clay, after the existing topsoil is stripped. The synthetic would be placed
directly over this clay layer. The advantage of this system is that re-exposure of the waste will be
minimized during cover construction.

f 18. Page 19

RESPONSE:

It needs to be clarified that the state RCRA requirements in NR 500 and NR 181 Wis. Adm. Code
differ from-{are more stringent) than the federal RCRA requirements. Consequently, the day cap
requirements in NR 504 and NR 181, Wis. Adm. Code are not the same as the federal criteria.

Comment noted. This point will be emphasized in the draft feasibility study report.

119. Page 24

RESPONSE:

As discussed previously, the City Disposal site is required to meet the gas collection and
hazardous air emission criteria in NR 506 and 443, Wis. Adm. Code, unless otherwise exempted
based on extensive .monitoring results. These requirements must be reflected in the gas control
discussion in this tech memo.

See response to comment # 4 from Charles Wilk.

* 20. Page 27 It is understood by the Department that the contaminants to be treated under source control listed
in section 5.2.8 is only a partial list representative of the types of contaminants to be addressed.
Source control measures will be designed to address ail the contaminants of concern at the site
including heavy metals.

RESPONSE:

WMWI disagrees with the DNR's assertion that elevated metal readings for iron, manganese, and
arsenic are primary impacts of the site. (See response to comment # 2.) With respect to the SCOU,
minimization of exfiltration from the landfill through enhancement -of the cover will effectively contain
the heavy metals and other relatively immobile constituents which may be in the waste mass. WMWI
will complete a comparison of results o* analysis from 1989 and 1990 samplings to background
conditions after completion and receipt of the results of analyses.

* 21. Page 27

RESPONSE:

In situ vitrification is not proposed as a possible remedial technology. The Department would like
to see this method considered as a possible alternative for this site particularly as it relates to
possible "hot spot' control.

Vitrification is inapplicable to hot spot control because you must be able to stop the secondary
combustion process. Vitrification is applicable to materials with high silica content (i.e. soil). Waste
properties, particularly carbon content as a result of total combustion of large quantities of paper
wastes which generally comprise sanitary landfills, do not lend themselves to vitrification.

f 22. Page 28 Waste stabilization has limited long term operation and maintenance costs however, there are
some short term costs.

(WP5.1 2/1 MI) 144tt9620*RMpOm«.6A
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Page 19

RESPONSE:

Comment noted.

f 23. Page 29

RESPONSE:

The use of excavation at this site wiH be controlled in part fay the Departmenrs decision on
whether hazardous wastes were sent to this site.

In light of Department's January 16,1991, letter to Chuck Wilk, all waste material excavated will be
tested to determine if it exhibits a hazardous characteristic. Therefore, the use of any technologies
involving excavation may result in the generation of hazardous wastes.

* 24. Pages 27 - 31

RESPONSE:

Comment noted.

f 25. Page 31

RESPONSE:

Sections 5.2.8 and 5.2.9 provide a good brief narrative on the various waste and soil treatment
technologies and disposal options considered for this site.

The state capacity assurance plan for hazardous wastes requires that off site disposal out of state
be used only as a last resort measure.

It is not clear if by this comment the State is defining the in-state preference as a To Be Considered
criteria. Please clarify.

* 26. Page 32

RESPONSE:

Comment noted.

I 27. Page 33

RESPONSE:

The Department agrees with the decision not to pursue sheet piles, injected screens or asphalt
curtains as remedial possibilities for this site.

The treatment measures cfiscussed under 5.2.11 must include a discussion of best available
technology for the control of inorganic parameter discharges also.

Please be specific as to which Wis. Adm. Code requires consideration of BAT and the circumstances
of its applicability or relevance and appropriateness.

* 28. Pages 33 - 34 The air treatment discussion should be expanded to include the state regulations, referenced
previously concerning air emissions from landfills. Also, air emission controls shall deal with all
contaminants associated with the site, not just VOC's alone. The discussion on page 34 gives
the impression only VOC's are an air concern, the Department believes all contaminants at the
site are potential air concerns.

(WP 5.1 2/1M1) tWM96200VRMOom«.6A
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Page 20

RESPONSE:

See response to comment # 4 of Charles Wilk. Please clarify or be specific as to what other
contaminants are of concern to the Department.

* 29. Pages 35 - 36

RESPONSE:

Under section 6.1.3 the narrative discusses six general steps for the development and screening
of alternatives. However, there are seven individual points shown on pages 35-36.

Points 4 and 5 on page 36 were inadvertently split into two paragraphs during final preparation of the
document. • j

* 30. Page 37 ARAR's are not defined as frequently used standards but are legaJ requirements associated with
the activities or problems at the site. Also, final acceptable exposure levels may be defined by
ARAR's if they are more stringent than calculated acceptable exposure levels.

RESPONSE:

This definition was taken verbatim from the 1988 U.S. EPA RI/FS Guidance Document.

• 31. Pages 35 -40 The FS process overview on these pages accurately reflects the FS process contained in the
USEPA, 1988 guidance document

RESPONSE:

Comment noted.

* 32. Page 41

RESPONSE:

It would be useful if at the beginning of this section the specific remedial objectives tor each
media were listed. This would help tie the objectives to the technologies discussed. Also, source
control technologies will not preclude future releases from the site, but rather will control ana limit
future releases.

Comment noted. Supplementary text (see comment # 33) has been prepared to address the
Department's comment. This supplement will simply reiterate, in text form, the objectives defined on
Plate 1.

*33. Page 41 The rationale for elimination of several process options shown on Plate 1 is not clear. To make
dear the Department's position, the decisions to delete the various process options are reviewed
individually below.

1. Sedimentation Basin - The Department agrees that, at this time, contaminated surface
water runoff from the site is not a concern consequently a basin is not necessary.
However, if future site investigations or remedial actions expose waste to runoff waters
such a control basin may be necessary. Also, a basin for sediment control from on site
erosion during site activities may be necessary.

RESPONSE:

Comment is noted. This issue will be addressed as part of the remedial design considerations.

(WP 5.1 2/1 Mt) 14dM9&?OaftMpo>M«.6A
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2. Excavation - The Department does not agree with the complete elimination of
excavation as a remedial alternative. Clearly, complete excavation of the site is not
feasible. However, excavation of smaller areas such as 'hot spots' in cells 12 and/or
6 should be retained as possible actions. To dale there has been very little source
characterization of the waste material on site. This is particularly true for cells 6 and 12
which appear to be the most significant source areas on site. Only a ground
penetrating radar survey which shows that cell 12 produces a different signature than
the rest of the site has been conducted as a source characterization study. Until a far
better understanding of the physical and chemical nature of the waste in cells 6. 12,

. and other possible unknown 'hot spots' is known, the Department will not agree to the
elimination of various process options. There is no data to support the conclusions that
certain process options can be eliminated in favor of others. Consequently, the
Department believes excavation must stay as a possible action until other options are
proven, based on site data, to be effective solutions.

RESPONSE:

As indicated in the meeting on December 19,1990, the ground penetrating radar did not reveal any
metallic anomalies which could be associated with drummed wastes. Therefore, delineation of "not
spots" within Cells 6 and 12 will not be possible without extensive intrusive activities. Therefore.
Waste Management believes that the idea of isolating and remediating specific "hot spots" should be
abandoned in favor of dealing with Cells 6 and 12 as generally anomalogous areas. Given the size
of these areas, excavation is impractical. Reference is made to the EPA "Quick Reference Fact
Sheet" dated September 1990 and the article titled "Landfill Contents/Hot Spots." The article states
that "Characterization of a municipal landfill's contents generally is not necessary because
containment, which is often the most practical technology, does not require such information." The
article also states that not spots are characterized where the waste is in 'discrete locations" and must
be "small enough that it is reasonable to consider removal. .. ." In addition, given the potential
exposure to construction workers and the local public during excavation. WMWI does not believe that
options involving excavation activities are protective of human health.

3. Stabilization/Solidification - As stated above not enough site specific data has been
produced to entirely eliminate this option. These processes may be applicable to 'hot
spot" control. The radar results show a low metal content in cell 12. It seems possible
then, that this technology may be an applicable control measure for the wastes in cell
12 or elsewhere.

RESPONSE:

In addition to the above stated concerns regarding excavation, there is no demonstrated technology
to chemically or physically fix VOCs or to solidify municipal waste. The mixing processes required for
stabilization would release a large percentage of the VOCs to the atmosphere.

4. Vacuum Heap Extraction - The Department agrees that vacuum heap extraction does
not appear to be a likely alternative at this time. It seems possible that the same
results can be achieved by using in place injection and extraction methods.

RESPONSE:

Comment noted.

(WP5.1
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5. Waste/Soil Washing • It is not dear why this option was eliminated at this stage. For
possible use in 'hot spot" control there appears to be some applicability (or this
measure. The Department would like to further discuss this measure before it is
eliminated entirely.

RESPONSE:

Again the concerns regarding excavation apply to this option as well as the concerns for releasing
VOCs to the atmosphere during the handling and washing process.

6. In Situ Water/Soil Rushing - If the technology is selected, state concerns on
groundwater injection systems will have to be satisfied.

RESPONSE:

WMWI shares the DNR's concerns that the ground-water flow regime may not be conducive to the
degree necessary to allow fluid injection at this site.

7. On and Off Site Incineration - Ac with waste/sod washing the Department would like
better documentation why these options were eliminated before it agrees on
elimination.

8. On and Off Site landfilling - the Department agrees that off site transport of waste for
landfilling is not desirable. However, with some on-sile treatment options (i.e., solidifi-
cation/stabilization) landfilling of the treated waste may be required. Retaining this
option is dependent on the final evaluation of several of the treatment alternatives
previously discussed. Consequently, dependent on other option evaluations on site
disposal may need to be retained.

RESPONSE:

These two comments appear to contradict DNR Comment # 25 that out of state disposal be used only
as a last resort measure. Since the State has indicated that he waste must be handled as if ft were
hazardous waste, but there is no in-state hazardous waste landfill or incinerator it would seem that
these would not be viable options. On-site landfilling and incineration would require excavation.
WMWl's concerns about excavation processes are presented in the response to comment # 33 (3).

9. Gas Extraction/FJaring/Cyding - As stated several times, the Department does not
agree with the proposed gas control options developed for this site. The Department
does not believe adequate testing has been conducted to determine the approphate air

, emission control system. The requirements in NR 506 and 445, Wis. Adm. Code must
be met for this site. Consequently, extraction wells and flaring options must be retained
for further analysis.

RESPONSE:

See response to comment # 4. In addition, enhanced in-situ vapor extraction, over and above that
proposed to comply with NR 506.08 requirements, will be defined and carried forward into the detailed
analysis.

(WP 5.1 2HW1J 14dM9620OflMponM.&A
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INmAL SCREENING OF REMEDIAL TECHNOLOGIES AND PROCESS OPTIONS - REVISED TEXT

The technology types and process options as related to source controllhat were identified in Technical
Memorandum 5A and Section 5.0 were subjected to a screening process as described in Section 6.0.
The purpose of the screening process was to reduce the array of potentially applicable technology
types and process options for source control by evaluating the options with respect to technical
implementability. This process is illustrated in Plate 1. The technology types and process options are
described in Section 5.0 of the text. The plate includes the media of concern at the City Disposal
Corporation Landfill site and the remedial action objectives associated with each environmental
medium. The remedial action objectives for the CDCL site are summarized as follows:

• Solid Waste/Soils - prevent direct contact with waste/soils having 10** excess cancer risk.
Prevent migration of contaminants that would result in ground-water contamination in excess
of Wisconsin Enforcement Standards.

• Liquid Waste (Leachate) - prevent migration of contaminants that would result in ground-water
contamination in excess of Wisconsin Enforcement Standards and/or 106 excess cancer risk.

Air (Landfill Gas) - prevent inhalation of carcinogens in excess of 10'* excess cancer risk.

Leachate does not occur; therefore, technology types and process actions associated with leachate
are not addressed. General response actions were identified for each medium/remedial action
objective. Technology types and the associated process options for source control were listed for -
each general response action. The ground-water medium and air treatment emissions will be
addressed in the GCOU Alternatives Array Document (Technical Memorandum 6B) as source control
will control and limit future releases.

Each process option identified in Plate 1 was described and then evaluated in terms of technical
implementability, as described in Section 6.2.4. The evaluation of technical implemeniability was
based on information from the Rl site characterization regarding contaminant types and concentrations
and other on-sHe characteristics (e.g.. depth of ground water, depth to bedrock, ground-water flow
regime, etc.). Those process options that were screened out (shaded boxes) for technical imple-
mentability reasons were not carried forward to the next phase, i.e., evaluation of process options
(Section 8.0).

A total of 33 process options for 22 technology types were evaluated for the three media applicable
to the SCOU. Twelve of the process options were screened out. A sedimentation basin was screened
out because contaminated surface-water runoff from the site is currently not a concern. However, if
future site investigations or remedial actions expose waste to runoff waters, such a control basin may
be necessary. Also, a basin for sediment control from on-site erosion during site activities may be
necessary.

Excavation was eliminated because complete excavation of the site is clearly not feasible, and
because the ground penetrating radar survey of the landfill did not reveal any metallic anomalies which
could be associated with drummed waste. Therefore, delineation of "hot spots" within Cells 6 and 12
would not be possible without intensive exploratory intrusive activities. Since this activity would be "hit
or miss" at best and could result in adverse impacts to construction workers and to the local public, it
would be abandoned in favor of dealing with Cells 6 and 12 as generally homogeneous areas. Given

(W 5.1 2/1 Ml) 14dM9620aRMpanM.6A
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the size of these areas, excavation of Cells 6 and 12 would be impractical. An in-situ technology that
treats these areas as a whole would be technically more practical and in the end more protective of
human health and the environment than any technology that requires excavation of contaminated
refuse.

Stabilization/solidification would require excavation and was eliminated for the above stated reasons.
In addition, the effective physical/chemical fixation of volatile organic compounds in municipal waste
through a solidification process has yet to be demonstrated. Also the mixing process required for
stabilization would release large volumes of VOCs to the atmosphere.

Vacuum heap extraction was screened out because of required excavation, potential difficulties in
handling the refuse, and because the same results could be achieved by using in-place extraction
methods.

Waste/Soil washing was eliminated for the reasons stated above for screening out excavation, as well
as the concerns regarding the release of VOCs to the atmosphere during the handling and washing
process. In-situ waste/soil flushing was earned forward as it is technically feasible. However, the
ground-water flow regime may not be conducive to the degree necessary to allow fluid injection at this
site.

On-site incineration was eliminated for the reasons stated above regarding excavation. Off-site
incineration was screened out because of required excavation and because there is currently no in-
state incineration facility. The state capacity assurance plan for hazardous waste requires that out-of-
state disposal be used only as a last resort measure.

On-site landfilling was eliminated because of required excavation. Off-site landfilling was screened out
for the same reasons that off-site incineration was eliminated from further consideration.

Gas extraction and flaring were retained for further analysis and will be included in each recommended
alternative because the requirements of NR 506 and 445, Wis. Adm. Code must be met for this srte.
In addition, in situ vapor extraction, over and above that required to comply with NR 506 requirements,
will be carried forward into the detailed analysis.

* 34. Page 41 As shown on Plate 1 the groundwater remedial action objectives should be [in] compliance with
groundwaler preventative action limits not enforcement standards. This is required by state (aw.
Also, the air treatment emissions section has applicability to many of the source controls
measures under consideration. Air emissions control must be included in source control
discussions.

RESPONSE:

A. As a point of clarification, the State law requires: (1) minimizing the concentration of the
substance at the point of standards application where technically and economically feasible: (2)
regain and maintain compliance with PALs to the extent it is economically and technically feasible;
and (3) ensure that the enforcement standard is not attained or exceeded at the point of standards
application.

B. WMWI is aware of the Stale's air emission standards. These standards will be addressed in the
source control evaluations.

(Wf> S.t 2/1M1)
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f 35. Page 42 As with Plate 1, the decisions to eliminate the two alternatives on Plate 2 needs to be further
discussed. At this time, the Department is unwilling to accept the complete elimination of these
process options. Both options appear to have possible applicability to "hot spot* control. Once
a better description on the nature and extent of the 'hot spots' on site are available, more
decisions can be made regarding remedial alternative selections. Also, the remediation goats
referenced on this page need to be more specifically defined to better evaluate the retained
technologies.

RESPONSE:

As noted in the response to comment # 33 (2), WMWI does not believe that "hot spot" remediation is
amenable to the situation at the COCL

* 36. Pages 44 - 48

RESPONSE:

The descriptions of the retained process options are accurate. However, as noted the
Department does not agree necessarily that these are the only options to be further developed.
The Department very much wants to further discuss the decision making process used to arrive
at the conclusions presented.

See revised text prepared in response to comment # 33.

* 37. Page 44 The specific remedial action objectives for source control should be repeated here to be sure the
alternatives developed meet the specific identified objectives.

RESPONSE:

Comment noted.

* 38. Page 48 The Department has the following comments on the eight specific remedial alternatives proposed
for the site.

1. As with all eight alternatives the Department believes an active gas control and air
emission control system is required for the site. Also, this alternative lacks additional
control measures for "hot spot" remediation which likely appears necessary tor some
areas of the site. Also, as stated previously, it is not likely that the Department would
accept Cover A as an acceptable cover technology for the site.

RESPONSE:

See response to comment # 4 of Charles Wilk.
;

2. Same comments as with Alternative 1. The inclusion of Covers B and C likely more
accurately reflects the cover options that will be used at the site.

RESPONSE:

WMWI believes that Cover A may be equally protective as C and exceed the performance of B and
therefore should not be disregarded at this stage.

(WP 5.1 2/1*91) 144M9520OflMpom«.M
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3. The alternative approaches what may be an acceptable option for the site. However,
the use of Cover A is likely not acceptable, no gas control and air emissions measure
is included and other options may be more appropriate for control at cells 6 and 12
than gas injection/extraction or extraction.

RESPONSE: i

See response to comment # 4 of Charles Wilk and comment # 38 (2) above.

4. The alternative is an increment improvement over Alternative 3. However it still
maintains the same fatal flaws as described for the preceding alternatives.

RESPONSE: ' j

See response to comment # 4 of Charles Wilk and comment # 38 (2) above.

5. This alternative may be acceptable if specific 'hot spot* control measures are not
necessary. Cover B was selected for use and on site monitoring can exempt the site
from NR 506 and 445. Wis. Adm. Code air control measures.

RESPONSE:
i

With respect to "hot spot" control measures, see response to comment # 33 (2), With respect to gas
control, see response to comment # 4 of Charles Wilk.

6. This alternative is the same as 3 except the possible use of Cover C. This is viewed
as a better alternative because the use of Cover C may be necessary tor all or pans of
the site.

RESPONSE:

Comment noted.

RESPONSE:

Comment noted.

RESPONSE:

Comment noted.

* 39, Page 51

7. This option may be acceptable, given the-reservations already stated, if Cover B were
selected.

8. This is the most acceptable option of the eight presented. However, depending on
additional site investigation it is likely not an entirely acceptable alternate.

. Under action specific ARAR's. NR 105 and 106 Wis. Adm. Codes should be induded as surface
water discharge regulations.

(WP 5.1 2/1 Ml)
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RESPONSE:

Comment noted.

ARAR Determinations

Below are listed the ARAR's as determined by the

î l=!k̂
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Department based on the various remedial options presented. The
Department may amend the list based on changes or additions to the list of possible remedial actions for the site.

Alternative . AorRA1 Code'

1) Institutional controls, RA 181 .49
access controls, moni-
toring cover A or B

RESPONSE:

Preliminary Identification
of Standards/Requirements

Groundwater monitoring to identify degree and
extent of contamination, hazardous waste
groundwater monitoring requirements

With the exception of NR 181.49 (5) paragraphs o, p, and q, NR 181.49 deals with detection
monitoring. WMWI requests clarification
performance monitoring.

A 181

RESPONSE:

Pursuant to the DNR's January 16, 1991

from the DNR regarding expectations for remedial

Any waste generated during the remedial
investigation must be handled consistent with
hazardous waste requirements, general haz-
ardous waste management requirements

, letter to Mr. Chuck Wilk. it is understood that this
requirement pertains only to the extent that the waste demonstrated hazardous characteristics.

A 140

RESPONSE:

Requirement noted.

' A 149

RESPONSE:

Requirement noted.

Groundwater standards and response require-
ments

Laboratory certification for environmental test-
ing

. A 504, 506. 445 Landfill gas collection, treatment and hazard-

(WP5.1 2/1 W I) 14dM96200fl«ponM.6A

ous air emission controls
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RESPONSE:

Requirement noted.

RESPONSE:

508 Landfill monitoring requirements

It is not clear how these requirements may conflict or overlap with the 181.49 requirements (or the NR
600 equivalents). It is also not clear if these requirements still pertain in light of the DNR letter dated
January 16,1991, to Mr. Chuck Wilk. Inasmuch as NR 508 deals primarily with detection and assess-
ment monitoring, WMWI requests clarification from the DNR regarding expectations for remedial
performance monitoring. j

504, 506, 514, Landfill capping, closure and documentation
516 requirements

RESPONSE:

In light of the January 16,1991, letter to Mr. Chuck Wilk. it is not clear that these still are applicable
or relevant and appropriate.

2) Institutional controls, same requirements as
access controls, moni- alternative 1 above
toring cover A or B/C

RA 181.44(11H14) Landfill capping, closure, monitoring and long
term care requirements

RESPONSE:

Requirements noted. In light of the DNR's January 16,1991. letter to Mr. Chuck Wilk. WMWI requests
clarification as whether the hazardous waste monitoring and long-term care requirements will continue
to exist if, at some point in the future, the wastes and ground water no longer exhibit hazardous
characteristics.

3) Institutional controls, same requirements as
access controls, moni- alternative 1 above
toring cover A or B

181 Management requirements for hazardous
wastes removed during construction of gas
extraction systems

RESPONSE:

It is understood that this pertains to the extent that the wastes exhibit hazardous characteristics.

(WP5.1 2/1 W!) 1MM962(XARMpeni«.GA
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4) Institutional controls, same as alternative 2
access controls, moni-
toring gas extraction,
cover A or B/C

181

RESPONSE:

See response to previous comment.

5) Institutional controls, same as alternative 1
access controls, moni-
toring trench/vent
system, cover A or B

6) Institutional controls, same as alternative 2
access controls, moni-
toring trench/vent
system, cover A or
B/C

7) institutional controls, same as alternative 3
access restrictions,
monitoring, gas ex-
traction, trencrWent
system, cover A or B

8) Institutional controls. same as alternative 4
access restrictions,
monitoring gas extrac-
tion, trench/vent
system, cover A or
B/C

Management requirements for hazardous
wastes removed during construction of gas
extraction systems

1 A or RA - Applicable (A) or potentially Relevant and Appropriate (RA)

* Code • Wisconsin Administrative Code. Chapter NR series

Metcalf & Eddy, Inc.
Robert A. Schoepke, Contractor Project Manager

f t . Pg 18. §5.2.4
Pg 22. § 5.2.5
Pg 29. § 5.2.8.7
Pg 31. § 5.2.9.1

Relative costs were identified for these Technologies/Process Options only. Relative
costs for all Technologies/Process Options should be identified for consistency.

RESPONSE:

The relative costs for all options were identified on Plate 2 but were not repeated in the text.

(WP S.I 2/1W1) 14dA495MCWU«w»..6A
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• 2. Pg 22, § 5.2.5.12 A detailed description for the use of sedimentation basins should be provided.

RESPONSE:

WMWI agrees with DNR comment # 33 (1) regarding the need for sedimentation basin. As indicated
in response to comment # 33 (1), WMWI will address the use of sedimentation basins in the remedial
design.

f 3. Pg 27. § 5.2.8.1 2 • The waste has been characterized principally by the analyses of ground-water
samples collected from beyond the till area. Therefore, the waste may contain sernt-
volatite organics and inorganics not identified in ground-water samples. These
additional parameters can have an adverse effect on the efficiency of certain process
options. The potential problems associated with these parameters should be con-
sidered when evaluating process options.

RESPONSE:

Currently there is no evidence that any semi-volatiles or inorganics with the exception of alkalinity will
have any effect on the process options. However, the potential for such adverse effects will be
considered in the detailed analysis.

t4. Pg 32,§ 5.2.10.1,11 In addition to installing physical barriers downgradient of the source area, physical
barriers can be installed around the other sides of the fill area to reduce ground water
flow through the waste area However, it should be noted thai the hydraulic
conductivity will be decreased within the earner area when any type of physical
barrier is used.

RESPONSE:

Please note that the waste is above the water table and consequently ground water is not flowing
through the waste. The addition of ground-water flow barriers may only serve to complicate an
already complex ground-water flow regime.

12

RESPONSE:

Comment noted.
i

»5. Pg33. §5.2.10,2,12

RESPONSE:

Comment noted.

#6. Pg 33. §5.1.11,11

RESPONSE:

Comment noted.

(WP 5.1 2/10*1) 14dM9S20ORMpoftM.6A

Health & Safety costs have been included in the Relatwe costs for physical barriers.
This consideration should be included for most of the process options presented.

See previous comment.

See comment for section 5.2.8.

•P. ELaMoreaux & Associates—'
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f 7. Pg 34. § 5.2.12.1 2 As with other air treatment options, the efficiency of the vapor condensation process
should be included.

RESPONSE:

The efficiency of this process is a function of the vapor moisture and therefore is site specific. The
text will be revised to present the advantages and disadvantages of all options.

Activated carbon will adsorb both chlorinated and non-chlorinated hydrocarbons from a vapor stream.
The process requires only a blower to move the vent gas stream and a vessel to hold the activated
carbon. The primary disadvantage of this process is the high.cost of replacing the activated carbon
after it becomes saturated with hydrocarbons. Also, the spent carbon, if disposed, may be a
hazardous waste.

In the vapor condensation process, a blower supplies VOC-Iaden vapor to a condenser. In the
condenser, refrigerant (e.g., chloro-fluorocarbons or propane) extracts heat from the contaminated
vapor stream. Organic compounds in the vapor condense as the temperature of the stream drops.
The condensed organics may either be recycled or disposed.

The disadvantages of this process is that high moisture conditions in the vapor feed to the condenser
(as would be the case with an air stripper) limit the efficiency of the process. This would require drying
the vapor stream before ft enters the condenser, significantly increasing the cost of the treatment.

A typical vent gas combustion system for VOC emissions consists of a blower, a supplemental air
source, a combustion chamber, a natural gas burner, and a stack. The system includes a quench
section to cool the exhaust gas from the combustion chamber and a caustic scrubber to control
hydrogen-chloride emissions. The disadvantage of this system is that it requires a feed source and
generates several undesirable by-products such as carbon monoxide, nitrogen oxides, hydrogen
chloride, dioxins, and furans, dependent on the waste characteristics. These emissions may require
additional treatment prior to drainage.

Thermal oxidation is similar to vent gas combustion except that oxidation occurs without an open
flame. The contaminated vapor stream enters an insulated oxidation chamber containing a heated
silica gravel bed. Electric heating elements are used for start-up and to maintain the temperature of
the silica gravel bed. A thermal oxidation unit typically operates at about 1800°F. The disadvantage
of this process is that it is not suitable for chlorinated hydrocarbons because these compounds may
corrode the electric heating elements in the oxidation chamber.

*e. Pg 41. §7.o. 11 Options involving leachate control should not be screened out because leachate has
not been observed during the HI. Leachate seeps have been observed in the past
Furthermore, the HI has been conducted over a period during which there has been
below normal precipitation. The possibility of future leachate generanon should be
considered.

RESPONSE:

Given that the waste is currently dry and an enhanced cover system will only serve to further reduce
the waste moisture, WMWI does not believe leachate control measures will be of any consequential
benefit.

(WP 5.1 2/1W1) 144M952OMMpOftM 6A
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fO. Pg 42. § 8.0,12 The evaluation process is illustrated in Plate 1 not Plate 2.

RESPONSE:

Comment noted.

f 10. Pg 43, § 8.0,1 2 The text states that three process options were screened out These options end the
reasons for their elimination should be identified.

RESPONSE:

Please see revised text prepared in response to ONR comment # 33.

fit. Pg 44. § 9.1, 5 1 The *No Action' alternative should not be eliminated at this stage.

RESPONSE:

No action will be retained at EPA's request.

* 12. Pg 47, §9.2.1.1.6, f 2 The text states that in situ bioremediation has been screened out This is
inconsistent with Plate 1.

RESPONSE:

In-situ bioremediation was screened during the evaluation of process options (see Plate 2) and not in
the Screening of Alternatives (Figure 8).

The reasons lor eliminating technologies/process options should be expanded and
should include all technologies/options.

RESPONSE:

See response to DNR comment # 33 and the associated revised text.

(WP 5.1 2/1W1) 14dM96200RMponi«.U
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SCOnsin \ DEPARTMENT OF NATURAL RESOURCES
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++ * *April 4, 1991 ^'*,
<$?

:<?:
Chuck Wilk. RPM
United States Environmental Protection Agency
Region V, 5HS-11, 230 Dearborn Street
Chicago, IL 60604

Subject: Review of Technical Memorandum 9A Analysis of Alternatives
(SCOU) for the City Disposal Landfill

Soutfum DWrfct
3911 Fltft H*tch»ry Road

FKcbbufg. Wt 53711
TELEFAX Ma *0*-275-*WJ

FKe FW: 3303

i

Dear Mr. Wilk:

The Department has completed its review of Technical Memo 9A. The Department
holieves the memo doc* a very good job in presenting and evaluating the
possible remedial options for the site. In particular, the report does a very
good job applying the specific review criteria to each alternative. Based on
Us review, the Department has concluded that Alternative V Is potentially an'
acceptable remedial option for the site. As discussed later, there are
concerns about th* long term reliability of an artificial membrane without a
backup infiltration barrier. In addition, the Department has concluded that
Alternative VI, as proposed, is an acceptable measure. While not providing
the same level of infiltration control as other options, this alternative does
include the range of source control actions necessary to adequately address
site concerns. The Department believes both Alternatives V and VI can be
retained for future review and discussion. The remaining four options are not
recommended by the Department to be carried forward for further review for the
various reasons stated below.

Tn addition to these Introductory remarks, the Department has the following
general and specific comments on the memo.

i
General Comments

1) Tn reviewing the first 18 pages of the report, a number ot specific
design details were noted. Specifics such as trench spacing, depth of
cutoff wall, trench depth, number of extraction wells per cell, blower
sizing, number of vent pipes, etc. arc given. Th* Department Interprets:
all of these to be estimates only and that the exact design details will
be developed during the remedial design phase. The Department wants to
be clear that it is not agreeing to the specific design details discussed
in this tech memo. Rather, we are agreeing to remedial approaches to br
used.
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Chuck Wilk - April 4. 1991 ' 2.

*>») The Department appreciates the complete evaluations done on each of -the
proposed alternatives. The explanation and application of the review
criteria is consistent with what is expected In the CERCLA process. The
presentation of the evaluations made the Departments review of the
remedial options very easy.

Specific Comments

Page 8, before the Department can make a final de.cieion on the acceptability.
of Cover A, more information on the proposed compacted soil layer Is needed.
Technical memo* 1, 2 and 3 present a large volume of physical data describing
r.h« existing cover material (i.e. soil depth, grain size curves, moisture
density curves, etc.). The Department would like an interpretation of this
da La to describe what the characteristics of this compacted natl\je soil layer
would be. Issues such as degree of compaction, resulting permeability, soil
luyer thickness, etc. need to be addressed. The extent to which' this soil
layer will provide a "backup" infiltration barrier la a key criteria In
Department decision making. Also, more detailed information on the synthetic
material proposed for use is needed.

The performance level of Cover A. as shown in Table 1. nakes It an attractive
alternative. However, concerns on long term effectiveness and the possible
need for a secondary barrier need to be resolved. (Please see Attachments A
and B for further discussion of the proposed use of Cover A) .

U, during the remedial design phase specific supporting information will
h« needed to document the proposed trench spacing and construction. There is
a concern that the 2-foot proposed trench depth may not adequately address gas
concentrations deep In the fill. There may be a need to use extraction wells
in areas outside of cells 6 and 12. Also, there is a concern that the
proposed 300-foot spacing nay be too wide to adequately control gas
conditions. Lastly, the detailed design will need to discuss handling
condensate produced during system operation.

Page 19-26, these pages provide a good discussion of the review criteria and
their proper use in evaluating remedial alternatives.

Page 26, Alternative 1 does not reduce Infiltration through the site and does
not adequately address the remediation needs for cells 6 and 12.
Consequently, this alternative is not acceptable to the Department. The
evaluation on pages 26-32 does a very good job of highlighting strengths and
weaknesses of this proposal. Based on this review, the Department believes
this alternative does not satisfactorily remediate known site conditions and
recommends that it not be further reviewed during the Feasibility Study.

Page 32-39, Alternative II Is an incremencal Improvement over Alternative I
hrrause It Includes Cover A. The Department has already expressed its
concerns about the use of Cover A. This proposal also does not provide
specific remedial measures to deal with cells 6 and 12. The Department
believes additional source control measures beyond capping and the trench gas
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extraction system are needed to remediate the contamination sources in cells 6
and 12. Based on the RI data available, cells 6 and 12 are acting as major
groundvater contamination source areas. Since Alternative II does not contain
spncific actions to remediate these cells, the Department does not believe
this option is acceptable and should not be carried forward to the Feasibility
Study stage.

Page 36, if the extraction system is operated at higher vacuum pressure, it
Increases the importance of having a continuous low permeability layer below
the membrane cover. This continuous layer will help protect the membrane from
increased stresses because.of the higher operating vacuums.

Page 38, there needs to b* some supporting information given for the estimated
2-year compliance period for NR 445 Uis. Adm. Code.

Pago 40, there is a typographic error. This section should be titled
Alternative III.

Page 40t the drainage layer design will need to incorporate measures to
prevent sloughing of saturated sideslopes.

Page 40-44, based on the HELP model evaluation of the various caps. Cover B
does not perform as well as Cover A or Cover B/C. Consequently, alternatives
that use Cover B alone are not as effective and therefore less acceptable. In
addition, Alternative III does not address the remediation needs of cells 6
and 12.

Alternative III ia not an acceptable measure to the Department because of the
shortcomings in infiltration reduction In comparison to the other
possibilities and in the lack of specific remedial options for cells 6 and 12.

As with the narrative describing Alternatives I and II, the discussion of
Alternative III and the use of the evaluation criteria was well done.

Page 45, Alternative IV, while again an incremental improvement over the
preceding three options is not an acceptable measure because of the lack of
attention given to cells 6 and 12. The use of cover B/C does provide for a
further reduction of water through cells 6 and 12. Therefore its proposed use
is an acceptable ^nfiltration control option. However, vhen used alone. It
does not adequately address migration from cells 6 and 12. Consequently, use
of cover B/C will need to be done in conjunction with other remedial measures
as proposed in Alternative VI. The Department recommends thi* alternative not
receive further review.

Page 49, as stated Alternative V is an Improvement of Alternative II with the
Inclusion of extraction wells for cells 6 and 12 and the membrane cutoff wall.
Thn Dnpmrtment believes this is possibly an acceptable alternative. Questions
on the use of cover A need to resolved. Once the capping Issues are
addressed, a final decision on this option will be made.

Page 50, It should be stated that the installation of active gas extraction
wells will remove more contaminants from the depths of waste. This In turn
provides more migration control And Is consequently somewhat more protective
Uian Alternative II.
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Pnge 55, as proposed Alternative VI is an acceptable remedial measure. This
option addresses all the source control issues of concern. While not
providing the same level of infiltration control as Alternative V, there is
improved long term reliability of the proposed cover. This alternative
provides for more contaminant removal from the waste mass, therefore la more
protective than some of the previous options.

As stated earlier, the Department believes either Alternatives V or VI are
potentially acceptable. This position is reaffirmed by comparative analysis .
conducted on pages 60-64. Alternatives V and VI include the range of source
control measures needed to address releases from the site. Each of the
rejected options, while having individual strong pgints, do not completely
address the source control problem. Consequently, the Department believes
Alternative V and VI can be retained for consideration And additional
evaluation.

The Department has no specific comments on Appendices A, B, C or D.

This completes the Departments review of this memo. If you have questions or
concerns, please contact me directly.

Sincerely,

Michael R. Schmoller
Hydrogeologist
Environmental Response Program

MRS:cmt
SUM\TCH9A.MRS
cc: Fat KcCutcheon - SD

Sue Bangsrt - SV/3



Attachment A

On March 19, 1991 WDNR staff visited the landfill to preliminarily evaluate
the feasibility of a synthetic membrane cap at the site. Based on initial
observations site slopes appear compatible with the use of a synthetic cap.
Also, during on site discussions, it was concluded that installation of the
gas collection and vapor extraction trenching and piping would need to be done
before the cap was placed. It is believed this would help address the concern
of fitting the pipes through the cover and preventing any possible leakage
around the pipes. Also, it was noted that the level of gas production would
have to be reviewed to insure that excessive methane production would not
cause long term problems with the cap. Furthermore, It was discussed that
sine* the fill was fairly shallow (approximately 15-22 feet thick) and
relatively old (last waste filled in 1977) that differential settling is not
expected to be a major problem. Lastly, the Issue was raised of the need for
reference information on the use of synthetic materials as caps at other solid
and hazardous waste disposal facilities.

Attachment B

The following narrative was provided by WDNR Central Office staff concerning
the proposed cover types. It provides a good discussion of Department
concerns specific to the proposed use of Cover A.

Different cover option* are provided; cover A, cover Br cover B/C. and cover
C. The upper components of these caps are the same; the caps differ in the
low permeability barriers provided. Cover A provides a geomerabrane over the
existing cover a« the low permeability barrier (with estimated saturated
hydraulic conductivity of 3.2 x 10"4) and uses the HELP model to estimate
infiltration through this cap. It is not clear how these values were derived,
or how the interaction between the membrane and the lower soil layer was
modeled. Flow through holes in georaembranes is dependent upon characteristics
of the underlying materials. A major assumption of the HELP model is that
flow occurs only through soil pores. With the existing cap, significant
fractures and macro-structure are likely to present. Flow through this macro-
structure may not'behave as porous media flow and it may not be appropriate tn
model this flow using porous media assumptions. It is unlikely that the
existing cap presents a continuous permeability of 3.2 x 10"* cm/sec. I
understand that the existing cover may meet the NR 500 material
specifications, but does not meet placement specifications. The clay layer
must meet both the soil specifications and placement specifications. I do not
believe that compaction of the existing cap could effectively eliminate the
macro-structure such that a consistent 1 x 10'' hydraulic conductivity would be
present across the entire cap. Without the re-working of the existing cover
such Chat the macro-structure Is removed, Uil» cap would noc be oa effective
as la presented in the discussion of this alternative. I believe it is
necessary to strip the existing cover, tesc the material, and replace
acceptable clay soils in thin lifts such that the completed clay layer meets
placement specifications throughout the 2 foot depth, prior to placement of A
membrane. Also, it is unknown how much additional settlement will follow
capping of this landfill. A low-permeability soil layer is necessary below
the membrane to not only limit infiltration through membrane holes, but to
provide redundancy should settlement strain exceed the membrane capacity.
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I Home Office: P.O. Box 2310. Tuscaloosa. AL 35403 205/752-5543 FAX 505/752-4043

Offices: 2 Office Park. Suite 104. Mobile. AL 36609 205/342-8714 FAX 205/342-8714
P.O. Box 6719, Lakeland. FL 33813 813/646-8526 FAX 813/646-1042
P.O. Box 164. Macon. GA 31201 912/743-6485

Via Airborne
June 20, 1991

Mr. Charles Wilk, 5HS-11
Remedial Project Manager
City Disposal Corporation
Hazardous Waste Enforcement Branch
U.S. EPA, Region V
230 South Dearborn Street
Chicago, Illinois 60604

Mr. Mike Schmoller
Project Coordinator
City Disposal Corporation
State of Wisconsin
Department of Natural Resources
3911 Fish Hatchery Road
Fitchburg, Wisconsin 53711

RE: CDCL - Technical Memorandum No. 6B
PELA Reference Number 495209

Dear Sirs:

Transmitted on behalf of Waste Management of Wisconsin, Inc. is the document entitled,
"Response to Comments on Technical Memorandum No. 6B, Alternatives Array Document (GCOU) for
Remedial Investigation/Feasibility Study, City Disposal Corporation Landfill.'

If you have any questions, please contact March Smith, Remedial Project Manager
(708-409-0700).

Sincerely.

Daniel S. Green
Project Manager

Lois 0. George
Vice President

Environment & Ecology
LDQ\pmb 13-O:\4W200\Witti.Seh.L01

Enclosures: Wilk -12 copies; Schmoller - 3 copies (2-Southern District/1 -Central Office)

cc: March Smith Oliver Janney
Dee Brncicn Nick Odom, Jr.
Jack Dowden
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Response to Comments on Technical Memorandum No. 6B
Alternatives Array Document (GCOU)

For Remedial Investigation Feasibility Study
City Disposal Corporation (DUNN) Landfill

PELA 495209 June 20, 1991

U.S. Environmental Projection Agency
Charles Wilk

Remediation Project Manager
May 20, 1991

U.S. EPA Ust

Nine alternatives have been proposed for potential application to the GCOU. Each alternative includes zoning/deed
restrictions and ground-water monitoring. Alternatives 1-3, 5 and 7-9 include an extraction well system. Alternatives 1-2 and
7-8 include air stripping. Alternatives 1-3 and 7-9 include discharging treated ground water to a local stream. Alternative 5
proposes discharge of untreated or pre-treated ground water to a local publicly-owned treatment works f POTW). Alternatives
1 and 7 call for catalytic oxidation of treatment emissions. Alternatives 2 and 8 call for activated carbon absorption of
treatment emissions. Centralized carbon absorption of contaminated ground water is proposed in Alternative 3: activated
carbon absorption at individual wells is proposed in Alternative 4. (Activated carbon absorption of treated ground water is
proposed as "effluent polishing" in Alternatives 7 and 8.) In-sftu bio-remediation is proposed in Alternative 6. Above ground
bio-treatment is proposed in Alternative 9.

A. Zoning. Fencing/Dead Restrictions
Each of the proposed GCOU alternatives includes proposals to restrict access to the site by means or zoning

regulations, fencing requirements and deed restrictions. The ARARs pertinent to such proposals were listed in my
memorandum on 12/26/90. but are restated here for convenience:

Section f4Q CFR §1

264.177(c)

264.310(b){5)

A/RA/TBC gtandardVReQuirement

RA post-closure use of property on or in which
hazardous wastes remain

RA protect and maintain surveyed benchmarks

RESPONSE: Waste Management of Wisconsin, Inc. would like to clarify if, by citing 40 CFR 264, the
Environmental Protection Agency (EPA) is asserting that affirmative evidence exists that the materials
in the landfill are Resource Conservation and Recovery Act (RCRA) hazardous. If so, Waste
Management requests access to such evidence. Waste Management believes that, while an argument
may be made that hazardous waste regulations may be relevant to this site, they are not appropriate
given site specific conditions.

f

I
f

P. Ground Water Extraction and Discharge
The following ARARs pertain to the GCOU's proposals regarding an extraction well system, discharge of untreated

water to a POTW, and direct discharge of treated ground water to surface water:

Section f4Q CFR $1

§ 123

S 403.5

(6/11/91) 13-D:\495200\Response.6B

A_/RA/T6C gjandard/Bequjrement

A NPDES requirements of CA

TBC POTW limitations

RELaMoreaux&Assoctates-
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(Wis. Adm. Code)
NR 102. 104, 200. 217

and 219

112

WPDES permit
requirements

CA§304

CA Ambient Water
Quality Criteria
for Protection of
Aquatic Life

RCRA Part 264

A(?)

A

RA

RA

RA

regulating discharge to surface water,
effluent limits, discharge permit
applications, sampling/testing procedures

regulates wells which singly or collectively
with other wetls on the property extract
>70 gpm

water quality criteria for specific
pollutants

ambient water quality criteria

RCRA ground-water monitoring requirements

RESPONSE: No response to any ARAR cited with the exception of RCRA Part 264. With respect to
the relevance of 40 CFR 264, see response to comment EPA-A.

C. Ground-Water Treatment

1. Activated carbon adsorption
Alternatives 3 and 4 propose activated carbon adsorption of contaminated ground water. Alternatives 7 and

8 propose activated carbon adsorption as "effluent polishing." The following ARAR may pertain to this alternative if the
resulting spent carbon material Is a TCLP hazardous waste or a characteristic waste:

Section f40 CFR 51 A/RA/TBC Standard/Requirement

268 RA RCRA land disposal restrictions

RESPONSE: Comment noted; no response.

I

2. Air stripping
Alternatives 1, 2, 7 and 8 include proposals for air stripping. Alternatives 1 and 7 propose catalytic

oxidation of treatment emissions from the air stripper: alternatives 2 and 8 propose activated carbon adsorption of treatment
emissions from the air stripper. The following ARARs would pertain to these proposed actions:

Section

(Wis. Adm. Code)
NR140

NR160

NR 400-499

CAA Part 6t

A/RA/TBC Standard /Requirement

A Wis. ground-water standards

A Wis. protective action limits

A regulates air emissions from air stripping

RA NESHAPs for. inter alia, vinyl chloride,
benzene, radon (?)

(6/11/91) 13-D:\495200\Response.6B
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OSWER Directive
9355.0-28

(40CFR 5)
141.11-
141.16

1-41.50

264.94

264.97

RA

RA/TBC

RA/TBC

•RA

RA

ERA policy guidance entitled Control ot Air
Emission from Superfund Air Strippers at
Superfund Ground-Water Sites

SDWA MCLs

MCL Goals for, inter alia, vinyl chloride

RCRAMCLs

general ground-water monitoring requirements for
any ground-water monitoring program developed to
satisfy, inter alia. § 264.100

RESPONSE: Please clarify the intent of the reference to WAG NR 160. NR 160 pertains to Federal
and State Construction Grant Projects and would not seem to be applicable to this situation.

No response to any other cited ARARs/To Be Considered (TBCs) criteria with the
exception of 40 CFR 264. With respect to the relevance of 40 CFR 264, see response to comment
EPA-A.

State of Wisconsin
Department of Natural Resources

Michael Schmoller, Hydrogeologist
Environmental Response Program

January 25, 1991

Technical Memorandum 6B

General Comment
#1 Any groundwater remedial action taken at the site must be able to comply with the preventive action limits

set In ch. NR 140. Wis. Adm. Code. The compliance point for this site is the waste boundary. If
compliance with preventive action limits is proven not to be technically and economically feasible as
specified in s. NR 140.24, Wis. Adm. Code, the lowest technically and environmentally feasible ground-
water concentration shall be achieved. In no case can the target cleanup level exceed state enforcement
standards.

i
For parameters for which no ch. NR 140, Wis. Adm. Code standard exists, the cleanup standard shall be
background concentrations. K achievement of background concentrations is proven not to be technically
and economically feasible, the lowest technically and economically feasible concentrations shall be
achieved as the cleanup standards.

RESPONSE: The assertion that the point of compliance is the waste boundary is contrary to the
promulgated regulations of Wisconsin. Since there has been no assertion of affirmative evidence that
the landfill contents are RCRA hazardous, a design management zone (DMZ) of 0 feet is inapplicable.
Rather, a DMZ of 300 feet, or the limit of property ownership, in accordance with WAC NR 140.22 -
point of standards application would seem to be applicable. If a non-promulgated Department of
Natural Resources (DNR) policy or guideline requires compliance at the waste boundary, it should be
cited as a TBC; ARARs are reserved for promulgated standards.

(6/11/91) 13-D:\495200\Response.6B
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It should be noted for the administrative record that there exists no evidence that the
Preventative Action Limits (PAL) standards or even all the Enforcement Standards (ES) are technically
attainable. In fact, the presiding definitive work on ground-water remediation (Kerr Research Lab in
Ada, Oklahoma) has indicated that such standards cannot be achieved within the limits of existing
technology.

General Comment
#2 It must be understood that all air emissions from both source control and ground-water control remedial

measures must comply with the toxic air emissions criteria in ch, NR 445. Wis. Adm. Code. The
technologies retained for air emission control must meet the mandated performance levels.

The Department's concurrence with any remedial action to be taken at the site will be based on
compliance with ARARs. The performance criteria in ch. NR 140 and ch. NR 445, Wis. Adm. Code, are
critical criteria to be used in evaluating the adequacy of any remedial measures.

RESPONSE: Comment noted; no response.

Page 11 On this page and in several other locations in the technical memo, the term 'regulatory limits' is used.
This term need to be specifically defined. For ground-water quality the regulatory limits are the preventive
action limits contained In ch. NR 140, Wis. Adm. Code.

RESPONSE: Comment noted; no response.

Page 11 The regulatory concentrations that should be used to evaluate the significance of ground-water
concentrations are preventive action limits - not enforcement standards. State ground-water law nets
preventive action limits as the triggering levels for initiating response activities.

RESPONSE: Comment noted; no response.

Page 12 The Department does not have a record of a methylene chloride soil detect of 8.5 ug/kg (81.5) downslope
from cell 6. Please provide the sample location and date for this result.

RESPONSE: The concentration of methlylene chloride was determined at 81.5 ug/kg from a soil
sample collected downslope from cell 6. The sample (SD-7) was collected at location E4QO, N800 (grid
reference). The organic constituents determined in surficial soil samples are provided in a summary
table on page 33 of Technical Memorandum No. 3A. April 12, 1991.

(6/11/91) 13-D:\495200\Response.6B
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The conclusion that there is no landfill gas production and low gas pressures needs to be verified with field
data. There have been past complaints from nearby residences about "smells" around Grass Lake, tt
seems possible these odors are landfill gas migrating towards the topographic low of Grass Lake.

RESPONSE: Data collected and evaluated to date are presented in section 4.1.1 of Technical
Memorandum No. 3A. April 12, 1991. The data indicate that the occurrence and venting of volatile
gases Is minimum. WMWI concurs that additional data will be collected.

Odors are likely attributable to Bad Fish Creek. The discharge of which is
predominantly effluent from the Madison sewage treatment plant (24 to 52 million gallons per day).
PELA personnel, while reading staff gages and stream gaging, have noted malodorous effluvium at Bad
Fish Creek. In addition. Grass Lake comprises a water body and swamp where generation and
migration of natural organic gases can occur.

Page 20 In a practical sense, source control measures will likely reduce contaminant migration from the landfill -
not completely preclude any transport.

RESPONSE: Comment noted; no response.

Page 21 This page provides a good summary of the status of the ground-water studies and the conclusions that
can be reached to date. The Department would like to see a proposed timeline for completing the
additional studies proposed at the bottom of the page.

