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Mr. Paul Didier

Director of Bureau of Hazardous Haste

State,of Wisconsin

Department of Natural Resources

101 S. Webster Street

GEF 2, Box 7921

Madiscon, WI 53707-7921 kY
N
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A
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 DNR 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 #1093) 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 WMWI 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 1989. The major exception is for those sites
undergoing remedial investigations and feasibility studies pursuant
to consent orders with U.S. EPA and DNR. 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 ciosure plans. In addition to
conforming to the general submittal requirements of NR 500.05 the
proposed plans will provide the following specific infeormation:

o General plans and engineering details;

© 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, connect;on .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 preogram to determine system performance and
radii of influence for each extraction point;

o Estimate of condensate producticn 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.

! JRonald ¥, DeBattista‘, P.E.
Regional Engineering Manager
Waste Management of Wisconsin, Inc.

RD/ID/del

cc: Kevin O'Toole
Jay Rooney



Proposed Time Table for Compliance
with NR 506.08(6) Requirements at
WMWI Facilities

Nate of Anticipated Anticipated
Plan Date of Date of
Site Name Modification Revised Plan Initiation
and License Submittal Modifica&ion of
tNumber Approval Construction
)  Pheasant Run May, 19g8 July, 1988 August, 1988
(#1739) .
: Green Lake Sept., 1988 Nov., 1988 At closure of
1 (#3066) Phase 1
9 .
8 Reclamation Sept., 1988 April, 1989 May, 1989
8  (#13586)
Eaton Nov., 1988 June, 1989 July, 1989
{#0003)
A Greidanus Jan., 1989 August, 1989 Sept., 1989
(#0140) .
Ridgeview Feb., 1989 Sept., 1989 Oct., 1989
HEP & EIP
(#'s 2575
& 3041)
1
3  Muskego March, 1989 October, -1989 Nov., 1989
8 Phase 1 . .
9 {#2895)
Parkview/ April, 1989 Nov., 1989 At closure of
{#3108) Phase 1
Pheasant Run May, 1989 Dec., 1989 At closure of
North 8G t Phase 1
#3062
Y ( }
D Muskego Old Fill
E and Southeast Fill
F  (#'s 0141 & 0936) Gas Control and Combustion Systems will
E be incorporated in R1/FS's and installed
R City Disposal as part of Remedial Action.
R Corp. (40037)
E
D Lauver I (#0011
1 Anticipated plan approval dates assume submittal 6f a revised plan

modification to DNR and two 90 day (65 working day) DNR review periods.
If the DNR review is shorter,the schedule will be adjusted accordingly.



State of Wisconsin \ BEPARTMENT OF NATURAL RESOURCES
: Carroll D, Besadny, Secretary
§ 6 E LY E ) oo e
Fitchburg, W 53711

i DEC 17 1890 TELEFAX NO. 608-275-3333
December 12, 1990 REMEDIAL & ENFORCEMENT  File Ret: 4400

W ' RESPONSE BRANCH

X United States Environmental Protection Agency ) £
Mr. Charles Wilk, RPM . % o
SHS-11 ‘

230 South Dearborn Street
Chicago, IL 60604

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

Dear Mr. Wilk:

The Wisconsin Department of Natural Resources has reviewed Technical Memo 6A,
Alternatives Array Document for the Source Control Operable Unit at the Cicy
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 i{s 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

- p7 - It is not clear how the 10 percent figure was derived. The Deparcment
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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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. Adm. Code. Regulatory limits should be defined consistent
with the preventative action limits.

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,

Reference is made to VOC occurrences in surface soils dowvn slope from
cells 6 and 12. 1If 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.

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 Dispesal 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
qualicy.

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
varicus remedial alternatives developed at the end of this tech memo.

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.

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.

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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plé - The interpretations provided on this page are, in general, correct.

plé -

pla -

plé4 -

plé -

pl7-
18 -

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.

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

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-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.

The Department has a serious concexrn 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, '

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.

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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Charles Wilk - December 12, 1990 4,

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

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

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?

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.

As discussed previously, the City Disposal site is required to meet the-
gas collection and hazardous air emission criteria in NR 506 and 4453,
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.

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.

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.

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

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.

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.
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P35-
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The Department agrees with the decision mot teo pursue sheet piles,
injected screens or asphalt curtains as remedial possibilities for this
site.

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

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 assoclated 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 sxte are
potential air concerns.

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

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. :

The FS process overview on these pages accurately reflects the FS
process contained in the USEPA, 1988 guidance document.

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.

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 sitce
investigations or remedial actions expose waste to runoff waters
such a control basin may be necessary. Also, a basin for
sediment contreol 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,

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.

Vacuum Heap Extraction - The Department agrees that vacuum heap
extraction does not appear to be a likely alternmative at this

time. It seems possible that the same results can be achieved by '
using in place injection and extraction metheds.

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.

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

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.

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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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
&nalysis.

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. Alr emissions control must be
included in source control discussions. : B

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.

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,

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

The Departmehc 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 technoelogy for the site.

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.

-
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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.

4, The alternative is an increment improvement over Alternative 3,
Hovwever 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 monitering can exempt the site from NR 506 and 445, Wis.
Adm. Code air contrel 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 altermative, 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" ¢ontrol 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:\swvm\citydsps.mrs

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



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.

Preliminary Identification

Alternative A or RA! Code’ of Standards/Requirements
1) Institutional controls, RA 181.49 Groundwater monitoring to identify degree
access controls, monitoring . and extent of contamination, hazardous
cover A or B waste grouncwater monitoring requirements
- . ]
A 181 Any ‘waste generated during ithe remediat

investigation must be handlipd consistent
with hazardous waste requi nts, genersal
hazardous waste management/requirements

A 140 _Groundwater standards snd response
requirements

A 149 Laboratory certification for environmental
testing

A 504,506,445 Landfifl gas cotlection, treatment and
hazardous air emission controls

A 508 Landfill monitoring requirements

A 504,508,514,516 Landfill cepping, closure and

documentation requirements

2) Institutionsl controls, seme requirements as alternative 1 above
accesg controls, monitoring
cover A or B/C

RA 181.44¢11)-(14) Landfill capping, closure, monitoring and
long term care requirements

3) Institutional controels, same requirements as alternative 1 above
access controls, monitoring ’
extraction, cover A or B
A 181 Management requirements for hazardous
wastes removed during construction of gas
extraction systems

4) Institutional controls,, same as aiternative 2
access controls, monitoring,
gas extraction, cover A or B/C A 181 Management of hazardous wastes removed .
during construction of gas extraction
systems
5) Institutional controls, same as slternative 1 ’

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

&) Institutional centrols, same as alternative 2
access controls, monitoring
trench/vent system, cover A
or B/C



Preliminary Identification

Alternative A or Ra' Code? of Standards/Requirements
7) Institutional controls, same as alternative 3

access restrictions,
monitoring, gas extraction,
trench/vent system, cover A
or B

B) Institutional controls, same as alternative 4
access restrictions,
monitoring gas extraction,
trench/vent system, cover
A or B/C

! A or RA = Applicable (A) or potentially Relevant and Appropriate (RA}
I fode = Wisconsin Administrative Code, Chapter NR series



Metcalf & Eddy

December 14, 19%0

Mr. Charles Wilk
U.S. EPA

CERCLA 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 vaque.
Reasons for the elimination of each Process Option should be
included. '

ecific Comments:

Page Section Paraqraph " Comment

18 5.2.4 Relative costs were

22 5.2.5 identified for these

29 5.2.8.7 Technologies/Process

31 5.2.9.1 Options only. Relative-
costs for all
Technologies/Process
Options should be
identified for
consistency.

£5 W Algonquin Roac. Suite 500. Arington Hexghts. ilinois 60005.4422 F i ega b

Tel 708 228-0900 FAX 708 228-5013 AN | ROt

1l
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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 problens

associated with these
parameters should be
considered when

- evaluating process
, options.

32 $.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
r 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
pPresented.
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Page
33

33

34

41

42

43

44

Section
5.2.10.2

5.1.11

5-2.12

Paragraph
2

1

Comment

See previous comment.

See comment for section
5.2.8.

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.

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.

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

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

The "No Action"
alternative should not be
eliminated at this stage.



Page Section Paragraph
47 9.2.1.1.6 2

Comment

The text states that in
situ bioremediation has
been screened out. This
is inconsistent with
Plate 1.

The reasons for
elirminating
technologies/process
options should be
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.

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

Carroll D. Besadny, Secretary

Southern District Headquarters
3911 Fish Hatchery Road
Fitchburg, Wi 53711

TELEFAX NO. 608-275-3338

December 26, 1990 . File Ref: 4400

Mr. Chuck Wilk, RPM )
United States Environmental Protection Agency

230 South Dearborn Street e |
5HS-11 . x
Chicago, IL 60604 }

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. Adm. 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,

e S

Mike Schmoller
Soligd 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:
. Carroil D. Besadny, Secretary

Southern District Headgquarters
i : ‘ 3911 Fiah Hatchery Road
[ _ . Fiichburg, Wl 53711
L TELEFAX NO. $08-275-3338

January 16, 1991
Flie Ref: 4400

. Mr. Chuek 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. Wilk:

: This-letter is to document the applicablility 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 similay
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
site (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 groundwatar. based on the contaminant concentrations prasent,
l 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.
l The groundwater and contaminated material will continue to be a subject to
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-~

hazardous waste regulations until the characteristic is no longer present.
Consequently, state hazardous waste laws are applicable to any greundwater
treatment technologies and to any residual material that is characteristically
hazardous, ‘

1£ there are questions on these determinations, please contact me at your
couvenience. :

Sinceraly,

Mike Schmollar
Solid Vasre Specialist
TELEPHONE: (608) 273-3303

MS:kas
9102\SWICITY1, KRS

ee: Pat MoaCuteheon » SD
Ed Lynch - 8W/3
Sus Bangert « SW/3

- rw e
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i M R UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
N REGION 5
% g 230 SOUTH DEARBORN ST.
Yoy, s
~ CHICAGO, ILLINOIS 60604 A

AEPLY TO ATTENTION OF: SHS-11

Ms. Dee Brncich

Waste Management of North America, Incorporated
Midwest Region

Two Westbrook Corporate Center, Suite 1000
Westchester, Illinocis 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 (SCOU) For
Remedial Investigation/Feasibility Study city 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. 1

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

Remedial Project Manager -—

FILE SYSTEM: PRQJjECT-;Sﬂ'E—
Enclosures FILE CODE: - \W/ATTACH

ol 273 wr0 ATTACH

cc: Mike Schmoller, WDNR

Doug Ballotti, RERB Printed on Recyded Paper

Eileen Fury, ORC

Sincerely, DATE RECEIVED/SENT f «e’//?/
. BY: DEEBANCICH ,~
C:;;;; /;v””§1;:%uéf SITE 4£;§Zﬁk /iLA%QLJAJZ/
i ' CC/ROUTE: / ;
Charles Wilk FK, DR WS, HK, JD, GM, DO, AKX, RO, AS



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,
managenment of hazardous ~waste resulting from
remedial activities, 1landfill 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 collecticon
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 quallty
standards and response requlrements.

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

azardous Waste Landfills and Surface Impoundments
EPA/530/8W~89/047

!



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 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 Sjtes.
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Page 13.

Page 14.

Page 34.

U.S. EPA Comments
Technical Memorandum 6a

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 résampling
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 1limits that are below the MCL for all
constituents analyzed for. :

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 1limits 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.

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 technolcgies
proposed including air stripping, chemical filtration,
physical filtration, etc.



Page 49.

Page 50.

The Technical Memorandum proposes that the eight
assembled alternatives be carried through to the detailed
analysis. This 1is 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. '

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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19 State of Wisconsin \ DEPARTMENT OF NATURAL RESOURCES

S J" Cerroil D.-Besadny, Secrotary
et
Southern District Headquarters
3911 Fish Hatchery Road
Filchburg, Wi 53711

TELEFAX ND. 608.275-3338
January 25, 1991

_ File Ref: 4400
. . y
Mr. Chuck Wilk, RPM n "
U.5. Environmental Protection Agency $d
S5HS-11

230 South Dearborn SCreéc
Chicago, IL 60604

Subject: Review of Technical Memo 6B - Alternatives Array Document for the
Groundwater Control Operable Unit .

it
R

Dear Mr. Wilk:l

The Department has completed its review of Technical Memo 6B, Altermative Array
Document for the groundwater control operable unit at the City Disposal Landfill
Superfund site. The Department has a number of page-by-page comments which.are
shown below. 1In addition, the Department has the following two major comments wnich
it vishes to clearly state. Alzo, the Department has attached its ARAR e '
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. Cocde. The
compliance point for this site is the waste boundary. If compliance with
preventive action limits is proven not to be technically and ecoromically
feasible, as specified in s. NR 140.24, Wis. Adm. Code, thae lowest
technically and environmentally feasible groundwater concentration shall be
achiaved. In no case can the target cleanup level excced state enforcement d

standards.
1

For parameters for which no ch. NR 140, Wis. Adm. Code, standard exists, the
eleanup standard shall be background goncencrations. If schievement of
background concentrations ic proven not to he technically and ecounomically
feasible, the lowest technically and economically feasible concentrations
olinll Le aclisesad ap tho nleammp srandards. :

2) It must be understaod that 211 air emissions from both scurca centrol and
Eroundwatar ¢ontrol remedial measures nust comply with the toxic air
emissions criteria in ch. MR 445, Wis. Adm. Code, The technelogles retsined
tor alr emisslon veuloul mus® ezt ehs mandated parfarmance levels,

Tha Naparrmant’s FANMITTCNGE With any Femedial action to be taken at the
save wall Lo Luood on memgpltpmam uhode 4RUFC Tl nevforfAROD Ghat@yar 7
e¢h. MR 14D and ~h KR 4&S, Wis. Adql, Ceocde, are critical ¢riteria to be used
in evaluaring the adequacy of any remedial measures,
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Mr. Chuck Wilk - January 25, 1991 7 2.

PAGE-BY-PAGE COMMENTS:

P.11

P.11

P.12

P.19

P.70

P.21

P.24

P. 25-34

P. 34-41

P.41-45

On this page and in several other locatioms in the technical oemo, 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. Adm. Code.

The regulatory concentrations that should he used to evaluate the
significance of groundwater concentrations are preventive action
limits—not enforcement standards. State gfoundwater law sets
preventive action limits as the trlggerlng levels for initiating
response activities. _5

The Department does not have a record of a methylene c¢hloride soil
detect of 8.5 ug/kg downslope from cell 6. Please provide the sample
location and date for this result.

The conclusion that there is no landfiil gas production and low gas
pressures needs to be verified with field data. There have been pasc
complaints from nearby residences about "smells" around Grass Lake. It
seems possible these odors ara landfill *gas migrating towards the
topographic low of Grass Laks.

Tn a prartical sense. source contral measures will 1ikely redoce
contaminant migration from the landflll-—nnt complecely preclude any
transport. . -

This page provides a good summary of th&-status of the groundwater
studies and the conclusions that can be reached to date. The
Deparcment would like to see a proposed timeline for completing the
addltlonal studies proposed at the bottom of the page.

The 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 monitoring the
performance of active source control alternatives and the active gas
collection system. If a technology is chosen to acctively zemediate
cells & and 12, such as wvapor extraction, & 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
systenm performance.

Section 5.4 provides a good general discussion of the various
groundwater control, treatment and discharge options.

' Section 6.0 provides a good general overview of cthe feasibility process

for Superfund sites.

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

The Department agrees with the evaluation process discussed on these
pages and sumrarized on Plate 1. The retained technologies are likely
the mast promising alternatives. However, it must be clear that the
retained air emissions treatment tecnnologles must be capable of
meeting state air quality rules, ARARs for chis process optien,
discussed in detail later, includa air toxic substance emission
controls. These requirements musc be complied with.
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Mr. Chuck Wilk - January 25, 1991
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P.45-49 The Department also agrees with the eliminarion process discussed on
these pages and summarized on Plate 2. The remaining process options
are believed to be the universe of practical alternmatives available.

The following table summarizes the Department's ARAR determination for the remedial
measurées proposed in this tech meme.

TABLE 1
ARAR DETERMINATION

Below are listed the ARARs as determinad 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 remadial actions for this site.

RV TINY

Prelininary Identificacion

Alternative A or RA! Code/Statute? Standards/Requirements
1) A NA 140, ¢ 150 Groundwetcer standards and response requirefents.

A NR 141° Monitoing well requiraments,

A "NR 149 i Laboraiofy cortfication for enviranmental testing.

A NR 181 H the extracied groundwstar uxhibits a charocterictic
hazardous waste, the watcr and discharqes are hazacdous
until the charecteristic i3 no longer exhibied.

A NR 105, 106 . Taxic substance effiuent surluce watce standards,

A NR 112 , Wator well construction and reporting requircments.

A ek 144.04 Wastowstsr plan review requirements. -

A NR 445 Toxie alr ‘emsissions contrel fequircmanms,

2 Same requircments as Altemafive 1. ' ,

A NR 181 Spemt carbon residues shafl be treated as hazardous wasto
f tho exhibil hazardous characteristics, uniless regencrated. .

3 Same requirements as Alomative 2.
4) Lame requirements as Akemative 2,
5} Same roquiremonts as Aliernative 2

A NR 211 R Stxte wastewater. pretrcaimertt tequiroment for discharge ta

POTWs. .
6 Same requirements as Alarnative 1. ’

A NR 112 Injection of material to the subsurtace is tegulated under

waiar supply codes
D Same requirements as Allamative 2,
8 Same tcquirements es Altemative 2.
] Same requiremertts as Aemative 1.

Sincerely,

. ; — 7 7
/77 ,u.—/du/ A o—{fkfiaﬁ ’
Mike Schmoller, Hydrogeologist
Environmental PResponse Program

MRS:kas  (D\SWM\CITYSB.RVW)

ce: Darci Foss - SW/3
Ed Lynech - SW/3
Pat MeCutcheon - SD

! & or RA = Applicable (A) of potentially reievent snd appropriate (RA},

? code = Witconsin Administiative Code, Chapter NA seties;
Statute = Wisconsin State Statutas.
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'; "-m ”] State of Wisconsin \ DEPARTMENT OF NATURAL nssounces
* Carroll D. Besadny, Secretary

E F Southern District Headquarters
3811 Fish Hatchery Road

ﬁ Flichburg, Wi 53711
n;, o 10 1 TELEFAX NO, 608-275-3338

Januafy 25, 1591 REMEDIAL & ENFORCEMENT Flle Fot: 4400
: RESPONSE BRANCH

Mr. Chuck Wilk, RPM

U.S. Environmental Protection Agency
5HS-11

230 South Dearborn Street’

Chicago, IL 60604

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, Wis.
Adm. Code. _ _ -

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

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. : :

I1f you have further questions on these comments please give me a call.

Sincerely,

Mike Schmoller |
Hydrogeologlst
Environmental Response Program

MS:ips
d:\swm\gasprb.mrs

cc: Darsi Foss - SW/3
Pat McCutcheon - SD
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Response to Comments on Technical Memorandum No. 6A
Alternatives Array Document (SCOU)
City Disposal Corporation (Dunn) Landfill
Dated January 28, 1991
PELA 495209 Februarv 18. 1991

United States Environmental Protection Agency
Region V, Office of Superfund
Charles Wilk, Remedial Project Manager

Jechnical Memorandum 6A

#1. Page13 Data available at the time of writing the Technical Memorandum was insufficient to support the
statement *The drinking watar supply for the wellis in closest proximily to the site have not been
impacted by the site”, Data available indicatad that no contamination attribu; pble 1o the site was
found in wells 1e518d down 10 the detection fimits of the analysis. The method detection limits for
some of the hazardous constituents analyzed for were above the MCLs for hose constituants.

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 resulls from a resampling and analysis of privap wells using lower
detection limits. Future sampling and analysis of drinking water welis 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 agenmes with reference to SOPs for
special analytical services.

#2  Page 14 The interpretation that data is sufficient to determine thit the private weils 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 atfected down to the method detection limits of the analysis. U.S.

EPA and WDONR, 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 itselt as levels of contamination that would exceed the method detection

limits used far analysis. However, in order to be mare conservative, the U.S. EPA and the WONR

are currendy resampling and analyzing the private wells in the area using iower detection limits -

at or beiow the MCLs estabiished.

;
£

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

#3  Paged4 Use of media iike activated carbon to sorb hazardous constituents is not considered fulfiliment of
the 40 CFR 300.430 (a) (1} () expectanons (prelerences) for use ot teatment tachnologies to
address principal threats posed by a site, unless the hazardous consttuents sorbed are ultimately

(WP 5.1 2/118791) 144 M95200Response 6A

PE LaMoreaux &Associates
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Page 2

destroyed, as through incineration (regeneration of the activated carbon). Disposal of the
contaminated carbon in a fandfill without treatment of tha sorbed constituents would not satisly the
expeciations.

This preference for actual reatment of the hazardous constituent holds true for all iraatment
technologies proposed including air sipping, chemical filration, physical filtration, ete,

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 satisty the statutory mandate of minimizing hazardous waste generation,

#4.  Pagedy The Technical Memorandum proposes that the eight assembled altematives be carried through
to the detailed analysis. This is acceptable however, note that Altematives 1, 2, 3 and 4
apparently will not fulfill the Stats requirement for instailation of landfil gas control systems under
Wis. Adm. Codes NR. 500 and NR. 600, -

RESPONSE:

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.  Page50 ARARSs for ground water remediation are not presented in this review. These ARARs will be
provided upon review of the Altematives Array document for the Ground Waler Controi Operable
Unit (GCOU).
RESPONSE:

Comment noted and concur.

Potential Applicable or Relevant and Appropriate Reguirements, Source Contro! Operable Unit

*1, All Altematives Each of the eight altematives includes access resuicn:ans, institutional controls, landfill cap and
ground water manitering. T

ARARs: Wis. Adm. Code NR. 600 series (formally NR. 181), including requirements for ground
water monitoring, management of hazardous waste resuiting 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 reguiations include requirements for landfill gas coilection and treatment, landGll -

capping, landfill closure. monitoring, post closure maintanance and use and documen-
tation;

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

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

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

(AP 5.1 21091) 144:M95200Resconse.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
Imgoundmems EPA/SIISW-89-047

RESPONSE:

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

#2.  Alternatives 3, 4,
5,6, 7, andB These altemnalives all include vacuum extraclion, gas injection/extraction systems, and/or landfill
gas ench/vent system.
ARARs: Wis. Adm. Code NA. 445, hazardous air emissions control;

Tite 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 Poliutants (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 entided Control of Air
Emissions from Superfund Air Strippers at Superfund Ground Water Sites.

RESPONSE:

Comment noted. Please refer to WMWI's responses 1o the ARAR determinations provnded by the
Departiment (p. 27 of this document}.

State of Wisconsin, Department of Natur'al Rasources
Southern District Headquarters
‘Mike Schmoller, Solid wWaste Specialist

#1. Page7 Itis not clear how the 10 percent figure was derived. The Department would fike a more detailed
! discussion of how this figure was calculated. Also, the Department would like a more detailed
discussion of the ground penetrating radar resuits overall.

RESPONSE:
The 10 percent (10%) figure regarding the constituerits of the waste at Cell 12 was based on

recollection of operations at the tacilty. 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 survéy was completed. In summary,
results allow for interpretation to varying degrees of waste composition, horizontal and vertical limits

(WP 5.1 2/48/91) 1495200\ Pesconse.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 landfili {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 eastem halt
of the landtill. Off-site lines were concentrated in areas of accessibility.

Radar data were processed and enhanged 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 resuit 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 landfilf, is the existence of a dark image in the.
upper 7 to 11 feet in the landfilt material. Correlation of the radar charts with data on the thickness ot
cover, along lines 100N and 200N indicates that such dark areas correspond with areas where the
cover material is less than 1-12 feet thick. In areas where cover is greater than 1-172 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 vields less retlected 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 fraverse the entire length of the landfill. The base of the landtill is indistinct, but
discernable. On line 200N the thickness of the landfili varies somewhat, but between approximately

line 100N the base of the iandfill 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 landtill is not
visible on the radar charls. This particular section appears 1o have been entrenched more deeply than

(WP 5.1 211601) 14d MI5200\Responss.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 oid
refrigerators, stoves, drums, bathtubs, crushed metal or scrap metal. No concentrations of metal
objects indicating disposal of stacked drums have been ocbserved 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 1o constrain downward infiltration of moisture through the landtill systeimn.

2 Page 9 The term regulatory limits is used frequenty throughout the memo. A definition for regulatory
limits is needad. The Department standards for groundwater quaiily are preventative action imits
established in NR 140, Wis. Adm. Code. Regulatory limits should be defined consistent with the
preventative action limits. -

RESPONSE:
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 Conventional Parameters Miscellaneous Parameters
Arsenic Nitrate Total dissoived sclids

Iron '
Manganese

Volatile Organics

Benzene Trichloroethylene

Methylene chloride Viny) Chioride

Tetrachloroethylene . Xylene

Tetrahydrofuran 1,2-dichloroethane

Toluene | 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 211091) 144 MIS200Response.6A
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P-1B P-5A B-9AR PZ-5
P-1C P-8A B-2RR PZ-9
P-2C P-10A B-16RR PZ-11S
P-48 B-6RR B-18RR PZ-111
P-4C B-7RR - B-19RR 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 L - Conventional Parameters
Arsenic Iron Nitrate

Barium Manganese

Cadmium Selenium Miscellaneous Parameters
Fluoride . Total dissolved solids

Volatile QOrganics

Benzene Vinyl Chloride
Ethylbenzene Xylene

Methylene chloride 1,1-dichloroethane
Tetrachloroethylene 1,1-dichloroethylene
Tetrahydrofuran 1,2-dichloroethane
Toluene . 1,2-trans-dichloroethylene
Trichloroethylene

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 than metals, total dissoived solids, or
nitrate was detected at a tevel exceeding the PALs. The parameter is trichloroethylene (3.7 ng/e).
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 pg/e,
0.4 pg/t above the PAL of 1.0 pgit.

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 (fetrahydrofuran, benzene,
1.2-trans-dichloroethylene, methyl ethyt ketone, vinyl chioride) occur near the area of documented

"industrial waste disposal at Cell 12 (wells 18RR, P2Z-118, PZ-11l, 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 landlilled 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/¢ near the eastern, southeastern, and norihwestern portions of the site, in wells in which
other VOCs were detected. .

(WP 5.1 211891) 144 M95200Response.6A
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TABLE 1. Summary of Water Quality Data Showing Parameters and Concentrations Relative to
PALsS. .
' PAL Concentration
Parameter Well Number {(ng/e) (ng/d)
Arsenic 5
" P4 B 7.1
P4 C 18.9
P-5 A 31.0,
P9 A 30.0!
P10 A 9.
B-9 AR 12.0
B-9 AR 14.0
B9 RR 63.0
B-17. RR 8.2
B-18 RR 18.0
Barium 200
Pa A 260
P-10 A 380 -
B9 RR 670 .
Benzene 0.067
P-1 B 1.82
P-1 c 1.61
P4 B 1.59
P4 C 3.15
P8 A 1.45
P10 A 2.43
B-7 RR 5.24
B-9 AR 2.75
B9 RR .77
B-16 RR 1.63
B-19 RR 7.47
B-15 44 00
! B-18 470.00
. Cadmium 1
P1 B , 3.2
Pt C 2.6
P2 C 2.0
P3 C 28
P-4 A 11
P-4 C 3.2
P5 A 42
P6 A 2.1
P7 A 16

(WP 5.9 2/18%1) 14d 95200\ Reapone s BA
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1,1-Dichloroethane

1,2-Dichloroethane

1.1 -Dichloroethylen_e

1.2-Trans-dichicroethyiene

Ethylbenzene

Fluoride

Iron

(WP 5.1 2/1M91) 144:495200\Ranponse.6A
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P8 A 3.1
P9 A 2.1
P-10 A 3.2
B-6 RR 1.5
B-18 RR 25
85
P-5 A 496
- 0.05 .,
P5 A - 2,610
B-15 29
0.024
B7 R 2.7
B9 A 31.0
B9 R 24
B-14 1.6
B-15 6,100.0
B-17 1.6
B-18 100,000.0
B-19 R 3.7 -
20
P-4 B 779
P-5 A 3,290
P8 A 22
B-18 RR 145
PZ-11 D 1,400
272
B-18 RR 1,070
B-15 720
B-18 4,700
440
P3 ¢ 500
B-17 RR 500
150
P2 B 690
P3 A 1,000
P3 B 280
P-4 B 1,800
P4 C 17,400
P-5 A 32,300
P9 A 6,400
P-10 A 8,800
PE.LaMoreaux & Associates—
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B-6 RR ' 160
B-7 RR 790
B9 AR 1,600
B¢ RR 23,000
B-16 RR 2,700
B-18 RR 37,600
B-19 RR - 1.800
Manganese ) 25
P1 B 837
P1 C 270
P2 B 61
p2 C 240
P3 A 94
P3 B 250
P4 B 160
P4 C 636
P5 A 340
P-7 A 76
P8 A 3,700
P9 A 1,080
P-10 A 2,120 -
B-7 RR . 789 :
B-2 AR 613
B-9 RR 160
B-12 RR 813
B-14 RR 110
B-16 RR 440
B-17 RR ' [al
B-18 RR . 240
B-19 RR o 625
Methylene Chloride 15
P-5 A 1,130
B-16 RR ' 516
B-18 RR 63
Nitrate as N ' 2,000
P-3 C 6,900
P6 A 18,500
Selenium "9
P-4 A 1.4
P7 A 1.3
Tetrachloroethylene 0.1
P1 B 47.10
Pt C 119.00

(WP 5.1 2/18/91) 14dM95200\Response. 6A
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P8 A 116.00
B-7 RR 6.91
PZ-9 5.73
B-12 R 1.90
Tetrahydrofuran 10
P4 B . 19,900
P4 C 16,700
T P-10 A 5,480
B-7 RR .. 722
89 AR - 278
B9 RR B 208
B-16 RR 7,520
B-18 RR 14,600
B-19 AR . 16
PZ-11 1| 160,000
PZ-11 D 9,960
B6 R 1,800
B9 A 160
B-14 360
B-15 3,200
B-16 R 1,200 -
B-17 420 .
B-18 60,000
Toluene 68.6
P4 B 341
P4 C 385
B-16 RR 164
B-18 RR , 5,180
PZ-11 8§ : 2,260
PZ-111 18,500
PZ-11 D 566
B-15 4,800
B-18 N 110,000
Total Dissolved Solids 250,000
P-1 B 1,000,000
P1 C 868,000 -
P2 A 411,000
P2 B 404,000
P2 C 521,000
P3 A 323,000
P-3 B 324,000
P3 C 455,000
P-4 A 308,000
P4 B 316,000
P4 C 632,000
(WP 5.1 2/1891) 14d405200\Response.6A
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P5 A 1,030,000
P6 A 433,000
P-7 A 500,000
P8 A 621,000
P9 A 538,000
P-10 A 841,000
B-6 RR 527,000
B-7 RR 424,000
B9 AR . 927,000
B9 RR . 945,000
B-12 RR : 527.000
B-14 RR 663,000
B-16 RR 572,000
B-17 RR 462,000
B-18 RRA . 631,000
B-19 RR 397,000
Trichloroethylene 0.18
P-1 A 3.67
P1 B 84.90
P41 C 14.70
P2 C 87.30 -
P4 B 6.22
P8 A . 20.70
B-6 RR 16.30
B-7 RR 23.40
pPzZ-5 55.60
PZ-9 367.00
B-6 R ' 20.00
B-7 R 40.00
B9 A 2.80
B9 R 1.40
B-i2 R 1.10
B-19 R 3.00
Vinyl Chloride 0.0015
P4 B 286
’ PZ-11t 3,260
PZ-11 D ' 327 ,
m-Xylene 124 Y
B-18 RR / 1,790
PZ-11 1 1,680
o+p-Xylenes 124 Y
B-18 RR 1,880
PZ-11 1 1,610
¥ . total xylenes
(WP 5.1 2/18491) 144 A256200\Responss.6A
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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 PALSs in the private wells.

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

County. .
#3 Page 10 The Septémber, 1990 groundwater results should be shown in comparnson 10 state standards,
This would clarify which of the five tested piezometers showed elevated leveis for which
parameters. oo
RESPONSE:

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, P2-111, 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 VOO occummences in surface soils down siope from cells 6 and 12. If these
concentrations exceed background conditions, an analysis needs to ba completed on the nsks,
both envirenmental and human health, posed by these concentrations. If warranted, remed.al
action to address these surface soils will be required. The source control allematives discussed -
later in this tech memo must include surface soil remedial measures if the contaminacon lavels

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 ugkg
acetone at SD-5. Elevated concentrations of VOCs, mainly acelone, 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 pg/kg. (2) The concentration of 9,540 pg/¢ determined in the sample collected from X1920,
Y200 is from suricial material on Cell 12.
1)
#5. Page12 The Department has a concem that the aic migration pathway has not been properly addressed
to date. Slate administrative codes require all landfills with waste capaaity of greater than
500,000 cubic yards to install active gas control systems and specific flanng technologies to
control hazardous air emissions. The City Disposal Landfll, because of its size, comes under
these regulations. A specific site can be éxempted Irom these regulations if sufficient monitoring
is completed to verily 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 lo atempt %0 exempt the City Disposal site has not begun,
Consequenty, the site is required to fully comply with the requirements in NR 506 and 445, wis,
Adm. Codes. Compliance with these requirements must be inciuded in the vanous remedial
altamatives developed at the end of this tech memo.

(WP 5.1 21081} 1444052000 es0onse.6A
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TABLE 2. Summary of Water Quality Data, Private Wells, Showing Parameters and Concentrations
Relative to PALs

Parameter PAL (ug/) Well ID Concentration (ng/¢) Sample Date
Arsenic 5 e ‘7.2 (BMDL)Y 1989
Barium 200 230 1989
210 ( 1990
g 1
fron 150 3,500 1989
1,200 1989
3,600 1990
Lead 5 18 1989
12 1989
12 1983
17 1820
1,920 1880
Total Dissoived Solids 250 mg/nt 487 mgn 1989
o 384 mg/e 1989
377 mg/t 1989
487 mg/¢ 1990
670 mg/e 1990
594 mg/t 1980
Nitrate 2 mgn 12.7 mght 1989
10.7 mgn 1990
8.65 mg/! 19590
Manganese 25 20 1989
300 1989
320 1950
Cadmium L ] 25 1989
Selenium ' 1 1.5 (BMDL) 1589
1.4 (BMDL) 1989
0.59 (Duplicate) )
Y 8MDL: below method detection limits.
(WP 5.1 2/21/91) 14dM95200\Retponss.6A
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TABLE 3. Resulls of Analyses, Soil Samples
Acetone bis (z-ethylhexyl) Di-n-octyl Methylene
Acetone - phthalate phthalate Chiloride
Sample Designation {ug/kg) ¥ (ug/kg) (ng/kg) (rg/kg)

X120 Y600 <11 NA ¥ NA <5.7

X1520 Y300 115 NA NA 154

X1920 Y200 9,540 NA NA <6.4

X220 Y300 - <11 NA NA <5.7

X220 Y700 <12 NA NA <6.0

X2230 Y840 <13 NA NA <6.5
(SD-1} XE1500 YN1250 ND ¥ ND ND 18.3
(SD-2) XE2000 YNOO 6.94 (BMDL}Y ND ND 10.6
(SD-3) XE2275 YNI15 9.59 (BMDL) ND 149 (BMDL) 18.7
(SD-4) XE1650 YNOO 63.6. ND ND 19.5
(SD-5) XE2175 YN575 20,250 ND ND 0
(SD-6) XE1440 YN&35 ND 54 (BMDL) ND 11
(SD-7) XE400 YN8O0O ND ND ND 815
¥ ug/kg - micrograms/kilogram ¥ ND - not detected B
Z NA - not analyzed ¥ BMDL - below method detection limits
(WP 5.1 211891} 140 M95200\Response.6A
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RESPONSE:

See response 10 comment # 4 from Charles Wilk {(p. 2).

#6. Pages 12-13 Until accaptable air monitoring is compieted the Department believes that air migration may be a
: significant pathway of concam. Unless shown otherwise the Deparntment balieves an actve gas
control system with air emission contols is required for this site.

RESPONSE:

See response 1o comment # 4 from Charles Wik {p. 2).

#7. Page13 The elevated metal readings for iron, manganese, and arsenic need to be viewed as primary
impacts of the site. The eievated concentrations of these substances may inlivence the remedial
measures selected undar the groundwater operable unit.

RESPONSE:

Comment noted and as appropriate will Se addressed in the detailed evaluation of alternatives. WMWI
will complete a comparison of results of analyses from 1989 and 1930 samplings to background
conditions after compietion and receipt of the results of analyses.

#8.  Page13 While there may not be an immediate danger to nearby watar supplies, inconsistency between
groundwater flow data and the apparent directions of groundwater contaminant migrabon. make
any long term conclusions about the threat 1o water supplies tenucus. The potental threat 1o
nearby waler suppiies is stil an unrescived issue in the Department's opinion.

RESPONSE:

Information obtained and interpreted regarding direction of ground-water movement indicates two
dominant directions of movement: (1) northeast under the eastern portio of the landfili, 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 sefting 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 sllght
represent dispersion.

#9. Page 14 The interpretations provided on this page are, in general, correct. However, the Department has
! aconcem that the contaminants found in groundwater at elevated concentralions, and for which
no standard exists, are not forgoften 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, particulady far the groundwater aparable unit, consideration
must be given to reducing the concentrasons of all contaminants to acceptable leveis.

(WP 5.1 2/18/91) 14¢MU5200Respone.SA
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Table 1. Summary of Cost Effectiveness of the Capping Alternatives

Infiltration Percent . Total
Cover (cubic feet per year) Reduction Present Worth ($)Y
Existing 460,000 (average) - N/A
A 1,000 99.8 2,918,000.00
B 91,000 80.2 3,269,000.00
C 30 99.99 4,060,000.00
B/C 74,000 83.9 3,465,000.00

Assumptions: Water Balance

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

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% vilas used for the present
worth analysis.

v Source control cost only. Does not include GCOU costs.

10/30/91, WPS.1, 130:\ 495200\ Response. A

PE.LaMoreaux & Associates—



4

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 systermn 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 retatively 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 WONR 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 instalied and operated for a two-year demonstration
period. Atthe 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: Text will be added to the draft FS regarding site boundary air monitoring. (see Section
7.2.6.1)

Page 40 Section 5.3, Alternative |Il.
Altsmative (il is incorrectly labeled as Alternative Il. 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 IV. 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 Naturai Resources
Michael R. Schmoller, Hydrogeologist
Environmental Response Program
April 4, 1991

Review of Technical Memorandum 9A

The Department has completed Hs review of Technical Memo SA. 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 Depariment has concluded that Alternative
V is potentially an acceptable remedial option for the site. As discussed later, there are concemns about the long term reiiability
of an artificial membrane without a backup infiitration 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 10 adequately address site concains. The Department
believes both Alternatives V and V! 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 raviewing 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 ceil, blower sizing, number of vent pipes, etc.
are given. The Department interprets all of thess to be estimates only and that the exact design details will be deveioped
during the remedial design phase. The Department wants to bs 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
evalustions made the Depariments review of the remedial options very easy. '

RESPONSE: Comment acknowledged.

ific Comments

Page 8 Before the Department can make a fina! decision on the acceptabllity of Cover A, more information on the proposed
compacted soi layer is needed. Technical Memos 1, 2, and 3 present a large volume of physical data describing
the existing cover material (i.e. soil depth, grain size curves, moisture density curves, etc.). The Department wouid
like an interpretation of this data to describe what the characteristics of this compacted native soil layer would be.
isaues such as degree of compaction, resulting permeability, spil layer thickness, etc. need to be addressed. The
extent 10 which this soll layer will provide a "backup” infiltration barrier iz & 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 §.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, concems on long term effectiveniess 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 belleved that tight QA/QC control during membrane installation is a more effective
and less expensive form of secondary containment than either placing more clay 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 ba needed to document the proposed trench
spacing and construction. There is a concern that the 2-foot proposed trench depth may not adedquately address
gas concentrations desp in the fill. There may be a need to use extraction welis in areas cutside of cells & and 12,
Also, there is a concern that the propesed 300-foot spacing may be too wide to adequately controf gas conditions.
Lastly, the detailed design will need to discuss handiing condensate produced during system opération.

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

Page 18-26 Thess pages provide a good discussion of the review criteria and their proper use in evalusting camedial
alternatives.

RESPONSE: Comment acknowledged.

Page 28 Alternative | 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.

RESPONSE: Comment acknowledged.