RESPONSE: WMWI is currently considering technologies researched at other sites and will address
treatability in detail in Technical Memorandum No. 9B and the Draft FS (GCOU).

Testing to determine aquifer characteristics and the area of influence from ground water
withdrawal will be addressed in the Remedial Design (RD) Phase.

Page 24 This section on environmental monitoring correctly states that monitoring surface water and groundwater
quality are used to assess the performance of the remedial action. The concept of monitoring needs to
be expanded for both operable units to include a monitoring the performance of active source control
alternatives and the active gas collection system. If a technology is chosen to actively remediate cells 6
and 12, such as vapor extraction, a monitoring program to assess the effectiveness of the remediation will
be required. Monitoring source contaminant concentrations in the waste before, during, and after the
remediation will be essential to evaluating system performance.

RESPONSE: Waste Management of Wisconsin, Inc. agrees that the concept of separate monitoring
systems and objectives needs to be expanded further in the Feasibility Study (FS) documents, but only
to the extent that the monitoring goals and data quality objectives are defined. The actual details of the
monitoring program should be addressed in the remedial design (RD) phase.

(6/11/91) 13-D:\495200\Response.6B
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Page 25-34 Section 5.4 provides a good general discussion of the various ground-water control, treatment and
discharge options.

RESPONSE: Comment noted; no response.

Page 34-41 Section 6.0 provides a good general overview of the feasibility process for Superfund sites.

RESPONSE: Comment noted; no response.

Page 38 As stated in comments on the SCOU, ARARs are not frequently used standards, but rather are legally
mandated requirements that must be met in designing and implementing remedial actions.

RESPONSE: Comment noted; no response.

Page 41-45 The Department agrees with the evaluation process discussed on these pages and summarized on Plate
1. The retained technologies are likely the most promising alternatives. However, it must be clear that the
retained air emissions treatment technologies must be capable of meeting state air quality rules. ARARs
for this process option, discussed in detail later, include air toxic substance emission controls. These
requirements must be complied with.

RESPONSE: See responses to ERA comments B and C (pages 2 and 3 of this document).

Page 45-49 The department also agrees with the elimination process discussed on these pages and summarized on
Plate 2. The remaining process options are believed to be the universe of practical alternatives available.

RESPONSE: Comment noted; no response.

13-D:\495200\Response.6B
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The following table summarizes the Departments ARAR determination for the remedial measures proposed in this tech memo.

Table 1. ARAR DETERMINATION

Below are listed the ARARs as determined by the Department based on the various remedial options presented. The
department may amend this list based on changes or additions to the list of remedial actions for this site.

Alternative

1.

2.

3.

4.

5.

6.

7.

8.

9.

AorRA1

A

A

A

A

A

A

A

A

A

A
i

Code/Statute2

NR140S. 160

NR 141

NR149

NR181

NR 105, 106

s. 144.04

NR445

NR181

NR211

NR112

Preliminary identification
Standard s/Require ments

Ground-water standards and response requirements

Monitoring well requirements

Laboratory certification for environmental testing

If the extracted ground water exhibits a characteristic hazardous waste,
the water and discharges are hazardous until the characteristic is no
longer exhibited

Toxic substance effluent surface water standards.

Waste-water plan review requirements.

Toxic air emissions control requirements.

Same requirements as Alternative 1.

Spent carbon residues shall be treated as hazardous waste if the exhibit
hazardous characteristics, unless regenerated.

Same requirements as Alternative 2.

Same requirements as Alternative 2,

Same requirements as Alternative 2.

State waste-water pretreatment requirement for discharge to POTWs.

Same requirements as Alternative 1.

Injection of material to the subsurface is regulated under water supply
codes

Same requirements as Alternative 2.

Same requirements as .Alternative 2.

Same requirements as Alternative 1.

A or RA » Applicable (A) or potentially relevant and appropriate (RA).

Code - Wisconsin Administrative Code, Chapter NR series;
Statute - Wisconsin State Statutes

(6/11/91) 13-D:\495200\Response.6B
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REPLY TO ATTENTION OF:

: 5HS-11
Mr. March Smith :

Remedial Projects Manager
waste Management of North America, inc.
Midwest Region <
Two Corporate center. Suite 1000 j
l\o. Box 7070 !
We.stchester, Illinois 60154 /

Re: City Disposal Corp. Landfill Technical Memorandum 9a.

Dear Mr. Smith:

The United States Environmental Protection Agency (U.S. EPA) has
completed its review of Technical Memorandum 9a of the Remedial
Investigation/Feasibility Study (RI/FS)..for the City Disposal
Corporation Landfill "Superfund" site. Technical Memorandum 9a
is an analysis of alternatives for the Scource Control Operable
Unit (SCOU) of this site.

U.S. EPA and Wisconsin Department of Natural Resources (WDNR)
comments are presented in the enclosures. U.S. EPA and WONR
comments should be addressed in the SCOU Draft Feasibility Study
Report.

If you have any questions concerning this letter and comments
please telephone me at (312) 353-1331.

Sincerely,

Charles Wilk
Remedial Project Manager

cc: Mike Schmoller, WDNR
Bob Schoepke, M&E
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U.S. EPA Comments

Technical Memorandum 9a

General Commentsr

1. The SCOU Draft Feasibility Study Report should carry-
Alternative i (No-Action), Alternative V and Alternative VI
through evaluation against the nine evaluation criteria.
These Alternatives were selected because; (a) Alternative 1
is a No-Action alternative and required to be carried
through as a baseline, and (b) Alternatives V and VI include
active remediation of landfilled waste in Cells 6 and 12.

2. Although costs presented are included for discussion
purposes only, costs presented for each alternative in
Appendix C should be identical to costs presented for the
same alternative in the text. Several discrepancies exist
and should be corrected.

.Specific Comments:« > f c / W * ^ A l . A W WWULiil^iJ^Cl •

I 1. page 8, paragraph 2, Section 3.2.1.2, Cover A - Synthetic
' Cover

Alternative V includes the use of Cover A. Cover A does not
.meet the Wisconsin Administrative Codes (NR 504.07 or NR
181.44(13)]. Cover A consists of a 1 - foot thick compacted.
clay layer. The code requires a 2 - foot clay layer.
Alternative V may continue to be considered if the
performance of the 1 - foot thick compacted clay layer can
be further verified.

2. page 10, Table 1, Summary of Cost Effectiveness of the
Capping Alternatives

The U.S. EPA Hydraulic Evaluation of Landfill Performance
(HELP) model should be used to estimate the infiltration
rate for the current landfill covers. The infiltration rate
for the current conditions would serve as a comparison
between proposed covers and existing conditions. If it were
to be determined that a proposed cover provides no more
protection than the current cover, then this would be a
basis for eliminating the proposed cover.
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3. page 13, paragraph 2, Section 3.2.5,1, Purpose

Further discussion detailing the landfill gas extraction
system monitoring program should be included. For example,
sampling intervals, duration of sampling, contaminants to be
sampled and the permissible limits. The cost should be

. calculated and added to all alternatives using the
monitoring program

4. page 26, paragraph 1, Section 5.1.1, .Description

The text states that pulsed extraction of the landfill gas
may be effective for approximately two years. Further
explanation and/or calculations substantiating this estimate
should be included within the document.

5. page 26, paragraph 2, Section 5.1.1, Description

The first sentences states that runoff from the landfill
drains into nearby ponds or streams. This statements is
partially incorrect. Runoff may drain into Badfish Creek
but may not drain into nearby ponds. This statement should
be corrected.

fi. page 29, paragraph 2, Section 5.1.5.2, Amount of Hazardous
Materials Destroyed or Treated

The operational life of the active landfill gas extraction
and combustion system should be indicated.

7. page 37, paragraph 4, Section 5.2.6.1, Risks to community
During Remedial Action

Further explanation/details regarding air contaminant
monitoring at the site boundary should be included. The
duration/intervals of monitoring should be stated.

8. page 40, Section 5.3, Alternative III

Alternative III is incorrectly labelled as Alternative II.
This should be corrected.

9. page 49, paragraph 1, Section 5.4.8.1, capital Costs

The installation costs for Cover B are presented in the
capital cost estimate for Alternative IV. This alternative
actually stipulates use of the combination Cover B/C. This
typographical error should be corrected.
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UNITED 8TATSS ENVIRONMENTS PROTECTION
REGIONS

230 SOUTH DEARBORN STREET
CHICAGOJL 60604

DATE RECEIVED/SENT
BYi MARCH SMfTH
SITE

RECLV TO TVlC AttEKTON OF.tJL:
AUG 22180!

Mr* March Smith
Remedial Projects Manager
Haste Management of North America, Xnc.
Midwest Region
Two Corporate Center, Suite 1000
P.O, Box 7070
Westchester, Illinois 60154

CC/ROOTE:
PK, DP, WS, HK. GR GM DO,

FILE
FILE

AS

W/0 ATTACH

L
[

Re: City Disposal Corp. Landfill Project schedule

Mr. Smith:
Based on our recent telephone discussions concerning the conduct
and schedule of the Remedial Investigation (RI) and Feasibility
Study (PS) for the City Disposal corporation Landfill in
Wisconsin the following agreements hav* been. »**• *»%°P°fa °̂
unit approach for this project will be replaced with a final site
remedy approach. Therefore, the RI Report and the FS Report
shall investigate all releases at the site and evaluate remedial
technologies to address the entire site.*
The schedule for deliverables to the U.S. UFA is as follows:

Draft RI Report

Final PT Report»

Draft FS Report

Final FS Report

September 12, 1991
30 days after U.S. SPA
comments on Draft RI Report:

November 1991

30 days after U.S. EPA
comments on Draft FS Report
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If your understanding of the agreed schedule is different than
the one above, please telephone me immediately at (312) 353-1331

Sincerely,

Charlfle Hilk
Remedial Project Manager

cos Mike Schmoller, WDNR
Bob Schoepke, K&E

i



Response to Comments on Technical Memorandum No. 9A
Analysis of Alternatives (SCOU) for the

City Disposal Corporation Landfill
(DUNN) Landfill

PELA 495210 October 31,1991

U.S. Environmental Projection Agency
Charles Wilk

Remedial Project Manager
July 15,1991

U.S. ERA Comments

r

Ganaral Comment*

1. The SCOU draft Feasibility Study Report should cany Alternative 1 (No-Action), Alternative V and Alternative VI
through evaluation against the nine evaluation criteria. These Alternatives were selected because: (a) Alternative 1 is a No-
Action altamative and required to be carried through as a baseline, and (b) Alternatives V and VI include active remediation of
tandfilled waste in Cells 6 and 12.

RESPONSE: Comment acknowledged.

2. Although costs presented are Included for discussion purposes only, costs presented for each alternative in
Appendix C should be Identical to costs presented for the same alternative in the text. Several discrepancies exist and should
be corrected.

RESPONSE:
Study (FS).

The costs and backup data (in the appendix) will be consistent in the Draft Feasibility

Specific Comments

Page 8 Paragraph 2, Section 3.2.1.1, Cover A - Synthetic Cover.
Alternative V Includes the use of Cover A. Cover A does not meet the Wisconsin Administrative Codes [NR 504.07
or NR 181.44(13)]. Cover A consists of a 1-foot thick compacted clay layer. The code required a 2-toot clay layer.
Alternative V may continue to be considered if the performance of the 1-foot thick compacted clay layer can be
further verified. ,

RESPONSE: Although Cover A does not meet the minimum requirements of clay thickness for RCRA
Subtitle D (NR 504.07) or RCRA Subtitle C, the cover may be as effective as the other covers options
because of the efficiency of the synthetic cover. As shown in Table 1 (Tech Memo 9A), Cover A is very
effective in reducing infiltration to about 1000 cubic feet per year and is virtually equivalent to Cover C
in terms of infiltration reduction.

10/30/81, WP9.1,13D:\499200\RMponf«.M
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Page 10 Table i, Summary of Cost Effectiveness of the Capping Alternatives.
The U.S. EPA Hydraulic Evaluation of Landfill Performance (HELP) model should be used to estimate the infiltration
rate for the current landfill covers. The Infiltration rate for the current conditions would serve as a comparison
between proposed covers and existing conditions. K H were to be determined that a proposed cover provides no
more protection than the current cover, then this would be a basis for eliminating the proposed cover.

RESPONSE: Due to the fact that the existing cover thickness and consistency varies across the site,
it is difficult to determine a precise value of current infiltration through the cover. Using extreme cases,
the infiltration may vary between 92,000 to 532,000 cubic feet per year. An average value may be
460,000 cubic feet per year (Table to follow).

Page 13 Paragraph 2, Section 3.2.5.1, Purpose. \
Further discussion detailing the landfill gas extraction system monitoring program should b* included. For example,
sampling intervals, duration of sampling, contaminants to be sampled and the permissible limits./The cost should
be calculated and added to all alternatives using the monitoring program. '

RESPONSE: Additional details regarding landfill gas extraction system monitoring will be included
In the draft FS. (see Section 5.2.5.1. 3rd paragraph)

Page 26 Paragraph 1, Section 5.1.1, Description.
The text states that pulsed extraction of the landfill gas may be effective for approximately two years. Further
explanation and/or calculations substantiating this estimate should be included within the document.

RESPONSE: The two year estimate was used because ft will take approximately two years for the
combined effects of the cover system and extraction system to dry the waste enough to reduce or
hinder methane generation. Further explanation of a two-year demonstration will be provided in the
draft FS. (see Section 7.2.6.4)

Page 26 Paragraph 2, Section 5.1.1, Description.
The first sentence states that runoff from the landfill drains into nearby ponds or streams. This statement is partially
incorrect. Runoff may drain into Badfish Creek but may not drain into nearby ponds. This statement should be
corrected.

RESPONSE: The draft FS will not refer to ponds in Section 7.1.1.

10/30/91, WP9.1,13D:\49WOO\Hwpon*».tA

RELaMoroaux& Associates—I
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*-• Water Balance Calculations for Landfill Cover Alternatives -
--——-;;-- : ; ; - ; . - (61 Pages) - - - -- :: —..

;̂ ^ .̂—~ - effectiveness of Capping AtterTOtives^^"^ '̂-'''-'̂ ;' ••jj^ii^"j •':"."... ~ •"—~—

2. Dunn Landfill Final Cover Design, Revised Cover "A" 3% Slope ~^T J^ ,
• Poor Construction QA, 1/7/92

, . ""' V • Average Construction QA, 1/24/92 ^" ;-
- * Excellent Construction QA. 1/11/92 - :

3. :T)unn Landfni Rnal Cover Design, Revised Cover"A"9% Stope - ~
- — - • Poor Construction QA, 1/24/92 '_ „„. _, ..Z _ „..."..

• Average Construction QA, 1/24/92
• Excellent Constnwtton QA, 1/24/92 '" ~\ ; .*"""

4. Dunn Landfill Final Cover Design, Cover "B" 5% Slope, 1/20/92

5. Dunn Landfill Final Cover Design, Cover "B" 9% Slope, 1/24/92 -

6. - Ounn Landfill Final Cover Design, Revised Cover "C" 3% Slope (For Use in Evaluation
of Cover "B/C")

' ' • Poor Construction QA, 1/24/92 .'._'..--;T:. v- -
- - Average Construction QA, 1/24/92 "l'"";"; ' .̂ ., ":;.-,

Excellent Constaictton QA, 1/24/92 . ;;;

7. Dunn Landfill Rnal Cover Design, Revised Cover "C" 9% Slope (For Use in Evaluation
of Cover "B/C") ,. .

Poor Construction QA, 1/24/92
Average Construction QA, 1/24/92!
Excellent Construction QA, 1/24/92

6. Determination of Leakage Factor, 12/30/92

HI
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I EFFECTIVENESS OF CAPPING ALTERNATIVES

F

Cover

Existing

A
A
A

B

B/C
B/C
B/C

Construction
QA

N/A

Poor*1,
Average 2

Excellent*3

N/A

Poor*1^
Average 2

Excellent*3

Estimated
Infiltration
Rate (Cubic

Feet per Year)

460,000

34,900
988

22

111,100

91,100
91,100
91,100

Percent
Reduction

«
92.4
99.8
99.99

75.8

80.2
80.2
80.2

Cover
Total Present

Worth ($)

«

2,733,000

2,753,000

2,434,000

I
I
I

Assumptions:

Water Balance

Maximum/Minimum Slopes of 9%/5% to 3% were used.

Cost Analysis

Landfil l total acreage assumed to be 24.2, and 4.4 acres for
Cells 6 and 12.

I/
*i Source control coit only. Does not include Ground water Control costs.

Poor QA assumed in HELP Model - Leakage Factor assumed to be 0.01.

Average QA assumed in HELP Model - Leakage Factor assumed to be 0.00025.
*3 Excellent QA assumed in HELP Model - Leakage Factor assumed to be O.OOOOl.

*2

I |32-10]90L24.51
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DUNN LANDFILL FINAL COVER DESIGN
REVISED COVER "A" 3% SLOPE
JANUARY 7, 1992 :J. BLAYNE KIRSCH

POOR GEOMEMBRANE QA = 0.01 VALUE

FAIR GRASS

LAYER

i
r

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT

VERTICAL PERCOLATION LAYER
6.00 INCHES
0.4530 VOL/VOL
0.1901 VOL/VOL
0.0848 VOL/VOL

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

LAYER

0.1901 VOL/VOL
0.002160000149 CM/SEC

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT

VERTICAL PERCOLATION LAYER
18.00 INCHES
0.4370 VOL/VOL
0.1053 VOL/VOL
0.0466 VOL/VOL

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

0.1053 VOL/VOL
0.001700000023 CM/SEC

LAYER

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE
DRAINAGE LENGTH

LATERAL DRAINAGE LAYER
12.00 INCHES
0.4170 VOL/VOL

= , 0.0454 VOL/VOL
- 0.0200 VOL/VOL

0.0454 VOL/VOL
- 0.010000000708 CM/SEC

3.00 PERCENT
250.0 FEET

-1-



t
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LAYER 4

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

12.00 INCHES
0.3949 VOL/VOL
0.2797 VOL/VOL
0.1875 VOL/VOL
0.3949 VOL/VOL
0.000003200000 CM/SEC
0.01000000

GENERAL SIMULATION DATA

[

SCS RUNOFF CURVE NUMBER
TOTAL AREA OF COVER
EVAPORATIVE ZONE DEPTH
UPPER LIMIT VEG. STORAGE
INITIAL VEG. STORAGE
INITIAL SNOW WATER CONTENT
INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS

68.71
= 1055000. SQ FT

20.00 INCHES
8.8360 INCHES
2.6148 INCHES
7586 INCHES

8.3196 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

i
CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR MADISON WISCONSIN

[
t

MAXIMUM LEAF AREA INDEX =2.00
START OF GROWING SEASON (JULIAN DATE) = 135
END OF GROWING SEASON (JULIAN DATE) = 273

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

15.60
70.60

20.50
68.50

31.20
60.10

45.80
49.50

57.00
35.10

66.30
2 2 . 4 0

t -2-



r AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

[
I

r
i
i
i

JAN/JUL

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

0
3

0
1

0
0

0
0

.83

.34

.35

.78

.000

.000

.000

.000

FEB/AUG

0.
3.

0.
1.

0.
0.

0.
0.

96
48

50
66

000
000

000
000

MAR/SEP

1.
3.

0.
1.

0.
0.

0.
0.

98
24

97
94

000
003

000
012

APR/OCT

3.
2.

1.
1.

0.
0.

0.
0.

01
43

29
30

000
003

000
Oil

MAY/NOV JUN/DEC

2
1

1
1

0
0

0
0

.77

.91

.02

.13

.000

.000

.000

.000

4.46
1.46

1.92
0.68

0.000
0.000

0.000
0.000

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

LATERAL DRAINAGE

TOTALS

STD. DEVIATIONS

PERCOLATION FROM

TOTALS

STD. DEVIATIONS

0
3

0
1

FROM

0
0

0
0

LAYER

0
0

0
0

.485

.669

.101

.309

LAYER

.2858

.2909

.2399

.1852

4

.0361

.0404

.0149

.0053

0.
3.

0.
1.

3

0.
0.

0.
0.

0.
0.

0.
0.

885
303

287
462

2645
2292

2182
1664

0327
0386

0136
0045

1.
2.

0.
0.

0.
0.

0.
0.

0.
0.

0.
0.

926
334

549
817

3184
1716

2029
1373

0382
0355

0128
0042

2.
1.

0.
0.

0.
0.

0.
0.

0.
0.

0.
0.

712
766

747
794

3555
2034

2040
2431

0406
0342

0074
0121

2
1

0
0

0
0

0
0

0
0

0
0

.986

.014

.837

.331

.3518

.2187

.1830

.2531

.0420

.0320

.0056

.0146

4.477
0.512

1.156
0.130

0.2902
0.2758

0.1532
0.2406

0.0392
0.0371

0.0045
0.0123

-3-
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20
• «M^ ———— »^^B*^W^^M«W« 4̂«^^>ta____||V̂ ^Hte V̂V̂ «W»«-a«^^ ———— M«* ———— «^-^«««———— «^H^OTWW**^»«WaB^^««V«

(INCHES) (CU. FT.) PERCENT

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE FROM
LAYER 3

PERCOLATION FROM LAYER 4

CHANGE IN WATER STORAGE

29.88 ( 3.978) 2626598. 100.00

0.005 ( 0.023) ; 458. 0.02

26.068 ( 3.248) 2291851. 87.26

3.2558 ( 1.9322) 286240. ( 10.90
Iv

0.4465 ( 0.0925) 39256. / 1.49

0.100 ( 1.970) 8793. 0.33

I
i

PEAK DAILY VALUES FOR YEARS

PRECIPITATION

RUNOFF

LATERAL DRAINAGE FROM LAYER 3

PERCOLATION FROM LAYER 4

HEAD ON LAYER 4

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

1 THROUGH

(INCHES)

3.19

0.053

0.0326

0.0020

10.2

2.36

0.2646

0.0577

20

(CU. FT.)

280454.2

4619.3

2869.7

176.8

207108.9

-4-



r
r FINAL WATER STORAGE AT END OF YEAR 20

*̂-*»̂ » ̂  ̂  ̂  ̂ B̂ B ̂  ̂  ̂ ta««^» ̂ »̂B̂  ̂ ̂  ̂  ̂  ̂  ̂  •• ̂  ̂  ̂ w ̂ Ĥ̂ ^ *» ̂  «• ̂ W ̂  *k ̂  ̂  ̂k̂ ^̂ V̂ B ̂  ̂  ̂  ̂  •» t^ ̂  ̂ —— «

LAYER (INCHES) (VOL/VOL)

I 1 1.20 0.1992

E
I
I

2 3.54 0.1968

3 1.60 0.1336

4 4.74 0.3949

SNOW WATER 0.00

-5-
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DUNN LANDFILL FINAL COVER DESIGN
COVER "A" @ 3% SLOPES WITH AVERAGE QA
J. BLAYNE KIRSCH : JANUARY 24, 1992

0.00025

FAIR GRASS

LAYER 1

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

6.00 INCHES
0.4530 VOL/VOL
0.1901 VOL/VOL
0.0848 VOL/VOL
0.1901 VOL/VOL
0.002160000149 CM/SEC

LAYER 2

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

18.00 INCHES
0.4370 VOL/VOL
0.1053 VOL/VOL
0.0466 VOL/VOL
0.1053 VOL/VOL
0.001700000023 CM/SEC

LAYER

LATERAL DRAINAGE LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE
DRAINAGE LENGTH

12.00 INCHES
0.4170 VOL/VOL
0.0454 VOL/VOL
0.0200 VOL/VOL
0.0454 VOL/VOL
0.010000000708 CM/SEC
3.00 PERCENT

250.0 FEET



[
r

LAYER 4

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

12.00 INCHES
0.3949 VOL/VOL
0.2797 VOL/VOL
0.1875 VOL/VOL
0.3949 VOL/VOL
0.000003200000 CM/SEC
0.00025000

i GENERAL SIMULATION DATA

[
f

SCS RUNOFF CURVE NUMBER
TOTAL AREA OF COVER
EVAPORATIVE ZONE DEPTH
UPPER LIMIT VEG. STORAGE
INITIAL VEG. STORAGE
INITIAL SNOW WATER CONTENT
INITIAL TOTAL WATER STORAGE
SOIL AND WASTE LAYERS

68
= 1055000

20
8
2
0

IN

71
SQ FT
00 INCHES
8360 INCHES
6148 INCHES
7586 INCHES

8.3196 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

r
MAXIMUM LEAF AREA INDEX =2.00
START OF GROWING SEASON (JULIAN DATE) = 135
END OF GROWING SEASON (JULIAN DATE) = 273

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

r

15.60
70.60

20.50
68.50

31.20
60.10

45.80
49.50

57.00
35.10

66.30
22.40



AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

I JAN/JUL

i
i
i
i
i
[

ri
r
r
r
«-•
•*-

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

0
3

0
1

• o
0

0
0

.83

.34

.35

.78

.000

.000

.000

.000

FEB/AUG

0.96
3.48

0.50
1.66

0.000
0.000

0.000
0.000

MAR/SEP

1.
3.

0.
1.

0.
0.

0.
0.

98
24

97
94

000
003

000
012

APR/OCT

3.01
2.43

1.29
1.30

0.000
0.003

0.000
0.011

MAY/NOV

2.
1.

1.
1.

0.
0.

0.
0.

77
91

02
13

000
000

000
000

JUN/DEC

4.
1.

1.
0.

0.
0.

0.
0.

46
46

92
68

000
000

000
000

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

LATERAL DRAINAGE

TOTALS

STD. DEVIATIONS

PERCOLATION FROM

TOTALS

STD. DEVIATIONS

0
3

0
1

FROM

0
0

0
0

LAYER

0
0

0
0

.485

.669

.101

.309

LAYER

.3166

.3292

.2442

.1865

4

.0010

.0010

.0002

.0001

0.885
3.303

0.287
1.462

3

0.2958
0.2707

0.2214
0.1664

0.0009
0.0010

0.0002
0.0001

1.
2.

0.
0.

0.
0.

0.
0.

0.
0.

0.
0.

926
334

549
817

3499
2123

2099
1369

0011
0009

0002
0001

2.712
1.766

0.747
0.794

0.3845
0.2462

0.2124
0..2440

0.0011
0.0010

0.0002
0.0002

.2.
1.

0.
0.

0.
0.

0.
0.

0.
0.

0.
0.

986
014

837
331

3847
2544

1902
2579

0011
0010

0001
0002

4.
0.

1.
0.

0.
0.

0.
0.

0.
0.

0.
0.

477
512

156
130

3265
3106

1558
2437

0010
0010

0001
0002



AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20
•——•~«W~«W«__V«M__K——<B____«__.I.__V____M__»BH«»H«K.»__ —— VH__«BH__VK.» —— V«B ——__•»»«____»«.

(INCHES) (CU. FT.) PERCENT

i
i
i

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE FROM
LAYER 3

PERCOLATION FROM LAYER 4

CHANGE IN WATER STORAGE

29.88 ( 3.978) 2626598. 100.00

0.005 ( 0.023) 458. 0.02

26.068 ( 3.248) 2291851. 87.26

3.6814 ( 1.9946) 323660. 12.32

0.0121 ( 0.0014) 1063. 0.04

0.109 ( 1.973) 9566. 0.36

[

F
[

r
i

PEAK DAILY VALUES FOR YEARS 1 THROUGH 20

(INCHES) (CU. FT.)

3.19

0.053

0.0341

0.0001

10.6

PRECIPITATION

RUNOFF

LATERAL DRAINAGE FROM LAYER 3

PERCOLATION FROM LAYER 4

HEAD ON LAYER 4

280454.2

4619.3

2995.4

4.5

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

2.36 207108.9

0.2646

0.0577

FINAL WATER STORAGE AT END OF YEAR 20

LAYER

1

2

3

4

SNOW WATER

(INCHES)

1.20

3.54

1.78

4.74

0.00

(VOL/VOL)

0.1992

0.1968

0.1482

0.3949



r
r
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DUNN LANDFILL FINAL COVER DESIGN
COVER "A" 3% SLOPE WITH EXCEt&IT QA WITH A VALUE OF 0.00001
J. BLAYNE KIRSCH : JANUARY 11, 1992

FAIR GRASS

LAYER 1

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

6.00 INCHES
0.4530 VOL/VOL
0.1901 VOL/VOL
0.0848 VOL/VOL
0.1901 VOL/VOL
0.002160000149 CM/SEC

[

I

LAYER 2

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

LAYER

18.00 INCHES
0.4370 VOL/VOL
0.1053 VOL/VOL
0.0466 VOL/VOL
0.1053 VOL/VOL
0.001700000023 CM/SEC

t
f

LATERAL DRAINAGE LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE
DRAINAGE LENGTH

12.00 INCHES
0.4170 VOL/VOL
0.0454 VOL/VOL
0.0200 VOL/VOL
0.0454 VOL/VOL
0.010000000708 CM/SEC
3.00 PERCENT

250.0 FEET



I
r

r

LAYER 4

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

-2-

12.00 INCHES
0.3949 VOL/VOL
0.2797 VOL/VOL
0.1875 VOL/VOL
0.3949 VOL/VOL
0.000003200000 CM/SEC
0.00001000

GENERAL SIMULATION DATA

I

SCS RUNOFF CURVE NUMBER
TOTAL AREA OF COVER
EVAPORATIVE ZONE DEPTH
UPPER LIMIT VEG. STORAGE
INITIAL VEG. STORAGE
INITIAL SNOW WATER CONTENT
INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS

68.71
= 1055000. SQ FT
*» 20.00 INCHES

8.8360 INCHES
2.6148 INCHES
0.7586 INCHES

8.3196 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

i
CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR MADISON WISCONSIN

MAXIMUM LEAF AREA INDEX =2.00
START OF GROWING SEASON (JULIAN DATE) = 135
END OF GROWING SEASON (JULIAN DATE) = 273

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

15.60
70.60

20.50
68.50

31.20
60.10

45.80
49.50

57.00
35.10

66.30
22 .40
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I
I

i
L
I
1
1
I

**************************************

AVERAGE MONTHLY VALUES IN INCHES

JAN/JUL

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

-- LATERAL DRAINAGE FROM

TOTALS

STD. DEVIATIONS

.

0.83
3.34

0.35
1.78

0.000
0.000

0.000
0.000

0.485
3.669

0.101
1.309

LAYER

0.3175
0.3301

0.2442
0.1865

FEB/AUG

0.
3.

0.
1.

0.
0.

0.
0.

0.
3.

0.
1.

3

0.
0.

0.
0.

96
48

50
66

000
000

000
000

885
303

287
462

2966
2718

2215
1664

***********

FOR YEARS

MAR/SEP

1.
3.

0.
1.

0.
0.

0.
0.

1.
2.

0.
0.

0.
0.

0.
0.

98
24

97
94

000
003

000
012

926
334

549
817

3508
2133

2100
1369

*************

1 THROUGH

APR/OCT

3.
2.

1.
1.

0.
0.

0.
0.

2.
1.

0.
0.

0.
0.

0.
0.

01
43

29
30

000
003

000
Oil

712
766

747
794

3853
2473

2125
2440

MAY/NOV

2.
1.

1.
1.

0.
0.

0.
0.

2.
1.

0.
0.

0.
0.

0.
0.

77
91

02
13

000
000

000
000

986
014

837
331

3856
2554

1903
2580

*********

20

JUN/DEC

4.46
1.46

1.92
0.68

0.000
0.000

0.000
0.000

4.477
0.512

1.156
0.130

0.3275
0.3116

0.1559
0.2438

PERCOLATION FROM LAYER 4

[
i

TOTALS

STD. DEVIATIONS

0.0000
0.0000

0.0000
0.0000

0.
0.

0.
0.

0000
0000

0000
0000

0.
0.

0.
0.

0000
0000

0000
0000

0.
0.

0.
0.

0000
0000

0000
0000

0.
0.

0.
0.

0000
0000

0000
0000

0.0000
0.0000

0.0000
0.0000

-3-
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r AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20
•——————•——————————__—___—___________________.._______________——__•—______.

(INCHES) (CU. FT.) PERCENT

r

I

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE FROM
LAYER 3

PERCOLATION FROM LAYER 4

CHANGE IN WATER STORAGE

29.88 ( 3.978) 2626598. 100.00

0.005 ( 0.023) 458. 0.02

26.068 ( 3.248) 2291851. 87.26

3.6928 ( 1.9954) 324661. 12.36

0.0005 ( 0.0001) 43. 0.00

0.109 ( 1.973) 9586. 0.36

PEAK DAILY VALUES FOR YEARS

PRECIPITATION

RUNOFF

LATERAL DRAINAGE FROM LAYER 3

PERCOLATION FROM LAYER 4

HEAD ON LAYER 4

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

1 THROUGH

(INCHES)

3.19

0.053

0.0341

0.0000

10.6

2.36

0.2646

0.0577

20
W *• ̂  ̂ ̂ ̂ ̂ ̂B ̂  4

(CU. FT.

280454.2

4619.3

2998.7

0.2

207108.9

FINAL WATER STORAGE AT END OF YEAR 20
t ̂ B̂ B̂ B ̂  ̂  ̂ m ̂m ̂m ̂fc*— •HV<« ̂>^ ̂»̂ ——(*̂  ̂ ̂  ̂ m *« ̂ H ̂ B̂ B̂ B ̂^B ̂  ̂  ̂  ̂  *^ ̂^» ̂  ̂  ̂ » 4

LAYER (INCHES) (VOL/VOL)

1
2
3
4

SNOW WATER

1.20
3.54
1.78
4.74
0.00

0.1992
0.1968
0.1486
0.3949



r
i
i DUNN LANDFILL FINAL COVER DESIGN

COVER "A" @ 9% SLOPES WITH POOR QA = 0.01
J. BLAYNE KIRSCH : JANUARY 24, 1992

FAIR GRASS

LAYER 1

VERTICAL PERCOLATION LAYER

[
[

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

LAYER 2

6.00 INCHES
0.4530 VOL/VOL
0.1901 VOL/VOL
0.0848 VOL/VOL
0.1901 VOL/VOL
0.002160000149 CM/SEC

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

18.00 INCHES
0.4370 VOL/VOL
0.1053 VOL/VOL
0.0466 VOL/VOL
0.1053 VOL/VOL
0.001700000023 CM/SEC

i
r

LAYER 3

LATERAL DRAINAGE LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE
DRAINAGE LENGTH

12.00 INCHES
0.4170 VOL/VOL
0.0454 VOL/VOL
0.0200 VOL/VOL
0.0454 VOL/VOL
0.010000000708 CM/SEC
9.00 PERCENT

250.0 FEET
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LAYER 4

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

12.00 INCHES
0.3949 VOL/VOL
0.2797 VOL/VOL
0.1875 VOL/VOL
0.3949 VOL/VOL
0.000003200000 CM/SEC
0.01000000

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER
TOTAL AREA OF COVER
EVAPORATIVE ZONE DEPTH
UPPER LIMIT VEG. STORAGE
INITIAL VEG. STORAGE
INITIAL SNOW WATER CONTENT
INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS

68.71
= 1055000. SQ FT

20.00 INCHES
8.8360 INCHES
2.6148 INCHES
0.7586 INCHES

8.3196 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR MADISON WISCONSIN

i
r.

MAXIMUM LEAF AREA INDEX = 2.00
START OF GROWING SEASON (JULIAN DATE) = 135
END OF GROWING SEASON (JULIAN DATE) = 273

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

15.60
70.60

20.50
68.50

31.20
60.10

45.80
49.50

57.00
35.10

66.30
22.40



i;
i

**************************************

AVERAGE MONTHLY VALUES IN INCHES

1" JAN/JUL

r
r
^

[
r

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

0
3

0
1

0
0

0
0

.83

.34

.35

.78

.000

.000

.000

.000

FEB/AUG

0.
3.

0.
1.

0.
0.

0.
0.

96
48

50
66

000
000

000
000

***********

FOR YEARS

MAR/SEP

1.
3.

0.
1.

0.
0.

0.
0.

98
24

97
94

000
003

000
012

*************

1 THROUGH

*********

20

APR/OCT MAY/NOV JUN/DEC

3.
2.

1.
1.

0.
0.

0.
0.

01
43

29 '
30

000
003

000
Oil

2,77
1.91

1.02
1.13

t
\

0.000
0.000 /

/
0.000
0.000

4.46
1.46

1.92
0.68

0.000
0.000

0.000
0.000

I EVAPOTRANSPIRATION

i
i
I
f
[
I
_-

TOTALS

STD. DEVIATIONS

LATERAL DRAINAGE

TOTALS

STD. DEVIATIONS

PERCOLATION FROM

TOTALS

STD. DEVIATIONS

0
3

0
1

FROM

0
0

0
0

LAYER

0
0

0
0

.485

.669

.101

.309

LAYER

.3574

.2545

.4050

.4358

4

.0285

.0347

.0126

.0022

0.
3.

0.
1.

3

0.
0.

0.
0.

0.
0.

0.
0.

885
303

287
462

3000
0662

3650
1239

0265
0284

0112
0063

1.
2.

0.
0.

0.
0.

0.
0.

0.
0.

0.
0.

926
334

549
817

4272
0467

3990
0910

0320
0215

0098
0089

2.
1.

0.
0.

0.
0.

0.
0.

0.
0.

0.
0.

712
766 •

747
794

4598
3133

3&13
7684

0341
0219

0036
0116

2.986
1.014

0.837
0.331

0.2948
0.3007

0.2596
0.4407

0.0351
0.0226

0.0012
0.0124

4.477
0.512

1.156
0.130

0.1581
0.4061

0.1368
0.4596

0.0333
0.0285

0.0008
0.0119



AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

(INCHES) (CU. FT.) PERCENT

1

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE FROM
LAYER 3

PERCOLATION FROM LAYER 4

CHANGE IN WATER STORAGE

29.88 ( 3.978) 2626598. 100.00

0.005 ( 0.023) 458. 0.02

26.068 ( 3.248) 2291851. 87.26

3.3848 ( 2.2047) 297581. 11.33

0.3471 ( 0.0635) 30516. 1.16

0.070 ( 1.599) 6192. 0.24

i

i

PEAK DAILY VALUES FOR YEARS 1 THROUGH 20

(INCHES) (CU. FT.)

3.19

0.053

0.1168

0.0016

5.8

PRECIPITATION

RUNOFF

LATERAL DRAINAGE FROM LAYER 3

PERCOLATION FROM LAYER 4

HEAD ON LAYER 4

SNOW WATER 2.36

280454.2

4619.3

10268.3

141.7

207108.9

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

0.2646

0.0577

FINAL WATER STORAGE AT END OF YEAR 20

LAYER

1

2

3

4

SNOW WATER

(INCHES)

1.20

3.54

1.01

4.74

0.00

(VOL/VOL)

0.1992

0.1968

0.0843

0.3949



£——,
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DUNN LANDFILL FINAL COVER DESIGN
COVER "A" 6 9% SLOPES WITH AVERAGE QA
J. BLAYNE KIRSCH : JANUARY 24, 1992

0.00025

FAIR GRASS

LAYER 1

I

I
I
I

I

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

6.00 INCHES
0.4530 VOL/VOL
0.1901 VOL/VOL
0.0848 VOL/VOL
0.1901 VOL/VOL
0.002160000149 CM/SEC

LAYER

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

18.00 INCHES
0.4370 VOL/VOL
0.1053 VOL/VOL
0.0466 VOL/VOL
0.1053 VOL/VOL
0.001700000023 CM/SEC

LAYER

I

I

LATERAL DRAINAGE LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE
DRAINAGE LENGTH

12.00 INCHES
0.4170 VOL/VOL
0.0454 VOL/VOL
0.0200 VOL/VOL
0.0454 VOL/VOL
0.010000000708 CM/SEC
9.00 PERCENT

250.0 FEET



[
[
[
I

LAYER 4

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

12.00 INCHES
0.3949 VOL/VOL
0.2797 VOL/VOL
0.1875 VOL/VOL
0.3949 VOL/VOL
0.000003200000 CM/SEC
0.00025000

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER
TOTAL AREA OF COVER
EVAPORATIVE ZONE DEPTH
UPPER LIMIT VEG. STORAGE
INITIAL VEG. STORAGE
INITIAL SNOW WATER CONTENT
INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS

68
= 1055000

71
SQ FT

20.00 INCHES
8.8360 INCHES
2.6148 INCHES
0.7586 INCHES

8.3196 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR MADISON WISCONSIN

MAXIMUM LEAF AREA INDEX =2.00
START OF GROWING SEASON (JULIAN DATE) = 135
END OF GROWING SEASON (JULIAN DATE) = 273

r
NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

15.60
70.60

20.50
68.50

31.20
60.10

45.80
49.50

57.00
35.10

66.30
22.40
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AVERAGE MONTHLY VALUES IN INCHES

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

JAN/JUL

0
3

0
1

0
0

0
0

.83

.34

.35

.78

.000

.000

.000

.000

FEB/AUG

0.96
3.48

0.50
1.66

0.000
0.000

0.000
0.000

***********

FOR YEARS

MAR/SEP

1.
3.

0.
1.

0.
0.

0.
0.

98
24

97
94

000
003

000
012

*************

1 THROUGH

APR/OCT

3.
2.

1.
1.

0.
0.

0.
0.

01
43

29
30

000
003

000
Oil

MAY/NOV

2
1

1
1

0
0

0
0

.77

.91

.02

.13

.000

.000

.000

.000

*********

20

JUN/DEC

4.46
1.46

1.92
0.68

0.000
0.000

0.000
0.000

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

LATERAL DRAINAGE

TOTALS

STD. DEVIATIONS

PERCOLATION FROM

TOTALS

STD. DEVIATIONS

0
3

0
1

FROM

0
0

0
0

LAYER

0
0

0
0

.485

.669

.101

.309

LAYER

.3838

.2884

.4129

.4371

4

.0009

.0009

.0000

.0000

0.885
3.303

0.287
1.462

3

0.3252
0.0973

0.3714
0.1263

0.0008
0.0009

0.0000
0.0000

1.
2.

0.
0.

0.
0.

0.
0.

0.
0.

0.
0.

926
334

549
817

4565
0704

4027
0945

0009
0008

0000
0000

2.
1.

0.
0.

0.
0.

0.
0-.

0.
0.

0.
0.

712
766

747
794

4914
3350

3949
7750

0009
0009

0000
0001

2
1

0
0

0
0

0
0

0
0

0
0

.986

.014

.837

.331

.3290

.3218

.2609

.4480

.0009

.0009

.0000

.0001

4.477
0.512

1.156
0.130

0.1907
0.4310

0.1373
0.4659

0.0008
0.0009

0.0000
0.0001
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

(INCHES) (CU. FT.) PERCENT

i
i
i
F

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE FROM
LAYER 3

PERCOLATION FROM LAYER 4

CHANGE IN WATER STORAGE

29.88 ( 3.978) 2626598. 100.00

0.005 ( 0.023) 458. 0.02

26.068 ( 3.248) 2291851. 87.26

3.7205 ( 2.2583) 327097. 12.45

0.0104 ( 0.0003) 910. 0.03

0.071 ( 1.604) 6282. 0.24

PEAK DAILY VALUES FOR YEARS 1 THROUGH 20

(INCHES) (CU. FT.)

3.19

0.053

0.1181

0.0000

5.8

PRECIPITATION

RUNOFF

LATERAL DRAINAGE FROM LAYER 3

PERCOLATION FROM LAYER 4

HEAD ON LAYER 4

280454.2

4619.3

10379.5

3.6

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

2.36 207108.9

0.2646

0.0577

FINAL WATER STORAGE AT END OF YEAR 20

LAYER

1

2

3

4

SNOW WATER

(INCHES)

1.20

3.54

1.03

4.74

0.00

(VOL/VOL)

0.1992

0.1968

0.0860

0.3949



L
r
i DUNN LANDFILL FINAL COVER DESIGN

COVER "A" @ 9% SLOPES WITH EXCELLENT QA - 0.00001
J. BLAYNE KIRSCH : JANUARY 24, 1992

r
FAIR GRASS

LAYER 1

VERTICAL PERCOLATION LAYER

L

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

6.00 INCHES
0.4530 VOL/VOL
0.1901 VOL/VOL
0.0848 VOL/VOL
0.1901 VOL/VOL
0.002160000149 CM/SEC

LAYER 2

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

18.00 INCHES
0.4370 VOL/VOL
0.1053 VOL/VOL
0.0466 VOL/VOL
0.1053 VOL/VOL
0.001700000023 CM/SEC

LAYER 3

LATERAL DRAINAGE LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE
DRAINAGE LENGTH

12.00 INCHES
0.4170 VOL/VOL
0.0454 VOL/VOL
0.0200 VOL/VOL
0.0454 VOL/VOL
0.010000000708 CM/SEC
9.00 PERCENT

250.0 FEET



LAYER 4

r BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

12.00 INCHES
0.3949 VOL/VOL
0.2797 VOL/VOL
0.1875 VOL/VOL
0.3949 VOL/VOL
0.000003200000 CM/SEC
0.00001000

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER
TOTAL AREA OF COVER
EVAPORATIVE ZONE DEPTH
UPPER LIMIT VEG. STORAGE
INITIAL VEG. STORAGE
INITIAL SNOW WATER CONTENT
INITIAL TOTAL WATER STORAGE
SOIL AND WASTE LAYERS

68
= 1055000

20
8
2
0

IN

71
SQ FT
00 INCHES
8360 INCHES
6148 INCHES
7586 INCHES

8.3196 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

I
i
I

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR MADISON WISCONSIN

MAXIMUM LEAF AREA INDEX =2.00
START OF GROWING SEASON (JULIAN DATE) = 135
END OF GROWING SEASON (JULIAN DATE) = 273

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

15.60
70.60

20.50
68.50

31.20
60.10

45.80
49.50

57.00
35.10

66.30
22.40
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*****************************

AVERAGE MONTHLY VALUES IN

JAN/JUL

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

0
3

0
1

0
0

0
0

.83

.34

.35

.78

.000

.000

.000

.000

********

INCHES

FEB/AUG

0.96
3.48

0.50
1.66

0.000
0.000

0.000
0.000

***********

FOR YEARS

MAR/SEP

1
3

0
1

0
0

0
0

.98

.24

.97

.94

.000

.003

.000

.012

*************

1 THROUGH

APR/OCT

3.
2.

1.
1.

0.
0.

0.
0.

01
43

29
30

000
003

000
Oil

*********

20

MAY/NOV JUN/DEC

2
1

1
1

0
0

0
0

.77

.91

.02

.13

.000

.000

.000

.000

4.46
1.46

1.92
0.68

0.000
0.000

0.000
0.000

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

LATERAL DRAINAGE

TOTALS

STD. DEVIATIONS

PERCOLATION FROM

TOTALS

STD. DEVIATIONS

0
3

0
1

FROM

0
0

0
0

LAYER

0
0

0
0

.485

.669

.101

.309

LAYER

.3846

.2892

.4129

.4371

4

.0000

.0000

.0000

.0000

0.885
3.303

0.287
1.462

3

0.3260
0.0982

0.3714
0.1263

0.0000
0.0000

0.0000
0.0000

1
2

0
0

0
0

0
0

0
0

0
0

.926

.334

.549

.817

.4574

.0712

.4027

.0945

.0000

.0000

.0000

.0000

2.
1.

0.
0.

0.
0.

0.
0*

0.
0.

0.
0.

712
766

747
794

4922
3358

3949
7750

0000
0000

0000
0000

2
1

0
0

0
0

0
0

0
0

0
0

.986

.014

.837

.331

.3298

.3226

.2609

.4480

.0000

.0000

.0000

.0000

4.477
0.512

1.156
0.130 .

0.1916
0.4319

0.1373
0.4659

0.0000
0.0000

0.0000
0.0000



AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

f

r

i

L

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE FROM
LAYER 3

PERCOLATION FROM LAYER 4

CHANGE IN WATER STORAGE
******************************
******************************

PEAK DAILY VALUES

(INCHES)

29.88 ( 3.

0.005 ( 0.

26.068 ( 3.

3.7305 ( 2.

0.0004 ( 0.

0.071 ( 1.
************
************

FOR YEARS

PRECIPITATION

RUNOFF

LATERAL DRAINAGE FROM LAYER 3

PERCOLATION FROM LAYER 4

HEAD ON LAYER 4

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)
******************************************
******************************************

i
FINAL WATER STORAGE AT END

LAYER (INCHES)

1

2

3

4

SNOW WATER

1.20

3.54

1.03

4.74

0.00

(CU. FT.)

978) 2626598.

023) 458.

248) 2291851.

2586) 327969.

0000) 36.

604) 6284.
*********************
*********************

1 THROUGH 20

(INCHES) (CU. FT.

3.19 280454.2

0.053 4619.3

0.1181 10382.3

0.0000 0.1

5.8

2.36 207108.9

0.2646

0.0577
*********************
*********************

OF YEAR 20

(VOL/VOL)

0.1992

0.1968

0.0860

0.3949

PERCENT

100.00

0.02

87.26

12.49

0.00

0.24
********
********

>

********
********



r
r COVER B:50F8

DUNN LANDFILL FINAL COVER DESIGN
COVER "B" AT 5% SLOPES
J. BLAYNE KIRSCH : JANUARY 20, 1992

FAIR GRASS

i
[

LAYER 1

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

6.00 INCHES
0.4530 VOL/VOL
0.1901 VOL/VOL
0.0848 VOL/VOL
0.1901 VOL/VOL
0.002160000149 CM/SEC

LAYER 2

LATERAL DRAINAGE LAYER

i

L

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE
DRAINAGE LENGTH

18.0.0 INCHES
0.4370 VOL/VOL
0.1053 VOL/VOL
0.0466 VOL/VOL
0.1053 VOL/VOL
0.001700000023 CM/SEC
5.00 PERCENT

250.0 FEET

LAYER 3

r BARRIER SOIL LINER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

24.00 INCHES
0.4300 VOL/VOL
0.3663 VOL/VOL
0.2802 VOL/VOL
0.4300 VOL/VOL
0.000000100000 CM/SEC
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COVER B : 6 O F 8

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER = 68.71
TOTAL AREA OF COVER = 1055000. SQ FT
EVAPORATIVE ZONE DEPTH = 20.00 INCHES
UPPER LIMIT VEG. STORAGE = 8.8360 INCHES
INITIAL VEG. STORAGE = 3.5711 INCHES
INITIAL SNOW WATER CONTENT = 0.7586 INCHES
INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS = 13.3560 INCHES

SOIL WATER CONTENT INITIALIZED BY PROGRAM.

CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR MADISON WISCONSIN

MAXIMUM LEAF AREA INDEX = 2.00
START OF GROWING SEASON (JULIAN DATE) = 135
END OF GROWING SEASON (JULIAN DATE) ~ 273

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

15.60 20.50 31.20 45.80 57.00 66.30
70.60 68.50 60.10 49.50 35.10 22.40



COVER B : 7 O F 8

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

I

[

I

JAN/JUL

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

LATERAL DRAINAGE FROM

TOTALS

STD. DEVIATIONS

0.83
3.34

0.35
1.78

0.000
0.000

0.000
0.000

0.485
4.186

0.101
1.249

LAYER

0.1627
0.1487

0.1224
0.0874

FEB/AUG

0.
3.

0.
1.

0.
0.

0.
0.

0.
3.

0.
1.

2

0.
0.

0.
0.

96
48

50
66

000
000

000
000

889
372

283
544

1574
1199

1120
0698

MAR/SEP

1.
3.

0.
1.

0.
0.

0.
0.

1.
2.

0.
0.

0.
0.

0.
0.

98
24

97
94

000
003

000
012

919
341

559
813

1906
1091

1100
0661

APR/OCT

3.
2.

1.
1.

0.
0.

0.
0.

2.
1.

0.
0.

0.
0.

0.
0.

01
43 ;
29
30

000
003

000
014

720 '
762

752
781

2021
1189

1047
1155

MAY/NOV JUN/DEC

2.
1.

1.
1.

0.
0.

0.
0.

2.
1.

0.
0.

0.
0.

0.
0.

77
91

02
13

000 /
000 '

000
000

993
010

807
337

1976
1163

0960
1155

4.
1.

1.
0.

0.
0.

0.
0.

4.
0.

1.
0.

0.
0.

0.
0.

46
46

92
68

000
000

000
000

438
512

162
131

1739
1509

0850
1250

PERCOLATION FROM LAYER 3

TOTALS

STD. DEVIATIONS

0.1194
0.1242

0.0355
0,0140

0.
0.

0.
0.

1073
1089

0392
0312

0.
0.

0.
0.

1244
0939

0348
0427

0.
0.

0.
0.

1280
0981

0219
0527

0.
0.

0.
0.

1321
0962

0169
0479

0.
0.

0.
0.

1247
1186

0146
0347

f



COVER B: 8 OF 8

r
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i
i
r
r-

*******************************************************************
AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH

(INCHES)

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE FROM
LAYER 2

PERCOLATION FROM LAYER 3

CHANGE IN WATER STORAGE

29.

0.

26.

1.

1.

0.

88

006

627

8480

3758

020

(

(

(

(

(

(

3

0

3

0

0

2

.978)

.026)

.219)

.9630)

.3193)

.098)

(CU. FT.)

2626598.

512.

2340922.

162472.

120953.

1739.

****
20

PERCENT

100.

0.

89.

6.

4.

0.

00

02

12

19

60

07r

I
I
r

PRECIPITATION

RUNOFF

LATERAL DRAINAGE FROM LAYER 2

PERCOLATION FROM LAYER 3

HEAD ON LAYER 3

SNOW WATER

(INCHES)

3.19

0.062

0.0181

0.0062

19.5

2.36 .

(CU. FT.)

280454.2

5491.7

1592.4

541.7

207067.5

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

0.3862

0.0577

FINAL WATER STORAGE AT END OF YEAR 20
t̂ ^^^^^^^^^^^^M**.*^^^^**** V «» M ta «,• «V^ M ̂  ̂  *.* W**M*»^« « W<

LAYER (INCHES) (VOL/VOL)

1 1.20 0.1992

2 4.84 0.2689

3 10.32 0.4300

SNOW WATER 0.00



COVER B@9%: -1- OF 4

r
i
L
I

I

r

DUNN LANDFILL FINAL COVER DESIGN
COVER "B" AT 9% SLOPES
J. BLAYNE KIRSCH : JANUARY 24, 1992

FAIR GRASS

LAYER 1

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

6.00 INCHES
0.4530 VOL/VOL
0.1901 VOL/VOL
0.0848 VOL/VOL
0.1901 VOL/VOL
0.002160000149 CM/SEC

LAYER 2

LATERAL DRAINAGE LAYER

i
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE
DRAINAGE LENGTH '

18.00 INCHES
0.4370 VOL/VOL
0.1'053 VOL/VOL
0.0466 VOL/VOL
0.1053 VOL/VOL
0.001700000023 CM/SEC
9.00 PERCENT

250.0 FEET

r
LAYER 3

BARRIER SOIL LINER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

24.00 INCHES
0.4300 VOL/VOL
0.3663 VOL/VOL
0.2802 VOL/VOL
0.4300 VOL/VOL
0.000000100000 CM/SEC



I
F
t
I
1
L
1
1
r
L
i
i
i
i
i
r
i
i
i

COVER

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER - 68.71
TOTAL AREA OF COVER = 1055000. SQ FT
EVAPORATIVE ZONE DEPTH - 20.00 INCHES
UPPER LIMIT VEG. STORAGE = 8.8360 INCHES
INITIAL VEG. STORAGE = 3.5711 INCHES
INITIAL SNOW WATER CONTENT = 0.7586 INCHES
INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS = 13.3560 INCHES

SOIL WATER CONTENT INITIALIZED BY PROGRAM.

CLIMATOLOGICAL DATA

B@9%: -2-

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR MADISON WISCONSIN

MAXIMUM LEAF AREA INDEX =2.00
START OF GROWING SEASON (JULIAN DATE) = 135
END OF GROWING SEASON (JULIAN DATE) = 273

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

15.60 20.50 31.20 45.80 57.00
70.60 68.50 60.10 49.50 35.10

i

66.30
22.40



[ ******************************

AVERAGE MONTHLY VALUES IN

JAN/JUL

[

r
i
i
t
r

I

I
I
r
i
i
r
I

L
1
r
i

PRECIPITATION

TOTALS 0
3

STD. DEVIATIONS 0
1

RUNOFF

TOTALS 0
0

STD. DEVIATIONS 0
0

EVAPOTRANSPIRATION

TOTALS 0
3

STD. DEVIATIONS 0
1

LATERAL DRAINAGE FROM

TOTALS 0
0

STD. DEVIATIONS 0
0

PERCOLATION FROM LAYER

TOTALS ' 0
0

STD. DEVIATIONS 0
0

************************

.83

.34

.35

.78

.000

.000

.000

.000

.485

.701

.101

.320

LAYER

.2700

.2102

.2467

.1989

3

.0959

.1070

.0499

.0270

******

********

INCHES

FEB/AUG

0.
3.

0.
1.

0.
0.

0.
0.

0.
3.

0.
1.

2

0.
0.

0.
0.

0.
0.

0.
0.

***

96
48

50
66

000
000

000
000

886
333

286
525

2536
1140

2389
1061

0913
0862

0417
0461

*****

COVER B @ 9%: -3- C

*********************************

FOR YEARS 1 THROUGH 20

MAR/SEP

1.
3.

0.
1.

0.
0.

0.
0.

1.
2.

0.
0.

0.
0.

0.
0.

0.
0.

0.
0.

***

98
24

97
94

000
003

000
012

927
335

550
817

3099
0733

2099
0740

1113
0718

0296
0498

*****

APR/OCT

3.01
2.43

1.29
1.30

0.000
0.003

0.000
0.012

2.710
1.761

0.750
0.790

0.3299
0.1217

0.2096
0.2086

0.1152
0.0753

0.0149
0.0552

********

MAY/NOV

2.
1.

1.
1.

0.
0.

0.
0.

2.
1.

0.
0.

0.
0.

0.
0.

0.
0.

0.
0.

***

77
91

02
13

000
000

000
000

990
015

838
334

3027
1544

2161
2082

1179
0742

0089
0510

*****

JUN/DEC

4.
1.

1.
0.

0.
0.

0.
0.

4.
0.

1.
0.

0.
0.

0.
0.

0.
0.

0.
0.

***

46
46

92
68

000
000

000
000

467
512

158
130

2125
2518

1439
2746

1108
0948

0059
0476

******



t
COVER B @ 9%: -4- OF 4

L
AVERAGE ANNUAL TOTALS & (8TD. DEVIATIONS) FOR YEARS 1 THROUGH 20

••»*•———— W1BHBMH________M__ —— —— —— —— __••__••________••«__•__<«__« —— __V____««W__ —— •••«••««•____•-•••«•••»__•»«.__.

(INCHES) (CU. FT.) PERCENT

r

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE FROM
LAYER 2

PERCOLATION FROM LAYER 3

CHANGE IN WATER STORAGE

29.88 ( 3.978) 2626598. 100.00

0.005 ( 0.024) 468. 0.02

26.123 ( 3.320) 2296658. 87.44

2.6039 ( 1.5896) 228930. 8.72

1.1516 ( 0.3247) 101241. 3.85

-0.008 ( 1.891) -699. -0.03

i
i

PRECIPITATION

RUNOFF

LATERAL DRAINAGE FROM LAYER 2

PERCOLATION FROM LAYER 3

HEAD ON LAYER 3

SNOW WATER

(INCHES)

3.19

0.053

0.0329

0.0054

13.9

2.36

(CU. FT.)

280454.2

4684.6

2895.4

472.3

207072.3

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

0.3246

0.0577

FINAL WATER STORAGE AT END OF YEAR 20
._.._______ _.._________________,•._______«__,

LAYER (INCHES) (VOL/VOL)

1 1.20 0.1992

2 4.22 0.2343

3 10.32 0.4300

SNOW WATER 0.00



I

I DUNN LANDFILL FINAL COVER DESIGN
COVER "C" @ 3 % SLOPES WITH POOR QA
J. BLAYNE KIRSCH : JANUARY 24, 1992

0.01

r
FAIR GRASS

LAYER

VERTICAL PERCOLATION LAYER

L

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

6.00 INCHES
0.4530 VOL/VOL
0.1901 VOL/VOL
0.0848 VOL/VOL
0.1901 VOL/VOL
0.002160000149 CM/SEC

LAYER 2

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

18.00 INCHES
0.4370 VOL/VOL
0.1053 VOL/VOL
0.0466 VOL/VOL
0.1053 VOL/VOL
0.001700000023 CM/SEC

LAYER

LATERAL DRAINAGE LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE
DRAINAGE LENGTH

12.00 INCHES
0.4170 VOL/VOL
0.0454 VOL/VOL
0.0200 VOL/VOL
0.0454 VOL/VOL
0.010000000708 CM/SEC
3.00 PERCENT

250.0 FEET



r
r
i

LAYER 4

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

24.00 INCHES
0.4300 VOL/VOL
0.3663 VOL/VOL
0.2802 VOL/VOL
0.4300 VOL/VOL
0.000000100000 CM/SEC
0.01000000

GENERAL SIMULATION DATA

r

SCS RUNOFF CURVE NUMBER
TOTAL AREA OF COVER
EVAPORATIVE ZONE DEPTH
UPPER LIMIT VEG. STORAGE
INITIAL VEG. STORAGE
INITIAL SNOW WATER CONTENT
INITIAL TOTAL WATER STORAGE
SOIL AND WASTE LAYERS

68
- 1055000

20
8
2
0

IN

71
SQ FT
00 INCHES
8360 INCHES
6148 INCHES
7586 INCHES

13.9008 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR MADISON WISCONSIN

MAXIMUM LEAF AREA INDEX =2.00
START OF GROWING SEASON (JULIAN DATE) = 135
END OF GROWING SEASON (JULIAN DATE) = 273

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

15.60
70.60

20.50
68.50

31.20
60.10

45.80
49.50

57.00
35.10

66.30
22.40



AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20
*

f
L
|-

L
|
1

L
I
1
1
1
1
I
1

JAN/JUL

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

LATERAL DRAINAGE FROM

TOTALS

STD. DEVIATIONS

0.83
3.34

0.35
1.78

0.000
0.000

0.000
0.000

0.485
3.668

0.101
1.309

LAYER

0.3165
0.3290

0.2442
0.1865

FEB/AUG

0.
3.

0.
1.

0.
0.

0.
0.

0.
3.

0.
1.

3

0.
0.

0.
0.

96
48

50
66

000
000

000
000

885
303

287
462

2957
2706

2215
1664

MAR/SEP

1.
3.

0.
1.

0.
0.

0.
0.

1.
2.

0.
0.

0.
0.

0.
0.

98
24

97
94

000
003

000
012

926
334

549
817

3498
2121

2099
1370

APR/OCT

3
2

1
1

0
0

0
0

2
1

0
0

0
0

0
0

.01

.43

.29

.30

.000

.003

.000

.011

.712

.766

.747

.794

.3844

.2460

.2124

.2441

MAY/NOV

2.77
1.91

1.02
1.13

0.000
0.000

0.000
0.000

2.986
1.014

0.837
0.331

0.3846
0.2543

0.1902
0.2579

JUN/DEC

4.
1.

1.
0.

0.
0.

0.
0.

4.
0.

1.
0.

0.
0.

0.
0.

46
46

92
68

000
000

000
000

477
512

156
130

3264
3105

1558
2438

PERCOLATION FROM LAYER 4

TOTALS

'
STD. DEVIATIONS

0.0012
0.0012

0.0001
0.0001

0.
0.

0.
0.

0011
0011

0001
0001

0.
0.

0.
0.

0012
0011

0001
0001

0
0

0
0

.0012

.0011

.0001

.0001

0.0012
0.0011

0.0001
0.0001

0.
0.

0.
0.

0011
0012

0001
0001

[
I



AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20
•••••»»••»««•«««•«____•••••.*•«••««»«««•»««••—————«••——««•»<»*••••«••••••««———•••••

(INCHES) (CU. FT.) PERCENTr
i
i

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE FROM
LAYER 3

PERCOLATION FROM LAYER 4

CHANGE IN WATER STORAGE

29.88 ( 3.978) 2626598. 100.00

0.005 ( 0.023) 458. 0.02

26.068 ( 3.248) 2291855. 87.26

3.6797 ( 1.9950) 323511. 12.32

0.0138 ( 0.0009) 1210. 0.05

0.109 ( 1.973) 9564. 0.36

i

f
f

PEAK DAILY VALUES FOR YEARS 1 THROUGH 20

(INCHES) (CU. FT.

3.19

0.053

0.0341

0.0000

10.6

2.36

PRECIPITATION

RUNOFF

LATERAL DRAINAGE FROM LAYER 3

PERCOLATION FROM LAYER 4

HEAD ON LAYER 4

SNOW WATER

280454.2

4619.3

2995.1

4.3

207107.8

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

0.2646

0.0577

FINAL HATER STORAGE AT END OF YEAR 20

LAYER

1

2

3

4

SNOW WATER

(INCHES)

1.20

3.54

1.78

10.32

0.00

(VOL/VOL)

0.1992

0.1968

0.1482

0.4300



r

r
r
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DUNN LANDFILL FINAL COVER DESIGN
COVER "C" @ 3 % SLOPES WITH AVERAGE QA - 0.00025
J. BLAYNE KIRSCH : JANUARY 24, 1992

FAIR GRASS

LAYER

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

6.00 INCHES
0.4530 VOL/VOL
0.1901 VOL/VOL
0.0848 VOL/VOL
0.1901 VOL/VOL
0.002160000149 CM/SEC

r
i
i

LAYER

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

18.00 INCHES
0.4370 VOL/VOL
0.1053 VOL/VOL
0.0466 VOL/VOL
0.1053 VOL/VOL
0.001700000023 CM/SEC

LAYER 3

LATERAL DRAINAGE LAYER

r
i

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE
DRAINAGE LENGTH

12.00 INCHES
0.4170 VOL/VOL
0.0454 VOL/VOL
0.0200 VOL/VOL
0.0454 VOL/VOL
0.010000000708 CM/SEC
3.00 PERCENT

250.0 FEET



I LAYER 4

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER

L
L
L

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

24.00 INCHES
0.4300 VOL/VOL
0.3663 VOL/VOL
0.2802 VOL/VOL
0.4300 VOL/VOL
0.000000100000 CM/SEC
0.00025000

GENERAL SIMULATION DATA

I
I
I

I

SCS RUNOFF CURVE NUMBER
TOTAL AREA OF COVER
EVAPORATIVE ZONE DEPTH
UPPER LIMIT VEG. STORAGE
INITIAL VEG. STORAGE
INITIAL SNOW WATER CONTENT
INITIAL TOTAL WATER STORAGE
SOIL AND WASTE LAYERS

68
1055000

20
8
2

IN

71
SQ FT
00 INCHES
8360 INCHES
6148 INCHES

0.7586 INCHES

13.9008 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR MADISON WISCONSIN

I
r
i

MAXIMUM LEAF AREA INDEX =2.00
START OF GROWING SEASON (JULIAN DATE) = 135
END OF GROWING SEASON (JULIAN DATE) = 273

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

i

15.60
70.60

20.50
68.50

31.20
60.10

45.80
49.50

57.00
35.10

66.30
22 .40
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i
i
i
r
i
i
L
i
i
i
i
i
i
i
i
i

******************************

AVERAGE MONTHLY VALUES IN

JAN/JUL

PRECIPITATION

TOTALS 0
3

STD. DEVIATIONS 0
1

RUNOFF

TOTALS 0
0

STD. DEVIATIONS 0
0

EVAPOTRANSPIRATION

TOTALS 0
3

STD. DEVIATIONS 0
1

LATERAL DRAINAGE FROM

TOTALS 0
0

STD. DEVIATIONS 0
0

PERCOLATION FROM LAYER

TOTALS 0
0

STD. DEVIATIONS 0
0

************************

.83

.34

.35

.78

.000

.000

.000

.000

.485

.668

.101

.309

LAYER

.3176

.3301

.2442

.1865

4

.0000

.0000

.0000

.0000

******

********

INCHES

FEB/AUG

0.
3.

0.
1.

0.
0.

0.
0.

0.
3.

0.
1.

3

0.
0.

0.
0.

0.
0.

0.
0.

***

96
48

50
66

000
000

000
000

885
303

287
462

2966
2718

2215
1664

0000
0000

0000
0000

*****

**********

FOR YEARS

MAR/SEP

1.
3.

0.
1.

0.
0.

0.
0.

1.
2.

0.
0.

0.
0.

0.
0.

0.
0.

0.
0.

***

98
24

97
94

000
003

000
012

926
334

549
817

3508
2133

2100
1369

0000
0000

0000
0000

*****

**************

1 THROUGH

APR/OCT

3
2

1
1

0
0

0
0

2
1

0
0

0
0

0
0

0
0

0
0

**

.01

.43

.29 '-

.30 '

.000

.003

.000

.011

.712

.766 ,

.747

.794

.3854

.2473

.2125

.2440

.0000

.0000

.0000

.0000

******

*********

20

MAY/NOV JUN/DEC

2
1

1
1

0
0

0
0

2
1

0
0

0
0

0
0

0
0

0
0

**

.77

.91

.02

.13

\
.000 |
.000 I

/
.000
.000

.986

.014

.837

.331

.3856

.2554

.1904

.2580

.0000

.0000

.0000

.0000

******

4.46
1.46

1.92
0.68

0.000
0.000

0.000
0.000

4.477
0.512

1.156
0.130

0.3275
0.3116

0.1559
0.2438

0.0000
0.0000

0.0000
0.0000

*********



AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

(INCHES) (CU. FT.) PERCENT

[
PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE FROM
LAYER 3

PERCOLATION FROM LAYER 4

CHANGE IN WATER STORAGE

29.88 ( 3.978) 2626598. 100.00

0.005 ( 0.023) 458. 0.02

26.068 ( 3.248) 2291855. 87.26

3.6929 ( 1.9954) 324669. 12.36

0.0003 ( 0.0000) 30. 0.00

0.109 ( 1.973) 9586. 0.36

I
I

[

PRECIPITATION

RUNOFF

LATERAL DRAINAGE FROM LAYER 3

PERCOLATION FROM LAYER 4

HEAD ON LAYER 4

SNOW WATER

(INCHES)

3.19

0.053

0.0341

0.0000

10.6

2.36

(CU. FT.)

280454.2

4619.3

2998.7

0.1

207107.8

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

0.2646

0.0577

LAYER

1

2

3

4

SNOW WATER

(INCHES)

1.20

3.54

1.78

10.32

0.00

, (VOL/VOL)

0.1992

0.1968

0.1486

0.4300
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COVER "C" @ 3 % SLOPES WITH EXCELLENT QA - 0.00001
J. BLAYNE KIRSCH : JANUARY 24, 1992

L
FAIR GRASS

LAYER 1

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

6.00 INCHES
0.4530 VOL/VOL
0.1901 VOL/VOL
0.0848 VOL/VOL
0.1901 VOL/VOL
0.002160000149 CM/SEC

LAYER 2

VERTICAL PERCOLATION LAYER

i
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

18.00 INCHES
0.4370 VOL/VOL
0.1053 VOL/VOL
0.0466 VOL/VOL
0.1053 VOL/VOL
0.001700000023 CM/SEC

[
r

LAYER 3

LATERAL DRAINAGE LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE
DRAINAGE LENGTH

12.00 INCHES
0.4170 VOL/VOL
0.0454 VOL/VOL
0.0200 VOL/VOL
0.0454 VOL/VOL
0.010000000708 CM/SEC
3.00 PERCENT

250.0 FEET



LAYER 4

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

24.00 INCHES
0.4300 VOL/VOL
0.3663 VOL/VOL
0.2802 VOL/VOL
0.4300 VOL/VOL
0.000000100000 CM/SEC
0.00001000

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER
TOTAL AREA OF COVER
EVAPORATIVE ZONE DEPTH
UPPER LIMIT VEG. STORAGE
INITIAL VEG. STORAGE
INITIAL SNOW WATER CONTENT
INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS

68.71
= 1055000. SQ FT

20.00 INCHES
8.8360 INCHES
2.6148 INCHES
0.7586 INCHES

13.9008 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR MADISON WISCONSIN

MAXIMUM LEAF AREA INDEX =2.00
START OF GROWING SEASON (JULIAN DATE) = 135
END OF GROWING SEASON (JULIAN DATE) = 273

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

15.60
70.60

20.50
68.50

31.20
60.10

45.80
49.50

57.00
35.10

66.30
22.40
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4.4.3 Soil Column Study

Column studies were initiated to obtain information on the degradation potential of the
contaminants under conditions more indicative of field in-situ biotreatment than the
well-mixed reactors. The three bench-scale columns were designed to evaluate the

following parameters:

• Biodegradability of specific organic contaminants under subsurface

conditions,
• Presence of indigenous microorganisms, and
• Requirement for an external source of microorganisms

Each of the 3.5 inch diameter soil columns contained compacted screened soil
bounded by 3 to 4 inch upper and lower gravel beds. The reason that screened soils

were used in the soil columns was to have identical soils in both soil columns and

bioreactors so that results could be directly compared and correlated. The lower
gravel beds rested on a felt geotextile, which in turn rested on a plastic support with

drain holes. Figure 4.7 shows the three soil column setups. Each soil column was

packed using 10 pounds of wet screened soil compacted with a weight to a density
of approximately 150 Ibs./cubic foot. Tap water was introduced to the top of each

column to saturate the column and measure the column effluent rate. When a 4 inch

head of water did not produce effluent from any of the three columns, a vacuum was
applied to one column to force a flow. However, even with the applied vacuum,

column effluent was virtually non-existent.

As a result, a smaller column (1 inch diameter) was set up with loosely packed soil
to determine if water would flow under these conditions. A minimal water flow was

seen in this loosely packed soil column. The column was then backflushed and
allowed to settle to repack the soil. Again, no flow was observed from the column.

As it appeared that the soil density as well as fraction of fines in the soil was

significant enough to preclude sufficient water flow through the column for sampling,

the soil column study was discontinued. Although these results indicate that the

4-9



AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20
».
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JAN/JUL

PRECIPITATION

TOTALS

STD. DEVIATIONS
-

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

LATERAL DRAINAGE FROM

TOTALS

STD. DEVIATIONS

0.83
3.34

0.35
1.78

0.000
0.000

0.000
0.000

0.485
3.668

0.101
1.309

LAYER

0.3176
0.3302

0.2442
0.1865

FEB/AUG MAR/SEP

0.
3.

0.
1.

0.
0.

0.
0.

0.
3.

0.
1.
3

0.
0.

0.
0.

96
48

50
66

000
000

000
000

885
303

287
462

2966
2718

2215
1664

1.
3.

0.
1.

0.
0.

0.
0.

1.
2.

0.
0.

0.
0.

0.
0.

98
24

97
94

000
003

000
012

926
334

549
817

3509
2134

2100
1369

APR/OCT

3.
2.

1.
1.

0.
0.

0.
0.

2.
1.

0.
0.

0.
0.

0.
0.

01
43

29
30

000
003

000
Oil

712
766

747
794

3854
2473

2125
2440

MAY/NOV

2
1

1
1

0
0

0
0

2
1

0
0

0
0

0
0

.77

.91

.02

.13

.000

.000

.000

.000

.986

.014

.837

.331

.3856

.2554

.1904

.2580

JUN/DEC

4.46
1.46

1.92
0.68

0.000
0.000

0.000
0.000

4.477
0.512

1.156
0.130

0.3275
0.3116

0.1559
0.2438

PERCOLATION FROM LAYER 4

TOTALS

STD. DEVIATIONS

0.0000
0.0000

0.0000
0.0000

0.
0.

0.
0.

0000
0000

0000
0000

0.
0.

0.
0.

0000
0000

0000
0000

0.
0.

0.
0.

0000
0000

0000
0000

0
0

0
0

.0000

.0000

.0000

.0000

0.0000
0.0000

0.0000
0.0000r

i

i
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20
• ̂  W^B •* *» ^f ^ ^» ̂  ̂  ̂  ^BIIB ̂ B^V^B ̂  ̂  ̂  ̂  ^m^m w •• ••^•^v ̂ ^» ̂  •» «•» i^ ̂  ̂ ^* ̂  ̂  ̂  ̂  «v ^•tfn^» ̂  ̂  ̂  ̂  ^* ̂  ̂  ̂  ^ ̂  ̂  ^"^» ̂  ̂  ̂  ^ IB ̂  ̂  ̂  ̂  ̂  ^»^»«

(INCHES) (CU. FT.) PERCENT

I
I
I

1
L

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE FROM
LAYER 3

PERCOLATION FROM LAYER 4

CHANGE IN WATER STORAGE

29.88 ( 3.978) 2626598. 100.00

0.005 ( 0.023) 458. 0.02

26.068 ( 3.248) 2291855. 87.26

3.6932 ( 1.9954) 324698. 12.36

0.0000 ( 0.0000) 1. 0.00

0.109 ( 1.973) 9586. 0.36

PEAK DAILY VALUES FOR YEARS 1 THROUGH 20

(INCHES) (CU. FT.)

3.19 280454.2

0.053 4619.3

0.0341 2998.8

PRECIPITATION

RUNOFF

LATERAL DRAINAGE FROM LAYER 3

PERCOLATION FROM LAYER 4

HEAD ON LAYER 4

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

0.0000

10.6

2.36

0.0

207107.8

0.2646

0.0577

FINAL WATER STORAGE AT END OF YEAR 20

LAYER

1

2

3

4

SNOW WATER

(INCHES)

1.20

3.54

1.78

10.32

0.00

(VOL/VOL)

0.1992

0.1968

0.1486

0.4300



DUNN LANDFILL FINAL COVER DESIGN
COVER "C" 69% SLOPES WITH POOR QA = 0.01
J. BLAYNE KIRSCH : JANUARY 24, 1992

I
I

I
I
I
I
I

FAIR GRASS

LAYER 1

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

6.00 INCHES
0.4530 VOL/VOL
0.1901 VOL/VOL
0.0848 VOL/VOL
0.1901 VOL/VOL
0.002160000149 CM/SEC

LAYER

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

18.00 INCHES
0.4'370 VOL/VOL
0.1053 VOL/VOL
0.0466 VOL/VOL
0.1053 VOL/VOL
0.001700000023 CM/SEC

L

I
I

LAYER 3

LATERAL DRAINAGE LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE
DRAINAGE LENGTH

12.00 INCHES
0.4170 VOL/VOL
0.0454 VOL/VOL
0.0200 VOL/VOL
0.0454 VOL/VOL
0.010000000708 CM/SEC
9.00 PERCENT

250.0 FEET



I LAYER 4

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER

I

f
r
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THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

24.00 INCHES
0.4300 VOL/VOL
0.3663 VOL/VOL
0.2802 VOL/VOL
0.4300 VOL/VOL
0.000000100000 CM/SEC
0.01000000

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER
TOTAL AREA OF COVER
EVAPORATIVE ZONE DEPTH
UPPER LIMIT VEG. STORAGE
INITIAL VEG. STORAGE
INITIAL SNOW WATER CONTENT
INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS

68.71
= 1055000. SQ FT

20.00 INCHES
8.8360 INCHES
2.6148 INCHES
0.7586 INCHES

13.9008 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR MADISON WISCONSIN

MAXIMUM LEAF AREA INDEX =2.00
START OF GROWING SEASON (JULIAN DATE) = 135
END OF GROWING SEASON (JULIAN DATE) = 273

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

15.60
70.60

20.50
68.50

31,20
60,10

45.80
49.50

57.00
35.10

66.30
22.40
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

b̂-

t
t
r
k

r
i
f
i
L
i
i
i
r
'__

JAN/JUL

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

LATERAL DRAINAGE FROM

TOTALS

STD. DEVIATIONS

0.83
3.34

0.35
1.78

0.000
0.000

0.000
0.000

0.485
3.668

0.101
1.309

LAYER

0.3836
0.2882

0.4129
0.4371

FEB/AUG

0.
3.

0.
1.

0.
0.

0.
0.

0.
3.

0.
1.

3

0.
0.

0.
0.

96
48

50
66

000
000

000
000

885
303

287
462

3250
0971

3714
1263

MAR/SEP

1.
3.

0.
1.

0.
0.

0.
0.

1.
2.

0.
0.

0.
0.

0.
0.

98
24

97
94

000
003

000
012

926
334

549
817

4563
0702

4027
0945

APR/OCT

3
2

1
1

0
0

0
0

2
1

0
0

0
0

0
0

.01

.43

.29 '

.30

.000

.003

.000

.011

.712

.766

.747

.794

.4912

.3348

.3949

.7750

MAY/NOV

2.
1.

1.
1.

0.
0.

0.
0.

2.
1.

0.
0.

0.
0.

0.
0.

77
91

02
13

i
\

000
000 /

/
000
000

986
014

837
331

3288
3216

2609
4480

JUN/DEC

4.46
1.46

1.92
0.68

0.000
0.000

0.000
0.000

4.477
0.512

1.156
0.130

0.1905
0.4308

0.1373
0.4659

PERCOLATION FROM LAYER 4

TOTALS

STD. DEVIATIONS

0.0011
0.0011

0.0000
0.0000

0.
0.

0.
0.

0010
0011

0000
0000

0.
0.

0.
0.

0011
0010

0000
0000

0
0

0
0

.0011

.0011

.0000

.0001

0.
0.

0.
0.

0011
0010

0000
0000

0.0010
0.0011

0.0000
0.0000
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20
m*m «»•• ̂^»^»^»^»^v ̂ m ̂  ̂ v^v^v ̂  ̂ v^v^v ̂  ̂  ̂  ̂ m *M ̂m ̂m ̂^» ̂  •v^Wkb m^^m^*^m ̂ f ̂*^»^»^»^»^» ̂  ̂  ̂  ̂ v^w ̂  ••* ̂  ̂  ̂ *^»*v ̂  ̂ ——* *^ *«**̂  •» ̂  •*• ̂  ̂ »^v^»«

(INCHES) (CU. FT.) PERCENT

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE FROM
LAYER 3

PERCOLATION FROM LAYER 4

CHANGE IN WATER STORAGE

29,88 ( 3.978) 2626598. 100.00

0,005 ( 0.023) 458. 0.02

26.068 ( 3.248) 2291855. 87.26

3.7182 ( 2.2584) 326889. 12.45

0,0127 ( 0.0002) 1115. 0.04

0.071 ( 1.604) 6281. 0.24

i

r
F

PEAK DAILY VALUES FOR YEARS 1 THROUGH 20

(INCHES) (CU. FT.)

3.19

0.053

0.1181

0.0000

5.8

PRECIPITATION

RUNOFF

LATERAL DRAINAGE FROM LAYER 3

PERCOLATION FROM LAYER 4

HEAD ON LAYER 4

SNOW WATER

280454.2

4619.3

10379.0

3.7

2.36 207107.8

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

0.2646

0.0577

FINAL WATER STORAGE AT END OF YEAR 20
ICHES;
1.20

3.54

1.03

.0.32

SNOW WATER 0.00

LAYER

1

2

3

4

(INCHES)

1.20

3.54

1.03

10.32

(VOL/VOL)

0.1992

0.1968

0.0860

0.4300
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DUNN LANDFILL FINAL COVER DESIGN
COVER "C" @ 9% SLOPES WITH AVERAGE QA = 0.00025
J. BLAYNE KIRSCH : JANUARY 24, 1992

FAIR GRASS

LAYER 1

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

6.00 INCHES
0.4530 VOL/VOL
0.1901 VOL/VOL
0.0848 VOL/VOL
0.1901 VOL/VOL
0.002160000149 CM/SEC

LAYER 2

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

18.00- INCHES
0.4370 VOL/VOL
0.1053 VOL/VOL
0.0466 VOL/VOL
0.1053 VOL/VOL
0.001700000023 CM/SEC

LAYER 3

LATERAL DRAINAGE LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE
DRAINAGE LENGTH

12.00 INCHES
0.4170 VOL/VOL
0.0454 VOL/VOL
0.0200 VOL/VOL
0.0454 VOL/VOL
0.010000000708 CM/SEC
9.00 PERCENT

250.0 FEET
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LAYER 4

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

24.00 INCHES
0.4300 VOL/VOL
0.3663 VOL/VOL
0.2802 VOL/VOL
0.4300 VOL/VOL
0.000000100000 CM/SEC
0.00025000

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER
TOTAL AREA OF COVER
EVAPORATIVE ZONE DEPTH
UPPER LIMIT VEG. STORAGE
INITIAL VEG. STORAGE
INITIAL SNOW WATER CONTENT
INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS

68.71
= 1055000. SQ FT

20.00 INCHES
8.8360 INCHES
2.6148 INCHES
0.7586 INCHES

13.9008 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR MADISON WISCONSIN

MAXIMUM LEAF AREA INDEX =2.00
START OF GROWING SEASON (JULIAN DATE) = 135
END OF GROWING SEASON (JULIAN DATE) = 273

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

15.60
70.60

20.50
68.50

31.20
60.10

45.80
49.50

57.00
35.10

66.30
22.40



AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

[
r

I
1
1
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JAN/JUL

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

LATERAL DRAINAGE FROM

TOTALS

STD. DEVIATIONS

0.83
3.34

0.35
1.78

0.000
0.000

0.000
0.000

0.485
3.668

0.101
1.309

LAYER

0.3846
0.2892

0.4129
0.4371

FEB/AUG MAR/SEP

0
3

0
1

0
0

0
0

0
3

0
1

3

0
0

0
0

.96

.48

.50

.66

.000

.000

.000

.000

.885

.303

.287

.462

.3260

.0982

.3714

.1263

1
3

0
1

0
0

0
0

1
2

0
0

0
0

0
0

.98

.24

.97

.94

.000

.003

.000

.012

.926

.334

.549

.817

.4574

.0712

.4027

.0945

APR/OCT MAY/NOV

3
2

1
1

0
0

0
0

2
1

0
0

0
0

0
0

.01

.43

.29

.30

.000

.003

.000

.011

.712

.766

.747

.794

.4922

.3358

.3949
,7750

2.
1.

1.
1.

0.
0.

0.
0.

2.
1.

0.
0.

0.
0.

0.
0.

77
91

02
13

000
000

000
000

986
014

837
331

3298
3226

2609
4480

JUN/DEC

4.46
1.46

1.92
0.68

0.000
0.000

0.000
0.000

4.477
0.512

1.156
0.130

0.1916
0.4319

0.1373
0.4659

f PERCOLATION FROM LAYER 4

I
m~

TOTALS

,
STD. DEVIATIONS

0.0000
0.0000

0.0000
0.0000

0
0

0
0

.0000

.0000

.0000

.0000

0
0

0
0

.0000

.0000

.0000

.0000

0
0

0
0

.0000

.0000

.0000

.0000

0.
0.

0.
0.

0000
0000

0000
0000

0.0000
0.0000

0.0000
0.0000[
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS)

(INCHES)

PRECIPITATION 29.88 (3.

RUNOFF 0.005 ( 0.

EVAPOTRANSPIRATION 26 . 068 ( 3 .

LATERAL DRAINAGE FROM 3.7305 ( 2.
LAYER 3

PERCOLATION FROM LAYER 4 0.0003 ( 0.

CHANGE IN WATER STORAGE 0.071 ( 1.
******************************************
******************************************

PEAK DAILY VALUES FOR YEARS

PRECIPITATION

RUNOFF

LATERAL DRAINAGE FROM LAYER 3

PERCOLATION FROM LAYER 4

*************************

FOR YEARS 1 THROUGH

****

20

(CU. FT.) PERCENT

978)

023)

248)

2585)

0000)

604)

2626598. 100.

458. 0.

2291855. 87.

327973. 12.

28. 0.

6284. 0.i_j.j._i.j.j.j.j.j.j.j.j.j.j.j.j.j.

00

02

26

49

00

24. _i_ j_ j_ j_
********XKXX7I7(7<KKX]<X>IKK»I]IHHKlt

*****************************

1 THROUGH 20

(INCHES)

3.19

0.053

0.1181

0.0000

(CU. FT.)

280454.2

4619.3

10382.2

0.1

HEAD ON LAYER 4

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

5.8

2.36 207107.8

0.2646

0.0577

FINAL WATER STORAGE AT END OF YEAR 20

LAYER

1

2

3

4

SNOW WATER

(INCHES)

1.20

3.54

1.03

10.32

0.00

(VOL/VOL)

0.1992

0.1968

0.0860

0.4300
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i DUNN LANDFILL FINAL COVER DESIGN

COVER "C" 69% SLOPES WITH EXCELLENT QA - 0.00001
J. BLAYNE KIRSCH : JANUARY 24, 1992

FAIR GRASS

LAYER

VERTICAL PERCOLATION LAYER

L

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

6.00 INCHES
0.4530 VOL/VOL
0.1901 VOL/VOL
0.0848 VOL/VOL
0.1901 VOL/VOL
0.002160000149 CM/SEC

LAYER

VERTICAL PERCOLATION LAYER

I
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

18.00 INCHES
0.4370 VOL/VOL
0.1053 VOL/VOL
0.0466 VOL/VOL
0.1053 VOL/VOL
0.001700000023 CM/SEC

LAYER

LATERAL DRAINAGE LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE
DRAINAGE LENGTH

12.00 INCHES
0.4170 VOL/VOL
0.0454 VOL/VOL
0.0200 VOL/VOL
0.0454 VOL/VOL
0.010000000708 CM/SEC
9.00 PERCENT

250.0 FEET



LAYER 4

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER

L
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

24.00 INCHES
0.4300 VOL/VOL
0.3663 VOL/VOL
0.2802 VOL/VOL
0.4300 VOL/VOL
0.000000100000 CM/SEC
0.00001000

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER
TOTAL AREA OF COVER
EVAPORATIVE ZONE DEPTH
UPPER LIMIT VEG. STORAGE
INITIAL VEG. STORAGE
INITIAL SNOW WATER CONTENT
INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS

68.71
1055000. SQ FT

20.00 INCHES
8.8360 INCHES
2.6148 INCHES
0.7586 INCHES

13.9008 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR MADISON WISCONSIN

MAXIMUM LEAF AREA INDEX =2.00
START OF GROWING SEASON (JULIAN DATE) - 135
END OF GROWING SEASON (JULIAN DATE) = 273

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

15.60
70.60

20.50
68.50

31.20
60.10

45.80
49.50

57.00
35.10

66.30
22 .40



AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20
•-
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JAN/JUL

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

0
3

0
1

' 0
0

0
0

.83

.34

.35

.78

.000

.000

.000

.000

FEB/AUG

0.96
3.48

0.50
1.66

0.000
0.000

0.000
0.000

MAR/SEP

1.
3.

0.
1.

0.
0.

0.
0.

98
24

97
94

000
003

000
012

APR/OCT

3.01
2.43

1.29
1.30

0.000
0.003

0.000
0.011

MAY/NOV

2
1

1
1

0
0

0
0

.77

.91

.02

.13

.000

.000

.000

.000

JUN/DEC

4.
1.

1.
0.

0.
0.

0.
0.

46
46

92
68

000
000

000
000

EVAPOTRANS PIRATION

TOTALS

STD. DEVIATIONS

LATERAL DRAINAGE

TOTALS

STD. DEVIATIONS

PERCOLATION FROM

TOTALS

STD. DEVIATIONS

0
3

0
1

FROM

0
0

0
0

LAYER

0
0

' 0
0

.485

.668

.101

.309

LAYER

.3846

.2893

.4129

.4371

4

.0000

.0000

.0000

.0000

0.885
3.303

0.287
1.462

3

0.3260
0.0982

0.3714
0.1263

0.0000
0.0000

0.0000
0.0000

1.
2.

0.
0.

0.
0.

0.
0.

0.
0.

0.
0.

926
334

549
817

4574
0712

4027
0945

0000
0000

0000
0000

2.712
1.766

0.747
0.794

0.4923
0.3359

0.3949
0.7750

0.0000
0.0000

0.0000
0.0000

2
1

0
0

0
0

0
0

0
0

0
0

.986

.014

.837

.331

.3298

.3226

.2609

.4480

.0000

.0000

.0000

.0000

4.
0.

1.
0.

0.
0.

0.
0.

0.
0.

0.
0.

477
512

156
130

1916
4319

1373
4659

0000
0000

0000
0000

[
I
[
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS)

(INCHES)

PRECIPITATION 29.88 (3.

RUNOFF 0.005 ( 0.

EVAPOTRANSPIRATION 26.068 ( 3.

LATERAL DRAINAGE FROM 3.7308 ( 2.
LAYER 3

PERCOLATION FROM LAYER 4 0.0000 ( 0.

CHANGE IN WATER STORAGE 0.071 ( 1.
i*****************************************
;*****************************************

PEAK DAILY VALUES FOR YEARS

PRECIPITATION

RUNOFF

LATERAL DRAINAGE FROM LAYER 3

PERCOLATION FROM LAYER 4

*************************

FOR YEARS 1 THROUGH

****

20

(CU. FT.) PERCENT

978)

023)

248)

2585)

0000)

604)
*********
** * * * * * * * - - - - - - - . . - - - - - - - - - - - - - - - - - . . „ . . . . _ - _ -

2626598. 100.

458. 0.

2291855. 87.

328000. 12.

1. 0.

6284. 0.
*****************
*****************

00

02

26

49

00

24
****
****

1 THROUGH 20

(INCHES)

3.19

0.053

0.1181

0.0000

(CU. FT.)

280454.2

4619.3

10382.3

0.0r HEAD ON LAYER 4

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

5.8

2.36 207107.8

0.2646

0.0577

FINAL WATER STORAGE AT END OF YEAR 20
• ̂  ̂  ̂ » V* ̂  *• ̂  ̂ B ̂B «PB -* ̂" ̂" ̂  ̂ m ̂ ̂  *• ———— ̂  ̂  ** •• ̂  «B^ ̂B̂ v ̂  ̂  •• 4B ̂*̂ » W ̂  —^ ̂ —— •• *

LAYER (INCHES) (VOL/VOL)

1.20

3.54

1.03

10.32

0.00

0.1992

0.1968

0.0860

0.4300

SNOW WATER
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The leakage fraction allows the nodel to simulate leaking synthetic
liners. Leakage fraction is defined as the fraction of the horizontal area of
soil through which percolation is. occurring under the leaking synthetic liner.

Brown et al. (1987) conducted laboratory experiments and developed pre-
dictive equations to quantify leakage rates through various size holes through
synthetic liners over soil. They assumed a uniform vertical percolation rate
equal to the saturated hydraulic conductivity through a circular cross-
sectional area of the soil liner directly beneath the hole. They developed
predictive equations for the radius of this flow cross section as a function
of hole size, depth of leachate ponding and saturated hydraulic conductivity
of the soil. They found that this radius of saturated flow was significantly
greater than the radius of the hole in the synthetic liner. Tor this report,
the cross-sectional area of saturated flew was multiplied by the. number of
holes per unit area of synthetic liner to compute the synthetic liner leakage
fraction. Figure 5 presents these results. This figure provides guidance in
choosing synthetic liner leakage fractions for landfill modelling given a spe-
cific level of synthetic liner degradation such as number of openings per unit
area or average spacing between openings.

Brown, K, W., J. C. Thomas, R. L. Lytton, P. Jayawikrama, and S. C, Bahrt.
1987. Quantification of Leak Rates Through Holes In Landfill Liners.
EPA/600/ S2-37-062. U.S. Environmental Protection Agency, Cincinnati, OH.
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TREATABIL1TY STUDY
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TYPE OF
DOCUMENT

Letter

Letter

Memorandum

DATE ISSUED

June 11, 1991

July 12, 1991

October 21, 1991

ADDRESSED TO/
SUBJECT MATTER

Mr. Charles Wilk
and

Mr. Mike Schmolter

Mr. March Smith

Dee Bmcich
and

March Smith

ADDRESSEE

March Smith

Charles Wilk

Kevin O'Leary

NO. OF
PAGES

and

FINAL REPORT
TREATABIUTY STUDY

CONTAMINATED SOIL AND GROUNDWATER
HAGEN FARM SUPERFUND SITE

STOUGHTON, WISCONSIN
PROJECT NUMBER 110CO

September 24, 1991

<WP5.1

-R E LaMoreaux & Associates



Waste Management of North America, Inc.
Midwest Region
Two West brook Corporate Center • Suite 1000
P.O. Box 7070
Westchester, Illinois 60154
708/409-0700

June 11, 1991
t

Mr. Charles Wilk •
City Disposal Corporation
Hazardous Waste Enforcement Branch
U.S.EPA Region V
230 S. Dearborn Street
Chicago, Illinois 60604

Mr. Mike Schmoller
Project Coordinator
City Disposal Corporation
Wisconsin Dept. of Natural Resources
3911 Fish Hatchery Road
Fitchburg, Wisconsin 53711

Dear Mr. Wilk and Mr. Schmollen

The purpose of this letter is to inform you that in the near future data and information
will be available which has potential benefits for the City Disposal site and associated
RI/FS. . __

Currently, Waste Management of Wisconsin (WMWI) is conducting treatability studies
for the groundwater operable unit at the Hagen Farm Landfill site in Stoughton,
Wisconsin. Hagen Farm is approximately 10 miles southeast of City Disposal. Records
indicate that similar transporters and generators used both City Disposal and Hagen
Farm. As a result, the contaminants found in the groundwater at both sites are similar.
For this reason the conclusions regarding groundwater treatability at Hagen Farm could
potentially be applied to City Disposal.

WMWI has recently submitted City Disposal groundwater data to the consultant
conducting the treatability studies for Hagen Farm. Their review of the data supports
the premise that the Hagen Farm studies can be applied to City Disposal. If applied,
the Groundwater Operable Unit Feasibility Study for City Disposal can be submitted
with a greater certainty that the remedy USEPA and WDNR selects will be effective.

WMWI is hereby requesting thai USEPA and WDNR allow the Hagen Farm
Treatability Studies 10 be applied at City Disposal. By doing so, however, it should be
recognized that the deliverable Technical Memorandum No. 9B, Detailed Analysis of
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Alternatives (GCOU) will be delayed until September 1991 (it was originally scheduled
for July 25, 1991). The delay is necessary for the Hagen Farm treatability studies to be
completed, the data compiled and the final report issued. However, WMWI feels that
the benefits to the City Disposal project and subsequent remedy selection warrant {he
schedule delay.

I have attached for your review the Hagen Farm Treatability Study Work Plan. After
you review it, please call me at 708—409-0700 with your comments and indicate whether
or not you approve of WMWTs proposal.

Sincerely,

March Smith
Remedial Projects Manager
Waste Management of North America

attachments

MS:js

cc: Lois George, PELA (w/ attach.) ~
Dee Brncich, WMNA (w/o attach.)
Rich O'Hara, WMNA (w/o attach.)
Bill Schubert, WMNA (w/o attach.)
Don Otter, WMWI (w/o attach.)
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGIONS

230 SOUTH DEARBORN ST.
CHICAGO, ILLINOIS 60604

JUL121991
,- • • REPLY TO ATTENTION OF:
I 5HS-11
I Kr. March Smith

Remedial Projects Manager

( Waste Management of North America, Inc.
Midwest Region
Two Corporate Center, Suite 1000
P.O. Box 7070

I Westchester, Illinois 60154 .

Re: City Disposal Corp. Landfill Technical Memorandum 3a
Technical Memorandum 9b.

Dear Mr. Smith

The United States Environmental Protection Agency (U.S. EPA) has
completed its review of Technical Memorandum 3a of the Remedial
Investigation/Feas ibility Study (RI/FS) for the City Disposal
Corporation Landfill "Superfund" site.

'Based on the review of Technical Memorandum 3a, the U.S. EPA
finds that the information available for this site is generally
sufficient to continue with the drafting of an Endangeraent
Assessment, Remedial investigation Report and .Feasibility Reports
for the site. One aspect of the project that needs further
analysis concerns the direction of ground water flow at the eastern
portion of the site. Specific comments concerning this aspect are
included in the enclosed comments from our oversight contractor and
the Wisconsin Department of Natural Resources. The draft Remedial
Investigation Report should address the enclosed comments.

The u.s* EPA is also in receipt to your June 11, letter concerning
the a treatability study being conducted at the Hagen Farm site and
its relevance to this site. Vour letter proposes that submittal to
Technical Memorandum 9b be delayed to September 1991 in order to
include the results of this treatability study in Technical
Memorandum 9b for this site. The U.S. EPA considers your proposal
to hold merit and we shall be discussing your proposal as well as
schedule revisions with you shortly.
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I~ If you have any questions concerning this letter please telephone
me at (312) 353-1331.