Page 32-39 Alternative Il is an incremental improvement over Allarnative | because it includes Cover A, The
Department has already sxpressed its concerns about the use of Cover A. This proposal also does not
providerspecific remedial measures 1o deal with cells 6 and 12. The Departmeant believes additional source
control measures beyond capping and the trench gas extraction system are needed to remediate the
contamination sources in cells § and 12, Based on the RI data available, cells 6 and 12 are acting as
major ground-water contamination source areas. Since Alternative Il does not contain specific actions to
rernadiate thess celis, the Department does not believe this option is accepiable 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 impartance of having a continuous
low psrmeability layer below the membrane cover. This continuous layer will help protect the membrane from
increased stresses becauss of the higher operating vacuums,
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RESPONSE: it is not envisioned that high vacuums will be applied at or near the geomembrar;e.
Scarifying the top 6 inches of cohesive material beneath the gecmembrane 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-ysar compliance period for NR 445 Wis.
Adm. Code.

RESPONSE: Comment acknowledged. Further supporting info;-mation 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 titied Alternative .

RESPONSE: Comment acknowledged.

Page 40 The drainage layer design will need to incorporate measures 1o 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. Consegquently, alternatives that use Cover B alone are not as effective and therefore less
acceptable. in addition, Alternative Il does not address the remediation needs of cells 6 and 12,

RESPONSE: Comment acknowiedged.

Alternative Il is not an acceptable measure to the Department because of the shoricomings 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 | and lI, the discussion of Alternative Il 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 celis 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 controf option.
However, when used alone, it does not adequately address migration from cells 6 and 12. Consequently, use of
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cover B/C will need to be done in conjunction with other remedial measuras as proposed in Alternative V. The
Department recommendls this alternative not receive further review.

RESPONSE: Comment acknowledged.

Page 43 As stated, Alternative V is an improvement of Alternative Il with the inclusion of extraction welis for celis 6 and 12 and
the membrane cutoff wall. The Depariment belisves this is possibly an acceptable alternative. Questions on the use
of cover Aneed to be resolved. Once the capping issues are addressad, a final decision on this option will bs made,

RESPONSE: Comment acknowledged. See comments concerning Cover A.

Page 50 K should be stated that the installation of active gas extraction welis will remove more contaminants from the depths
of waste. This in turn provides more migration control and is consequently somewhat more protective than
Alternative 1.

RESPONSE: Comment acknowledged.

Page 55 As proposed, Alternative V1 is an acceptable remedial measurs. 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 Departrnent believes sither Alternatives V or VI are potentially acceptable. This position is
reaftirmed by comparative analysis conducted on pages 60-64. Alternatives V and Vi include the range of source control
rneasure nescded to address releases from the site. Each of the rejected options, while having individual strong points, do not
completely address the source control problem. Consaquently, the Department balieves Alternative V and Vi can be retainad
for consideration and additional svaluation.

RESPONSE: Comment acknowledged.

)

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

RESPONSE: Comment acknowiedged.
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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 believad this would help addreas the concern of fitting the pipes through the cover
and preventing any possible leakage around the pipes. Alsoc, it was noted that the level of gas production would have ta be
reviewed to insure that excessive methane production would not cause jong term problems with the cap. Further mors, it was
discussed that since the fill was fairly shallow (approximately 15-22 fest thick) and relatively old (last waste filled in 1977) that
differential settiing 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 s0fid and hazardous wasts disposal {acilities.

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 *Technica! Guidance Document: Final Covers on Hazardous Waste Landfills and Surface Impoundments,*
EPA-530/8W-83-047, US EPA, Cincinnati, OH, 1889,

2, Pennsylvania Environmental Quality Board, Municipal Waste Managoment Regulations, Chapter 273, “Municipal
Waste Landfills.” i

3. denkiewicz, O.C,, 1977, The Finite Element Method for Engineers, Ptentioe—Hall. Inc., Englewood Clitts, NJ.

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

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

8. Gallagher, R. H,, iﬁnge Elernent Analysis Fundarnentals, Prentice-Hall, inc., Englewood Cliffs, NJ.

7. Fenves, S. J., Computer Mathods in Clvil Engineering. Prentice-Hall, inc., Englewood Ciifts, NJ.

8. Wong, P, C. W., Kilhawy, F. H. and Ingraffea, A R., 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 (ASCE), 104(5), p. 1043-1059.

10. Whitman, J. R, ed. Th§ Mathematics of Finite Elements and Applications Il, Academic Press, NY.

11. Desai, C. 5., Zaman, Lightner 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. (ASCE}, vol. 10, p. 833-848.
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13.

14,

15.

18.
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Attachment A, Page 2

Taylor, R. L., Beresiord, P. J., and Wilson, E. L., 1976, “A Non-conforming Element for Stress Analysis,” int._Journal
of Numerical Methods in Engr., vol. 10, p. 1211-1219,

Wilson, El L., Taylor, R. L., Doherty, W. P, and Ghaboussi, J., 1973, "incompatible Displacement Modeis,” Numerical
and Computsr_ Methods in Structural Mechanics, p. 43-57, edited by Fenves, $. J., et. al., Academic Press Inc., NY.

Beer, G., 1588, lsoparametric Joint/Interface Etement for Finite Element Analysis, Int. J. Num. Meth. in Eng., vol. 21,
p. 585-800.

Pande, G. N. and Sharma, K. G., 1879, “On Joint/Interface Elements and Associated Problems of Numerical -
Conditioning,” jnt. JJ. Num. & Anal. Meth. Geomech., vol. 3, p. 283-300.
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Attachment B, Page 1

Atachment B

The following narrative was provided by WONR 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 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) and uses the HELP
model to estimate infiltration through this cap. i is not clear how these values were derived, or how the inferaction between
the membrane and the lower s0il layer was modelad. Fiow 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. Flow through this macro-structure may not
behave as porous media flow and it may not be appropriate to model this flow using porous media assumptions. It is unlikely
that the existing cap presents a continuous psrmeability of 3.2 x 10® em/sec. ) understand that the existing cover may meet
the NR 500 material specifications, but does not meet placenent Specifications. The clay layer must meet both the soil
specifications and placement specifications. | do not believe that compaction of the existing cap could effectively sliminate
the macro-structure such that a consistent 1 x 10”7 hydraulic conductivity wouid 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 elfective as is presented
in the discussion of this alternative. | believe it is necessary to strip the existing cover, test the material, and replace
acceptable clay soils in thin lifts such that the compieted clay layer mests placemsnt specifications throughout the 2-foot
depth, prior to placement ot a membrane. Also, it is unknown how much additional settiement 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 soll beneath the membrane to timit infiltration and to
provide redundancy should settlement strain exceed the membrane capacity.

In order to clear 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® ¢m/s {(not 3.2 x 10 cm/s). A leakage ratio of 0.00025 was assigned to the membrane
which corresponds to a 1 ¢m diameter hole spaced 200 f. 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 solls had permeability rates of 1.2 x 10*
cm/s to 1.0 x 10 cm/s, using 3.2 x 10 cm/s may be conservative.

Also, because the clayey solls 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
| Engineers , 2737 S. Ridge Road
_ P. O. Box 19012
- Architects : ‘ Green Bay, Wi 54307-9012
414/497-2500
Planners : FAX: 414/497-8516
Scientists
Mr. Charles Wiik
L Remedial Project Manager
B United States Environmental Protection' Agency '
Region § .
Mail Code HSRW 6J )
77 West Jackson Boulevard
- Chicago, IL 60604-3590 |
}

B Dear Mr. Witk: 1
RE: City Disposal Corporation Landflill - Response to EPA Draft Feasibtlity Report

- Comments (HSRW 61) :

- : ' 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

i narrative presents the reviewer comments and corresponding response by Waste
Management of Wisconsin.

- - In addition to the changes which were made in direct response to your comments, B
numcrous other changes were made in an attempt to provide 2 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.

mment A: Final Site Rem

- "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

cncompasses remedial action for the landfill (source control) and the
- contaminated groundwater (groundwater control).. The term Operable

Unit has a distinct definition in the National Contingency Plan, The use
of the terms: Source Control Operable Unit and Groundwater Control
Operable Unit are no longer appropriate for this site. The authors may
wish to usc the terms Source Control and Groundwater Control to denote
the scparate activitics ncecssary at the site.”
1
Revision: The carly chapters of the draft FS {Chapters | through 4) refer to
previous reports and therefore usage of the terms "SCOU™ and "GCOU"
- arc used appropriately. The later chapters of the draft FS were edited
‘to remove the operable unit 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

mment B: NR AP Requiremen

"As statcd on page 84, Scction 5.3.2.3, Cover A does not comply with
Wisconsin’s NR 504.07, Cover A consists of a8 geomembrane underlain by
one foot of compacted native soil. NR 504.07 requires a cover consisting
of a minimum of two feect 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.”

visions: Alternative VII was added to the Draft FS. Alternative VI] uses an
NR 504.07 cover {Cover B) and a deep well extraction system for the
entire landfill, Section 7.4 was added between Sections 7.3 and 8.0 to
address Alternative VIL

mmen .1-Pape7 ection 5.2,1.6, Summary of ing Technologi

Revisions:

"The U.S. EPA does not agree with third paragraph of this section. The U.S.

EPA believes that a clay liner 2 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 requiremcnt”

Section 5.2.1.6 has been expanded to address the concerns associated

with Cover A, In addition, a discussion of Cover A's non-compliance

with NR 504.07 is presented in Scction 7.2.3.3. Finally, the WDNR’s

preliminary response to the proposed Cover A design is presented in

Section 7.2.9.1.

mmen 0.2 -Pape 92, 7.0, Detailed Analysi ojl' Alternatives-

"The first sentence reads: A detailed analysis of Alternatives [ through VI
is performed in this scction. The section includes a discussion of
Alternatives 1, V, and V1. The lirst sentence in the section should be
revised to indicate only the alternatives discussed in the section.”

[32-10}90L24.51
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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 detaiied
analysis of I, ¥, VI, and VYII is performed in this section,
mmen - 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 Alternative VI.
The refcrenced text should be incorporated into the discussion on
Alternative V]."

vision: Relerenced text in section was incorporated into the discussion in
Alternative V1.

mment 4 -Page 100, 7.2.1.1 tive Extraction Through Well
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"
mmen - Page 1 7.2 isk mmunity During Remedia ion
"This discussion includes a statement that air monitoring will be
conducted twice annually. This statement shall be changed to be a

suggestion of twice annual monitoring.

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

detailed.”
Revisign: 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 detailed ag Section 7.2.6.1.

Comment No. 6 - Page 112, Section 7.3.6.1, Risks {o Community During Remedial
Action

*This section includes a discussion about potential for vehicular traffic.
The appendix to the report shall include a calculated estimate of the
amount of vehicular tralfic for each alternative. This estimate should be
expressed in cubic yards of material that will be transported, the capacity
of a truck and number of truck trips necessary to transport the estimated
volume."

[32-10]90L24.51



e B

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

Page 4
Revision: Gross estimates of vehicular traffic 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.
mmen - lian h R

evi

"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 landf(ill should be based on
the aspect of landfill cover performance {infiitration rate) compared to cost of
installation alone. As stated an earlier comment, NR 504.07 is 2 technical
specification for a landfill cover not a performance standard. The US. EPA
and the WDNR must consider a number of factors when deciding on a cover
type. Among other factors to consider is the ability 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 during
the long-term closure period of the landfill. The clay layer beneath the
synthetic membrane of Cover A does not meet NR 504.07 and therefore may not
provide sufficient backup should the synthetic membrane be damaged.”
10ns: 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 US. 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 with this condition, numerous changes have been made
throughout the report. In general, most of these changes are simply
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 Alternatives I, V, VI,
and VII.

¢
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Mr. Charles Wilk
United States Environmental Protection Agency
January 29, 1992 .

Page 5

mmen

- Page 11 ection 8.8 ate Acceptan

*This section shall be revised to beconsistent 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 aflter WDNR review of the proposed plan.”

evision:

mment .

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
proposcd plan. Sections 7.1.9.1, 7.2.9.1, 7.3.9.1, 7.4.9.1, and 8.9 have becn
revised to address this comment.

- Papge 127, Section 9.4.6, Alternatives 7 and

"Alternative 7 was dropped from further 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 {rom 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 affcct operation of the catalytic oxidation system.
Consequently, there would be no additional cost or side stream.
Alternative 7 should not be eliminated.”

Revision:

[32-10]00L24 .51

The limitations of air stripping as a core technology were not addressed
adcquately in the feasibility study. Air stripping cannot remove
significant levels of acetone, methyl ethyl ketone and tetrahydrofuran
which constitute a high percentage of the projected total organic load at
this site, owing to their unfavorable air/water partition coefficicnts,
i.e,, Henry’s Law constants <1072 atm-m>/mole for all three components.
Scction 9.4.6 will be revised to clearly present the limitations of the air
stripping technology for this application. Nevertheless, Alternative 7,
Air Stripping - Catalytic Oxidation has been included. The evaluation
has been provided as Scction 12.5 to avoid revising numcrous section
refercnces and maintain the clarity and continuity of the report.
Section 13 has also been revised to include Alternative 7. In addition to
the new Section 12.5 and revised Section 13, references to Alternative 7
or to its cvaluation have been modified.

In conclusion, it must be noted that duc to the nature of the primar)'r
organic contaminants at this site, air stripping as a cor¢ !cchno{ogy is
believed to be fundamentally flawed. Nevertheless, an evajuation of



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

Page 6
Alternative 7 has been provided. Numerous revisions were made in
Sections 9, 12, and 13 and on Table 8 in response to this comment,
mment No, 10 - P 2 ction 9.4 inal Summary of Alternativ

"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
climinated.”

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

mment No. -P 141,12.1.3.2 mpliance with Location-Specifi AR

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

The wastc-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 infeasibility of
achicving this requirement. In addition to the limitations of hydraulic
extraction of groundwater noted in the revision, it is important to note
that the site was initially designed, permitted, and operated as a natural
attenuation landfill. An implicit assumption in the concept of natural
attenuation was that a portion of the area immediately around and
bencath the landfill would act as a filter for the exfiltrating leachate
and would become part and parcel of the waste management unit. While
this concept is no longer considered state-of-the-art engincering, it must
also be recognized that no technologies currently exist to totally reverse
it's consequences. As such, it may be appropriate and more accurate to
cite this location-specilic ARAR as a goal rather than a requirement.

(32-10]90L24.51
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Numerous other changes have been made to address internal inconsistencies,
misrepresentations of code requirements or to minimize the potcnt:al for fnture
conlusion. The most notablc of these changcs 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 304.07. The
cost and predicted infiltration performance of Cover B have been sxm:larly
modified to reflect this change.

o}\trol

*  Plate 2, which depicts plan view schematics of the various source ¢
alternatives which have been carried through detailed analysis, has‘been
deleted. The rationale for removing this plate is that the final 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 future confusion if presented in the final FS and deposited in the
public repository,

¢ The maximum slope value used in the HELP model infiltration 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 infiltration, 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
inflation 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.

!

* 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
definition or description of the basic theory of chemical oxidation was also
included in this section for further clarification.

[32-10]90L24.51
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Page 8

As stated previously, every effort has bcen made to present the key issues and
sclection criteria in a factual and unbiased manner. Should you have any questions or
comments regarding these revisions, please contact Mr. March Smith of Waste

Si ,
xnfzgely

Management of North America at (708) 409-0700.
E g 2 /]
(s 2074 é

Jack E. Dowden mes B. Hutchison, P.E.

Director roject Engineer
Foth & Yan Dyke Foth & Van Dyke
JBHI1/Ib

¢c: March Smith
Don Otter
Dee Brncich

[32-10]90L24.51
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RESPONSE:

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

#10. Page 14 The data assessment on this page should include-a clear definition of the principal environmental
and human health threats from the site.

RESPONSE:

Comment noted. Envimﬁmental and human health threats and endangenment will be addressed in
detail in the Risk Assessment.

£11, Page 14 The Department has a concem, at this tima, that the groundwatar migration pathway is ot yet
fully understood, A pathway 1o explain the contaminant readings at locations P-8A, B-8RR,
PZ-14, and well nest 2,A.B,C has not yet been developed. in addition, it is not clear that the
vertical distibution. of contaminants seen in wall nast 11 is compielely undersiood. These
questions may well ba answered during a detailed interpretation of the 1990 lield work. However,
al this time, the Department sees these issues as unanswered migration pathway concems.
Consequently, the conclusions regarding private well impacts should be qualified 16 say that to
data no impacts have been seen.

RESPONSE: -

See response to comment # 8.

#12.  Page 14 The Department has a serious concem that the lack of sourca charactenzation 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 characterizaton field work has been done to
properly select source control measures. H is not clear how the various remeaial options were
developed at the end of this tech memo. The Department will need better documentation of the
seloction 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 referenée to the EPA tact sheet.
#13. Page 16 There are some emors and uncertainties in Table 1. These are:

1. Landfill capping does not directly address gas generation.

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 collaction techniues may help deal with groundwater comamination particulary
when dealing with volatile crganic parameters, In fact, gas collection and treatment
technologies can be used as partial groundwater remedias to control future releases to
groundwater as required in Chapter 160, Stats,

(WP 5.1 211891) 144 W95200Resnonse B4

PE._LaMoreaux &Associates— |




= M~ e e M

e SNMEN  awen SR emm e

T L T

o
i
>

Page 17

RESPONSE:

Comment noted.

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

RESPONSE:

it is agreed tha! 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 1o 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 o 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.

#14, Pages 17 - 18 The discussion of institutional controls and site access restricions as compiiments o active
remedial measures is a good description of the role these measures should play.

RESPONSE:

Comment noted.

#15. Page 18 The stata requirarments for landfill capping are not gu;danm they are legal requirements contained
in Administrative Code.

RESPONSE:

Comment noted.

#16. Page 18 State reguiations 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 condluding caps must have a permeability fess than or equal to
surrounding subsoils is not entirely accurate. -

' RESPONSE:

Comment noted.

#17. Page 19 It is uncertain if the Departmant would approve a cap design relying solely on an impermeable
‘'membrane (Cover A). It is most likely that the Department would require soms thickness ot
compacted low permaability clay similar to that requirement ol 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 1o the underlying
clay needs to be claritied. |s that the compacted native sail layer?

(WP 5.0 2118/91) 14995200\ esp0nse. 6A
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RESPONSE:

To clarify 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.

#18, Page 18 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 chteria.

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

#19. Page 24 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, uniess otherwise exempled
based on extensive monitoring resuits. These reguirements must ba reflected in the gas control
discussion in this tech memo.

RESPONSE:

See response to comment # 4 from Charles Wilk.

#20. Page27 Itis understood by the Department that the contaminan's to be treated under sourca congol 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 concem al the sie
including heavy metals.

RESPCONSE:

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 1o the SCOU,
minimization of exfiltration from the landfill through enhancement of the cover will ellectively contain
the heavy metals and other relatively immobile constituents which may be in the waste mass. WMWI
will complete a comparison of results of analysis from 1989 and 1930 samplings to background
conditions after completion and receipt of the results of analyses. :

#21. Page 27 ,  Insit vitrification is not proposed as a possible remedial technology. The Depanmen_x would like
to see this method considered as a possible altematve for this site partcularly as it refates 1o
possible “hot spot® control. -

"RESPONSE:

Vitrification is inapplicable to hot spot control because you must be able 1o stop the secondary
combustion process. Vitrification is applicable 10 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.

#22. Page2s Waste stabilization has limited long term operation and maintenance costs however, there are
some short term costs.

(WP 5.1 21891) 14 M95200Respomse.6A
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Page 19
RESPONSE:
Comment noted.
#23. Page29 The use of excavation at this site will be controlled in part by the Department's decision on

whaether hazardous wastes were sent to this site.

RESPONSE:

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

#24. Pages 27-3% Sections 5.2.8 and 5.2.9 provide a good brief namative on the various waste and soil treatment
. technologies and disposal options considered for this sita.

RESPONSE:

Comment noted.

#25. Page 31 The state capacity assurance plan for hazardous wastes requires that off site dispesal out of state
be used only as a last resort measure.

RESPONSE:

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. Pagald2 The Department agrees with the decision not to pursua sheet piles, |nleclad screens or asphalt
curtains as remedial possibilities for this site.

RESPONSE:
Comment noted.

" 27. Page 33 The treatment measures discussed under 5.2.11 must include a discussion of best available
technoiogy for the control of inorganic parameter discharges also.

RESPONSE: '

Please be specilic as to which Wis. Adm. Code requires consideration of BAT and the c1rcums:ances

of its applicability or relevance and appropriateness. ‘

#20 Pages 33 - 34 The air reatment discussion should be expanded to incdude the state regulations, referenced
previousty conceming air emissians from landfitls, Also, air amission contrals 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 concem, the Depantment belisves all contaminants at the
site are potennat air concems.

(WP 5.1 2/1891) 14d:U95200\Response 6A
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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 Under section 6.1.3 the nairative discusses six ganaral steps lot the developmant and screening
of altematives. Howevar, there are saven individual points shown on pages 35-35,

RESPONSE:

Points 4 and 5 on page 36 were inadvenéhtly split into two paragfaphs during final p'reparation of the
document. .

#30. Page 37 ARAR's are not defined as frequently used standards but are legal requirements associated with

the activities or problems at the sita. Also, final acceptable exposure igvels may be defined by
ARAR's if they are more stringent than calkculatad accoptable 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 reflacts the FS process contained in the
USEPA, 1988 guiiance document.

RESPONSE:
Comment noted.

# 32, Page 41 It would be useful it at the beginning of this section the spaafic remedial objectves tor each
media were listed. This would help tie the objectives 10 the technologies discussed. Also, source
control technologies will not preciuda future releases from the sile, but rather wiil contral ana Limit
future releases. .

RESPONSE:

Comment noted. Supplementary text (see comment # 33) has been prepared t.o address the
Department’s comment. This supplement will simply reiterate, in text form, the objectives defined on
Plate 1. '

#33. Page 41 Tha rationale tor elimination of several process options shown on Plate 1 is not clear, To make
clear the Department's position, the decisions 1o delete the vanous process opuons are reviewed

individually befow.

1. Sedimentation Basin - The Department agrees that, at this Eme, contaminaled surface
water runoft from the sile is not a concern consequently a basin is Aot necessary,
However, if future site investigations or remedial actions expose waste 1o runoff waters

such a control basin may be necessary, Also, a basin for sedment control from on site
arosion dunng site activities may be necessary.

RESPONSE:

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

(WP 5.1 2110%91) 14dMBE200\Response 6A
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2 Excavation - The Department does not agree with the compiete elimination of
axcavation as a remedial altemative. Clearly, complele excavation of the site is not
feasible. However, excavation of smaller areas such as “hot spots™ in cells 12 and/or
& should be retained as possible actions. To date there has been very litle source
characterization of the waste material on site. This is particuiarly true for cells § 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 resi of the site has been conducted as a source characlerization study, Until a tar
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 1o support the conclusions that
carain process options can be eliminatgd in favor of others. Conseguenty, 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. Therelore,
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 aiso states that hot spots are characterized where the waste is in “discrete locations” and must
be "small enough that it is reasonable to consider rempval . . . ." In addition, given the potential
exposure to construction workers and the loca! public during excavation, WMWI does not believe that
options involving excavation activities are protective of human heaith.

a. Stabilization/Solidification - As stated above not encugh site specific data has been
produced 1o entirely eliminate this option. Tpese processes may be applicable to “hot
spot” control. The radar results show a low metal content in ceil 12. It seems possible
then, that this technology may be an applicable control measure for the wastes in cell
12 or elsewhera. '

RESPONSE:

In addition 10 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
siabilization 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 1o be a likely altemative at this time. It seemns possible that the same
resuits can be achiaved by using in place injection and extacton methods,

RESPONSE:

Comment noted.

(WP 5.1 21181) 14d:M95200 Response.6A
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5. Waste/Soil Washing - It is not dear why this option was eliminated at this stage. For

- possible use in *het spot” control there appears to be some applicabiiity for this

measure. The Depanment would like 1o further discuss this measure belore it is
eliminated entirely.

RESPONSE:

Again the concemns regarding excavation apply to this option 4s well as the concems for releasing
VOCs to the atmosphere during the handling and washing process.

8. In Situ Water/Soil Flushing - If the technology is selectad, stats concams 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 1o the
degree necessary 10 allow fluid injection at this site.

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

8. On and Off Site Landiilling - the Department agrees that oft sile wansport of waste for

landfilling is not desirable. However, with some on-site treatment options (i.e., solidifi-
catiorvstabilization) landfilling of the treated waste may be required. Retaining this ~
option is dependent on the linal evaluation of several of the treatment altematves
praviously discussed. Consequently, dependent on other option evaluatons on site
disposal may need to be retained. o

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 # t 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.
WMWI's concerns about excavalion processes are presented in the response to comment # 33 (3).

9. Gas Extracton/Flaring/Cyding - As stated several imes, the Department does not
agrea 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 weils and flaring options must be retained
for further analysis.

RESPONSE: ‘

See response to comment # 4. In addition, enhanced in-situ vapor exiraction, 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 2/18/91} 14d MO5200\Aesponse SA
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INITIAL SCREENING OF REMEDIAL TECHNOLOGIES AND PROCESS OPTIONS - REVISED TEXT

The technology types and process options as related to source controlthat were identified in Technical
Memorandum 5A and Section 5.0 were subjected to a s¢reening process as described in Section 6.0.
The purpose of the screening process was to reduce the amray of potentially applicable lechnology
types and process options for source control by evaluating the options with respect to technical
implementabiiity. This process is illustrated in Plate 1. The technology types and process options are
described in Section 5.0 of the fext. The plate includes the media of concem 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 symmarized as foliows:

«  Solid Waste/Soils - prevent direct contact with waste/soils having 10* excess cancer risk,
Prevent migration of contaminants that would resutlt in ground-water comamination 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 10 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 associaled 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 wiil be
addressed in the GCOU Alternatives Array Document (Technical Memorandum 6B) as source control
will control ang 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 implementability was
based on information from the Rl site characterization regarding contaminant types and concentrations
and other on-site 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 lechnical imple-
mentabilty 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 rpedia applicable
1o 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 concem. However, if
future site investigations or remedial actions expose waste 1o runoft 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 teasible, and
because the ground penetrating radar survey of the landfil! did not reveal any metallic anomalies which
could be associated with dummed 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

(WP 5.1 2/118/91) 144:456200Responss.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.

Stabilizatiorvsolidification 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 largé volumes of VOCs to the atmosphere.

Vacuum heap extraction was screened out because of requ:red 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 carried 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 cufrently 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 landtilling 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 site.
In addition, in situ vapor extraction, over and above that required to complv with NR 506 requirements,
will be carried forward into the detailed analysis.

#34, Page 41 As shown on Plate 1 the groundwater renedial action objectves should bae lin] complianca with
groundwater preventative action limits not enforcement standards. This is required by state law.
Also, the air treatmen! emissions section has applicability to many of the source conuols
measures under consideration, Air emissions control must be induded 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 whefe 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 ot standards
application.

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

(WP 5.1 2/18/91) 1445200\ enponse.6A
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#35. Page 42 As with Plate 1, the dacisions to eliminate the two altematives on Plate 2 needs to be further

discussed. At this time, the Department is unwiliing 1o accept the complete elimination of these
process options. Both options appear to have possible applicability to “hot spot” control. Once
a befter description on the nature and extent of the “hot spots" on site are available, more
decisions ¢an be made regarding remedial alternative selections. Also, the remediation goals
refarenced on this page need to be more specifically defined to belter 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 srtuahon at the CDCL.

#36. Pagos 44 - 48 The descriptions of the metained process options are accurate. However, as noted the
Department does not agree necessarily that these are the only options 16 be further developed.

The Department very much wants to further discuss the decision making process used to arrive
at the conclusions presented. .

RESPONSE:

See revised tex! prepared in response o comment # 33.

#37. Page 44 The specific remedial action objectives for source control should be repeated here 10 be sure the
altemnatives developed meet the specific identified objectves.

RESPONSE:

Comment noted.

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

1. As with all eight altematives tha Departmant believes an active gas control and air
emission control system is required for the sita. Also, this alternative lacks additional
control measures for *hot spot” remediation which likely appears necessary tor some
areas of the site. Also, as stated previpusly, it is not likely that the Departmant 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 refiects 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 2118701) 144 M95200\Response.BA
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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 celis 6 and 12
than gas injection/axtraction or extraction. ’

RESPONSE: . o ;

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 stil
maintains the same fatal flaws as described tor the preceding althmabves,

RESPONSE: ' }

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

5. This altemative may be ncoapiablo it 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:

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.

8. This altemative is the same as 3 except the possible use of Cover C. This is viewed
as a better altemative because the use of Cover C may be necassary 1or all or pasts of
the site,

RESPONSE:
Comment noted.
7. This option may be acceplable, given the-reservations aiready stated, if Cover B were
selected.
RESPONSE:
Comment noted.
8. This is the most acceptable oplion cof the eight presented. However, dapending on

additional site investigation it is likely not an entirely accapiable allernatve.

RESPONSE:

Comment noted.

#39,  Page 51 . Under action specific ARAR's, NR 105 and 106 Wis. Adm. Codes should be included as surface
water discharga reguladons.

(WP 5.1 211891) 14d 95200 Rsponse 6A
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RESPONSE:

Comment noted.

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.

Preliminary Identification

Alemative . AerRA' Code’ of Standards/Requirements

1) Institutional controls, RA 181.49 Groundwater monitoring to identity degree and
access controls, moni- extent of contamination, hazardous wasle
toring cover Aor B groundwatar monitoring requirements

RESPONSE:

With the exception of NR 181.49 (5) paragraphs o, p, and g, NR 181.49 deals with detection
monitoring. WMWI requests clarification from the DNR regarding expectations for remedial
performance monitoring.

A 181 Any waste generated during the remedial
‘ investigation must be handled consistent with
hazardous wasta requirements, ganeral haz-

ardous waste management requiremants

RESPONSE:

Pursuant to the DNR's January 16, 1991, letter to Mr. Chuck Wilk, it is unqerstoo_d _that this
requirement pertains only to the extent that the waste demonstrated hazardous characteristics.

A 140 Groundwater standards and response require-

ments

RESPONSE:

Requirement noted.

A 149 Laboratory certification for environmental test- .
ing
 RESPONSE:
Requirement nofed. ’
LA 504, 506, 445  Landfill gas collection, treatment and hazard-

Ous ar emission controls

(WP 5.1 211891) 14d M 95200\ Arsponte.6A
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RESPONSE:

Requirement noted.

A 508 - Landfill monitoring requirements

RESPONSE: :

It Is not clear how these requirements may contlict or overiap with the 181.49 requirements {or the NR
600 equivalents). It is also not clear if these requirements still pectain 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
perlormance monitoring.

A 504, 506, 514, Landfill capping, closure and documentatio
518 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 confrols, moni-  alternative 1 above
toring cover A ar B/C

RA 181.44(11)}-{14) 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 fulure, the wastes and ground water no longer exhibit hazardous
characteristics. ’

3) Institutional contols, same requitements as
access congols, moni-  allematve 1 above
foring cover Aor B

l A 181 Management requirements for hazardous

wastes removed during construction ol gas
extraction systems

RESPONSE:

it is understood that this penains to the exient that the wastes exhibit hazardous characteristics.

(WP 5.1 2718491} 14d MI5200\Response. 6A
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4)

Institutional controls,
Accass controls, moni-
toring gas extraction,
caver A or B/C

RESPONSE:

same as altemnative 2

A 181

See response 1o previous comment.

5)

€)

8)

Institutional controls,
access controts, moni-
toring trench/vent
system, cover Aor 8

Institutional controls,
access controls, moni-
toring trench/vent
system, cover A or
B/C

Institutional controls,
access restrictions,
monitonng, gas ex-
traction, ftrenchivent
system, cover Aor B

Institutional controls,
access restrictions,
monitafing gas extrac-
tion, trench/vent
system, cover A or
(=1 ]

same as altemnative 1

same as altemative 2

same as alternative 3

same as altemative 4

nni

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

"AorRA= Applicable (A) or potentially Relevant and Appropriate {RA)

% Coda = Wisconsin Administrative Code, Chapter NR series

!

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

LA

Page 29

Relative costs were identified for these Technologies/Process Options only. Relative

#1. Pg 18.§5.2.4
Pg 22 §525
Pg 29,§5.287
Pg 31, §5.29.1
RESPONSE:

’

costs for all Technologies/Process Options should be identified for consistency.

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

(WP 5.1 2/11091) 144 U95200\Response.6A
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Pagg 30

f2 Pg22 §525,12 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.

3 Pg27.§528,12 - The waste has been characlerized principally by the analyses of ground-waler
sampies coilected from beyond the fillarea, Therefore, the wasie may contain semi-
volatile organics and inorganics not identfied in ground-water samples. These
additional parameters can have an adverse effect on tha efficiancy of certain process
options. The polaential problems associated with these parameters should be con-
sidered when evaiuating 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.

4, Pg32§5.210.1, 11 In addition to instailing physical barriers downgradient ot 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 shouid be noted that the hydrauic -
conductivity will be decreased within the barner 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 no! flowing
through the waste. The addition of ground-water flow barriers may only serve to complicate an
already complex ground-water flow regime.

]2 Health & Safety costs have been included in the Relative costs lor physical bamers,
This consideration shouid be incuded for most of the process cpuons presented.

RESPONSE:

Comment noted.

1

#5. Pg33,§52102 92 See previous comment.
RESPONSE:

Comment noted.

#6. Pg 33, §51.11. 91 Sea comment for section 5.2.8.
RESPONSE:

Comment noted.

(WP 5.1 2/1891) 144 MIE200\Responss. 6A
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Pag_e 31

27 Pg 34, §5.212,12 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 6f the vapor moisture and therefore is site specific. The
text will be revised 1o present the advantages and disadvantages of ail 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 vesset {0 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 spemt carbon, it disposed, may be a
hazardous waste.

In the vapor condensation process, a blower supplies VOC-laden 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 # enters the condenser, significantly increasing the cost of the treatment.

A typical vent gas combustion system for VOC emissions consists of a biower, 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 controt
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
chioride, 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 grave! 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,

]

#0 Pg41,§70,11 Options involving leachate contro! 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 nommal precipitation. The possibility of future leachate generatcn 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 ot any consequential
benefit.

(WP 5.1 2/18/91) 146 MO5200\Responte 6A
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. 9. Pgd2,§80,12 The evaluation process is illustrated in Plate 1 not Plate 2.
RESPONSE:
L Comment noted.
- #10. Pgd3, 6§80, 92 The text states that three process options were screened out  These options and the
reasons for their elimination should be identified.
RESPONSE:
- Piease seé revised text prepared in response to DNR comment # 33.
| #11. Pg44,§91, 91 The *No Action™ alternativa should not be eliminated at this stage.
RESPONSE:
No action will be retained at EPA’s request.
#12. Pg47.§9.21.16,12 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 iri
S the Screening of Alternatives (Figure 8).

- The reasons for eliminating technologies/process options should ba expanded and
shoukd inciude all technologies/options.

RESPONSE:

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

¥ (WP 5.1 211891) 14495200\ esponse.6A
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Carroll D, Besadny, Secretary

Southem District Headquartern
3911 Flsh Matchary Road
Fitchburg, W1 5371t

YELEFAX NG, #082-275.3338

April 4, 1991 @ Fiie Ref: 3303

Chuck Wilk, RPM

United States Environmental Protection Agency
Reglon V, S5HS-11, 230 Dearborn Streect
Chicago, IL 60604

Subjeect: Review of Technical Memorandum 9A Analysié of Alternatives
(SCou) for the City Disposal Landfill

Dear Mr, Wilk:

The Department has completed its review of Technical Memo 9A. The Department
halieves the memo does a very good job in presenting and evaluating the
[ : possible remedial options for the site. 1In particular, the report doesz 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-
l 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 thac
l Alternative VI, as proposed, {s an acceptable measurs. 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
l ret.ained for future review and discussion. .The remaining four options are not
recommended by the Department to be carried forward for further review for che
[ various reasons stated below.

» Tn addition to these introductory remarks, the Department has the following
grneral and specific comments on the memo, .

1
General Commants

1)- Tn 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, blover
sizing, number of vent pipes, etc. arc given. The Department intorprects
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 detalls dlscussed
in cthis tech memo. Rather, we are agreeing to remedial approaches to be

used.
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?) The Department appreciates the complete evaluations done on each of the
proposed altarnatives. The explanation and application cf the review
criteria is consistent with what {s 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 decision on the acceptabilicy.
of Cover A, more information con 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 (f.e. soil depth, graip 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, 1Ig2gues such as degree of compaction, resulting permeahility, soil
luyer thickness, ete., need to be addressed. The exrent to which'this =soil
layer will provide & "backup™ infiltration barrier is 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, makes it an attractive
alternative. However, concerns on long term effectiveness and the possible
need for a gsecondary barrisr nead to be resolved. (Plesase see Attachments A
and B for further discussion of the proposed usa of Cover A). -

Page 11, during the remedial design phase specific supporting information will
ha 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
cuncentrations deep in the fill, There gay be a need to use exctraction wells
iu areas outside of cells 6 and 12. Also, there {5 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. '

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

Page 26, Alternative I does not reduce infiltration through the site and does
not adequately address the remediation needs for cells 6 and 12.
Consequently, this alternative {s 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 sice conditions and
recommends that it not be further reviewed during the Feasibillity Study.

Page 32-39, Alternative II is an incremental improvement over Alternative
hecause it includes Cover A, The Department has already expressed its
concerns about the use of Cover A. This proposal also does not provlide
specific remedial measures to deal with cells 6 and 12. The Department
helieves additional source contrel 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 § and 12 are acting as major
groundwater contamination source areas. Since Alternative II does not contain
specific actlons 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, Lf the extraction system is operated at higher vacuum pressure, it
Increases the importance of having a continuous low permeability layer below
the mewbrane cover. This continuous layer will help protect the membrane from
increased stresses because of the higher operating vacuums.

Page 38, there needs to ba some supporting informatlon given for the estimated
2-year compliance period for NR 445 Wils. Adm, Code.

Page 40, there is a typographic ervor. This section should be titled
Alternative 111,

Page 40, the drainage layer design will need to incorporate measures CoO

" 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 IIl does not address the remediation needs of cells 6
and 12, : ’

-

Alternative III {s not an acceptable measure to the Department because of the
shartcomings in {nfi{ltration reduction in comparison to the other
possibllities and in the lack of specific remedial options for cells é and 12.

As with the narrative describing Alternmatives 1 and II, the discussion of
Alternative III and the use of the evaluation criteria was well done.

Page 45, Alternative IV, vhile again an Llucremental 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 i{nfiltration control option. However, when 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 remedlal measures
as proposed {n Alternative VI. The Department recommends thiz alternative not
receive further review, :

Page 49, as stated Alternative V is an improvement of Alternative II with the
[uclusfon 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 resolved. Once the capping lssues 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 contrel and i{s consequently somewhat more protecctive
than Alternative I11I. '

——

%.
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Page 55, as proposed Alternative VI is an acceptable remedial measure. This
option addragsses all the source control issues of concern. While not
providing the same level of i{nfiltration control as Alternative V, there {s
improved long term reliability of the proposed cover. This alternative
providegs for more contaminant removal from the waste mass, therefore is 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 .
condicted on pages 60-64., Alternatives V and VI {nclude the range of source
conttol measures needed to address releases from the site. Each of the
rejected options, while having individual strong peints, do not cozmpletely
address the source contrel problem. Consequently, the Department beliaves
Alternative V and VI can be retained for consideration and additional
evaluation,

The Departmant has no specific comments on Appendices A, B, G or D.

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

Sincerely,

PPk L Ll

Michael R, Schmoller
llydrogeologist
Environmental Response Program

MRS :cmt

SUM\TCHIA .MRS

cc: Pat McCutcheon - SD
Sue Bangart - SW/3
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Attachment A

On March 19, 1991 WDNR staff visited the landfill to preliminarily evaluate
the feasibllity of a synthetic membrane cap ar the site. Based on initial
observations site slopes appear compatible with the use of a synthetic cap. .
Also, durlng on site discussions, it was concludéd that installation of the
£as 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
since the £fill was fairly shallow (approximately 15-22 feet thick) and
relatively old (last waste filled in 1977) that different{al settling {s 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 facilitiss.

tt e B

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

Different cover options are provided; cover A, cover B, cover B/C, and caver
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 saturaved
hydraulic conductivicy of 3.2 x 10¥) and uses the HELP model to estinmate
infiltration through this ecap, It is not clear how these values were derfived,
or how the interaction between the membrane and the lower soil layer was
modeled. Flow through holes In geomembranes i{s dependent upon characteristics
of the underlying materials. A major assumption of the HELF wodel 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 to
model this flow using porous medla assumptions. It is unlikely that che
existing cap presents a continuous permeabilicy of 3.2 x 10* em/sec. 1
understand that the existing cover may meet the NR 500 material
specifications, but does not meet placement specificactions. The clay layer
must meet both the soll specifications and placement specifications. 1 do not
believe that compaction of the existing cap could effecrively eliminate the
macro-structure such that a consistent 1 x 107 hydraulie conductivity would be
present across the entire cap. Withoutr the re-working of the existing cover
such that the macro-structure 1s removed, thls cap would necr be aa effcctive
as is presented in the discussion of this alternative. I believe it is
necessary to strip the existing cover, test the materlal, and replace
acceptable clay soils in thin 1{fts such that the completed clay layer meets
placement specifications throughout the 2 foot depth, prior to placement of a
meobrane. Also, It {s unknown how much additional settlement will follow
capping of this landfill. A low- -permeability soil layer {s necessary below
the membrane to not only limir infiltration through membrane holes, but to
provide redundancy should settlement straln exceed the membrane capacity.



P.E. LaMoreaux & Associates, Inc.
Hydrologists Geologists Engineers & Environmental Scientisls

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, lflinois 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 - Techrnical 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. 68, Al:ernatives_ Array Document (GCOU) for
Remedial Investigation/Feasibility Study, City Disposal Corporation Landfill.® :

If you have any questions, please contact Marchr Smith, Remedial Project Manager

{708-409-070Q). -
_ Sincerely,

AT L

Daniel S. Green

Project Manager

Lois D. George
Vice President
Environment & Ecology
LPG\pmb  13-0:\ 495200\ Wiix.Sch.LDY

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

cc: March Smith Oliver Janney
Dee Brncich Nick Odom, Jr.
Jack Dowden

Home Office: P.O. Box 2310, Tuscaloosa, AL 35403 205/752-5543 FAX 205/752-4043

icas: 2 Office Park, Suite 104, Mobite, AL 36609 205/342-8714 FAX 205/342-8714
Offices: 5.0. Box 6719, Lakeland, Fi. 33813 813646.8526 FAX B13/646-1042
P.O. Box 164, Macon, GA 31201 g12/743-6485
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Response to Comments on Technical Memorandum No. €B
Alternatives Array Document (GCOU)
For Remedial Investigation Feasibility Study
City Disposal Corporation (DUNN) Landtill

PELA 495209 June 20, 1991

U.S. Environmental Projection Agency
Charles Wilk
Remediation Project Manager
May 20, 1991

U.S. EPA List

Nine alternatives have been propased for potential application to the GCOU. Each alternative includes zoning/deed
restrictions and ground-water manitoring. Alternatives 1-3, 5§ and 7-9 include an axtraction well system. Altematives 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 [POTW'). Alternatives
1 and 7 call for catalytic oxidation of treatment emissions. Altematives 2 and 8 call for activated carbon absorption of
treatment emissions. Cantralized carbon absaorption of contaminated ground water is proposed in Alternative 3: activated
carbon absorption at individual weils is proposed in Alternative 4. {Activated carbon absorption of trsated ground water is

proposed as "sffiuent polishing® in Alternatives 7 and 8.) in-sitr biovemediation is proposed in Alternative 6. Above ground
plo-treatment is proposed in Allernative 8.

4. Zoning, Fencina/Deed Restrictions . '

Each of the proposed GCOU aiternatives includes proposals 1o restrict access to the site by means or zoning
regulations, fencing requirements and deed restrictions. The ARARs pertinent fo such proposals were listed in my -
memorandurn on 12/26/90, but are restated here for convenience:

Section {40 CFR §) A/BA/TBC Standard /Reguirement

264.177(c) RA post-closure use of property on of in which -
hazardous wastes remain

264.310(b)(5) RA pratect 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 landfil are Resource Conservation and Recavery 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.

B. Ground Water Extraction and Discharoe ‘

The following ARARs partain to the GCOU's proposals regarding an extraction well system, discharge ot untreated
water to a POTW, and direct discharge of treated ground water to surface water:

ction {40 CFR A/RASTBC Standard /Requiternem
§123 A NPOES requirements of CA
§ 4035 T8C POTW limitations

{6/11/91) 13-D:\495200\Response.6B
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(Wis. Adm. Code)
NR 102, 104, 200, 217 A regulating discharge to surface water,
and 219 effiuent limits, discharge permit
applications, sampling/testing procedures
NR 112 A(D) regulates wells which singly or collectively
with other wells on the property extract
>70 gpm ;
WPDES permit - . - :
requirements A
CA § 304 RA water quality cfiteria for specific
: pollutants ot '\:
CA Ambient Water
Quality Criteria RA ambient water quality criteria
for Protection of :
Aquatic Lite
RCRA Part 264 RA 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 ta comment EPA-A.

C. Ground-VWater Treatment

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

& propose activated carbon adsorption as “efiluent polishing.” The following ARAR may pertain to this atternative if the
resulting spent carbon material Is a TCLP hazardous waste or & characteristic waste:

ction {40 CFR A/RATBC Standard /Requirement
268 RA RCAA land disposal restrictions

RESPONSE: Comment noted; no response.

£ Al stripping :
Alternatives 1, 2, 7 and 8 include proposals for air stripping. Alternatives 1 and 7 propose catalytic
oxidation of treatmant emissions from the air stripper: alternatives 2 and 8 propose activated carbon adsarption of treatment
emissions from the air stripper. The following ARARs would pertain to these proposed actions:

(Wis. Adm. Code) 4

NR 140 A Wis. ground-water standards

NR 160 A Wis. protective action limits

NR 400-499 A fegulates air emissions from air stripping
CAA Part 61 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 RA EPA policy guidance entitted Control of Air
Emission frorn Superfund Air Strippers at
Supertund Ground-Water Sites
(40CFR §)
141.11- RA/TBC SDWA MCLs
141.16
141.50 RA/TBC MCL Goals for, inter alia, vinyl chioride ’
264.94 ‘RA RCRA MCLs
26497 RA . general ground-water monitoring requirements for

any ground-water monitoring program developed to
satisty, inter slia, § 264.100

RESPONSE: Please clarify the intent of the reference to WAC 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 &8

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 {o be technically and economically feasible as
specified in 5. NR 140.24, Wis. Adm. Code, the lowest technically and environmentatly feasible ground.
water concentration shall be achieved. In no case can the target cleanup level exceed state enforcement
standards.

1]
For parameters for which no ¢ch. NR 140, Wis. Adm. Code standard exists, the cleanup standard shall be

background concentrations. i achievemnent of background concentrations is praven not to be technically
and economically teasible, the lowest techmcaily 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 O 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 guidetine 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

RESPONSE:

Page 11

RESPONSE:

Page 11

RESPONSE:

Page 12

RESPONSE:

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

comptiance with ARARs. The performance criteria in ch. NR 140 and ch, NR 445, Wis. Adm. Code, are
critical criteria 1o be used in evaluating the adequacy of any remedial measures.

Comment noted; no response.

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.

Comment noted; no response.

The regulatory concentrations that should be used to'-e'valuate 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.

Comment noted; no response.

1]

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 sarmple focation and date 1or this result.

The concentration of methlylene chioride was determined at 81.5 ug/kg from 2 soil

sample collected downslope from cell 6. The sample {SD-7) was collected at location E400, 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) 13-0:\495200\Response.6B
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Page 19 The conglusion that there is no landtill gas production and low gas pressures needs to be veritied with tield
data. There have been past compiaints from nearby residences about "smells® around Grass Lake. 1
seems possible these odors are fandfill 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 attribulable 1o Bad Fish Creek. The discharge of which is
predominantly effluent from the Madison sewage treatment plart (24 to 52 million galions per day).
PELA personnel, while reading staff gages and stream gaging, have noted malodorous effiuvium 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 compietely prectude any transport.

RESPONSE: Comment noted; no response.

Page 21 This page provides a good summary of the status of the grodnd-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 bottomn of the page.

RESPONSE: WMWI! is currently considering technologies researched at other sites and will address
treatability in detail in Technical Memorandum No. 98 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.

1

Page 24 This section on environmental monitoring correctly states that monitoring surlace water and groundwater
quality are used {0 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
-altarnatives and the active gas collection system. H a technology is chosen o actively remediate cells §
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 aiter the
remediation will be essential to evatuating systemn performance.

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

(6/11/91) 13-D:\495200\Response.68
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Page 25-34

RESPONSE:

Page 34-41

RESPONSE:

Page 38

RESPONSE:

Page 4145

RESPONSE:

Page 4549

RESPONSE:

(6/11/91) 13-D:\495200\Response.68

Section 5.4 provides a good general discussion of the varicus ground-water control, treatment and
discharge options.

Comment noted; no response.

Section 6.0 provides a good genaral overview of the feasibility process for Superfund sites.

Comment noted; no response.

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

Comment noted; no response.

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 thatthe -
retained air emissions treatment technologies must be capable of meeting state air quality rules. ARARs
for this process option, discussed in detail {ater, include ®ir toxic substance emission controls. These
fequirernents rmust be complied with.

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

The department aisc agrees with the elimination process discussed on these pages and summarized on
Plate 2. The remaining process options are believed to ba the universe of practical alternatives available.

Comment noted; no response.

PE.LaMoreaux &Associates—



PR fem W e pew

IEILAC

The following table summarizes the Departments ARAR determination for the remedial measures proposed in this tech memo.

.7

-

Table 1. ARAR DETERMINATION

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

Y

Preliminary identification

Alternative | Aor RA' | Code/Statute? Standards/Requirements
1. A NR 140 5. 160 Ground-water standards and response requirements
A NR 141 Manitoring well requirements
A NR 149 Laboratory certification for environmental testing
A NR 181 If the extracted ground water exhibits a characteristic hazardous waste,
the water and discharges are hazardous until the characteristic is no
longer exhibited
A A NR 105, 106 Toxic substance effluent surface water standards.
A 8. 144.04 Waste-water plan review requirements.
A NR 445 Toxic air emissions control requirements. -
2. Same requirements as Altemative 1,
A NR 181 Spent carbon residues shall be treated as hazardous waste if the exhibit

hazardous characteristics, unless regenerated.

3. Same requirements as Alternative 2.

4, Same requirements as Alternative 2, i
S. Same requirements as Altemativé‘é.

A NR 211 State waste-water pratreatment requiremnent for discharge to POTWs,
6. Same requirements as Alternative 1"
il A NR 112 Injection of raterial to the subsurface is reguiated under water supply
! codes

7. Same requirements as Alternative 2, )

8. Same requitements as Alternative 2.

8. Same requirements as Alternative 1.

A or RA = Appiicable (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 .68
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"4, ppott® CHICAGO, ILLINOIS 60804 m “ 1(\ _

REPLY TOATTENTION OF:
5HS-11

JUL 15 1991

Mr. March Smith

Remedial Projects Manager

Waste Management of North America, Inc. "

Midwest Region (
Two Corporate Center, Suite 1000 5
'.O0. Box 7070 )
Westchester, 1llinois 60154

Re: 'City Disposal Corp. Landfill Technical Memorandum 9%a,

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 Memorandun 9a
iz 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 iln the enclosures. U.S. EPA and WDNR
comments should be addressed in the SCOU Draft Feasibility Study
Report. '

1f you have any questions concerning this letter and comments
please telephone me at (312) 353-1331.

Sincerely,

(ol T

Charles Wilk
Rcmedial Project Manager

cc:  Mike Schmoller, WDNR
Bob Schoepke, M&E

HMMW#&«'
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U.S5. EPA Comments

ical Memo 9a

Genera omments:

1.

The SCOU Draft Feasibility Study Report should carry
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 Nao-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.

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:

ll

page 8, paragraph 2, Section 3.2.1.2, Cover A - Svnthetic
Cover

Alternative V ihcludes 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.

page 10, Table 1, Summary of Cost Efféctiveness 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 covet, then this would be a
basis for eliminating the proposed cover.
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page 13, paragraph 2, Section 3.2.5.1, P ose

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

calculated and added to all alternatlves using the
monitoring program

page 26, paragraph 1, Section 5.1.1, Descriptio

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

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.

page 29, paragraph 2, Section 5.1.5.2, Amount of Hazardousg
Materials Destroved or Treated

The coperational life of the active landfill gas extractlon
and combustion system should be indicated.

page 17, paragraph 4, Section 5.2.6.1, Risks to community
iy HEem .

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

page 40, Section 5.3, Alternative IIX

- Alternative III is incorrectly 1abe11ed as Alternative II.

This should be corrected.

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.



A s A e, A e s n L o — B

Q2O 10:56 . BB B Ty

LT : RIS
..4"“‘5'#-.‘l UNITED STATES ENVIRONMENTA! PROTECTION AGENGY 3
[ é 3 REGION 5 e
' % 230 SCUTH DEARBORN STREET
r g ot CHICAGO, IL 60604
L -
i DATE RECEIVED/SENT
o - BY. MARCH SM ¥ TO THE ATTENTION OF.
. SITE M oo™ .‘F;o:l( e
” €£/ROUTE:
AUG 2 2 190 Pk, DR WS, HK, GH, GM, DO, DEMS-RO, AS
- FILE SYSTEM: PROJECT/STTE - = =
' Mr. March Smith FILE CODE; 2.4, 2 2.6.2 L SSW7ATTACH
Remedial Projects Manager W/0 ATTACH
Waste Management of North Aperica, Jnc.
Midwest Region
Two Corporate Center, Suite 1000
P.0. Box 7070
f Westchester, Illinois 60154
g N Re: City Disposal Corp. Landfill Project schedule ;

Peay Mr. Smith:

i paged on our recent telephone discussions concerning the conduct
and schedule of the Remedial Investigation (RI) and Feasibility
study (FS) for the City Dieposal corporation landfill in
wisconsin the tollowing agreements have been made. The oparablo
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

tachnoalegies to address the entire aita.

The schedule for deliverables to the U.S. EPA is as followa:

Praft RI Report September 12, 1991
Final RT Report 30 days after U.S. EPA
’ conments on Draft RI Report
Draft ¥$ Report November 1, 1991
Final FS Report 30 Qays after U.S. EPA

comnents on Draft FS Report

.
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the agreed schedule is different than

' 1f your understanding of
immediately at (312) 353-1331.

the one above, please telephone me

Sincerely, - e
(%//wé/ v/

Charlaes Wilk
Remedial Project Manager

Mike Schmoller, WDNR

cc
Bob Schoepke, M&E

(2]
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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. EPA Comments

General Comments

1. The SCOU draft Feasibility Study Report should carry Alternative 1 (No-Action}, Alternative V and Alternative VI
through svaluation against the nine evalyation 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
{andfilled waste in Cells 6 and 12,

RESPONSE: Comment acknowledged.

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

RESPONSE: The costs and backup data (in the appendix) will be consistent in the Draft Feasibility
Study (FS).

Ific 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 mset 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-foot clay layer.
Alternative V may continue 1o be considered if the performance of the 1-toot thick compacted ciay 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 8A), Cover A is very
effective in reducing infiltration to about 1000 cubic fest per year and is vintually equivalent to Cover C
in terms of infiltration reduction.

16/30/91, WPB.1, 1307, 45200\ Responye.BA
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Pags 10 Table 1, Summary of Cost Effectiveness of the Capping Alternatives.
The U.S. EPA Hydraulic Evaluation of Landfill Performance (HELP) mode! shou!ld 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 it were 1o be determined that a proposed cover provides no
more protection than the current cover, then this would be a basis for eliminating the propossd 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 foliow). '

¢

Page 13 Paragraph 2, Section 3.2.5.1, Purpose. \'5
Further discussion detailing the landfil pas extraction system monitoring program should be included. For example,
sampling intervals, duration of sampling, contaminants to be sampled and the parmissible limits. f‘rhe cost should

be calculated and added to all alternatives using the monitoring prograrn.

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 inciuded within the document,

RESPONSE: The two year estimate was used because It 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.

10/30/81, WPS.1, 130:\ 495200\ Response.BA

PE.LaMoreaux & Associates—



- TN R, W:;m - it e —ﬁ.: -1_.“a__¢:7:..hmma
o e T _.,, e o e e e e
O IRE* ST APy T D = — v - "m‘—
s J ',".i";.:,ﬁ.._i':,' _;;:‘,A APPENDIX B .o _:,' - o o
PO I-:. na, R *”.am 7‘{ :a.:u' it 22 ;;.L.,n,. et .ﬂ.i'a’i h v A e e S ol ”
Water Balance Calculations for Landf [ Cover Altemat:ves e :

: W,——*---Eﬁectwenessof(;’appmgﬁtematm ";- o~ s |

-

2

- 4,
5.
- B
2

8.

o

e L e g e - e

T T

Dunn Landfill Final Cover Design, Revused Cover A" 3% Slope T
. Poor Construction QA, 1/7/92 o
. Average Construction QA, 1/24/92 =
> __Excellent Construction n QA, 1/11!92 -
““Dunn Landfill Final Cover Dasign, Revised 00ver ‘A' 9% Slope T
..» .. ..Poor Construction QA, 1/24/92 . e k__;:‘_:.,. — ]
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" « . Average Construction QA, 1/24/82 . .. ... )
-~ Excellent Construction QA, 1/24/92 [ 77" Tt T e
Dunn Landfill Final Cover Design, leer "B" 5% Slope 1120/92
Dunn Landil Fnal Cover Design, Cover "8 9% Slope, 1/24/92 ©

Dunn Landfill Final Cover Design, Revnsed Cover "C"3% Slope {For Use in Evaluauon 3

of Cover "B/C") _
_ = Poor Construction QA, 1/24/92 . “‘
N - Avarage Construction QA, 1/24/92 =

" T« ' Excellent Construction QA, 1/24/92

~ Dunn Landfill Final Cover Desngn Revised Cover "C" 9% Slope (For Use in Evaluatlon = RS

of Cover “B/C) SR U

- Poor Construction QA, 172412 L
. Average Construction QA, 1/24/92.
. Excellent Construction QA, 1/24/92
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EFFECTIVENESS OF CAPPING ALTERNATIVES

{82-10]90L24.51

Wat lance

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

Cost Analvsig

Estimated Cover
Cover Construction Infiltration Percent Total Present
QA Rate (Cubic Reduction Worth ($)
Fect per Year)
Existing N/A 460,000 - -
A Poor™? 34,900 92.4 2,733,000
A Average’? 988 99.8
A Excellent s 22 99.99
B N/A 111,100 75.8 2,753,000
B/C Poor'!_ 91,100 80.2 2,434,000
B/C Average'? 91,100 80.2
B/C Excelient™ 91,100 80.2
Assumptions:

Landfill total acreage assumed to be 24.2, and 4.4 acres for

Cells 6 and }2.

%I Souree control cost only. Does not include Groundwater Control costs.
1 Poor QA assumed in HELP Model - Leakage Factor assumed to be 0.01.

*2 Average QA assumed in HELP Model - Leakag_e Factor assumed to be 0.00028.
*3  Excellent QA assumed in HELP Model - Leakage Factor assumed to be 0.00001.
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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
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6.00 INCHES

FAIR GRASS
LAYER 1
VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

LI I ' |

0.4530 VOL/VOL
0.1901 VOL/VOL
0.0848 VOL/VOL
0.1901 VOL/VOL
0.002160000149

VERTICAL PERCOLATION LAYER

THICKNESS
POROSITY
FIELD CAPACITY

WownonnN

WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LAYER 3
LATERAL DRAINAGE
THICKNESS
POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE

DRAINAGE LENGTH

W u e uu

18.00 INCHES
0.4370 VOL/VOL
0.1053 VOL/VOL
0.0466 VOL/VOL
0.1053 VOL/VOL
0.001700000023

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

CM/SEC

CM/SEC

-
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BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER

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

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

nmwnwwnnn

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. 8Q FT
20.00 INCHES
8.8360 INCHES
2.6148 INCHES
0.7586 INCHES

Pnnnnan

8.3196 INCHES

[

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND

SOLAR RADIATION FOR MADISON WISCONSIN
MAXTMUM 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
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

— S —— S ——— T T — T S ik e S i —— A ——— T —— T - — . T —— S T —— i —— . ————— "
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PRECIPITATION
TOTALS 0.83 0.96 1.98 -3.01 2.77 4.46
3.34 3.48 3.24 2.43 1.91 1.46
STD. DEVIATIONS 0.35 0.50 0.97 1.29 1.902 1.92
1.78 1.66 1.94 1.30 1.13 0.68
RUNQOFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.003 0.003 0.000 0.000

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.012 0.011 0.000 0.000

EVAPOTRANSPIRATION

- b T R . Y S ————

TOTALS 0.485 0.885 1.926 2.712 2.986 4.477
3.669 3.303 2.334 1.766 1.014 0.512

STD. DEVIATIONS ¢.101 0.287 0.549 0.747 0.837 1.156
1.309 l.462 0.817 0.794 0.331 0.130

LATERAL DRAINAGE FROM LAYER 2

e — T T L G - — e S R SED GED S Y D S M RS S -

TOTALS 0.2858 0.2645 0,3184 0.3555 0.3518 0.2902
0.2909 0.2292 0.1716 0.2034 0.2187 0.2758

STD. DEVIATIONS 0.2399 0.2182 0.2029 0.2040 0.1830 0.1532
0.1852 0.1664 0.1373 0.2431 0.2531 0.2406

PERCOLATION FROM LAYER 4

—— ke W W A S e Ak

TOTALS 0.0361 0.0327 0.0382 0.0406 0.0420 0.0392
0.0404 0.0386 0.0355 0.0342 0.0320 0.0371

STD. DEVIATICONS 0.0149 0.0136 0.0128 0.0074 0.0056 0.0045
0.0053 0.0045 0.0042 0.0121 0.0146 0.0123

Ahkhkhhkhkkkhkhkhhkhkhhkhkhhkhhkhhhkhhkhhkhkhhhkhhkhkhhhkhthkkhkhhkhkhkhkhkkhhhhhkhkhkhththkhthhhhixhhkdx



S i e ——. - :
— i o — N e e | A e Rs mmmw A e . e LA LW a v e m e e mm———— e o - 4 b el

khkkkkkkhhkhkkhkhkhkkhkhhthkhhhhhkhdhhhhhhhbkhkhkhhhkhkhhhdkhkhhhhthhhkdhhkhrthkhkdrhhkhikdk

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

——— v ———— T ——— T S St " Y T —— A Y - S ————— A ———— " ——— P T ——— i ——

(INCHES) (CU. FT.) PERCENT
PRECTPITATION 29.88  ( 3.978)  2626598.  100.00
RUNOFF 0.005 ( 0.023) . 458, 0.02
EVAPOTRANSPIRATION 26.068 ( 3.248) 2291851. 87.26
LATERAL DRAINAGE FROM 3.2558 ( 1.9322) 286240. ,  10.90

LAYER 3 _ ;

PERCOLATION FROM LAYER 4 0.4465 ( 0.0925) 39256. } 1.49
CHANGE IN WATER STORAGE 0.100 ( 1.970) 8793. . 0.33

khkhhhkhhkkhhkhkhkhhkhkhkhkkkhkhhkkhkhkhkhkhkkhhhkhkkhkhhkhkhkkhkhhkhhdkkkkhhkhkkhkkkkhhkkhkhkiktkk

kkkhkkkkhkhhhkhhhhhhkhhhhkhhkhhhkkhhhhhkhhhhhhkhhhhkhkkkhhkhkhhkhkkhkhkhhkkkhhkhkhhkhk .

PEAK DATLY VALUES FOR YEARS 1 THROUGH 20

(INCHES) (CU. FT.)
PRECIPITATION “T3.19 280454.2
RUNOFF 0.053 _ 4619.3
LATERAL DRAINAGE FROM LAYER 3 0.0326 2869.7
PERCOLATION FROM LAYER 4 0.0020 176.8
HEAD ON LAYER 4 10.2
SNOW WATER 2.36 207108.9
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.2646
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0577

hkhkkkhkhkhkhkkhkkhkthkhkhkhhkhkhkhkhkhkhkhhhhkhdkhkkhkhhhhkhhkhhkhhhkhkhhkkhkhhkhkkhkkhhthkkhkhkhkkik
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FINAL WATER STORAGE AT END OF YEAR 20
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LAYER (INCHES) (VOL/VOL)
1 120 " 0.1902
2 3.54 0.1968
3 ' 1.60 0.1336
4 4.74 0.3949
SNOW WATER 0.00

khkkkkdkhkhhhhkhhkhhkhhkkhhhkhkhkhhkhhkhkhhkhkhhkhhkhhkhkhkhhhkhkhhkhhhhkkhhhkhhkhkhhhkhkhhkkkhk
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DUNN LANDFILL FINAL CCVER DESIGN
COVER "A" @ 3% SLOPES WITH AVERAGE QA = 0.00025
J. BLAYNE KIRSCH : JANUARY 24, 1992

kkdkhhkkhhkhkkhhkhhkkdkkhkkhdhhhkhhhhhkdkhkhkhkhkkhhkhkhrdhdkathhhkhkhhhkhddhkhhhrhkhhhkhkdk®
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FAIR GRASS

VERTICAL PERCOLATION LAYER
= 6.00 INCHES

0.4530 VOL/VOL

0.1901 VOL/VOL

0.0848 VOL/VOL

0.1901 VOL/VOL

0.002160000149 CM/SEC

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

VERTICAL PERCOLATION LAYER
18.00 INCHES

0.4370 VOL/VOL

0.1053 VOL/VOL

0.0466 VOL/VOL

0.1053 VOL/VOL
0.001700000023 CM/SEC

THICKNESS

POROCSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

nmnumn

LATERAL DRAINAGE IAYER
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

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE

DRAINAGE LENGTH

@ nanwnann
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BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER
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

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

GENERAL SIMULATION DATA

. ———

68.71
1055000. SQ FT
20,00 INCHES
8.8360 INCHES
2.6148 INCHES
0.7586 INCHES

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

I I T |

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

!

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

—— e —— —— " ————— — —— - —— —— ——— - —— - i ——— —

15.60 20.50 31.20 45.80 57.00 66.30
70.60 68.50 60.10 49.50 35.10 22.40
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20
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PRECIPITATION
TOTALS 0.83 0.96 l1.98 3.01 2.77 4.46
3.34 3.48 3.24 2.43 1.91 1.46
STD. DEVIATIONS 0.35 0.50 0.97 1.29 1.02 1.92
1.78 l1.66 1.94 1.30 1.13 0.68
RUNOFF
TOTALS *0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.003 0.003 0.000 0.000

STD. DEVIATIONS 0.000 0.000 0.000 .000 0.000 0.000
0.000 0.000 0.012 0.011 0.000 0.000

EVAPOTRANSPIRATION

e e T T — . ——

TOTALS 0.485 0.885 1.926 2.712 2.986 4.477
3.669 3.303 2.334 1.766 1.014 0.512

STD. DEVIATIONS 0.101 0.287 0.549 0.747 0.837 1.156
1.309 l1.462 0.817 0.724 0.331 0.130

LATERAL DRAINAGE FROM LAYER 3

TOTALS 0.3166 0.2958 0.3499 0.3845 0.3847 0.3265
0.3292 0.2707 0.2123 0.2462 0.2544 0.3106

STD. DEVIATIONS 0.2442 0.2214 0.2099 0.2124 0.1902 0.1558
0.1865 0.1664 0.1369 0.2440 0.2579 0.2437

PERCOLATION FROM LAYER 4

——— A —— ——— g — i - -

TOTALS 0.0010 0.00092 0.0011 0.0011 0.0011 0.0010
0.0010 0.0010 0.0009 0.0010 0.0010 0.0010

STD. DEVIATIONS 0.0002 0.0002 0.0002 0.0002 0.0001 0.0001
0.0001 0©0.0001 0.0001 0.0002 0.0002 0.0002

dehkkkhkhkdkddkhhhhhkhddhhkdhdhddhdhdhddkdkhhdhdkkhhhddhhdhhkhhhkhhkhdhkhkkhhhkhhdhhhikhdkkidhkk
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

A SIS A e G D S T S D G S R R A T A S S S R A AP U S S S D S S S S S A D D D A A D e o G e

(INCHES) (CU. FT.) PERCENT
PRECIPITATION 29.88  ( 3.978)  2626598.  100.00
RUNOFF 0.005 ( 0.023) 458. 0.02
EVAPOTRANSPIRATION 26.068 ( 3.248) 2291851. 87.26
LATERAL DRAINAGE FROM 3.6814 ( 1.9946) 323660. 12.32

LAYER 3

PERCOLATION FROM LAYER 4 0.0121 ( 0.0014) 1063. 0.04
CHANGE IN WATER STORAGE 0.109 ( 1.973) 9566. 0.36

khkkkhkdkhkhkkkkkdkhkhkkhkhkkhhkhkhhhhkhhkhkhkhkkhkhkhkkhkhkhkhkkkdthkhkhhkhhhdkkhkhhhkhhkkhhkhkhhkhkhhhd
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 20

(INCHES) (cu ¥T. )
PRECIPITATION "3.19 280454.2
RUNOFF 0.053 4619.3
LATERAL DRAINAGE FROM LAYER 3 0.0341 2995.4
PERCOLATION FROM LAYER 4 0.0001 4.5
HEAD ON LAYER 4 10.6
SNOW WATER 2.36 207108.9
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.2646
MINIMUM VEG. SOIL WATER {VOL/VOL) 0.0577

khkhkhkhkhkhkhkhkhhdkhhhkhhhddkhhhhkhhkhkhkkhhkhkhhhkhhkhhhkhhhkkkkhkhkhhhhhhkhkhhhkkhkhhkhhhkhkk
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FINAL WATER STORAGE AT END OF YEAR 20

LAYER (INCHES) (VOL/VOL)
I 1.20 o.1992
2 3.54 0.1968
3 | 1.78 0.1482
4 4.74 0.3949
SNOW WATER 0.00

AhkhkhhkhkhkhRhkhhkhhhhhhkhhhkhhhhhhkhkhhkhkhkhkkhkhkhkhkhkhhkAhkhhithhhkhhhhhkhhhkhhkdhkhhhkhhkk
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DUNN LANDFILL FINAL COVER DESIGN
COVER "A" 3% SLOPE WITH EXCELANT QA WITH A VALUE OF 0.00001
J. BLAYNE KIRSCH : JANUARY 11, 1992

***************************************************;*******************
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FAIR GRASS

VERTICAL PERCOLATION LAYER
= 6.00 INCHES

0.4530 VOL/VOL

0.1901 VOL/VOL

0.0848 VOL/VOL

0.1901 VOL/VOL

0.002160000149 CM/SEC .

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

VERTICAL PERCOLATION LAYER
18.00 INCHES

0.4370 VOL/VOL

0.1053 VOL/VOL

0.0466 VOL/VOL

0.1053 VOL/VOL
0.001700000023 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

IATERAL 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

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE

DRAINAGE LENGTH

tHnwanraun
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BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER
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

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

O T (|

GENERAL SIMULATION DATA

68.71
1055000. SQ FT
20.00 INCHES
8.8360 INCHES
2.6148 INCHES
0.7586 INCHES

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 = 8.3196 INCHES

nbunwnn

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND

SOLAR RADIATION FOR MADISON WISCONSIN
MAXTMUM 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

-—— —— - — - - ———— - - — - - ——— e — - -———— - - —— - ——

15.60 20.50 31.20 45,80 57.00 66,30
70.60 68.50 60.10 49.50 35.10 22.40



[
[

A Bhindak —— P p— pu— | ] —

khkkhkkhkhhkkkkhkhkhkhhhhhhhhhhhhhkhhhkhhhkhdkhkhkhkkhhhhkhkhkkhkhhkkhhhkhhkhkkhkhkkhkhhkkhkk

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS

S e — ——  —— — T — R S A D ANS S S . A D A S S SN S W S S A i —— A ——— T -

1 THROUGH

20

PRECIPITATION
TOTALS 0.83
3.34
STD. DEVIATIONS 0.35
1.78
RUNOFF
TOTALS 0.000
0.000
STD. DEVIATIONS 0.000
0.000
EVAPOTRANSPIRATION
TOTALS 0.485
3.669

STD. DEVIATIONS 0.101
1.309

LATERAL DRAINAGE FROM LAYER

A T . Sk pyy S — S ————

TOTALS 0.3175
0.3301

STD. DEVIATIONS 0.2442
0.1865

!

PERCOLATION FROM LAYER 4

- — i — —— . ——

TOTALS 0.0000
0.0000
STD. DEVIATIONS 0.0000
0.0000

khkhkkhkhhhkhhkhhkhkhkikhkkhkhkhhkhhkhhkhhhhkhkhhkhhkkhkhhkhhkhhhhhkhkhkhkhkhkhkhhkhhkhkdkkhhkhkkhkhdhkhkihk

0.000
0.000

0.000
0.000

0.2215
0.1664

0.0000
0.0000

0.0000
0.0000

0.000
0.003

0.000
0.012

1.926
2.334

0.549
0.817

0.3508
0.2133

0.2100
0.1369

0.0000
0.0000

0.0000
0.0000

0.000
0.003

0.000
0.011

2.712
1.766

0.747
0.794

0.3853
0.2473

0.2125
0.2440

0.0000
0.0000

0.0000
0.0000

0.000
0.000

0.000
0.000

2.986
1.014

0.837
0.331

0.3856
0.2554

0.1903
0.2580

0.0000
0.0000

0.0000
0.0000

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

- -
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

G VIS e e S S S S " S — i — i — T —— T —— i —— i —— i —— i ——— i f— —— - ——

(INCHES) (CU. FT.) PERCENT
i PRECIPITATION 29.88 ( 3.978) 2626598. 100.00
5 RUNOFF h 0.005 ( 0.023) 458. 0.02
- EVAPOTRANSPIRATION 26.068 ( 3.248) 2291851. 87.26
LATERAL DRAINAGE FROM 3.6928 ( 1.9954) 324661. 12.36
LAYER 3
PERCOLATION FROM LAYER 4 0.0005 ( 0.0001) 43. 0.00
CHANGE IN WATER STORAGE 0.109 ( 1.973) 9586. 0.36
khkkhkkhkhhkkhkhkhkkdkkkhkdkhkdthkkhhkhkhkhkkhkhkhkhhkhhkhhkhhkhhkhkkhhdhkhkhkhhkkdthkhhkhkhkhthkhthkhhhkhkdth
PEAK DAILY VALUES FOR YEARS 1 THROUGH 20
(INCHES) (CU. FT.) )
PRECIPITATION 3.19 280454.2
RUNOFF 0.053 4619.3
LATERAL DRAINAGE FROM LAYER 3 0.0341 2998.7
PERCOLATION FROM LAYER 4 0.0000 0.2
HEAD ON LAYER 4 10.6 -
SNOW WATER 2.36 207108.9
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.2646
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0577
kdhkkhkkhkhkhkkkhkhkkkkhkhkhkhkkkkkkhkkkkkhkhkkkkhkhkkhkkkhkkhkkkkhkhkhkhkkkkkkhkkkkhkhkkkkkkkhkkk
FINAL WATER STORAGE AT END OF YEAR 20
] LAYER (INCHES) (VOL/VOL)
X 1 1.20 0.1992
2 3.54 0.1968
3 1.78 0.1486
4 4.74 0.3949
SNOW WATER 0.00

REEKEEREERR IR AR RRAEEEER TR AT IR AR A kTR kh kb kit hhhkkhkhhhkhhkkhhkhkhrkd
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DUNN IANDFILL FINAL COVER DESIGN
COVER "A" @ 9% SILOPES WITH POOR QA = 0.01
J. BLAYNE KIRSCH : JANUARY 24, 1992

khkkkhkhhkhhkhhhkhkhhkhkhhkhhkkhkhhhhhhkdkhkhhhhhhhhhhhhhhhdkhhkdhkhhhhhhkhhthhhkhkhkhdkhhik
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FAIR GRASS

VERTICAL PERCOLATION LAYER
6.00 INCHES
0.4530 VOL/VOL

THICKNESS
POROSITY

FIELD CAPACITY = 0.1901 VOL/VOL

WILTING POINT = 0.0848 VOL/VOL

INITIAL SOIL WATER CONTENT = 0.1901 VOL/VOL

SATURATED HYDRAULIC CONDUCTIVITY = 0.002160000149 CM/SEC
LAYER 2

VERTICAL PERCOLATION LAYER .
18.00 INCHES

0.4370 VOL/VOL

0.1053 VOL/VOL

0.0466 VOL/VOL

0.1053 VOL/VOL
0.001700000023 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY.

!

wwnunnn

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
9.00 PERCENT
250.0 FEET

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SILOPE

DRAINAGE LENGTH



BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER
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

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

U 1 I |

GENERAL SIMULATION DATA

68.71
1055000. SQ FT
20.00 INCHES
8.8360 INCHES
2.6148 INCHES
0.7586 INCHES

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

wuwnuwnn

B.3196 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

e e v S — f——————— . —

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
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

T T — T - T —— T S S o e — —— — i — — o —— T o T - Y T —— i ————

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
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PRECIPITATION
TOTALS 0.83 0.96 1.58 3.01 2.77 4.46
3.34 3.48 3.24 2.43 1.91 1.46
STD. DEVIATIONS 0.35 0.50 0.97 1.29 E 1.02 1.92
1.78 1.66 1.94 1.30 1.13 0.68
RUNOQFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.003 0.003 0.000 0.000
STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.012 0.011 0.000 0.000
EVAPOTRANSPIRATION
TOTALS 0.485 0.885 1.926 2.712 2.986 4.477
3.669 3.303 2.334 1.766 : 1.014 0.512
STD. DEVIATIONS 0.101 0.287 0.549 0.747 0.837 1.156
1.309 1.462 0.817 0.794 0.331 0.130
LATERAL DRAINAGE FROM LAYER 3
TOTALS 0.3574 0.3000 0.4272 0.4598 0.2948 0.1581
0.2545 0.0662 0.0467 0.3133 0.3007 0.4061
STD. DEVIATIONS 0.4050 0.3650 0.3990 0.3913 0.2596 0.1368
0.4358 0.1239 0.0910 0.7684 0.4407 0.4596
PERCOLATION FROM LAYER 4
TOTALS 0.0285 0.0265 0.0320 0.0341 0.0351 0.0333
,; 0.0347 0.0284 0.0215 0.021% 0.0226 0.0285
STD. DEVIATIONS 0.0126 0.0112 0©0.0098 ©0.0036 0.0012 0.0008
0.0022 0.0063 0.0089 0.0116 0.0124 0.0119

Ak kAR I AAAARARRA AR IR R R KAk hdhkkhhhhkhhhkhhhdhhkhhthdhhhhdhhkhhkhhdhbhhhhhhhhk
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

: (INCHES) (CU. FT.)  PERCENT
| prECIPITATION 29.88  ( 3.978)  2626598.  100.00
. RUNOFF 0.005 ( 0.023) 458, 0.02
- EVAPOTRANSPIRATION 26.068 ( 3.248) 2291851. 87.26
LATERAL DRAINAGE FROM 3.3848 ( 2.2047) 297581, 11.33
LAYER 3
PERCOLATION FROM LAYER 4 0.3471 ( 0.0635) 30516, 1.16
) CHANGE IN WATER STORAGE 0.070 ( 1.599) 6192. 0.24

Yhhkdkhhhkhkkhkkhhkhhkhhkhhkhhkhhkhhhhkhkhkhhkhkhkhhkhhhhkhkhkhkhkhkhkhkhhkhkhhkkhkhhkkhhhhhhkhkkhhk
kkkkkhkkhkhkhkkhhkhkhhkdhkh Rk ke hhkhhhhhrkdbhhhhkkhkkhkhhhkthhhkhhhbrhhdhhhkhdkdk

PEAK DAILY VALUES FOR YEARS 1 THROUGH 20
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! (INCHES) (CU. FT.)
PRECIPITATION "3.19 280454.2
RUNOFF 0.053 4619.3
LATERAL DRAINAGE FROM LAYER 3 0.1168 10268.3
) PERCOLATION FROM LAYER 4 0.0016 141.7
l HEAD ON LAYER 4 5.8
l _ SNOW WATER 2.36 207108.9
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.2646
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0577

AhkhkhkA ARk RRA AR A AT TR RRITRRR A AR R T h kA k kb hkhkhkhkkhhhhhkhkhhdkhhkihhkhkrkkkk
*********************F*************************************************

FINAL WATER STORAGE AT END OF YEAR 20

- ——— S i S bl T S T A D D S — T G G I A e e A A S A il W ——— . — -

LAYER (INCHES) _(VOL/VOL)
] B 1.20 “o.1992
2 3.54 0.1968
3 1.01 0.0843
4 4.74 0.3949
SNOW WATER 0.00

BhhkdkhhddkhhhhihrhhhhhhhkhkkhrrRdddhahhhhhhhkhhhhohhhhkhhhhXahkhrkhrhkik
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DUNN LANDFILL FINAL COVER DESIGN
COVER "AM @ 9% SLOPES WITH AVERAGE QA = 0.00025
J. BLAYNE KIRSCH : JANUARY 24, 1992

hhkkhhkhkhkhkhhkhhkhkhkhhhkhdhhhhkhhhhhhkhkhhkhkhkdhhkhhkdhhhthhdhhhdhhhbhthkhkrtddhhihhhd
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FAIR GRASS