Charles Wilk
Remedial Project Memager

cc: Mike Schsioller, WDNR
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October 21, 1991r
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TO: Dee Brncich
March Smith

FROM: Kevin O'Leary x " **
SUBJECT: CITY DISPOSAL CORPORATION LANDFILL TREATABILfrY MEMO

/
x«<-:-:->:-:-:-:-:*:-:-:-:-x̂ ^̂

I Per your request, the following memo analyzes treatment alternatives for City Disposal
Corporation Landfill (CDCL) located in Dunn, Wisconsin. As part of the Feasibility Study
work, alternatives for the remediation of contaminated groundwater will be analyzed. This

I memorandum evaluates the available groundwater analytical data and previous RI work to assess
groundwater quality and analyze treatment/remediation alternatives to provide data for use in the

. • Feasibility Study.
L '.- The technical bases of this memorandum are supplied by the following documents:

I 1. "Technical Memorandum 3A for Remedial Investigation/Feasibility Study, City Disposal
Corporation Landfill, "P.E. LaMoreaux & Associates, April 1991 (including Appendices

. G, H, and I).

2. "Remedial Investigation/Feasibility Study Hagen Farm Site, Technical Memorandum
I Number 1, "Warzyn Engineering, March 1989.

3. "Treatability Study Report, Hagen Farm Site", Waste Management of North America,r September 1991.
.

4. Correspondence with Peroxidation Systems, Inc. concerning chemical oxidation of CDCL

I groundwater, July - September 1991.
.

The attached Table 1 provides a comparison of groundwater' quality for the CDCL and Hagen

I Farm sites. The geometric means from groundwater/source characterization wells for the two
sites are provided for different parameters. The CDCL data presented was determined by taking
the individual geometric averages from shallow groundwater wells in the two zones of

I contamination and taking a flow weighted average of the two zones (based on a 10 percent flow
from Cell 6 and 90 percent flow from Cell 12). The following can be concluded from Table 1
and other available RI/FS information:i

i
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Both site groundwaters have volatile organic contaminants with THF, ketones
. (acetone, MEK), and toluene or xylehes as the most prevalent constituents.

•
Both site groundwaters have iron and manganese levels that exceed NR 140 PAL.
However, the background groundwater at CDCL exceeds NR 140 PAL for iron
and manganese.

The Hagen Farm site has substantially more contamination from semi-volatile
Organic compounds than CDCL. Also, review of Hagen Farm and CDCL RI/FS
documents indicate that Hagen Farm has a higher concentration of organics as
measured by TOC/COD than CDCL.

Based on the similarities of the CDCL and Hagen Farm groundwater, as well as the similar
types of wastes accepted at the sties, the extensive treatability study performed at Hagen Farm
can be extrapolated for analysis of CDCL. As determined in the Hagen Farm Treatability
Study, there are four practical alternatives for successful CDCL groundwater treatment:

Metals Precipitation (by Chemical Precipitation) + Air Stripping + GAC
Adsorption

* *

Metals Precipitation (by Air Oxidation) + GAC Adsorption

Metals Precipitation (by Air Oxidation) + Activated Sludge Treatment

Metals Precipitation (by Oxidation) + Chemical Oxidation

In the Hagen Farm Treatability Study, all four alternatives were demonstrated to effectively treat
the groundwater. For CDCL groundwater, this also should be the case. However, there are
relative process advantages/disadvantages, as well as secondary process considerations to
consider for each alternative. Activated Sludge treatment of CDCL groundwater will require
substrate addition in order to keep the process stable. This is due to the low organic content
(TOC) of CDCL groundwatef. An activated sludge process would not readily allow pulsed or
variable groundwater pumping schemes. Also, given the complex hydrogeology of the CDCL
site, the secondary advantage of using activated sludge treatment in conjunction with in-situ
bioremediation is not present at CDCL, as it is with the Hagen Farm Site.

The GAC alternatives and chemical oxidation alternative for CDCL groundwater treatment allow
for use of pulsed or variable groundwater schemes. These processes are stable even with the
anticipated reduction of organic constituent levels as site remediation progresses with time. The
presences of the THF and ketones create process concerns for the GAC options. THF and
ketones are very weakly adsorbed on GAC due to their high solubility and small molecular size.
The high solubility of these constituents limits the efficiency of air stripping. The removed
organics from



I

r
r
i
i
i
i
i
i
i
t
i
i
i

PageS
October 21, 1991

the groundwater are not destroyed, but rather adsorbed. A residual is .created with GAG
treatment that tequires off-site management, either by regeneration or land disposal. Chemical
Oxidation is a preferred technology because it degrades the organic constituents into mineralized
components (such as carbon dioxide). Although the presence of the THF and ketones affects
the process, chemical oxidation destroys a very wide range of organic compounds.

Table 2 presents the design basis for CDCL groundwater treatment alternatives, and is based on
the process performance data from the Hagen Farm Study, vendor consultation, and projected
groundwater quality for the CDCL site. Based on Table 2, preliminary construction and
operating cost estimates were developed for the different groundwater options.

Table 3 provides installed costs for the various options, while Table 4 presents operating costs
for treatment of CDCL groundwater. Activated sludge treatment of CDCL groundwater has the
highest installed capital costs ($2,495,000) with the lowest total operating costs (fixed and
variable) of $717,000 per year. Granular Activated Carbon Treatment has the lowest installed
capital costs of the four options ($1,825,700) and a relatively high operating cost ($976,400 per
year). The Air Stripping/Granular Activated Carbon option would have an installed cost of
$2,053,000, with a total operating cost of $1,066,000 per year for treatment of CDCL
groundwater. The higher operating cost for the Air Stripping/GAC option is a result of using
vapor phase carbon in conjunction with the air stripper. The high operating costs for both the
GAC and Air Stripping/GAC options are related to the low adsorption capacity of GAC for THF
and ketones. Treatment utilising chemical oxidation would require a facility with an installed.
cost of $2,375,000 and a total operating cost of $928,400 per year. As contaminant levels
decrease over time, the Chemical Oxidation and GAC options develop cost advantages (relative
to Activated Sludge Treatment) because less power and chemical reagents will be necessary.
(Reagent and power costs are the highest variable costs for these options.)

Based on process cost and performance concerns, the following conclusion/recommendations are
made regarding treatment of CDCL groundwaten

The Air Stripping/GAC option is not recommended for the CDCL groundwater
treatment due cost and performance issues related to the solubility and low
adsorption tendencies of the principal contaminants of CDCL groundwater
(namely the THF, ketones).

Treatment of CDCL groundwater with GAC only is not preferred again due to
cost/process concerns related to groundwater contaminants.

Activated Sludge processing may be cost effective; however, process stability
concerns remain due to low organic substrate levels. Also, secondary benefits for
the activated sludge process that exist at the Hagen Farm site, such as
incorporation of the process into in-situ bioremediation, are not present at the
City Disposal site because of CDCL's complex hydrogeology.
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Chemical Oxidation is * recommended for treatment of CDCL groundwater
because: it is a destructive treatment technology, it will not be affected by the low
organic concentration in CDCL groundwater, it will reduce in operating costs as
the CDCL groundwater quality improves in time, and it can be operated in an
intermittent manner to accommodate variable or pulsed groundwater pumping.

A pilot chemical oxidation unit should be operated at the CDCL site to develop
operating cost and design data. If pilot operation indicates substantially worse
than anticipated results, it is recommended that activated sludge be used at
CDCL.

KOrhrr
KO6091.51
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TABLE 1
' SHALLOW GROUDWATER QUALITY COMPARISON
CDCL/HAGEN FARM SITES

illBi®Wi|î lS 1
VOLATILE ORGANIC COMPOUNDS

ACETONE
BENZENE
CARBON TFTRACHLORIDE
CHLOROETHANE
1 ,1-DICHLOROETHANE
1 ,2-TRANS-DICHLOROETHENE
ETHYL BENZENE
METHYLENE CHLORIDE
METHYL ISOBUTYL KETONE
METHYL ETHYL KETONE
TETRACHLOROETHENE
TETRAHYDROFURAN
TOLUENE
TRICHLOROETHENE
VINYL CHLORIDE
XYLENES

6EM (VOLATILE ORGANIC COMPOUNDS

BENZOIC ACID
2,4-DIMETHYL PHENOL
4-METHYL PHENOL
PHENOL
1 ,4-DlCHLOROBENZENE
BENZYL ALCOHOL
BIS-(2-CHLOROlSOPROPYL)ETHER
NAPHTHALENE
4-CHLORO-3-METHYL PHENOL
DICTHYL PKTHALATE
BIS-(2-ETHYL HEXYLJPHTHALATE
DI-N-OCTYL PHTHALATE

METALS. CONVENTIONALS

CADMIUM
IRON
MANGANESE
TOTAL DISSOLVED SOLIDS

llSpi

297
1.6
0.3
0.6
3,7

7
16.7
27.6
10.6
260
0.6

5274
282
2.4
1.5

44.3

2.1

3.5

1.5

1.4
6034
393

6591 CO

ll|pifi|
iSSwB

99

2620

5698
20

1066

780
153
243

3816
10

. 26
'19

8
7

4.5
1B

5

451
1473

'&*$'':'?f$&X&*£vfif

ilSrt>i

0.067
.. 0.5

85
20

272
15

0.1
10

68.6
0.18

0.0015
124

(1200)
(15)

r (8)

(0.3)

1

150
25

250000

i
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TABLE 2
CDCL SITE
GROUNDWATER TREATMENT
BASIS OF DESIGN

;£§¥y^;H^^
FLOW
NUMBER OF RECOVERY WELLS
METHOD OF EFFLUENT DISCHARGE
EFFLUENT QUALITY PERFORMANCE
FACILITY OPERATING FREQUENCY
INFLUENT CONDITIONS
—CHEMICAL OXYGEN DEMAND
—TOTAL SUSPENDED SOLIDS
—IRON
—MANGANESE
—BARIUM
—ACETONE
—METHYL ETHYL KETONE
— TETRAHYDROFU RAN
AIR STRIPPER INFORMATION .
— AIR/WATER RATIO
—REMOVAL EFFICIENCIES.VOLATILES
—REMOVAL EFFICIENCY.THF & MEK
—REMOVAL EFFICIENCY, ACETONE
GRANULAR ACTIVATED CARBON INFORMATION
—ABSORPTION
ACTIVATED SLUDGE INFORMATION
— LOADING.F/M
—SLUDGE YIELD
—MIXED LIQUOR CONCENTRATION.MLVSS
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60 mg/l
10 mg/l
4 mg/l
1 mg/l
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260 ug/l

• 5274 ug/l
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>90
30
0

10mgTHF/gGAC

0.1gCOD/gVSS-day
0.15gVSS/gCOD

2250 mg/l
0.7

FINE BUBBLE

PEROXIDE+UV LIGHT
30 mg/l H202

350 kW
NOTES:' FLOW CHOSEN BASED ON CURRENT Rl/FS ESTIMATES
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TREATMENT FACILITY COST ESTIMATE
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TOTAL INSTALLED FACILITY COSTS
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$60,000
$1,194,000

$358,200
$257.500
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$280,455

$2,374,519



TABLE 4
CDCL SITE

GROUNDWATER TREATMENT
ANNUAL OPERATING COST ESTIMATE
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ANALYTICAL
CHEMICAL
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MISCELLANEOUS
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INTEREST
ADMINISTRATION
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TREATMENT]

$66,400
$40,400

$40,800
$282,300
$121,000
$46,700
$38,700
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$78,000
$61,600
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$48,000
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; $0,0131

Q&mmm^
TREATMENT^:

$66,400
$40,400

$40,800
$447,800

$0
$0
$0
$0
$0
$0
$0
$0

$36,800
$52,100
$54,800
$27,400
$60,900
$94,300
$48,000

$9$9,700
$0,0119

tem^m'^.
fREATMEWf!::

$88,500
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$0
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TREATMENT^"
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a
II In-situ bioremediation is a method involving not only groundwater treatment (pump

and treat) but also reinjection of the treated groundwater back into the aquifer to

I I clean up the contaminated soil and groundwater in the saturated zone. Oxygen,
nutrients, and if necessary, microorganisms are added to the ground water to promotea

11

EXECUTIVE SUMMARY

The Hagen Farm Superfund Site, located in Stoughton, Wl, is a closed landfill in which

industrial and municipal wastes had been previously disposed. The site is currently
undergoing a Remedial Investigation/Feasibility Study (RI/FS) by Warzyn Inc., of

Madison, Wl, under contract to Waste Management of North America (WMNA).

Based on preliminary information, remediation of the Hagen Farm site would probably

involve three areas: the main disposal site; the contaminated groundwater; and soils
in the saturated zone. WMNA has indicated that the remediation of the main disposal
area will involve capping of the area and vapor extraction for the unsaturated (vadose)
zone soils and waste for source control. Remediation mechanisms for the

contaminated groundwater and the saturated zone soils were evaluated.

A treatability study was performed by the Department of Research and Development

of Chemical Waste Management (CWM) to evaluate various treatment technologies

and to assist U.S. EPA and the Wisconsin Department of Natural Resources (WDNR)

in the selection of a proper treatment process for the remediation of contaminated
groundwater and saturated soil at the Hagen Farm site. Two remedial alternatives

were investigated; pump and treat, and in-situ bioremediation.

In the pump and treat alternative, groundwater is pumped to the surface through a

series of recovery wells and is treated in a groundwater treatment plant prior to

discharge to a receiving water or a POTW. This method will provide containment ofi
the site as well as provide proper treatment and disposal of the contaminated
groundwater.
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biological activity in the saturated subsurface to degrade organics in the soil.

The treatability study for the pump and treat alternative employed conventional

technologies used in water and wastewater treatment including metal precipitation,

air stripping, aerobic biological treatment carbon adsorption, and UV/chemical
oxidation. The treatability study results from both raw groundwater and groundwater

spiked with various organics indicate that the groundwater can be effectively treated

by a system consisting of metals precipitation and activated sludge treatment. A 100

gpm facility consisting of these unit operations, as well as influent/effluent storage
and discharge would have a capital cost of $2,359,000, with a total processing cost
of 1.190/gallon.

To evaluate the possibility of in-situ bioremediation for the Hagen Farm site, soil from

the site was characterized for various physical, chemical and biological parameters to
provide background soil information since none was available. At the same time, both
soil bioreactor and soil column studies were conducted to evaluate the biodegradability

of the organic contaminants in the Hagen Farm soil and to develop correlation on the
rate and the extent of biodegradation between a bioreactor condition and a subsurface

(column) environment.

The characterization results for the saturated zone soil sample used for the treatability

studies showed little or no contamination with any of the 126 compounds on the

Target Compound List. Although this soil sample may or may not be representative

of the site soils, the results indicate that little or no water-insoluble and recalcitrant
organics are present. Most of the organics in soil are probably the ones found in the
groundwater which are biodegradable.

I _ If saturated zone soils are not contaminated, then only groundwater would need

P remediation. However, if the site saturated zone soils are contaminated, then

I - bioremediation is a potential methodology for soils treatment based on the following

j observations: the oxygen uptake rate (OUR) was high for the reactor receiving
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U microbial supplement; there was sufficient total organic carbon (TOO in the soils to

r_ support the growth of microorganisms; contaminants currently found at the site are
U biodegradable; and there was no metal toxicity observed during soil testing performed.

rr If the recommended soil characterization shows that significant saturated zone organic
IJ contamination exists, an on-site field in-situ bioremediation study should be performed

p.- to better evaluate the biodegradability of the saturated zone soil and the site

U hydrogeology prior to full scale implementation.
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1.0 INTRODUCTION
The Hagen Farm Superfund Site, located in Stoughton, Wisconsin, is owned by Waste
Management of Wisconsin, Inc (WMWI). The site is now undergoing Remedial

Investigation/Feasibility Study (Rt/FS) for remediation and eventual closure. Warzyn

Inc., of Madison, Wl, is conducting the RI/FS.

The main disposal area of the Hagen Farm site is a 5.5 acre landfill which disposal of
a variety of industrial and municipal wastes including paint sludge, grease, and plastic
sheeting. The site is located in an area composed primarily of silty sand and gravel

with a zone of clay-like material in the southeastern area of the site. Bedrock is
located at depths between 46 and 80 feet below the surface. The minimum
separation between refuse and the groundwater was observed to be 5 feet.

Groundwater appears to be primary transport media for contaminants at the site.

IT
IT
II.
II

Based upon information prepared by Warzyn Inc., in the June 1990 Conceptual Site

II Model RI/FS report, it appears that contaminants in the wastes disposed of on-site

have already migrated to the underlying site soils and groundwater. The report
1 1 indicates that organic compounds (primarily petrochemicals and tetrahydrofuran) are

the dominant contaminants found in the groundwater, with a smaller number of

Ii
| inorganics (metals) also present.

The Remedial Design/Remedial Action (RD/RA) for the Hagen Farm site source control
has begun and involves waste consolidation/capping of the landfill, and in-situ vapor

extraction. Remediation mechanisms for contaminated groundwater and saturated

zone soils have yet to be determined. At the request of WMNA and the approval of
USEPA and WDNR, the Department of Research and Development (R&D) of Chemical

Waste Management, Inc. (CWM) investigated the feasibility of various treatment

options to remove the contaminants of concern in the groundwater and in the

saturated zone soil. WMNA personnel have indicated that two remedial alternatives

are to be considered for the remediation of groundwater and saturated zone soil at

1-1
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the Hagen Farm site. They are:

1. Groundwater pump-and-treat method

2. In-situ bioremediation

IT In the pump-and-treat method, groundwater is pumped to the surface through a series
of recovery wells and is treated in a treatment plant prior to discharge to receiving

IT waters or a Publicly Owned Treatment Works (POTW) (see Figure 1.1). The

advantages of pump-and-treat include containment of the site and proper treatment
["I and disposal of the contaminated groundwater. However, in many cases, this method

may not treat the soil if that soil contains insoluble organics. Generally, the treatment
I I process employs conventional technologies used in wastewater treatment, such as

air stripping, aerobic biological treatment, granular activated carbon (GAC) adsorption,
II UV/chemical oxidation.

I I The second remedial alternative, in-situ bioremediation, would involve reinjection of

the treated groundwater back into the aquifer in order to remediate the contaminated
II soil and groundwater in the saturated zone (see Figure 1.2). Oxygen, nutrients, and

if necessary/ microorganisms, would be added to the groundwater to promote the

I , biological activity and degrade the insoluble organic contaminants in the soil.

I In-situ bioremediation has the advantage of being able to treat the subsurface soil
without excavation. However, its success depends not only upon the biodegradability

ll_ of the organics in soil, but also upon the site hydrogeology. In fact, the site
„ hydrogeology will significantly influence the oxygen and nutrient availability to the

LL microorganisms, and is thus important to the success of the project. Therefore, field

-1 testing of this alternative is a necessary step prior to full-scale implementation.

I-. Although site information indicates that two classes of spent nonhalogenated solvent

wastes (F003 and F005) were disposed on site, the U.S. EPA has indicated that the
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groundwater will not be considered hazardous by the multi-source hazard code F039
(See Appendix A for correspondence regarding this matter). Therefore, residuals from

any treatment or remediation will not be classified as hazardous by the F039 code.

This report describes the potential treatment processes for remediation of Hagen Farm

ij groundwater and saturated zone soil, justifies and selects the processes analyzed for
the treatability study, and discusses the procedures and results of the treatability

I"': study. Additionally, the report supplies conceptual design and process economic
analyses for the remedial alternatives.i
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fl 2.0 OBJECTIVES
|-v- The objectives of the treatability study were as follows:
I* 1. Evaluate the various treatment technologies and select a proper treatment
• r process for the remediation of contaminated Hagen Farm groundwater and

saturated zone soil.

u
II

2. Propose and develop conceptual designs of the selected treatment processes
for contaminated Hagen Farm groundwater and saturated zone soil, based on

the results of Objective 1.
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3.0 TREATABILITY STUDY APPROACH
This section analyzes potential treatment options for contaminated groundwater and
saturated zone soils, and provides the basis for unit operations studied in the
Treatability Study.

3.1 Pump-and-Treat (Groundwater Treatment)
Based on the initial groundwater characterization provided by Warzyn Inc., (see Table

I | 3.1), the contaminants potentially requiring treatment in the groundwater are generally

characterized as organic compounds (volatile organic compounds [ VOCs], semi-volatile

I organic compounds) and metals.

3.1.1 Organic Compound Treatment Processes Description

The most commonly used processes for the treatment of organic compounds include

air stripping, granular activated carbon (GAC), ultraviolet (UV)/chemical oxidation, and
biological treatment. Each of these processes will be discussed in the following

paragraphs.

3.1.1.1 Air Stripping
Removal of volatile organic compounds (VOCs) is usually accomplished by air

stripping. In air stripping, organic compounds dissolved in the liquid phase are
transferred to the vapor phase by the increase of the contact area between liquid and

stripping gas, which is generally air. This process is most effective for compounds

that are volatile and can be stripped into the vapor phase easily. The counter-current
i

packed column is the most common type of air stripper. In the counter-current
packed column, contaminated groundwater is pumped to the top of the column,
distributed across its diameter and allowed to flow downward, while air is

simultaneously forced upward through the column. The exhaust air from the process

may require treatment with vapor phase carbon or catalytic oxidation prior to

discharge.

3-1
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Air stripping cannot remove nonvolatile organic compounds or volatile compounds that
are very water soluble. For example, volatiles such as toluene and xytenes are easily

stripped while 2-butanone (MEK) and tetrahydrofuran (THF) are not. Other treatment

processes, such as GAC adsorption, are generally used in conjunction with air

stripping for removal of these compounds.
*

3.1.1.2 Granular Activated Carbon (GAC) Adsorption
GAC is an effective treatment process for removing organics from various waste-

<
waters because GAC adsorbs a wide variety of organic compounds. Wany of the
volatile and semi-volatile organics in Table 3.1 are adsorbable by GAC. However, the

two main constituents, 2-butanone (MEK} and tetrahydrofuran (THF), are not as

readily adsorbable as other constituents like phenol. Adsorbability is related to the

compound's solubility, molecular size, and affinity for the carbon. Thus, the cost
effectiveness of GAC depends on its adsorption capacity of the specific organic
compounds such as THF. GAC column testing of actual waste-water is necessary to

evaluate the efficiency of the process to develop design parameters.

Ij 3.1.1.3 Chemical Oxidation

Chemical oxidation uses strong oxidizing agents to react and destroy organics in

| ~" groundwater. Among the generally considered oxidizing agents are chlorine, ozone,

_ hydrogen peroxide, chlorine dioxide, and potassium permanganate. In most cases,

I; ultraviolet (UV) light is used in conjunction with the oxidizing agents (such as

r. hydrogen peroxide and/or ozone) to improve the oxidation process efficiency.

1
•. Recent technological innovations have increased the applications for chemical

U- oxidation. However, chemical oxidation/UV treatment still has several limitations.

r i The process is very slow on alcohols, ketones and aliphatic compounds and saturated

^ volatiles. In addition, the high cost of the chemicals used and the problems with

I scaling and blinding of the UV lamps have yet to be resolved. The groundwater at
Hagen Farm contains 2-butanone (MEK), phenol and benzyl alcohol which are difficult
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to treat by UV, and also contains considerable amounts of iron, calcium, and
magnesium which can cause scaling on the lamps. A treatability will evaluate the
feasibility of UV/H2O2 treatment.

3.1.1.4 Biological Treatment

Biological oxidation processes are widely used in the treatment of municipal and
industrial wastewaters because of their ability to treat a large variety of water-soluble
organics and the cost effectiveness of the process. Given the nature of the
contamination of Hagen Farm groundwater (low concentration of substrate and high
removal requirements), aerobic biological processes would provide the best results.

The most widely used aerobic technology is the activated sludge process (ASP).

Process modifications, such as adding powdered activated carbon (PAC) have been
used with ASP to enhance its performance with certain wastewaters. However, given

the low affinity of certain constituents in Hagen Farm groundwater (namely tetra-
hydrofuran [THF], xylene, and ethylbenzene) to be adsorbed onto carbon, it is not

believed that the use of PAC will dramatically improve the ASP process. Other
process modifications for the aerobic technology are the fixed-film reactors, in which
biomass attaches to the surface of packing material and forms thin films.

Anaerobic biological processes are not generally capable of removing organics to very

low levels and will not be considered for this study.

i
3.1.2 Metals Treatment
Depending on the discharge requirements for the groundwater (NPDES, POTW, or

recharge), it may be necessary to remove metals from the Hagen Farm groundwater.
Also, it may be necessary to remove metals (and solids) from a wastewater to

improve the efficiency of organic treatment processes. Groundwater metals data for

Hagen Farm are provided in Table 3.2. The metals which might cause treatment/
discharge concerns detected in the initial characterization of Hagen Farm groundwater
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osmosis.

3.1.2.1 Metals Precipitation

Metals removal can be accomplished through hydroxide, sufide, carbonate or
phosphate precipitation. The most common form is hydroxide precipitation, which

typically uses chemicals such as lime or sodium hydroxide. Lime and sodium
hydroxide raise the pH, forming relatively insoluble metal hydroxides which can be
removed by settling and filtration.

For removal of manganese and iron, precipitation by air oxidation can also be used.

In many groundwaters, the iron is normally all in the ferrous (Fe+2J form and the

manganese is in the bivalent state (Mn*2). The ferrous (Fe*2) form and bivalent

manganese (Mn*2) form are soluble and readily converted to the more insoluble ferric
(Fe+3J and quadrivalent manganese (Mn*4) salts through aeration. They can then be

removed in subsequent treatment processes such as sedimentation or filtration.

3.1.2.2 ton Exchange

^ Ion exchange is a process in which ions, held by electrostatic forces to charged
functional groups on the surface of a solid are exchanged for ions or similar charge

1 in a solution in which the solid is immersed. Ion exchange is used for ultra high

quality water treatment, primarily as a secondary or tertiary metals treatment process
|J_ for water. Synthetic resins are presently used for most ion exchange applications.

. The potentially large flow and relatively high metals concentrations of the Hagen Farm

LL groundwater make the use of ion exchange uneconomical.

3.1,2.3 Reverse Osmosis
Reverse osmosis (RO) is a process in which water is separated from dissolved salts
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in solution by filtration through a semi-permeable membrane at a pressure greater than

the osmotic pressure caused by the dissolved salt in water. RO has the advantage of
removing dissolved solids such as chloride and metals that are less selectively
removed by other techniques. RO's principal disadvantages are that it is not designed

specifically to remove metals, it generates waste brine that requires further processing

prior to disposal, and it is expensive. Since the predominant metals in Hagen Farm

groundwater can be removed by less expensive processes, RO was not considered for
Hagen Farm groundwater treatment.

3.1.3 Groundwater Treatment Technology Summary

Based upon the above available treatment technologies, the following conclusions can
be drawn regarding the treatment of Hagen Farm groundwater:

1. The potentially viable groundwater organic treatment technologies for Hagen
Farm include air stripping, GAC adsorption, biological treatment, and

UV/chemical oxidation.

[I 2. Metals precipitation by chemical addition or air oxidation may be needed to

remove iron, manganese, arsenic, barium and lead from Hagen Farm
| ^ groundwater.

The treatability study performed analyzes these technologies for their treatment

efficiency and economic viability.
i

3.2 In-situ Bioremediation

There are a variety of remediation options for the clean-up of contaminated

groundwater/soil which include such general technologies as biological,

physical/chemical, immobilization, thermal, and in-situ treatment. Even for in-situ

treatment of soils alone, there are various technologies available including vapor

extraction, soil flushing, in-situ solidification/stabilization, in-situ vitrification, and
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bioremediation. Selection of treatment options depends on various factors including
site characterization data such as types of contaminants and their concentrations,
types of soils and corresponding hydrogeological conditions, and applicability and cost
effectiveness of the technologies. In-situ bioremediation has the advantage over a
simple pump-and-treat system because it has the potential to remove more of the
insoluble organics adsorbed to the soil.

Soils at the Hagen Farm site which have been in contact with contaminated
groundwater from the disposal area may contain a variety of the organics. Some
preliminary soil tests had been performed on selected Hagen Farm soil borings (see
Warzyn report number 13452 - RI/FS Technical Memorandum - Number 1, 3/89).
However, the results were limited to only soil moisture, type of soil, etc. Evaluation
of the available soils characterization data indicate that in-situ bioremediation appears
to be a viable treatment option based upon the following facts regarding the Hagen

Farm site:

1. The depths of the soils in the saturated zones, which range from a minimum of
5 ft to a maximum of 46 to 80 ft below surface, dictate the use of in-situ

treatment technology.

2. The major contaminants in the groundwater (and possibly the soils) include
volatiles such as 2-butanone (MEK) and THF and semivolatiles such as phenol
which are all very biodegradable.

i

3. Preliminary soil permeability tests indicate a favorable soil hydraulic conductivity

for the transfer of nutrients and oxygen and/or surfactants into the saturated
zone soils. In addition, soil flushing is not needed since pump and treat will
already provide flushing of the organics.

4. Reinjection of treated groundwater from an on-site above-ground biological
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treatment system could possibly provide a source of bioaugmented, nutrient

supplemented water source for an in-situ treatment of the soils in the saturated
zone.

5. In-situ bioremediation, if applicable, is very cost effective, compared to other
soil remediation technologies.

Bioremediation processes are biological treatment processes that improve or stimulate

the metabolic capabilities of microbial populations to degrade organic residues. The

processes take into consideration the factors that affect microbial activity and modify
the existing conditions so that microbial degradation can occur. For example, if

inadequate nitrogen or phosphorus are available, such nutrients can be added to
assure satisfactory microbial degradation. If the residues are too toxic, addition of

other chemicals or uncontaminated soil may reduce the toxicity to the point that
microbial degradation can occur. If inadequate type or numbers of microorganisms

are naturally present, acclimated organisms can be added.

Generally, in-situ soil bioremediation uses treated water to introduce bacterial culture

directly into contaminated soils and aquifers. Nutrients (nitrogen and phosphorus) and

-- oxygen in the form of H202 are also added to provide the essential ingredients for
microbial biodegradation of organics in the subsurface. The site hydrogeology

significantly affects the transfer and the availability of the nutrients and oxygen as
L

well as the availability of microorganisms for the biodegradation of organics in
saturated zone soils'. A treatability study in the laboratory can only evaluate the

possibility of metals inhibition, the biodegradability of the organics, the requirement

for nutrients, and the need for the addition of bacterial cultures to enhance

biodegradation. It can not evaluate the site hydrogeology. Thus, field testing is a

necessary step prior to full-scale implementation, if in-situ bioremediation is a viable

alternative.
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4.0 TREATABILITY STUDY PROTOCOL
This section describes the sampling, equipment operating and analytical procedures,

as well as the quality assurance/quality control policy used during the performance of
the treatability study. The treatability study involved investigation of the treatment
processes selected for consideration for remediation of groundwater and saturated
zone soil. Ground water treatability work utilized both spiked and nonspiked (with site
target compounds) Hagen Farm samples. The soil treatment study was conducted
using screened nonspiked soils. The soil samples were not spiked for the following

\

reasons: (1) there was no previous contamination history upon which to determine the
spiked concentration; and (2) it would not be appropriate to spike the soils with the
major organic compounds found in Hagen Farm groundwater (such as tetrahydrofuran

and phenol) because these compounds are water soluble and would be treated in the
groundwater treatment scheme.

i

4.1 Quality Assurance/Quality Control {QA/QC} Analytical Procedures
In order to ensure accurate, valid data, QA/QC procedures were used throughout the

study. CWM has developed and implemented a QA/QC program to provide defensible
data on a timely basis. All company laboratory and sampling personnel are required
to participate in this program. The CWM R&D laboratory performs instrument control

checks daily and uses quality control samples for instrumentation and wet chemistry
for bench scale process monitoring parameters. Samples were analyzed in accordance

with EPA Test Method for Evaluating Solid Waste (SW-846), Third Edition and

Standard Methods. 17th Edition.
<

Contract laboratories employed by CWM must also demonstrate quality control

practices certified by CWM at least as stringent as CWM's program. EMS Heritage

Laboratories, Inc., in Romeoville, Illinois was contracted for all nonroutine analytical

work.

The groundwater quality varied widely during the treatability study. However, no
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adjustment was made for the study because the fluctuation in groundwater quality
was identical to the full-scale situation.

4.2 Pump and Treat with Non-Spiked Groundwater
Several bench scale studies were performed to investigate metal and organic

treatment of the Hagen Farm groundwater. As mentioned in the previous sections,

air stripping, carbon adsorption, biological treatment, UV/chemical oxidation and metal

precipitation were studied. A description of the procedures used in studying these

candidate unit operations follow.

4.2.1 Sampling

The groundwater sampling, which was performed every two weeks for 14 weeks,

produced 7 sets of samples. All samples were taken from Monitoring Well 22 by
Warzyn Inc., personnel. During each sampling event, groundwater was pumped for
about 10 minutes before collection to allow water quality to stabilize. Two 40 ml

samples were collected for volatile organics analysis and 105 gallons were collected

for the treatability studies.

Seven 15-gallon buckets were used for each sampling. Each bucket was sealed with

tape and placed inside a 30-gallon drum overpack for shipment. The overpacks were
filled with an absorbent material (corn cobs) and shipped to CWM's Geneva Research

Center (GRC). The VOC samples were shipped in a cooler packed with ice packs and
accompanied the drum shipment.

i

4.2.2 Air Stripping
Groundwater underwent air stripping tests in a bench-scale packed tower air stripper

as diagrammed in Figure 4.1. The packed tower stripper was filled with contaminated

groundwater and air was blown up through the packing in the tower. The design of

the bench scale stripping test (size, packing type, height/width ratio, reactor/packing

diameter ratio, and air/water flow ratio) enabled the scale-up of the results for the
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design of a full-scale packed bed air stripper.

The inlet air flow rate to the air stripper was controlled at 20 cubic feet per hour (CFH)

to the seven-liter glass reactor. The packing media in the bench-scale air stripper was

5/8" pall rings with a specific surface area of 104 ft2/ft3. This resulted in a reactor/
packing diameter ratio of about 10 to 1.

The performance of the stripper was evaluated over a range of 25 to 200 cubic feet

of air to cubic feet of water. Each test lasted about 2 hours. The differences
between influent and effluent VOC concentrations were used to estimate the VOCs
in the vapor phase and to design a vapor phase carbon unit. Samples were taken of
the tower initially and after treatment and analyzed for VOCs (see Table 4.1 for

specific VOCs analyzed). Very little semi-volatile organic compounds were expected

to be removed by air stripping and thus were not analyzed.

4.2.3 Aqueous Phase Carbon Adsorption

Untreated groundwater from the Hagen Farm site was treated in a fixed-bed GAC
column as shown in Figure 4.2. Groundwater was applied at a constant rate to the
top of a 2-inch diameter reactor containing approximately 500 ml of GAC. The

effluent was collected over the 1 week test period for each sample and analyzed for
the VOCs, semi-VOCs, and inorganic compounds listed in Table 4.1. In addition, the

initial and final samples were analyzed for the parameters listed in the Target

Compound List (Appendix B) as well as for alkalinity, chloride and sulfate. The
/

adsorptive capacity of the carbon was determined from the breakthrough curve data
generated from the column study.

4.2.4 UV/Peroxide Oxidation

Groundwater from Hagen Farm site was treated in a bench-scale UV test apparatus

as shown in Figure 4.3. Peroxide was added at a dosage of 500 mg/l to a reservoir
containing the groundwater to be tested. The feed pump was then started which
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For each test run, samples of tested groundwater were collected at predetermined

retention times and characterized for the VOC's and semi-VOC's listed in Table 4.1.

Samples from Hagen Farm were also sent to two UV/peroxide system vendors,

PURUS, Inc. and Peroxidation System. Inc., for treatability testing. The results from

these tests were used to provide cost information for a full scale system for Hagen
Farm groundwater treatment.

4.2.5 Biological Treatment
Groundwater was treated in a bench-scale continuous flow activated sludge biological
reactor as shown in Figure 4.4. Air was supplied to a 6.4 liter reactor through an air

d iff user at the bottom. The reactor was operated for more than 12 weeks to evaluate
the treatability of the groundwater and to develop scale-up information for full-scale

design. The effluent was analyzed for all the VOCs, semi-VOCs, and inorganic

compounds listed in Table 4.1. In addition, the initial and final samples were analyzed
for the parameters listed in the Target Compound List (Appendix B) as well as for

alkalinity, chloride and sulfate.

i
4.2.6 Metal Precipitation
Groundwater was tested in a series of batch tests for metal removal as shown in

Figure 4.5. Samples were taken prior to and after treatment, and analyzed for metal

contaminants (see Table 4.1 for the list of metal constituents to be analyzed). Three

additional metals (manganese, calcium and magnesium) were also analyzed. Two
chemicals, sodium hydroxide and lime, were used to form and precipitate insoluble
metal salts. Chemical dosages were optimized during these tests to determine the
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most effective dosage(s) of chemicals for metals removal.

In order to investigate iron and manganese removals by air oxidation, samples of
groundwater were purged with air. Samples were then taken at 15, 30, 45, 60, 75
and 120 minutes of aeration time and analyzed for total suspended solids (TSS), pH,
iron, and manganese measurements.

4.3 Pump and Treat with Spiked Groundwater
Since groundwater quality can vary widely from one location and one sample to
another, the groundwater sample used for the treatability study might not reflect the
actual characteristics in the groundwater. The treatability study was repeated with
the groundwater spiked with the representative concentrations of organics found in

the Hagen Farm groundwater. All experimental procedures remained the same using
groundwater spiked with organics at concentrations listed in Table 4.2. Since the
samples were not spiked with metals, no further metal precipitation testing was
performed. The concentrations of these spiked compounds were selected from the
higher value of the historic concentrations in the initial characterization by Warzyn
Inc., or Wisconsin Public Health Groundwater Quality Standards - NR 140 PAL.

4.4 In-situ Bioremediation

Bench-scale treatability studies for the bioremediation of saturated soils contaminated

with organics are normally conducted to provide information concerning the feasibilityi
of their biodegradation. This study utilized bench-scale soil bioreactors to obtain

information on the biodegradability (rate and extent of biodegradation) of
contaminants in Hagen Farm soil within a relatively short period of time. Soil
bioreactors can provide results much more quickly than can other laboratory tests
such as land treatment studies (soil tilling) or composting studies because an optimum

growth environment is provided in the reactor. In addition to the soil bioreactors, soil

columns were set up to obtain information on the degradation potential of the
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contaminants under conditions more indicative of those encountered in field in-situ
treatment than in the well-mixed reactors. Soil column treatment using Hagen Farm

soil would provide some information on the availability of soil contaminants in
subsurface conditions for in-situ treatment.

The soil bioreactor and soil column studies were designed to evaluate the following
parameters in two different growth environments (a bioreactor condition and a
subsurface condition):

• Rate and extent of biodegradation for various organic contaminants such
as THF, xylene, phenols, etc.

• Nutrient requirement (nitrogen and phosphorus)
• Oxygen source (aeration versus H2O2)
• Microorganism requirement (addition of commercially available bacterial

culture)

The rate and the extent of bioremediation for the major contaminants in two different

environments are of significant value. Not only would the feasibility of
bioremediation, the time and other requirements necessary for the successful

biodegradation of organlcs be determined, but also the relative rate of degradation

between a bioreactor condition and a subsurface environment could be established.
The oxygen source requires evaluation since both aeration and hydrogen peroxide

addition have been successfully used in in-situ bioremediations. Bacterial populations

were monitored to see the effect of oxygen source and nutrient addition on indigenous
i

and supplemental microorganisms. With sufficient nutrient and oxygen, a microbial

population size will respond to available biodegradable substrate(s). The study was

also designed to evaluate the change in biodegradability due to the addition of

supplemental microorganisms. Finally, the need for nutrient addition (nitrogen and

phosphorus) to the indigenous microorganisms alone was evaluated.

The information from these bench-scale treatability studies should be used in
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conjunction with site hydrogeologicat and soil characterization information in order to
develop the field pilot-scale testing requirements for in-situ bioremediation. Site
characterization, which includes soil characteristics, subsurface hydrogeology, and

microbial characteristics may limit the rate and/or extent of treatment of the

contaminated zone even when a bench scale biodegradation study shows promising

results. Therefore a thorough site characterization may be necessary to determine
both the extent of contamination as well as engineering constraints and opportunities.

4.4.1 Soil Coltection and Characterization /
The soit sample received at the Geneva Research Center (GRC) from the Hagen farm

site was collected from bore hole BTB-1 at depths of 10 to 30 feet by Warzyn Inc.

As previously noted in Section 3.2, the sampling methodology did not require the
retention of volatile constituents of concern in the sample, as the feasibility of in-situ
biodegradation is governed by the slower degradation rates of more recalcitant and

generally less water soluble, less volatile organic compounds. The soils were

collected at the site using an auger and delivered to the GRC in 3 x 5 gallon buckets
(approximately 2 cu. ft. total soil volume). This soil was subsequently screened
through a 1/4 inch mesh screen to remove coarse material which could not be

suspended in the soil bioreactor. Two-thirds of the soil by weight passed the screen
(90 kg) and the remaining one-third (gravel) was retained on the screen. Material

passing the screen was used for the soil characterization and for the bioreactor and

soil column treatability studies.
i

The screened soils were characterized for the physical, chemical and microbiological
parameters listed in Table 4.3. Information from these tests was used for several

purposes. The hydraulic conductivity (or permeability) of the soil determines the ability

for liquid transport through the soil to deliver nutrients or oxygen to the saturated soils

and allow movement of microbes. As the hydraulic conductivity of a soil is directly

related to its texture (e.g. sandy soils generally have higher saturated conductivities
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4.4.3 Soil Column Study
Column studies were initiated to obtain information on the degradation potential of the
contaminants under conditions more indicative of field in-situ biotreatment than the
well-mixed reactors. The three bench-scale columns were designed to evaluate the
following parameters:

• Biodegradability of specific organic contaminants under subsurface
conditions,

• Presence of indigenous microorganisms, and
• Requirement for an external source of microorganisms

Each of the 3.5 inch diameter soil columns contained compacted screened soil
bounded by 3 to 4 inch upper and lower gravel beds. The reason that screened soils
were used in the soil columns was to have identical soils in both soil columns and
bioreactors so that results could be directly compared and correlated. The lower
gravel beds rested on a felt geotextile, which in turn rested on a plastic support with
drain holes. Figure 4.7 shows the three soil column setups. Each soil column was
packed using 10 pounds of wet screened soil compacted with a weight to a density
of approximately 150 Ibs./cubic foot. Tap water was introduced to the top of each
column to saturate the column and measure the column effluent rate. When a 4 inch

head of water did not produce effluent from any of the three columns, a vacuum was
applied to one column to force a flow. However, even with the applied vacuum,
column effluent was virtually non-existent.

<
As a result, a smaller column (1 inch diameter) was set up with loosely packed soil
to determine if water would flow under these conditions. A minimal water flow was
seen in this loosely packed soil column. The column was then backflushed and
allowed to settle to repack the soil. Again, no flow was observed from the column.

As it appeared that the soil density as well as fraction of fines in the soil was

significant enough to preclude sufficient water flow through the column for sampling,
the soil column study was discontinued. Although these results indicate that the
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5.0 RESULTS AND DISCUSSIONS

5.1 Pump-and-Treat with Non-spiked Groundwater
The treatability study was conducted on groundwater samples every two weeks
shipped from the Hagen Farm Superfund site. The study results are presented and

discussed in the following sections:

5.1.1 Groundwater Characterization
Table 5.1 shows the results of the initial characterization of the Hagen Farm

groundwater. Only the parameters with concentrations above detection limits are
discussed here. The COD value of 390 mg/L is much higher than the previously
reported value of 75 mg/L. The ammonia and phosphorus concentrations indicate that
phosphorus may be limiting if the groundwater is to be treated by a biological
treatment unit.

Metal results show that the high calcium (200mg/L), iron (27mg/L) and magnesium
(80mg/L) concentrations could cause plugging problems for air stripping, carbon
adsorption, and/or attached-growth biological processes if not properly removed. As
a result, pre-treatment for metal removal may be necessary. In an aerobic suspended-
growth biological unit, iron and manganese may be oxidized and precipitated, thus no

1 * pre-treatment may be required. However, if metals accumulate to high levels in the
reactor, then pretreatment may still be needed to ensure process stability.

IL
Only three VOCs were detected in the groundwater sample, which confirms the

[ 1 previous finding that'ethy(benzene, tetrahydrofuran and xylene (total) are of significant

quantity in the groundwater. All three compounds are highly biodegradable and
should be easily removed biologically.

5.1.2 Air Stripping

The analytical results of the bench-scale air stripping test are attached as Appendix

D and summarized in Table 5.2. Table 5.2 shows that only tetrahydrofuran (THF) and

5-1

n
u
u
u
I!

I!
IL
IL
IL
IL



[f
[f
ir
ii

II
U
II
II
II
Ii
II
r.
i
i

xylene (total) were of significant concentrations in the groundwater tested. In Table
5.2, 97% of xylene was stripped at an air/water ratio of 25 and 99.9% at a ratio of

150, whereas THF was only removed by 40% at an air/water ratio of 150. Figure 5.1

shows the VOC concentrations versus different air/water ratios. This test further
confirmed that soluble compounds, such as THF, cannot be stripped easily.

"' The presence of the soluble organic compounds, (e.g. THF}, makes it necessary to add
1 an additional treatment process after the air stripper, if air stripping is to be used.

~! However, these soluble organic compounds are fairly biodegradable arijd should be
"I easily removed by a biological unit, such as an activated sludge unit or/liquid phase

" GAC. A vapor-phase GAC adsorption or catalytic oxidation unit may be needed to

I I reduce VOC emissions and would raise the overall cost for the treatment.
Furthermore, the possibility of plugging by metal precipitates means that pre-treatment
may be required that could make this process less economical.

5.1.3 GAC Adsorption
A lab-scale GAC column was used to evaluate the GAC adsorption capacity for the
Hagen Farm groundwater. The GAC study was conducted to study the breakthrough

characteristics of contaminants of concern in the groundwater. The reactor design

was based on an empty bed contact time (EBCT) of 30 minutes and a total GAC
volume of 500 ml.

The test was designed to treat the Hagen Farm groundwater which had received no
pre-treatment. The test was terminated after only 1 day of operation because the

flow was severely restricted to half of its original rate in a day. It became apparent
that suspended solids or metals had plugged the GAC and reduced the reactor

capacity. Therefore, a pre-treatment unit would be needed to remove suspended
solids in a GAC column influent to preserve GAC adsorption capacity. The suspended

solids in the groundwater can be retained by a clarifier or a sand filter. Metal

precipitation would be required to remove the metals in the groundwater prior to the
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GAC unit.

A GAC pump test for the Hagen Farm groundwater was conducted previously by

Warzyn Inc., in December, 1990. Raw groundwater with no pre-treatment was used

for the test, which occurred over ten days. Results of the test showed that GAC can
effectively polish the groundwater and that the GAC adsorptive capacity for THF is
about 4.5 mg THF/g GAC.

Since the groundwater contains suspended solids and metals that plugged the GAC
column in the bench test, the test was repeated with groundwater pre-treated with
air oxidation and filtration. In addition, the filtered groundwater was spiked to ensure
that all contaminants were properly considered in the test. This test was completed

and the results of which are presented in Section 5.2.3 of this report.

5.1.4 Biological Treatment
A 6.4 liter bench-scale activated sludge reactor was used for the Hagen Farm

groundwater. The reactor was operated at a food-to-microorganism (F/M) ratio of

about 0.1 gCOD/gVSS-d. The solids retention time (SRTJ of the reactor was

controlled at 65 days.

Phosphorus was added for microbial nutritional requirements in the form of phosphoric

acid, which was also used to adjust the reactor pH to below 8.0. The reactor was

monitored daily for temperature, DO and pH. Influent and effluent CODs were
I
i measured every other day, while influent and effluent BODs were monitored once

every two weeks. Two sets of data shown in Table 5.3 were collected after the
!
] reactor reached steady-state operation.

BOD removals were over 92% with an effluent BOD of less than 4 mg/L indicating a

good system performance. TSS in the effluent was also very low in the single digit

range reflecting a well-operated high SRT system. Table 5.3 shows the good
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removals of VOCs and semi-VOCs. Two major compounds, THF and xylenes, were
removed to below detection limits.

Figure 5.2 shows data for the mixed liquor suspended solids (MLSS) and mixed liquor

volatile suspended solid (MLVSS). The MLSS increased from 6000 mg/L to about

16.000 mg/L, while MLVSS only increased by about 1000 mg/L. According to Figure
5.2, the rate of inert solids accumulation was about 270mg/L*day, which will interfere

with aeration if not controlled properly. The most likely source of these inert solids
are inorganic participates in influent, such as clay particles, and/or iron and
manganese precipitates. It is likely that a shorter SRT may reduce the solids build-up
in the reactor. However, the shorter SRT will result in a higher F/M ratio and
compromise the effluent quality. Consequently, a pre-treatment unit such as

coagulation, flocculation and clarification for efficient TSS removal, is recommended

prior to the activated sludge system. This pretreatment may also be used for metal
removal by adding pH chemicals such as lime and NaOH, or allowing for air oxidation

to induce metal precipitation.

5.1.5 UV/Chemical Oxidation
Two UV/peroxide tests were conducted on the Hagen Farm groundwater. The test

conditions for these 2 runs are shown in Table 5.4. In both tests, a peroxide dosage

of 500 mg/l was used. The reason that this dosage was selected was that oxidation
of organics only improved lightly with a dosage about 500 mg/l. In Test 2, pH was

adjusted to 5 and ferrous ammonium sulfate was added as a catalyst at a dosage of
i

3.6 mg/l as Fe to promote oxidation reaction.

The data are summarized in Table 5.5. The analytical results show that none of the
59 VOCs and 78 semi-VOCs analyzed were above detection limits and only acetone

and bio(2-thylhexyl) phthalate were detected in the treated effluent. These values are

inconsistent with previous work and with the characterization results from the two

UV/peroxide system vendors who had detected a high level of THF and xylenes in the
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Hagen Farm groundwater samples. After careful evaluation, it is deemed that the
description of these results is probably a result of laboratory errors and the analytical
data will not be used.

The data from vendors show that UV/peroxide oxidation of THF and xylenes were
feasible. These results are summarized in Table 5.6. The test conditions to achieve
these results included pre-filtration of the groundwater and UV/oxidation at a pH of
5.0 with a H202 concentration of 200 mg/l. It also showed that there was very little
benefit to using catalyst. These operating conditions will be used for sizing a full
scale UV/peroxide system and for developing cost estimates for a UV/peroxide system
for comparisons with other treatment technologies in Chapter 6.

5.1.6 Metal Removal
Metal precipitation tests were conducted with sodium hydroxide and lime. The test
was performed with sodium hydroxide using a jar test apparatus. Table 5.4
summarizes the test results at various hydroxide dosages and indicates that iron and
manganese can be removed to acceptable levels at pHs between 8.4 and 9.3. Since
sodium hydroxide is more costly, the test was repeated with lime (see Table 5.5).
Table 5.5 shows comparable results for iron and manganese in the pH range tested.