VERTICAL PERCOLATION LAYER
= 6.00 INCHES

0.4530 VOL/VOL

0.1%01 VOL/VOL

0.0848 VOL/VOL

0.19201 VOL/VOL

0.002160000149 CM/SEC

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

VERTICAL PERCOLATION LAYER
18.00 INCHES

0.4370 VOL/VOL

0.1053 VOL/VOL

0.0466 VOL/VOL

0.1053 VOL/VOL
0.001700000023 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

mnnwnu
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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
9.00 PERCENT
250.0 FEET

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE

DRAINAGE LENGTH

I IR I IO I I |
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BARRIER SOTL LINER WITH FLEXIBLE MEMBRANE LINER

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

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

nauaunn

GENERAL SIMULATION DATA

. T S T T R S T W S G - -

68.71
1055000. SQ FT
20.00 INCHES
8.8360 INCHES
2.6148 INCHES
0.7586 INCHES

SCS RUNOFF CURVE NUMBER

TOTAL AREA OF COVER

EVAPORATIVE ZONE DEPTH

UPPER LIMIT VEG. STORAGE

INITIAL VEG. STORAGE

INITIAL SNCW WATER CONTENT

INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS

nwunuwniu

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

'

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
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20
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PRECIPITATION
TOTALS 0.83 0.96 1.98 3.01 2.77 4.46
3.34 3.48 3.24 2.43 1.91 1.46
STD. DEVIATIONS 0.35 0.50 0.97 1.29 1.02 1.92
1.78 1.66 1.94 1.30 1.13 0.68
RUNOFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.003 0.003 0.000 0.000

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.012 0.011 0.000 0.000

EVAPOTRANSPIRATION

TOTALS 0.485 0.885 1.926 2.712 2.986 4.477
3.669 3.303 2.334 1.766 1.014 0.512

STD. DEVIATIONS 0.101 0.287 0.549 0.747 0.837 1.156
1.309 1.462 0.817 0.794 0.331 0.130

ILATERAL DRAINAGE FROM LAYER 3

- —— - -—— - - —— . S —

TOTALS 0.3838 0.3252 0.4565 0.4914 0.3250 0.1%907
0.2884 0.0973 0©0.0704 0.3350 0.3218 0.4310

STD. DEVIATIONS 0.4129 0.3714 0.4027 0.3949 0.2609 0.1373
0.4371 0.1263 0.0945 0.7750 0.4480 0.4659

PERCOLATION FROM LAYER 4

TOTALS 0.0009 0.0008 0.0009 0.0009 0.0009 0.0008
0.0009 0.0009 0.0008 0.0009 0.0009 0.0009

STD. DEVIATIONS 0.0000 0.0000 0,.0000 0,0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0001 0.0001 0.0001

*******************************************4***************************
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20
""""" T T(anemes)  (cU. FT.) | PERCENT
PRECIPITATION 29.88  ( 3.978)  2626598.  100.00
RUNOFF 0.005 ( 0.023) 458. 0.02
EVAPOTRANSPIRATION 26.068 ( 3.248) 2291851. 87.26
LATERAL DRAINAGE FROM 3.7205 ( 2.2583) 327097. 12.45

LAYER 3
PERCOLATION FROM LAYER 4 0.0104 ( 0.0003) 910. 0.03
CHANGE IN WATER STORAGE 0.071 ( 1.604) 6282. 0.24

khkkhkkhkhkhhhhkhhhhkhkhhkhhhhhhkhhhhhhkhhkhkhkhhhkhhhkhkhkhdkhhhhhhkhkdhkhhkhhhkhkkhkhkhhdkk
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 20
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(INCHES) (CU. FT.)
PRECIPITATION T 3.19 280454.2
RUNOFF 0.053 4619.3
LATERAL DRAINAGE FROM LAYER 3 0.1181 10379.5
PERCOLATION FROM LAYER 4 0.0000 3.6
HEAD ON LAYER 4 5.8
SNOW WATER 2.36 207108.9
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.2646
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0577

Rhhkkhkhhhhhkkhhhkkhhkhkhhhhkhkdkhkhhkhkhkhhkhhkhhhhkhhhkhhhkdhhhkhkhhkhddhhdithhhkhkhd
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FINAL WATER STORAGE AT END OF YEAR 20
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LAYER (INCHES) (VOL/VOL)
I 1.20 “o.1992
2 3.54 0.1968
3 1.03 0.0860
2 4.74 0.3949
SNOW WATER 0.00

hhhkhkhkhkhhkhkhkhkhhhkhkhhkbkhhkhhdhhhhhhhhkhhhhhhhkhkhkhkhkhhhhhkhkdhhhhrhhdhkhhkkhkhtkhhk
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DUNN LANDFILL FINAL COVER DESIGN
COVER "AM™ @ 9% SLOPES WITH EXCELLENT QA = 0.00001
J. BLAYNE KIRSCH : JANUARY 24, 1992
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FAIR GRASS b

VERTICAL PERCOLATION LAYER
= 6.00 INCHES

0.4530 VOL/VOL

0.1901 VOL/VOL

0.0848 VOL/VOL

0.1901 VOL/VOL

0.002160000149 CM/SEC

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

nnwnn

VERTICAL PERCOLATION LAYER
THICKNESS = 18.00 INCHES
0.4370 VOL/VOL

POROSITY =

FIELD CAPACITY = 0.1053 VOL/VOL

WILTING POINT = 0.0466 VOL/VOL

INITIAL SOIL WATER CONTENT = 0.1053 VOL/VOL

SATURATED HYDRAUL%C CONDUCTIVITY = 0.001700000023 CM/SEC
LAYER 3

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
9.00 PERCENT
250.0 FEET

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE

DRAINAGE LENGTH

it uwnuwamhn
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BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER
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

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

GENERAL SIMULATION DATA

68.71
1055000. SQ FT
20.00 INCHES
8.8360 INCHES
2.6148 INCHES
0.7586 INCHES

SCS RUNOFF CURVE NUMBER

TOTAL AREA OF COVER

EVAPORATIVE ZONE DEPTH

UFFER LIMIT VEG. STORAGE

INITIAL VEG. STORAGE

INITIAL SNOW WATER CONTENT

INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS

wnsnu

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

1

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
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20
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[ JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
l
[

PRECIPITATION
TOTALS 0.83 0.96  1.98 31.01  2.77 4.46
3.34 3.48  3.24 2.43 1.91  1.46
STD. DEVIATIONS 0.35 0.50  0.97 1.29 1.02 1.92
1.78 1.66  1.94 1.30 1.13 0.68
RUNOFF
- TOTALS 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.003 0.003 0.000 0.000

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.012 ¢.011 0.000 0.000

EVAPOTRANSPIRATION
TOTALS ' 0.485 0.885 1.926 2.712 2.986 4.477
3.669 3.303 2.334 1.766 1.014 0.512
STD. DEVIATIONS 0.101 0.287 0.549 0.747 0.837 1.156

1.309 l.462 0.817 0.794 0.331 0.130
LATERAL DRAINAGE FROM LAYER 3

{ TOTALS 0.3846 0.3260 0.4574 0.4922 0.3298 0.1916
0.2892 0.0982 0.0712 0.3358 0.3226 0.4319

- STD. DEVIATIONS 0.4129 0.3714 0.4027 0.3949 0.2609 0.1373
1 0.4371 0.1263 0.0945 0.7750 0.4480 0.4659

PERCOLATION FROM LAYER 4

T D D S S S P R S N A SR D T Y N YR S S

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Akhhkhkhkdhhhkhhkhhhkhhkhkhhhkkkkkhkhhkhkkhkhhkhhhkkhkkhdthhhhkhkhhhhhkhhhhkhkdkhhddikkkkki
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20
T T T (IncmEs)  (cu. FT.) | PERCENT
PRECIPITATION 29.88  ( 3.978)  2626598.  100.00
RUNOFF 0.005 ( 0.023) 458. 0.02
EVAPOTRANSPIRATION 26.068 ( 3.248) 2291851, 87.26
LATERAL DRAINAGE FROM 3,7305 { 2.2586) 327969. 12.49

LAYER 3
PERCOLATION FROM LAYER 4 0.0004 ( 0.0000) 36. 0.00
CHANGE IN WATER STORAGE 0.071 ( 1.604) 6284. 0.24
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 20

—— L —— . —— I —— T — Y W S ——— . — — A dk  ———— T S — -

(INCHES) (CU. FT.)
PRECIPITATION R 280454.2
RUNOFF 0.053 4619.3
LATERAL DRAINAGE FROM LAYER 3 0.1181 10382.3
PERCOLATION FROM LAYER 4 0.0000 0.1
HEAD ON LAYER 4 5.8
SNOW WATER 2.36 207108.9
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.2646
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0577

khkdkdkkhkhkhkkthhhhhhkhrhkhhhdhhkhhhkhhhhdhhhhhhhkdkdhrdhhrhhhhhhhkhkhkhhhkthkihhihkhhdhd
hhkhhkhkhkhkhkhhkhkkbkhkhhhhkhkhhkkhhhhhhkkrdhrhhhhihhhhkhhhhkdhhkhhhhhkhkhhkhkhhhkhhathkhhkhk
!

FINAL WATER STORAGE AT END OF YEAR 20

Y —— T — o A D G L A —— . dal S S — — . U S S i — —— - - A - —— - -

LAYER (INCHES) ~ (VOL/VOL)
1 T 120 T o.1992
2 3.54 0.1968
3 1.03 0.0860
4 4.74 0.3949
SNOW WATER 0.00

hhkhkhkhkhkhkkhkhhhhhkhhdkhhkhhkhhkhkhkhkhkhhkhhhhhhhhdhhhhkhkhhkhhhhdhhkhkhhhkhhhhkkkkkkk
***********************************************************************
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COVER B:5SOF 8

hhkhkhkkkkhkhkdkkhhhhhhhhkhhhkhhhbhhhbhhhhhkhkhhhkkhkkhhhhrhkhkdhkhkhrdhkhhhhhkkkhkhhkrhhkkn
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DUNN LANDFILL FINAL COVER DESIGN
COVER "B"™ AT 5% SLOPES
J. BLAYNE KIRSCH : JANUARY 20, 1992

khkhkhkhkhhkkhkhkhkhkhhhkhkhhkhhhrhhhkhkhhkhkhkhkhkhkhhkhkhhhkhhkhkkhkkhhkhkkhkkhhkhkhkhkhhkhhkkthkhkkkkkd
dehkhdkkhkhkhkkhkkhhhhkhkkkkhkhkhhhkkrhkkhhkhhhhkhhhkkhkhkhhkhkhhkhkhhhkhkhkhkhkhhkhkhkhkhkhkhhkkhkhkkkk

FATR GRASS

VERTICAL PERCOLATION LAYER

6.00 INCHES

0.4530 VOL/VOL

0.1901 VOL/VOL

0.0848 VOL/VOL

0.1901 VOL/VOL -
0.002160000149 CM/SEC

THICKNESS

PORCSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

- —— - —

LATERAL DRAINAGE LAYER

18.00 INCHES

0.4370 VOL/VOL

0.1053 VOL/VOL

0.0466 VOL/VOL

0.1053 VOL/VOL
0.001700000023 CM/SEC
5.00 PERCENT

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE

T (O !

DRAINAGE LENGTH 250.0 FEET
LAYER 3
BARRIER SOIL LINER
THICKNESS 24.00 INCHES
POROSITY 0.4300 VOL/VOL

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

0.3663 VOL/VOL
0.2802 VOL/VOL
0.4300 VOL/VOL
0.000000100000 CM/SEC

I |



COVER B: 6 OF 8
GENERAL SIMULATION DATA

- — —— G A T e W W S W v W

8CS 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
3.5711 INCHES
0.7586 INCHES

Htunmwiin

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

- - - - — — —— e ——— - —— - —— ———— —— —— = S —

15.60 20.50 31.20 45.80 57.00 66.30
70.60 68.50 60.10 49.50 -35.10 22.40
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COVER B: 70QOF 8

hkhkkhkhkhhhhhkhhhkhkhhhkhhhhhhkhhkhkhkhhhkkhdhhkhkhkhkhkhkhhhhhkhkdkhhkhkhkkhkhkkhkhkhhkkxhhdk

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20 -

. — ke ik S T T i — — . T A T T W T S . i — — A T —— A A Sk dmk e v S S R S T G g Gmn . S W e

L L Y R e e bl T T ——

PRECTPITATION
TOTALS 0.83  0.96 1.98 3.01 2.77 4.46
3.34  3.48  3.24 2.43 ;. 1.91 1.46
STD. DEVIATIONS 0.35 0.50 0.97 1.29  1.02 1.92
1.78 1.66 1.94 1.30 1.13 0.68

[}

RUNOFF w

TOTALS 0.000 0.000 ©0.000 0.000 0.000 | 0.000

0.000 0.000 0.003 0.003 0.000 ' 0.000

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.012 0.014 0.000 0.000

EVAPOTRANSPIRATION

TOTALS 0.485 0.889 1.9159 2.720 ' 2.993 4.438
4.186 3.372 2.341 1.762 1.010 0.512 -

STD. DEVIATIONS 0.101 0.283 0.559 0.752 0.807 l.162
1.249 1.544 0.813 0.781 0.337 0.131

ILATERAL DRAINAGE FROM LAYER 2

LT T - T e — ————— . g —— —— - -

TOTALS 0.1627 0.1574 0.1906 0.2021 0.1976 0.1739
0.1487 0.1199 0.1091 0.1189 0.1163 0.1509

STD. DEVIATIONS 0.1224 0.1120 0.1100 0.1047 0.0960 0.0850
0.0874 10,0698 0.0661 0.1155 0.1155 0.1250

PERCOLATION FROM LAYER 3

TOTALS » 0.1194 0.1073 0.1244 0.1280 0.1321 0.1247
0.1242 0.1089 0.0939 0.0981 0.0962 0.1186

STD. DEVIATIONS 0.0355 0.0392 0.0348 0.0219 0.0169 0.0146
: 0.0140 0.0312 0.0427 0.0527 0.0479 0.0347

khhkhkhhkhkkhkhhhhkhkhkhkhhdhkdhhkhhhhkhkhkhkhhbhdhhhhhkhhhkhhkhhhhkhkhhhkhkhhkhhkhhhrthhhkhkdhkk
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COVER B: 8 OF 8

Rkkhkkhkhhhhkhhhkhhhhhhhkhkhhdhhhkhhkhhhhhkhkrhdhhkhhhhrhhhhhhrhhkhrhhhhhhhhkkhk
AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

e sl L S S L S S S S G D S GED S e SR CED S S AN D

(INCHES) (CU. FT.) PERCENT
PRECIPITATION 29.88  ( 3.978)  2626598.  100.00
RUNOFF 0.006 ( 0.026) 512. 0.02
EVAPOTRANSPIRATION 26.627 { 3.219) 2340922, 89.12
LATERAL DRAINAGE FROM 1.8480 ( 0.9630) =  162472. 6.19

LAYER 2

PERCOLATION FROM LAYER 3 1.3758 ( 0.3193) 120953. 4.60
CHANGE IN WATER STORAGE 0.020 ( 2.098) 1739. 0.07

khkhkhkkhkhkhhkhkhkkhkhkkhkhkhkhhkhhhhkhkhkkkhkhkhhkhthhkkhkkhkhkhkhkhkhkhkhhkkhkkikkkikhkkhkkdxkkkkkhki
khkhkhkkhkkkhkhkhkhhkhkhkhkdhkhhkkhkhkhkhkhkkhkhkhkhkhhkkhkkhkhkkhhkhhkhkkkhkkkkhkhkhkkhkhhkhkkhkhkkhhkhkkkk

PEAK DATLY VALUES FOR YEARS 1 THROUGH 20

{ INCHES) (CU. FT.)
PRECIPITATION __;?;;-- EESZEZTE-
RUNOFF 0.062 5491.7 -
LATERAL DRAINAGE FROM LAYER 2 0.0181 1592.4
PERCOLATION FROM ILAYER 3 0.0062 541.7
HEAD ON LAYER 3 19.5
SNOW WATER 2.36 207067.5
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3862
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0577

RARAKRRRAAR ARk hhkhkhhkhkkhkhhhkhhhkhkkhkkhhhkkkhhkkhkkkkhkhkkhkhhkhkhkixhkhkhkhkhkhkkhkkkhkkkkk
khkkkkhkhkhhhkhkhhhkhhhhkhkhkhkhkkhkhkhhhhhhhkhhhhhkhkkhkhhhkikkhhhhhhhhhhhkkrhhkhkhthkhhhhkkk

FINAL WATER STORAGE AT END OF YEAR 20

- —— — - e S S S =S GE TP D S vt I G e e b A S SN e S Y S S S A A ———

LAYER (INCHES) -(VOL/VOL)
B 1.20 T o.1902
2 4,84 0.2689
3 ' 10.32 0.4300
SNOW WATER 0.00

hkkhkhkhhhkhkhkhhhhhkhhhkhhhhkhkhkrthhhhkhkhkhbhhhkhhkhrhhhhhkhhkAhhkk kAR hhhkrhkhkhhhkhrhx
kkkhkhkhhhkhkhhhRkhhhkhkhkRhkhkhkhhdhhhkhhhhhkhkhhhkhkhkhkhhhkhkhkthkhkhhkhkhkrtrhhhihhhhhkkk
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COVER B @ %%: -1- OF 4
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DUNN LANDFILL FINAL COVER DESIGN
COVER "B" AT 9% SLOPES
J. BLAYNE KIRSCH : JANUARY 24, 1992

hkhhkkhhhkhhhhkhkhhhbhkxhkhhhkhhhhhkhkhhkhkhkhkhdkkkhkhkhhkhhhhhhhhhkhhhhhhhhhkhkhhkddhdd
dkkkhkhkdkkhhkhdhddbhdhhhkhhkdhhkdhhkhhkhkhkhkkhkhhkhkhkhhkhkhkhkhkhkkhhkhhhkhkhkhkkkhkbkhhkhkdkkkkhkhdkktkk

FAIR GRASS

VERTICAL PERCOLATION LAYER
= 6.00 INCHES

0.4530 VOL/VOL

0.1901 VOL/VOL

0.0848 VOL/VOL

0.1901 VOL/VOL

0.002160000149 CM/SEC

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

g

i —————

LATERAL DRAINAGE LAYER
18.00 INCHES

0.4370 VOL/VOL

0.1053 VOL/VOL

0.0466 VOL/VOL

0.1053 VOL/VOL
0.001700000023 CM/SEC
9.00 PERCENT

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE

o uwmnawn

DRAINAGE LENGTH ' 250.0 FEET
LAYER 3
BARRIER SOIL LINER
THICKNESS 24.00 INCHES
POROSITY 0.4300 VOL/VOL

0.3663 VOL/VOL
0.2802 VOL/VOL
0.4300 VOL/VOL
0.000000100000 CM/SEC

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

maonnnn
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COVER B @ 9%: -2- OF 4

GENERAL SIMULATION DATA

e ——————— -

68.71
1055000. SQ FT
20.00 INCHES
8.8360 INCHES
3.5711 INCHES
0.7586 INCHES

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

13.3560 INCHES

SOIL WATER CONTENT INITIALIZED BY PROGRAM.

CLIMATOLOGICAL DATA

- ————— ) T ——— —— -

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
22,40

70.60 68.50 60.10 49.50 - 35.10
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COVER B @ 9%: -3- OF 4

Lt 222 222 2RSSR SRR RS E R EEEEE SR ESE ST T

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

e ——— e ke e e v ok S MDD S IR D G P SR U S N R G G D G e e e A e e e -

PRECIPITATION
TOTALS 0.83 0.96 1.98 3.01 2.77 4.46
3.34 3.48 3.24 2.43 1.91 1.46
STD. DEVIATIONS 0.35 0.50 .97 1.29 1.02 1.92
1.78 1.66 1.94 1.30 1.13 0D.68
RUNOFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.003 0.003 0.000 0.000
STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.012 0.012 0.000 0.000
EVAPOTRANSPIRATION
TOTALS 0.485 0.886 1.927 2.710 2.990 4.467

3.701 3.333 2.335 1.761 1.015 0.512

STD. DEVIATIONS 0.101 0.286 0.550 0.750 0.838 1.158
1.320 1.525 0.817 0.790 0.334 0.130

LATERAL DRAINAGE FROM LAYER 2

TOTALS ¢.2700 0.2536 0.3099 0.3299 0.30?7 0.2125
0.2102 0.1140 0.0733 0.1217 0.1544 0.2518

STD. DEVIATIONS 0.2467 0.2389 0.2099 0.2096 0.2161 D.1439
0.1989 0.1061 0.0740 0.2086 0.2082 0.2746

PERCOLATION FROM LAYER 3

TOTALS r 0.0959 0.0913 0.1113 0.1152 ©0.1179 0.1108
0.1070 0.0862 0.0718 0.0753 0©0.0742 0.0948

STD. DEVIATIONS 0.0499 0.0417 0.0296 0.0149 0.0089 0.0059
0.0270 0.0461 0.0498 0.0552 0.0510 0.0476

khkhkkhkhkhkhkkhkhkhkhkhhkhkhhhhkdhhkkhhhhkhkhkdhhhkhkhhkhkhkhkhkhkdhkhhkhhhkhhkhthkhhhkhhkhhkhkhiikhkhkik
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khhkkhkkhdhkhkhkhhdhhkkhhkhhdhhhhhhhkhkhhhkdhhkdkhhkhhkhhkhhhhhhhhhhhhhhkdhhhhrhhhhkk

AVERAGE ANNUAL TOTALS & (BTD- DEVIATIONS) FOR YEARS

1 THROUGH 20

{(INCHES) (CU. FT.) PERCENT
PRECIPITATION 29.88  ( 3.978)  2626598.  100.00
RUNOFF 0.005 ( 0.024) 468. 0.02
EVAPOTRANSPIRATION 26.123 ( 3.320) 2296658. 87.44
LATERAL DRAINAGE FROM 2.6039 { 1.5896) 228930. 8.72

LAYER 2

PERCOLATION FROM LAYER 3 1.1516 ( 0.3247) 101241. 3.85
CHANGE IN WATER STORAGE -0.008 ( 1.891) =699, -0.03

T okkkhkkkkkkkk kA khkhhkdkhkkhkhkkkkhhhkkhkkhhkhhhkkhhkhhdkhhhhhkhhhhhhkhkhhkhhhkhkhhhdkxk

dekkdhhkkdkhkhkhkhhhhhhhkhkhhhkhhkhhhkhdhhkhkhkhdkhhhkhkhkhkhhdhhkhhhkhkkkhkhkhkhkkhdhhkhkhkhkhkhhk

PEAK DAILY VALUES FOR YEARS

PRECIPITATION

RUNOFF

LATERAL DRAINAGE FROM LAYER 2
PERCOLATION FROM LAYER 3
HEAD ON LAYER 3

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG, SOIL WATER (VOL/VOL)

1 THROUGH 20

(INCHES) (CU. FT.)
"3.18 280854.2 )
0.053 4684.6
0.0329 2895.4
0.0054 472.3
13.9
2.36.: 207072.3
0.3246
0.0577

khkdkhkhkkhhkhkhhkkhkkhkhkhhhkhkhhhkhkhkhkkhkhkhkhkhkhkhkhkkhkhkhkktkhhkhrhhhkhkhkkhhhhhkhkhkkhkhhhkdkhkk
khkhkhkhkhkhhkhkkhkhkhdhhkhhkhhkkdhhdkkhhhhkhkhkhhhhkhkhhkidhhhhkhhdhhkkhhhhhkhhkkkhhkhhkdkkk

FINAL WATER BTORAGE AT END OF YEAR 20

LAYER (INCHES)
B 1.20
2 4.22
3 10.32
SNOW WATER 0.00

0.4300

hhkkhkhkhkhkkhkhkhkhhhkhkhkhkhhkhhkhkhhhhhhhkhkhkhkhkhkhkdkkhkhhhhhkhkkkkhhhhhkhkkhkkhhhkkhkkx
khkkhkkhkhkhkhkhkhhhhhkkhhkhhkdhhhhkhhkhhhhhhdhhkhkhkhhhhhkhhdkdhkdhidhddkddhdhdhihhdddkkkhki
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DUNN LANDFILI FINAL COVER DESIGN
COVER "C" @ 3 % SLOPES WITH POOR QA = 0.01
J. BLAYNE KIRSCH : JANUARY 24, 1992

khkkkhkhkhhkhkhhhhhkhhhkhkhhkhhkhhdkkhhkkhhhhkhkkhkhkhkkhhhhhkhhhkkhkhkkhhkkhhhkhhhhkhhkhkkhkkkkk
hhkkhkdhhhkdkhhkhkhkhkhkhhhdhhhhkdhhkhkhkhhhkkhhkhkhhhhkhhhkhkhkhthkhhhkkhhhkdkhkhhkhkhikhkhhkhd

FAIR GRASS

5
-
t+
w
[}
- U

VERTICAL PERCOLATION LAYER :
= 6.00 INCHES

0.4530 VOL/VOL

0.1901 VOL/VOL

0.0848 VOL/VOL

0.1901 VOL/VOL

0.002160000149 CM/SEC

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

VERTICAL PERCOLATION LAYER
18.00 INCHES

0.4370 VOL/VOL

0.1053 VOL/VOL

0.0466 VOL/VOL

0.1053 VOL/VOL
0.001700000023 CM/SEC

THICKNESS

PORCSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

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

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE

DRAINAGE LENGTH



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

P ey mm—

W unuwmn

SCS RUNCFF 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

105

MEMBRANE LINER

24.00 INCHES
0.4300 VOL/VOL
0.3663 VOL/VOL
0.2802 VOL/VOL
0.4300 VOL/VOL
0.000000100000
0.01000000

GENERAL SIMULATION DATA

68.71
5000. SQ FT
20.00 INCHES
8.8360 INCHES
2.6148 INCHES
0.7586 INCHES

13.92008 INCHES

CM/SEC

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 20.50 31.20 45.80 57.00 66.30
70.60 68.50 60.10 49.50 35.10 22.40
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

T — T ke A —n  — . Y T g S Y M W S e e Y S S D D mm S A W I U A S S G de e — S

D D I D D S D D e e e e P R W e i ————

PRECIPITATION
TOTALS 0.83 0.96 1.98 3.01 2.77 4.46
3.34 3.48 3.24 2.43 1.91 1.46
STD. DEVIATIONS 0.35 0.50 0.97 1.29 1.02 1.92
1.78 l.66 1.94 1.30 1.13 0.68
RUNOFF
TOTALS *0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.003 0.003 0.000 0.000

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.0212 0.011 0.000 0.000

EVAPOTRANSPIRATION

A — s W W —

TOTALS 0.485 0.885 1.926 2.712 2.986 4.477
3.668 3.303 2.334 1.766 1.014 0.512

STD. DEVIATIONS 0.101 0.287 0.549 0.747 0.837 1.156
1.309 1.462 0.817 0.794 0.331 0.130

LATERAL DRAINAGE FROM LAYER 3

TOTALS 0.3165 0.2957 0.3498 0.3844 0.3846 0.3264
0.3290 0.2706 0.2121 0.2460 0.2543 0.3105

STD. DEVIATIONS 0.2442 0.2215 0.2099 0.2124 0.1902 0.1558
0.1865 0.1664 0.1370 0.2441 0.2579 0.2438

PERCOLATION FROM LAYER 4

e S — . ————

TOTALS 0.0012 0.0011 0.0012 0.0012 0.0012 0.0011
0.0012 0.0011 0.0011 0.0011 0.0011 0.0012

STD. DEVIATIONS 0.0001 0.0001 0,.0001 0.0001 0.0001 0.0001
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

khkkhkhkhhkhkkhkkhhhkhkhhkhhkhkhhkhkhhkhkhkhhhkhkhkhkhkkhhhhkhkhkhkhhkhkhhhhhhhhkdhkhhkhkkbhhkhkhhhkhkkkd
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 2

(INCHES) (CU. FT.) PERCENT
PRECIPITATION 29.88  ( 3.978)  2626598.  100.00
RUNOFF 0.005 ( 0.023) 458, 0.02
EVAPOTRANSPIRATION 26.068 ( 3.248) 2291855. 87.26
LATERAL DRAINAGE FROM 3.6797 ( 1.9950) 323511. 12.32

LAYER 3

PERCOLATION FROM LAYER 4 0.0138 ( 0.0009) 1210. 0.05
CHANGE IN WATER STORAGE 0.109 ( 1.973) 9564 . 0.36

Rhkkkhkhhhkkhkhhhhhhhkhhhkhkhkhhkhhhhhhkhkkkhhkhhhkhhkhkhkkhkkhhhhkhhhkhhhkhhkhhkhkhkhkhkhkhkkkhkkk
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 20

(INCHES) (CU. FT.)
PRECIPITATION 319 280454.2
RUNOFF 0.053 4619.3
LATERAL DRAINAGE FROM LAYER 3 0.0341 2995.1
PERCOLATION FROM LAYER 4 0.0000 4.3
HEAD ON LAYER 4 10.6
SNOW WATER 2.36 207107.8
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.2646
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0577

dhkkdkkhkhkthkdbkhddtddttrtdhbdthbdbdtdtdddtddddhddbbrhhirddbhrdrdrdirdAdhrbdinst
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FINAL WATER STORAGE AT END OF YEAR 20

e e D D D D D D A s e ek S D W e S S S S -

LAYER (INCHES) (VOL/VOL)
1 T 120 “To.1992
2 3.54 0.1968
3 1.78 0.1482
4 10.32 0.4300
SNOW WATER 0.00

Ak hhkhhhhhhhhkkkkhhdkdkhkkhkhhhhhhhhhkdhhhhhhhbhhhhkkkhhhkhhhhhhkhhrhhkhhkk
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DUNN LANDFILL FINAL COVER DESIGN
COVER "C" @ 3 % SLOPES WITH AVERAGE QA = 0.00025
J. BLAYNE KIRSCH : JANUARY 24, 1992
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FAIR GRASS

VERTICAL PERCOLATION LAYER
= 6.00 INCHES

0.4530 VOL/VOL

0.1901 VOL/VOL

0.0848 VOL/VOL

0.1901 VOL/VOL

0.002160000149 CM/SEC

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

nnnuwul

VERTICAL PERCOLATION LAYER .
18.00 INCHES

0.4370 VOL/VOL

0.1053 VOL/VOL

0.0466 VOL/VOL

0.1053 VOL/VOL
0.001700000023 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

I

g mwunnn

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

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE

DRAINAGE LENGTH

nnunnnwnan



BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER
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

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

GENERAL SIMULATION DATA

€8.71
1055000. SQ FT
20.00 INCHES
8.8360 INCHES
2.6148 INCHES
0.7586 INCHES

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

nmwnntwhn

13.92008 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 20.50 31.20 45.80 57.00 66.30
70.60 68.50 60.10 49.50 35.10 22.40
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

O W Y S G L A P D P SIS Y A NN GED AN I AP S W D N GEN GEN SER GED GED S G IR S M M D S P S S e A N D Y S T U S S S S A -

O e A M S D D D D WD WP R e ki S D R TR S D G SR L S MR S TR G e W SRS S A

PRECIPITATION
TOTALS 0.83 0.96 1.98 3.01 2.77 4.46
3.34 3.48 3.24 2.43 1.91 l.46
STD. DEVIATIONS 0.35 0.50 0.97 1.29{ 1.02 1.92
1.78 1.66 1.94 1.30°  1.13 0.68
RUNOFF
------ t
[}
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.003 0.003 0.000 0.000
STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.012 0.011 0.000 0.000
EVAPOTRANSPIRATION
TOTALS 0.485 0.885 1.926 2.712 2.986 4.477

3.668 3.303 2.334 1.766 , 1.014 0.512

STD. DEVIATIONS 0.101 0.287 0.549 0.747 0.837 1.156
1.3089 1.462 0.817 0.794 0.331 0.130

IATERAL DRAINAGE FROM LAYER 3

-————— - ——— i S W ——— i

TOTALS 0.3176 0.2966 0.3508 0.3854 0.3856 0.3275
0.3301 0.2718 0.2133 0.2473 0.2554 0.3116

STD. DEVIATIONS 0.2442 0.2215 0.2100 0.2125 10,1904 0.1559
0.1865 0.1664 0.1369 0.2440 0.2580 0.2438

PERCOLATION FROM LAYER 4

———— —— — ——— . S —

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0©0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 ©.0000

dkkhkkkkhkhhhkhkhhkhhhhhkhkkhkhkhhkhkhhhkhkhkhkhkhkhkhhhhhhhhhhhkhkkhhhkhhhkhkhkhhhdhhhhkhkhkhhk
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

(INCHES) (CU. FT.) PERCENT
PRECIPITATION 20.88  ( 3.978)  2626598.  100.00
RUNOFF 0.005 ( 0.023) 458. 0.02
EVAPOTRANSPIRATION 26.068 ( 3.248) 2291855. 87.26
LATERAL DRAINAGE FROM 3.6929 ( 1.9954) 324669. 12.36

LAYER 3

PERCOLATION FROM LAYER 4 0.0003 ( 0.0000) 30. 0.00
CHANGE IN WATER STORAGE 0.109 ( 1.973) 9586. 0.36

AR Rhkhhkhkhhkhhhhkhkhhkhhhbhhhkhkhhkhkhhhhkhkhhhkhhhkhkhhhhkhkhhkhkhkhkhkhkhkhhkhkhkhkhkdkhkhkhkkhkkk
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PEAK DAILY VALUES FOR YEARS 1 TEROUGH 20
T T T (IncEES)  (cU. FT.)
PRECIPITATION 310 280454.2
RUNOFF 0.053 4619.3
LATERAL DRAINAGE FROM LAYER 3 0.0341 2998.7
PERCOLATION FROM LAYER 4 0.0000 0.1

HEAD ON LAYER 4 10.6

SNOW WATER 2.36 207107.8
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.2646

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0577

khkhkhhkkhkhkAxhhhkhkhkhkhkrrhdhhhhkhhhhhhhhkhhhhhhkhhkhkhhkhhkhkhhkhhkrrhhkdhhhkkhhrhkhkhkhkhkdh
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FINAL WATER BSTORAGE AT END OF YEAR 20

- - D S S D S S S D D D SR i s R A S G e e e S D D S S P W

LAYER (INCHES) _(VOL/VOL)
1 120 T 0.1992
2 ' 3.54 0.1968
3 1.78 0.1486
4 10.32 0.4300
SNOW WATER 0.00

Mhhkhhhhhkkhhhhhhhrrhhhdhdhhhhhhhhhhkhkhhhhkkhkhkddhhhhhkkddhhhkhhhhhkrrhhhs
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DUNN LANDFILL FINAL COVER DESIGN
COVER "C" @ 3 % SLOPES WITH EXCELLENT QA = 0.00001
J. BLAYNE KIRSCH : JANUARY 24, 1992
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FAIR GRASS

VERTICAL PERCOLATION LAYER
= 6.00 INCHES

0.4530 VOL/VOL

0.1901 VOL/VOL

0.0848 VOL/VOL

0.1901 VOL/VOL

0.002160000149 CM/SEC

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

- =

VERTICAL PERCOLATION LAYER
18.00 INCHES

0.4370 VOL/VOL

0.1053 VOL/VOL

0.0466 VOL/VOL

0.1053 VOL/VOL
0.001700000023 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

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

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE

DRAINAGE LENGTH
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BARRIER SOIIL LINER WITH FLEXIBLE MEMBRANE LINER
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

P

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

. INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

- LINER LEAKAGE FRACTION

¥ vl

(|1 T |

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

I O I T 1 |

13.9008 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

-

CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND

—— pr— |

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
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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 evaiuate the

following parameters:
e Biodegradability of specific organic contaminants under subsurface
conditions,
Presence of indigenous microorganisms, and

L 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 resuits 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. F_igure 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 [bs./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 thé thrée columns, a vacuum was
applied to one column to force a flow. However, evéri 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
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

g — . ——— T - i ——— i D S — — — — D D T S —— A L ————— - -

PRECIPITATION
TOTALS 0.83 0.96 1.98 3.01 2.77 4.46
3.34 3.48 3.24 2.43 1.91 1.46
STD. DEVIATIONS 0.35 0.50 0.97 1.29 1.02 1.92
- 1.78 l1.66 1.94 1.30 1.13 0.68
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.003 0.003 0.000 0.000

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.012 0.011 0.000 0.000

Ry

EVAPOTRANSPIRATION

TOTALS 0.485 0.885 1.926 2.712 2.986 4.477
3.668 3.303 2.334 1.766 1.014 0.512

STD. DEVIATIONS 0.101 0.287 0.549 0.747 0.837 l1.156
1.309 l.462 0.817 0.794 0.331 0.130

LATERAL DRAINAGE FROM LAYER 3

T ———— - . ———— T

TOTALS 0.3176 0.2966 0.3509 0.3854 0.3856 0.3275
0.3302 0.2718 0.2134 0.2473 0.2554 0.3116

STD. DEVIATIONS 0.2442 0.2215 0.2100 0.2125 0.1904 0.1559
0.1865 0.1664 0.1369 0.2440 0.2580 0.2438

/

PERCOLATION FROM LAYER 4

TOTALS 0.0000 0.0000 0.0000 ©0.0000 ©,0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

P [e— ey pm— o= p—— pr—— | pr— P S— prm— po——
g
O
)
e

STD. DEVIATIONS = 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
r 0.0000 0.,0000 0.0000 0.0000 0.0000 0.0000

khkhhhhhdkhkdkhkkkkkhkhkhhhhkhhkhhkhhkhdhhkhhkhkkhkkhkhkhkhkhkhkhhhkhkhhkhkhkhkdhhhhhkkhkhkhkkhhkthkkd
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AVERAGE ANNUAL TOTALS & (STD.

dhkkhkkkhhkkhkhkkhkhkkkhkhkkhkhkkkhkkhkdhhkhkdkhkthhkkidk

DEVIATIONS) FOR YEARS 1 THROUGH 20

(INCHES) (CU. FT.) PERCENT
PRECIPITATION 25.88  ( 3.978)  2626598.  100.00
RUNOFF 0.005 { 0.023) 458, 0.02
EVAPOTRANSPIRATION 26.068 ( 3.248) 2291855, 87.26
LATERAL DRAINAGE FROM 3.6932 ( 1.9954) 324698. 12.36

LAYER 3

PERCOLATION FROM LAYER 4 0.0000 ( 0.0000) 1. 0.00
CHANGE IN WATER STORAGE 0.109 ( 1.973) 9586. 0.36

khkhkkkkkhkhkhkkhkhhhhhhhkhhhkhkhkhhhkhhhhkhkhkdkhkhkhkhkhkkkhhkhhkhhhkhhhkhkdhhkkhkhkhkhkhhkhkhkhkkk
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 20

(INCHES) (CU. FT.)
PRECIPITATION " 3.19 280454.2
RUNOFF 0.053 4619.3
LATERAL DRAINAGE FROM LAYER 3 0.0341 2998.8
PERCOLATION FROM LAYER 4 0.0000 0.0
HEAD ON LAYER 4 10.6
SNOW WATER 2.36 207107.8
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.2646
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0577

khkhhkhkhkhkhkhkhhhhhhhkhhkhkhhhkhhhkhhkhhhkhhkhhkkhkhhkhkhkkhkhkhhkhhkhkhkhkhhhkhkkhkhkkhkkk
khkkkhkkhkkkkdkhkhkhkhkhhkkhhhkhkhhdhkhdhkhkhdhhhhdhhhhhhhhkhhhhbdhkhhhhhtrhhkhkhhkhhkhkhkkk

1

FINAL WATER STORAGE AT END OF YEAR 20
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LAYER (INCHES) {VOL/VOL)
1 120 To.1092
2 3.54 0.1968
3 1.78 0.1486
4 10.32 0.4300
SNOW WATER 0.00

hhkhkhkhkhkkhkhhhkhhhk kA RAhhhh ke h ARk kA hkh kA kA kR kAR A ARk kdhhkhdrkkk
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DUNN LANDFILL FINAIL COVER DESIGN
COVER "C" @ 9 % SLOPES WITH POOR QA = 0.01
J. BLAYNE KIRSCH : JANUARY 24, 1992
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FAIR GRASS

VERTICAL PERCOLATION LAYER
= 6.00 INCHES

0.4530 VOL/VOL

0.1901 VOL/VOL

0.0848 VOL/VOL

0.1901 VOL/VOL

0.002160000149 CM/SEC

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

nwnnu i

VERTICAL PERCOLATION LAYER

18.00 INCHES

0.4370 VOL/VOL

0.1053 VOL/VOL

0.0466 VOL/VOL

0.1053 VOL/VOL
0.001700000023 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

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
9.00 PERCENT

250.0 FEET

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOII. WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE

DRAINAGE LENGTH

e uwHsuwnun
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BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER
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

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

GENERAL SIMULATION DATA

68.71
1055000. SQ FT
20.00 INCHES
8.8360 INCHES
2.6148 INCHES
0.7586 INCHES

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

13.5008 INCHES

il

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

e AN W W W S ——— -

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

1

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
wle

-y = - - o —— - —— - — . . v 2. —— e — - - —— ——

15.60 20.50 31.20 45.80 57.00 66.30
70.60 68.50 60.10 49.50 35.10 22.40
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

T — — o i T, S —— i ke s S S S T . . S — P W T —— e S VIR R S e -
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PRECIPITATION
TOTALS 0.83 0.96 1.98 3.01 2.77 4.46
3.34 3.48 3.24 2.43 1.91 1.46
STD. DEVIATIONS 0.35 0.50 0.97 1.29° 1.02 1.92
1.78 1.66 1.94 1.30 1.13 0.68
RUNOFF .
------ x
TOTALS 0.000 0.000 ©0.000 0.000 0.000 { 0.000

0.000 0.000 0.003 0.003 0.000 0.000

STD. DEVIATIONS 0.000 ¢.000 0.000 0.000 0.000 0.000
0.000 0.000 0.012 0.011 0.000 0.000

EVAPOTRANSPIRATION

TOTALS 0.485 0.885 1.926 2.712 2.986 4.477
3.668 3.303 2.334 1.766 - 1.014 0.512

STD. DEVIATIONS 0.101 0.287 0.549 0.747 0.837 1.156
1.309 l1.462 0.817 0.794 0.331 0.130

LATERAL DRAINAGE FROM LAYER 3

e ikt e e T, - — - S A S S -

TOTALS 0.3836 0.3250 0.4563 0.4912 0.3288 0.1905
0.2882 0.0971 0.0702 0.3348 0.3216 0.4308

STD. DEVIATIONS 0.4129 0.3714 0.4027 0.3949 0.2609 0.1373
0.4371 0.1263 0.0945 0.7750 0.4480 0.4659

PERCOLATION FROM LAYER 4

TOTALS 0.0011 0.0010 0.0011 0.0011 0.0011 0.0010
0.0011 0.0011 0.0010 0.0011 0.0010 0.0011

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0001 0©.0000 0.0000

Rkhkhkhkhhhhhhhhhhhhhhhhhhddhhhhhkhhhhhhhhhhhhhbhdhdhhhhhhhhhhhkkkdhhkhd ik
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20
T Tanemes) | (cu. FT.)  PERCENT
PRECIPITATION 29.88 ( 3.978)  2626598.  100.00
RUNOFF 0,005 ( 0.023) 458. 0.02
EVAPOTRANSPIRATION 26.068 ( 3.248) 2291855. 87.26
LATERAL DRAINAGE FROM 3.7182 ( 2.2584) . 326889. 12.45

LAYER 3
PERCOLATION FROM LAYER 4 0.0127 ( 0.0002) 1115. 0.04
CHANGE IN WATER STORAGE 0.071 ( 1.604) 6281. 0.24

khkhhhhdhkkhkkkhhkhkdhhhkhkkkkhkhkhhhhhkhkhkhkdhkhhkhhkhdkhkhkhhhkhkhhhhhrhhkhkhhthkhkhhkhkhkhkdkkhk
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 20
T T T T (awenes) (ev. FT.)
PRECIPITATION --;tI;-- ;;S;gZ?;-
RUNOFF 0.053 4619.3
LATERAL DRAINAGE FROM LAYER 3 c.1181 10379.0
PERCOLATION FROM LAYER 4 0.0000 3.7

HEAD ON LAYER 4 5.8

SNOW WATER 2.36 207107.8
MAXIMUM VEG. SOIL WATER (VOL/VOL) '6.2646

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0577

khkdhkkhkhkhkhhhkhkhkhkhkhthkhkhkhkhkhrhkhkkhkhhkhkhhkhhhkhhhkhhkhhhhkhkhhkhkddhkhhhkhkkkhhkhkhhkikhkkhhkkkk
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FINAL WATER STORAGE AT END OF YEAR 20

A s e e A S — A o L S I Y S IR R W U S S SN D D GED D D GED SR e A . A G s e A D D IR IR N A RO S .