Based on the test results, a metal precipitation process operated with lime addition to

pH 9 or above should sufficiently remove inorganics such as Fe and Mn (and other
metals) as well as inert solids from the groundwater and prevent them from

contributing to the iriert solids build up, or plugging problems.

An air oxidation test was also conducted to evaluate the feasibility of simple aeration
to oxidize Fe*2 to Fe*3 which can then be removed by precipitation and/or filtration.
Thus, samples were taken over the aeration time of 120 minutes for iron analysis and

the results are shown in Figure 5.3. The results show that at least 60 minutes of

aeration time would be required to oxidize and remove over 25 mg/L of Fe to below

5-5



3 mg/L.

5.1.7 Non-Spiked Groundwater TreatabiNty Study Summary

The experimental results can be summarized as follows:

1. Results of Initial characterization of Hagen Farm groundwater show that THF,
xylenes and ethylbenzene are detected in significant concentrations. In
addition, iron and manganese are the two metals which have high

concentrations and may cause difficulties for subsequent treatment processes.

2. Air stripping alone cannot remove the major contaminant, THF, and thus is not

a preferred process in Hagen Farm groundwater treatment without additional

treatment processes.

3. Due to the solid plugging problem, GAC column testing was stopped prior to
test completion. A separate test involving air oxidation and clarification
pretreatment followed by GAC column adsorption for the spiked groundwater

was subsequently conducted. The results of this second test are presented in

Section 5.2.3 of this report. A previous treatability study showed that the

adsorptive capacity of GAC is about 4.5 mg THF/g GAC, which is a relatively

low adsorption capacity for organics.

4. An activated sludge unit which was operated at 0.1 gCOD/gVSS-d (65 days
SRTJ removed most organics from the Hagen Farm groundwater. BOD and TSS
values in the'effluent were consistently less than 10 mg/L indicating good

operation and good performance. However, inert solids appeared to

accumulate in the reactor and they may hamper the treatment operation in the

long run. Thus, a pre-treatment unit to precipitate metals, (mainly Fe and Mn),

and TSS is required.
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conducted with lime, iron and manganese were removed to low levels. In
addition, arsenic and barium were both removed to satisfactory concentrations.

Air oxidation induced precipitation also performed well on Hagen Farm
groundwater.

5.2 Pump-and-Treat with Spiked Groundwater

The treatability study was repeated with Hagen Farm groundwater spiked with various
organics at concentrations listed in Table 4.2. The purpose of spiking was to simulate
the worst case scenario of the groundwater chemical constituent concentration. The

results are presented and discussed in the following sections.

5.2.1 Spiked Groundwater Characterization

The Hagen Farm groundwater was spiked using concentrated stock solution prior to

the treatability testing. Groundwater concentrations before and after the spike are
listed in Table 5.9 for compounds of concern. Table 5.9 shows the similar
concentrations for both the target and the actual measurements. It also shows the

difficulties of spiking to low levels, because the detection limits of several compounds
are higher than the added concentration. In addition, the volatile nature of some

compounds made emission losses unavoidable during the preparation process.

5.2.2 Air Stripping

The analytical results of the spiked air stripping test are summarized in Table 5.10.
THF was present at high concentrations. Unlike the previous (unspiked) test, MEK

was also present in significant concentrations. Even at an air/water ratio of 150, THF

and MEK were only partially removed, confirming that air stripping cannot adequately
remove soluble VOC's such as THF and ketones from the Hagen Farm groundwater.

Figure 5.4 shows the THF and MEK concentrations in the effluent of the air stripping

test using spiked groundwater. Concentrations of both organics decreased at the

beginning and stabilized after 60 minutes of operation. Results of this test show the
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same trend as those of the tests conducted with non-spiked groundwater.

5.2.3 GAC Adsorption

Prior to the GAC adsorption test, the groundwater was pretreated with air oxidation

to remove iron in order to minimize the plugging problem previously encountered in
the unspiked GAC tests. Groundwater samples were aerated for four hours and

followed by settling to remove the solids which eliminated the potential for GAC
column clogging. <

The results of the GAC test are shown in Table 5.11. the results show that THF was
the only VOC and bis{2-ethylhexyl) phthalate the only semi-VOC detected in the

effluent. Bis(2-ethylhexyl)phthalate appeared to be non-adsorbable since there was

an immediate breakthrough of this organics in the carbon column. Therefore, GAC

might not be suitable for the groundwater if bis (2-ethylhexyl) phthalate concentration

is present above the discharge limit.

The breakthrough curve for THF is plotted in Figure 5.5. The corresponding THF
I I adsorptive capacity for GAC is calculated to be 19 mg THF/g GAC at an influent

concentration of 55,000 //g/l. The THF adsorption capacity determined in this study,

I — along with the value of 4.5 mg THF/g GAC for an influent of 18,500//g/l, determined

in the previous pump test study, will be used to design a GAC adsorber. A value of
I L 10 mg THF/g GAC will be used for the design of the GAC system for Hagen Farm

groundwater. Since the adsorptive capacity of GAC increases linearly with the
LL influent THF concentration, 10 mg THF/g GAC is selected for the process design.

This value is an estimate interpolated from the two experimental values.ii
a
i
i
i

5.2.4 Biological Treatment
The bench-scale activated sludge reactor was operated with spiked groundwater for

over one month under the same conditions as those for the non-spiked groundwater.

After achieving steady-state, two sets of samples were collected. The results of this
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test are summarized in Table 5.12. The results were very similar to the non-spiked
test: BOD concentrations in the effluent were tower than 5 mg/l, indicating good

treatment efficiency. No VOCs were detected in the effluent, and bis(2-ethylhexyl)
phthalate was the only semi-VOC detected in the effluent. However, the phthalate

concentration was very low.

IT
ir
ir

The biological sludge was not characterized for TCLP compounds. However, the full-

F scale treatment system design was based on the assumption that the sludge was
hazardous.r
5.2.5 Spiked Groundwater Treatability Study Summary

I The experimental results can be summarized as follows:

1 . The spiked concentrations were fairly close to the target concentrations for the

I [ Hagen Farm groundwater.

2. The air stripping test confirmed the previous findings that soluble VOC's such
1 1 as tetrahydrofuran and methyl ethyl ketone are not very strippable. Thus, air

_ stripping is not a preferred process for treating Hagen Farm groundwater

I"
without additional treatment processes.

, 3. The GAC column study showed that the adsorption capacity of GAC for THF
I _ - is low at a high concentration. The study confirms our previous results for non-

, spiked groundwater. Bis(2-ethylhexyl)phthalate was found to be non-
L adsorbable even at a low concentration (10 /sg/L or less).

i 4. The activated sludge study for the spiked groundwater resulted in BOD

I concentration of less than 5 mg/L and TSS less than 1 0 mg/L, indicating a very

good process performance.

5.2.6 Groundwater Treatability Study Conclusions

Based on the results from both studies, four possible treatment trains can properly

treat the Hagen Farm groundwater. They are as follows:

1. Metal Precipitation + Air Stripping + GAC Adsorption
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2. Metal Precipitation + GAC Adsorption

3. Metal Precipitation + Activated Sludge

4. Metal Precipitation + UV/Chemical Oxidation

The cost analysis for these three options will be discussed in Chapter 6 of this report.

Actual water quality of extracted groundwater during full-scale operation may be less
contaminated than the water sample used in the treatability study, because
groundwater will be collected over a much larger area having lower concentrations of
certain compounds than were observed at monitoring well MW22. The actual water

quality and treatment costs will determine which treatment train to choose and if
individual unit processes, such as metal precipitation, are necessary.

5.3 In-situ Bioremediation

5.3.1 Soil Characterization
Physical Characteristics

Laboratory hydraulic conductivity (permeability) studies were conducted at the Geneva
Research Center to estimate the permeability of soil from the Hagen Farm site which
was used in the column studies. Measurements were obtained in triplicate for the

screened Hagen Farm soil using the triaxial-cell method with backpressure (SW-846

Method 9100, Section 2.8). The data tables for the three hydraulic conductivity
measurements are attached in Appendix E.

The hydraulic conductivity of the screened soil as determined by this method was in
i

the range of 10~4 cm/sec. This range is within the range of values for unconsolidated

deposits such as glacial till, silty sand and silt (loess)1. However, it is an order of

magnitude lower than the average of the values for the 18 wells at the Hagen Farm

Site by Warzyn Inc. in March, 1989 (compare 1 x 10'4 cm/sec to the average value

freeze, R. Allan and John A. Cherry. Groundwater. Prentice-Hall, Inc.,
Englewood Cliffs, NJ, 1979. p 29.
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of 4.1 x 10*3 cm/sec). The screening of the soil sample to remove coarse pebbles
larger than 1/4" during the study might have impacted the permeability since the lab

soil columns did not produce effluent at a permeability in the 10"4 cm/sec range.
Normally a permeability value of approximately 10'3 cm/sec is conducive to in-situ

bioremediation. It is recommended that field hydraulic conductivities be performed as
part of any in-situ field bioremediation studies.

The average bulk density of the soil used in the triaxial cells was measured at 2.12

g/cm3 (132 Ibs/ft3). This value is comparable to the earlier density value of 150 Ibs/ft3

to which the soils were compacted in the columns (see Section 4.3.3).

11 A combined sieve/hydrometer analysis was performed on the soil using ASTM D-422

procedure for particle size analysis of soils (see Appendix F). Particle size sieving was
11 used to determine the percentage of gravel, the various sand fractions and a combined

silt/clay fraction. The hydrometer analysis was used to determine the separate

11 percentages of sand, silt and clay. Sieve size was chosen based on the United States

Department of Agriculture (USDA) soil particle classification. Approximately 83

11 percent of the soil was sand and gravel, 14 percent was silt, and 3 percent was clay,

which classifies the soil as a loamy sand based on the USDA soil texture triangle

I - classification. This again is an indication of the good potential for in-situ
bioremediation application at the Hagen Farm Site.

Table 5.13 summarizes the results discussed above for soil characterization.
i

Chemical Characteristics

The soil sample received at the Geneva Research Center (GRCJ from the Hagen farm

site was collected from bore hole BTB-1 at depths of 10 to 30 feet by Warzyn Inc.
As previously noted in Section 3.2, the sampling methodology did not require the

retention of volatile constituents of concern in the sample, as the feasibility of in-situ

biodegradation is governed by the slower degradation rates of more recalcitant and
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generally less water soluble, less volatile organic compounds.

The screened soil sample was characterized for the 126 compounds in the Target

Compound List. Analytical results for the compounds detected in the screened soil
sample are presented in Table 5.14. These results show there is little or no detectable
concentrations of insoluble and recalcitrant organics in the original screened soil

sample; all organic parameters except for acetone (measured at 70 //g/kg wet
weight basis) and bis (2-ethylhexyl) phthalate (measured at 360 ug/kg wet weight
basis) were below detection limits. However, this single sample should not be
considered as representative of site soils. A more comprehensive soil survey may be

performed to determine soil contaminants and concentration levels in the saturated
zone. Some heavy metals were present in the soil, however, as discussed in later
sections, no metal toxicity was seen during the bioreactor study. Unfortunately, due

to the time constraint of the study, both the soil biodegradation study and the column

study were initiated before the results of the original soil concentrations were

available.

Microbiological Enumeration

Microbial populations need to be monitored to see the effect of oxygen source and
nutrient addition on indigenous and supplemental microorganisms. With sufficient

nutrient and oxygen, the heterotrophic population should respond to available

substrate(s). These substrates can include organic compounds on the Target
Compound List (TCU, as well as existing biodegradable soil organic matter such as

sugars or proteins. 'As there was very little or no contamination of the soil with

compounds on the TCL, total heterotrophs (aerobic and facultative anaerobic
microorganisms which can degrade a wide variety of organics) were analyzed to

determine the general bacterial population density. Results of a total heterotrophic

plate count on the original soil sample collected in the saturated zone at a 10 - 30 foot
depth showed there to be some microbiological activity in the soils for oxygen-utilizing

bacteria. The total plate count was 1.6 x 10s cfu/g dry soil. There appears to be a
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significant bacterial population in the soil sample collected from the Hagen Farm site
at a level comparable to literature values for population densities found in several
shallow water table aquifers2.

5.3.2 Soil Biodegradation Study

The four soil bioreactors were set up, monitored and sampled as detailed in Section
4.3.2. Monitoring and sampling were discontinued after 30 days when the results
showed little or no biological activity in the reactors. Reactor conditions are
summarized in a schematic in Figure 4.5 and operating parameters are listed in Table

4.3. The following Is a presentation and discussion of the results of the soil
biodegradation study.

Organic Removal Efficiency

The analytical results of the performance of the soil bioreactors for contaminant

removal are given in Table 5.15 (soils) and 5.16 (liquids) (see also Appendices G and
H for detailed results). As with the initial soil sample, the liquid and soil samples from

the bioreactors for both sampling events showed there to be little or no existing
organic contamination. Total VOC and Semi-VOC's were less than 500//g/kg initially

in the reactor. After 12 days of operation, the first sample indicated little or no
organics left.

The TOCs for the soil fractions sampled on Day 12 were substantially less than that
of the initial values, indicating some degradation activity (see Figures 5.6 through 5.9

for Reactors 1, 2, 3,'and 4, respectively). The TOC of Reactor 4 was substantially

lower (3,800 mg/L as compared to 31,000); it also had the highest OURs during the

study. Variability in the Day 12 TOC values for Reactors 1, 2, and 3 may be a result
of inadvertent nonhomogenization of the soil during the sampling event.

2Canter, L. W. and R. C. Knox. Ground Water Pollution Control. Lewis Publishers,
Inc., Chelsea, Ml, 1985. p 130.
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Low levels of some heavy metals were detected in the samples (As, Cr, Cuf Pb, Hg,
and Zn). However, these did not appear to impact the existing microbial population
in the original soil sample or in the bioreactors.

Oxygen Uptake Rate

The oxygen uptake rate (OUR), as determined from dissolved oxygen measurements,

provides a quick and valuable indication of biological activity and hence biodegradation

rates. Dissolved oxygen levels were measured on days 8, 16, 25, and 32 for all four
reactors (see Figure 5.10 for Day 8 results and Appendix I for figures showing Day
16, 25, and 32 results). The data from the dissolved oxygen levels for these four

days were used to calculate the oxygen uptake rates for each of the reactors (see
Figure 5.11). The OURs approached zero for Reactors 1 and 2 during these four

periods. The OUR for Reactor 3 (which received air and microbes) was 0.6 mg

O2/L/hr on the first day and decreased to zero for the remainder of the study. The

OUR for Reactor 4 (which received H202 and microbes) had the highest values of all

four reactors throughout the study, indicating the highest biological activity.

Microbiological Enumeration

This study was designed to evaluate the effects on biodegradation rate(s) of oxygen

! source and nutrient addition for indigenous and supplemental microorganisms. With

sufficient nutrient and oxygen, indigenous heterotrophic populations may increase in

size in response to available substrate(s). Limitations to a sustained population

increase are generally the presence of toxic compounds (e.g., heavy metals, very high
levels of substrate, (or production of a toxic metabolite). However, the rate of

population increase of indigenous microorganisms may be sufficiently slow to warrant

an initial addition of supplemental microorganisms which can utilize existing

substrate(s).
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Microbiological enumerations were done on the initial soil sample, as well as on initial

and Days 12 and 26 soils and liquids for all four reactors. Figures 5.12 through 5.15
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1. The saturated soil sample received for treatability studies was not contaminated

T with compounds on the Target Compound List, This soil sample may or may

not be representative of on-site soils since the spit samples were screened

I through 1/4" mesh to remove coarse gravel for the soil bioreactor study. A
comprehensive survey/characterization of saturated soils may be performed to

Ij determine the contamination profile, strength, location and other

characteristics.
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show the results of the combined bacterial enumeration/ml of soil slurry for Reactors
1-4, respectively.

In summary, the bacterial population densities for those reactors which had not

received supplemental microorganisms (Reactors 1 and 2) decreased or remained the

same from initial levels after 26 days of operation. However, the bacterial densities

increased significantly for those reactors which received supplemental microorganisms

(Reactors 3 and 4). The bacterial counts for Reactor 3 and 4 by Day 26 of the study

were 1 to 3 x 1010 as-compared to 2 to 3 x 109 for R1 and R2, a tenfold increase.
The results supported the previous OUR data that supplemental microorganisms would
be required to promote the biological activity for Hagen Farm saturated soils. They

also indicated that very little difference in oxygen source, (air or H202) on bacterial

growth.

5.3.3 Soil Treatability Summary

The following conclusions can be drawn regarding the feasibility of in-situ

biodegradation of organic contamination in Hagen Farm soils:

2. If the saturated soils are contaminated, then bioremediation is a potential on-

site treatment method based on the following observations: the OUR was high

for the reactor receiving microbial supplement; there is sufficient TOG in the

soils to support the growth of microorganisms; contaminants currently found
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at the site are biodegradable; and there was no metal toxicity observed for the
sample tested.

3. If in-situ bioremediation is selected, results from the TOC degradation, oxygen

uptake rates and bacterial enumeration indicate that supplemental
microorganisms may enhance the biological activity in Hagen Farm saturated
soils.

4. The low flow rates found in the soil column test indicate that laboratory column
studies for these soils will not provide information for an evaluation of the
biodegradability of the organic compounds. On-site field tests could be
performed in order to evaluate the permeabilities of the subsurface materials.

U 5. Field in-situ biodegradation studies are needed if this option is selected as an

alternative for site remediation. If a groundwater pump-and-treat system (with
11 on-site biological treatment units) is installed, the effluent from the biological
*- treatment units could serve as an influent for an in-situ field bioremediation

I test. The effluent would also provide acclimated microorganisms for a

supplemental source of organisms.i
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6.0 CONCEPTUAL PROCESS DESIGN/ECONOMICS

6.1 Groundwater Treatment

Section 5.1 listed four alternatives for successful treatment of Hagen Farm
groundwater:

Option 1: Metals Precipitation + Air Stripping + GAC Adsorption
Option 2: Metals Precipitation + GAC Adsorption
Option 3: Metals Precipitation + Activated Sludge

Option 4: Metals Precipitation + UV/Chemical Oxidation

This section describes these alternatives in greater detail and provides estimates on
construction and operating costs for the various alternatives. Table 6.1 lists the basis
for design for all treatment options. The design flow of 100 gpm is based on
preliminary results of the pumping test conducted by Warzyn Inc., and is intended for

cost comparison purposes among different treatment options.

u
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6.1.1 Option 1: Metal Precipitation (Lime Precipitation) + Air Stripping + GAC

I Adsorption

The process flow sheet for this option is given in Figure 6.1. The process consists

I of pumping groundwater from recovery wells into a mixed equalization tank. The

groundwater is pumped to a metals precipitation tank where lime is added to raise the

I pH. Lime precipitation is necessary to remove calcium and magnesium in the

groundwater to prevent seating. The groundwater, which has polymer flocculant

injected into it, is then pumped into a clarifier to settle the inert suspended solids and
metal precipitates. Hydrochloric acid is then added to lower the groundwater pH. The

li. clarified liquid passes into an air stripper which utilizes vapor phase carbon, and then

into GAC columns. The effluent is pumped into a holding tank and is ultimately
1 reinjected into the site via an injection well system. Sludge is dewatered prior to off-

site disposal in a filter press.
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The total installed capital cost for this treatment option (100 gpm) is $2,142,000 as
is indicated in Table 6.2. Table 6.3 provides an operating cost estimate. The total
operating cost is estimated to be $0.0169/gallon (which includes variable and fixed
costs).

6.1.2 Option 2: Metals Precipitation (Air Oxidation) + GAC Adsorption
The process flow sheet for this option is shown in Figure 6.2. The process consists
of pumping groundwater from recovery wells into a mixed equalization tank, which
also has aeration to oxidize and precipitate metals. . The groundwater which has
flocculant injected into it is then pumped into a flocculation chamber which flows into
a clarifier to settle the inert and metal suspended solids. The effluent from the metals/
solids removal is passed through GAC columns prior to discharge into a holding tank
with subsequent reinjection into the ground. The solids are dewatered prior to off-site
disposal.

The total installed capital facility cost for this option is $1,897,000 and these costs
are detailed in Table 6.2. As indicated in Table 6.3, the total operating cost is
$0.0158/gallon,

6.1.3 Option 3: Metals Precipitation (Air Oxidation) + Activated Sludge

The process flow sheet for the option utilizing activated sludge treatment of the
Hagen Farm groundwater is given in Figure 6.3. The flow train consists of
equalization and air oxidation/solids clarification (as previously described in Section

6.1.2), and aerobic biological treatment via the activated sludge process. The final
processed effluent would be pumped into a holding tank prior to reinjection into the
ground via a reinjection well system. The solids produced during treatment would be

dewatered on site using a filter press and sent off site for disposal.

I The total installed facility cost for this groundwater processing option would be

i
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6.1.5 Ground water Treatment Comparative Process Analysis

I! Table 6.4 summarizes the capital and total operating cost for the feasible treatment
alternatives for Hagen Farm groundwater. The Activated Sludge Process (ASP)f while

I -^ having the highest capital cost, has the lowest operating costs. The ASP option could
also provide necessary micro-organisms for in-situ soil bioremediation. It is, therefore,

the recommended treatment option for the Hagen Farm Site.

ii
ii
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L

$2,359,000, as indicated in Table 6.2. The total groundwater processing cost would
be $0.0119/gallon as indicated in Table 6.3.

6.1.4 Option 4: Metal Precipitation (Air Oxidation) + UV/Chemical Oxidation
The process flow sheet for the UV/chemical oxidation is shown in Figure 6.4. The
process flow train consists of the previously discussed equalization and air

oxidation/solids clarification, and UV/peroxide treatment. The process requires pH

adjustment of influent and effluent to the UV/peroxide process. The final processed
effluent would be pumped into an effluent holding tank prior to reinjection. The solids

produced during treatment would be dewatered on-site using a filter press and
disposed off site.

As indicated in Table 6.2, the total installed facility cost for this option is $514,000

while the total operating costs would be $0.0039/gallon as indicated in Table 6.3.

6.2 Field Demonstration of In-Situ Bioremediation

This section discusses the conceptual design for an in-situ bioremediation field

demonstration study for Hagen Farm site soils based on results from the soil

bioremediation study. The system design presented here is general in nature, as a

more detailed design incorporating injection wells/trenches and extraction wells would

need the following information (which is to be developed later during the RD/RA
phase):
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1. Nature and extent of soil contamination at the site;
2. Characterization of site geology and hydrogeology (to optimize the

location and type of injection system (e.g. shallow trench, well), and to
insure that this location will not be influenced by the of source control

measures); and
3. Installation of an above-ground contaminated groundwater pump-and-

treat system (which would serve as a source of water for the injection
wells). .

The in-situ field demonstration at the Hagen Farm site may consist of one;or two trials
to be done concurrently: one to test the feasibility of in-situ biodegradation using the

injection and recovery wells and the other as a control with no injection.

Alternatively, the pump and treat/reinjection system could be operated and monitored
without nutrient, oxygen or microorganisms for a control period. Then the nutrient,

oxygen or microorganisms could be added to the reinjection water while observing the

soil remediation effect. The advantages gained by the use of in-situ bioremediation

can then be defined after comparing the results from the study to the control.

6.2.1 Conceptual Design

I The in-situ bioremediation field study will involve reinjection of the effluent from the

above-ground groundwater pump and treat system. All or a portion of the treated
I effluent from the above-ground groundwater system could be used for reinjection.

The effluent would need to meet any applicable water quality standards for reinjection

II into a groundwater aquifer. Oxygen, in the form of hydrogen peroxide, and nutrients
(nitrogen and phosphorous) will be added to the effluent prior to reinjection to

|J_ stimulate aerobic microbial degradation. Results from the laboratory bioreactor

treatability studies indicate that supplemental microorganisms are probably required

U_ to enhance the biological activity in Hagen Farm saturated soils. However, addition

of commercial microorganisms may not be needed since the treated effluent will

LL contain microorganisms which have been acclimated to the contaminants in the
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groundwater.

6.2.2 Sampling and Monitoring
The injection/extraction system is expected to be operated while baseline and routine
monitoring of the subsurface soils and groundwater will be conducted to provide data
for evaluating the system's performance (e.g. contaminant reduction, nutrient
transport, biological activity) and to control its operation. The number of samples,

sampling frequency, and analytical requirements for both soils and groundwater will

be developed in the detailed design when site characterization data becomes available.
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7.0 CONCLUSIONS AND RECOMMENDATIONS

Based on the results of the treatability study and conceptual design developed in this
report, the following conclusions and recommendations are made for the Hagen Farm

site remediation:

7.1 Pump and Treat Remedial Alternative
1. Initial groundwater characterization indicated that three organic compounds

(THF, xylene and ethylbenzene) as well as eight metals (arsenic, barium, lead,

mercury, iron, manganese, magnesium and calcium) are a concern in the Hagen
Farm groundwater. Iron and manganese are of concern because of the
potential plugging of treatment processes such as air stripping and carbon
adsorption. Iron and manganese can be removed by either air oxidation or
metal precipitation. Calcium and magnesium are a concern because these
metals can cause scaling and plugging in the air stripping tower. They can be

removed by chemical precipitation only.

2. Based on initial analysis of potential groundwater treatment unit operations

considered in the treatability study, air stripping, granular activated carbon,

biological treatment using the activated sludge process and UV/peroxide
oxidation are the selected treatment candidates for organic treatment, while
conventional metal precipitation and air oxidation are the selected options for

metals treatment.

3. Treatability study results and subsequent conceptual design of the four
groundwater treatment options indicate that metals precipitation, followed by

biological treatment of the site contaminated groundwater is the recommended

groundwater remediation option because of its high treatment efficiency for
Hagen Farm groundwater and lower cost. The activated sludge process could

also provide acclimated supplemental microorganisms for in-situ bioremediation.

The installed cost of a 100 gpm facility is estimated at $2,359,000 with the

7-1
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7.2 In-Situ Bioremediation Alternative

1. The soil sample received for treatability studies was not contaminated with
compounds on the Target Compound List. Because of random variation,
sampling difficulties and the screening of the samples through 1/4" mesh to
remove coarse solids for bioreactor testing, the soil sample may not be
representative of site saturated zone soils. A comprehensive survey/
characterization of these soils may be performed to determine the extent of
contamination and need for remediation.

2. If the saturated zone soils are contaminated, then bioremediation has good

potential as an on-site treatment methodology based on the following
observations: the oxygen uptake rate (OUR) was high for the reactor receiving
microbial supplement; there is sufficient organic material in the soils to support
the growth of microorganisms; contaminants found at the site currently are
biodegradable; and testing performed indicated no evidence of metal toxicity.

f - 3. Field in-situ bioremediation studies would be the most optimum approach to
evaluate the combined effort of site characteristics. Including hydrogeology, soil

I profiles, and biodegradation and will be necessary to confirm laboratory results
* >

for Hagen Farm site.

L
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Mrvfet Locttfon
EMS HERITAGE LABORATORIES, INC.
1319 MARQUETTE DRIVE
RCMEOVILLE. IL 60441
{708)378-1600

lteafv«d
06-FEB-91

Campittt
22-FEB-91

^rlnt«d
22-FEB-91

L*b ID i
C127991 i
*0 Hutotr

WI. PROJECT-HAGEN...
swt«d

06-FEB-91 14:00 I

tvport To

CHEMICAL WASTE MANAGEMENT, INC
BILL LIU
GENEVA RESEARCH CENTER
1950 S 3ATAVIA AVENUE
GENEVA, IL 60134

mi TO
CHEMICAL WASTE MANAGEMENT, INC
ACCOUNTING
GENEVA RESEARCH CENTER
1950 S BATAVIA AVENUE
GENEVA, IL 60134

S*npti Dwerfptfon
PROJECT: STATE OF WISCONSIN PROJKT-HAGEN FARM
SAMPLE ID.: 026
DESCRIPTION: GW CHARACTERIZATION

CYANIDE TOTAL (AUTOMATED) SU846-9012
Prep: CYANIDE DISTILLATION SW846-9010

: 08*ru-»1 irwtniMflti AUTO-AMAUZEI Ttitl GlOt.4. 0

CYANIDE BDL
ftttult 0«r. Limit

0^25
units

roq/kq

PCB/PESTICIDE SCAN GC:ECO SW846-8080
Anal/ttl L. OOMIMI Analytic ffttf: 1S-fE»-»1 tnttnmnti
Prep: GC SEPARATORY FUNNEL LIQUID-LIQUID EXTRACTION SW846-3510

CMS.i. o

ALPHA-BHC
3ETA-BHC
OELTA-8HC
GAMMA-BHC (L1NDANE)
HEPTACHLOR
ALDRIN
HEPTACHLOR EPOXIDE
ENOOSULFAN I
DIELORIN
4,4'-ODE .
ENDRIN
ENDOSULFAN II
4,4'.ODD
ENDOSULFAN SULFATE
4(4'-DDT
METHOXYCHLOR
ENDRIN KETONE
ALPHA-CHLOROANE
GAMMA-CHLOROANE
TOXAPHENE
PCB AROCHLOR 1016
PCB AROCHLOR 1221
PCB AROCHLOR 1232
PC8 AROCHLOR 1242
PCB AROCHLOR 1248
PCBAROCHIQR 1254

Mrimtttr
BDL
BDL
BDL
BOL
801
BOL
BOL
BOL
BDL
BOL
BDL
BDL
BDL
BOL
BDL
BOL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BOL
BDL
BDL

D«t. Unit
0.00005
00005
.00005
00005
00005
00005

0.00005
0.00005

0001
0001
0001
0001
0001
0001
0001
0005
0001

Unlti
ntg/L

mg/L

0
0
0
0
0
0
0
0
0
0.0005
0.0005
0.001o.ooos
0.0005
0.0005
0.0005
0.0005
0.0010

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
jng/L
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PCS AROCHLOR 1260
DBC__

BDL
54

0*t. LUlt
0.0010

Unit*
»9/L
t Re?

6C SEPARATORY FUNNEL LIQUIO-LIQUIO EXTRACTION SW846-3510
K. aim _______ Afli'.ysd 0«*» n*f«-9t

MriMtur
INITIAL WEIGHT OR VOLUME
FINAL VOLUME

990

CYANIDE DISTILLATION SW846-9010
*r\ily»ti P. JOtiM Anilyill Otm

INITIAL WEIGHT OR VOLUME
FINAL VOLUME

Tnt: »O3.t. Q
D*t. Limit Unit*

nL
mL

Ttttt HOI,4. 0

10
250

RMUtf Dec. Li «<t

(

Unfti
Grans
mL

MERCURY CVAA ACID DIGESTION OF AQUEOUS SAMPLES SW84S-7470
Vulyiti J. UMC Afulytt* Otetf 11-FH-91

INITIAL WEIGHT OR VOLUME
fINAL VOLUME_____

100
100

Result

MERCURY CVAA SW846-7470
Arulyiti J. WAM Antlyift Oitt: 13*FCI-91 [nitruntflt: CVM
Prep: MERCURY CVAA ACID DIGESTION OF AQUEOUS SAMPLES 5W846-7470

JOCURY
Perantttr

BDL
MlUtt

fiFAA ACID DIGESTION OF AQUEOUS SAMPLES SW846-3020
Antlym I. HAHN_____ _________AnttyHi

INITIAL WEIGHT OR VOLUME* "
FINAL WEIGHT OR VOLUME ____

ARSENIC GFAA SW846-7060
Antlyiti W. UATnt$t *n*[yilj datti 13-FH-91 ImtruiWitt 6FAA
Prep: GFAA ACID DIGESTION OF AQUEOUS SAMPLES SW846-3020

ARSENIC
Pirvnttcr

0.036
•wult

SELENIUM GFAA SW846-7740
0«U:. . .Prep: GFAA ACID DIGESTION OF AQUEOUS SAMPLES SW846-3020

SELENIUM 8DL
Rttuie

FAA OR ICP ACID DIGESTION OF AQUEOUS SAMPLES SW846-3005 '
*. 3 ATT HO *Mly«it P«tti OP-Mi*91

INITIAL WEIGHT OR VOLUME*
FINAL WEIGHT OR VOLUME

50
5Q_

RHulC

T«iti .«. 0
Ott. Ll*fC Unftt ,

nL 1
mL

TMti Ml20.1. 0

0*t* I(Hit
0.0005

Unfti
mQ/L

0*t«i I2-FE»-»1 T**«t P130.A. 0
• RttUlt

50
50

Stt. Lfflft Unltl
mL
mL

rttt: M10S.2. 1

0«t.
0.010

r«ti .], e

Btc. Ifntt
0.0050

Untci

flJO.4. 0
6tt. Llalt

fflL
mL

Unlti
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cna ncKii*ac ^Dun*tvni»i inu. (.

ALUMINUM ICP SW846-60IO
Analytti M. 4AO Arwlytti 0«tti 12-FCI-9t tntrruMnti ICP
Prep: FAA OR ICP ACID DIGESTION OF AQUEOUS SAMPLES SWS46-3005

Ptrweter IMUU
ALUMINUM 8DL

AKTINONY ICP SW846-6010
Aft* 1 yt c i N. JAO Analytf* Oitu 12-FCI-91 tMtrunnt: ICP
Prep: FAA OR ICP ACIO DIGESTION OF ACUEOUS SAMPLES SW846-3005

Par«wctr iMUtt
ANTIMONY BDL

BERYLLIUM ICP SH846-60IO
Analytt: H. JAO Analysts D»«i 13-Hi-tt Imtrunnti tCP
Prep: FAA OR ICP ACID DIGESTION OF AQUEOUS SAMPLES SW846-3005

Pirtmtctr l««ult
.BEfiYLLIUM • BDL

1 BARIUM ICP SW346-6010
Antlytti N. JAO An»tyt(« Otttr 12-UI*91 tftttruMnt: ICP

Prep: FAA OR ICP ACID DIGESTION OF AQUEOUS SAMPLES SW846-3C05
Pirornetcr tttult

BARIUM 0.49

CADMIUM ICP SW848-6010
AMlytti N. JAO Anilyvfi Ott*i tt-Flt-91 Imtruntnc: ICP
Prep: FAA OR ICP ACID DIGESTION OF AQUEOUS SAMPLES SW846-3005

Poramrttr Ritult
CADMIUM BDL

CALCIUM ICP 3W846-6010
Anal/ft: It. JAO Anilysft Oitti 1Z-W-9! fnttnmnti ICP
Prep: FAA OR ICP ACIO DIGESTION OF AQUEOUS SAMPLES SV345-3005

CALCIUM 200
1 CHROMIUM ICP SW846-0010

Anclyttt » • JAO AnitriU Ditti 12-fEI-»1 IrvtriMnti ICP
Prep: FAA OR ICP ACID DIGESTION OF AQUEOUS SAMPLES SW846-3003

PtrMtttr RtftUlt
CHROMIUM BOL

COBALT ICP SVS46-6010
Amtrsr: M. JAO AnalytU Dftti U-F||.«I imtnMACt ICP

Prep: FAA OR ICP ACID DIGESTION OF AQUEOUS SAMPLES SW846-3005
PtrMMUr iMUlt

COBALT BDL

COPPER ICP SV840-6010
Arvlycti N. JAO Anilyift 0«<ti 12-FII-91 tmtnjwrK: ICP
Prep: FAA CR ICP ACID DIGESTION OF AQUEOUS SAMPLES SW846-3005

Parwutif Itwilt
COPPER BDL

i ——————

ao 5anpit I

lot: M101.J.

0«t. Ifalt
0.050

Ttst: «i 02. 3.

0«t. L'lft
0.030

Tut: Ml 05. 3.

0*t. Llntt
0.0050

TnCi H104.S.

0«t. limit
0.010

Ttftti HIM. 3.

P«t. limit
0.0050

): C127991

0

unftt
mo/L

0

Unit*
ng/L

0

Unlti
mq/L

0

i

t

Unit*
ma/L

0

Unfa
(K/L

TMtt N109.3.

Dtt. IfHtt
0.20

Twt: M110.3.

0*t. LUtt
0.010

0

mq/L

0

unlti
mq/L

T««t: N111.3.

Dtt. Haft
0.010

0

Unit*
mq/L

T«t( M112.3.

0«. llatt
0.020

0

Unlu
mq/L
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IRON ICP SW846-6010
Mtlytci M. JAO Arvtyi'i 0«c*i 12-FCI-91 IrwtMJienti IW

Prep: FAA OR ICP ACID DIGESTION OF AQUEOUS SAMPLES SV846-3005
Pirntttr

IRON
•MUtt

27.

LEAD ICP SW846-60IO
frwlyttt M. JAO Analy»fs 6«« ta-FCI-M Initruĵ ntl ICP
Prep: FAA OR ICP ACID DIGESTION OF AQUEOUS SAMPLES SW846-3005

*ar«n»t«r
LEAD

Awytt
JDL

Ttttl HtlS.J.

Ott. tl«U
0.020

T«t! H116.I.

0«c. Ltnlt
O.QSO

HA6NESIUH ICP SW846-6010
Antiytti H. JAO Vtitytfi Oitti 12-FCI-91 Inttmnvntt Iff

Prep: FAA OR ICP ACID DIGESTION Of AQUEOUS SAMPLES SW846-3005
Paramttr

MAGNESIUM
»t»yLt

80*

MANGANESE ICP SW846-6010
AfWtyttt N. JAO Arutyiff D«tti 12-rtl-9l Intcnmntt IC^
Prep; FAA OR ICP ACID DIGESTION OF AQUEOUS SAMPLES SW846-3C05

PirmiTcr
WNGANESE

ftmult
0.077

NICKEL ICP 5Va46*6010
Vwlxiti H. JAO ArtilyiU OiU: 12-FII-91 fnttruivnc: IC^
Prep: FAA OR ICP ACID DIGESTION OF AQUEOUS SAMPLES SW846-300S

rVamtttr
NICKEL

RMbU
0.033

POTASSIUM ICP SH845-6010
A«tr»ti H. JAO Anilyvlt Dtttt 12-FCI-91 rmtruntntt 19
Prep: FAA OR ICP ACID DIGESTION OF AQUEOUS SAMPLES SW845-3005

»«r«r»ttr
POTASSIUM

ft mi It
21.

SILVER ICP SW846-6010
Aiwlr»t: H. JAO Aruly«U D«t«: 12-PII-91 inttnmnti l&
Prep: FAA OR ICP ACID DIGESTION OF AQUEOUS SAMPLES SU346-3005

PirMiet*r
SILVER

RMUlt

BDL

T«ftli "111.3.

D«r. ifaft
0.20

0

unlti
ma/L :

0 •

oniti .
mo/L

0

Unftt
mo/L

Tot: N119.3.

Oct. ll«lt
0.010

r««ti N122.3.

8«t. Unit
0.010

Tttti K1W.3,

9tt. Limit
0.20

0

Unfu
iwj/L

0

unit*,
ma/L

0

Cnfti
ma/L

f«t: H130.3.

Oct. LtflU
0.010

0

Units
fra/L

SODIUM ICP SV846-6010
AMty«t: «. JAO Anatysft D«tt: 12-Pf|.«1 irwtnmnci tW
Prep: FAA OR ICP ACID DIGESTION OF AQUEOUS SAMPLES SW846-3005

PiruBttr
SODIUM

Uwll
38.

THALLIUM ICP SH840-6010
AMlrtt: M. JAO Aralyifi DIM: 1Z-FH-91 InttnmMC: IV
Prep: FAA OR ICP ACID DIGESTION OF AQUEOUS SAMPLES SW846-3005

Mr«h«ttr
THALLIUM ««utt

BDL

Twt: N13U3.

Btt. LitU
0.20

TMtf N134.3.

0«t. Unit
0.30

0

Unit!
mq/L

0

Unlti
ma/L
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VANADIUM ICP SH846-6010 " ———————
Arwtytti N. JAO An«ty«U 0*m 12-FEI-91 tnamiMnti ICP Tt*tt N1U.S. a
Prep: FAA OR ICP ACID DIGESTION OF AQUEOUS SAMPLES SW846-300S

PariiWMr
VANADIUM

Xt*ult
BDL

0«C. Unit
0.010

Unlti 1
ma/L

ZINC ICP SW846-6010
*Miy«: M. ,-AO Amtytff Dttt: 12- '(I -91 tnitnmntt 1CF Tt*t: H139.J. 0
Prep: fAA OR ICP ACIO DIGESTION OF AQUEOUS SAMPLES SW846-3005

fanntttr
JLLNC

ftttult
JJ.036

Ote. u*tt
... . 0.020

Units •
fflfl/L

ALCOHOLS BY SC:FID SU846-8015
Anitytti 4, JHITW Analyst! 0»t*i lfl-FEI-91 (nstruMnf i 8C/F10 Tttt: OA90.0. 9 :

^•rmetr
ISOBUTYL ALCOHOL
METHANOL •
N-BUTYL ALCOHOL
CYCLOHEXANONE

IHUU
301
BOL
BDL
BOL '

ott. iuit
5.0
0.5
5.0
0.5

UAft*

mg/L
n»9/L
n»g/L }
ma/L i

VOLATILE ORQAMICS 5W846-8240 ;
AMlytct «. SHARP Antly«l« D«t«i 1tf-»l-91 Inttnaunt: fiC/Ht VM Ttm 0510.1. 0 !

Pirmcer
ACETONE
BENZENE
BRCHOOICHLOROHETHANE
BRCMOFORM

i BRCMOMETHANE
CARBON DISULFIDE
CARBON TETRACHLORIDE
CHLOROBENZENE

; CHLOROETHANE
! CHLOROFORM

CHLOROHETHANE
! DIBROMOCHLOROMETHANE

CIS-1 ,3-OICHLOROPROPENE
1,1-DICHLOROETHANE
1,2-OICHLOROETHANE
1,1-DICHLOROETHENE
1,2-OICHLOROPROPANE
ETHYLBENZENE
2-HEXANONE
METHYLENE CHLORIDE
METHYL ETHYL KETONE
4-METHYL-2-PENTANONE
STYRENE
1,1,2,2-TETRACHLOROmANE
TETRACHLOROETHENE
TETRAHYOROFURAN
TOLUENE
1,2-OICHLOROETHENE (TOTAL)
TRANS-1.3-OICHLOROPROPENE
1,1,1-TRICHLOROETHANE
1.I.2-TRICHLOROETHANE
TRICHLOROETHENE
VINYL ACETATE
VINYL CHLORIDE
XYLENE f TOTAL)

•Mult

BDL
BOL
BDL
BOL
BDL
BOL
BDL
BOL
BOL
BDL
BDL
BDL
BDL
BOL
BOL
BDL
BDL
3200
BDL
BDL
BOL
BDL
BDL
BDL
BDL
65000
BDL
BDL
BDL
BOL
BOL
BOL
BDL
BDL
20000

0«t. LI Bit
2000
500
500
500

1COO
500
500
SCO

1000
500

1000
500
500
500
500
500
500
500

1000
500

1000
1000

500
500
500

2500
500
500
500
500
500
500

1000
1000

500

Urtlu
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L-
ug/L
ug/L
ug/Lug/L
ug/L
ug/L
ug/L 1
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ua/L
Page 5
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EMS HERITAGE LABORATORIES, INC. Lab SanpT* ID: C127991
»«r«Mt«r

SURROGATE RECOVERY

DICHLOROETHANE-04
TOLUENE-08
6RONOFLUOR03ENZENE

ALSO DETECTED

ETHYL ETHER

IMUlt

101
101
96

BDL

Ott. linfc

s

units
1

% Rec
% Rec
X Rec I

uq/L

GC/NS SEPARATOftY FUNNEL LIQUID-LIQUID EXTRACTION SW846-3510
Anslysti C. CfgSIClSKl AntlytU Oatti 07-HM1 r«t: M33.*. 0

Mrwettr
INITIAL WEIGHT OR VOLUME
FINAL VOLUME

••suit
965
1

Ott. l'»1l Units i
nL
nL

SEMI-VOLATILE ORGANICS (BASE/NEUTRAL ACID FRACTIONS) SV846-8270
Afltlyit! A. BRACIUftN Anstytd Ottt: 08-m-tl rratrunenlt 8C/XS SVQA Twti 0909.3. 0

Prep: GC/HS SEPARATORY FUNNEL LIQUID-LIQUID EXTRACTION SW846-3510
PsrcMtcr

ACENAPHTHENE
ACENAPHTHYLENE
ANTHRACENE
BENZ(A)ANTHRACEN£
BENZO(A)PYR£NE
BENZO(B)FLUORANTHENE
BENZO(G,H,I)PERYLENE
BENZO(K)FLUORANTHENE
BENZYL ALCOHOL
BENZYLBUTYLPHTHALATE
BIS(2-CHLOROETHOXY)METHANE
BIS(2-CHLOROETHYL) ETHER
3IS{2-CHLOROISOPROPYl)£THER
8IS(2-ETHYLHEXYL)PHTHALATE
4-BROMOPHENYLPHENYLETHER
4-CHLOROANILINE
2-CHLORONAPHTHALENE
4-CHLOROPHENYLPHENYLETHER
CHftYSENE
OIBENZ(A,H)ANTHRACENE
DIBENZOFUftAN
1,2-DICHLOROBENZENE
1,3-OICHLOROBENZENE
1.4OICHLOROBENZENE
3(3'-OICHLCRCB£NZIOINE
DIETHYLPKTHALATE
OIMETHYLPHTHALATE
DI-N-BUTYLPHTHALATE
2,4-DINITROTOLUENE
2,6'DINITROTOLUENE
DI-N-OCTYLPHTHALATE
FLUORANTHENE
FLUORENE
HEXACHLOROBENZENE
HEXACHLOR03UTADIENE
HEXACHLOROCYCLOPENTADIENE

KHUlt
BDL
BDL
BDL
BDL
8DL
BDL
BDL
BDL
BDL
BOL
BOL
BOL
BDL
BDL
BOL
BDL
BDL
BOL
BDL
BOL
BDL
BOL
BDL
BDL
BOL
15
BOL
BDL
BDL
BOL
BOL
BOL
BOL
BOL
BOL
BDL

Ott. Llirit
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
20
10
10
10
10
10
10
10
10
10
10
10

Units
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L '
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/t
ug/L
ug/L
uo/L
Page 6



22.3: :2::

ENS HERITAGE LABORATORIES. INC.
Parmttf

HEXACHLOROETHANE
INDENOd^.S-COJPYRENE
ISOPHORONE
2-METHYLNAPHTHALENE
NAPHTHALENE
2-NITROANILINE
3-NITROANILINE
4-NITROANILINE
NITROBENZENE
N-NITROSO-OIPHENYLAMINE
N-NITROSO-OI-N-PRCPYLAMINE
PHENANTHRENE
PYRENE
PYRIOtNE
1,2,4-TRICHLOROBENZENE
BENZOIC ACID
4-CHLORO-3-HETHYLPHENOL '
2-CHLOROPKENOL
2,4-OlCHLOROPHENOL
2,4-OIHETHYLPHENOL
4,6-OINITRO-2-METHYLPHENOL
2,4-OINITROPHENOL
2-METHYLPHENOL
4-METHYLPHENOL
2-NITROPHENOL
4-NITROPHENOL
PENTACHLOROPHENOL
PHENOL
2,4,5-TRICHLOROPHENOL
2,4,6-TRICHLOROPHENOL

SURROGATE RECOVERY

2-FLUOROPHENOL
PHENOL-05
NITROBENZENE-05
2-FLUOROBIPHENYL
2,4,6-TRIBflOMOPHENOL

\ TE3PHFNYL-D14
•Poor surrogtt* rtcovtry 4m to siaplt mtrtx.

ALKALINITY TOTAL £PA 310.1
Anilyiti f. Tfiuuif ArutyiU Otttf 11-m-fl

r«rwttt«r
ALKALINITY

CHLORIDE SH 407A
Anatytti L. OtAt AMlyvl* Ottti «5-rei-91

9tr«Mt«f
CHLORIDE

L
«**ult

BOL
BOL
60L
BOL
EST 8
BOL
BOL
BDL
BDL
BDL
BDL
SOL
BOL
BDL
SOL
SOL
BDL
BDL •
BDL
BDL
BOL
BOL
BDL
BDL
BDL
BOL
BDL
BDL
BOL
BDL .

0
44
133
82
62
68

Rttult
910

RMUlt

41

ab Sample I
fi«C. Unit

10
10
10
10
10
50
50
50
10
10
10
10
10
50
10
50
10
10
10
10
50
50
10
10
10
50
50
10
10
10

TttTi G60S.2.
0>t. Halt

4

Tttt: flltt.i.
0»(, Ll«il

1.0

D: C127991
Unltt

ug/L
ug/L .
ug/L
ug/L ,
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L i
ug/L
ug/L :
ug/L
ug/L
ug/L . |
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L ,
ug/L.
ug/L
ug/L

X Rec
% Rec
X Rec
X Rec
X Rec
X Rec

0
Unit*

rw/L

0
unlit

IM/L

Page 7



ENS HERITAGE LABORATORIES, INC.
SULFATE TURBIDIMETRIC EPA 375.4
Arwlytci L. OfA2 *n*lv*U Oitt: tS-FEI-91

'•rM.ttr (Mutt
SULFATE BDL

BIOCHEMICAL OXYGEN DEMAND EPA 405.1
Anily«t! B. tINCLU-JlS«IMAJ» fciatytf* Dtt«: OA*'El-9t

BIOCHEMICAL OXYSEN CEMANcT *r 53

CHEMICAL OXYQEK DEMAND (LOW LEVEL) EPA 410.2
Analyst: C. SKLENAI Arulytit Ottfr OS-HI-91

CHEMICAL OXYSEN DEMANO*fimi*tr 390

PHOSPHORUS EPA 365.2
An*(ytti 0. RlRCLUI-SIEKEftMAN Anttyilt D«tti 20-PM-91

i P«r*Mt«r Rttuli
PHOSPHORUS 0.40

AMMONIA DISTILLATION EPA 350.3
AnilyiTl 0. HfNElLA-IIZXCtMN Aftjlyttt D*Ut 18-FII-*1

PtramUr IttulC
INITIAL WEIGHT OR VOLUME 200
FINAL VOLUME 200

AMMONIA NITROGEN EPA 350.3
Amtyit: 0. KtKELU-fltEiaXMAN Anetyvl* Ditv: 19*m*91
Prep: AMMONIA DISTILLATION EPA 350.3

Pirtmur rtMulc
NITROGEN. AMMONIA 30

KJELDAHL NITROGEN TOTAL {TKN} EPA 351.3
An*ty*t: D. IIWLLA-UKIHNAM - Anolytf* Oitt: t4*«l-91

»«r«mt*r IttuLt
HinOGEN. KJELDAHL 23

Lab Sanple ID: C127991

rttt: sica.s. o
0»t. L>aft Units

5 'IBQ/L

T*»t: CW1.4. 0

Otl. Limit Unit*
24 nw/L

i

Ttiti 6301.2. 9
9»t. Ll»fe Units

40 ma/L

T«ti M24.1. fl
9*1 j Limit Unftt

/ 0.05_ ffia/L1

r«n ^»s.<. o
9«C. lf«lt Unftt

raL
mL

ftttl 6203.4. 0

»«t. llfllt unit*
0.5 rnq/L _

Tttti C202.4. 0
0«t. LI n't Unfti

5 fPQ/L

1i

'1
•a^ftl • Conmott

5*/irp7* »7/ts wrtf properly preserved at ENS Labs. A narked color change was
, observed after the addition of preservatives compared to the 'unpreserved splits.