LAYER (INCHES) ~(VOL/VOL)
1 120 " 0.1992
2 3.54 0.1968
3 1.03 0.0860
4 10.32 0.4300
SNOW WATER 0.00

**********************************************************************f
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DUNN LANDFILL FINAL COVER DESIGN
COVER "C" @ 9% SLOPES WITH AVERAGE QA = 0.00025
J. BLAYNE KIRSCH : JANUARY 24, 1992

AR REARRRAR AR A AR AR A AR AR AR A A S AR AR AR AR kAR R AR AR A AR AR AR A AR Ak kkkk
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FAIR GRASS

- —— -

VERTICAL PERCOLATION LAYER
= 6.00 INCHES

0.4530 VOL/VOL

0.1901 VOL/VOL

0.0848 VOL/VOL

0.1901 VOL/VOL

0.002160000149 CM/SEC

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

mwann i

VERTICAL PERCOLATION LAYER
18.00. INCHES

0.4370 VOL/VOL

0.1053 VOL/VOL

0.0466 VOL/VOL

0.1053 VOL/VOL
0.001700000023 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

wuwnann

t

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
9,00 PERCENT
250.0 FEET

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE

DRAINAGE LENGTH

Bnnuonnno
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BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER
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

i

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

T I |

GENERAL SIMULATION DATA

68.71
1055000. SQ FT
20.00 INCHES
8.8360 INCHES
2.6148 INCHES
0.7586 INCHES

S5CS 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

13.9008 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

——— 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

I

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



L T T T T T

khkhkhkkhhkhhhkdhkkhkhkkhhhhhkhkhhhthhhhkhkkhhkhhhkhkhhkhhhhhkkkkhkhkhkhhthhkkkkhkkkkdhkk

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

——— —— D W W TR W W e wme e e ok Al S G W P VIS W e @ e e D R D G G S

PRECIPITATION
TOTALS 0.83 0.96 1.98 3.01 2.77 4.46
3.34 3.48 3.24 2.43 1.91 1.46
STD. DEVIATIONS 0.35 0.50 0.97 1.29 1.02 1.92
1.78 1.66 1.94 1.30 1.13 0.68
RUNOFF
TOTALS " 0,000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.003 0.003 0.000 0.000

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.012 0.011 0.000 0.000

EVAPOTRANSPIRATION
TOTALS 0.485 0.885 1.926 2.712 2.986 4.477
3.668 3.303 2.334 1.766 1.014 0.512
STD. DEVIATIONS 0.101 0.287 0.549 0.747 0.837 1.156

1.309 l.462 0.817 0.794 0.331 0.130

LATERAL DRAINAGE FROM LAYER 3

- — - — - ——— -

TOTALS 0.3846 0.3260 0.4574 0.4922 0.3298 0.1916
0.28%92 0.0982 0.0712 0.3358 0.3226 0.4319

STD. DEVIATIONS 0.4129 0.3714 0.4027 0.3949 0.2609 0.1373
0.4371 0.1263 0.0945 0.7750 0.4480 0.4659

PERCOLATION FROM LAYER 4

—————— o T T A — -

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
¢.0000 0.0000 0.0000 ©0.0000 0.0000 0.0000

khkhkhhkhdhhhhkhhhhhkhhhkhhhhkhhhhkhkhrhhkhkhhhhhhhkhhhkdhhkhhkhhdhhhhkhkhdhhhhdhhhhhhhhk
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20
T T T T  (InenEs) | (CU. FT.)  PERCENT
PRECIPITATION 20.88  ( 3.978)  2626598.  100.00
RUNOFF 0.005 ( 0.023) 458, 0.02
EVAPOTRANSPIRATION 26.068 ( 3.248) 2291855. 87.26
LATERAL DRAINAGE FROM ©3.7305 ( 2.2585) 327973. 12.49

LAYER 3
PERCOLATION FROM LAYER 4 0.0003 ( 0.0000) 28. 0.00
CHANGE IN WATER STORAGE 0.071 ( 1.604) 6284. 0.24

Rkhkkkdkhhkhkhkhhkhkhhhkhdhhhkhhhkhhkdkhkhkhhkhhhhhhkhkhkkkhhhkhkhhkthhhhkdhhkdtdhhkrhhhhkkk
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PEAK DATILY VALUES FOR YEARS

PRECIPITATION

RUNOQFF

LATERAL DRAINAGE FRCM LAYER 3

PERCOLATION FROM LAYER 4

HEAD ON LAYER 4

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)

1 THROUGH 20
T T T  (INckEs) (cu. FT.)
3.1 280454.2
0.053 4619.3
0.1181 10382.2
0.0000 0.1
5.8
2.36 207107.8
0.2646
0.0577

MINIMUM VEG. SOIL WATER (VOL/VOL)

hhkkhkkhkrthkhhhhhhkhkhkkhkhhkhkhkhhhhhhkhkhkhkhhkhhhhkkhhhhkhhkkhkhhkhdkhhkhhhhhkkhhhkhkihkkhhik
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FINAL WATER STORAGE AT END OF YEAR

20

S S D I I W S D G G G G S e e L L S S S P T e s sk S el S S A S S S S S Y S WS W A G -

LAYER (INCHES)
B 1.20

2 3.54

3 1.03

4 10.32
SNOW WATER 0.00

0.19%2
0.1968
0.0860

0.4300

khkhkhkkhkhhkhkhhhhkhhhhkhhkhkhhkkhkhkhkhkhkkhkhkhhkhhhkhkhkhkhkkhhkhhhhhhhhhhkhhkhhhdhdkhdrdhkhkidh
dkkhkkhkhkhkhhhhkhhhkhhhkhhkhdkhkhhhkhkdkhhkhdkhhkhhkkhhhkhhhhkhhhhhrhhhkhhhhrkhhhkhkikhhk



prot Vemm e

khkkhkhkhkhkhkhkhkhkhkhkhkhkkhhhhhkhhkhkhkhkhkhhkhthkhkkhkhkhhhkhhhhhkhkhkhhkktdkhkhhrhhhkthhkhkkhhkhhhhh
khkkhkkkdhhkhkkhkhhhhkhkhhhhhkhkkkhhhhhhkhkhhhkhkhhhhhkhkhhkhkhkhkhhhhkkhkhhhhhkhkhhhhhhkhkkhk

DUNN LANDFILL FINAL COVER DESIGN
COVER "C" @ 9 % SLOPES WITH EXCELLENT QA = 0.00001
J. BLAYNE KIRSCH : JANUARY 24, 1992
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FAIR GRASS

&
<
o3|
v
W)
- -

VERTICAL PERCOLATION LAYER

6.00 INCHES

0.4530 VOL/VOL

0.1901 VOL/VOL

0.0848 VOL/VOL

0.1901 VOL/VOL
0.002160000149 CM/SEC

THICKNESS

PORCSITY

FIELD CAPACITY

WILTING PQOINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

nonnuwun

VERTICAL PERCOLATION LAYER

18.00 INCHES

0.4370 VOL/VOL

0.1053 VOL/VOL

0.0466 VOL/VOL

0.1053 VOL/VOL
0.001700000023 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOCIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

Il

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
9.00 PERCENT

250.0 FEET

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SILOPE

DRAINAGE LENGTH



THICKNESS 24.00 INCHES
POROSITY 0.4300 VOL/VOL
FIELD CAPACITY 0.3663 VOL/VOL
WILTING POINT 0.2802 VOL/VOL
r INITIAL SOIL WATER CONTENT 0.4300 VOL/VOL
SATURATED EYDRAULIC CONDUCTIVITY 0.000000100000 CM/SEC
- LINER LEAKAGE FRACTION 0.00001000

[ BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER

I I |

GENERAL SIMULATION DATA

—— . gy e - -

68.71
1055000. SQ FT
20.00 INCHES
8.8360 INCHES
2.6148 INCHES
0.7586 INCHES

—— 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

hnwuuwons

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

—— — - —— - ———" - s . i s i i PP —— . ————

. 15.60 20.50 31.20 45.80 57.00 66.30
70.60 68.50 60.10 49.50 35.10 22.40
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

O T 0 i ol i A T —— T ——— T T — . f—— ———— e TR e v ————

e T L T T s VS

PRECIPITATION
TOTALS 0.83 0.96 1.98 3.01 2.77 4.46
3.34 3.48 3.24 2.43 1.91 1.46
STD. DEVIATIONS 0.35 0.50 0.97 1.29 1.02 1.92
1.78 1.66 1.94 1.30 1.13 0.68
RUNOFF
TOTALS "0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.003 0.003 0.000 0.000

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 g.012 0.011 0.000 0.600

EVAPOTRANSPIRATION

TOTALS 0.485 0.885 1.926 2.712 2.986 4.477
3.668 3.303 2.334 1.766 1.014 0.512

STD. DEVIATIONS 0.101 0.287 0.549 0.747 0.837 1.156
1.309 1.462 0.817 0.794 0.331 0.130

LATERAL DRAINAGE FROM LAYER 3
TOTALS ' 0.3846 0.3260 0.4574 0.4923 0.3298 0.1916
0.2893 0.0982 0.0712 0.3359 0.3226 0.4319

STD. DEVIATIONS 0.4129 0.3714 0.4027 0.3949 0.2609 0.1373
0.4371 0.1263 0.0945 0.7750 0.4480 0.4659

PERCOLATION FROM LAYER 4
TOTALS 0.0000 0.0000 O©0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 ©0.0000 0.0000 0.0000 0.0000

' 0.0000 0.0000 0.0000 0.0000 O0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 ©0.0000 0.0000

STD. DEVIATIONS

khkkhkhkhkkhkhkkhkhhkkhkhhhhkhhhhhkhkhhhkhkhhdkkhhhhkhhhhhhkhhdhhhhkhhhhkhhkhhkhdhhhkhkkkk
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20
T T TTTTTTUT(INcEES) | (CU. FT.)  PERCENT
PRECTPITATION 29.88  ( 3.978)  2626598.  100.00
RUNOFF 0.005 ( 0.023) 458, 0.02
EVAPOTRANSPIRATION 26.068 ( 3.248) 2291855, 87.26
LATERAL DRAINAGE FROM 3.7308 ( 2.2585) 328000. 12.49

LAYER 3
PERCOLATION FROM LAYER 4 0.0000 ( 0.0000) 1. 0.00
CHANGE IN WATER STORAGE 0.071 ( 1.604) 6284. 0.24

khkhkhkdkkkhkhhhhhhhkhkhhhkhkkkkkhkkhhkhhkhkhrkhhhkhhkhkhkhkhkkhkhhkhkhhkhhhhkhhhhkhhhkhhhdhdkk
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 20

Sl e S S —— ——_ I ——— — - . S — — . S S I S —— . S S T Tew - G I D . - —

(INCHES) (CU. FT.)
PRECIPITATION R 280454.2
RUNOFF 0.053 4619.3
LATERAL DRAINAGE FROM LAYER 3 0.1181 10382.3
PERCOLATION FROM LAYER 4 0.0000 0.0
HEAD ON LAYER 4 5.8
SNOW WATER 2.36 207107.8
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.2646
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0577

dkkkhkhhkhkhkhhhkhdhhkhkhkhhhkhkkhhhkkhhhhkhkkhhkhkhhkhkhkhkkhkikhkhhhhhkhhrdhhhkhkhkhhkkkkhtkk
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FINAL WATER STORAGE AT END OF YEAR 20

Dt o v — i P WP T S S D W S G T T S W e G T W T G G W P R T . — i i -

LAYER (INCHES) (VOL/VOL)
1 T 120 “0.1992
2 3.54 0.1968
3 1.03 0.0860
4 10.32 0.4300
SNOW WATER 0.00
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'Iha leakage fraction allows the model to sizmulate lezking synthetic
liners. Leakage fraccion is defined 3s the fraction of the horizontal area of
. soil through which percolation is occurring under the 1eax1ﬂg synthetic 1iner.

Browm et al, (1987) conducted laboratory experizments and developed pre=-
dictive equations to quantify leakage rates through various size holes through
synthetic liners over soil. They assuced a uniforz vertical percolation rate
equal to the saturated hydraulic cenductivity through a circular cross~
gseccional area of the soil liner directly beneath the hole. They developed
predictive equations for the radius of this flow cross section as a funcrion
of hole size, depth of leachate ponding and saturated hydraulic conductivity
of the soil. They found that this radius of saturated flow was significantly
greatex than the radius of the hole in the synthetric liner. For 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 synthecic lirner leakage fractions for landfill “odelllng given a spe-
cifiec level of synthe::c liner degradarion such as fuzber of openings per unit
area or average spaci ng between openings.
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Figure 5. Synthetic liner leakage fhaction as a function of number of
openings per acre and uniform grid spncing between openings.,
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March Smith

and

FINAL REPORT -
TREATABILITY STUDY ’
CONTAMINATED SOIL AND GROUNDWATER
HAGEN FARM SUPERFUND SITE
STOUGHTON, WISCONSIN
PROJECT NUMBER 110C0
September 24, 1991

(WPS.1 ¥10/82) 140 MEBS20MCOCL-FSRAPP

P E.LaMoreaux & Associates —




e o e e e e 78 e e i e 7
A .- . -

.

L I -

Waste Management of North America, Inc.

T———
” Midwest Region . ";#""'
. Two Westbrook Corporate Center » Suite 1000 JJ.P s

P.O. Box 7070
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June 11, 1991 v ;
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Mr, Charles Wilk -

City Disposal Corporation

Hazardous Waste Enforcement Branch
US.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, Schmoller:

“The purpose of this letter is to inform you that in the near future data and information
will be available which bas 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 that USEPA and WDNR allow the Hagen Farm
Treatability Studies to be applied at City Disposal. By doing so, however, it should be
recognized that the deliverable Technical Memorandum No. 9B, Detailed Analysis of




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 the
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 WMWT's proposal.

Sincerely,

_WMM

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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JUL 121991

Mr. March Smith L
Reredial Projects Manager

Waste Management of North 2America, Inc.

Midwest Region

Two Corporate Center, Suite 1000

P.0. Box 7070 :

Westchester, Illinois 60154

REPLY TO ATTENTION OF:
SHS-11

Re: City Disposal Corp. Landfill Technical Hemorandum 3a
Technical Memorandum 9b.

Dear Mr. S$mith

The United étates Environmental Protection Agency (U.S. EPA) has
completed its review of Technical Memorandum 3a of the Remedial

Investigation/Feasibility Study (RI/FS) for the cCity Disposal

Corporation Landf£fill "Superfund" site.

‘Based on the review of Technical Memorandum 3a, the U.S. EPA:
finds that the infermation available for this site is generally
sufficient to continue with the drafting of an Endangerzent
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 Resocurces. 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. Your letter propeses 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 propcsal
to hold merit and we shall be discussing your proposal as well as
schedule revisions with you shortly.

goo2

Printed on Recyded Paper



[ Tt oe7/18/91  12:40 19708 ,-.or—m; W/ N. AMERICA (' Qo003

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

B Sincerely, //%

Charle.s wilk
Remedial Project Manager

1]

cc: Mike schmoller, WDNR
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October 21, 1991

TO: Dee Bracich : ~ o
~ March Smith - .-

FROM:  Kevin O'Leary YO |-
SUBIECT: CITY DISPOSAL CORPORATION LANDFILL TREATABILITY MEMO

—

D T e e e e T e e

t

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
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.

The technical bases of this memorandum are supplied by the following documents:

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
" Number 1, *Warzyn Engineering, March 1989. ‘

3. *Treatability Study Report, Hagen Farm Site”, Waste Management of North America,
September 1991.

4. Correspondence with Peroxidation Systems, Inc. concerning chemical oxidation of CDCL
groundwater, July - September 1991.

The attached Table 1 provides a comparison of groundwater’ quality for the CDCL and Hagen

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 2zones of

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:
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- Both site groundwaiars have volatile organic contaminants with THF, ketones
.(acetone, MEK), and toluene or xylenes 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 Chemunl Precipitation) + Air Stripping + GAC
Adsorption

- Metals Precipitation (by Air 6xidaﬁon) + GAC Adsorption
- Metals Precipitation (by Air Oxidation) 4+ Activated Sludge Treatment
- .Metals Precipitation (by Oxidation) + Chemical Oxidation

In the Hagen Farm Treatability Study, all four altematives were demonstrated 1o effectively treat
the groundwater. For CDCL groundwater, this also should be the case. However, there are
refative process advantages/disadvantages, as well as secondary process consideratons 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 groundwater. 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 : .
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the groﬁndwater are not destroyed, but rather adsorbed. A residual is created with G.AC
treatment that requires off-site management, cither 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 utilizing 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 cqﬁclusionlrecommendations are
made regarding treatment of CDCL groundwater:

- The Air Stripping/GAC option is not recommended for the CDCL groundwater
treatment due cost and performance issucs 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.
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TABLE 1 -
"SHALLOW GROUDWATER QUALITY COMPARISON
CDCUHAGEN FARM SITES

VOLATILE ORGANIC COMPOUNDS

ACETONE 297 :
BENZENE 1.6 0.087
CARBON TETRACHLORIDE _ 0.3 Sl . 05
CHLOROETHANE 0.6

1,1-DICHLOROETHANE 37 .. 85
1,2-TRANS~-DICHLOROETHENE 7 20
ETHYL BENZENE 16.7 99 272
METHYLENE CHLORIDE 27.6 15
METHYL ISOBUTYL KETONE 10.6 :

METHYL ETHYL KETONE 260 2620
TETRACHLOROETHENE 0.6 0.1
TETRAHYDROFURAN 5274 5698 10
TOLUENE : 282 20 68.6
TRICHLOROETHENE 24 0.18
VINYL CHLORIDE 1.5 0.0015
XYLENES - , 44.3 1066 124

SEMIVOLATILE ORGANIC COMPOUNDS

BENZOIC ACID 2.1 780
2,4-DIMETHYL PHENOL 153
4-METHYL PHENOL 35 243
PHENQL 3a16 (1200)
1.4-DICHLOROBENZENE 10 (15)
BENZYL ALCOHOL 26
BIS-(2-CHLOROISOPROPYL)ETHER ‘19
NAPHTHALENE 15 8 (8)
4-CHLORO-3-METHYL PHENOL ) 7
DIETHYL PHTHALATE 45
BIS-(2-ETHYL HEXYL)PHTHALATE 18 {0.3)
DI-N-OCTYL PHTHALATE _ 5

METALS CONVENTIONALS

CADMIUM 1.4 1
IRON 8034 451 150
MANGANESE 393 1473 25
[TOTAL DISSOLVED SCLIDS 659100 250000




TABLE 2
CDCL SITE

GROUNDWATER TREATMENT

BASIS OF DESIGN

FLOW 155 GPM"
NUMBER OF RECOVERY WELLS 3
METHOD OF EFFLUENT DISCHARGE SURFACE WATER

EFFLUENT QUALITY PERFORMANCE

HAGEN FARM TREATABILITY RESULTS

FACILITY OPERATING FREQUENCY 7 DAYS/WEEK
INFLUENT CONDITIONS ‘
—CHEMICAL OXYGEN DEMAND 150 mg/i
—TOTAL SUSPENDED SOLIDS 60 mg/l
—_IRON 10 ma/t
—MANGANESE 4 mg/l
——BARIUM 1 mg/t
—ACETONE 297 ugll
—METHYL ETHYL KETONE 260 ug/|
—TETRAHYDROFURAN . 5274 ugl

- |AIR STRIPPER INFORMATION .
—AIR/WATER RATIO 100
—REMOVAL EFFICIENCIES VOLATILES >30
—REMOVAL EFFICIENCY,THF & MEK 30
——REMOVAL EFFICIENCY, ACETONE 0
GRANULAR ACTIVATED CARBON INFORMATION |
—-ABSORPTION 10mgTHF/gGAC
ACTIVATED SLUDGE INFORMATION
—LOADING F/M 0.1gCOD/gVSS—cay
—SLUDGE YIELD 0.15gvSS/gCOD
—MIXED LIQUOR CONCENTRATION,MLVSS 2250 mg/t
—MLVSS/MLTSS RATIO 0.7
—AERATION TYPE - FINE BUBBLE
CHEMICAL OXIDATION INFORMATION
—SYSTEM TYPE PEROXIDE+UV LIGHT
—CHEMICAL DOSAGE 30 ma/l H202
—POWER REQUIREMENT 350 kW

NOTES:" FLOW CHOSEN BASED ON CURRENT RI/FS ESTIMATES




TABLE 3
CDCL SITE

TREATMENT FACILITY COST ESTIMATE

. OPTION
AR STRIP+GAC;

GROUNDWATER RECOVERY WELLS(3,INSTALLED) $60,000 $60,000 $60,000 $60,000
PROCESS EQUIPMENT $995,400 $861,600 $1,088,100 $1,194,000
INSTALLATION(@30%OF PROCESS EQUIPMENT) $298,620 $258,480 $326,430 $358,200
BUILDING/CIVIL WORK $262,500 $257.500 $450,000 $257,500
FACILITY COST(FC) $1,616,520 $1,437,580 $1,964,530 $1,869,700
ENGINEERING,PERMITTING(@12% FC) $193,982 $172,510 . $235,744 $224,364
CONTINGENCY,INSURANCE(@15% F£C) $242 478 $215,637 $294,680 $280,455
TOTAL INSTALLED FACILITY COSTS $2,052,960 $1,825,727 $2,494,953 $2,374,519

-~



TABLE 4
CDCL SITE

GROUNDWATER TREATMENT
ANNUAL OPERATING COST ESTIMATE

[AIRSTR+GAC |GAC’
o | TREATMENT | |TREATMENT / {TF
LABOR $16/HR WAGE,1.33 FRINGE MULT. $66,400 $66,400 $88,500 $66,400
ANALYTICAL RCRA,QRTLY PRI.POL,MTHLY VOC's| $40,400 $40,400 $44,400 $40,400
CHEMICAL
POLYMER $2.00/# FOR METALS BIOLOGICAL $40,800 $40,800 $61,100 $40,800
GAC-LIQUID $1.25/#, REGENERATION+SERVICE $282,300 $447,800 $0 $0
GAC-VAPOR $1.25/#, REGENERATION+SERVICE $121,000 $0 $0 $0
LIME $90/TON;1.59/l DOSAGE $46,700 $0 $0 $0
HYDROCHLORIC ACID $76/TON;1.70/l DOSAGE $38,700 $0 $0 - $0
PHOSPHORIC ACID $0.18/4 $0 30 $300 $0
ANTIFOAM $2.00/#,FOR BIOLOGICAL 50 $0 $20,400 $0
SULFURIC ACID $0.06/# $0 $0 $0 $25,900
CAUSTIC $0.15/4 $0 $0 $0 $84,600
HYDROGEN PEROXIDE|VENDOR QUOTE $0 $0 $0 $26,000
DISPOSAL $350/TON $36,800 $36,800 $47,700 $36,800
UTILITIES HISTORICAL DATABASE $78,000 $52,100 $82,300 $250,700
MAINTENANCE @3% TOTAL FACILITY COSTS $61,600 $54,800 $74,900 $71,300
MISCELLANEQOUS @1.5% OF TOTAL FACILITY COSTS $30,800 $27,400 $37,400 $35,600
DEPRECIATION 30 YEAR, STRAIGHT LINE $68,400 $60,900 $83,200 $79,200
INTEREST 10% ANNUAL BOOK YALUE $106,100 $94,300 $128,900 $122,700
ADMINISTRATION HISTOFIICAL DATABASE $48,000 | . $48,000 $48,000 $48,000
TOTAL COSTS . L - [ $1,066,000 [ . $969,700 [ #§717,100. |+ %§928,400
PROCESSING COSTS, SIGALLON < $0,0030 1 $0,0119 { 71 $0.0088 80,0114
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EXECUTIVE SUMMARY

The Hagen Farm Superfund Site, located in Stoughton, WI, 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, WI, 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 recei\{ing water or a POTW. This method will provide containment of
the site as well as provide proper treatment and disposal of the contaminated
groundwater.

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
clean up the contaminated soil and groundwater in the saturated zone. Oxygen,

nutrients, and if necessary, microorganisms are added to the groundwater to promote
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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 $2,353,000, with a total processing cost
of 1.19¢/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 _
soi! bioreactor and soil column studies were conducted to évaluate 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 sa‘r'nple 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-insoijuble and recalcitrant
organics are present. Most of the organics in soil are probably the ones found in the
groundwater which are biodegradable.

If saturated zone soils are not contaminated, then only groundwater would need
remediation. However, if the site saturated zone soils are contaminated, then
bioremediation is a potential methodology for soils treatment based on the following
observations: the oxygen uptake rate (OUR) was high for the reactor receiving



microbial supplement; there was sufficient total organic carbon {(TOC} in the soils to
support the growth of microorganisms; contaminants currently found at the site are
biodegradable; and there was no metal toxicity observed during soil testing performed.
If the recommended soil characterization shows that significant saturated zone organic
contamination exists, an on-site field in-situ bioremediation study should be performed
to better evaluate the biodegradability of the saturated :zone soil and the site
hydrogeology prior to full scale implementation. )

. e



1.0 INTRODUCTION

The Hagen Farm Superfund Site, located in Stoughton, Wisconsin, is owned by Wa-ste
Management of Wisconsin, Inc (WMWI}). The site is now undergoing Remedial
Investigation/Feasibility Study (RI/FS) for remediation and eventual closure. Warzyn
Inc., of Madison, WI, is conducting the RI/FS.

The main disposal area of thé 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.

Based upon information prepared by Warzyn Inc., in the ,June 1990 Conceptual Site
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
indicates that organic compounds {primarily petrochemicals and tetrahydrofuran} are
the dominant contaminants found in the groundwater, with a smaller number of

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. Remedidtion 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
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the Hagen Farm site. They are:

1. Groundwater pump-and-treat method

2. In-situ bioremediation

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
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
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
process employs conventional technologies used in wastewater treatment, such as
air stripping, aerobic biological treatment, granular activated carbon (GAC) adsorption,

UV/chemical oxidation.

The second remedial alternative, in-situ bioremediation, would involve reinjection of
the treated groundwater back into the aquifer in order to remediate the contaminated
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

biological activity and degrade the insoluble organic contaminants in the soil.

In-situ bioremediation has the advantage of being able to treat the subsurface soil
without excavation. However, its success depends not onfy upon the biodegradability
of the organics in $oil, but also upon the site hydrogeology. In fact, the site
hydrogeology will significantly influence the oxygen and nutrient availability to the
microorganisms, and is thus important to the success of the project. Therefore, field

testing of this alternative is a necessary step prior to full-scale implementation.

Although site information indicates that two classes of spent nonhalogenated solvent
wastes (FOO3 and FO0O5) were disposed on site, the U.S. EPA has indicated that the

1-2
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groundwater will not be considered hazardous by the multi-source hazard code FO39
(See Appendix A for correspondence regarding this matter). Therefore, residuals from
any treatment or remediation will not be classified as hazardous by the FO39 code.

This report describes the potential treatment processes for remediation of Hagen Farm
groundwater and saturated zone soil, justifies and selects the processes analyzed for
the treatability study, and discusses the procedures and results of the treatability
study. Additionally, the report supplies conceptual design and process economic

analyses for the remedial alternatives.
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2.0 OBJECTIVES

The objectives of the treatability study were as follows:

1.

Evaluate the various treatment technologies and select a proper treatment

process for the remediation of contaminated Hagen Farm groundwater and
saturated zone soil.

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 Purﬁp-and-Treat {(Groundwater Treatment) A

Based on the initial groundwater characterization provided by Warzyn Inc., {see Table
3.1), the contaminants potentially requiring treatment in the groundwater are generally
characterized as organic compounds {volatile organic compounds [VOCs], semi-volatile

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], uitraviolet (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 accompﬁshed by air
stripping. In air stripping, organic compounds disso.ive"d in the liquid phase are
transferred to the vapor phase by the increase of the coniact 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
packed column is tﬁe most common type of air stripper. In the counter-current
packed cofumn, 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.
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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 xylenes 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 vatious waste-
waters because GAC adsorbs a wide variety of organic compounds. t any 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
évaluate the efficiency of the process to develop design parameters. ’
3.1.1.3 Chemical Oxidation

Chemical oxidation uses strong oxidizing agents to react and destrdy organics in
groundwater. Among the generally considered oxidizing agents are chlorine, ozone,
hydrogen peroxide, chlorine dioxide, and potassium perr'nanganate. In most cases,
ultraviolet {UV) light is used in conjunction with the oxidizing agents (such as

hydrogen peroxide and/or ozone) to improve the oxidation process efficiency.

Recent technological innovations have increased the applications for chemical
oxidation. However, chemical oxidation/UV treatment still has several limitations.
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
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

3-2



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/H,0, 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 resuits.

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.

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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include iron and manganese. Commonly used treatment methods for these metals are
chemical precipitation and air oxidation precipitation, ion exchange, and reverse
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*?) form and the
manganese is in the bivalent state (Mn*2). The ferrous (Fe*? form and bivalent
manganese {(Mn*?) form are soluble and readily converted to the more insoluble ferric
(Fe*?) and quadrivalent manganese (Mn**) salts through aeration. They can then be

removed in subsequent treatment processes such as sedimentation or filtration.

3.1.2.2 lon Exchange

ton exchange is a process in which ions, held by ele‘ctr‘bstatic forces to charged
functional groups on the surface of a solid are exchangéd for ions or similar charge
in a solution in which the solid is immersed. lon exchange is used for ultra high
quality water treatment, primarily as a éecondary or tertiary metals treatment process
for water. Synthetié resins are presently used for most ion exchange applications.
The potentially large flow and relatively high metals concentrations of the Hagen Farm

groundwater make the use of ion exchange uneconomical.

3.1.2.3 Reverse Osmosis
Reverse osmosis {RO) is a process in which water is se_parated 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.

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.

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 Dbiological,
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 concentratio‘ns,
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 hecause 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.

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 bicaugmented, nutrient
supplemented water source for an in-situ treatment of the soils in the saturated

z0ne,

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. f 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 H,0, are also added to provide the essential ingredients for
microbial biodegradation of organics in the subsur‘faée. The site hydrogeology
significantly affects the transfer and the availability of the nutrients and oxygen as
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.



4.0 TREATABILITY STUDY PROTOCOL i
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. Groundwater 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 tt;e following
reasons: (1) there was no previous contamination history upon which to détermine 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 'phenoI) because these compbunds are water soluble and would be treated in the
groundwater treatment scheme. |

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 instrumehtation 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, lllinois 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, biclogical treatrﬁent, 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 aflilow 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

filed 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. '

1

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 ft*/ft>. 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 t_a_ac'h 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 6f 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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circulated the groundwater through the UV reactor and back into the reservoir thus
providing continuous mixing of the feed tank. For certain tests, the groundwater pH

was adjusted to approximately 5 and catalyst in the form of ferrous ammonium sulfate

‘was added to promote chemical oxidation reaction.

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 k
reactor as shown in Figure 4.4. Air was supplied to a 6.4 liter reactor through an air
diffuser 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 ﬁ"na! samples were analyzed
for the parameters listed in the Target Compound List iAppendix B) as well as for

alkalinity, chloride and sulfate.

4.2.6 Metal Precipit,ation

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 n0fmallv conducted to provide information concerning the feasibility
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 reiatively 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 soit 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}): ,
L Rate and extent of biodegradation for various organic contaminants such

as THF, xyiene, phenols, etc.

Nutrient requirement (nitrogen and phosphorus)

Oxygen source {aeration versus H,0,)

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 organics be determined, but also the relative rate of degradation
between a bioreactor condition and a subsurface envirgnrﬁent could be established.
The oxygen source requires evaluation since both aerafion 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
and supplemental mi;:roorganisms. 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 hydrogeological 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 Collection and Characterization ' )

The soil 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 galion 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
{20 kg) and the remaining one-third (gravel) was retaihéd on the screen. Material
passing the screen was used for the soil characterization and for the bioreactor and
soil column treatability studies.

The screened soils were characterized for the physical, chemical and microbiological
paraméters 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:
e Biodegradability of specific organic contaminants under subsurface
conditions,
Presence of indigenous microarganisms, and

L] 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 thlf'e'e 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 c’blumn 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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screened soil would not provide conducive environment for in-situ bioremediation, the
original unscreened soil sample (which consisted of a third of gravel larger than 1/4
inch diameter} may have different characteristics for in-situ applications. The
preliminary field hydraulic conductivity results from Warzyn’s investigation seem to
indicate that is the case. Field testing of this process is recommended.
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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
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.

Only three VOCs were detected in the groundwater sample, which confirms the
previous finding that'ethylbenzene, tetrahydrofuran and xylene (total) are of significant
quantity in the groundwater. All three compounds are highly biodegradable and
should be easily removed biclogically. )
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
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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 ratié 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 cornpouhds, (e.g. THF), rﬁakes it necessary to add
an additional treatment process after the air stripper, if air stripping is to be used.
However, these soluble organic compounds are fairly biodegradable a v should be
easily removed by a biological unit, such as an activated sludge unit o;:quid phase
GAC. A vapor-phase GAC adsorption or catalytic oxidation unit may be needed to
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 appérent
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 resuits 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 {SRT) of the reactor was
controlled at 65 days. ‘

Phosphorus was added for microbial nutritional requireméhts 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
measured every othér 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 particulates 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 NaQOH, or allowing for air oxidation

to induce metal precipitation.

5.1.5 UV/Chemical Oxidation 7

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 wa'-s ‘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
3.6 mg/l as Fe to prc'Jmote 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 resuits included pre-filtration of the groundwater and UV/oxidation at a ﬁH of
5.0 with a H,0, concentration of 200 mg/l. |t 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 ifert solids build up, or plugging problems.

An air oxidation test was also conducted to evaluate the feasibility of simple aeration
to oxidize Fe*? to Fe*? 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 Treatability Study Summary

1.

‘The experimental results can be summarized as follows:

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.

Alr stripping alone cannot remove the major contaminant, THF, and thus is not
a preferred process in Hagen Farm groundwater treatment without additional

treatment processes.

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.

An activated sludge unit which was operated at 0.1 gCOD/gVSS-d (65 days
SRT) 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.

Metal precipitation tests exhibited good removal of metals. In the test
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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 A

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

resuits 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. lt also shows the
difficulties of spiking to low levels, because the detection limits of several compounds |
are higher than the added concentration. {n 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. t

The results of the GAC test are shown in Table 5.11. The results show Jwat 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
adsorptive capacity for GAC is calculated to be 19 mg THF/g GAC at an influent
concentration of 55,000 yg/l. The THF adsorption capacity determined in this study,
along with the value of 4.5 mg THF/g GAC for an influent of 18,500 ug/l, determined
in the previous pump test study, will be used to design' a GAC adsorber. A value of
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
influent THF concentration, 10 mg THF/g GAC is selected for the process design.

This value is an estimate interpolated from the two experimental vaiues.

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 lower than 5 mg/l, indicating good
treatment efficiency. No VOCs were detected in the effluent, and bis{2-ethylhexy})
phthalate was the only semi-VOC detected in the effluent. However, the phthalate

concentration was very low.

The biological sludge was not characterized for TCLP compounds. However, the full-
scale treatment system design was based on the assumption that the sludge was

hazardous.

5.2.5 Spiked Groundwater Treatability Study Summary

The experimental results can be summarized as follows:

1. The spiked concentrations were fairly close to the target concentrations for the
Hagen Farm groundwater.

2. The air stripping test confirmed the previous findings that soluble VOC's such
as tetrahydrofuran and methyl ethyl ketone are not very strippable. Thus, air
stripping is not a preferred process for treating Hagen Farm groundwater
without additional treatment processes.

3. The GAC column study showed that the adsor_ption capacity of GAC for THF
is low at a high concentration. The study confirmspﬁr previous results for non-
spiked groundwater. Bis(2-ethylhexyl)phthalété was found to be non-
adsorbable even at a low concentration (10 yg/L or less).

4, The activated sludge study for the spiked groundwater resulted in BOD
concentration’of less than 5 mg/L and TSS less than 10 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
ical r risti _
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 _t,hf‘ee hydraulic conductivity
measurements are attached in Appendix E. h |

The hydraulic conductivity of the screened soil as determined by this method was in
the range of 10™* cm;sec. This range is within the range of values for unconsolidated
deposits such as glacial till, silty sand and silt (loess}’. 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" 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 ¢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* cm/sec range.
Normally a permeability value of approximately 10 ¢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/cm® (132 Ibs/ft®). This value is comparable to the earlier density value of 150 Ibs/ft®
to which the soils were compacted in the columns (see Section 4.3.3).

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
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 .
percentages of sand, silt and clay. Sieve size was chosen based on the United States.
Department of Agriculture {USDA) soil particle classification. Approximately 83

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
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.

!

Chemical risti

The soil sample received at the Geneva Research Center (GRC} from the Hagen farm
site was collected from bore hole BT8-1 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 yg/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 sail, however, as discussed in later
h 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

u available.

icrobiologica! 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 SHouId respond to available
substrate(s}. These substrates can include organic compounds on the Target
Compound List (TCL), as well as existing biodegradable soil organic matter such as

_ . e

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

=l

determine the general bacterial population density. Results of a total heterotrophic

plate count on the original soil sample collected in the saturated zone ata 10 - 30 foot

depth showed there to be some microbiologica! activity in the soils for oxygen-utilizing

bacteria. The total plate count was 1.6 x 10° cfu/g dry soil. There appears to be a

5-12
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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 aquifers?.