BDL Below Detection Unit
EST Estimated Value

Preliminary Certificate : Last Page 3

i
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C E R T I F I C A T E O F A N A L Y S I S[f
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rr
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Service Location fttci
EMS HERITAGE LABORATORIES, INC. 25-F
1319 MARQUETTE DRIVE —— co^
ROMEOVILLE, IL 60441 Q4-M
(708)378-1600 —— p7i7

05-M

w«d Lab to
EB-91 C128411
itata PO Nurear
*R-91 WI.PROJECT.HAGEN...
*ad Sanpttd
«-91 25-FEB-9I

Jteport ro lilt To

CHEMICAL WASTE MANAGEMENT, INC CHEMICAL WASTE MANAGEMENT, INC

GENEVA RESEARCH CENTER GENEVA RESEARCH CENTER
1950 S BATAVIA AVENUE 1950 S BATAVIA AVENUE
GENEVA, IL 60134 GENEVA, IL 60134

Sample Oascriptfon
PROJECT: STATE OF WISCONSIN PROJECT-HAGEN FARM
SAMPLE ID.: 052-02-25-91-00

VOLATILE ORGANICS SW846-8240
Analvat! 1. BUSHY Analv«U Data* 28-FM-01 tn*tnmmnt* BC/Itt WtU TMt>. fl«10-3. fl

l!1
I!
II
I!'

1

,':

Analyst: S. BUSttT Anatv«U Date: 28-PM-91 fnstrunent: CC/NS VGA Test: 0510.3. 0
Parameter

ACETONE
BENZENE
CHLOROBENZENE
DIBROMOCHLOROMETHANE
ETHYLBENZENE
METHYLENE CHLORIDE
METHYL ETHYL KETONE
TETRAHYDROFURAN
TOLUENE
1,2-DICHLOROETHENE (TOTAL)
VINYL CHLORIDE
XYLENE (TOTAL)
ETHYL ETHER

ARROGATE RECOVERY

DICHLOROETHANE-D4
1 i TOLUENE-D8
"h BROMOFLUOR08ENZENE

IL

Reault
BDL
57
BOL
BOL
BDL
BDL
BDL
* 52000
BDL
BDL
11
* 11000
10

95
100
89

Oat. Limit
20

5
5
5
5
5

10
5000

5
5

10
2500

5

Units
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

% Rec
% Rec
% Rec

*Quantitated from 1:500 dilution analyzed on 3/1/91.

ir

.* See Hote for Parameter
BDL Below Detection Limit

Satpta Coanantt

uality Assurance Officer: Last Page 1
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C E R T I F I C A T E O F A N A L Y S I S

Sarvica Location
EMS HERITAGE LABORATORIES, INC.
1319 MARQUETTE DRIVE
ROMEOVILLE, IL 60441"
(708)378-1600

ftacaivad
25-FEB-91

04-MAR-91

05-HAR-9I

lab tO

C128412
PO Nuiear

WI.PRQJECT-HAGEN

25-FEB-91

••port To

CHEMICAL WASTE MANAGEMENT, INC
WENDY MOUCHE
GENEVA RESEARCH CENTER
1950 S BATAVIA AVENUE
GENEVA, IL 60134

•ill To

CHEMICAL WASTE MANAGEMENT, INC
ACCOUNTING
GENEVA RESEARCH CENTER
1950 S BATAVIA AVENUE
GENEVA, IL 60134

SampIt Description
PROJECT: STATE OF WISCONSIN PROJECT-HAGEN FARM
SAMPLE 10.: 059-02-25*91-00

If ALCOHOLS BY 6C:FID 5WS46-8015
Analyst: J. WITH Analyst! Data: 01-MAft*91 rnstruaant: CC/FtD Tast: 0490.0. 0

Paramatar
ISOBUTYL ALCOHOL
METHANOL
N-BUTYL ALCOHOL
CYCLOHEXANONE

ftafuLt
BOL
BOL
BOL
8DL

Oat. limit
2.5

0.50
2.5

0.25

Units
mg/L
mg/L
mg/L
mg/L

Sanpla Conaants
BDi Below Detection Limit

L

-Quality Assurance Officer: .A _>4—V Last Page 1



U t K f i F I C A T E O F A N A L Y S I S

S«pvfc» Location

EMS HERITAGE LABORATORIES, INC.
1319 HARQUETTE DRIVE.
ROMEOVILLE, IL 60441
(708)378-1600

•tctfvtd
25-FFB-qi

Cc^Ut*
_04-MAR-01

Printed
OS-MAR- 91

Lab 10

C128413
PO Xuwtr

WI.PROJECT-HAGEN....
S*TBl«J

25-FEB-91
IF
IT
fr
ff

ftcport r«

CHEMICAL WASTE MANAGEMENT, INC
WENDY MOUCHE
GENEVA RESEARCH CENTER
1950 S BATAVIA AVENUE
GENEVA, IL 60134

• ill To

CHEMICAL WASTE MANAGEMENT, INC
ACCOUNTING
GENEVA RESEARCH CENTER
1950 S BATAVIA AVENUE
GENEVA, IL 60134

Description
PROJECT: STATE OF WISCONSIN PROJECT-HAGEN FARM
SAMPLE ID.: 053-02-25-91-15

ll
ll
ll
ll
71 1
Iiii,

VOLATILE ORGANIC* SU846-8240
Analyst: S. IUSSCY Anatytfg 0«t«: 26-ffl-91

PariMter
ACETONE
BENZENE
CHLOROBENZENE
DIBROMOCHLOROMETHANE
ETHYLBENZENE
METHYLENE CHLORIDE
METHYL ETHYL KETONE
TETRAHYDROFURAN
TOLUENE
1,2-DICHLOROETHENE (TOTAL)
VINYL CHLORIDE
XYLENE (TOTAL)
FTHYL ETHER

SURROGATE RECOVERY

DICHLOROETHANE-D4
TOLUENE-08
BROMOFLUOROBENZENE

FnstriMnt: GC/N9 VGA
ftssult

BDL
BDL
BOL
BDL
BDL
BOL
BOL
* 46000
BDL
BDL
BDL
330
BDL

96
100
95

Ttst: 0510.3.
0«t. Limit

20
5
5
5
5
5

10
5000

5
5

10
5
5

0

Units
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

% Rec
% Rec
% Rec

il 'Compound quantitated from 1:500 dilution analyzed on 3/1/91

See Note for Parameter
Below Detection Limit

Sanplt Comssnts

Quality Assurance Officer: Last Page 1
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Sorvtca Location
EMS HERITAGE LABORATORIES, INC.
1319 MARQUETTE DRIVE-
ROMEOVILLE, IL 60441
(708)378-1600

Racaivad
_25-FEB-91

Coqpiau
04-MAR-91

Print**
05-MAR-91

laD 10
C128414
PO Mumtr

WI.PROJECT-HAGEN....
S«npl*d

Z5-FEB-91

••pert fo

CHEMICAL WASTE MANAGEMENT,
WENOY MOUCHE
GENEVA RESEARCH CENTER
1950 S BATAVIA AVENUE
GENEVA, IL 60134

• i l l To

INC CHEMICAL WASTE MANAGEMENT, INC
ACCOUNTING
GENEVA RESEARCH CENTER
1950 S BATAVIA AVENUE
GENEVA, IL 60134

PROJECT
SAMPLE

Sampla DascHptfon
: STATE OF WISCONSIN PROJECT-HAGEN FARM
ID.: 060-02-25-91-30

'ALCOHOLS BY 6C:FIO SH846-8015
I Analyst: J. SMITH Analysts Data: 01-N*ft*91 Inttruaant: CC/FIO

Paranatar ftasult
IS08UTYL ALCOHOL . BOL
METHANOL ' BDL
N-BUTYL ALCOHOL BDL
CYCLOHEXANONE " BOL

-

Tast: 0490.0. 0
Oat. Limit Units

2.5 mg/L
0.50 mg/L

2.5 mg/L
0.25 nwA

Saflpls CoMaanta
-8DL Below Detection Limit

l

IL
IL
IL
•lIL-uallty Assurance Officer: C Last Page i
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Sarvfea Location

EMS HERITAGE LABORATORIES, INC.
1319 MARQUETTE DRIVE
ROMEOVILLE, IL 60441"
(708)378-1600

••port To

CHEMICAL WASTE MANAGEMENT,
WENDY MOUCHE
GENEVA RESEARCH CENTER
1950 S BATAVIA AVENUE
GENEVA, IL 60134

PROJECT: STATE OF WISCONSIN
SAMPLE ID.: 054-02-25-91-30

Racaivad Lab ID
25-FFB-91 CI28415

Coacuata PO Nuiear
04-MAR-91 VI. PROJECT-HAGEN...

Frlntad Sanplad
..05-MAR-91 25-FEB-91

• UL TO

INC CHEMICAL WASTE MANAGEMENT, INC
ACCOUNTING
GENEVA RESEARCH CENTER
1950 S BATAVIA AVENUE
GENEVA, IL 60134

Sampta OascriptJon
PROJECT-HAGEN FARM t

!

M
1-

ii
1 11 1
n

iii
r[|
i ii

T VOLATILE ORGANICS SW846-8240
Analyit: S. WSStr Analysis Data: 2B-Fll-9t

•iraoatar
ACETONE
BENZENE
CHLOROBENZENE
DIBROMOCHLOROMETHANE
ETHYLBENZENE
METHYLENE CHLORIDE
METHYL ETHYL KETONE
TETRAHYDROFURAN
TOLUENE
1,2-DICHLOROETHENE (TOTAL)
VINYL CHLORIDE
XYLENE (TOTAL)
PTHYL ETHER

SURROGATE RECOVERY

DICHLOROETHANE-D4
TOLUENE-08
BROMOFLUOROBENZENE

fnftruMnt: GC/Mf WA
RtMJlt

BDL
BDL
BOL
BDL
BDL
BDL
BDL .
* 39000
BDL
BDL
BOL
27
BDL

• .

88
100
107

T*fft: 0510.3.
Oat. Li«ft

20
5
5
5
5
5

10
5000

5
5

10
5
5

0
Units

ug/L
ug/L
ug/L
ug/L
ug/L
ug/Lug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

% Rec
% Rec
r. Rec

if 'Compound quantitited from 1:500 dilution analyzed on 3/1/91

i
i

af « îbv*il A ĵ«BBkaui«>*iw«piv LQnawniv ^

r* 5ee ^ote for Parameter
BDL Below Detection Limit

«•

luallty Assurance Officer: Last Page 1
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S«rv*e« Location
EMS HERITAGE LABORATORIES, INC.
1319 MARQUETTE DRIVE.
ROMEOVILLE, IL 60441
(708)378-1600

HtctfvwJ

25-FEB-91

04-MAR-91
Printed

05-HAR-91

L«b to
C128416
PO Nurbtr

WI.PROJECT-HAGEN
Sarrpttd

25-FEB-91

IT

••port To

CHEMICAL WASTE MANAGEMENT, INC
WENDY MOUCHE
GENEVA RESEARCH CENTER
1950 S BATAVIA AVENUE
GENEVA, IL 60134

•ill To

CHEMICAL WASTE MANAGEMENT, INC
ACCOUNTING
GENEVA RESEARCH CENTER
1950 S BATAVIA AVENUE
GENEVA, IL 60134

Ot*crfption
PROJECT: STATE OF WISCONSIN PROJECT-HAGEN FARM
SAMPLE ID.: 061-02-25-91-60

TT ALCOHOLS BY GC;FID $¥846-8015
fculyft: J. SMITH Antlytfs Oat«: 01-NM-91 [ratruvit: 6C/PfD TMt: 0690.0. 0

P»r«*tt«r
ISOBUTYL ALCOHOL
METHANOL
N-BUTYL ALCOHOL
CYCLOHEXANONE

Inutt
BOL
60L
BOL
BDL

0«t. Li«it
2.5

0.50
2.5

0.25

Units
mg/L
n»g/L
mg/L
ma/L

,

$M?l* CoiMnt*
BDL Below Detection Limit

IL
Quality Assurance Officer: T'VTV .\ J. Last Page 1
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C E R T I F I C A T E O F A N A L Y S I S

Sarvica Location taeaivad
EMS HERITAGE LABORATORIES, INC.
1319 MARQUETTE DRIVE
ROMEOVILLE, IL 60441'
(708)378-1600

25-FEB-9I
CoMpLata

04-MAR-91
Printad

05-MAR-91

L*0 10

C128417

WI. PROJECT-HAGEN....
Sanpiad

25-FEB.Q1

Rtport To if u To

CHEMICAL WASTE MANAGEMENT, INC CHEMICAL WASTE MANAGEMENT, INC
WENDY MOUCHE ACCOUNTING
GENEVA RESEARCH CENTER GENEVA RESEARCH CENTER
1950 S BATAVIA AVENUE 1950 S BATAVIA AVENUE
GENEVA, IL 60134 GENEVA, IL 60134

Sanpta Oascrfptlon
PROJECT: STATE OF WISCONSIN PROJECT-HAGEN FARM
SAMPLE ID.: 055-02-25-91-60

, VOLATILE ORGANICS SW846-8240
Analyst: S. WSSCT Analysts Oat*: 28-FCB-91 rn»tn*ant: GC/M9 VDA T«t: 0510.3. 0

Paranatar
ACETONE -
BENZENE
CHLOROBENZENE
DIBROMOCHLOROMETHANE
ETHYLBENZENE
METHYLENE CHLORIDE
METHYL ETHYL KETONE
TETRAHYDROFURAN
TOLUENE
1,2-DICHLOROETHENE (TOTAL)
VINYL CHLORIDE
XYLENE (TOTAL)
ETHYL ETHER

-SURROGATE RECOVERY

I |'- DICHLOROETHANE-D4
I TOLUENE-08

Tl 8ROMOFLUOROBENZENEir

flaault
BOL
BDL
BDL
BDL
BDL
BDL
BDL
* 36000
BDL
BDL
BDL
19
BDL

93
102
101

Oat. Limit
20

5
5
5
5
5

10
5000

5
5

10
5
5

Units
ug/L
ug/L
ug/L
ug/L
u$/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

% Rec
% Rec
T. Rec

•Compound qutntitated froq 1:500 dilution tn*lyzed on 3/1/91.

r See Note for Pirweter
| BDL Below Detection Limit

its

-Quality Assurance Officer: _ O_ Last Page 1
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ir
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S«rvfc* location
EMS HERITAGE LABORATORIES, INC.
1319 MARQUETTE DRIVE.
ROMEOVILIE, IL 60441
(708)378-1600

15-FEB-91

04-MAR-91

05-MAR-91

Lib ID
CI28418

WI.PROJECT-HAGEN
Swipltd

25-FE8-91

••port To

CHEMICAL WASTE MANAGEMENT, INC
WENOY MOUCHE
GENEVA RESEARCH CENTER
1950 S BATAVIA AVENUE
GENEVA, IL 60134

ItU To

CHEMICAL WASTE MANAGEMENT, INC
ACCOUNTING
GENEVA RESEARCH CENTER
1950 S BATAVIA AVENUE
GENEVA, IL 60134

[!
OMcrfptlon

PROJECT: STATE OF WISCONSIN PROJECT-HAGEN FARM
SAMPLE 10.: 062-02-25*91-90

ALCOHOLS BY 6C:FID SW846-8015

f Arwiyit: J- MITH AMlytft Oit«t 01-MAR*91 tMtruwtt: GC/PrD Tttt: 0490.0. 0
Piramtar

ISOBUTYL ALCOHOL
METHANOL
N- BUTYL ALCOHOL
CYCLOHEXANONE

Rttutt
BDL
BOL
BOL
BOL

0«t. limit
2.5

0.50
2.5

0.25

Units
n»9/L
ng/L
n>9/L
mq/L

H
i BDL Below Detection Limit

Sampl* Comtnts

I

ILjuallty Assurance Officer: Tfi A . ̂  * . . ̂ ' ̂ .» . 0.

IL
Last Page 1
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S*rvie* location

EMS HERITAGE LABORATORIES, INC.
1319 MARQUETTE DRIVE
ROMEOVILLE, IL 60441*
(708)378-1600

Itctivtd
25-FEB-91

COJpttt*

04-MAR-91
Printed

05-MAR-91

M*port To

CHEMICAL WASTE MANAGEMENT,
WENDY MOUCHE
GENEVA RESEARCH CENTER
1950 S BATAVIA AVENUE
GENEVA, IL 60134

PROJECT: STATE OF WISCONSIN
SAMPLE ID.: 056-02-25-91-90

l«D 10
C128419
PC Nuieor

WI. PROJECT-HAGEN....
SMplM

25-FEB-91

•ill TO

INC CHEMICAL WASTE MANAGEMENT, INC
ACCOUNTING
GENEVA RESEARCH CENTER
1950 S BATAVIA AVENUE
GENEVA, IL 60134

$Mplt Description
PROJECT-HAGEN FARM

VOLATILE OR6ANICS 5*846-8240
^Analyst: S. tUSSET AnttytU Oatt: 28-PEI-91

P»r«wt«r

1 ACETONE
BENZENE

i CHLOROBENZENE
DIBROMOCHLOROMETHANE
ETHYLBENZENE
METHYLENE CHLORIDE
METHYL ETHYL KETONE
TETRAHYDROFURAM
TOLUENE

1 1,2-DICHLOROETHENE (TOTAL)
1 VINYL CHLORIDE

XYLENE (TOTAL)
I ETHYL ETHER

| _,RROGATE RECOVERY
1 ...-.. — ....,—.—.-......„...„......
[ DICHLOROETHANE-D4

TOLUENE-08
BROMOFLUOR08ENZENE

rnttruMnt: GC/Nt VM
RMuLt

BDL
BOL
BDL
BDL
BOL
BDL
BDL
* 31000
BDL
BDL
BDL
12
BDL

.

91
104
101

T*tt: 0510.3.
0«t. Limit

20
5
5
5
5
5

10
25
5
5

10
5
5

0
Unit!

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

% Rec
% Rec
% Rec

•Compound quint itittd from 1:500 dilution tin I yzed on 3/1/91

\ 1

I
I / $wpt« CoMNtnt*

* See Note for Parameter
-BDL Below Detection Limit

L
luality Assurance Officer:

i
Last Page 1
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Date: March 15. 1991

To: Alan U
Wendy Mouch*

From: Paul Lear

SUBJECT: Permeability for Hagen Farm Sample

Permeability measurements were obtained in triplicate for the Hagen Farm sample I received
from Wendy Mouche. The methodology used for the permeability testing Is contained In Section 2.8
Of USEPA SW-846 Method 9100. .

The permeability of the Hagen Farm material as determined by the method Is In the range of
I0"*cm/s. Attached are data tables showing three permeability measurements for each of the three
replicates.
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ParmaabUlly MaaauremantB for Sampia Hagan Finn • Sampia
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Sampia HalgW (cm)

Sampia Dlamatar (cm)

Sampia Araa (em* 2)

1324

7.10

38.59

Tlnw

(mtn)

0.00
1.50
3.00
4 JO
•.00
7 JO

BurattaA
Praaaura

(P*0

20,1
ao.1
20.1
20.1
aat
aai

BurattaA
Raading

(mg

9.0
1O2
114
122
114
142

BuratUA
Ch«ng«
(mL/RUn)

OJOOO
0.6B87
a7333
a?933
0.7333

BuraaaB
PrMtura

(P*0

19J
19.3
19.5
194
19J
19J

BurvtUB
R««dlng

(mg

14.1
13.0
11.9
10t
9,7
a«

BuraacB
Chang*
(mUmin)

0.7333
0.7333
0.7333
0.7333
0.7333

Av«ng« Q (mUmm)

PwnwabilNy (em/a)

a7333

9.73E-06

Avtra0«h(pal) 0.90

Tlnw

(mtn)

0.00
1.00
2.00
3.00
4.00
5.00

BurvttoA
Pfftwur*

(P^>

20.1
20.1
20.1
20.1
20.1
20.1

BurrtaA
Rating

(ml)

7.0
9J
9J
ia?
1ZO
13J

Bunfla A
Chang*
(mUmn)

1.3000
12000
1̂ 000
1.3000
1JOOO

BurattaB
Pnaaun>

(P»J)

19.0
19.0
19.0
19.0
19.0

.19.0

BurattoB
Reading

(mg
10J
9.0
7.9
65
5^
4.1

BurcttaB
Chang*
(mL/mln)

1.3000
1̂ 000
1.3000
12000
12000

Avaraga Q (mUmtn)

Parmaabiltty (em/a)

TTma BurattaA
Praaaura

(mrn) (p*j)

0.00 20.1
0.50 20.1
1.00 20.1
1.50 20.1
ZOO 20.1
2.50 20.1

Avaraga Q (mL/min)

Parmaabflity (em/a)

12500

9.04&08

BurattaA
Raading

(mg

42

72
92
t.7
102

Z4200

12Q&04

BurattaA
Changa
(mUMn)

24000
2.4000
2.4000
2.4000
22000

Avaraga h (paj)

BurattaB
Praaaura

(f*0

192
192

19J

BuraflaB
Raading

(mU

102
9.5

7.1
82

1.10

BurattaB
Changa
(mUmtn)

Z6000
Z4000
2.4000
2,6000
2.4000

Avaraga h(paO

Avaraga Parmaabitty (em/a) 1.03C-04
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PermeAbiUlvMeaaurenwnte for Sample HegenFami-S«mpl»*3

Sampto Height (cm)

Sampto Diameter (cm)

Sample Are* (cm "̂

1X62

7.13

Time

(mm)

Burette A
Preeem

<P«0

Burette A
Reading

Burnt* A
Chang*
(mUmln)

Burette B BuraMB
RMdbtg

(mg

BurattvB
Change
(mUfflln)

Preui

0.00
2.00
4.00
e.oo
8.00
10.00

20.0
200
200
aoo
200
200

Avenge Q (ml/min)

Permeabiltty (em/e)

7.4
•.4
9J
10J
11J
12.4

04950

7J9&OB

19J
0.5000
0.5500
0.5600
0.4500
0.4600

19J
19J
19J
19J

Average h (pei)

15.9
15JD
14.1
13.1
12.1
11 JO

0.4900
0.4500
05000
0.5000
O.SSOO

0.5
0.5
0.5
0.5
0.5
0.5

l[
U
1
I
L
H
H

I

Tim*

(mln)

0.00
1.00
2.00
3.00
4.00
5.00

BurafteA
PrvMur*

(P*0

2OO
20^
20.0
20.0
20.0
20.0

BuratttA
BMelng

(mU

M
*J
105
11.4
12J
1&2

Burnt* A
Change-
(mUmin)

0.9000
1.0000
0.9000
09000
0.9000

Burette B
Preeeurv

<P»Q

19.0
19.0
19.0
19.0
19.0
19.0

Burette B
Reading

(mU

12.7
11.7
10.1
9.9
9.0
3.2

Burette B
Change
(mUmin)

1.0000
0.9000
0.9000
0.9000
0.8000

Average O (mUmin)

^ermeabinty (etrVv).

09100

7J3&08

Average h (pal)

1 Average OfmUmln)

*~ PermeabOHy (cm/*)

,_ Average PemwabOly (cm/*)

1.5400

3J7&OB

Average h (pei)

1.00

Time

(min)

0.00
0.50
1.00
1.50
2.00
2JO

Burette A
Preeeur*

<P«>

20.0
20.0
200
20.0
200
200

Burette A
Reading

(my
5.7
6.4
7.1
7J
M
9J

BuracteA
Change
(mUmln)

1.4000
1.4000
1.4000
1.8000
1JOOO

Burette B
Preaaur*

<P^>

18.5
1&5
1M
194
1U
1U

Burette B
Reading

(rnq

13.1
1Z4
11.3
1O9
1O1
U

Burette B
Change
(mUmin)

1.4000
1.6000
1.4000
1.6000
1.6000

1.50

Pretsur
Otffertm

(psi)

1.0
1.0
1.3
1.0
1.0
1.0

Pressure
Drfferentia

(Pti)

1.5
1.5
1.5
1.5
1.5
1.5

7.86&OS



If
I
I
I,
ll
r. APPENDIX F

'1 Combined Sieve/Hydrometer Analysisi
L
L
L
L
L
L
t



If
ir
ti
ti
t
n
n
u
IL
u
i i -
i
LI
LL
IL
IL
IL
IL

March 21. 1991

Ms. Wendy Mouche
Chemical Waste Management
1950 S. Batavia Avenue
Geneva. IL 60134

RE: Grain Size Distribution Analysis on Soil Sample - STS Project No. 26804

Dear Ms. Mouche:

Please find attached three (3) copies of laboratory test data pertaining to the above
referenced testing program. In accordance with your instructions, a combined
sieve/hydrometer analysts was performed on a sample delivered to our Northbrook testing
facility. The procedures followed ASTM D-422 for panicle size analysis of soils.
Incorporated into the test procedure were specific sieves assigned by you.

We are pleased to have had the opportunity to be of service to you.

If you have any questions pertaining to the test data or if we may be of assistance to
you in any other matter, please do not hesitate to contact us.

Respectfully.

STS CONSULTANTS. LTD.

lUlfiJUavx, P
William P. Quinn
Laboratory Manage

'.. Haube>t,,P:E.
Principal Engineer

WPQ/ngt/132.31

encl.

U*.
Conturbng EngiflMf*

111 Pfingtmn Road
Northerner utmon 60062
706.Z72.6520/Fw 706.49a.Z721
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STS CONSULTANTS, LTD.

GRAIN SIZE DISTRIBUTION (ASTM D 422)

STS Job No.Project : CHEMICAL WASTE MANAGEMENT
Boring/Source:
Sample Number: 1
Depth (feet): -
USCS Classification: (SM)
Soil Description : FINE TO COARSE SAND,LITTLE SILT,TRACE FINE

GRAVEL——BROWN

LL: -
WC: -

: 26804
: 3-20-91

PL: - pi: _
SP.GR.: 2.65 Ef

SIEVE ANALYSIS —

SAMPLE WEIGHT: 103.06 GRAMS

H
U
IL
n
n
I:
1:1
IL
I L
IL
IL
IL

SIEVE
SIZE

3/8"
14
110
118
135
160
1140
1270

WEIGHT
RETAINED

0.00
3.76
16.10
10.54
18.84
24.76
9.64
1.32

PER CENT
RETAINED

0.00
3.65

15.62
10.23
18.28
24.02
9.35
1.28

PER CENT
PASSING

100.00
96.35
80.73
70.50
52.22
28.20
18.84
17.56

HYDROMETER ANALYSIS —

HYDROMETER SAMPLE WEIGHT: 52.29 GRAMS

ELAPSED
TIME

0.25
0.50
1.00
2.00
5.00
15.00
30.00
60.00
120.00
400.00
4229.00

TEMPERATURE
CENTIGRADE

22.5
22.5
22.5
22.5
22.5
22.5
22.5
22.5
22.5
24.0
22.5

ACTUAL
READING

16.00
15.50
13.50
12.00
11.00
10.00
8.50
8.00
7.50
6. SO
6.50

ADJUST
READING

11.50
11.00
9.00
7.50
6.50
5.50
4.00
3.50
3.00
2.00
2.00

GRAIN
SIZE

0.0980
0.0695
0.0497
0.0355
0.0226
0.0131
0.0093
0.0066
0.0047
0.0025
0.0008

PER CENT
FINER

17.76
16.99
13.90
11.59
10.04
8.50
6.18
5.41
4.63
3.09
3.09
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STS CuNSULfflNTS LTD-
PROJECT : ChEniCflL HflSTE
80RINC/SOUPCE:
SMflPLE NU08ER: I
OEHH (FEET) i
USCS CLflSSIFICflTIQf* (STI)
SOIL DESCRIPTION t

GRfllN SIZE DISTRIBUTION IflSTtt 0 422)
STS JOB NO. i 26804
Ofl'E 13-20-91
LL: - PL: - PJl - .
WC* - SP.CR. i 2.65 EST.

FINE TO COflRSE SflNO^ITTLE SILT.TRflCE FINE
GRAVEL—8ROWN

SIEVE QTENINOS IINJ

,1 ! 1J
6 4 3 2 2

SIEVE

3 4 6 8J U I I g § J J j.

HTQftOCTEJt

S I
CHHIM SHE IN nlUIKTEW
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APPENDIX G

HAGEN FARM SOIL BIODEGRADATION STUDY. ANALYTICAL RESULTS FOR SOIL FRACTION
(all units in mg/kg wet weight except as noted)

t

Cyanide

Original
Sol

<0.25

Initial
Reactor

Conditions

<0.25

Day 12

Reactor
1

<0.25

Reactor
2

<0.25

Reactor
3

<0.25

Reactor
4

<0.2S

Day 26

Reactor
1

<0.25

Reactor
2

<0.25

Reactor
3

<0,25

Reactor
4

<0.25

PCB* and Pesticides

Alpha BHC
BetaBHC
Delta BHC
Gamma BHC (Lindane)
Heptachlor
Aldrin
Heptachlor Epoxide
Endosulfan 1
Dieldrin
4,4'-DDE
Endrin
Endosulfan II
4,4' ODD
Endosultan Suit ale
4,4'-DDT
Methoxychlor
Endrin Ketone
Alpha -chlordane
Gamma -chlordane
Toxaphene
PCB Arochlor 1016
PCB Arochlor 1221
PCB Arochlor 1232
PCB Arochlor 1 242
PCB Arochlor 1 248
PCB Arochlor 1254
PCB Arochlor 1 260

< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
<0.016
<0.016
<0.016
<0.016
< 0.0 16
<0.016
<0.016
<0.08

<0.016
<0.08
<0.08
<0.16
<0.08
<0.08
<0.08
<0.08
<0.08
<0.16
<0.16

< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
<0.016
<0.016
<0.016
<0.016
<0.016
<0.016
<0.016
<0.08

< 0.01 6
<0.08
<0.08
<0.16
<0.08
<0.08
<0.08
<0.08
<0.08
<0.16
<0.16

< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
<0.016
<0.016
<0.016
<0.016
<0.016
<0.016
<0.016
<0.08

<0.016
<0.08
<0.08
<0.16
<0.08
<0.08
<0.08
<0.08
<0.08
<0.16
<0.16

< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
<0.016
<0.016
<0.016
<0.016
<0.016
<0.016
< 0.01 6
<0.08

<0.016
<0.08
<o.oa
<0.16
<O.OB
<0.08
<0.08
<0.08
<0.08
<0.16
<0.16

< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
<0.016
<0.016
<0.016
<0.016
<0.016
<0.016
<0.016
<0.08

<0.016
<0.08
<0.08
<0.16
<0.08
<0.08
<0.08
<0.08
<0.08
<0.16
<0.16

<0.008
< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
<0.016
<0.016
<0.016
< 0.01 6
<0.016
<0.016
<0.016
<0.08

<0.016
<0.08
<0.08
<0.16
<0.08
<0.08
<0.08
<0.08
<0.08
<0.16
<0.16

< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
<0.008
< 0.008
<0.016
<0.016
<0.016
<0.016
<0.016
<0.016

. <0.016
<o.oa

<0.016
<o.oa
<0.08
<0.16
<008
<o.oe
<o.oa
<0.08
<0.08
<0.16
<0.16

< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
<0.016
<0.016
< 0.0 16
<0.016
<0.016
<0.016
<0.016
<0.08

<0.016
<0.08
<0.08
<0.16
<o.oa
<0.08
<0.08
<0.08
<0.08
<0.16
<0.16

< 0.008
< 0.008
< 0.00 8
< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
<0.016
<0.016
<0.016
<0.016
<0.016
<0.016
<0.016
<0.08

<0.016
<0.08
<0.08
<0.16
<0.08
<0.08
<0.08
<0.08
<0.08
<0.16
<0.16

<0.008
< 0.008
<0.006
< 0.008
< 0.008
< 0.008
< 0.008
< 0.008
<0.016
<0.016
<0.016
<0.016
<0.016
< 0.01 6
<0.016
<o.oa

<0.016
<o.oa
<0.00
<0.16
<0.08
<0.08
<o.oa
<0.08
<0.08
<0.16
<0.16
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APPENDIX G (continued)
HAGEN FARM SOIL BIODEGRADATION STUDY
ANALYTICAL RESULTS FOR SOIL FRACTION
(all units in mg/kg wet weight except as noted)

Alcohols

Isobutyl Alcohol
Methanol
N-butyl Alcohol
Cyclohexanone

Original
SoH

NA
NA
NA
NA

Initial
Reactor

Conditions
' . - . ; : • - . - ; . : ; ; • • : - : ; . • .

<5.0
<0.5
<5.0
<0.5

Day 12

Reactor
,:- 1 , -

<5.0
<0.5
<5.0
<0.5

Reactor
:- 2. '-V

<5.0
<0.5
<5.0
<0.5

Reactor
•iV i 3

<5.0
<0.5
<5.0
<0.5

Reactor
* . ; • • ' 4 . : • . ' . •

<5.0
<0.5
<5.0
<0.5

Day 26

Reactor
•^..::..:.1 : .

<5.0
<0.5
<5.0
<0.5

Reactor
• 2

<5.0
<O.S
<5.0
<0.5

Reactor
3

<5.0
<0.5
<5.0
<0.5

Reactor
4

<5.0
<0.5
<5.0
<0.5

NA * Not Analyzed



APPENDIX G (continued) HAGEN FARM SOIL BIODEGRADATION STUDY. ANALYTICAL RESULTS FOR SOIL FRACTION
(all units in mg/kg wet weight except as noted)

Original
Soil

InlUal
: Reactor
Conditions

Day 12

Reactor
1

Reactor
2

Volatile Organlct U/g/kgl

Acetone
Benzene
Bromodichloromethane
Bromolorm
Bromomethane
Carbon Disulfide
Carbon Tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
Dibromochloromethane
Cis-1,3-Dichloropropene
1.1-Dichloroethane
1 ,2-Dichloroethane
1,1-Dichloroethene
1 ,2-Dichloropropane
Ethylberuene
2-Hexanone
Methylene Chloride
Methyl Ethyl Ketone
4-Methyl-2-Pentanone
Styrene
1.1,2,2-Tetrachloroethane
Tetrachloroethene
Tetrahydrofuran
Toluene
1,2-Dichloroethene (Total)
Trans-1 ,3-Dichloropropene
1,1.1 -Trtchlor oethane
1,1 ,2-Trichloroetnane
Trichloroethene
Vinyl Acetate
Vinyl Chloride
Xylene (Total)
Ethyl 'Ether

70
<6

-<6
<6

<11
<6
<6
<6
<6
<6

<11
<6
<6
<6
<6
<6
<6
<6

<11
<6

<11
<11
<6
<6
<6

<2S
<6
<6
<6
<6
<6
<6

<11
<11
<6
<S

23*
<B
<6
<B

<10
<B
<B
<6

<10
<B

<10
<B
<B
<S
<B
<6
<B
<5

<10
6

.'IB'
<10
<B
<B
<S
78
<B
<B
<B
<B
<S
<B

<10
<10
<B
<B

<20
<B
<5
<B

<10
<B
<5
<S

<10
<B

<10
<B
<B
<5
<6
<8
<B
<S

<10
<s

< 10
<10

<B
<B
<6

<2B
<6
<B
<6
<B
<S
<B

<10
<10

<B
<10

<20
<B
<B
<B

<10
<6
<B
<B

<10
<S

<10
<5
<B
<B
<B
<B
<B
<B

<10
<B

<10
<10

<B
<6
<B

<2B
<6
<6
<6
<6
<S
<B

<10
<10
<5

<tO

Reactor
3

<20
<B
<B
<B

<10
<B
<B
<S

<10
<B

<10
<B
<S
<B
<B
<B
<B
<B

<10
<B

<10
<10
<B
<5
<B

<2S
<B
<B
<B
<S
<S
<6

<10
<10
<B

<10

Reactor
4

<20
<B
<B
<B

<10
<B
<B
<B

<10
<6

<10
<6
<B
<B
<B
<B
<6
<6

<10
<B

<10
<10
<B
<S
<S

<2S
<5
<B
<5
<B
<6
<B

<10
<10
<B

<10

Day 20

Reactor
1

<20
<B
<B
<B

<10
<6
<B
<6

<10
<s

<10
<B
<6
<B
<B
<B
<6
<6

<10
<6

<10
<10
<5
<S
<s

<10
<8
<B
<5
<B
<B
<S

<10
< 10
<B
<B

Reactor
2

<20
<6
<B
<6

<10
<5
<6
<B

<10
<B

<10
<B
<S
<B
<B
<6
<B
<B

<10
<6

< 10
<10
<s
<B
<B

<10
<B
<6
<B
<B
<6
<B

<10
<10
<B
<B

Reactor
3

<20
<6
<B
<6

<10
<s
<5
<S

<10
<B

<10
<B
<B
<S
<6
<5
<5
<S

<10
e

<10
<10
<B
<B
<6

<10
<B
<B
<B
<6
<B
<S

<10
<10
<s
<s

Reactor
4

<20
<B
<5
<6

<10
<s
<s
<6

<10
<5

<10
<B
<B
<5
<B
<B
<B
<B

<10
<B

<10
<10
<6
<5
<S

<10
<B
<B
<B
<B
<S
<5

<10
<10
<B
<B

* Also detected in blank
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APPENDIX G (continued)
HAGEN FARM SOIL BIODEGRADATION STUDY, ANALYTICAL RESULTS FOR SOIL FRACTION

(all units in mg/kg wet weight except as noted)

Semi-Volatile Organic* (/so/kg)

Acenaphthene
Acenaphthylene
Anthracene
Benz ( A) Anthracene
Beruo(A|Pyren6
Benzo(B)Fluoranthene
Beruo|G,H.I)Perylene
Benzo(K)Fluoranthene
Benzyl Alcohol
Benzylbutylphthalate
Bis(2-Chloroethoxy|Methane
Bis(2-Chloroethyl)Ether
BisU-Chloroisopropyl)Ether
Bis(2-Ethylhexyl)Phthalate
4-Bromophenylphenylether
4-Chloroaniline
2-Chloronaphtnalene
4 -Chloropheny Ipheny lether
Chrysene
Di be nz( A, H ) Anthracene
Dibenzoiuran
1 , 2 -Oichloro benzene
1 , 3 -DicNoro benzene
1 ,4-Dichlorobenzene
3 . 3'-Dichlorobenzidine
Diethylphthalate
Dimethylphthalate
Di'D-butylphthalate
2,4 -Dini trot oluene
2,6-Dinilrotoluene
Di-n-octylphthalate
Fluoranthene
Fluorene

Original
SoU

<330
<330
<330
<330
<330
<330
<330
O30
<330
<330
<330
<330
<330

360
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<660
<330
<330
<330
<330
<330
<330
<330
<330

Initial
Reactor

CondlUon*

<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<660
<330
<330
<330
<330
<330
<330
<330
<330

Day 12

Reactor
1

Reactor
2

<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<660
<330
<330
<330
<330
<330
<330
<330
<330

<330
<330
<330
<330
<330
O30
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<660
030
<330
<330
<330
<330
<330
<330
<330

Reactor
3

<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<660
<330
<330
<330
<330
<330
<330
<330
<330

Reactor
4

<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<660
<330
<330
<330
<330
<330
<330
<330
<330

Day 20

Reactor
1

<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<660

---< 330
<330
<330
<330
<330
<330
<330
<330

Reactor
2

<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
<330
030
<330
O30
030
<330

~ <330
<330
O30
O30
<330
<660
O30
O30
O30
<330
O30
<330
O30
O30

Reactor
3

<330
<330
030
<330
O30
O30
O30
O30
O30
<330
<330
<330
<330
<330
O30
O30
O30
O30
O30
O30
O30
<330
<330
O30
<660
O30
O30
O30
<330
O30
O30
O30
O30

Reactor
4

O30
O30
<330
O30
O30
O30
O30
O30
O30
O30
<330
O30
O30
O30
O30
<330
<330
O30
<330
O30
O30
O30
<330
O30
<660
O30
O30
O30
O30
O30
O30
<330
O30



APPENDIX G (continued)
HAGEN FARM SOIL BIODEGRADATION STUDY, ANALYTICAL RESULTS FOR SOIL FRACTION

(all units in mg/kg wet weight except as noted)

Original
SoU

,

Initial
Rtactor

Condition*

Day 12

Raactor
1

Raactor2 ,.-.; Raactor
3

Raactor
'. : 4 • .

Day 26

Raactor
1

Raactor
2

Raactor
3

Raactor
4

Saml-VoJatlla Organic* U/Q/kgl (CONTINUED)

Hexachlorobenzena
Hexachlorobutadiene
Hexachlorocyclopentadiena
Hexachloroethane
IndenoO ,2,3-CD)Pyrcrw
Isophoronc
2 -Methy (naphthalene
Naphthalene
2-Nitroaniline
3-Nitroaniline
4-Nitroaniline
Nitrobenzene
N-nitroso-diphenylamine
N-nilroso-di-n-propylamine
Phenanthrene
Pyrene
Pyridine
1 ,2.4-Trichlorobenzene
Benzoic Acid
4-Chloro-3-methylphenol
2-Chlorophenot
2,4-Dichlorophenol
2, 4 -Dimethyl phenol
4,6-Di™tro-2-methylphenol
2.4-Diniuophenol
2-Methytphenol
4 -Methyl phenol
2-Nitrophenol
4-Nitrophenol
Pentachlorophenol
Phenol
2,4,5-Trichlorophenol
2 ,4,'6-Trichlorophenol ,

Total Solids (%)

<330
<330
<330
<330
<330
<330
<330
<330

<1600
<1600
<1600
<330
<330
<330
<330
<330

<1600
<330

<1600
<330
<330
<330
<330

<1600
<1600
<330
<330
<330

<1600
<1600
<330

<1600
<330

92

<330
<330
<330
<330
<330
<330
<330
<330

<1600
<1600
<1600
<330
<330
<330
<330
<330

<1600
<330

<1600
<330
<330
<330
<330

<1600
<1600

<330
<330
<330

<1600
<1600
<330

<1600
<330

83

<330
<330
<330
<330
<330
<330
<330
<330

<1600
<1600
<1600
<330
<330
<330
<330
<330

<1600
<330

<1600
<330
<330
<330
<330

<1600
<1600
<330
<330
<330

<1600
<1600
<330

<1600
<330

87

<330
<330
<330
<330
<330
<330
<330
<330

<1600
<1600
<1600
<330
<330
<330
<330
<330

<1600
<330

<1600
<330
<330
<330
<330

<1600
<1600
<330
<330
<330

<1600
<1600
<330

<1600
<330

89

<330
<330
<330
<330
<330
<330
<330
<330

<1600
<1600
<1600
<330
<330
<330
<330
<330

<1600
<330

<1600
<330
<330
<330
<330

<1600
<1600

<330
<330
<330

<1600
<1600

<330
<1GOO
030

88

<330
<330
<330
<330
<330
<330
<330
<330

<1GOO
<1600
<1600
<330
<330
<330
<330
<330

<1600
<330

<1600
<330
<330
<330
<330

<1600
<1600
<330
<330
<330

<1600
<1600
<330

<1600
<330

89

<330
<330
<330
<330
<330
<330
<330
<330

<1600
<1600
<1600
<330
<330
<330
<330
<330

<1600
<330

<1600
<330
<330
<330
<330

<1600
<1600
<330
<330
<330

<1600
<1600
<330

<1600
<330

85

<330
<330
<330
<330
<330
<330
<330
<330

<1600
<1600
<1600
<330
<330
<330
<330
<330

<1600
<330

<1600
<330
<330
<330
<330

<1600
<1600
<330
<330
<330

<1600
<1600
<330

<1600
<330

83

<330
<330
<330
<330
<330
<330
<330
<330

<1600
<1600
<1600
<330
<330
<330
<330
<330

<1600
<330

<1600
<330
<330
<330
<330

<1600
<1600
<330
<330
<330

<1600
<1600
<330

<1600
<330

84

<330
<330
<330
<330
<330
<330
<330
<330

<1600
<1600
<1600
<330
<330
<330
<330
<330

<1600
<330

<1600
<330
<330
<330
<330

<1600
<1600
<330
<330
<330

<1600
<1600
<330

<1600
<330

85



APPENDIX Q (continued)
HAGEN FARM SOIL BIODEGRADATION STUDY, ANALYTICAL RESULTS FOR SOIL FRACTION

(all units in mg/kg wet weight except as noted)

Motala

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

Phosphorus

KJekJahl Nitrogen

TOC (dry weight basis)

pH (units)

Ammonia Nitrogen

CEC (meq/IOOg dry weight)

Original
Soil

3000
<2.0
<2.0

20
0.25
0.88

68,000
5.0
2.2
7.3

6,500
3.4

35,000
180

<0.10
5.7

<10
<1

<0.20
240

<4.0
14
15

99

NA

15,300

8.3

6.9

2.7

Initial
Reactor

Condition*

Day 12

Reactor
1

1300
<1.0

1.1
6.8

<0.20
<0.40
7,500

4.6
2.7
4.8
590

<4.0
29.000

170
<0.1

6.8
250

<1.0
<1.0

140
<4.0
<20
8.9

110

<110

31,900

NA

13

NA

870
<10
1.9

0.31
<0.20
<0.40
7.600

4.5
<2.0

3.7
4,100
<4.0

57,000
160

<0.10
3.1
300

<1.0
<1.0

150
<4.0
<20
9.6

79

<67

13,000

NA

NA

NA

Reactor
2

510
<10
<2.0
0.59

<0.20
<0.40
7.700

3.6
<2.0

5.2
3.700
<4.0

40,000
130

<0.10
2.4

<10
<1.0
<1.0

160
<4.0
<20
9.4

92

<6

21,751

NA

, NA

NA

Reactor
3

610
<10

<2.0
0.68

<0.20
<0.40
6.400

3.5
<2.0

4.3
3,900
<4.0

39,000
140

<0.10
2.9

<10
<1.0
<1.0
120

<4.0
<20
9.1

96

<34

18,550

NA

NA

NA

Reactor
4

660
<10
1.2

0.59
<0.20
<0.40
7.000

4.3
<2.0

4.4
4.200
<4.0

48,000
160

<0.10
3.2

<10
<1.0
<1.0

130
<4.0
<20

12

96

<6

3,800

NA

NA

NA

Day 26

Reactor
1

1,900
<10

<1.0
11

<0.20
<0.40
8.500

4.2
<20

4.7
540

<4.0
38,000

160
<0.1

7.3
350

<1.0
<1.0
200

<4.0
<20
9.2

96

<110

5,000

NA

2.7

NA

Reactor
2

1.500
<1.0
<1.0

9.6
<0.20
<0.40
6.800

5.5
4.0
5.6
940

14
40.000

160
<0.1

12
250

<1.0
<1.0

150
<4.0

24
23

73

<110

19.000

NA

3.2

NA

Reactor
3

1.600
<1,0

1.2
7.8

0.21
<0.40
5,100

4.9
2.4
6.3
650

<4.0
22.OOO

120
<0.1

6.8
240

<1.0
<1.0

140
<4.0
<20

10

100

<110

46,000

NA

19

NA

Reactor
4

3.700
1.1
2.0
16

0.24
<0.40
11.000

8.7
3.6
12

920
<4.0

60,000
310

<0.1
13

510
<1.0
<1.0
250

<4.0
<20

17

110

<110

43.200

NA

16

NA

NA Not Analyzed
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APPENDIX H
HAGEN FARM SOIL BIODEGRADATION STUDY. ANALYTICAL RESULTS FOR LIQUID FRACTION

(all units In mfl/L except as noted!

Cyanide

PCBs and Pesticides

Alpha-DHC
Beta-BHC
Delta-BHC
Gamma BHC (Lindanel
Heptachlor
Aldrin
Heptachlor Epoxlde
Endosulfan 1
Dieldrin
4.4'-DDE
Endrin
Endosulfan II
4.4'-DDD
Endosulfan Sulfate
4,4'-DDT
Methoxychlor
Endrin Ketone
Alpha -chlordarw
Gamma-chlordane
Toxaphene
PCB Arochlor 1016
PCB Arochlor 1221
PCB Arochlor 1232
PCB Arochlor 1242
PCB Arochlor 1 248
PCB Arochlor 1254
PCB Arochlor 1 260

Initial
Reactor

Condition!

<0.01

Day 12

Reactor
1

<0.01

Reactor
2

<0.01

<O.OOO05
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.001
< 0.001

< 0.0001
< 0.0005
< 0.0001
< 0.0005
< 0.0005
< 0.001

< 0.0005
< 0.0005
< 0.0005
< 0.0005
< 0.0005
< 0.001
< 0.001

< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.001
< 0.001

< 0.0001
< 0.0005
< 0.0001
< 0.0005
< 0.0005
< 0.001

< 0.0005
< 0.0005
< 0.0005
< 0.0005
< 0.0005
< 0.001
<0.001

< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.001
< 0.001

< 0.0001
< 0.0005
< 0.0001
< 0.0005
< 0.0005
< 0.001

< 0.0005
< 0.0005
< 0.0005
< 0.0005
< 0.0005
<0.001
< 0.001

Reactor
3

<0.01

Reactor
4

<0.01

Day 26

Reactor
1

<0.01

< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.0001
<0.0001
< 0.0001
< 0.0001
< 0.001
<0.001

<0.0001
< 0.0005
< 0.0001
< 0.0005
< 0.0005
< 0.001

< 0.0005
< 0.0005
<0.0005
<0.0005
< 0.0005
< 0.001
< 0.001

< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.0001
< 0.0001
< 0.0001
< 0.0001
<0.001
< 0.001

<0.0001
< 0.0005
< 0.0001
< 0.0005
< 0.0005
< 0.001

< 0.0005
< 0.0005
< 0.0005
< 0.0005
< 0-0005
< 0.001
< 0.001

< 0.00005
< 0.00005
< 0.00005
< 0.00005
<0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.0001
< 0.0001
< 0.0001
< 0.0001
<O.OOI
<0.001

< 0.0001
< 0.0005
< 0.0001
< 0.0005
< 0.0005
< 0.001

< 0.0005
< 0.0005
< 0.0005
< 0.0005
< 0.0005
<0.001
< 0.001

Reactor
2

<0.01

< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005

<O.OO01
< 0.0001
< 0.0001
< 0.0001
<0.001
<0.001

< 0.0001
< 0.0005
< 0.0001
<0.0005
< 0.0005
< 0.001

< 0.0005
< 0.0005
< 0.0005
< 0.0005
< 0.0005
< 0.001
< 0.001

Reactor
3

<0.01

< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.001
< 0.001

< 0.0001
< 0.0005
<O.OO01
< 0.0005
< 0.0005
< 0.001

< 0.0005
< 0.0005
< 0.0005
< 0.000 5
< 0.0005
< 0.001
< 0.001

Reactor
4

<0.01

< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.00005
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.001
< 0.001

< 0.0001
< 0.0005
< 0.0001
< 0.0005
< 0.0005
< 0.001

< 0.0005
< 0.0005
< 0.0005
< 0.0005
< 0.0005
< 0.001
< 0.001
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APPENDIX H (continued)
HAGEN FARM SOIL BIODEGRADATION STUDY, ANALYTICAL RESULTS FOR LIQUID FRACTION

(all units In mg/L except as noted)

Alcohols

Isobutyl Alcohol
Methanol
N-butyl Alcohol
Cyclohexanone

initial
Reactor

Conditions

<5.0
<0.5
<5.0
<0.5

Day 12

Reactor
1

Reactor
2

Reactor
>3.?;

Reactor
' , ' • • 4 ,v:

<5.0
<0.5
<5.0
<0.5

<5.0
<0.5
<5.0
<0.5

<5.0
<0.5
<5.0
<0.5

<5.0
<0.5
<5.0
<0.5

: Day 26

Reactor
•:.... ! 1 - :,

<5.0
<0.5
<5.0
<0.5

Reactor
2

<5.0
<0.5
<5.0
<0.5

Reactor
3

<5.0
<0.5
<5.0
<0.5

Reactor
4

<5.0
<0.5
<5.0
<0.5



r* r^ i— = r-

APPENDIX H (continued)
HAGEN FARM SOIL BIODEGRADATION STUDY, ANALYTICAL RESULTS FOR LIQUID FRACTION

Initial
Reactor

Conditions

Day 12

Reactor
1

Reactor
2

Reactor
3

Reactor
4

Day 26

Reactor
1

Reactor
2

Reactor
3

Volatile Organic! 0/g/L)

Acetone
Benzene
Bromodichloromethane
Bromolorm
Bromomethane
Carbon Disulfide
Carbon Tetrachloride
Chlorobenzene
C hi or o ethane
Chloroform
Chloromethane
Dibromochloromethane
Cis-1 ,3-Oichloropropene
1.1 -Dichloroethane
1.2-Dichloroethane
1,1-Dichloroethene
1 ,2-Dichloropropane
Ethylberuene
2-Hexanone
Methylene Chloride
Methyl Ethyl Ketone
4 -Methyl-2-Pentanone
Styrene
1 ,1 .2.2-Tetrachloroethane
Tetrachloroethene
Tetrahydrofuran
Toluene
1,2-Dichloroethene (Total)
Trans* 1 ,3-Dichloropropene
1,1,1 -Trichloroethane
1 , 1 .2-Trichloroethane
Trichloroethene
Vinyl Acetate
Vinyl Chloride
Xylene (Total)
Ethyl Ether

<20
<S
<B
<B

<10
<B
<S
<5

<10
<8

<10
<B
<B
<S
<6
<B
<6
<6

<10
<B

<10
<10
<B
<B
<B

<25
<6
<B
<6
<B
<B
<B

<10
<10
<B
<B

<20
<B
<5
<5

<10
<B
<B
<B

<10
<B

<10
<B
<B
<B
<S
<B
<S
<B

<10
' ' <B

<10
<10
<6
<B
<6

<10
<B
<5
<B
<5
<S
<B

<10
<10
<B
<B

BS
<B
<B
<B

<10
<B
<B
<B

<10
<6

<10
<B
<B
<B
<5
<B
<6
<B

<10
<5
IS

<10
<B
<B
<B

<10
<B
<6
<B
<6
<B
<B

<10
<10

<B
<5

<20
<B
<B
<B

<10
<B
<B
<B

<10
<B

• <io
<B
<B
<B
<B
<6
<B
<B

<10
<B

<10
<10
<6
<B
<B

<2B
<6
<B
<S
<B
<B
<B

<10
\ <10

<5

26*
<6
<B
<5

<10
<B
<B
<B

<10
<B

<10
<5
<5
<B
<5
<B
<6
<B

<10
<B

<10
<10

<B
<B
<5
38
<B
<6
<B
<6
<B
<6

<10
<10

<B

<20
<B
<B
<B

<10
<5
<B
<B

<10
<6

<10
<5
<5
<S
<6
<5
<B
<6

<10
<B

<10
< 10
<6
<B
<B

<25
^~—^-<5

<B
<6
<B
<5
<5

<10
<to
<B
<B

<20
<S
<S
<B

<10
<B
<B
<5

<10
<B

<10
<6
<B
<B
<B
<B
<B
<B

<10
7

<10
<10
<6
<5
<6

<25
<6
<5
<5
<5
<B
<5

<10
<10
<B
<B

<20
<B
<B
<B

<10
<B
<B
<B

<10
<B

<10
<B
<B
<S
<fi
<S
<B
<6

<10
<6

<10
<10
<B
<5
<5

<25
<6
<5
<S
<S
<5
<6

<10
< 10
<s
<s

Reactor
4

<20
<6
<B
<B

<10
<6
<6
<B

<10
<B

<10
<B
<B
<B
<B
<S
<B
<6

<10
<6

<10
<10
<B
<6
<6

<2S
<B
<B
<B
<6
<S
<B

<10
<10
<B
<B



APPENDIX H (continued)
HAGEN FARM SOIL BIODEGRADATION STUDY, ANALYTICAL RESULTS FOR LIQUID FRACTION

Initial
Reactor

Conditions

Day 12

Reactor
1

Reactor
2

Reactor
3

Reactor
4

Day 26

Reactor
1

Reactor
2

Reactor
3

Reactor
4

Semi-Volatile Organlcs U/Q/U

Acenaphthene
Acenaphthylene
Anthracene
Benz | A) Anthracene
Benzo(A)Pyrene
Benzo(B)Fluoranthene
BenzoIG.H.DPerytene
BenzofKlFluoranthene
Benzyl Alcohol
Benzylbutylphthalate
Bisl2-Chloroelhoxy (Me thane
Bis|2-Chloroethyl)Ether
Bis(2-Chloroisopropyl)Ether
Bis|2-Ethylhexyl)Phthalate
4-Bromophenylphenylelher
4-Chloro aniline
2-C hi or o naphthalene
4-Chlofophenylphenylether
Chrysene
D i be nz I A, H) Anthracene
Dibenzofuran
1,2-Dichlorobenzene
1,3 Dichloro benzene
1,4-Dichlorobenzene
3,3' -Dichlorobenzidine
Diethylphthalate
Dimethylphthalate
Di-n-butylphthalale
2.4-Dinitrotoluene
2,6-Dinitrotoluene
Di-n-octylphthalate
Fluoranthene
Fluorene

<20 <20 <20 <20 <20 <20 <20 <20 <20



APPENDIX H (continued)
HAGEN FARM SOIL BIODEGRADATION STUDY, ANALYTICAL RESULTS FOR LIQUID FRACTION

Initial
Reactor

Condition*

Day 12

Reactor
1

Reactor
2

Reactor
3

Reactor
4

Day 26

Reactor
1

Reactor
2

Reactor
3

Reactor
4

Saml-VolatUe Organic! (continued)

Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
lndeno(1,2.3-CD}Pyrene
Isophorone
2-Methylnaphthalene
Naphthalene
2-Nitroaniline
3-Nitroaniline
4-Nitroaniline
Nitrobenzene
N-nitroso-dipheny famine
N-niiroso-di-n-propylamine
Phenanthrene
Pyrene
Pyridine
1,2,4-Trichlorobenzene
Benzoic Acid
4-Chloro-3 -methy Iphenol
2-C hi or o phenol
2.4 -Oichlorophenol
2,4 -Dimethy Iphenol
4,6-Dinitro-2-me thy Iphenol
2,4-Dinitrophenol
2-Methylphenol
4-Me thy Iphenol
2-Niuophenol
4-Nitrophenol
Pentachlorophenol
Phenol
2.4.5 -Trichlorophenol
2.4.6 -Trichlorophenol

<50
<50
<50

<50

<50

<50
<50

<50
<50

<50

<50
<50
<50

<50

<50

<50
<50

<50
<50

<50
<50
<50

<50

<60

<BO
<50

<50
<50

<50
<50
<50

<50

<50

<50
<50

<60
<50

<50
<50
<60

<so
<60

<SO
<60

<60
<50

•00

<50
<50
<SO

<60

<50

<50
<60

<50
<60

<50

<50
<50
<50

<60

<50

<50
<60

<60
<50

<50

<SO
<50
<50

<50

<60

<50
<BO

<50
<50

<50

<50
<60
<60

<to

<50

<BO

<50
<50

<60
<50

<SO

Total Solids (%) 3.7 1.8 1.7 2.5



APPENDIX H (continued)
HAGEN FARM SOIL BIODEGRADATION STUDY, ANALYTICAL RESULTS FOR LIQUID FRACTION

Initial
Reactor

Conditions

Day 12

Reactor
1

Reactor
2

Metals

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

Alkalinity

Kjetdahl Nitrogen

TOG (dry weight basis)

Ammonia Nitrogen

Chlorlda

Sulfate

Chemical Oxygen Demand

Phosphorus

170
<1.5

0.030
1.7

0.0059
<0.25
1,800
0.30
0.21
0.77
320

0.37
1,000

11
< 0.0005

0.43
25

< 0.050
<0.01

110
<15
0.53

1.4

300

<6

5.0

<0.01

25

110

210

6.7

320
<0.60

0.17
3.1

0.024
<0.10
2.900
0.52
0.31

1.1
720

0.45
1.300

15
0.010
0.67

49
<0.050
<0.01

86
<6.0
0.91

2.1

150

10

...

NA

7.5

150

260

24

170
<0.60

0.12
2.1

0.014
<0.10
2.100
0.30
0.21
0.84
440

0.34
920

11
0.015
0.44

28
<0.050
<0.01

71
<6.0
0.53

1.4

500

13

—

NA

120

160

260

22

Reactor
3

Reactor
4

240
<0.60

0.15
2.6

0.024
<0.10
2,400
0.40
0.27
0.96
600

0.42
1,100

13
<0.001

0.58
37

< 0.050
<0.01

120
<6.0
0.71

1.8

1.600

8.9

3.0

NA

120

190

310

26

180
<0.60

0.11
2.1

0.024
<0.10
1.600
0.31
0.21
0.74
440

0.32
700

10
< 0.001

0.44
33

<0.050
<0.01

110
<6.0
0.55

1.4

950

30

6.0

NA

120

360

360

33

Day 26

Reactor
1

Reactor
2

Reactor
3

Reactor
4

260
<1.6

0.029
2.7

0.0086
<0.25
1.900
0.45
0.29
0.94
460

0.46
1,100

14
0.0022

0.62
41

<0.050
<0.01

82
<15
0.76

2.0

150

<6

6.1

<0.01

8.0

150

260

15

210
<1.5

0.041
2.1

0.010
<0.25
1.600
0.34
0.23
0.77
370

0.42
890

11
0.0023

0.48
34

< 0.050
<0.01

70
<15
0.62

1.6

30

9.0

6.1

0.13

110

370

210

24

190
<1.5

0.045
2.1

0.0088
<0.25
1.500
0.32
0.24
0.74
340

0.42
860

12
0.0013

0.50
34

<0.050
<0.01

110
<15
O.S6

1.6

26

10

6.6

<0.01

130

520

310

34

210
<1.5

0.040
2.7

0.01
<0.25
1.600
0.35
0.26

1.1
510
0.45
870

16
0.0018

0.67
33

< 0.050
<0.01

120
<15
0.61

1.8

19

<6

8.4

<0.01

130

620

410

24

NA Not Analyzed
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FIGURE 1-2
Hagen Farm Soil Bioreactors

Dissolved Oxygen vs. Time - Day 25

4 6
Time (hours)

10

Reactor 1 Reactor 2 -*- Reactor 3 Reactor 4



FIGURE 1-3
Hagen Farm Soil Bioreactors

Dissolved Oxygen vs Time - Day 32

2 3
Time (hours)

Reactor 1 Reactor 2 -*- Reactor 3 Reactor 4



APPENDIX D

Alternative Costs - Source Control
(7 Pages)

Technology: Alternative t: No action, to include active extraction trenches and combustion of
vented air.

Site Name: Dunn Landfill
Date: March 3, 1992

Technology: Alternative V: Same as Alternative tl with the addition of vacuum extraction through
wells and installation of membrane cutoff wall at cells 6 and 12.

Site Name: Dunn Landfill
Date: March 3, 1992

Technology: Cover A
Site Name: Dunn Landfill
Date: March 3. 1992

Technology: Alternative VI: Same as Alternative IV with the addition of vacuum extraction through
wells and installation of membrane cutoff wall at cells 6 and 12.

Site Name: Dunn Landfill
Date: March 3, 1992

Technology: Cover B/C - no drainage/B
Site Name: Dunn Landfill
Date: March 3, 1992

Technology: Alternative VII: Same as Alternative III except deep well vacuum extraction and
installation of membrane cutoff wall at cells 6 and 12.

Site Name: Dunn Landfill
Date: March 3, 1992

Technology: Cover B - no drainage layer
Site Name: Dunn Landfill
Date: March 3, 1992

(WPS.1 3/1W2) 14OM05200\COCL-F3RJU>P

-RELaMoreaux& Associates—'
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Technology: ALTERNATIVE Is No action, to include active
extraction trenches and
combustion of vented air.

I Site Name: Dunn Landfill
Date: March 3, 1993

i
i
i
I —

i
i
i
i
i~
i
i
r
i
i
i
i

Item Description

CAPITAL COSTS
Vent /Trench-Sand
4" Dia. Perforated Pipe
Beotext ile
Header Pipe
Drip Leg
Blower
Flare
Flare Installation

ANNUAL O & M COSTS
Blower Maintenance <£ yr)
Flare Maintenance (£ yr)
Monitoring (of f gas, £ yr)
Monitoring (gas &storm w)

Units Quantity

CY S00
LF 4, £00
SF 41,100
LF £, 800
LS 4
LS 1
LS 1
LS 1

HR 104
HR 104
LS 1
LS 1

SUBTQTAL-Con struct ion Cost

Unit Price Total Cost

$4.50 $3, 600
14.00 SB, 800
0. 15 6, 165
£0.00 56,000

1,000. 00 4, 000
5,000.00 5,000
55,000.00 55,000
55, 000. 00 55, 000

100.00 10,400
100.00 10,400

6, 100.00 6, 100
8, 500. 00 8, 500

$243, 565

LEGAL FEES, LICENSE & PERMIT COSTS AT 1054 OF CONST. COST £4,357

ENGINEERING & ADMINISTRATIVE AT 15% OF CONST. COST 36,535

SUBTOTAL

CONTINGENCY AT £0* OF CONSTRUCTION COST

TOTAL CAPITAL COST

SUBTQTAL-Annual O & M Cost: FIRST £ YEARS
SUBTOTAL-Annual O & M Cost: AFTER 2 YEARS

CONTINGENCY AT £0* OF 0 &
CONTINGENCY AT £0% OF 0 &

ANNUAL 0 & M COSTS: FIRST
ANNUAL 0 & M COSTS: AFTER

M COST: FIRST £ YEARS
M COST: AFTER FIRST £

2 YEARS
FIRST 2 YEARS

9384, 456

60,891

$365,348

$35, 400
$8, 500

7,080
YEARS 1,700

$4£, 480
$10,200

PRESENT NET VALUE
9.0% Discount Rate; 5.0%

Prepared bvs Ufiwf

Checked bv : /\ & <=ff

Inflation Rate

Date: ?/*/?£

Date: J/£/V* _

$587, 739

1



I
f

Technologys

Site Name:
Date:

ALTERNATIVE V

Dunn Landfill
March 3, 199£

Sane as Alternative II with
the addition of vacuu* extrac-
tion through wells and instal-
lation of Beabrane cutoff wall
at cells 6 and 12.

Item Description

ITEM
Vent/Trench < V/T)-Band
V/T-4" Dia. Perfor. Pipe
V/T-Seotextile
V/T-Header Pipe
V/T-Drip Leg
Blower
Flare
Flare Installation
Site Fencing
Cover A
Vent/Well(V/W)-cell 6&1£
V/W-Header Pipe
V/W-Drip Leg
Membrane Curtain/Wall

ANNUAL 0 ft M COSTS
Site Inspections
Turf and Erosion Repair
Mowing
Equipment & Facilities
Blower Maintenance(5 yr)
Flare Maintenance(5 yr)
Monitoring (offgas,5 yr)
Monitoring(gas &storm w)

Units

CY
LF
SF
LF
EA
LS
LS
LS
LF
LS
EA
LF
LS
LS

AC
AC
LS
HR
HR
LS
LS

Quantity

830
4, £00
41,100
£, 100

4
1
1
1

6,500
1
4

£,700
£
1

4
£4. £
£4. £

1
£60
£60

1
1

Unit Price

*4. 50
14.00

0. 15
£0.00

1,000.00
5, 000. 00
55,000. 00
55,000. 00

10.00
1,821,788
3,000.00

£0.00
1,000.00
55,000. 00

B50.00
100.00
50.00

£, 185.00
100.00
100.00

6,100.00
8, 500. 00

Total Cost

$3,600
58,800
6, 165
4£,000
4, 000
5,000
55, 000
55,000
65,000

1,821,788
1£,000
54, 000
£,000
55,000

3,400
£, 4£0
1,210
£, 185
£6,000
£6,000
6, 100
B, 500

SUBTOTftL-Construct ion Cost $£,239,353

LEGftL FEES, LICENSE & PERMIT COSTS AT 10% OF CONST;. COST ££3,935

ENGINEERING & ADMINISTRATIVE AT 15% OF CONST. COST 335, 903

SUBTOTAL $2,799, 191

CONTINGENCY AT £0% OF CONSTRUCTION COST 559,838

TOTAL CAPITAL COST $3,359,030

SUBTOTAL-Annual 0 ft M Costs FIRST 5 YEARS
SUBTOTAL-ftnnual O ft M Costs AFTER 5 YEARS

$75,815
$17,715

CONTINGENCY AT £0% OF 0 & M COST: FIRST 5 YEARS
CONTINGENCY AT £0% OF 0 & M COST: AFTER 5 YEARS

15,163
3,543

ANNUAL 0 ft M COSTS: FIRST 5 YEARS
ANNUAL O ft M COSTS: AFTER 5 YEARS

$90,978
$21,£58

i
PRESENT NET VALUE
9.C% Discount Rate; 5.0% Inflation Rate

$3,90S,226

Preoared bv: Datg; ? £cheched bv Date;
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I
I
I
t

r
i
i
r
i

Table No.
Technology:
Site Nanes
Date:

Cover A
Dunn Landfill
March 3, 199£

(Item De script ion
i
1 Ite«
(Native Soil
(Cohesive Soil
140 mil FML
(Drainage Layer
IGeotext ile
IRoot Zone
ITopsoil
ISeed, Fertilizer, Mulch
IPerineter Shaping
1

ANNUAL D ft M COSTS
(Site Inspections
ITurf and Erosion Repair
(Mowing
(Equipment & facilities

Units

CY
CY
SF
CY
SF
CY
CY
AC
LS

Eft
AC
AC
LS

Quantity

19,5£1
19,5£1

1,054, 15£
39,043

1,054, 15£
58, 564
19,5£1
£4.2

1

4
£4. £
£4. £

1

Unit Price

$4. 00
7.00
0.50
8.00
0. 115
7.00
9.00

1, 100.00
34, 153.00

850. 00
100. 00
34.50

£, 185.00

Total Cost

$78, 084
136,647
5£7,076
31£,344
1£1,££7
409,948
175,689
£6,6£0
34, 153

3,400
£, 4£0
835

£, 185
1
1 SUBTOTflL-Con struct ion Cost *1, 821, 788
1
ILEGAL FEES, LICENSE & PERMIT COSTS AT 10% OF CONST. COST 182,179
1
(ENGINEERING & ADMINISTRATIVE ftT 15% OF CONST. COST £73, £68
1
1 SUBTOTAL *2, 277, 236
1
(CONTINGENCY AT £0% OF CONSTRUCTION COST 455,447
I
(TOTAL CAPITAL COST $2,732, 683

Prepared by Date;
* t

Checked by; Date;



1 Technology: ALTERNATIVE VlsSaae as Alternative IV with
the addition of vacuum extrac-

[ tion through wells and
installation of aeibrane cut-
off wall at cells 6 and 12.

Site Name: Dunn Landfill
I" Date: March 3, 199£

Item Description

1 ITEM
Vent/Trench (V/T)-Sand
V/T-4" Dia. Per for. Pipe

1 V/T-Geotextile
•- V/T-Header Pipe

V/T-Drip Leg

1 Blower
Flare
Flare Installation

I Site Fencing
r Cover B/C

1
1

i
i
i1
i
|

,

•

1
1

i1
_

Vent/Well(V/W)-cell 6&1£
V/W-Header Pipe
V/W-Drip Leg
Membrane Curtain/Wall

ANNUAL O & M COSTS
Site Inspections
Turf and Erosion Repair
Mowing
Equipment & Facilities
Blower Maintenance (5 yr)
Flare Maintenance (5 yr)
Monitoring (offgas,5 yr)
Monitoring (gas &storm w)

Units

CY
LF
SF
LF
EA
LS
LS
LS
LF
LS
EA
LF
LS
LS

EA
AC
AC
LS
HR
HR
LS
LS

Quantity

800
4,200
41, 100
£, 100

4
1
1
1

6,500
1
4

£,700
£
1

4
£4. £
£4.£

1
£60
£60

1
1

Unit Price

$4.50
:14. 00
: o. is
£0.00

1,000.00
5, OOO. 00
55, 000. OO
55, OOO. 00

10.00
1,835,479
3, OOO. 00

£0.00
1, 000. OO

55, 000. 00

850. OO
100. OO
50. OO

£, 185.00
100. 0O
100. OO

6, 100.00
8,500. OO

Total Cost

$3, 600
58, 8O0
6, 165
4£, 000
4,000

, 5, OOO
\ 55,000
j 55, OOO
/ 65, 000
1,835,479

1£,000
54, 000
£,000
55, 000

3,400
£,420
1,£10
£, 185
£6,000
£6,000
6, 100
8,500

SUBTOTAL-Construct i on Cost $2, 253, 044

LEGAL FEES, LICENSE & PERMIT COSTS AT 10% OF CONST. COST ££5, 304
,

ENGINEERING & ADMINISTRATIVE AT 15% OF CONST. COST 337,957

SUBTOTAL $£, 816, 305

CONTINGENCY AT £0% OF; CONSTRUCTION COST 563, £61

TOTAL CAPITAL COST $3,379,566

SUBTOTAL- Annual Q ft M Cost: FIRST 5 YEARS $75,815
SUBTOTAL-Annual 0 & M Cost: AFTER 5 YEARS $17,715

CONTINGENCY AT £0% OF 0 & M COST: FIRST 5 YEARS 15,163
CONTINGENCY AT £0% OF 0 & M COST: AFTER 5 YEARS 3,543

ANNUAL 0 & M COSTS: FIRST 5 YEARS $90,978
ANNUAL O & M COSTS: AFTER 5 YEARS $21,258

PRESENT NET WORTH $3,925,008
9. 0% Discount Rate; 5. 0% Inflation Rate

'

Prepared bv



I

I
[

Table No.
Technology:
Site Name:
Dates

Cover B/C- no Drainage/B
Dunn Landfill
March 3, 199£

1 Item De script ion
1
1 ITEM
IClay
140 nil FML
(Drainage Layer (sand)
IGeotext ile
(Root Zone
ITopsoil
ISeed, Fertilizer, Mulch
IPerineter Shaping
1

ANNUAL O ft M COSTS
ISite Inspections
ITurf and Erosion Repair
(Mowing
1 Equipment & f aci lit ies

Units

CY
SF
CY
SF
CY
CY
AC
LS

EA
AC
AC
LS

Quantity

78, 085
191,664
7, 10C

191,664
58,564
19,5£1
£4. £

1

4
£4. £
£4. £

1

Unit Price

$12.50
0.70
8.00
0. 115
7.00
9.00

1, 100.00
34, 153.00

850. 00
100.00
34.50

£, 185.00

Total Cost

«976,063
134, 165
56, 800
££,041
409,948
175,689
£6, 620
34, 153

3,400
2,420
835

£, 185
1
1 SUBTOTAL-Construct ion Cost *lf 835, 479
1
1LEGAL FEES, LICENSE & PERMIT COSTS AT 10% OF CONST. COST 183,548
1
(ENGINEERING & ADMINISTRATIVE AT 15% OF CONST. COST £75, 3££
1
I SUBTOTAL $£, £94, 348
1
(CONTINGENCY AT £0% OF CONSTRUCTION COST 458,870
1
'TOTAL CAPITAL COST *2, 753, 218

[

I Prepared bv:

Checked bv& Date : ^77/4



L:

I

Technology:

Site Name:
Date:

ALTERNATIVE VII:Sa«e as Alternative III
except deep well vacuua
extraction and installation
of aeabrane cutoff nail at
cells 6 and 13.

Dunn Landfill
March 3, 1992

Ite« Description

ITEM
Vent/Trench(V/T)-Sand
V/T-4" Dia. Perfor. Pipe
V/T Seotextile
V/T Header Pipe
V/T Drip Leg
Blower
Flare
Flare Installation
Site Fencing
Cover B
Vent/Well<V/W)-cell 6&1£
V/W-Header Pipe
V/W-Drip Leg
Membrane Curtain/Wal1

ANNUAL Q & M COSTS
Site Inspections
Turf and Erosion Repair
Mowing
Equipment & Facilities
Blower Maintenance(5 yr)
Flare Maintenance(5 yr)
Monitoring (offgas,5 yr)
Monitoring(gas &storm w)

Units

CY
LF
SF
LF
Eft
LS
LS
LS
LF
LS
Eft
LF
LS
LS

Eft
AC
AC
LS
HR
HR
LS
LS

Quantity

BBS
4,200
41, 100
2, 100

4
1
1
1

6,500
1
4

2,700
e
i
4

£4.£
£4.2

1
£60
260

1
1

Unit Price

4.50
14.00
0. 15
20.00

1,000.00
5, 000. 00
55, 000. 00
55, 000. 00

10.00
1,622,473
3, 000. 00

20.00
1,000. 00

55, 000. 00

S50. 00
100.00
50.00

2, IBS. 00
100. 00
100. 00

6, 100.00
8,500. 00

Total Cost

3,
58,
6,
42,
4.
5.
55,
55,
65,

1,6££,
12,
54.
2,
55.

603

165
000
000
000
000
000
000
473
000
000
000
000

2,400
2,420
1,210
2, 185

26, 000
26,000
6, 100
8, 500

SUBTOTAL-Construction Cost *£,040,038

LEGAL FEES, LICENSE & PERMIT COSTS ftT 10% OF CONST, COST £04,004

ENGINEERING & ADMINISTRATIVE flT 15% OF CONST. COST 306,006

SUBTOTAL $2,550,048

CONTINGENCY ftT £0% OF CONSTRUCTION COST il0,010

TOTAL CAPITAL COST $3,060,057

SUBTOTftL-Annual 0 ft M Cost: FIRST 5 YEARS
SUBTOTftL-ftnnual 0 ft M Cost: AFTER 5 YEARS

»75,815
•17,715

CONTINGENCY AT £0% OF 0 & M COST: FIRST 5 YEftRS
CONTINGENCY AT £0% OF 0 & M COSTs ftFTER 5 YEftRS

15,163
3,543

ANNUAL 0 ft M COSTSx FIRST 5 YEARS
ANNUAL O ft M COSTS: AFTER 5 YEARS

$90, 978
$21,856

I
PRESENT NET WORTH
9.0% Discount Rate; 5.0% Inflation Rate

$3,617,224

Prepared bv: Date: Checked bv



APPENDIX E

ARARs from U.S. EPA and WDNR - Source Control

ARAR Determinations
(2 Pages)

City Disposal Corporation Landfill
Potential Applicable or Relevant and Appropriate Requirements

Source Control
(2 Pages)

(WP5.1 »1W2) 14Dtt0520CftCIXX.FSFl.APP

-RE.LaMoreaux& Associates—
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ARAR Determinations

Below are listed the ARAR's as determined by the Department based on the
various remedial options presented. The Department may amend the list based
on changes or additions to the list of possible remedial actions for the site.

Alternative

1) Institutional controls,
access controls, monitoring
cover A or a

2) Institutional controls,
access controls, monitoring
cover A or B/C

3) Institutional controls,
access controls, monitoring
extraction, cover A or 8

Preliminary Identification
Lor RA1 fode^ gf Standards/Reoui rements

RA 181.49 Groundwater monitoring to identify degree
and extent of contamination, hazardous
waste groundwater monitoring requirements

A 181 Any waste generated during the remedial
Investigation must be handled consistent
with hazardous waste requirements, general
hazardous waste management requirements

A HO Grounduater standards and response
requirements

A 149 Laboratory certification for environmental
testing

A 504,506,445 Landfill gas collection, treatment and
hazardous air emission controls

A 508 Landfill monitoring requirements

A 504,506,514,516 Landfill capping, closure and
documentation requirements

same requirements as alternative 1 above

RA 181.44(11)-(14>

same requirements as alternative 1 above

Landfill capping, closure, monitoring and
long term care requirements

4) Institutional controls,
access controls, monitoring,
gas extraction, cover A or B/C A

V 181

same as alternative 2

181

Management requirements for hazardous
wastes removed during construction of gas
extraction systems

Management of hazardous wastes removed
during construction of gas extraction
systems

5) Institutional controls,
access controls, monitoring
trench/vent system, cover A or B

6) Institutional controls,
access controls, monitoring
trench/vent system, cover A
or B/C

same as alternative 1

same as alternative 2
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Preliminary Identification
Alternative A or RA1 Code1 of Standards/Requirements

7} Institutional controls, sane as alternative 3
access restrictions,
Monitoring, gas extraction,
trench/vent system, cover A
or B

6} Institutional controls, same as alternative 4
access restrictions,
Monitoring gas extraction,
trench/vent system, cover
A or B/C

1 A or RA « Applicable (A) or potentially Relevant and Appropriate (RA)
2 Code • Wisconsin Administrative Code, Chapter NR series
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City Disposal Corporation Landfill
Potential Applicable or Relevant and Appropriate Requirements

Source Control Operable Unit

All Alternatives. Each of the eight alternatives includes access
restrictions, institutional controls, landfill cap and ground water
monitoring.

ARARs: Wis. Adm. Code NR. 600 series (formally NR. 181) ,
including, requirements for ground water monitoring,
management of hazardous waste resulting from
remedial activities, landfill capping, closure,
monitoring, post closure maintenance and use, and
documentation;

Wis. Adm. Code NR. 500 series, including 504, 506,
508, 514 and 516. These solid waste regulations
include requirements for landfill gas collection
and treatment, landfill capping, landfill closure,
monitoring, post closure maintenance and use and
documentation;

Wis. Adm. Code NR 445, hazardous air emissions
control;

Wis. Adm. Code NR. 140, ground water quality
standards and response requirements;

Wis. Adm. Code NR. 149, laboratory certification for
environmental testing; AND

Resource Conservation and Recovery Act (RCRA)
Subtitles C and D.

To Be Considered:
Technical Guidance Document Final Covers on
Hazardous Waste Landfills and Surface Impoundments
EPA/530/SW-89/047
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Alternatives 3. 4. 5, 6. 7. and 8. These alternatives all include
vacuum extraction, gas inj ection/extraction systems, and/or
landfill gas trench/vent system.

ARARs: Wis. Ada. Code NR 445, hazardous air emissions
control;

Title 40 of the Federal Code of Regulations
(40 CFR) Part 50, National Ambient Air Quality
Standards (NAAQS);

40 CFR Part 61, National Emission Standards for
Hazardous Air Pollutants (NESHAP); AND

40 CFR Part 60, National New Source Performance
Standards (NSPS).

To Be Considered:
OSWER Directive 9355.0-28, U.S. EPA policy guidance
entitled Control of Air Emissions from Superfund
Air Strippers at Superfund Ground Water Sites.



APPENDIX F

Alternative Costs - Ground-Water Control
(5 Pages)

Table No.
Technology:
Site Name:
Date:

Table No.
Technology:
Site Name:
Date:

Table No.
Technology:
Site Name:
Date:

Table No.
Technology:
Site Name:
Date:

Table No.
Technology:
Site Name:
Date:

Alternative 0
No Action
Dunn Landfill
March 6, 1992

Alternative 7
Air Stripping, Activated Carbon & Catalytic Oxidation
Dunn Landfill
March 5, 1992

Alternative 8
Air Stripping & Activated Carbon
Dunn Landfill
March 5, 1992

Alternative 9
Bioremediation
Dunn Landfill
March 3, 1992

Alternative 10
Chemical Oxidation
Dunn Landfill
March 3, 1992

(WP5.1 yiVBZ) 14Dtt05200CDO.-fSR-APf>

RELaMoreaux& Associates—'



Table No.
Technology
Site Na»e:
Dates

Alternative 0
No Action
Dunn Landfill
March 6, 1992

L
L
1
1
1
I
1
1
1
1
1
I
I
f
I
I
1

Item Description Units Quantity Unit Price

ITEM
N/A 0 «0

'.

ANNUAL O & M COSTS
Monitoring LS 1 114,216

SUBTOTAL-Construction Cost

^t-EGAL FEES, LICENSE & PERMIT COSTS AT 10% OF CONST. COST
1
(ENGINEERING & ADMINISTRATIVE AT 15% OF CONST. COST
I
(SUBTOTAL
1
1 CONTINGENCY AT £0% OF CONSTRUCTION COST
1
(TOTAL CAPITAL COST
I
ISUBTOTAL-Annual O & M Costx FIRST 20 YEARS
ISUBTOTAL-Annual 0 ft M Costx SECOND 20 YEARS
1
(CONTINGENCY AT £0% OF 0 & M COST: FIRST £0 YEARS
(CONTINGENCY AT £0% OF 0 & M COST: SECOND £0 YEARS
1
ANNUAL 0 ft M COSTS: FIRST 20 YEARS
(ANNUAL 0 ft M COSTS: SECOND 20 YEARS
1
(PRESENT NET WORTH
19.0% Discount Rate; 5.0% Inflation Rate
1

'

n^iLi *>/f /$ ?Preoared bv: \JtsWi Date: ̂ v/i^
/ „•— N ^r / S

Checked bv: f̂̂ -5 Date: V6 /% ̂ — _.

Total Cost

$0

114,216
*

! *0/ ®
0

*0

0

$0

$114,216
$114,216

££, S43
££, 843

$137,059
$137,059

$2, 350, 632



[ Table No. Alternative 7
Technology: Air Strip, Act Carb ft Cat Ox id
Site Name: Dunn Landfillt

i
i.
i
i:
i
i
i
i
i
t

Date: March 5, 199£

(Item Description

1 ITEM
(Groundwater Recovery Sys.
(Process Equipment-Instal.
ISite Piping
ISite Work and Buildings
1
1 ANNUAL O ft M COSTS
(Labor
(Analytical
(Chemicals
(Carbon Replace. /Regener.
(Power & Natural Gas
'Residual Disposal
Maintenance

Units I
I

LS
LS
LS
LS

LS
LS
LS
LS
LS
LS
LS

I Ad m in i st rat i on LS

ISUBTOTAL-Con struct ion Cost
1
(LEGAL FEES, LICENSE & PERMIT COSTS
1
(ENGINEERING & ADMINISTRATIVE AT 15%

(SUBTOTAL
1
(CONTINGENCY AT £0% OF CONSTRUCTION
1
(TOTAL CAPITAL COST
1
(SUBTOTAL-Annual O ft M Cost: FIRST
SUBTOTAL-Annual O ft M Cost: SECOND

(CONTINGENCY AT £0* OF 0 & M COST:

Quantity

1
1
i
i

1
1
1
1
1
1
1
1

Unit Price

•170,000
1,395,000
45,
195,

71,
114,
130,
395,
4£0,
40,
50,
4£,

AT 10% OF CONST.

OF CONST. COST

COST

20 YEARS
20 YEARS

FIRST £0 YEARS
(CONTINGENCY AT £0% OF 0 & M COST: SECOND £0 YEARSI

[
|
(ANNUAL O ft M COSTS: FIRST 20 YEARS
(ANNUAL O ft M COSTS: SECOND 20 YEARS
1
(PRESENT NET WORTH
19.0% Discount Rate; 5.0% Inflation
1

Rate

000
000

000
£16
000
000
000
000
000

Total Cost

• 170,
1,395,

45,
195,

71,
114,
130,
395,
4£0,
40,
50,

000 4£,

• 1,805,

COST 180,

£70,

•2, £56,

451,

•2,707,

• !,£&£,
• 95,

252,
1%

• 1,514,
• 114,

• 19,998,

000
000
000
000

000
£16
000
000
000
000
000
000

000

500

750

£50

£50

500

£16
406

443
031

659
487

307

r
i

Prepared by; Date

Checked bv:

i



Table No.
Technology
Site Name:
Date:

alternative 8
Air Stripping & Activated Carbon
Dunn Landfill
March 5, 1992

1
1
1
1
1
1
1

lit en Description Units Quant
1
1 ITEM
IBroundwater Recovery Sys. LS
(Process Equipnent-Instal. LS
(Site Piping LS
(Site Work and Buildings LS
1
1 ANNUAL O & M COSTS
(Labor LS
(Monitoring LS
[Chemicals LS
(Carbon Replace. /Regener. LS
'Oower LS
-Residual Disposal LS
(Maintenance LS
(Administration LS
1
1 SUBTOTAL-Con struct ion Cost
1

ity Unit Price Total Cost

1 $170,000 $170,
1 975, 000 975,
1 45, 000 45,
1 185,000 185,

1 62, 000 6£,
1 114,216 114,
1 130,000 130,
1 420,000 420,
1 35, 000 35,
1 40, 000 40,
i 50, 000 50,

1 4£, 000 4£,

$1,375,

(LEGAL FEES, LICENSE & PERMIT COSTS AT 10% OF CONST. COST 137,
1
(ENGINEERING & ADMINISTRATIVE AT 15% OF CONST. COST £06,I

I
I
i
I
t
r
i
i
i

1
1 SUBTOTAL
1
(CONTINGENCY AT £0% OF CONSTRUCTION COST
|
(TOTAL CAPITAL COST
t

$1,718,

343,

$2, 062,

SUBTOTAL-Annual O & M Cost: FIRST 20 YEARS $893,
.SUBTOTAL-Annual O & M Cost: SECOND 20 YEARS $95,
1
(CONTINGENCY AT £0% OF 0 & M COST: FIRST
(CONTINGENCY AT £0% OF 0 & M COST: SECOND
1
(ANNUAL 0 & M COSTS: FIRST 20 YEARS
(ANNUAL 0 & M COSTS: SECOND 20 YEARS
1
(PRESENT NET WORTH
19.0% Discount Rat«| 5% Inflation Rate
1

Prepared bv : QvPf Date: 3/->/ 7 ̂

Checked bv: ^ff^-^- Date: ^/3 f f Z.

£0 YEARS 178,
£0 YEARS 19,

$1,071,
$114,

$16,842,

000
000
000
000

000
216
000
000
000
000
000
000

000

500

£50

750

750

500

216
406

643
081

859
487

038



Table No.
Technology:
Site Name:
Date:

Alternative 9
Bioremediation
Dunn Landfill
March 3, 1992

r
i
i
i
t
i

ilten Description Units
1
1 ITEM
(Groundwater Recovery Sys. LS
(Process Equipment-Instal. LS
ISite Piping LS
(Site Work and Buildings LS
1
t ANNUAL O ft M COSTS
1 Labor LS
(Monitoring LS
(Chemicals • LS
•Power LS
Residual Disposal LS
(Maintenance LS
1 fidm in ist rat ion LS
»
1 SUBTOTflL-Con struct ion Cost
1
ILEGftL FEES, LICENSE & PERMIT COSTS
1

Quantity Unit Price

1 * 170, 000
1 1,105,000
1 65, 000
1 £10,000

1 83, 000
1 13£, £16
1 48, 000
1 40, 000
1 53, 000
1 70, 000
1 4£, 000

AT 10% OF CONST. COST

(ENGINEERING & ADMINISTRATIVE flT 15% OF CONST. COST
1
1 SUBTOTAL
1
(CONTINGENCY flT £0% OF CONSTRUCTION
1
(TOTAL CAPITAL COST
1
'SUBTOTAL-Annual O & M Cost* FIRST
.SUBTOTAL-Annual 0 ft M Costs SECOND
1

COST

20 YEARS
20 YEARS

(CONTINGENCY ftT £0% OF 0 & M COSTs FIRST £0 YEftRS
(CONTINGENCY AT £0* OF 0 & M COSTs SECOND £0 YEARS
1
(ANNUAL O & M COSTS I FIRST 28 YEARS
(ANNUAL O ft M COSTS: SECOND 20 YEARS
i
(PRESENT NET WORTH
19.0% Discount Rate; 5.0% Inflation
1

Rate

Total Cost

$170,000
1, 105,000

65, 000
£10,000

83, 000
13£,£16
48, 000
40, 000
53, 000
70, 000
4£, 000

* 1,550, 000

155,000

£3£, 500

$1,937,500

387, 500

*2, 325, 000

* 468, £16
$95, 406

93, 643
19,081

$561,859
$114,487

$10,301,833

Preoared bv : Q&lM Dat e : 3/J/? "^

Checked bv : ^f^^- Date: *f7/#2_



Table No.
Technology:
Site Name:
Date:

r
i
i

t

Alternative 10
Chevical Oxidation
Dunn Landfill
March 3, 199£

I Item Description Units Quant
1
1 ITEM
IGroundwater Recovery Sys. LS
(Process Equipment-Instal. LS
(Site Piping LS
(Site Work and Buildings LS
1
1 ANNUAL O ft M COSTS
(Labor LS
(Monitoring LS
(Chemicals • LS
i Power LS
Residual Disposal LS
(Maintenance LS
1 Ad m i n i s t rat ion LS
1
ISUBTOTAL-Construction Cost
1
(LEGAL FEES, LICENSE & PERMIT COSTS AT 10
i

ity Unit Price Total Cost

1 $170,000 $170,000
1 805,000 305,000
1 45, 000 45, 000
1 135,000 185,000

1 6£, 000 62,000
1 114, £16 114,216
1 65, 000 65, 000
1 130,000 130,000
1 40, 000 40, 000
1 35, 000 35, 000
1 4£, 000 4£, 000

$1,205,

6 OF CONST. COST l£0,

(ENGINEERING & ADMINISTRATIVE AT 15% OF CONST. COST 180,
1
1 SUBTOTAL
1
(CONTINGENCY AT £0% OF CONSTRUCTION COST
1
(TOTAL CAPITAL COST
1

$1,506,

301,

$1,807,

'SUBTOTAL-Annual O ft M Costs FIRST 20 YEARS $538,
SUBTOTAL-Annual O ft M Costs SECOND 20 YEARS $95,

1
(CONTINGENCY AT £0% OF O & M COST: FIRST
(CONTINGENCY AT £0% OF 0 & M COST: SECOND
1
(ANNUAL O ft M COSTS: FIRST 20 YEARS
(ANNUAL 0 ft M COSTS s SECOND 20 YEARS
1
(PRESENT NET WORTH
19.0% Discount Rate; 5.0% Inflation Rate
(

Preoared bv: (./f^r'l Date: ̂ */7 -̂

Checked bv: XT ̂ -^ Date: '//r *-

£8 YEARS 107,
£0 YEARS 19,

$645,
$114,

$10,926,

000

500

750

250

£50

500

216
406

643
081

859
487

379



APPENDIX G

ARARs from U.S. ERA and WDNR - Ground-Water Control

TYPE OF
DOCUMENT

Letter

DATE ISSUED ADDRESSED TO ADDRESSEE

May 20. 1991 Ms, Dee Bmcich Charles Wilk

NO. Of
PAGES

(WP5.1 ?1VB2) UDM8S200COCL-FSH.APP

-R E.LaMoreaux & Associates
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— 3TATE3U4V1ROWMIMTAI PROTECTION AfiENCY

230 SOUTH DEARBORN ST.

Ms. Dee Brncich ^ :
Waste Management of North America ," incorporated
Midwest Region ^
Two Westbrook Corporate Center, Suite 1000
Westchester, Illinois 601S4

Re* City Disposal Corporation LanSf
Applicable or Relevant and Appropriate Requirements-

fc» :
Dear Ms. Brncich: -*.-''

The United States Environmental Protection Agency (U.S. EPA) and
the Wisconsin Department of Natural Resources have completed
thcnr review Of Technical Memorandum 6B, Alternatives Array
Document for the Ground-water cuuLi.*l ojs&*ablo TTnit for th£ City
Disposal Corporation Landfill. The principal purpose of the
reviews were to identify pĉ ntial Applicable or Relevant and
Appropriate Requirements for '"alternatives described in the
Alternatives Array Document.-;

Enclosed in this letter are lists of potential ARARs specific to
described alternatives from the U.S. EPA and WDNR.

1"ha JOttV* listed in Vne enclosures were based on the alternatives
presented. These lists may be ameiia<ed da« t& additinnal *
information or changes to the alternatives presented. Final
ARARs are identified at the time of signature of a Record of
Decision. Once a Record of Decision is signed for the remedial
action, U.S. EPA will not reopen that decision unless a new or
modified requirement calls into question the protectiveness of
the selected remedy.

If you have any questions concerning this letter please telephone
me at (312) 353-1331. • ^ /

DATE
C.̂ OT. ,„ 8* OEEBRNOCH /( / A) QSincerely, _— L<:XZi /.& s\sisvu~**-"

CC/ROUTE: :/
PK. DP, WS, HK. JO, GM, 00, AK, RO. AS

Charles Wilk — — — •fiITief*r/ene^" — ~~ — —
Remedial Project Manager FILESYSTEM: tyy?^*/s™*Mm.ltM

FllfCrtnc> ^ -p wyATTACH

cc: MiKe Schmoller, WDNR; Eileen FurQyr'&KC* iPou^feSiflJoft?, RERD

HAY 2 2 IS?'
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U.S. EPA List

Nine alternatives have been proposed for potential
application to the GCQU. Each alternative includes zoning/deed
restrictions and groundwater monitoring. Alternatives 1-3, 5 and
7-9 include an extraction well system. Alternatives 1-2 and 7-8
include air;stripping. Alternatives 1*3 and 7-9 include
discharging treated groundwater to a local stream. Alternative 5
proposes ̂ ischarge of untreated or pretreated groundwater to a
local publically-owned treatment works ("POTW"). Alternatives 1
and 7 call for catalytic oxidation of treatment emissions.
Alternatives 2 and 8 call for activated carbon adsorption of
treatment emissions. Centralized carbon adsorption of
contaminated groundwater is proposed in Alternative 3: activated
carbon adsorption at individual wells is proposed in Alternative
4. (Activated carbon adsorption of treated groundwater is
proposed as ''effluent polishing" in Alternatives 7 and 8.) In-
sj.uu jjAv/eiuEviiwUl̂ . i- irii*pB0*ri in m torn a five fi.
biotreatment is proposed in Alternative 9.

A-. ZONING. -FENCING /DEED RESTRICTIONS- —— ——— — ————

.; Each of the proposed GCOU alternatives includes
proposals to restrict access to the site by means of zoning
regulations, fencing requirements and deed restrictions. The
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ARARs pertinent to such proposals were listed in my memorandum of
12/26/90, but are restated here for convenience:

Section
(40 CFR S )

264.117(c)

264.310(b)(5)

A/RA/TBC

RA

RA

Standard/Requirement

post-closure use of property
on or in which hazardous
wastes remain

protect: and maintain curvoyed
benchmarks

B. GROUNDWATER EXTRACTION AND DISCHARGE

The following ARARs pertain to the GCOU's proposals
regarding an extraction well system, discharge of untreated water
to a POTW, and direct discharge of treated groundwater to surface
water:

Section A/RATBC Standard Requirement

(40 CFR § )
S 122 NPDEs requirements of CWA

§ 403.5

(Wis. Adm. Code)
NR 102, 104,
200, 217 & 219

TBC

NR 112 A (?)