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. HReactor 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.

rganic Removal Efficien
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 liguid 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 yg/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, MI, 1985. p 130.
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Low levels of some heavy metals were detected in the samples (As, Cr, Cu, 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 dissoived 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 | for figures s’;powing Day
16, 25, and 32 results). The data from the dissolved oxygen levels fc;‘r 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
O,/L/hr on the first day and decreased to zero for the remainder of the study. The
OUR for Reactor 4 {which received H,0, and microbes) had the highest values of all
four reactors throughout the study, indicating the highest biological activity.

icrobiological merati
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 pbpulations 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

substratels).

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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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 10" as.compared to 2 to 3 x 10® 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 H,0,) 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:

1. The saturated soil sample received for treatability studies was not contaminated
with compounds on the Target Compound List. This soil sample may or may
not be representative of on-site soils since the‘s’oi'l samples were screened
through 1/4™ mesh to remove coarse gravel for the soil bioreactor study. A
comprehensive survey/characterization of saturated soils may be performed to
determine the contamination profile, strength, location and other

characteristics.

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; th'ere is sufficient TOC in the

soils to support the growth of microorganisms; contaminants currently found

5-15



at the site are biodegradable; and there was no metal toxicity observed for the
sample tested.

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.

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.

Field in-situ biodegradation studies are needed if this option is selected as an
alternative for site remediation. Ifa grouhdwater pump-and-treat system (with
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
test. The effluent would also provide acclimated microorganisms for a

supplemental source of organisms.
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[ 6.0 CONCEPTUAL PROCESS DESIGN/ECONOMICS
- 6.1 Groundwater Treatment
L Section 5.1 listed four alternatives for successful treatment of Hagen Farm

- groundwater:

T Option 1: Metals Precipitation + Air Stripping + GAC Adsorption

~ Option 2: Metals Precipitation + GAC Adsorption

u 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 resuits of the pumping test conducted by Warzyn Inc., and is intended for

cost comparison purposes among different treatment options.

6.1.1 Option 1: Metal Precipitation (Lime Precipitation) + Air Stripping + GAC
l Adsorption

The process flow sheet for this option is given in Figure 6.1. The process consists
l 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
pH. Lime precipitation is necessary to remove calcium and magnesium in the
| groundwater to prevent scaling. The groundwater, which has polymer flocculant
J_ 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
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

reinjected into the site via an injection well system. Sludge is dewatered prior to off-

r

site disposal in a filter press.

t
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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

CcOsts).

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 8 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 meta! suspended solids. The effluent from the metals/
solids removal is passed through GAC columns pribr to discharge into a hoiding 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.

The total installed facility cost for this groundwater processing option would be
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$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.

6.1.5 Groundwater Treatment Comparative Process Analysis

Table 6.4 summarizes the capital and total operating cost for the feasible treatment
alternatives for Hagen Farm groundwater. The Activated Sludge Process (ASP), while
having the highest capital cost, has the lowest operating costs. The ASP option could
also provide necessary micro-organisms for in-situ soil bid'remediation. Itis, therefore,

the recommended treatment option for the Hagen Farm Site.

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):
6-3
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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 broundwater pump-and-
treat system (which would serve as a source t;f water for the injection

4

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 reinjectibn 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

The in-situ bioremediation field study will involve reinjeq_tidn of the effluent from the
above-ground groundwater pump and treat system. All ‘'or a portion of the treated
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
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
stimulate aerobic microbial degradation. Results from the laboratory bioreactor
treatability studies indicate that supplemental microorganisms are probably required
to enhance the biological activity in Hagen Farm saturated soils. However, addition
of commercial microorganisms may not be needed since the treated effluent will

contain microorganisms which have been acclimated to the contaminants in the
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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
1.

Pump and Treat Remedial Alternative

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 concernin the Hagen
Farm groundwater. lron 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.

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.

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 siudge 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
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total processing cost {including capital and operating) at 1.19¢/gal.

in-Situ Bioremediation Alternative

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,

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.

Field in-situ bioremediation studies would be the most optimum approach to
evaluate the combined effort of site characteristics, Including hydrogeology, soil
profiles, and biodegradation and will be necessary to confirm laboratory results

for Hagen Farm site.

!
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EMS HERITAGE LABORATORIES, INC.

1319 MARQUETTE DRIVE
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(708)378- 1600
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CHEMICAL WASTE MANAGEMENT, INC
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CHEMICAL WASTE MANAGEMENT, INC -

- et e

BILL LIV ACCOUNTING
- GENEVA RESEARCH CENTER GENEVA RESEARCH CENTER
4 1950 S BATAVIA AVENUE 1950 S BATAVIA AVENUE
1 I GENEVA, IL 60134 GENEVA, IL 60134
‘ 1 arple Deseripeion
1 PROJECT: STATE OF WISCONSIN PROJECT -HAGEN FARM
SAMPLE 1D.: 026
'i DESCRIPTION GW CHARACTERIZATION
- CYANIDE TOTAL (AUTOMATED) SW846-9012 :
Anslyst: 4, CRIFPIN Analysfs Dute: OB-FES-#1 Inscrument: AUTO-ANALYZER Test: G101.4. O
l | Prep: CYANIDE DISTILLATION SW846-9010
Parametar Result far, Limit units
CYANIDE o BOL 0.25 Ima/ka |
[ PCB/PESTICIDE SCAN GC:ECO SwW844-8080
Anatysts L, DONSING Anslysie Dete: 15-FEB-91 Imstrument: GC/ECD Tast: 0303.1. @
Prep. G SEPARATORY FUNNEL LIQUID LIQUID EXTRACTION Sw845-3510
L. 1 Paremeter Resutt Det, Limit units
ALPHA-BKC 8DL 0.00005 | mg/L
' SETA-BHC BDL 0.00005 | mg/L
llf DELTA-BHC BDL 0.00005 | mg/L
GAMMA-BHC {LINDANE) BOL 0.00005 | mg/L
{| HEPTACHLOR 8OL 0.00005 { mg/L
l, ALDRIN BOL 0.00005 | mg/L
H HEPTACHLOR EPOXIDE BOL 0.00005 | mg/L
ENDOSULFAN I BOL 0.00005 | mg/L
DIELORIN BOL 0.0001 | mg/L
4,4'-0DE . BDL 0.0001 | mg/L
ENDRIN BOL 0.0001 | mg/L
ENDOSULFAN 11 BOL 0.0001 | mg/L
4,4’-00D ' BOL 0.0001 | mg/L
ENDQSULFAN SULFATE BOL 0.0001 | mg/L
4,.4'-D0T BOL 0.0001 { mg/L
METHOXYCHLOR BoL 0.0005 | mg/L
ENDRIN XETONE BOL - 0.0001 | mg/L
‘It ALPHA-CHLORDANE BOL 0.0005 { mg/L
| GAMMA-CHLORDANE BOL 0.0005 | mg/L
TOXAPHENE BOL 0.001 | mg/L
PCB AROCHLOR 1016 BOL 0.0005 | mg/L
PCB AROCHLOR 1221 BOL 0.0005 | ma/L
PCB ARQOCHLOR 1232 BOL 0.0005 | mg/L
PCB AROCHLOR 1242 BOL 0.0005 | mg/L
PCB AROCHLOR 1248 BOL ©.0005 | my/L
HLOR 1254 | BOL 0.0010 | mg/L 1
Page 1
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EMS HERITAGE LABORATORIES, INC. Lad Sample 1D Cl27991
Paraneter ' Result [ Toer. uiate units |
PC8 AROCHLOR 1260 BOL 0.0010  mg/L
. 54 % _Ree
GC SEPARATORY FUNNEL LIQUID-LIQUID EXTRACTION SW848-3%510
Analytt: M. KECITR Armlysis Cater Vi-pER-9 Test: #3338.1, 8
fFaramater fesult Oat. Liniy Unice
INITIAL WEIGHT OR VOLUME 990 n |
FINAL VOLUME _ 10 m
CYARIDE DISTILLATION SK846-3010 i
Arnalysty D, JOSEPN Anslysis Dates 08-r59-91 ) Teat: P01 .4, 0 t
Poramater Resule Det. Limf(e Units _—
INITIAL WEIGHT OR VOLUME 10 Grams
FINAL YOLUME 250 { nl
S
MERCURY CYAA ACID DIGESTION OF AQUEQUS SAMPLES SW846- 7470 { }
Aalysty J. WARE Analysis Dater 11-FEB-91 Tebts P134.6, 0 1
Parsmeter Aesuls Dot. Lindg Units i
INITIAL WEIGHT QR VOLUME 100 m )
| FINAL YOLUME 100 ml_
MERCURY CVAA $W846-7470 1
Anglyste J. WArt # Date: 12-FER-91  [nytrumeat: CVAA Toats H120.1. 0 i
Prep: MERCURY CVM ACID DIGESTION OF AQUEOUS SAMPLES SwB4&-7470
Perumtar Result , | pet, Linmit Units
MERCURY o BOL 0.0008 | mq/L
GFAA ACID DIGESTION OF AQUEOUS SAMPLES SWg48-3020 '
Analysts B, MANN Anelysis Dates 12-FES-91 Tese: P130.6. 0
Parmmter * Resuit Ost, Limig units
INITIAL WEIGHT OR VOLUME 50 mL
FINAL WEIGHT OR VOLUME _ £Q mL

} ARSENIC GFAA sws4s 7060

Analysts W, WATNE Analysts Dates '3-FEB-91  Inetrument: GFAA
Prep: GFAA ACID DIGESTION OF AQUEQUS SAMPLES SW846-3020 '

Test: N103.2. 1

Pargmter

Resuln
ARSENIC [0.036 .

fat, Limie units
0.010 |

[~ SELENIUM GFAA SW846-7740

Analyats P, SiN8 yeis Sate: 13-108-94  Irstrument: OFAA

Prep: GFAA ACID DIGESTION OF AQUEOUS SAMPLES SW846-3020

—
Tests m128.2. © '

Peraneter Result Bet. {imft inics

| SELENTUM 8L 0.0050 | mg/L _
FAA OR ICP ACID DIGESTION OF AQUEOUS SAMPLES SW848-3005 ° -

Analyste AL JATTILO Analysie Dater 09-7e8-91 . Tese: 9130,4, 0

Pararater Result Oet. Lieit unite
INITIAL WEIGHT OR VOLUME 50 ml
FINAL WEIGHT _OR_VOLUME 50 _ ml

Page 2
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Lab Sample 1D: e£127991

ALUKINUM ICP SWE46-6010

Aalyst: W Aralysfs Dater 12-FEB 91  Inerrument: Test: N101.3, ¢ l
Prep: FAA OR ICP ACID DIG.STION QF AQUEQUS SAMPLES Swa4é- 3005 __j
P— Result [ ter, . '
ALUMTNUN e o " 92050 | mast
ANT INONY mp $W846-6010 ' i
Analyst: N, Anglyais Dater 17-FEN-91 [metrumnt: 1CP Test: #102.3. 0 :
Prep: FAA 0R ICP ACID DIGESTION OF ACQUEQUS SAMPLES SWE46-3005
Paramoter : | fasute 1 Det, L't Uniey
NT IMONY [ 80 0.030 | mq/L
IERYLLlUN ICP SN846-6010 o
Anatyst: Anaiysis Dater 12-FE8-91  lmatrument; Teat: M108.3, 0
Prtp' FAA OR ICP ACID DIGESTION OF AQUEOUS SAMPLES SW846- 3005 ‘
Pacamecer Result Bet. Lints Unfts
| BERYLLIUM . | 80L 0.0050 Img/L i
BARIUN ICP S¥a4§-6010 1
Aalysts Anelvale Oatar 12-7€8-91  [retrument: Teat: M104.3, ©
Prep FAA OR ICP ACID DIGESTION OF AQUEOUS SAMPLES SWB4E- 3005 _
Parameter Result Dot Limit Units T
| BARIUN 0.49 0.010 {mast |
CADMIUN !CP $W848-6Q1Q
Analysts A, ve's Date: 12-FEB-91  Imtrument: Tasty N108.3. O
Prep: FAA OR ICP ACID DIGESTION OF AQUEQUS SAMPLES SW846- 3005 .
nrmur Result Det. Limit Units
| camrun BOL 0.0050 Ino/t
CALCIUH ICP SN845-6010 l
Amalysts Analysis Oate: 12-FEB-91 Irstrument: 1CP Test: N109.3. &
Prep- FAA OR ICP ACID DIGESTIOH OF AQUECUS SAMPLES SW246-300% f
Parameter Result bet, Limie Lnits |
CALCIUM 200 0.29 { ma/L
' CHROMIUN ICP $W845-5010
Aralyst: W, J ysis Date: 12-FE-91  Inatrument: - Tewt: N110.3. &
Prep: FAA OR ICP ACID DIGESTIOH OF AQUEQUS SAMPLES SW846- 3005
Perameter Result Oet. Limit Units
CHROMIUM _ 80L 0,910 i m/L
COBALY ICP S$¥W846-6010
Anatyst: M. JAQ Analyafs Date: 12-FE8-91 {rmteumenc: {CP Test: WITLY, @
Prep: FAA OR ICP ACID DIGESTION OF AQUEOUS SAMPLES SW846-3005
Parsmater Result Det. Limit | Units
COBALT __leo 0.0]0 ! ma/L
COPPER ICP SWa4s-6010 ‘
Aralyst: M, JAD Analysfie Coter 12-728-1 [{retrument Test: M112.3. 0
Prep: FAA CR ICP ACID DIGESTION OF AQUEOUS SAMPLES SH846 3005
Parsrmtar Tesuit bet. Liailt Units
COPPER BOL —0.020 ma/t
Page 3
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EMS HERITAGE LABORATORIES_. INC. Lab Sample [D: C127591
IRON 1CP SH846 6010
Aailyst) ysis Datet 12-FEB-91  Ipgtrument: 1CP Test: #115.3, 0
Prep: FAA OR 1CP ACID DIGESTION OF AQUEQUS SAMPLES SwW846-3008
Parametar fasutlt Pe. Lindt units
JRON 27. 0.020 | mg/L
LEAD ICP SW345-6010 ' l
Anaiydt: W Aralysis Dates 12-FEB-9Y  Instrument; ILP Tests H115.3. 0 ‘
Prep: FAA OR ICP ACID D!GESTION OF AQUEOUS SAMPLES SW846-300§
Paramater Resutit i Det. Liniy Units :
LFAD 80, | 0050 I mast
HAGNESIUH !CP SW845-6010
Ansiyst: % Aatyats Datey Y2-PE0-91 Imatrument: 1CP Test: 11,3, 0
Prep: FAA OR ICP ACID DIGESTION OF AQUEQUS SAMPLES SWB46.3008 .
Paramater Resylte Det, Linft Units
MAGNESIUM 80, 0.20 i ma/t
HANGAHESE ICP SWB46-6010
Anstysty yuis Dater 12-FER-T matmnn 1ce Test: N19.3. ¢
Prep. FAA OR ICP ACID DIGESTION OF AQUEQUS SAMPLES SWB46-3C0S
Farsmater fesult Set. Limit Unizs
| MANGANESE 0,077 0.010 L
i MICKEL ICP $Wa46-6010
Aratystr o, yailg Date: 12-FEB-"1  [retrumenc: Test: Ni22.3. 0
B Prep: FAA QR ICP ACID OIGESTION OF AQUEQUS SAMPLES Sw846- 3005
Pacamtet Rasult Set. Limit units.
| NJCKEL 0.023 8.010 (mg/t |
POTASSIUN TcP $Wa4¢-6010 ]
Angilysts A, Anslysis Dave! 12-FE8-91 Irstrument; 109 Test: N124.3, &
Prep: FAA OR [CP ACID DIGESTION OF AQUEQUS SAMPLES SH846 3005
Parameter fesult Pat, Limit units
POTASS UM ] 21, 0.20 {ma/t |
SILYER ICP $W846-5010
Analyst: N. JaC Analysis Date: 12-729-91 Imstrument: [0 fest: M130.3. 0
Prep: FAA OR ICP ACID DIGESTION OF AQUEOUS SAMPLES SW846-3005
Pnrmt» Resutt Det, Liait Unity -
SILVER BOL 0.910 | ma/L
SODIUN 1CP SWads-6010
Anslyst: M. JAO ysfe Qate: 12-7ER-91  Tretruoents | Test: Wi31,3. 0
Prep° FAA CR ICP ACID DIGESTION OF AQUEOUS SAMPLES SWB46- 3005
nmur Result pat, Liele Units
| SQDIUM _'_g. 0.20 { my/t
THALLIUH ICP $W846§-5010
Aratyst: yuis Date: 12-FEN-91 lmtn.m Test: Ni13L.3, 0
Prep* FAA CR 1CP ACID DIGESTION OF AQUEOUS SAMPLES SWB46- 3005 i
Parameter ' Reault Oet. Limit Units l
{ THALLIUM B804 0.30 | ma/\ i
Page ¢
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ENS HERITAGE LABORATORIES, INC.

Lab Sample ID: C127991

VARADIUN ICP SWg46-5010

Aeiyeti A ralysis Datss 12-FEB-91 ln.:rmn-ntl 124 Test: M34.3. @
Prep: FAA GR ICP ACID DIGESTION OF AQUEQOUS SAMPLES Swedé- 3005.
raramtar Repult Dat. Linit unita
VANADIUM BOL 9.910 I m
ZINC ICP SH346 6010
Analyst: M, ralysis Dates 12-7E3:91 Instrumnt: ! Test: M139.3. 0
Prep: FAA OR ICP ACID DIGESTION OF AQUEQUS SAMPLES SWB46- 3005
' Parameter Resulz Det. Liait Untts !
ZINC 0,036 0.020 | ma/L ]
ALCOHOLS BY GC:FID SW846-8015 ;
Anplyst: J, SMITH Analysis Dster 18-FER-91 [nstrument) JC/FID Test: 0400.0, 2 :
Paramter fegult Oeot. Limit Unizy
ISOBUTYL ALCOHOL 80L 5.0 | mg/L .
METHANOL - 8DL 0.5 | mg/L
N-BUTYL ALCOHOL BOL 5.0 | my/L :
CYCLOHEXANONE 0L 0.5 ! masL a
YOLATILE ORGANICS SWB846-8240 ' :
Arnalysts 3, SHARP _ Anatyals Dater 146-723-91  Instrument: GE/MY VOA Tesr: 0310,3. 0 .
Parsmeter Result [ Det. Linit units |
ACETONE 80L 2000 | ug/L |
BENZENE BOL 500 ; ug/L
8RCMOOICHLOROMETHANE 80L $¢0 | ug/L
BRCMOFORM 8oL 800 { ug/L
BRCMOMETHANE 8DL 1C00 { wg/L
CARBON DISULFIDE BOL 500 { ug/L -
CARBON TETRACHLORIDE BOL 500 { ug/L
CHLOROBENZENE 80L 5C0 [ ug/L
. CHLORCETHANE BOL 1000 | ug/L
t CHLOROFQRM BOL 00 | ug/L
CHLOROMETHANE BOL 1000 | ug/L
. DIBROMOCHLOROMETHANE BOL 500 | ug/L
! CIS+1,3.-B1CHLOROPROPENE BOL 500 ! ug/L
1,1-DICHLOROETHANE BOL 500 | vg/L
1,2-DICHLOROETHANE BOL 500 | ug/L
1,1-DICHLOROETHENE BOL 500 | vg/L
1,2-DICHLORCPROPANE BDL 500 | ug/L
ETHYLBENZENE 3200 $00 | ug/L
2~HEXANONE BOL 1000 | ug/L
METHYLENE CHLORIDE 80L ~ 500 | ug/L
METHYL ETHYL KETONE BOL 1000 | ug/L
§-METHYL-2-PENTANONE 80L 1000 | ug/L
STYRENE 80L §00 | ug/L
1,1,2, 2-TETRACHLOROETHARE BDL 500 | ug/L
TETRACHLOROETHENE BOL 500 | ug/L
TeETRAMYDROFURAN 65000 2500 | ug/L
TOLUENE 8oL - 500 | ug/L
1,2-0ICHLOROETHENE (TOTAL) 8oL 500 { ug/L
TRANS-1,3-D]CHLORQPROPENE BOL 500 {ug/L
1,1,1-TRICHLOROETHANE BOL 500 { ug/L
1,1,2-TRICHLOROETHANE 80L 500 | ug/L
TRICHLOROETHENE BOL 500 | ug/L
VINYL ACETATE BOL 1000 | ug/L
VINYL CHLORIDE BOL 1000 | ug/L
XYLENE (TOTALY 20000 800 | ug/lL :
Page




v mm o owmm- - --

“az 2z

PP L20l3 NT .

e s m e
- P |

EMS HERITAGE LABCRATORIES, INC.

Lab Sample ID: C127991

Peramater Resuit Det. Linic units |
SURROGATE RECOVERY l
DICHLOROETHANE-D4 101 % Rec .
TOLUENE-D8 101 % Re¢ '
BROMOFLUORQIENZENE 96 % Rec \
ALSO ODETECTED
ETHYL ETHER BOL 5 {ug/L_
GC/NS SEPARATORY FUNNEL LIQUID-LIQUID EXTRACTION 5W845-3510
Anslyst: €, CIESIELSX] Analysis Dater O7-CER-9Y Tost: P238.4. 0
Paramecer Result Det. Limle Unite !
INITIAL WEIGHT OR YOLUME 965 mt :
_FINAL VOLUME 1 al__
SEM]- VOLATILE ORGAHICS (BASE/NEUTRAL ACID FRACTIONS) SHB46-8270
Analyst: A, BRACRY s Oote: O8-FER-91  [natrument: GC Test: 0508.35. 0
Praep: GC/MS SEPARATORY FUNHEL LIQUID-LIQU!D EXTRACTION SH846 3510 ]
Parsmater Result Det. Limie Units
ACENAPHTHENE BOL 10 | ug/tL
- ACENAPHTHYLENE BOL 10 | ug/L
{ ANTHRACENE BOL 10 | ug/L
BENZ (A)ANTHRACENE 80L 10 } ug/L
BENZO(A)PYRENE BOL 10 { ug/L
BENZO(B)FLUQORANTHENE BOL 10 | ug/L
BENZO(G,H, I)PERYLENE BOL 10 | ug/L ~
BENZO (X ) FLUQRANTHENE 8OL 10 | ug/L-
BENZYL ALCOHOL BOL 10 | ug/t”
BENZYLBUTYLPHTHALATE 8OL 10 | ug/L
BIS{2-CHLORQETHOXY )METHANE B0L 10 { ug/L
BIS(2~CHLOROETHYL)ETHER BOL 10 | ug/L
815(2-CHLOROISOPROPYL)ETHER BOL 10 [ vg/L
B1S(2-ETHYLHEXYL) PHTHALATE BDL 10 | ug/L
4-BROMOPHENYLPHENYLETHER 8OL 10} ug/L
4-CHLOROANILINE 8oL 10 { ug/L
2-CHLORONAPHTHALENE 80L 10 | ug/L
4-CHLOROPHENYLPHENYLETHER B0OL 10 | ug/L
CHRYSENE BOL 10 | v/t
DIBENZ{A,HYANTHRACENE BDL 10 . ug/L
DIBENZOFURAN BOL 10 | ug/L
1,2-DICHLORCBENZENE BOL 10 | ug/L
1,3-DICHLOROBENZENE BOL 10 | ug/L
1,4-21CHLORCBENZENE ' BOL 10 | ug/L
3,3’ -DICHLORCBENZIDINE 80L 20 | ug/L
DIETHYLPHTHALATE 18 10 { ug/L
DIMETHYLPHTHALATE 8oL 10 | ua/L
DI-N-BUTYLPHTHALATE BOL 10 | ug/L
2,4-DINITROTOLUENE BOL 10 | ug/L
2,6-DINITROTOLUENE BOL 10 | ug/t
DI-N-QOCTYLPHTHALATE BOL 10 | ug/L
FLUORANTHENE BOL 10 { ug/L
FLUORENE 8OL 10 | ug/L
HEXACHLOROBENZENE BOL 10 { ug/L
HEXACHLOROBUTADIENE BDL 10 | ug/L
LHEXACHLOROCYCLOPENTADIENE BOL 108 | ug/L 2
Page




e S_: TLE-3Té-lill 23 22,5 ShESR
EMS HERITAGE LABORATORIES, INC. Lab Sample 10: C127991
r Paremater Reduit Oat. Linit unite
HEXACHLOROETHANE 8OL 10 { ug/L ‘l
INDENO(1,2,3-CD) PYRENE 8OL 10 fug/l !
15S0PHORONE 8oL 10 { ug/L !
2-METHYUNAPHTHALENE BOL 10 | ug/L
NAPHTHALENE EST 8 10 | ug/L
2-NITROANILINE 80L 0 | ug/L
3-NITROANILINE BOL 50 | ug/L
4-NITROANILINE BOL 50 | ug/L |
NITROBENZENE 8DL 10 | ug/L ‘
N-NITROSO-DIPHENYLANINE BOL 10 | ug/L ;
N-NITRCSO-DI-N-PRCPYLAMINE BOL 10 | ug/L |
PHENANTHRENE L 10 ug/L
PYRENE : 8OL 10 | ug/L i
PYRIDINE 80OL 8¢ { ug/L ’
1,2,4-TRICHLOROBENZENE 8DL 10 { ug/L .
BENZOIC ACID ) BOL $0 | ug/L |
4-CHLORO-3-METHYLPHENOL BOL 1C | ug/L
2-CHLOROPHENOL BDL 10 | ug/L
2,4-DICHLOROPHENOL 80t 10 | ug/L
2,4-0IMETHYLPHENOL BOL 10 | ug/L
4,6-DINITRQ-2-METHYLPHENOL BOL £Q | ug/L
2,4-DINITROPHENOL BOL §0 { ug/L
2-METHYLPHENOL BOL 10 | ug/L
4-METHYLPHENOL 80L 10 { ug/L
2-NITROPHENOL BOL 106 | ug/L
4-NITROPHENOL 8bL 50 | ug/L
PENTACHLOROPHENOL BOL 50 ) ug/L .
PHENOL BOL 10 ug/L.
2,4,5-TRICHLGROPHENQL 80L 10§ ug/L-
2,4,6-TRICHLOROPHENOL 80L 10 { ug/L -
SURROGATE RECOYERY A
2-PLUORQPHENOL 0 % Re¢
PHENOL-DS 44 % Rec
NITROBENZENE-DS 133 % Rec
2-FLUCRCBIPHENYL 82 % Rec
2,4,6-TRIBROMOPHENOL 62 % Rec
| TEIPHENYL-D14 _ 68 % Rec
*Poor surrogate recovery dus to sample matrix.
ALKALINITY TOTAL EPA 310.3% ' :
Aralyaty 8, TILLRAN Analysfe Date: 148-FER-91 Teat: G403.2. 0 _
Parsmcter Resutit J Det, Lialt units
LALKALINITY 910 4 L
CHLORIDE SM 407A
Aralyst: L. DIAZ Aralysis Dote: %-rEd-9 Test: G102.4, 0
Paramater Reault oet, Linis units
CHLORIDE 4] 1.0 {me/t
Page 7
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[{ ENS HERITAGE LABORATORIES, INC. Lab Sample ID: ei12791
SULFATE TURBIDIMETRIC EPA 378.4 _
- Aralysty L. BIAL Aralysfs Date: 15-FEL-94 Tesr: G1CA.5, O i
[ arwmater l Resutt oet. Lislt | gnies
| |loueare L s -
BIOCHEMICAL OXYGEN DENAND EPA 405.1
[l‘ Analysts D, RINELLA-SIEKERMAR Analysis Dete: 08+RER-9T Test: G801.4, @
Forsmater I Result Det. Linit units
| BIOCHEMICAL OXYGEN CEMAND 53 24 | masi
[I CHEMICAL OXYGEN DEMAND (LOW LEVEL) EPA 410.2
Analyst: €. SKLENAR Aralysis Dater 08-FED-I Teot: §301.2. 0 .,
_ Parumeier Result . det. Linit | units ’
Ll  CHEMICAL OXYSEN_DEMAND 390 40 ' ma/l
PHOSPHORUS EPA 365.2 ‘ N
- Aralyst: D, RINELLA-STENERMAN Analysis Dater 20-F10-91 Toaks W24.1. 0
‘ ' Perameter Result et/ Linit Units i
1 | PHOSPHORUS 0.40 0.05 | mg/L %
AMMONIA DISTILLATION EPA 350.3 ]
{ ‘ Analyst: O. RINELLA-SIEZKERMAN Analysie Date: 18-FEN-91 Testr P203.4. 0 ‘
Paramater frsule Dat. Limit unizs
INITIAL WEIGHT OR VOLUME 209 ml
[‘ FINAL VOLUNE 200 al
AMMONIA NITROGEN EPA 350.3
Anatyst: D. RINELLA-S!EXERMAN Anclysfs Date: 19-FE9-91 Test: C203.4, 0 .
Il Prep: AMMONIA DISTILLATION EPA 350.3
Paremater | Result Det, LInit | Units ‘
| LNITROGEN, AMMONIA 30 0.5 ma/L
ll KJELDAHL NITROGEN TOTAL (TXN) EPA 381.3
Amalyst: D, RIWELLA-SIEXEXMAN - Anolysis Date: ti-PER-0 Testy G292.4,. 0
Parpmater tesult fet. Lin'e l Unita
“ nmossn, KJELDAML 3 -
' Savple Comments l
‘; Scmpn JHts were proper?y preserved at £MS Labs. A marked color change was b
- 'oOser-v after the addition of preservatives compared to the unpreserved splits. l
80L Below Detection Limit |
L EST  Estimated Value |
Preliminary Certificate : Last Page 8
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Analytical Results for Air Stripping Test



CERTIFICATE

GENEVA RESEARCH CENTER
GENEVA, IL 60134

0F ANALYSTS
Ssrvice Location Received Lab 1D
EMS HERITAGE LABORATORIES, INC. 25-FER.91 c128411
e PP
04-MAR-91 | WI.PROJECT-
(708)378-1600 it JECT-HAGEN. ..
05-MAR-91 |  25-FEB-91
Report To _ Bill To
CHEMICAL WASTE MANAGEMENT, INC CHEMICAL WASTE MANAGEMENT, INC
ENBOUEHE /[ .. ACCOUNTING

GENEVA RESEARCH CENTER
1950 S BATAVIA AVENUE
GENEVA, IL 60134

{
!
|
] 1950 S BATAVIA AVENUE
|

Sample ODescri

SAMPLE 1D.: 052-02-25-91-00

ption

PROJECT: STATE OF WISCONSIN PROJECT- HAGEN FARM

_ YOLATILE ORGANICS SwW846-8240

Araiyst: $. BUSSEY Analysis Date: 28-FE3-9%

fratrumant: GL/NS VOA

Test: 0510.3. ©

Paramatar Result Qet. Limit Unitg
l ACETONE BOL 20 | ug/L
BENZENE 57 5 [ ug/L
CHLOROBENZENE BOL 5} ug/L
DIBROMOCHLOROMETHANE BOL 5 | ug/L
| l' ETHYLBENZENE BOL 5] ug/L
METHYLENE CHLORIDE BOL 5 ug/L
METHYL ETHYL KETONE BOL 10 | ug/L
“ TETRAHYOROFURAN * 52000 5000 | ug/L
| TOLUENE BOL 5 ug/L
1 1,2-DICHLOROETHENE {TOTAL) BOL 5 ) ug/L
|| VINYL CHLORIDE 11 10 | ug/L
f, XYLENE (TOTAL) * 11000 2500 | ug/L
| ETHYL ETHER 10 5| ug/L
i ~~URROGATE RECOVERY
t DICHLOROETHANE-D4 95 % Rec
l‘L TOLUENE-08 100 % Rec
BROMOFLUOROBENZENE 8% % Rec
/| *Quantitated from 1:500 dilution analyzed on 3/1/91.
l
il
[ Sarpie Comments '
S See Note for Parameter
[§ B0L Below Detection Limit
”—Jua]ity Assurance Officer: __( EZ! NP SO’ -Q..._‘Q Last Page 1



CERTIFICATE OF

ANALYSTIS

Servica Location

EMS HERITAGE LABORATORIES, INC.
1319 MARQUETTE DRIVE
ROMEOVILLE, IL 60441

(708)378- 1600

Received Lab 10
25-FEB-91 128412

Complete PO NuyrDer
04-MAR-91 | WI.PROJECT-HAGEN. . .

Princed Sampled
05-MAR-91 25-FEB-91

Report To

CHEMICAL WASTE MANAGEMENT, INC
WENDY MOUCHE

GENEVA RESEARCH CENTER

1950 S BATAVIA AVENUE

GENEVA, IL 60134

8ill To

CHEMICAL WASTE MANAGEMENT, INC
ACCOUNTING :
GENEVA RESEARCH CENTER

1950 § BATAVIA AVENUE

GENEVA, IL 60134

SAMPLE 1D.: 059-02-25-91-00

Sample Deseription

PROJECT: STATE OF WISCONSIN PROJECT-HAGEN FARM

ALCOHOLS BY GC:FID SW846-8015

Analyst: J. SNITN Aralysis Data: 01-MAR-91 [Irmstrument: GC/FID Test: 0490.0. 0
[ Paramater Result ‘ Det. Limit Units
‘ [SOBUTYL ALCOHOL BOL 2.5 { mg/L
METHANOL BOL 0.50 | mg/L
N-BUTYL ALCOHOL BOL 2.5 | mg/L
l CYCLOHEXANONE BDL 0.25 ) mg/L
Sample Cormants
l!_ 80L Below Detection Limit
| |
l F
i
-
 §
'+
-\ .
l-Qua'th Assurance Officer: G?(_,\_A_,C' Q) D, Last Page 1




CeRITIF I CATE

0F ANALYSTS

[I ' oo Tt

Received Lab 1D
EMS HERITAGE LABORATORIES, INC. 25-FE8-91 £128413
Lt MELETE I o L
* 04' - . R - PP
II (708)378-1600 saR-91 | WI.PROJECT-NAGEN,
05-MaR-91 | _ 25-f€B-9)

Iy —

CHEMICAL WASTE MANAGEMENT, INC

gitL To

CHEMICAL WASTE MANAGEMENT, INC

[[ SAMPLE 1D.: 053-02-25-91-15

" WENDY MOUCHE ACCOUNTING

[_ GENEVA RESEARCH CENTER GENEVA RESEARCH CENTER
1950 S BATAVIA AVENUE 1950 S BATAVIA AVENUE

[I_ - GENEVA, IL 60134 GENEVA, IL 60134

ample Description

PROJECT: STATE OF WISCONSIN PROJECT HAGEN FARM

[l - VOLATILE ORGANICS SW846-8240
Anslyst: S. BUSSEY

Analysfs Date: 26-FED-91

Instrument: GC/NS VOA Test: 0510.3. 0

. Parasuter Result ) Det. Limit Units
|' ACETONE BOL 20 | ug/L
[_ BENZENE B8OL 5 | ug/L
CHLOROBENZENE BOL 5| ug/L
l DI1BROMOCHLOROMETHANE 8DL $ | ug/L
l ETHYLBENZENE 8DL 5 | ug/L
METHYLENE CHLORIDE 8DL 5 | ug/L
METHYL ETHYL KETONE BOL 10 | ug/L
l TETRAHYDROFURAN * 46000 5000 | ug/t
| TOLUENE 80L 5 { ug/L
1,2-DICHLOROETHENE (TOTAL) BDL 5 | ug/L
l VINYL CHLORIDE 80L 10 | ug/L
l‘ XYLENE (TOTAL) 330 S | ug/L.
; FTHYL ETHER 8DL 5| ug/L
l] ‘SURROGATE RECOVERY ,
i DICHLOROETHANE-D4 96 | % Rec
TOLUENE-D8 100 % Rec
1, _BROMOFLUOROBENZ ENE 95 % Rec
;t *Compound quantitated fraa 1:500 dijution analyzed on 3/1/91.
'” Sarple Commants
; See Note for Parameter '
}[BDL Below Detaction Limit
L
H,E_Ouality Assurance Officer: Mg‘g; - Last Page 1
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[ CERTIFICATE OF ANALYSIS
i- “7 Service Location Received . Lab 10
EMS HERITAGE LABORATORIES, INC. | _25-FEB-91 128414
I7| it ot e P
) 04-MAR-91 | WI.PR -
(708)378-1600 P inted ' OJECT-HAGEN
l |» ' 05-MAR-91 |  25-FEB-9}
i teport To sitl To
[ CHEMICAL WASTE MANAGEMENT, INC CHEMICAL WASTE MANAGEMENT, INC
' WENDY MOUCHE ACCOUNTING
i GENEVA RESEARCH CENTER GENEVA RESEARCH CENTER
1950 S BATAVIA AVENUE 1950 S BATAVIA AVENUE
' GENEVA, IL 60134 GENEVA, IL 60134
i
[ ! Sampie Description
‘ PROJECT: STATE OF WISCONSIN PROJECT-HAGEN FARM
I SAMPLE 1D.: 060-02-25-91-30
Il ““ALCOMOLS BY GC:FID SW846-8015
' Anslyst: J. SNITH Analysis Date: O1-MAR-91  Instrument: GC/FID Test: 0490.0. 0
l . Parammter Result Dat. Limit Units
ISOBUTYL ALCOHOL . 80L 2.5 | mg/L
1t METHANOL ' BOL 0.50 | mg/L
I N-8BUTYL ALCOHOL ) ' BOL : 2.5 { ma/L
CYCLOHEXANONE 8DL 0.25 I ma/L

f
‘ i Serple Comments
IBDL Below Detection Limit

j

ll‘_,,‘

’

Quality Assurance Officer: (Q\ a3 'Kh ) Q,. - )_ Last Page 1
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CERTIFICATE 0 F ANALYSTIS
EMS HE;.E:G.ELT.;B';RATORI ES, INC. | 25“;.““ 288
O] e e i
(708)378-1500 Printed T samies
05-MAR-91 25-FEB-91
Report To giil Yo

CHEMICAL WASTE MANAGEMENT, INC
WENDY MOUCHE

GENEVA RESEARCH CENTER

1950 S BATAVIA AVENUE

GENEVA, IL 60134

CHEMICAL WASTE MANAGEMENT, INC
ACCOUNTING

GENEVA RESEARCH CENTER

1850 S BATAVIA AVENUE

GENEVA, IL 60134

ample Description "

PROJECT: STATE OF WISCONSIN PROJECT HAGEN FARM

SAMPLE ID.: 054-02-25-91-30

7 YOLATILE ORGANICS SW848-8240

Aralynt: $. SUSSEY Aralyuis Oate: 28-FEQ-91

Instrumant: GE/MS VOA Test: 0510.3. 0

Perametar Result Det. Limit Units

ACETONE BOL 20 | ug/L
BENZENE BDL 5 |ug/L
CHLOROBENZENE BOL 5 | ug/L
DIBROMOCHLOROMETHANE BOL * 5 | ug/L
ETHYLBENZENE BOL _ 5 | ug/L
METHYLENE CHLORIDE BOL 5 ( ug/L -
METHYL ETHYL KETONE BOL 10| ug/L
TETRARYDROFURAN * 39000 5000 | ug/L
TOLUENE BOL 5| ug/L
1,2-DICHLOROETHENE (TOTAL) BOL 5 | ug/L

' VINYL CHLORIDE BOL 10 { ug/L
XYLENE (TOTAL) 27 51 ug/L
FTHYL ETHER BOL . ' 5| ug/L

| SURROGATE RECOVERY
DICHLOROETHANE-D4 88 % Rec
TOLUENE-D8 100 % Rec
BROMOF LUOROBENZENE 107 % Rec
*Compound quantitated fran 1:500 dilution analyzed on 3/1/91.

Sample Commants

o See Note for Parameter
BOL Below Datection Limit

lauality Assurance Officer: Last Page !

|
l
|
l

L




R SRPE EELASESE EE -

u'; K1 1LrlLAiIE OF

ANALYSIS

l,’- Servica Location
EMS HERITAGE LABORATORIES, INC.
1319 MARQUETTE DRIVE.
l ROMEOVILLE, IL 60441
"I' (708)373-1600

Arceived Lab (o
25-FEB-91 C128416

Complete PO Number
04-MAR-91 | WI.PROJECT-HAGEN. ..

Printed Samplied
05-MAR-9] 25-FER-91

I l— Report To

CHEMICAL WASTE MANAGEMENT, INC
- WENDY MOUCHE
Ll— GENEVA RESEARCH CENTER
1950 S BATAVIA AVENUE
i GENEVA, IL 60134

sl 1o

CHEMICAL WASTE MANAGEMENT, INC
ACCOUNTING

GENEVA RESEARCH CENTER

1950 S BATAVIA AVENUE

GENEVA, IL 60134

SAMPLE ID.: 061-02-25-91-60

Saple Description

- PROJECT: STATE OF WISCONSIN PROJECT-HAGEN FARM

- "ALCOHOLS BY 6C:FID SN846-8015
Ansiyst: J. SNITH Anslysis Date: 01-MAR-9T Instrument: GE/FID Test: 0490.0. 0
L Paramater fesutt Det. Limit Units
[ ISOBUTYL ALCOHOL BOL 2.5 | mg/L
METHANOL BOL 0.50 | mg/L
1| N-BUTYL ALCOHOL BOL 2.5 | mg/L
BOL 0.25 | mg/L

t CYCLOHEXANONE
|| ——

ll B0L Below Detection Limit

Sarple Commants

I—

‘ Juality Assurance Officer: C_@\ S S Q\QA _ Last Page 1

r—
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CERTIFICATE OF ANALYSIS
Service Location Recaived Lab 1D
_ EMS HERITAGE LABORATORIES, INC. 25-FEB-91 c1284
I || i s P P
04-MAR-91 | WI.PROJECT-
(708)378-1600 k- 1 ECT. :AGEN. ...
l 05-MAR-91 25-FEB-9]
[ Report To ML To
r CHEMICAL WASTE MANAGEMENT, INC CHEMICAL WASTE MANAGEMENT, INC
ACCOUNTING

_l WENDY MOUCHE

GENEVA RESEARCH CENTER
1950 S BATAVIA AVENUE
GENEVA, IL 60134

GENEVA RESEARCH CENTER
1950 S BATAVIA AVENUE
GENEVA, IL 60134

SAMPLE ID.: 055-02-25-91-60

Sample Oescription

PROJECT: STATE OF WISCONSIN PROJECT-HAGEN FARM

——p——
- |

' r-VOLATILE ORGANICS 5W848-8240
Ansiyst: $. BUSSEY

Aralysis Date: 28-FEB-91

instrument: GC/MS VOA Test: 0510.3. 0

Paramater flesult Det. Limict Unics
| ACETONE BOL 20 | ug/L
BENZENE BOL S | ug/L
CHLOROBENZENE BDL 5 | ug/L
l DIBROMOCHLOROMETHANE BOL 5 ug/L
ETHYLBENZENE BOL 5 1 ug/L
METHYLENE CHLORIDE 8DL ' 5 | ug/L
l METHYL ETHYL KETONE 8DL 10 | ug/L
l_ TETRAHYDROFURAN * 36000 5000 | ug/L
TOLUENE 80L 5| ug/L
1,2-0ICHLORCETHENE (TQTAL) BOL 5 { ug/L
l' VINYL CHLORIDE BOL 10 | ug/L
XYLENE (TOTAL) 19 ' 5 [ ug/L
| ETYL ETHER BOL 5 | ug/L
ll -SURROGATE RECOVERY
1" DICHLOROETHANE-D4 93 % Rec
TOLUENE-D8 102 % Rec
, 8ROMOF LUORQBENZENE 101 % Rec
"W *Compound quantitated from 1:500 dilution analyzed on 3/1/91. '
_‘ﬁ
‘ Sample Comments
i See Note for Parameter
N0 Below petection Limit
1
‘ —Quality Assurance Officer: QQI_A: )= SQ_L Last Page |
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CERTIFICATE OF ANALYSIS

L
]
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Service Location Received Lab 1B
(708)378-1600 Printed Sampied =
05-MAR-91 25-FEB-91
feport Te

8L To

CHEMICAL WASTE MANAGEMENT, INC

WENDY MOUCHE

GENEVA RESEARCH CENTER
1550 S BATAVIA AVENUE

GENEVA, IL 60134

CHEMICAL WASTE MANAGEMENT, INC
ACCOUNTING

GENEVA RESEARCH CENTER

1950 S BATAVIA AVENUE

GENEVA, IL 60134

Sample Description

PROJECT: STATE OF WISCONSIN PROJECT-HAGEN FARM
SAMPLE ID.: 062-02-25-91-90

. ALCOHOLS BY GC:FID SW846-8015

[ Anslyst: 4. SHITH Aralysis Date: 01-MAR-91

Instrument: GC/FID Test: 0490.0. 0
Paramater Result . Cet, Limit Units
‘1 ISOBUTYL ALCCHOL BOL 2.5 | mg/L
METHANOL BOL 0.50 | mg/L
N-BUTYL ALCOHOL BOL 2.5 | mg/L
I I CYCLOHEXANONE BDL_ 0.25 I mg/L
Sample Comments
BDOL Below Detection Limit
e
| Juality Assurance Officer: Qa(, Aaa X, :\_;n40- ")

Last Pade 1




vend s rLvALE OF ANALYSTS
[I | En{;icgil.mtim Received Lap 1o
EMS HERITAGE LABORATORIES, INC. 25-FEB-91 128419
AT P AP G
; 04-MAR-91 | WI.PROJECT-HAGEN. . ..
[I_ (708)378-1600 Printed Esluﬂ e
05-MAR-91 25-FEB-61
I_[‘ B Report To Bill 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, L 60134 GENEVA, IL 60134
Samplie Description
PROJECT: STATE OF WISCONSIN PROJECT-HAGEN FARM
1 SAMPLE 1D.: 056-02-25-91-50

VOLATILE QRGANICS SW848-8240
[~ Anslyst: $. WUSSEY

Aralysis Data: 28-FEB-91

Instrument: GC/NS VOA Test: 0510.3. 0

Parameter Result Det. Limit Units
I ACETONE B80OL 20 | ug/L
| | enzene B0L 5 | ug/L
“t| CHLOROBENZENE BDOL 5 | ug/L
DIBROMOCHLOROMETHANE BOL S | ug/L
‘ ETHYLBENZENE BOL 5 | ug/L
METHYLENE CHLORIDE BOL 5 ug/L
METHYL ETHYL KETONE 80L 10 | ug/L
l TETRAHYDROFURAN * 31000 25 | ug/L
-4 TOLUENE BOL 5| ug/L
1,2- DICHLOROETHENE (TGTAL) BDOL 5 ug/L
l VINYL CHLORIDE BOL 10 | ug/L
XYLENE (TOTAL) 12 8 { ug/L
ETHYL ETHER 8DL 5 {ug/L
[LJmmnenmwm
| DICHLOROETHANE-D4 91 % Rec
" TOLUENE-DS 104 % Rec
. _BROMOFLUOROBENZENE 101 % Rec
|rszmpaund quantitated from 1:500 dilution analyzed on 3/1/81.
'l $asple Commants
See Note for Parameter :
Below Detection Limit
]
l
luality Assurance Officer: Last Page 1

—__—



APPENDIX E

Soil Permeability Measurements
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Date: March 15, 1991
- To: Alan Ui
Wendy Mouché
From: - Paullear PLl.

SUBJECT:  Permeabllity for Hagen Farm Sample ?

Permeability measurements were obtained in triplicate for the Hagen Farm sample | received
from Wendy Mouché. The methodology used for the pormoabillty testing'ls contained In Section 2.8

of USEPA SW-848 Masthod 9100.
. The permeability of the Hagen Farm materla! as determined by the method Is In the range of

10“cm/s. Attached are data tables showing three perrneability measuremants for each of the three

" replicates.
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Permeability Messurementy for Sampie Hagen Farm - Sample #2
[' Sampie Height (cm) 17
[ Sample Dlamater {cm) 7.10 .
l!, Sampile Area (em~2) .
Time Buretts A Burstte A Buretts A Burstta B Burstta B Burstta B Pre
2 Pressurs Reading Change Pressure Readling Change Difta
LI C i) (pat my (mmin) (ed (™ (mimiey ¢
) 0.0 20.1 90 | 15 141 :
1.50 2.1 102 0.8000 185 13.0 0.7223 C
L[ 3.00 20.1 112 0.6887 - 198 119 0.7333 ¢
4.50 2.1 123 a3 198 1038 07333 4
- 8.00 20.1 13.4 o7 198 9.7 T3 ¢
Ll 7.50 a1 148 07350 193 L ¥ ] 0.7333 C
[- Average Q (mi/min) 07333 Average h (pel) 0.60
l Permeability (cnve) 9.72E08
[ I Time Burette A Burette A Buretie A Burette B Burette 8 Burette B Pra:
' Pressure Resding Change Pressure Reading Change Citte:
(min) (ps) (my) (mlL/min) (s (ml) {mL/min) 42
ll 0.00 20.9 7.0 190 103 - 1
1.00 2.1 a3 13000 19.0 . 8.0 1.3000 1
200 0.1 95 12000 19.0 7.8 1.2000 1
3.00 20.1 107 1.2000 19.0 (% ] 1.3000 1.
4.00 20.1 120 1.3000 19.0 53 12000 1.
$.00 20.1 133 1.2000 .19.0 4.1 1.2000 1.
l l Average Q (mL/min) 12500 Averags h (psi) 1.10
l , Permeability (cm/s) 9.04E-08
Time Buretis A Burstis A Burette A Buretis B Burstte 8 Burette 8 Press
l Pressure Raading Change Prossurs Raading Change Differs
. {min) (psd) (ml) (mL/min) (psl) (mb) (ml/min) {ps
0.00 2.1 49 188 10.8 1€
l 0.50 20.1 e 24000 125 9.5 2.5000 1€
- 1.00 20.1 73 24000 188 83 24000 1€
1.5 20.1 sB 2430 185 7.4 24000 1.6
2.00 201 9.7 24000 185 58 28000 1.6
250 20.1 10.8 22000 ns 48 24000 1.8
L
Average Q (mlimin) 240 Average h (pel) 1.0
= Parmoeabilty {emva) 120804
Average Permeability (crvs) 1.03E-04

mmE @ UWA NN P e
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[‘- Permeabillty Measurements for Sampie

et

Hegen Farm - Sample #3
[l— Sampie Height (em) pLT -
Sample Olameter {cm) 713
u Sample Azes (cm~2 n
_‘ Time Burette A Bursts A Burestte A Burette 8 Burwte B Burette 8 Proast
[ - Pressure Reading Change Pressurs Reading Change Oiffarsr
j (min) (ped (my (ml/min) . (e my (mi/min) (ps
0.0 a0 74 195 159 o5
f 200 200 a4 0.5000 1935 180 0.4500 0s
1 4.00 200 85 0.5500 195 14.1 0.4500 0s
6.00 200 108 0.5500 19.5 1 0.5000 05
8.00 200 ns 0.4500 198 1 0.5000 0s
[l 10.00 20.0 124 0.4500 195 1.0 0.5500 0s
' l Average Q (mi/min) 0.4980 Average h (pel) 0.50
 Permeabillty (cmvs) 798508
[l Time ’ Buretts A Burette A Buretta A Burette B Burette B Burette B Pressur
Pressure Reading Change Pressure Reacing Change Dittarem
. (min) {ped (mb) {(mLi/min) (pe) _ {ml (mL/min) {psi)
l l 0.0 200 . 190 127 10
1.00 20.0 5 0.9000 19.0 . 1mM7 1.0000 19
200 20.0 1058 1.0000 19.0 10.3 0.9000 1.3
U 2.00 20.9 114 0.5000 19.0 99 0.9000 13
4.00 200 123 0.9000 19.0 9.0 0.9000 19
8,00 20.0 132 0.9000 19.0 82 0.8000 13
Average G (mi/min) 09100 Average h (ped) 1.00
l “ermeability {cm/s). 733808
Time Burstte A Buretis A Surette A Burette B Burette B Burette 8 Pressurs
l - Prossure Reading Change Prassure FReading Change Difterentia
“ (min) (ped) (mb) {mL/min) {pel) (mi) (mb/min) {psi)
0.00 200 17 12.5 13.1 1.5
| 1_ 0.50 200 a4 1.4000 188 124 1.4000 15
1.00 200 7.1 1.4000 188 1.8 1.8000 1.5
150 20 78 1.4000 18 108 1.4000 1.5
. 200 200 ( ¥ ] 1.8000 188 101 1.8000 1.5
J_ 250 200 L 1.8000 188 .2 1.8000 1.5
' Average Q (mL/min) 1.5400 Average h (pe)) 1.50
Permeabaty (cmve) 8.27ECS
l__ Average Permeability (crv/s) 7.08E08

L
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APPENDIX F

Combined Sieve/Hydrometer Analysis



March 21. 1991

Ms. Wendyv 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 analysis was performed on a sample delivered to our Northbrook testing
facility. The procedures followed ASTM D-422 for particle 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 serviée to you. . -

1 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.

W ilte P G Cngt)

William P. Quinn

&La;ratof}' Manage /A K@[

rew E Haubert, P.E.
Principal Engineer

WPQ/ngt/132.31

encl.

ST Consultants Lid.
Consuitng Engineers
11 PN

Road
Northbroak. iltinom 60002
T08.272.8520/Fux 7OA488.2721
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$TS CONSULTANTS, LTD.

GRAIN SIZE DISTRIBUTION

Project : CHEMICAL WASTE MANAGEMENT

Boring/Source:
Sample Number:
Depth (feet):

b

USCS Classification: (SM)

Soil Description ¢t FINE TO COARSE SAND,LITTLE
GRAVEL---BROWN

SIEVE ANALYSIS -=-

SAMPLE WEIGHT: 103.06 GRAMS
SIEVE WEIGHT PER CENT PER CENT
SIZE RETAINED RETAINED PASSING
3/8" 0.00Q 0.00 100.00
44 3.76 3.65 96.35
#10 16.10 15.62 80.73
$18 10.54 10.23 70.50
#35 18.84 18.28 52.22 -
$60 24.76 24.02 28.20
$140 9.64 9.35 18.84
$270 1.32 1.28 17.56
HYDROMETER ANALYSIS -~
HYDROMETER SAMPLE WEIGHT: 52.29 GRAMS
ELAPSED TEMPERATURE ACTUAL ADJUST
TIME CENTIGRADE  READING  READING
0.25 22.5 16.00 11.50
0.50 22.5 15.50 11.00
1.00 22.5 13.50 9.00
2.00 22.5 12.00 7.50
$.00 22.5 11.00 6.50
15.00 22.5 10.00 5.50
30.00 22.5 8.50 4.00
60.00 22.5 8.00 3.50
120.00 22.5 7.50 3.00
400.00 24.0 6.50 2.00
4229.00 22.5 6.50 2.00

(ASTM D 422)

TP S e T

STS Job No. : 26804

Date 3-20-91
LL: = PL: = PI: -
WC: - SP.GR.: 2.65 E:

SILT,TRACE FINE

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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l' STS Consuitants Lid.

P ko omee
O e oA

STS CONSULTANTS LTD.

FROJE T :
BORING /SOURCE:
SAMPLE NUNBER:
OEFTH (FEET)
USCS CLRSSIFICATION iSM
SOIL DESCRIPTION

6

60 |

S0l

40
0
20

{HEMICAL WRSTE MANRGEMENT

GRRIN SIZE DISTRIBUTION (RSTH 0 4221
STS J0B MO.  : 26804

ORTE 13-20-91
W - P - Pp .
WG - SPGR. 1 255 EST.

: FINE TQ CORRSE -RND.LITTLE SILT.TRACE FINE

GRAVEL ---FRONN

l
|
|
|
|
i
|
i
!

L 20
o

L 00 &
Qu

$00

i S
GRAIN SIZE IN MILLIMETERS

CoBoLES

Co|mD| Fine €0 | reoim
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APPENDIX G

Analytical Results for Soil Fraction
Hagen Farm Soil Biodegradation Study
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APPENDIX G

- -

HAGEN FARM SOIL BIODEGRADATION STUDY, ANALYTICAL RESULTS FOR SOIL FRACTION

Reactor :
_ Conditions Reactor Reactor | Resctor Reactor Reactor Reactor Reactor Reactor
: fo 1 2. I | -4 | 1 2 3 4
— Ut e e e — s e
| Cyanide <0.25 <0.25 <0.25 <0.25 <0.25 <0.26 <0.25 <0.25 <0.26 <0.25
I PCBs and Pesticldes

Alpha-BHC <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 |
Beta-BHC <0.008 <0.008 <0.008 <0.008 «0.008 <0.008 <0.008 <0.008 <0.008 <0.008 !
Delta-BHC <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 |
Gamma-BHC (Lindane) <0.008 <0.008 <0.008 «<0.008 «<0.008 <0.008 <0.008 - <0.008 <0.008 <0.008 ‘

Heptachlor <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 «<0.008 «<0.008 <0.008 <0.008
Aldrin <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 |
Heptachlor Epoxide <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 |
Endosulfan | <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 |
Dieldrin <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 ‘
4,4'-DDE <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 |
Endrin <0.018 <0.016 <0.016 <0.016 <0.016 <0.018 <0.016 <0.016 <0.016 <0.016 ‘|
Endosulian Il <0.016 <0.018 <0.018 «<0.016 <0.018 <0.016 <0.016 <0.018 <0.016 <0.018 §
4,4°-00D <0.016 <0.016 <0.016 <0.016 <0.016 <0.018 <0.016 <0.018 <0.016 <0.016 |
Endosulfan Sulfate <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.018 |
4,4'-DDT <0.016 <0.016 «0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 |

Methoxychlor <0.08 <0.08 | <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08

Endrin Ketone <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.016 <0.018 <0.016 <0.016
Alpha-chlordane <0.08 <0.08 '<0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 |
Gamma-chlordans <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 «<0.08 <0.08 |
Toxaphene <0.16 <0.16 <0.16 <0.18 <0.16 <0.16 <0.16 <0.16 <0.16 <0.16 \
PCB Arochlor 1018 <0.08 <0.08 <0.08 <0.08 «<0.08 «<0.08 <0.08 <0.08 <0.08 <0.08 |
PCB Arochior 1221 <0.08 «<0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 }
PCB Atochlor 1232 «<0.08 «<0.08 «<0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 |
PCB Arochlor 1242 <(0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 ‘
PCB Arochlor 1248 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 «<0.08 <0.08 ;‘
PC8 Arochlor 1254 <0.16 <0.16 <0.16 <0.16 <0.18 <0.18 <0.16 <0.16 <0.16 <0.16 §
. . . . R . R <0, <0. <0.16 §
PCB Arachlor 1260 <0.18 ;‘0 16 <0.16 <0.16 <0.16 <0.16 <0.16 0.18 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)

- Dayt2.

Reacto_r__ _Ri‘aac'to(,'

oaciof ﬂe_ac'ttn"f; ;]li_e\bctor, ‘Reactor | Reactor | Reactor
AL @ E 4 et o 2 3
| Alcohols

{sobutyl Alcohol
| Methanol
| N-butyl Alcohol
} Cyclohexanone

NA “Not Analyzed
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APPENDIX G {(continued} HAGEN FARM SOIL BIODEGRADATION STUDY, ANALYTICAL RESULTS FOR SOIL FRACTION
(all units in mg/kg wet eeept as tedl

| . Reactor
. Conditions

: Volatile Organics wghg)

g Acetone
Benzene
| Bromodichloromethane
| Bromoform
i Bromomethane
Carbon Disulfide
Carbon Tetrachloride
Chlorobenzene
Chioroethans
Chloroform
Chioromethane
Dibromochlorcmethane
| Cis-t,3-Dichloropropene
I 1,1-Dichloroethane
1,2-Dichloroathane
1,1-Dichloroethens
t.2-Dichloropropane
Ethylbenzens
| 2-Hexanone
| Methylene Chioride
| Methyl Ethyl Ketone
| 4-Methyl-2-Pentanone
Styrene
| 1,1,2,2-Tetrachloroethane
| Tetrachloroethens
Tetrahydrofuran
] Toluene
| 1,2.Dichloroethene [Total)
| Trans-1,3-Dichloropropene
1,1,1-Trichloroethane
| 1,1.2-Trichloroethane
Trichiotoethene
Vinyl Acetate
[ Vinyl Chioride
| Xylene (Total)
| Ethyl'Ether

* Also detected in blank

70
<6
<6
<8
<11
<8
<8
<6
<6
<6
<11
<B
<6
<8
<6
<8
<B
<6
<11

<1t
<11
<6
<B
<6
<28
<6
<6
<6
<8
<6
<6
<11
<t
<6
<5

23°
<5
<5
<5
<10
<5
<5
<5
<10
<b
<10
<5
<5
<5
<b
<H
<5
<b
<10

18"
<10

<5
<5
<5
78
<B
<5
<b
<5
<5
<5
<10
<10
<5
<5

<20
<b
<5
<b
<10
<5
<5
<5
<10
<5
<10
<5
<Bb
<b
<B
<5
<B
<b
<10
<b
<10
<10
<b
<5
<b
<25
<b
<B
<b
<b
<5
<5
<10
<10
<B
<10

<20
<b
<B
<5
<10
<5
<5
<5
<10
<5
<10
<5
<5
<5
<5
<5
<5
<5
<10
<8

<10 |

<10
<8
<5
<b
<25
<8
<B
<b
<5
<5
<5
<10
<10
<5

<10

<20
<5
<b
<5
<10
<5
<5
<5
<10
<5
<10
<5
<5
<5
<b
<5
<b
<b
<10
<b
<10
<10
<5
<5
<B
<25

- <b

<b
<5
<5
<5
<5
<10
<10
<b
<10

<20
<b
<B
<5
<10
<5
<b

<10
<5
<10
<5
<5
<5
<5
<5
<b
<8
<10
<b
<10
<10
<b
<5
<§
<25
<5
<b
<b
<B
<b
<Bb
<10
<10
<5
<10

<20
<b
<5
<B
<10
<5
<b
<B
<10
<5
<10
<5
<5
<5
<5
<b
<b
<b
<10
<5
<10
<10
<5
<5
<5
<10
<5
<5
<b
<b
<b
<5
<10
<10
<5

<b

<20
<5
<b
<6
<10
<5
<B
<Bb
<10
<5
<10
<5
<B
<b
<b
<b
<5
<b
<10
<5
<10
<10
<b
<5
<b
<10
<b
<Bb
<B
<5
<5
<5
<10

<10

<5
<5

<20
<5
<5
<5
<10
<5
<5
<5
<10
<5
<10
<5
<5
<5
<5
<5
<5
<5
<10

<10
<10
<5
<5
<6
<10
<5
<b
<b
<B
<B
<5
<10
<10
<5
<5




e Satiomi = o 2 4y —— anmam — . I B H q
oo fl:‘-'. ‘: f::- ] i o = : o m— = e, Sy — n: [ WL -
APPENDIX G (continued)
HAGEN FARM SOIL BIODEGRADATION STUDY, ANALYTICAL RESULTS FOR SOIL FRACTION
(all units in mg/kg wet waight except as noted)
Original initiel Day 12 Day 26
Soll Reactor :
Conditions Reactor Reactor | Reactor Reactor Reactor Reactor Resclor Reactor
_ 1 2 ]-.. 3 . 4. . | 1 2 3 4
e St vt . — 0 . J‘
| Semi-Volatlle Organics (2p/kg)
Acenaphthene <330 <330 <330 <330 <330 <330 <330 <330 <330 <330 |
§ Acenaphthylens <330 <330 <330 <330 <330 <330 <330 <330 <330 <330 {
Anthracene <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
Benz(A}Anthracene <330 <330 <330 <330 <330 <330 <330 <330 <330 <330 §
Benzo(AlPyrene <330 <330 <330 <330 <330 <330 <330 <330 <330 <330 |
Benzo(BIFluaranthene <330 <330 <330 <330 <330 <330 <330 <330 <330 <330 |
| Benzo(G,H,l)Perylene <330 <330 <330 <330 <330 <330 <330 <330 <330 <330 |
Benzo(KiFluoranthene <330 <330 <330 <330 <330 <330 <330 <330 <330 <330 §
Benzyl Alcohol <330 <330 <330 <330 <330 <330 <330 <330 <330 <330 |
| Benzylbutylphthalate <330 <330 <330 <330 <330 <330 <330 <330 <330 <330 |
Bis(2-Chloroethoxy}Methana <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
| Bis(2-ChloroethyliEther <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
| Bis{2-Chloroisopropyl)Ether <330 <330 <330 <330 <330 <330 <330 <330 <330 <330 §
Bis{2-Ethylhexyl}Phthalate aso <330 <330 <330 <330 <330 <330 <330 <330 <330 |
4-Bromophenylphenylether <330 <330 <330 <330 <330 <330 <330 <330 <330 <330 |
4-Chloroaniline <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
2-Chloronaphthalene <330 <330 <330 <330 <330 <330 <330 <330 <330 <330 §
4-Chlorophenylphenylether <330 <330 <330 <330 <330 <330 <330 <330 <330 <330 |
Ciwysens <330 <330 <330 <330 <330 <330 <330 <330 <330 <330 |
DibenziA HjAnthracene <330 <330 <330 <330 <330 <330 <330 | " <330 <330 <330 |
Dibenzofuran <330 <330 <330 <330 <330 <330 <330 <330 <330 <330 |
{ 1,2-Dichlorobenzene <330 <330 <330 <330 <330 <330 <330 <330 <330 <330 }§
1,3-Dichlorobenzene <330 <330 <330 <330 <330 <330 <330 <330 <330 <330 |
1,4-Dichlorobenzene <330 <330 <330 <330 <330 <330 <330 <330 <330 <330 |
i 3,3'-Dichiorobenziding <660 <660 , <660 <660 <660 <660 <8660 <660 <660 <B60 |
| Diethyiphthatate <330 <330 <330 <330 <330 <330 {-—" <330 <330 <330 <330 ¢
i Dimethylphthalate <330 <330 <330 <330 <330 <330 <330 <330 <330 <330 }
Di-n-butylphthalate <330 <330 <330 <330 <330 <3} <330 <330 <330 <330 }
8 2.4-Dinitrotoluene <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
| 2,6-Dinitrotoluene <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
Di-n-octylphthalate <330 <330 <330 <330 <330 <330 <330 <330 <330 <330 |
| Fluoranthene <330 <330 <330 , €330 <330 <330 <330 <330 <330 <320 |
| Filuorene <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
L= S T e — TS =~ — N T N YIS En e = e




APPENDIX G {continued)
HAGEN FARM SOIL BIODEGRADATION STUDY, ANALYTICAL RESULTS FOR SOIL FRACTION
(all units in mg/kg wet waeight except as noted)

Original initiad
Soll Reactor
. Conditions
Semi-Volatile Organics rg/kg) ICONTINUED)
Hexachlorobenzena <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
Hexachlorobutadiene <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
Hexachlorocyclopentadiena <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
Hexachloroethane <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
indenol1,2,3-CD)Pyrene <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
i Isophorone <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
| 2-Methylnaphthalene <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
Naphthalene <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
2-Nitroaniline <1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600
3-Nitroaniline <1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600
4-Nitroaniline <1600 <1600 <1800 <1600 <1600 <1600 <1600 <1600 <1600 <1600
| Nitrobenzene <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
| N-nitroso-diphenylamine <330 <330 <330 <330 <330 <330 | <330 <330 <330 <330
| N-nitroso-di-n-propylamine <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
Phenanthrene ) <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
Pyrene <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
E Pyridine <1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600
1,2,4-Trichlorobenzene <320 <330 <330 «330 <330 <330 <330 <330 <330 <330
Benzoic Acid <1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600
1 4-Chloro-3-methylphenol <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
| 2-Chiorophenol <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
2,4-Dichlorophenol <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
2.4-Dimethylphenol <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
4,8-Dinitro-2-methylphenol <1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600
2.4 -Dinivophenol <1600 < 1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600
2-Methyiphenol <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
| 4-Methylphenol <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
| 2-Nitrophenol <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
§ 4-Niirophenol < 1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600
Pentachlorophenol <1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600
| Phenol <330 <330 <330 <330 <330 <330 <330 <330 <330 <330
2,4,5-Trichlorophenaol <1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600 <1600
| 2,4,6-Trichlorophenol, <330 <330 <330 | <330 <330 <330 <330 <330 <330 <330
(%} 92 83 87 89 a8 89 85 83 84 85 u
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APPENDIX G {continued) _
HAGEN FARM SOIL BIODEGRADATION STUDY, ANALYTICAL RESULTS FOR SOIL FRACTION
(all units in mg/kg wet welght except as noted}

(ua—— : ]
roshont T fmmm— —— -—

—

Original initial Dey 12 Day 28
Soll " Reactor ™ " ‘ I
. _ Conditions Reactor Reactor Raactor | . Reactor Reactor Reactor Reactor Reactor
PR 1 2 . 3.0 Y TN o | 3 4 ‘
E Metals ‘
| Aluminum 3000 1300 870 510 510 860 1,900 1,500 1.600 3,700
| Antimony <2.0 <1.0 <10 <10 <10 <10 <10 <1.0 <1.0 1.1
Arsenic <2.0 1.1 1.9 <2.0 <2.0 1.2 <1.0 <1.0 1.2 20
Barium 20 6.8 0.3 0.69 0.68 0.59 " 9.6 7.8 16
| Beryllium 0.256 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 o 0.24 |
| Cadmium 0.88 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40
| Caicium b8,000 7,500 7.600 7,700 6,400 7,000 8,500 6,800 5,100 11,000
i Chromium 5.0 4.6 4.5 3.6 3.5 4.3 4.2 5.5 4.9 8.7
! Cobalt 2.2 2.7 <2.0 <2.0 <2.0 <2.0 <20 4.0 2.4 3.6
| Copper 7.3 4.8 3.7 5.2 4.3 4.4 4.7 5.6 6.3 12
i ron 6,600 590 4,100 3,700 3,900 4,200 540 940 650 920
| Lead 3.4 <4.0 <4.0 <40 <4.0 <4.0 <4.0 14 <4.0 <40
: Magnesium 35,000 29,000 57,000 40,000 39,000 48,000 | 38,000 40,000 22,000 60,000 r
Manganese 180 170 160 130 140 160 160 160 120 ato
Mercury <0.10 <0.1 <0.10 <0.10 <0.10 <0.10 <0.1 <0.1 <0.1 <0.1
Nickel 6.7 6.8 39 24 2.9 3.2 7.3 12 6.8 13
Potassium <10 250 300 <10 <10 <10 350 250 240 510
§ Selenium <1 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Silver <0.20 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Sodium 240 140 160 160 120 130 200 150 140 250
Thallium <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0
Vanadiuom 14 <20 <20 <20 <20 <20 <20 24 <20 <20
) Zinc 15 8.9 8.6 9.4 9.1 12 9.2 23 10 V7
! Phosphorus 99 110 79 92 96 96 96 73 100 110
Kjeidahl Nitrogen NA <110 <67 <6 <34 <6 <110 <110 <110 <110 H
TOC {dry weight basis) 15,300 31,900 13,000 21,751 18,650 3,800 5,000 19,000 46,000 43,200 ”
pH {units) 8.3 NA NA NA NA NA NA NA NA NA
Ammonia Nitrogen 6.9 13 NA NA NA NA 2.7 32 19 16
CEC Imeq/100g dry weight) 2.7 NA NA NA NA NA NA NA NA NA
T e i e e e o e e S S A

NA  Not Analyzed
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APPENDIX H
HAGEN FARM SQII. BIODEGRADATION STUDY, ANALYTICAL RESULTS FOR LIQUID FRACTION
{all units in mg/t. except as noted}

R v I

| PCB3s and Pesticides

i Alpha-BHC
Beta-BHC
Delta-BHC
Gamma-BHC (Lindane)
i Heptachior

| Aldrin

Heptachlor Epoxide
Endosulfan |

| Dieldrin

4,4°-DDE

} Endrin

Endosulfan Ul
4,4°-DDD

Endosulfan Sulfate
4,4'-0DT
Methoxychlor

Endrin Ketone
Alpha-chlordane

| Gamma-chlordane

E Toxaphene

i PCB Arochlor 1016
PCB Arochlor 1221
PCB Arochlor 1232
PCB Arochlor 1242
PCB Arochlor 1248
PCEB Arochlor 1254
PCB Arochlor 1260

Reactor ‘ '
1 - 2 3 4 N B 2 3

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
<0.00005 <0.00005 | <0.00005 | <0.00005 | <0.00006 | <0.00005 | <0.00005 <0.00005
<0.00005 <0.00005 | <0.00005 | <0.00008 | «0.00005| <0.00008 | <0.00005 <0.00005
«<0.00005 <0.00005 | <0.00005 | <0.00005 | <0.00005 | <0.00005| <0.00005 <0.00005
<0.00005 <0.000056 | <0.00005 | <0.000056 | <0.00005 | <0.000056 | <0.00005 <0.00005
<0.00005 <0.00005 | <0.000056 | <0.00005 | <0.000056 | «<0.00005 | <0.00005 <0.00005
<0.000056 <0.00005 | <0.00005 | <0.00005 | <0.00005 | <0.000056 | <0.00005 <0.00008
<0.00005 <0.00005 | <0.000056 ] <0.00006 | <0.00006 | <0.000056 §{ <0.00005 <0.000056
«<0.00005 <0.00005 | <0.00005 | <0.00005 | <0.00005 | <0.00006 | «<0.00005 <0.00005
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
<0.0001 <0.0001 <0.0001 <0.0001 < 0.0001 <0.0001 <0.0001 <0.0001
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0,0001 <0.0001
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
<(0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

< 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
<0.0005 <0.0005 <0.0005 <0,0005 <0.0008 <0.0005 <0.0005 <0.0005
<0.0001 <0.0001 - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
<0.0005 <0.00056 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
<0.0005 <0.0006 <0.000b6 <0.0005 <0.0005 <0.0005 <0.000% <0.00056
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.0005 <0.000% <0.000% <0.0005 <0.000% <0.0005 <0.000% <0.0005
<0.0005 <0.0005 <0.0005 <0.0005 <0.00086 <0.000% <0.0008 <0.0005
<0.0005 <0.0005 <0.000% <0.0005 <0.0005 <0.00086 <0.0005 <0.0005
<0.0005 <0.000% <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
<0.0005 <0.0005 <0.0005 <0.0005 <0.000% <0.0005 <0.000% <0.0005
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 L- <0.001 < 0.001
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APPENDIX H (continued)
HAGEN FARM SOIL BIODEGHADATION STUDY, ANALYTICAL RESULTS FOR LIQUID FRACTION
{all units in mg/L except as noted)

Day 12° R S Day 26 |

L éondlﬂons Heactor 'Reactor Reactor RqAac_t‘il)'ti_‘_ i""liqﬁctbfl Reactor | Reactor | Reactor |

: R I IR B SRR R SRR IR SR IO IR 2 -3 4 ;

| Alcohols |
{sobutyl Alcohol <5.0 <50|] <50 <5.0 <5.0 <5.0 <5.0 <5.0
Methanot <0.5 <0.5 <0.5 <0.5 <0.5 <0.% <0.5 <0.5
N-butyl Alcohol <5.0 <5.0 <5.0 <50| «5.0 <5.0 <5.0 <5.0
Cvclohexanone <0.b <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

ot
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APPENDIX H (continued)
HAGEN FARM SOIt. BIODEGRADATION STUDY, ANALYTICAL RESULTS FOR LIQUID FRACTION

Inivial - Day 12 ' Day 26
Reanctor - ‘
Conditions Reactor Reactor Reactor Reactor Reactor Reactor Reactor Reactor
1 2. 3 4 1 2 3 4
Volatile Organics {g/L)
Acetona <20 <20 55 <20 26° <20 <20 <20 <20
Benzene <5 <5 <b <8 <5 <b <5 <5 <B
Bromodichloromethane <b <5 <5 <5 <b <b <5 <b <b
Bromoiorm <b <5 <5 <h <5 <b <5 <5 <b
Bromomethane <10 <10 <10 <10 <10 <10 <10 <10 <10
Carbon Disulfide <5 <5 <5 <b <5 <5 <B <5 <5
Carbon Tetrachloride <6 <b <5 <5 <b <h <5 <5 <b
Chiorobenzena <5 <5 <b <5 <6 <6 <5 <5 <5
Chloroethane <10 <10 <10 <10 <10 <10 <10 <10 <10
Chiloroform B 4 - <5 <5 <b <b <5 <5 <5 . <b
Chloromethane <10 <10 <10 - <10 <10 <10 <10 <10 <10
Dibromochloromethane <b <B <B <5 <5 <5 <6 <5 <5
Cis-1,3-Dichlorapropene <B <5 <b <5 <5 <5 <5 <5 <5
1.1-Dichloroethans <5 <5 <b <b <B <5 <5 <5 <5
1.2-Dichioroethane - <b <b <5 <b <8 <b <b <5 <5
1.1-Dichloroethena <b <5 <b <5 <b <5 <b <5 <5
1.2-Dichloropropana <b <5 <b <b <5 <5 <b <5 <5
Ethylbénzene <b | . <8 <5 " <B <b ' <5 <b <5 <Bb
2-Hexanone <10 <10 <10 |- ‘<10 <10 <10 <10 <10 <10
Methylens Chlaride <b T o«<h <b <5 <b <5 7 <b <b
Methyl Ethyl Ketone <10 <10 18 <10 <10 <10 <10 <10 <10
4-Methyl-2-Pentanone <10 <10 <10 <tQ <10 <10 <10 <10 <10
Styrene <b <B <5 <8 <b <5 <B <b <b
1,1,2,2-Tewrachloroethane <B <b <5 <5| < <5 <8 <5 <5 {
Tetrachloroethene <5 <5 <5 <b <B <5 <5 <5 <5
Tetrahydrofuan <25 <10 <10 <25 38 <25 <2% <25 <25
Toluene <5 <5 <5 <b <5 |~ %5 <5 <5 <B
1,2-Dichloroethena {Total) <5 <5 <b <b <5 <5 <5 <5 <B
Trans-1,3-Dichioropropenas <5 <5 <b <5 <B <5 <b <5 <5
1.1,1-Trichlaroethane <5 <5 <5 <5 <5 <5 <b <5 <5
1,1,2-Trichloroethans <b <5 <b <5 4 <5 . <5 <5 <b
Trichloroethene <5 <5 " <5 <5 <5 <5 <B <b . <Bb
Vinyl Acetate <10 <10 <10 <10 <10 <10 <10 <10 <10
Vinyl Chioride <10 <10 <10} + <10 <10 <10 <10 <10 <10
Xylene {Total} <5 <5 <5 <b <5 <5 <h <5 <:
<

Ethyl Ether <b <5 <§ <10 <10 <5 <§ <5 I

L e
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APPENDIX H (continued)
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HAGEN FARM SOIL BIODEGRADATION STUDY, ANALYTICAL RESULTS FOR LIQUID FRACTION

initial -

‘Day 12

Day 26
Reactor
Condltions Reactor Reactor Renctor Reactor | - Reactor Reactor Reactor Reactor
N R BT S 3 . & Y] 2 3 4 i

Semi-Volstile Organics (/L) '

i Acenaphthene <10 <10 <10 <10 <10 <10 <10 <10 <10

I Acenaphthylens <10 <10 <10 <10 <10 <10 <10 <10 <10
Anthracens <10 <10 <10 <10 <10 <10 <10 <10 <10
Benz(A}Anthracene <10 <10 <10 <10 <10 <10 <10 <10 <10.

i BenzolA)Pyrene <10 <10 <10 <10 <10 <10 <10 <10 <10
Benzo(BjFluoranthene <10 <10 <10 <10 <10 <10 <10 <10 <10

! Benz20{G,H, l)Perylene <10 <10 <10 <10 <10 <10 <10 <10 <10
Benzo{K|Fluoranthene <10 <10 <10 <10 <10 <10 <10 <10 <10
Benzyl Alcohol <10 <10 <10 <10 <10 <10 <10 <10 <10
Benzylbutylphthalate <10 <10 <10 <10 <10 <10 <10 <10 <10
Bis{2-Chloroethoxy)Methana <10 <10 <10 <10 <10 <10 <10 <10 <10

| Bisi2-Chioroethy!)Ether <10 <10 <10 <10 <10 <10 <10 <10 <10
Bis(2-Chloroisapropyl)Ether <10 <10 <10 <10 <10 <10 <10 <10 <10

‘| Bis(2-Ethythexyl}Phthalate <10 <10 <10 <10 <10 <10 <10 <10 <10
4-Bromophenylphenylether <10 <10 <10 <10 <10 <10 <10 <10 <10 F

I 4-Chloroaniline <10 <10 <10 <10 <10 <10 <10 <10 <10
2-Chloronaphthalene <10 ‘<10 <10 <10 <10 <10 <10 <10 <10
4-Chlorophenylphenylether <10 <10 <10 <10 <10 <10 <10 <10 <10
Chrysene <10 .- <10 <10 <10 <10 <10 <10 <10 <10

| Dibenzi{A HiAnthracene <10 <10 <10 <10 <10 <10 <10 <10 <10

} Dibenzofuran <10 <10 <10 <10 <10 <10 <10 <10 <10
1,2-Dichlorobenzens <10 <10 <10 <10 <10 <10 <10 <10 <10 h
1,3-Dichlorobenzene <10 <10 <10 <10 <10 <10 <10 <10 <10
1.4-Dichlorobenzene <10 <10 <10 <10 <10 <10 <10 <10 <10
3,3'-Dichlorobenziding <20 <20 <20 <20 <20 <20 <20 <20 <20
Diethylphthalate <10 <10 <10 <10 <10 <10 <10 <10 <10
Dimethylphthalate <10 <10 <10 <10 <10 <10 <10 <10 <10
Di-n-butylphthalate <10 <10 <10 <10 <10 <10 <10 <10 <10
2,4-Dinitrotoluene <10 <10 <10 <10 <10 <10 <10 <10
2,6-Dinitrotoluene <10 <10 <10 <10 <10 <10 <10 <10
Di-n-octylphthalate <10 <10 <10 <10 <10 <10 <10 <10
Fluaranthene <10 <10 <10, <10 <10 <10 <10 <10
Fluorens <10 <10 <10 , <10 <10 <10 <10 <10