POTW limitations

regulating discharge to
surface water, effluent
limits, discharge permit
applications, sampling/testing
procedures

regulates wells which singly
or collectively with other
wells on the property extract
>70 gpm

r
t
i

WPDES permit
requirements

CWA S 304

A

RA water quality criteria
specific pollutants

or
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CWA Ambient Water
Quality Criteria RA
for Protection of
Aquatic Life

RCRA Part 264 RA

ambient water quality criteria

RCRA groundwater monitoring
requirements

C. GROUNDWATER TREATMENT

1. Activated carbon adsorption.

Alternatives 3 and 4 propose activated carbon
adsorption of contaminated groundwater. Alternatives 7 and 3
propose activated carbon adsorption as "effluent polishing." The
following ARAR may pertain to this alternative if the resulting
spent carbon material is a TCLP hazardous waste or a
characteristic waste:

Section

(40 CFR §)
26S

A/RA/TBC

RA

Standard/Requirement

RCRA land disposal
restrictions

2. Air Stripping.

Alternatives 1,2*7 and fi inrlnd* propocalc fes?
AH.«*.uaLlv«to j. .ana / propose CfttaiYtiC oxidation nf 1-reatmont
emissions from the air stripper: alternatives 2 and 8 propose
acts Vn4-.r.rl i .MI 1 ii.m Aduuxpulun or TifAttmen-t *auxJ.»&iujiti rrom cne air
stripper, The following ft t f f l f fs wnnlri portain *B
actions:

Section A/RA/TBC

I
I

(Wic Drirn n«^»
NP un
NR 160

NR 400-499

j
A

A

A

CAA Part 61 RA

Wit-

Wis. protective action limits

regulates air emissions from
air stripping

NESHAPs for, inter alia, vinyl
chloride, benzene, radonf?)
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L OSWER Directive
9355.0-28

(40 CFR §)
141.11-
141.16

141.50

264.94

264.97

RA/TBC

RA/TBC

RA

RA

FPft
Control of Air Eriission froTn
Superfund Air Strippers at
SuDerrund Grotindwater Sites

SDWA MCLs

MCL Goals for, inter alia,
vinyl chloride

RCRA MCLs

general ground-water
monitoring requirements for
any ground-water monitoring
program developed to satisfy,
inter alia, § 264.100

L
I

l



APPENDIX H

Vehicular Traffic Estimation
Source Control Alternatives
Table 6A, March 3, 1992

and
Table 6B, March 4, 1992

(4 Pages)

(WPS.1 3T1W2) 140M0530CNCOCL-F3RJWP

-RE.LaMoreaux& Associates—'
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TABLE 3.1

Hagen Farm Groundwater Quality Summary
Surface Quality Limits and NR 140 Groundwater Standards

CONSTITUENTS

VOCs
2-Butanone (MEK)
Toluene
Ethylbenzene
Xylenes
Tetrahydrofuran

Semi-Volatiles
Benzoic Acid
2,4-Dimethylphenol
4-Methylphenol
Phenol
1 ,4-Dichlorobenzene
Benzyl Alcohol
Bis(2-Chloroisopropyl) Ether
Naphthalene
4-Chloro-3-Methylphenol
Diethylphthalate
Bis(2-Ethylhexyl)Phthalate
Di-n-octyl Phthalate

Metals
Mercury
Lead
Arsenic
Barium

Concentration1

0/g/L)

2,620 (3)2

20(1)
99 (3)

1,066(5)
5,695 (5)

780 (2)
153 (2)
243 (2)

3,816 (1)
10(1)
26(1)
19(1)
8(1)
7(1)

4.5 (1)
18 (3)

5(1)

0.8 (3)
6(1)

10(5)
850 (5)

NR 140 PAL
0/g/L)

—
68.6

272
124

10

~
•

—
~ .

15
— ,
—
—
—
~
«

•

0.2
5
5

200

Ii
'Geometric averages of results from source characterization wells with a detection.
2Number of wells (out of 5) with a detection.
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TABLE 3.2

Average and Maximum Concentrations of Selected
Metals Detected in Groundwater at Hagen Farm Site1

Metal

Arsenic
Barium
Copper
Iron
Lead
Manganese
Mercury
Nickel
Zinc

Geometric Average
U/g/D

10 <5)2

850 (5)
13(5)

549 (5)
6(1)

1450 (5)
0.8 (5)
58 (5)

103 (5)

Maximum
0/g/L)

25
1570

32
17,000

6
3,330

6.5
162
185

Values taken from individual well results at Hagen Farm Site with a detection.
2Number of wells (out of 5) with a detection.
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TABLE 4.1

Constituents to be Analyzed for Hagen Farm Treatability Study

Group

Volatile r a

Semi-volatiles Orani

Inoranics other than Metal

Compound

2-Butone (MEK)
Toluene
Ethylbenzene :

Xylenes
Tetrahydrofuran
Acetone
Benzene
Chlorobenzene
1,2-dichloroethene
Dibromochloromethane
Methylene Chloride
Vinyl Chloride

Benzole Acid
2,4-Dimethylphenol
4-Methylphenol
Phenol
1 ,4-Dichlorobenzene
Benzyl Alcohol
Bis(2-Ch!oroisopropy!)Ether
Naphthalene
4-Chloro-3-Methylphenol
Diethylphthalate
Bis(2-Ethylhexyl)Phthalate
Di-n-octyl Phthalate

Arsenic
Barium
Cadmium
Chromium
Iron
Lead
Mercury
Nickel

Alkalinity
Chloride
Sulfate



ir
£|~ TABLE 4.2

• •- ' Target Compounds Spiked for Hagen Farm Groundwater
L| (all units in //g/L)
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Constituent Final Concentration After Spiking

Volatile Oraanic Compound?

2-Butanone (MEK)

Xylene, Total

Tetrahydrofuran (THF)

1 ,2-Dichloroethylene

Dibromochloromethane

Methylene Chloride

2620

1066

5698

10

43

15

Semi-Volatile Oraanic Comoounds

Benzoic Acid

2,4-Dimethylphenol

4-Methylphenol

Phenol

1 ,4-Dichlorobenzene

Benzyl Alcohol

Bis (2-Chloroisopropyl) Ether
.1

Naphthalene

4-Chloro-3-Methylphenol

Diethylphthalate

Bis(2-Ethylhexyl) Phthaiate

Di-n-octyl Phthaiate

780

153

243

3816

15

26

19

8

7

4.5

18

5

L
1
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TABLE 4.4

Soil Biodegradation Study
Operating Parameter Ranges

Parameter

pH (units)

D.O. (mg/L)

Temperature (°C)

Range

6.5 - 8.0

>5.0

room (20 - 25)

Reactors

2. 3 and 4

2, 3 and 4

1, 2. 3 and 4

Frequency

Daily

Daily

Daily
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TABLE 5.1

Initial Characterization for Hagen Farm Groundwater
- Compounds With Concentrations Above Detection Limits

Parameter

1. Metal

Arsenic
Barium
Calcium
Iron
Magnesium
Nickel
Potassium
Sodium
Zinc

2.

3.

PCB, Pesticide

VOC

Ethylbenzene
THF
Xylene (total)

4. Semi-VOC

Diethylphthalate

5. Others

Alkalinity
Cl
BOD
COD
Phosphorus
NH3
TKN

Concentration

0.036 mg/L
0.49 mg/L
200 mg/L
27 mg/L
80 mg/L

0.033 mg/L
21 mg/L
38 mg/L

0.036 mg/L

Not Found

3200 ;/g/L
65000 fjg/L
20000 fjg/L

15//g/L

910 mg/LCaCOa
41 mg/L
53 mg/L

390 mg/L
0.40 mg/L

30 mg/L
23 mg/L
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TABLE 5.2

Hagen Farm Bench-Scale Air Stripping Test Results
(all units in j/g/L)

COMPOUND

Acetone

Benzene

Chlorobenzene
Dibromochloromethane

Ethylbenzene

Methylene Chloride

Methyl Ethyl Ketone

Tetrahydrofuran

Toluene

1,2-Dichloroethane (total)

Vinyl Chloride

Xylene (total)

Ethyl Ether

Isobutyl Alcohol

Methanol

n-Butyl Alcohol

Cyclohexanone

Air/Water Ratio (ft3 air/ft3 water)

0

<20

57

<5

<5

<5

<5

<10

52000

<5

<5

11

11000

10

<2.5

<0.5

<2.5

<0.25

25

<20

<5

<5

<5

<5

<5

<10

46000

<5

<5

<10

330

<5

<2.5

<0.5

<2.5

<0.25

50

<20

<5

<5

<5

<5

<5

<10

39000

<5

<5

<10

27

<5

<2.5

<0.5

<2.5

<0.25

100

<20

<5

<5

<5

<5

<5

<10

36000

<5

<5

<10

19

<5

<2.5

<0.5

<2.5

<0.25

150

<20

<5

<5

<5

<5

<5

<10

31000

<5

<5

<10

12

<5

<2.5

<0.5

<2.5

<0.25



TABLE 5.3

Steady-State Operational Results for
Activated Sludge Reactor

Compound

1. VOCs (all units in j/g/L)

Acetone

Benzene

Chlorobenzene

Dibromochloromethane

Ethylbenzene

Methylene Chloride

2-butanone (MEK)

Tetrahydrofuran (THF)

Toluene

1 ,2-Dichloroethene (total)

Vinyl Chloride

Xylene (total)

Ethyl Ether

1st Set

Influent

< 10000

<2500

<2500

<2500

<2500

<2500

<5000

74000

<2500

<2500

<5000

19000

<2500

Effluent

<20

<5

<5

<5

<5

<5

<10

<10

<5

<5

<10

<5

<5

Eff (%)

_

—

—

—

—

—

—

>99
—

—

—

>99

—

2nd Set

Influent

< 10000

<2500

<2500

<2500

<2500

<2500

<5000

80000

<2500

<2500

<5000

1400

<2500

Effluent

<20

<5

<5 t

<5 t
<5 '

<5

<10

<10

<5

<5

<10

<5

<5

Eff (%)

...

_

—

—

—

—

—

>99

—

—

—

>99

—

2. Semi-VOCs (all units in j/g/L)

Benzyl Alcohol

Bis(2-Chloroisopropyl) Ether

Bis(2-Ethylhexyl)Phthalate

1 ,4-Dichlorobenzene

Diethylphthalate '

Di-n-octylphthalate

Naphthalene

Benzoic Acid

4-Chloro-3-Methylphenol

2,4-Dimethylphenol

4-Methylphenol

Phenol

<10

<10

<10

<10

13

<10

<10

<50

<10

58

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

. —

• —

—

—

>23

—

— .

—

—

>83

—

—

<10

<10

<10

<10

13

<10

<10

<50

<10

150

<10

<10

<10

<10

<10

<10

<10

<10

<10

<50

<10

<10

<10

<10

—

—

—

—

>23

—

—

—

—

>93

—

—

I
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TABLE 5.3 (cont.)

Steady-State Operational Results for
Activated Sludge Reactor

Compound

3. Metals (all units in mg/LI

Arsenic

Barium

Cadmium

Chromium

Iron

Lead

Mercury

Nickel

1st Set

Influent

0.034

0.47

<0.005

<0.01

25

0.0087

<0.0005

0.04

Effluent

0.0066

0.43

<0.005

<0.01

18

< 0.005

< 0.0005

0.039

Eff (%)

80.6

8.5
~.

—

28

>67

—

2.5

2nd Set

Influent

0.028

0.055

< 0.005

<0.01

0.29

<0.005

< 0.0005

0.031

Effluent

0.0091

0.042

<0.005

<0.01

0.25

0.02

< 0.0005

0.029

4. Others (all units in mg/L)

Alkalinity (mg CaCO,/!)

Chloride

Sulfate

TSS

COD

BOO

160

37

<10
_

350

49

430

42

<5

4

76

4

_

—

_

—

78.3

91.8

1000

36

<10

51

300

44

600

43

<5

6

76

3

Eff (%)

67.5

23.6
—

.~

13.8

—

—

6.5

—

—

—

88.2

74.7

93.2



TABLE 5.4

Bench-Scale UV/Peroxide Test Conditions for Hagen Farm Groundwater

Test

1

2

H202 Added

500

500

Initial pH

7.8

5.0

Catalyst, mg/l of Fe

0

3.6

UV Lamp Intesity,
Wattage

64

64
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TABLE 5.5

Bench-Scale UV/Peroxide Test Results on Hagen Farm Groundwater

pH, unit

COD

Acetone

Bis(2-ethyl hexyDphathalate

Test 1

Initial Cone.,
i/g/i
7.8

560,000

<10

<10

Effluent Cone.,
x/g/i
7.4

< 500,000

80

232

Test 2

Initial Cone.,
//g/i
5.0

560,000

<10

<10

Effluent Cone.,
A/g/l

5.1

< 500,000

296

<10



TABLE 5.6

Bench-Scale UV/Peroxide Test Results on Hagen Farm Groundwater

Test 1

Vendor 1

Vendor 2

Contaminant

THF
MEK
Xylenes
2,4-dimethylphenol

THF
MEK
Xylenes

Initial Cone., /ig/l

57,950
<20
2080
270

52,000
ND

13,500

Final Cone., //g/l

ND
ND
ND
ND

ND
ND
ND
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TABLE 5.7

Jar Test Results for Metal Precipitation With Sodium
Hydroxide (all units in j/g/l except pH)

Parameter, f/gIL

pH. unit

As

Ba

Cd

Cr

Fe

Pb

Hg

Ni

Mn

Mg

Ca

Sodium Hydroxide Dosage, g/L

0

6.7

9.5

380

<5

<10

7000

<5

<0.5

<10

82

68000

170000

0.25

7.5

7.4

340

<5

<10

670

<5

<0.5

<10

75

69000

170000

0.5

8.4

7.2

120

<5

<10

1400

<5

<0.5

19

13

64000

56000

0.75

9.3

8.4

23

<5

<10

360

<5

<0.5

20

<10

54000

20000

1.0

10.0

8.1

19

<5

<10

140

<5

<0.5

20

<10

59000

57000

1.5

11.0

5.5

<10

<5

<10

21

<5

<0.5

20

<10

33000

10000

2.0

11.8

7.7

<10

<5

<10

58

<5

<0.5

19

<10

1000

24000

2.5

12.1

9.2

<10

<5

<10

60

<5

<0.5

17

<10

<200

1700
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TABLE 5.8

Jar Test Results for Metal Precipitation
with Lime (all units in f/g/\ except pH)

Lime Dosage, g/l

Parameter, //g/l

pH, unit

As

Ba

Cd

Cr

Fe

Pb

Hg

Ni

Mn

Mg

Ca

0

6.7

9.5

380

<5

<10

7000

<5

<0.5

<10

82

68000

1 70000

1.0

9.2

5.2

400

<5

<10

2200

<5

<0.5

24

86

67000

580000

1.25

9.9

5.7

<10

<5

<10

370

<5

<0.5

26

<10

41000

14000

1.5

11.1

<5

13

<5

<10

46

<5

<0.5

26

<10

4700

38000

1.75

11.9

<5

\ 48

/ <5
<10

41

<5

<0.5

22

<10

320

200000



TABLE 5.9
Characterization of Spiked Groundwater

(all units in j/g/L)

Constituent Target
Concentration

Concentration
After Spiking

Volatile Oraanic Compounds

2-Butanone (Methyl Ethyl Ketone)

Xylene, Total

Tetrahydrofuran

1 ,2-Dichloroethylene

Dibromochloromethane

Methylene Chloride

2620

1066

5698

10

43

15

2400

380

55,000

<5

<5

140

Semi-Volatile Oraanic Comoounds

Benzoic Acid

2,4-Dimethylphenol

4-Methylphenol

Phenol

1 ,4-Oichlorobenzene

Benzyl Alcohol

Bis (2-Chloroisopropyl) Ether

Naphthalene

4-Chloro-3-Methylphenol

Diethylphthalate

Bis(2-Ethylhexyl) Phthalate

Di-n-octyl Phthalate

780

153

243

3816

15 .

26

19

8

7

4.5

18

5

<50

99

<10

<10

<10

<10

<10

<10

<10

18

9

<10

n.
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TABLE 5.10

Hagen Farm Bench-Scale
Air Stripping Test Results for Spiked Groundwater

(all units in //g/L)

COMPOUND

Acetone

Benzene

Chlorobenzene

Dibromochloromethane

Ethylbenzene

Methylene Chloride

Methyl Ethyl Ketone

Tetrahydrofuran

Toluene

1,2-Dichloroethane (total)

Vinyl Chloride

Xylene (total)

Ethyl Ether

Air/Water Ratio (ft3 air/ft3 water)

0

< 10000

<2500

<2500

<2500

<2500

<2500

5000

90000

<2500

<2500

<5000

<2500

<2500

25

130

<5

<5

<5

7

8

7100*

46000

<5

<5

<10

110

<5

50

< 10000

<2500

<2500

<2500

<2500

<2500

<5000

59000

<2500

<2500

<5000

<2500

<2500

100

<20

<5

<5

<5

34

<5

3600

59000

77

<5

<10

110

<5

150

<20

<5

<5

<5

<5

<5

3000

63000

<5

<5

<10

<5

<5

* Estimated value



TABLE 5.11
Compounds Detected in Bench-Scale GAC

Column Test for Spiked Hagen Farm Groundwater

Compound

1. VOCs (all units in /yg/L)

Acetone

Ethylbenzene

Methylene Chloride

Methyl Ethyl Ketone

4-Methyl-2-pentanone

Tetrahydrofuran

Toluene

Xylene (total)

Influent

110

96

140

2400

91

55000

260

380

Time of Test, Hours

10

<20

<10

<5

<10

<10

<25

<5

<5

24

<20

<10

<5

<10

<10

<25

<5

<5

33

<20

<10

<5

<10

<10

<25

<5

<5

48

<20

<10

<5

<10

<10

<25

<5

<5

56

<20

<10

<5

<10

<10

<25

<5

<5

72

<20

<10

<5

<10

<10

<25

<5

<5

80

<20

<10

<5

<10

<10

150

<5

<5

96

<20

<10

<5

<10

<10

7600

<5

<5

104

<20

<10

<5

<10

<10

22000

<5

<5

2. Semi-VOCs (all units in //g/L)

Bis(2-Ethylhexyl)Phthalate

Diethylphthalate

Dimethylphthalate

2,4-Dimethylphenol

9

18

6

99

30

<10

<10

<10

10

<10

<10

<10

29

<10

<10

<10

27

<10

<10

<10

35

<10

<10

<10

38

<10

<10

<10

33

<10

<10

<10

8

<10

<10

<10

<10

<10

<10

<10



TABLE 5.12
Steady-State Operational Results for

Activated Sludge Reactor - Spiked Groundwater

Compound

1 . VOCs (all units in pg/L)

Acetone

Benzene

Chlorobenzene

Dibromochloromethane

Ethylbenzene

Methylene Chloride

2-butanone (MEK)

Tetrahydrofuran (THF)

Toluene

1 ,2-Dichloroethene (total)

Vinyl Chloride

Xylene (total)

Ethyl Ether

1st Set

Influent

< 10000

<2500

<2500

<2500

<2500

<2500

<5000

110000

<2500

<2500

<5000

1700

<2500

Effluent

<20

<5

<5

<5

<5

<5

<10

<10

<5

<5

<10

<5

<5

Eff (%)

—

—

—

—

—

—

—

>99
—

—

—

>99

—

2nd Set

Influent

<20

42

<5

<5

32

130

4000

780000

14

<5

14

10000

15

Effluent

<20

<5

<5 ,
V<s ;

<5 /

<5

<10

<10

<5

<5

<10

<5

<5

Eff (%)

_

>88

—

—

>84

>96

>99

>99

>64

—

>29

>99

>67

2. Semi-VOCs (all units in //g/L)

Benzyl Alcohol

Bis(2-Chloroisopropyl| Ether

Bis(2-Ethylhexyl)Phthalate

1 ,4-Dichlorobenzene

Diethylphthalate <

Di-n-octylphthalate

Naphthalene

Benzoic Acid

4-Chloro-3-Methylphenol

2,4-Dimethylphenol

4-Methylphenol

Phenol

<10

<10

15

<10

22

<10

<10

<50

<10

930

<10

<10

<10

<10

44

<10

<10

<10

<10

<10

<10

<10

<10

<10

—

—

—

—

>55

—

—

—

—

>99

—

—

<10

<10

<10

<10

25

<10

<10

220

<10

96

<10

<10

<10

<10

-10*

<10

<10

<10

<10

<50

<10

<10

<10

<10

_

—

—

—

>60

—

—

>77

—

>89

—

—

Estimation
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TABLE 5.12 (cont.)
Steady-State Operational Results for

Activated Sludge Reactor - Spiked Groundwater

Compound

3. Metals (all units in mg/L)

Arsenic

Barium

Cadmium

Chromium

Iron

Lead

Mercury

Nickel *

1st Set

Influent

0.062

0.47

< 0.005

<0.01

31

<0.05

< 0.0005

0.04

Effluent

0.0094

0.03

< 0.005

<0.01

0.14

<0.015

<0.0005

0.028

Eff (%}

>85

>94

—

—

>99

—

—

>30

2nd Set

Influent

0.028

0.059

< 0.005

<0.01

53

<0.015

<0.0005

0.072

Effluent

0.0096

0.02

<0.005

<0.01

0.17

0.05

< 0.0005

0.031

Eff (%)

>66

>97

~

—

>99

—

—

>57

4. Others (all units in mg/L)

Alkalinity (mg CaC03/l)

Chloride

Sulfate

TSS

COD

BOO

800

34

<5

—

—

—

550

40

<5

8

65

<5

—

—

—

—

—

—

850

34

<5

22

280

29

580

38

<5

10

65

3.2

—

—

—

>55

>77

>90

L

ll
IL
IL
L
L
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TABLE 5.13

Hagen Farm Soil Biodegradation
Soil Characteristics'

Parameter

Hydraulic Conductivity

Soil Texture (USDA)

Bulk Density

PH

CEC

Microbial enumeration

Value

range of 10"4 cm/sec

Loamy Sand

2.12g/cm3

8.3

2.7 meq/100 g dry soil

1.6 x 10s cfu/g dry soil

See Table 5.14 for Analytical Results of Parameters in the Target Compound List.

IL
IL
IL
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TABLE 5.14

Hagen Farm Soil Biodegradation Study
Compounds Detected in Original Soil Sample

Parameter

Volatile Organics (//g/kg)
Acetone

Semi-Volatile Organics 0/g/kg)
Bis(2-ethylhexyl)phthalate

PCBs and Pesticides

Metals (mg/kg)
Aluminum
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Nickel
Sodium
Vanadium
Zinc

Others (mg/kg)
Ammonia Nitrogen
CEC (meq/IOOg dry)
pH (units)
Phosphorus
TOC (dry weight basis)

Total Solids (% by weight)

Concentration

70

360

BDL

3,000
20

0.25
0.88

58.000
5.0
2.2
7.3

6,500
3.4

35,000
180

5.7
240

14
15

6.9
2.7
8.3

99
15,300

92

BDL Below Detection Limit



TABLE 5.15
Hagen Farm Soil Biodegradation Study, Compounds Detected In Soil Fraction*

(all units in mg/kg wet weight except as noted)

Parameter

Volatile Organic* U/g/kg)
Acetone
Methylene Chloride
Methyl Ethyl Ketone
Tetrahydrofuran

Metal*
Aluminum
Antimony
Arsenic
Barium
Beryllium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Nickel
Potassium
Sodium
Vanadium
Zinc

Others
Ammonia Nitrogen
Phosphorus
TOC (dry weight basis)

Total Solids In Soil Fraction 1%)

Initial
Reactor

Conditions

23*
6

15k

78

1,300
<1.0

1.1
6.8

<0.20
7,500

5.0
2.7
4.8
590

<4.0
29,000

170
6.8
250
140
<20
8.9

13
110

31.900

83

Day 12

Reactor
1

<20
<5

<10
<25

870
<10
1.9

0.31
<0.20
4,600

4.5
<2.0

3.7
4,100
<4.0

57,000
160
3.1
300
150
<20
9.6

NA
79

13.000

87

Reactor
2

<20
<5

<10
<25

510
<10
<2.0
0.59

<0.20
7,700

3.6
<2.0

5.2
3,700
<4.0

40,000
130
2.4

<10
160
<20
9.4

NA
92

21.751

89

Reactor
3

<20
<5

<10
<25

510
<10

<2.0
0.68

<0.20
6,400

3.5
<2.0

4.3
3,900
<4.0

39,000
140
2.9

<10
120
<20
9.1

NA
96

18.550

88

Reactor
' 4 • - • ' "

<20
<5

<10
<25

660
<10
1.2

0.59
<0.20
7,000

4.3
<2.0

4.4
4,200
<4.0

48,000
160
3.2

<10
130
<20

12

NA
96

3.800

89

Day 26

Reactor
.-;• i •

<20
.<5
<10
<25

1,900
<1.0
<1.0

11
<0.20
8,500

4.2
<2.0

4.7
540

<4.0
38,000

160
7.3
350
200
<20
9.2

2.7
96

5.000

85

Reactor
2

<20
<5

<10
<25

1,500
<1.0
<1.0

9.6
<0.20
6,800

5.5
4.0
5.6
940

14
40,000

160
12

250
150
24
23

3.2
73

19,000

83

Reactor
3

<20
8

<10
<25

1,600
<1.0

1.2
7.8

0.21
5.100

4.9
2.4
6.3
650

<4.0
22,000

120
6.8
240
140
<20

10

19
100

46.000

84

Reactor
4

<20
<5

<10
<25

3.700
1.1
2.0
16

0.24
1,100

8.7
3.6
12

920
<4.0

60,000
310

13
510
250
<20

17

16
110

43,200

85

a See Appendix G for detection limits for all compounds analyzed
b Also detected in blank

NA' Not Analyzed



TABLE 5.16
Hagen Farm Soil Biodegradation Study, Compounds Detected in Liquid Fraction*

(all units in mg/L except as noted)

Volatile Organic* (jig/L)
Acetone
Methylene Chloride
Methyl Ethyl Ketone
Tetrahydrofuran

Metals
Aluminum
Arsenic
Barium
Beryllium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Sodium
Vanadium
Zinc

Others
Alkalinity
Ammonia Nitrogen
Chemical Oxygen Demand
Chloride
Phosphorus
Sulfate
TOC
Total Kjeldahl Nitrogen

Total Solids In Liquid Fraction (%)

Initial
Reactor

Conditions

<20
<5

<10
<25

170
0.030

1.7
0.0059

1.800
0.30
0.21
0.77
320

0.37
1,000

11
< 0.0005

0.43
25

110
0.53

1.4

300
<0.01

210
25

6.7
110
5.0
<6

2

Day 12

Reactor
1

<20
<5

<10
<10

320
0.17

3.1
.024

2.900
0.52
0.31

1.1
720

0.45
1.300

15
0.010

0.67
49
86

0.91
2.1

150
NA

260
7.5
24

150
-

10

3.7

Raactor
2

55
<5
18

<10

170
0.12
2.1

0.014
2,100
0.30
0.21
0.84
440

0.34
920

11
0.015

0.44
28
71

0.53
1.4

500
NA

260
120
22

160
«

13

1.8

Reactor
3

<20
<5

<10
<25

240
0.15

2.6
0.024
2,400
0.40
0.27
0.98
600

0.42
1,100

13
< 0.001

0.58
37

120
0.71

1.8

1600
NA

310
120
26

190
3.0
8.9

1.7

Raactor
4 :

26k

<5
<10

38

180
0.11

2.1
0.024
1,600
0.31
0.21
0.74
440

0.32
700

10
< 0.001

0.44
33

110
0.55

1.4

950
NA

360
120
33

360
6.0
30

2.5

Day 26

Raactor
1

<20
<5

. <10
<25

260
0.029

2.7
0.0088

1,900
0.45
0.29
0.94
460

0.46
1,100

14
0.0022

0.62
41
82

0.76
2.0

150
<0.01

260
8.0
15

150
6.1
<6

2

Raactor
2

<20
7

<10
<25

210
0.041

2.1
0.010
1,600
0.34
0.23
0.77
370

0.42
890

11
0.0023

0.48
34
70

0.62
1.6

30
0.13
210
110
24

370
6.1
9.0

2

Raactor
3

<20
<5

<10
<25

190
0.045

2.1
0.0088

1,500
0.32
0.24
0.74
340

0.42
860

12
0.0013

0.50
34

110
0.56

1.6

26
<0.01

310
130
34

520
6.6
10

2

Raactor
4

<20
<5

<10
<25

210
0.040

2.7
0.01

1.600
0.35
0.26

1.1
510

0.45
870

16
0.0018

0.57
33

120
0.61

1.8

19
<0.01

410
130
24

620
8.4
<6

2

a See Appendix H for detection limits for all compounds analyzed Also detected in blank NA Not Analyzed
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TABLE 6.1

Hagan Farms Groundwatar Traatment Basis of Dasign

Item

Flow

Number of Recovery Wells

Method of Effluent Discharge

Number of Reinjection Wells

Facility Operating Frequency

Value

1 00 gpm

3

Reinjection'

6

7 days/week

Influent Conditions ' .

Chemical Oxygen Demand

Total Suspended Solids

Iron

Manganese

Barium

Ethyl Benzene

Xylenes

Tetrahydrofuran

250 mg/l }
/

60 mg/l

10 mg/l

4 mg/l

1 mg/l

99 j/g/l

1066/yg/l

5698 fjg/l

Air Stripper Information

Air/Water Ratio

Removal Efficiencies, Volatiles

Removal Efficiencies, THF

100

>90

30

Granular Activated Carbon Information

Adsorption Capacity 10 mgTHF/gGAC

Activated Sludge Information

Loading, F/M

Sludge Yield

Mixed Liquor Concentration, MLVSS

MLVSS/MLTSS Ratio

Aeration Type

0.1 g COD/g VSS-day

0.15 gVSS/g COD

2250 mg/l

0.7

Fine Bubble

'Method chosen due to prohibitive cost of POTW discharge and amenability for inclusion of in-situ bioremediation.



TABLE 6.2
HAGEN FARM GROUNDWATER
TREATMENT FACILITY COST ESTIMATE

ITEM

GROUNDWATER RECOVERY WELLS(3,INSTALLED)
EFFLUENT REINJECTION WELLS(6,INSTALLED)
PROCESS EQUIPMENT
INSTALLATION(@30%OF PROCESS EQUIPMENT)
BUILDING/CIVIL WORK

FACILITY COST(FC)
ENGINEERING,PERMITTING(@12%FC)
CONTINGENCY,INSURANCE(@15% FC)

TOTAL INSTALLED FACILITY COSTS

OPTION 1
AIR STRIP+GAC

$60,000
$120,000
$985,800
$295,740
$225.025

$1,686,565
$202,388
$252.985

$2,141,938

OPTION 2
GAC

$60,000
$120,000
$847,000
$254,100
$212.700

$1,493,800
$179,256
$224.070

$1,897,126

OPTIONS
ASP

$60,000
$120,000
$986,400
$295,920
$394.900

$1,857,220
$222,866
$278.583

$2,358,669

OPTION 4
CHEM-OX

$60,000
$120,000

$1,089,400
$326,820
$225.025

$1,821,245
$218,549
$273.187

$2,312,981



TABLE 6.3
HAGEN FARM
GROUNDWATER TREATMENT
ANNUAL OPERATING COST ESTIMATE

ITEM

LABOR
ANALYTICAL
CHEMICAL

POLYMER
GAC-LIQUID
GAC-VAPOR
LIME
HYDROCHLORIC ACI
SULFURIC ACID
PHOSPHORIC ACID
PEROXIDE
CAUSTIC
ANTIFOAM

DISPOSAL
UTILITIES
MAINTENANCE
MISCELLANEOUS
DEPRECIATION
INTEREST
ADMINISTRATION

BASIS

S16/HR WAGE, 1.33 FRINGE MULT.
RCRA.EFFLUENT.OPERATIONAL ANA

$2.00/#,FOR METALS.BIOLOGICAL
$1 .25/#,REGENERATION+ SERVICE
$1 .25/#,REGENERATION+SERVICE
$110/TON;1.25g/l DOSAGE
$76/TON;1.5g/l DOSAGE
$0.06/#; DOSAGE
$0.1 8/#
VENDOR QUOTE
$0.1 5/#
$2.00/#,FOR BIOLOGICAL
$350/TON
$0.06/kW-HR
@3% CAPITAL
@1. 5% OF CAPITAL
30 YEAR, STRAIGHT LINE
10% ANNUAL BOOK VALUE
HISTORICAL DATABASE

TOTAL COSTS
PROCESSING COSTS,$/GALLON

AIRSTR.+GAC
TREATMENT

$66,400
$40,400

$26,300
$196,500
$84,200
$30,100
$25,000

$0
$0
$0
$0
$0

$23,800
$69,900
$63,800
$31,900
$70,800

$109,900
$48,000

$887,000
$0.0169

GAC
TREATMENT

$66,400
$40,400

$26,300
$312,000

$0
$0
$0
$0
$0
$0
$0
$0

$23.800
$65,200
$56,900
$28,500
$63,200
$98,000
$48.000

$828,700
$0.0158

ASP
TREATMENT

$88,500
$44,400

$39,400
$0
$0
$0
$0
$0

$300
$0
$0

$13,100
$35,500
$52,000
$70,800
$35,400
$78,600

$121,900
$48,000

$627,900
$0.0119

CHEM-OX
TREATMENT

$66,400
$40,400

$26.300
$0
$0
$0
$0

$8,000
$0

$111,840
$16.500

$0
$23.800

$166.300
$69,400
$34,700
$77,100

$119,500
$48,000

$808,240
$0.0154



TABLE 6.4

Summary of the Cost Estimate for Hagen Farm Groundwater Treatment

Cost

Installed Capital, $

Operating, $/yr

Total Annual *, $/yr

Processing Unit Cost, 0/gal

Option 1

Metal + Air Stripping +
Carbon

2,125,400

706,300

887,000

$0.0169

Option 2

Metal + Carbon

1,897,100

667,500

828,700

$0.0158

Option 3

Metal + Biological
Trmt

2,358,700

427,400

627,900

$0.0110

Option 4

Metal + UV/Chem-Ox

2,313,000

611,640

808,240

$0.0154

includes straight-line depreciation for 30 years and at an average interest of 10% (book value).



FT
ir
Lf
H
U
LI
u
U
u
ll
IL
II
IL
IL
IL
LL
IL
IL
IL

LIST OF FIGURES

Figure 1.1 Hagen Farm Superfund Site - Process Schematic for Pump-and-Treat
" Alternative

Figure 1.2 Hagen Farm Superfund Site - Process Schematic for In-Situ
Bioremediation Alternative

Figure 4.1 Schematic Diagram: Bench Scale Packed Tower Air Stripper
Figure 4.2 Schematic Diagram: GAC Column Test Set Up
Figure 4.3 Schematic Diagram: UV/Peroxide Test Apparatus
Figure 4.4 Schematic Diagram: Bench Scale Activated Sludge Biological Reactor
Figure 4.5 Schematic Diagram: Jar Test Apparatus for Metal Precipitation Testing
Figure 4.6 Schematic Diagram: Bench Scale Soil Slurry Bioreactors for Hagen Farm

Project
Figure 4.7 Schematic Diagram: Bench Scale Soil Column Test for Hagen Farm

Project
Figure 5.1 Hagen Farm Ground water Air Stripping Test
Figure 5.2 Activated Sludge Reactor Solids Accumulation vs. Time
Figure 5.3 Hagen Farm Groundwater Iron Removal Using Air Oxidation
Figure 5.4 Hagen Farm Groundwater Air Stripping Test-Spiked Groundwater
Figure 5.5 Hagen Farm Groundwater Tetrahydrofuran Breakthrough Curve GAC

Column Test for Spiked Groundwater
Figure 5.6 Hagen Farm Soil Bioreactors TOC Biodegradation (Reactor 1)
Figure 5.7 Hagen Farm Soil Bioreactors TOC Biodegradation (Reactor 2)
Figure 5.8 Hagen Farm Soil Bioreactors TOC Biodegradation (Reactor 3)
Figure 5.9 Hagen Farm Soil Bioreactors TOC Biodegradation (Reactor 4)
Figure 5.10 Hagen Farm Soil Bioreactors Dissolved Oxygen vs. Time - Day 8
Figure 5.11 Hagen Farm Soil Bioreactors Oxygen Uptake Rate vs. Time
Figure 5.12 Hagen Farm Soil Bioreactors Bacterial Growth (Reactor 1)
Figure 5.13 Hagen Farm Soil Bioreactors Bacterial Growth (Reactor 2)
Figure 5.14 Hagen Farm Soil Bioreactors Bacterial Growth (Reactor 3)
Figure 5.15 Hagen Farm Soil Bioreactors Bacterial Growth (Reactor 4)
Figure 6.1 Hagen Farm Treatability Study Groundwater Treatment Option 1: Air

Stripping/GAC Treatment Process Flow Sheet
Figure 6.2 Hagen Farm Treatability Study Groundwater Treatment Option 2: GAC

Treatment Process Flow Sheet
Figure 6.3 Hagen Farm Treatability Study Groundwater Treatment Option 3:

Activated Sludge Treatment Process Flow Sheet
Figure 6.4 Hagen Farm Treatability Study Groundwater Treatment Option 4:

UV/Peroxide Treatment Process Flow Sheet



Figure 1.1
Hagen Farm Superfund Site

Process Schematic for Pump-and-Treat Alternative

CONTAMINATED
GROUNDWATER

ABOVE-GROUND
GROUNDWATER

TREATMENT
SYSTEM

TREATMENT

SOURCE CONTROL
(CAPPING & VAPOR EXTRACTION)

RESIDUES

TREATED
GROUNDWATER

TO
-OFF SITE

DISPOSAL

TO
—SURFACE

DISCHARGE

VADOSE ZONE

.sz.
N

SATURATED ZONE

GROUNDWATER
FLOW

N

_WATJR
TABLE

GROUNDWATER
FLOW

RECOVERY
WELL

Chemical Waste Management, Inc.
Geneva Reseoich Center

Geneva. II. 60) 14



Figure 1.2
Hagen Farm Superfund Site

Process Schematic for In-Situ Bioremediation Alternative
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Figure 4.1
Schematic Diagram: Bench Scale
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Figure 4.2
Schematic Diagram: GAC Column
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Figure 4.3
Schematic Diagram: UV / Peroxide

Test Apparatus
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Figure 4.4
Schematic Diagram: Bench Scale

Activated Sludge Biological Reactor
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Figure 4.5
Schematic Diagram: Jar Test

Apparatus for Metal Precipitation Testing
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Figure 4.6
Schematic Diagram: Bench Scale

Soil Slurry Bioreactors for Hagen Farm Project
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Figure 4.7
Schematic Diagram: Bench Scale

Soil Column Test for Hagen Farm Project
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FIGURE 5.2
Activated Sludge Reactor

Solids Accumulation vs. Time
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FIGURE 5.3
Hagen Farm Groundwater

Iron Removal Using Air Oxidation
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FIGURE 5.5
Hagen Farm Groundwater

Tetrahydrofuran Breakthrough Curve
GAC Column Test for Spiked Groundwater
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Hagen Farm Soil Bioreactors

TOG Biodegradation (Reactor 1)
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FIGURE 5.7
Hagen Farm Soil Bioreactors

TOG Biodegradation (Reactor 2)
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FIGURE 5.8
Hagen Farm Soil Bioreactors

TOG Biodegradation (Reactor 3)
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FIGURE 5.9
Hagen Farm Soil Bioreactors

TOG Biodegradation (Reactor 4)
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FIGURE 5.10
Hagen Farm Soil Bioreactors

Dissolved Oxygen vs Time - Day 8
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FIGURE 5.11
Hagen Farm Soil Bioreactors
Oxygen Uptake Rate vs Time
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FIGURE 5.12
Hagen Farm Soil Bioreactors
Bacterial Growth (Reactor 1)
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FIGURE 5.13
Hagen Farm Soil Bioreactors
Bacterial Growth (Reactor 2)
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FIGURE 5.14
Hagen Farm Soil Bioreactors
Bacterial Growth (Reactor 3)
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FIGURE 5.15
Hagen Farm Soil Bioreactors
Bacterial Growth (Reactor 4)
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FROM GROUNDWATER
RECOVERY SYSTEM

FIGURE 6.1
HAGEN FARM TREATABILITY STUDY
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HAGEN FARM TREATABILITY STUDY
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8 UNfTED STATES ENVIRONMENTAL PROTECTION AGENCY

REGIONS
230 SOUTH DEARBORN ST.
CHICAGO, ILLINOIS 60604

MAR 05

Dee Brncich
Waste Management of North America, Inc.
Two Westbrook Corporate Center, Suite 1000
P.O. Box 7070
WestChester, Illinois 60154

Dear Ms. Brncich:

The United States Environmental Protection Agency (U.S. EPA)
and Wisconsin Department of Natural Resources (WDNR) have received
the Treatability Study Work Plan, dated February 8, 1991 for the
Hagen Farm Superfund site in Stoughton, Wisconsin. We have also
received your response, dated March 21, 1991, for the review

I comments we provided to you on March 13, 1991. This letter is to
formally notify you that the Work Plan, including the Quality
Assurance Project Plan, has been approved.

I For the issue concerning F039 waste you raised in the Work Plan, it
is determined that only leachate from the landfill will carry the
RCRA multisource leachate hazardous waste code of F039. The

! contaminated groundwater will not carry the same waste code of
L F039. However, if leachate is produced in the laboratory to

conduct the treatability study, then the leachate shall be
considered as F039 waste and shall be tested for the compounds

- specified in the F039 waste code.
• • t

For any soil, waste refuse, ashes, sludges, spent carbons, or
residues produced during the treatability study, a test shall be
conducted to determine whether any F003 and/or F005 constituents
are present above detection limits required by the U.S. EPA. The
soil, waste refuse,'sludges, ashes, spent carbon, or residues shall
be 1) considered as solid waste if F003/F005 constituents are
detected below detection limits, 2) disposed of in a RCRA-

;• compliance landfill if detected above detection limits but below
i LDR standard, and 3) treated to meet LDR standard and disposed of

RCRA compliance landfill if detected above LDR standard. For the
groundwater collected from the site to conduct the treatability
study, the subsequent requirements and standards under NPDES are
applicable if groundwater is to be discharged to the local ditch of
the site. If groundwater is discharged to the local POTW, then
pretreatment requirements of local POTW are applicable.

If you have questions, please feel free to contact me at (312) 886-
4749.

£DD i I IPP!
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Sincerely,

,
,J*ae B. Lee
Remedial Project Manager

cc T. Evanson, WDNR
J. Smith, Versar

DATE RECEIVED/SENT
BY DEEBRNOCH
S'TE ____
CC/ROUTE:

. *. DP. WS. WC; JO. GM. 00. A*, RO. AS

• L >• f SYSTEM: PROJECT/SrTE"" "" ~~ "" -

HUCOOE:.—————— .W/ATTACH
.W/0 ATTACHIL
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APPENDIX B

EPA Target Compound List
(TCL)
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1. Chlorrsethut
2. Brsaoaethene
3. Vfnyl Chlerfd«
4-. Chlorotthut
5. HttAylene Chlorfdt

Ae&tont
Carton 01»uTffd*
l(l-01cMoro«theat.

0.
7.
8. .
9. lrl^dehToro«th«ne

10. ToC4l-lr2-Ofc!ilon3«tft«nt
21. Chlsrefora
12. l,2-0fch1oretthu« .
13. 2-3utanone •
14. I,l,l-Trfch7on3«than«
15. . Carbon T«tr^dilorid«
15. Vfnyl ActUtt
17. Broaodfchlorootthanc
18. lflr2r2«TttrtchIeroethanft
19.' l,2-01ch7oroprop*nt20.

21. Tr(dt1oro«thcB«
22. OlbrcsBclortaotthani
23. 2(lr2-Trteh1oro«tJiaM .24. Btftztna
25. d 5-1. 3*01 ehloropropCM

•27. Brooo'fom
28. 2*Htxixm> >
29. 4-K*t2nrl-2-p«at2nont
30. Tetnca!oro«th«n«

* . • •• • • •

.31. ToTatua
32. Chlarebwzcnt . -
33. Ethyl 6«aent
34. Styren«
35. Totil Xyttnts

win

74-87-3
74-S3-9
75-01-4
75-00-3
75-09-2

57-54-1
75-15-0
75-35-4
75-35-3
156-60-5

57-«-3
107-05-2
78-93-3
71-55-6
55-23-5

108-05-4 •
75-27-4 ,
79-34-5
78-87-5
10051-02-6
79-01-8
124-48-1
79-00-5
71-43-2
10051-01-5

75-25-2
591-78-6 i
108-10-1
127-18-4

108-88-3 •
108-90-7- .
100-41-4
100-41-4
100-42-5

Law VittrU)
ITS /I

10
10
10
10
5

10
5
5
5
5
5
5

w .5
5

10
5
5
5 .
5

5
5
5
5
5
5

10
13
5
5
5
5
5
5

. i -it i ^a >•*
Lew Soil

SedtoentW
ug/lcg

10
10
10
10
5

10
5
5
5
5

5
5

10 -
5
5

10
5
5
S
5

5
5
5
5
5

5
10
10
5

* •

5
5
5
5
5

•it-

L
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61.
62.
63.
64.
65.

65.
•67.
68.
69.
70.

72.
73.
74.
75.

CAS

35.
37.
38.
39.
40.

41.
42.
43.
44.
45.

45.
47.
48.
49.
50.

51.
52.
53.
54.
55.

55.
57.
58.
59.

60. 2-Hethylnapbthalafla

Ms (Z-CMcnsethy!) ether
2-CMor5phenol.
1.3-Ofchlorcbenzena
1.4-OfcMcrcbeaztne
Benzyl Alcohol
1,2-OfchIorobenzena
2-MethyT phenol
bfs (2-Chl orotsopropyl ) ether
4-Hetftylphenol
N-H1 tre*o-0t propyl asrtn*
HexAcJsl oroethuie
Nitrobenzene
I5ophorone
2-Nltrophenol
2/4-piaethylphenol
Benzole Acfd
b i $ (2-Cil oroethooy) aethtfli
2,4-OfchIorophenol
1,2,4-Trtchlorobenzeae
Naphthalene
Hexadil orobutadf ena
4-Chl oro-3-«ethyl pb'anol

KauchTorocvelepafltadfana
2,4, 6-Trtchl orophaaol
2,4, 5-Trf chl oroefceaol
2-dil oronaohtha 1 ant
2-N1tnaAfUnai
OfoatfarT Phtftalata
AcanapBtfaylant
3-N1troaaflfna
Acanapbthana

4-N1trophano1
Otbazszafaran
2p4-OfnftrotoTuan*
2,6-01M trotolueua
Otathylpht&alata

10S-95-2
111-44-4
95-57-a
541-73-1
105-46-7

100-51-6
95-50-1
95-48-7
39638-32-9
106-44-5

621-54-7
S7-72-1
98-95-3
78-59-1
88-75-5

105-«7-9
65-<5-0
111-91-1
120-83-2
120-82-1
91-20-3
105-47-8
87-68-3
59-50-7

91-57-6 .
77-47-4

Detection Lfafta(l)

Law V4ter(2) •
ua/1

95-95-4
91-58-7
88-74-4

131-11-3
208-96-8
99-09-2
83-32-9
51-28-5
100-02-7
132-64-9.m-i4-2
606-20-2
84-66-2

10
10
10
10
10

10
10
10
10
10

10
10
10
10
10

10
50
10
10
10

10
10
10
10

10
10
50
10
50
10•10
50
10
50
50
10
10
10
10

Lew So1
Haent
I'C/feg

330
330
330
330
330

330
330
330
330
330

330
330
330
330
330

330
1530
330
330
330

330
330
330
330

330

330
330
1600
330
1500

330
330
1600
330
1600

1600
330
330
330
330
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75. 4-ChTcrephenyl Phenyl ether
77. rTuarer.e
78. 4-Nftrcanflfne
79. 4,5-Cfn1tro-2HDethylphenol
80. N-n1trcscdf phenyl aartne
81. 4-3roncphc0yl Phenyl ether
82. Hexachlorobenzene
83. Pentacnlorophenol
84. Phenaothreae
85. AKTHRACSXE

85. Of-n-butylphthalate
87. Fluaranthese
89. Butyl Benzyl Phthalate
90. 3r3'-0fchlorobeflrfd1ne

3*«o (a) anthracene
bf$(2-ethylheayl)phthalattChrysene
Dl-n-cctyl Phthalat*
S*n2B(b)fliiorantheBe
Ben2o(k)fl'aortntheiie
Ben2o(*)pyreae
rndencd^^-cDpyrene
Otben2(a,h)anthraceoe

91.
92.
93.
94.
95.

96.
97.
98.
99.

100.

101. alpba-BHC
102.' beta-BKC
103. delta-SHC
104. gaam-€HC (Undane)
105. Keptadiler
106. AldHo '
107. Heptadilor Cpoxtde
108. EndAsolfaa I
109. OTeldHn
110. 4f4t-QOC

111. Endrin
112. Endosulfan II
113. 4,4-000
114: Endorclfan Sulfatt
115. 4,4'-DOT

CASNtrafce?

7005-72-3'
85-73-7
1CO-01-5
534-52-1
86-30-6

1C1-55-3
118-74-1
87-86-5
85-01-8 .
120-12-7

84-74-2
206-U-O
129-CO-O
85-58-7
91-94-1

56-55-3
117̂ 81-7 , •
218-01-9 •
117-84-0
205-99-2

207-08-9
50-32-8
193-39-5
53-70-3
151-24-2

31S-85-7

53-49-9
75-44-8

309-00-2 '
1:24-57-3

60-57-1 -
75-55-9 ;

72-20-8
33213-55-9
72-54-8
1031-07-8
50-29-3 '

Pateetfen Lfirft»Cl)

Low V*ter(2)
uo/1

•

10
10so .
50
10

10
10
50
10
10

10
10
10
10
20

10
10
10
10
10

10
10
10*
19
10

0.05
0.05
0.05
0.05
0.05

0.05
0.05
0.05
0.20
0.10

0.10
0.10
0.10
0.10
0.10

Low Sou
StdtaentU)

330
330

1500
1500
330

330
330

1600
330
330

330
330
330
330
660

330
330 -
330
330
330

330
330
330
330
330

.0

.0

.0

.0

.0

.0

.0

.0
16.0
16.0

16.0
16.0
15.0
15.0
15.0

i-
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Detection LimitsCl)

CAS ffurter

53494-70-5
72-43-5

8001-35-2
12674-11-2

U104-28-2
11141-1S-5
53469-21-9
12672-29-6
11097-69-1
11096-82-5.

Lew ViterU)
van

0.10
0.5
0.5
0.5
1.0
0.5

0.5
0.5
0.5
0.5
1.0
1.0

Low Soil
Sedla«nt(3)

ua/Vs

is.a
80.0
80.0
80.0

150.3
80.3

80.9
80.0
80.0
80.0

160.0
160.0

115. Endrfn ICetone
117. Hethcxychlor
118A. Alpha Chlordane
1188. Saim Chlordane
119. Toxaphene
120. ARCCLCR-1016

121. AROCiCR-1221
122. AROCLOR*1232
123. AROCLOR-1242
124. AROaOR-1248
125. AROCLOR-1254
126. AROaOR-1260

NOTES

(1) Detection Halts listed for sofl/sedlseat art based on net weight. The
detection Halts calculated by the laboratory for *o1l/sed1acnts will be •
on.dry weight basis and will be higher.

(2) Targert Coapoond List (TCL) Coapounds are 100 tines the Individual Low
Water OL. .

(3) Hedlua So1l/Sed1mot CRQL for Volatile TCL Ccspounds art 125 tlses the
Individual Low sol1 sedlveat CRQL. :

(4) Heldua Soll/Sedloent CRQL for Seal-Volatile HSL Csspunds are 60 tlacs the
Individual Low Soll/SediBtnt CRQL.

(5) Hedlua So1l/Sed1mat OQL for Pesticide and PCS's Ta Coapunds art 15
tlsMs the Individual Low So1l/SedlMnt CRQU

* Specific detection limits are highly aatrlx dependent. The detection
Halt listed herein art provided for guldaact and oiy net always be,
achievable.

n [arb-MO-SSd]
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Analytical Results for Initial Characterization
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