= e T
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APPENDIX H (continued)
HAGEN FARM SOIL BIODEGRADATION STUDY, ANALYTICAL RESULTS FOR LIQUID FRACTION

—

L

-
_

~ Initlal
- Reactor
Conditlons
Semi-Voiatile Organics g/} (continued)
Hexachlorobenzene - <10 <10 <10 <10 <10 <10 <10 <10 <10
Hexachlorobutadiene <10 <10 <10 <10 <10 <10 <10 <10 <10
Hexachlorocyclopentadiena <10 <10 <10 <10 <10 <10 <10 <10 <10
Hexachloroethane <10 <10 <10 <10 <10 <10 <10 <10 <10
indeno{1,2,3-CD}Pyrena <10 <10 <10 <10 <10 <10 <10 <10 <10
Isopharone <10 <10 <10 <10 <10 <10 <10 <10 <10
2-Methyinaphthalene <10 <10 <10 <10 <10 <10 <10 <10 <10
Naphthalene <10 <10 <10 <10 <10 <10 <10 <10 <10
2-Nitroaniline <50 <50 <50 <50 <50 <50 <50 <50 <50
3-Niwvroaniline <850 <b0 <50 <50 <50 <b0 <50 <50 <80
4-Nitroaniline <5b0 <80 <60 <50 <80 <50 <50 <50 <b0
Nitrobenzena <10 <10 <10 <10 <10 <10 <10 <10 <10
N-nitroso-diphenylamine <10 <10 <10 <10 <10 <10 <10 <10 <10
N-nitroso-di-n-propylamine <10 <10 <10 <10 <10 <10 <10 <10 <10
Phenanthrene <10 <10 <10 <10 <10 <10 <10 <10 <10
Pyrene <10 <10 <10 <10 <10 <10 <10 <10 <10
Pyridine <B0 <50 <50 <50 <50 <560 <50 <50 <50
1.2,4-Trichlorobenzens <10 <10 <10 <10 <10 <10 <10 <10 <10
Benzoic Acid <50 <50 <50 <50 <50 <50 <50 <50 <60
4-Chloro-3-methylphenol <10 <10 <10 <10 <10 <10 <10 <10 <10
2-Chlorophenaol <10 <10 <10 <10 <10 <10 <10 <10 <10
2,4-Dichigrophenol <10 <10 <10 <10 <10 <10 <10 <10 <10
2,4-Dimethylphenol <10 <10 <10 <10 <10 <10 <10 <10 <10
4,6-Dinitro-2-methylphenol <50 <50 <50 <50 - <80 <B0 <50 <50 <50
2,4-Dinitrophenol <50 <50 <50 <50 <b0 <B0 <b0 <50 <b0
2-Methylphenol <10 <10 <10 <10 <10 <10 <10 <10 <10
4-Methylphenol <10 <10 <10 <10 <10 <10 <10 <10 <10
2-Nitrophenol <10 <10 <10 <10 <10 <10 <10 <10 <10
4 -Nitrophenol <50 <50 <560 <b0 <b0 <50 <560 <80 <B0
Pentachlorophenol <50 <50 <50 <b0 <50 <50 <50 <50 <50
"Phenol <10 <10 <10 <10 <10 <10 <10 <10 <10
2,4 ,5-Trichloraphencl <50 <10 <10 <10 <10 <50 <50 <50 <50
2,4,6-Trichlorophenol <10 <10 <10 | . <10 <10 <10 <10 <10 <10
A
l . . 2 2 !
Total Solids (%) 2 37 1.8 1.7 25 2 2
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APPENDIX H {continued)
_ HAGEN FARM SOIL BIODEGRADATION STUDY, ANALYTICAI. RESULTS FOR LIQUID FHACTION

Initiad . Day 12 . B Day 26
Raactor -
Condidons - | Reactor Reactor | Raactor -

| Metals

Aluminum 170 320 170 240 180 260 210 190
Antimony <1.5 <0.60 <0.60 <0.60 <0.60 <15 <15 <15

§ Arsenic - 0.030 0.17 0.12 0.15 0.1 0.029 0.041 0.045
Barium 1.7 KR | 2.1 2.6 2.1 2.7 2.1 2.
Beryllium 0.0059 0.024 0.014 0.024 0.024 0.0088 0.010 0.0088 .
i Cadmium <0.25 <0.10 <0.10 <0.10 <0.10 <0.25 <0.25 <0.25 <0.25 §
Calcium . 1,800 2,900 2,100 2,400 1,600 1,900 1,600 1,500
| Chromium 0.30 0.52 0.30 0.40 0.31 0.45 0.34 0.32
I Cobalt 0.21 oNn 0.21 0.27 0.21 0.29 0.23 0.24
i Copper 0.77 13 0.84 0.98 0.74 0.94 0.77 0.74
| tron 320 720 440 600 440 460 370 340
; Lead 037 0.4% 0.34 0.42 0.32 0.46 0.42 0.42
i Magnesium 1,000 1,300 920 1,100 700 1,100 890 860
Manganese 11 156 1 13 10 14 1" 12
Mercury <0.0005 0.010 0.0156 <0.001 <0.001 0.0022 0.0023 0.0013
Nickel 0.43 0.67 0.44 0.58 0.44 0.62 0.48 0.50
- § Porassium 2% 43 28 k¥ 3 41 34 34 '
| Selenium b <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 §
| Siiver <0.01 <0.01% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 ‘
¥ Sodium 110 a6 n - 120 110 : 82 70 110
| Thallium <16 |- <6.0 <6.0 |. <6.0 <6.0 <156 <16 <186
| Vanadium ~0.63 - 0.9 0.563 o.n 0.55 0.76 0.62 0.56
it Zinc 1.4 2.1 1.4 1.8 1.4 2.0 1.6 1.6

| Alkalinlty 300 180 500 1,600 950 160 30 26
} Kjeldahl Nitrogen <6 10 13 8.9 30 <8 8.0 10

TOC (dry weight basis) 5.0 - 3.0 6.0 6.1 6.1 6.6
| Ammonia Nitrogen <0.01 NA NA NA " NA <0.01 0.13 <0.01 <0.01 H
| Chloride 25 7.5 120 120 120 8.0 110 130 130
| Sulfate 110 150 160 190 360 150 370 520 . 620

210 260 260 310 360 260 210 310 410
6.7 24 22 26 a3 16 24 34 24

| Chemical Oxygen Demand

Not Analyzed
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- APPENDIX I

Hagen Farm Soil Bioreactors
Dissolved Oxygen vs. Time



FIGURE I-1

Hagen Farm Soil Bioreactors
Dissolved Oxygen vs Time - Day 16
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FIGURE -2
Hagen Farm Soil Bioreactors
Dissolved Oxygen vs. Time - Day 25

—e— Reactor 1

4

Time (hours)

—t— Reactor 2

6 8

- ——

—%- Reactor 3 ~£— Reactor 4

10

- oo - o g — - o

o AT - e e g —— —— ——




Waten e gy —

; I I I o T T

|

FIGURE |-3

Hagen Farm Soil Bioreactors
Dissolved Oxygen vs Time - Day 32
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Technology:

Site Name:
Date:

Technology:

Site Name:
Date:

Technology:

Site Name:
Date:

Technology:

Site Name:
Date:

Technology:

Site Name:
Date:

Technology:

Site Name:
Date:

Technology:

Site Name:
Date:

(WPS.1 31992) 14DMR5200NCDCL-FSRAPP

APPENDIX D

Alternative Costs - Source Control
(7 Pages)

Alternative I No action, to include active extraction trenches and combustion of
vented air.

Dunn Landfili

March 3, 1992

Allernative V: Same as Alternative Il with the addition of vacuum extraction through
wells and installation of membrane cutotf wall at celis 6 and 12.

Dunn Landfill

March 3, 1992

Cover A
Dunn Landtill
March 3, 1992

Alternative VI. Same as Allernative IV with the addition of vacuum extraction through
wells and installation of membrane cutoff wall at cells 6 and 12.

Dunn Landfill

March 3, 1892

Cover B/C - no drainage/B
Dunn Landfill
March 3, 1992

Alternative VII: Same as Alternative Il except deep well vacuum extraction and
installation of membrane cutoff wall at cells 6 and 12.

Dunn Landfill

March 3, 1992

Cover B - no drainage layer
Dunn Landfill
March 3, 1992

PE LaMoreaux & Associates —
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Technalogy: ALTERNATIVE I: No action, to include active
- extraction trenches and
combustion of vented air.

Site Name: Punn Landfill
Date: March 3, 1992
IItem Description I Units 1| Quantity lUnit PriceiTotal Costl
1 | | | ! |
T CAPITAL COSTS | | i } |
I Vent/Trench-Sand | CYy i 800 | $4.50 1 $3,602 |
[ 4" Dia. Perforated Pipe | LF | 4,200 1 14.00 | 58, 8048 |
L I Geotextile | 8F | 41,120 | @.15 | 6,165 |
{ Header Fipe | LF | 2,802 | 0.0 | o6, 222 |
l ! Drip Leg | LS | 4 | 1,000.002 | 4,000 |
I Blower | .8 1 11 5,000,000 | S,00Q0 |
| Flare i LS i 1 155,000,020 | 55, 00@
l Flare Installation I LS | 1 155, 000.020 | oS, 022
1 ] 1 I i i
| ANNUAL O & M COSTS | H t 1 i
! Blower Maintenance(Z yr)i HR i 124 | 102,00 | 19, 400 |
l I Flare Maintenance(& yr)l HR | 104 | 100.00 | 10,400 |
i Monitoring(offgas, & yril LS | 11 6,100,022 | 6, 102 |
{ Monitoring(gas &storm w)! LS l 1 1 8,500.020 | 8,508 |
|
I {SUBTOTAL~Construction Cost $243, 565
]
l ILEGAL FEES, LICENSE & PERMIT COSTS AT 1@%* OF CONST. COST =24, 357
]
IENGINEERING & RADMINISTRATIVE AT 1% OF CONST. COST 36,535
i
[ I SUBTOTAL $384, 456
|
ICONTINGENCY AT 20% OF CONSTRUCTION COST ea, 891
I ~ITOTAL CAPITAL COST $365, 348
i
ISUBTOTAL-Annual O & M Cost: FIRST 2 YEARS $35, 400
ISUBTOTAL-Annual O & M Cost: AFTER 2 YEARS 48, 500
i
ICONTINGENCY AT &@% OF O & M COST: FIRST 2 YERRS 7, @8@
ICONTINGENCY AT Z@0% OF O & M COST: AFTER FIRST Z YERRS 1,706
i .
IANNUAL O & M COSTS: FIRST 2 YEARS $42, 480
- IANNUAL O &8 M COSTS: AFTER FIRST 2 YEARS $10, 200
1 _
|
IPRESENT NET VALUE 387,739

| | 9.0% Discount Rate; S.0% Inflation Rate
L !

Date: ?/3/72

Date: Y2/ /72
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[ Technology: ALTERNATIVE V: Same as Alternative II with
the addition of vacuum extrac-—
tion through wells and instal-

' lation of mesbrane cutoff wall
at cells 6 and 12.

Site Name: Dunn Landfill
[ Date: March 3, 1992
lItem Description | Units | Quantity IUnit Pricel Total Costli
l | | ! | 1
( 1 ITEM 1 i | } |
= I Vent/Trench(V/T)-Sand 1 cY | aea | $4.50 | $3, 000 |
I V/T-4" Dia. Perfor. Pipel LF | 4,200 | 14.0a | o8, 8aad |
| V/T-Geotextile | SF | 41,100 | @.15 | 6,165 |
-} V/T-Header Pipe | LF ! &, 1200 | co. 00 | 42, D02 |
| V/T-Drip Leg | EA | 4 { 1,000.02 | 4,000
| Blower | LS 1 11 5,000.00 | 5,000 |
| Flare | LS 1 i 155, 000.02 1| S5, 00 |
I Flare Installsation | LS { 1 155,000,200 | S5, 008 |
! Site Fencing H LF i 6,508 | ig. a0 | 65, 200 |
Cover A | LS | 1 t1,821,788 | 1,821,788 |
| Vent/Well(V/W)—cell 6&1Z2] EA [ 4 1 3,000.002 | 12,000 |
i V/W-Header Fipe i LF i £, 70@ | co.ea | 54,000 |
I V/W-Drip Leg I LS l £ 1 1,000.2a | £, 000 |
! Membrane Curtain/Wall § LS | 1 155,000,008 | 55,000 |
I ANNUAL. O & M COSTS I | | | H
I Site Inspections { ERA i 4 | 85@. 04 | 3, 400 |
I Turf and Erosion Repair | AC 1 24.2 | 10@. 00 | 2,420 |
[ Mowing | RC | g4.2 | Se.0a | 1,210 |
- | Equipment & Facilities | LS | i1 2,185.00 | 2,185 1|
I Blower Maintenance(3 yr) | HR | zZe0 | 10@. 20 | 6, 0aa |
- | Flare Maintenance(S yr) | HR | c6a | 100. 2@ | b, 00 |
I Monitering (offgas,S yr)l L s | 1 1 6,1008.02 | 6,102 |
l | Monitoring(gas &storm w)l LS l 11 8,500,020 | e,5ea |
i |
ISUBTOTAL-Construction Cost 2,239,353 |
) i
[ . .LEGAL FEES, LICENSE & PERMIT COSTS AT 1@% OF CONST. COST £C3,935 |
| . |
IENGINEERING & ADMINISTRATIVE AT 15% OF CONST. COST 335,903 |
1 i
l I SUBTOTAL $2,799, 191 |
i |
[ ICONTINGENCY AT 2@% OF CONSTRUCTION COST 559,838 |
H |
1TOTAL CAPITAL COST $3,359,030 |
. | 1
l ISUBTOTAL-Annual O & M Cost: FIRST S YEARS $75, 815 |
I1SUBTOTAL—Annual O & M Cost: AFTER 5 YEARS ' $17,715 |
| |
[ ICONTINGENCY AT £0% OF D & M COST: FIRST S YERRS 15, 163 |
ICONTINGENCY AT 2@% OF O & M COST: AFTER O YEARS 3,543 |
t |
IANNLUAL O & M COSTS: FIRST 5 YEARRS $90,978 |
[ IANNUAL O & M COSTS: AFTER S YERRS $21,258 1
| |
] |
[ | PRESENT NET VALUE $3, 905, 226 |
I 9.@% Discount Rate; S.0% Inflation Rate |
| I’
l Prepared by: /Og)d/ Date: %’/‘?ZChecked by: E & C  pate X olez
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Table No.
Technology: Cover A
Site Name: Dunn Landfill
Date: March 3, 1992
!Item Description i Units | Quantity iUnit Pricel Total Costli
i i I [ | |
l tem H I | |
iNative Soil 1 cY l 19,521 | +45.00 1 $78, 284
ICohesive Soil ) cy | 19,521 | 7.0 | 136,647
142 mil FML | SF 11,054,152 1 a.5a | sSe7,876
|Drainage Layer | CY l 39,043 1 8.0a | 312, 344
IGeotextile l SF 11, @54, 152 | 2.115 1| 121,227
|Root Zone | (04 4 | 58, 564 | 7.00 | 4@9,948
1Topsoil | cy 1 19,521 | 9.2 | 175,689
ISeed, Fertilizer, Mulch | AC 1 c24.2 § 1,100,002 | 26,620
|Perimeter Shaping l LS | 1 134,153,000 | 34,1353
1 | | i |

ANNUAL. G & M CAOSTS | I | !
[Site Inspections i EA H 4 | ase. 02 | 3, 400
[Turf and Erosion Repair | AC H 24.¢ | 100. 00 | 2, 4@
IMowing | AC 1 24.2 | 34.50 | 83T
IEquipment & facilities i Ls i 11 2,185.@@ | 2,185
|
|SUBTOTAL—Construction Cost $1,821,788
i
ILEGAL FEES, LICENSE & PERMIT COSTS RT 1@x% OF CONST. COST 182,179
|
IENGINEERING & ADMINISTRATIVE AT 15% OF CONST. COST 273, F68
i
| SUBTOTAL $2,277,236
|
ICONTINGENCY AT Z0@%x OF CONSTRUCTION COST 450, 447
: .
ITOTAL CAPITAL COST $2,732,683

Prepared by; Ogﬁ{

Tes.

Checked by:

Date: El/g’/?z'
Date: ‘%fi/?ﬂa.
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! | 9.0% Discount Rate; 5.2% Inflation Rate
!

I Prepared by: /05/4'( Date: vgt/%&l::hecked b“ﬁ?g;: gateayé/fé—-—

[ Technelogy: ALTERNATIVE VI:Same as Alternative IV with
the addition of vacuum extrac-
tion through wells and

[ installation of sesbrane cut-
off wall at cells &6 and 12.

Site Name: Dunn Landfill
[ Date: March 3, 1992
1 Item Description I Units I Ruantity IUnit FPricel Total Cost|
I I | | i |
[ I ITEM | | 1 | 1
I Vent/Trench(V/T)-Sand | cyY | sa@a | $4,50 | $3,600 |
. I VW/T=~4" Dia. Perfor. Pipel LF l 4,200 | 14,00 | S8, 80a |
l | V/T-Geotextile | SF | 41,12 1 D @.15 1| 6,165 |
i V/T-Header Fipe | LF | &, 100 | ca.00 1 42,000 |
{ V/T-Drip Leg | ER | 4 1 1,000.00 | 4,000 |
l ] Blower | L.S I 1 | 5,000.00 | 5, 000 |
| Flare | LS ] 1 155,000,900 | | 355,000 )
| Flare Installation 1 LS | 1 155, 020,00 | oSS, 0ea |
Site Fencing 1 LF | 6, 502 | 19.02a | 65, 200G |
l ¢ Cover B/C I LS | 1 11,835,479 | 1,835,479 |
I Vent/Well(VW/W)—cell 6&i1Z! ER I 4 ) 3,000, 00 | iz, e |
| V/W-Header Fipe t LF ! 2,702 i 20. 020 ¢ S54, 000 |
l I V/W-Drip Leqg ) LS | 21 1,000.22 | 2,002 |
I Membrane Curtain/Wall 1 LS | 1 135,000,00 | oS, 0@ |
i ANNUAL 0 & M COSTS { | i | i
| Site Inspections | ERA | 4 | 850. 0@ | 3,406 |
| Turf and Erosion Repair | AC I 24.2 | igad. 00 | 2,420 |
| Mowing | AC i 24.2 | So.ee | 1,210 |
| Equipment & Facilities | LS | 1 1 2,185,000 | 2,185 |
I | Blower Maintenance(S yr)| HR 1 2ea@ | 100, @0 | 26,020 |
I Flare Maintenance (S yr) | HR | 260 | 122, @2 | 26,000 |
I Monitoring (offgas,S yr)l LS | 11 6,106.20 | 6,100 |
l | Monitoring(gas &storm w) i L8 | 1 | 8,500.00 | 8,500 |
H l
1SUBTOTAL—Construction Cost $2,253,044 |

[ }

" ILEGAL FEES, LICENSE & PERMIT COSTS AT 1@% OF CDNST; COosT 2e3, 304 |
I _ i
IENGINEERING & ADMINISTRATIVE AT 15% OF CONST. COST 337,957 |
! H
ISUBTOTAL $2,816, 305 |
H |
ICONTINGENCY AT 20% 0F CONSTRUCTION COST Se3, 261 |
{ t
ITOTAL CAPITAL COST 43,379,566 |
I 1
{SUBTOTAL—Annual O &8 M Cost: FIRST S YEARS | $75,815 |

" ISUBTOTAL-Annual O & M Cost: AFTER 5 YEARS $17,715 |

} |
ICONTINGENCY AT 0% OF O & M COST: FIRST S YEARS 15,163 |
ICONTINGENCY AT 20% OF O & M COST: AFTER S YEARS 3,943 |
1 l
IANNUAL O & M COSTS: FIRST S YEARS $90,978 |
IANNUAL O & M COSTS: AFTER S5 YEARS 21,258 i
| |
I |
iPRESENT NET WORTH $3,925,008 1

|

!




Table No.

Technology: Cover B/C~ no Drainage/B
Site Name: Dunn Landfill
Date: March 3, 1992
I1tem Description { Units | Quantity IUnit Pricel Total Cost|
1 | 1 i | i
1 ITEM l i i | |
IClay I CYy { 78,@85 i $12.5@ 1 $976,063 |
4@ mil FML | SF ! 191,664 1 @.7@a | 134,165 1|
IDrainage Layer (sand) | cYy I 7,100 | 8.92 | S6,800 |
IGeotextile 1 SF | 191,664 ! 2.11% | 2e, Q41 |
|Root Zone ] cY t o8,564 | 7.00 | 409,948 |
ITopsoil | (944 | 19,521 1 92.00 | 175,689 1|
ISeed, Fertilizer, Mulch | AC H 24.2 | 1i,100.00 | £6,620 |
IPerimeter Shaping 1 LS l 1 134,153.00 | 34,153 |
i 1 I ! 1 |
ANNUAL O & M COSTS | I | i |
~18ite Inspections | ER | 4 | 85a. 00 1 3,400 |
ITurf and Erosion Repair | AC | 24.2 1 1ed. 9@ | 2,420 |1
IMowing I AC | 24.2 | 34.50 | 835 |
lEquipment & facilities | LS | 1 1 2,185.00 | e, 185 |
1 |
ISUBTOTAL-Construction Cost 41,835,479 |
I i
ILEGAL FEES, LICENSE & FERMIT COSTS AT i1@% OF CONST. COST 183,548 |
| |
IENGINEERING & ADMINISTRATIVE AT 15% OF CONST. COST 279, 322 |
| I
|SUBTOTAL $2,294, 348 |
| |
ICONTINGENCY AT Z@% OF CONSTRUCTION COST 45,8, 872 |
i |
'TOTAL CAPITAL COST _ $2,753,218 i
Prepared by: Og#/ Dates: 3/3'/?’Z

Checked by Lé:zs Date: 576}/%-2~,
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Technology:

Site Name:

ALTERNATIVE VII:Same as Alternative III

except deep well vacuua
extraction and installatiaon

of

cells 6 and 12.

Dunn Landfill

sembrane cutoff wall at

| 9.@% Discount Rate; 5.9% Inflation Rate

Date; March 3, 1992
Item Description { Units | Quantity 1Unit Pricel Total Costl
I | ! { 1
ITEM I l i I |
Vent/Trench(V/T)-8and | cY ! éae 1 4,50 | 3,600 |
V/T-4" Dia. Perfor., FPipel LF I 4,200 | 14. 00 | =8, 800 |
V/T Geotextile 1 SF | 41,100 1 @.15 1 6,165 |
V/T Header Pipe ] LF } 2,100 ) 20. 00 ) 42, OB 1
V/T Drip Leg i ERA ] 4 | t,000.00 | 4,000 |
Blower 1 LS 1 11 5,000.02 1 S, 00Q |
Flare 1 LS 1 1 155,000.0a | 55, ada |
Flare Installation ! L.S ! 1 155, 000.00 | 55, 000 |
Site Fencing t LF | é,5a0 | 12. 08 | 65, 000 |
Cover B | LS i 1 11,622,473 | 1,622,473 1
Vent/Well (V/W)~cell 6&121 ER i 4 | 3,000.00 1 12,002 |
V/W-Header FPipe { LF i e, 722 | c@. 2@ | D4, 202 |
V/W-Drip Leg 1 LS i 21| i,000.02 | 2, ooa |
Membrane Curtain/Wall 1 LS 1 1 155, 000.20 | o5, 60a |
ANNUAL O & M COSTS | | i I |
Gite Inspections i EA i 4 1 850. @0 | 3,400 |
Turf and Erosion Repair | AC | 4.2 | 100. 0@ | 2,420 |
Mowing | AC | 24.2 1 Sa.20 | i,210 |
Equipment & Facilities | LS | 1 1 2,185.06 | 2,183 1
Blower Maintenance(S yri! HR | zead | 1QQ. 2@ | 26, 0aa |
Flare Maintenance(S yr) | HR i 6@ | 100.Q02 | 26, 00Q |
Monitoring (offgas,S yrii LS ! 1| 6,100,008 1| 6,106 |
Monitoring(pas &storm w)l LS ! 11 8,500.2a | 8,coa |
|
SUBTOTAL—-Construction Cost $2,040,038 |
l
LEGAL FEES, LICENSE & PERMIT COSTS AT 1@% OF CONST. COST 4, 2Q4 |
B |
IENGINEERING & ADMINISTRATIVE AT 15% OF CONST. COST 306, QD& |
1
SUBTOTAL $2,550, 848 |
1
ICONTINGENCY AT £@% OF CONSTRUCTION COST S1@,0l1a |
|
TOTAL CARPITAL COST $3, 060,057 |
i
ISUBTOTAL-Annual O &8 M Cost: FIRST 5 YEARS $75, 815 |
ISUBTOTAL-Annual O & M Cost: AFTER 5 YEARS $17,715 |
I
ICONTINGENCY AT 2@% OF O & M COST: FIRST S YEARS 15,163 |
ICONTINGENCY AT 2@% OF O & M COST: AFTER S YEARRS 3,543 |
. l
IANNUAL O & M COSTS: FIRST 5 YEARS $90,978 |
ANNUAL. O & M COSTS: AFTER S5 YEARS $21,258 |
1
|
PRESENT NET WDORTH $3,617,224 |
|
!

Prepared by: gzgﬂif

Date:EAﬂfZChecked bv=42%3451

Date: jé FAZ.-.—
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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 319002) 14D MR52000CDCL-F SRAPP
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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.

Atternative

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

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

3) Institutiona! controls,
sccess controls, monitoring
extraction, cover A or 8

&) Institutional controls,

sccess controls, monitoring,

Preliminary Identification

or RA! got:!gz of Standards/Requirements

RA 181.49 Groundwater monitoring to identify degree
. snd extent of contamination, harardous
waste groundwater monitoring requirements
A 131 Any waste generated during the remedial
investigation must be handled consistent
with hazardous waste requirements, general
hazardous saste management requirements

A 140 Groundwater standards and response
requirements

A 149 . Laborstory certification for envirommental
testing

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

A 508 Lardfill monitoring requirements

A 504,506,514,516 Landfill capping, closure and

documentation requirements

same requirements as alternative 1 above

RA 181.44¢11)-¢14) Landfill capping, closure, monitoring and
) long term care requirements

same requirements as alternative 1 above

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

same as alternative 2

gas extraction, cover A or 8/C A 181 Management of hazardous wastes removed

$) Institutional controls,
access controls, monitoring

during construction of gas extraction
systems

same as alternative 1 .

trench/vent system, cover A or B

6) Institutional controls,

-

access controls, monitoring
trench/vent system, cover A

or B/C

same as afternative 2



Preliminary tdentification

Alternative A or A Code’ of Standards/Requirements
7) Institutional controls, same as slternative 3

access restrictions, T

monitoring, gas extraction,

trench/vent system, cover A

or B
8) Institutional controis, same as slternative &

access restrictions,
monitoring gas extraction,
trench/vent system, cover
A or B/C

‘aormns Applicable (A) or potentially Relevant and Appropriaste (RA)
% tode = Wisconsin Administrative Code, Chapter NR series
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City Disposal Corporation Landfill

Potential Appllcable 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 quallty
standards and response requlrements.

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

Resocurce 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/530/5W-89/047

I
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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 Regqulations
- (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.
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Alternative Costs - Ground-Water Control

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:

(WP5.1 31892) 140 M52\ CDCE FSAAPP

APPENDIX F

(5 Pages)

Alternative D
No Action
Dunn Landfill
March 6, 1992

Aliernative 7

Air Stripping, Activated Carbon & Catatytic 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, 1892

PE. LaMoreaux & Associates—
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Table Nb. Alternative @

Technology: No Rection

Site Name: Dunn Landfill

Date: March &, 1992

iItem Description I Units | Quantity | Unit Price I Total Cost
{ | | [ |

| I1TEM | i i 1

IN/A ! - i a $2 | $Q
I | I 1 l

i ! I 1 t

) ] ! ] : )

1 1 [ 1 - |

| ANNUAL O M _COSTS | | i 1
IMonitoring i Ls | 11 114,216 1 114,216
i {

I SUBTOTAL-Construction Cost ; $0

{

-LEGAL FEES, LICENSE & PERMIT COSTS AT 1@% OF CONST. COST / "]
i

IENGINEERING & RDMINISTRATIVE AT 15% OF CONST. COST 2
I

tSUBTOTAL $90
1

ICONTINGENCY AT 206% OF CONSTRUCTION COST 0
|

ITOTAL CAPITAL COST 1 1"
|

ISUBTOTAL—Annual O & M Cost: FIRST 2@ YEARS $114,216
1S8UBTOTAL-Annual O & M Cost: SECOND 20 YEARS $114,216
)

ICONTINGENCY AT Q% OF O & M COST: FIRST 2@ YEARS 22,843
ICONTINGENCY AT 204 OF O & M COST: SECOND 22 YEARS 2z, 843
{ .

ANNUAL O & M COSTS: FIRST 2@ YEARS $137,059
~tANNUAL O & M COSTS: SECOND 20 YEARS $137,0599
|

(PRESENT NET WORTH

19.08% Discount Rate; S5.0% Inflation Rate s2, 350, 832

Date: 5/5/?2
Qg&g:'%é;/Q?l__

Prepared by: Ogﬂ'[
/
Checked by: ;Eéi-s
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Table No. Alternative 7

Technology: Air Strip, Act Carb & Cat Oxid

Site Name: Dunn Landfill

Date: March S, 1992

iitem Description I Units | Quantity | Unit Price | Tetal Cost
l I l l {

1 ITEM 1 f | l
IGroundwater Recovery Sys. | Ls i 1 1 si170,008 | $17Q, agd
IProcess Equipment—-Instal. | LS | 1 1 1,395,00@ | 1,395,000
iSite Piping f Ls |1 11 45, 00 { 45, @00
iSite Work and Buildings | LS 1 1 | 195,000 | 195, ao@
i I 1 1 l

| ANNUAL. O & M COSTS t 1 i |

ILabor | LS | 11 71,0002 | 71,000
tAnalytical | Ls | 1 1 114,216 i 114,216
IChemicals | LS | 11 130,000 i 130, o0
ICarbon Replace./Regener. | LS | 1 1 395,000 ] 395, a6
iPower & Natural Gas i LS | 1 1 420,000 | 420, Q0
'Residual Disposal | LS 1 11 40,200 i 4@, 20Q
_ Maintenance 1 Ls i 11 Se, aoe ! 50, a0
iIAdministration i LS i 1 4c, @20 | 42, Q0
l

ISUBTOTAL-Construction Cost $1, 805,000
I ‘

ILESAL. FEES, LICENSE & PERMIT COSTS AT 1@% OF CONST. COST i8@, Sp@
1

IENGINEERING & ADMINISTRATIVE AT 15% OF CONST. COST 270,752

1SUBTOTAL $2, 256, 250
ICONTINGENCY AT @@% OF CONSTRUCTION COST 451, 250
ITOTAL CAPITAL COST s2, 707, 500

ISUBTOTAL-Annual O & M Cost: FIRST 2@ YEARS

$1, 262,216

"SUBTOTAL-Annual O & M Cost: SECOND 20 YERARS $95, 406
fCDNTINGENCY AT &% OF O & M COSY: FIRST 2@ YEARS 252, 443
ICONTINGENCY AT 2@% OF O & M COST: SECOND 22 YERRS 19,081
IANNUAL O & M COSTS: FIRST 20 YEARS $1,514,659
IANNUAL. O & M CDSTS: SECOND 20 YERRS $114, 487
|PRESENT NET WORTH !

19.08% Discount Rate; 5.0% Inflation Rate $19,992, 307

Prepared by: OB#I
Checked bvy: ,/?J—S

Date: %Ag/?z'
Qg§e=37$74?2—~
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Table No. Alternative 8

Technology: Air Stripping & Activated Carbon

Site Nage: Dunn Landfill

Date: March S5, 1992 -
iltem Description I Units | Quantity | Unit Price | Total Cost
i I I ! I

| ITEM | i | |
|Groundwater Recovery Sys.! LS 1! 11 $170, 000 | $170, 020
IProcess Equipment-Instal.! s 1 11 975, aga | 975, a0d
ISite Piping l LS ¢ 11 45, 00Q | 45, 000
ISite Work and Buildings | .S 1 11 185, 000 | 185, 200
I l l ] |

I ANNUARL D & M COSTS | I | |

ILabor | LS | 11 62,022 | 62, 20Q
IMonitoring | Ls |1 11 114,216 1| 114,216
iChemicals 1 LS |1 11 130, aea | 120, a2
iCarbon Replace. /Regener. | LS | 11 420, 2@ | 420, Q0@
‘Dower 1 LS | 11 35, 000 | 35, 000
—fResidual Disposal 1 LS | i1 4@, a2 | 4@, 220
IMaintenance H LS | 11 S0, a2 | Sa, 022
IAdministration { LS | 11 42,000 | 42, 0O
i

ISUBTOTAL-Construction Cost $1, 375, 000
|

ILEGAL FEES, LICENSE & PERMIT COSTS AT 1@% OF CONST. COST 137,500
I

IENGINEERING & RDMINISTRATIVE RT 15S% OF CONST. COST 26,250
i

ISUBTOTAL ¢1,718,750@
I

ICONTINGENCY AT 20% OF CONSTRUCTION COST 343,750
I

ITOTAL. CAPITAL COST $2, 062, 500
1

SUBTOTAL-Annual O & M Cost: FIRST 20 YEARS : $893,216
1SUBTOTAL-Annual O & M Cost: SECOND 20 YEARS . $95, 406
| .

ICONTINGENCY AT 2@% OF O & M COST: FIRST 2@ YEARS 178,643
ICONTINGENCY AT 20% OF D & M COST: SECOND 2@ YERRS 19,081
I

IANNUAL D & M COSTS: FIRST 20 YEARS 41,871,859
IANNUAL O & M COSTS: SECOND 20 YEARS $114,487
| .

IPRESENT NET WORTH

i9.08% Discount Ratej 5X Inflation Rate $16, 842,038

Prepared by: Qgﬁl

Date: E»é;]ﬁ'z

pate: Z/5E2

Checked by: A=

\
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Table No. Alternative 9

Technology: Bioremediation

Site Nanme: Dunn Landfill

Date: March 3, 1992

iItem Description } Units 1 GQuantity ) Unit Price | Total Cost
1 1 | 1 I

l 1TEM | | I |
I1Groundwater Recovery Sys. | L | 11 $17a, 002 | $172, a0
IProcess Equipment—-Instal. | LS |1 iy 1,1e5,00@ 1 1,1@5, 002
I1Site Piping ! Ls | 11 65, 20 | 65, 2@
ISite Work and Buildings | Ls | 11 2ia, eea | 210, aoo
i 1 i 1 t

1 ANNUAL O & M COSTS 1 1 | !

fLabar | Ls 11 83,Qee | 83, aon
IMonitoring i LS | 11 132,216 | 132,216
iIChemicals | Ls | 11 48, 200 | 48, 000
‘Cower i LS 1 | 4@, 00 4@, aaQ
Residual Disposal | LS | 11 53,000 | 53, q@2
IMaintenance | LS 11 70,0200 | 70, 2@
fAdministration i Ls i 11 42,00@ | 4, 000
1

ISUBTOTAL—-Construction Cost %1, 556, 000
[

ILEGAL FEEE, LICENSE & PERMIT COSTS AT 1@% OF CONST. COST 155, o2@
1

IENGINEERING & ADMINISTRATIVE AT 15% OF CONST. COST £33z, 500
t

tSUBTOTAL $1,937,500
|

ICONTINGENCY AT 2% OF CONSTRUCTIDON COST 287,500
|

ITOTAL CAPITAL COST $2, 325, 000
|

"SUBTOTAL—-Annual O & M Cost: FIRST 20 YEARS $468,216
+SUBTOTAL-Annual O & M Cost: SECOND 2@ YEARS $95, 406
| .

ICONTINGENCY AT 20% OF O & M COST: FIRST 2@ YEARRS 93,643
{CONTINGENCY AT 20% OF O & M COST: SECOND 2@ YEARRS 19,1281
I

IANNUAL O & M COSTS: FIRST 20 YERRS $561,859
IANNUAL O & M COSTS: SECOND 28 YERARS $114, 487
i ]

I PRESENT NET WORTH ‘
19,@2% Discount Rate; 5.0%X Inflation Rate $10, 301,833

ggg;:S/@Z@'L
Date: ol >

Prepared by: §25441
Checked by: 7?@;
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- Table Na. Alternative 102
Technology: Chemical Oxidation
Site Name: Dunn Landfill
Date: March 3, 1992
lI1tem Description | Units | Quantity | Unit Price | Total Cost
| | 1 I i
! ITEM I B ! t
IGroundwater Recovery Sys. | LS | 11 $170, 000 | $170, 2@
IProcess Equipment—-Instal. | Ls | 11 805, 0® | 80%, 2AQ
I1Site Piping 1 LS | 11 45, 000 | 45, Q0@
ISite Work and Buildings | LS 1 11 183, 6@ | 185, av@
i i i | 1
| ABNNUAL O & M COSTS i i { i
ILabor | LS | 11 ez, 002 | 62, 200
IMonitoring | LS |1 11 114,216 | 114,216
IChemicals | LS | 11 55, 000 | 65, 202
'Power | LS | 11 130, 000 | 13@, 2o
~ Residual Disposal | LS | 11 40,000 | 40, Q2D
iMaintenance | LS | 1 i 85, aod | 85, DAD
IAdministration | LS | 11 42, 000 | 42, 002
i
ISUBTOTALL-Construction Cost $1,205, 000
|
ILEGAL FEES, LICENSE & PERMIT COSTS AT 1@#% OF CONST. COST 120, S0
i
IENGINEERING & ADMINISTRATIVE AT 15% OF CONST. COST 186, 75Q
|
ISUBTOTAL $1,506, 250
{
ICONTINGENCY AT Z@% 0OF CONSTRUCTIGON COST 301,250
H
ITOTAL CAPITAL COST $1, 807,502
|
'‘SUBTOTAL-Annual O & M Cost: FIRST 2@ YEARS $538, 216
_-SUBTOTAL-Annual O & M Caost: SECOND 20 YEARS $95, 406
ICCNTINGENCY AT 20% OF O & M COST: FIRST Z@ YEARS 197,643
ICONTINGENCY AT 20% OF O & M COST: SECOND 2@ YEARS 19,081
t
IANNUAL O & M COSTS: FIRST 2@ YEARS $64%5, 859
FANNUAL O & M COSTS: SECOND 2@ YEARS $114,487
! !
IPRESENT NET WORTH
19.@% Discount Rate; 5.0% Inflation Rate $1@,926, 379

Date: 2/3/?2L
Date: ,Kgf?'b

Prepared by: 0[_4 ﬂ'(
< 5

Checked by:
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APPENDIX G

ARARs from U.S. EPA and WDNR - Ground-Water Control

TYPE OF
DOCUMENT DATE ISSUED
Latter May 20, 1991

(WP5.1 V1992) 14DMES200CDCL-FSA.APP

ADDRESSED TG

Ms. Dee Bmcich

NO. OF
ADDRESSEE PAGES

Charles Wilk 5

P E.L aMoreaux & Associates—-
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‘i UNITED STATESD LEVIRCKHMENTA! PAOTECTION AGENCY
M 3 REGION $
230 SOUTH DEARBORN ST.

‘¢ -6"‘ CHICAGQA, ILLINQIS 60804

maY 20 1931
Ms. Dee Brncich 'f AEPLY TO ATTENTION OF:

Waste Management of North Ame.rica, Incorporated
Midwest Ragion

Two Westbrook Corporate Ce.ntex:, Suite 1000
Westchester, Jllincis 60154

=

Re* ¢City Dispozal Corporation Lanafill
Applicahle or Relevant and Appropriate Requirements; /

Dear Ms. Brncich: - i

The United States Environmental Protection Agency (U.S5. EPA) and
the Wisconsin Department of Natural Resources have completed
thoir revigw @f Technical Memcrandum 6B, Altermatives Array
Document. for the Ground-water cuulicl cgaeuhlo Mnit far the City
Disposal Corporation Landfill. The principal purpose of the
reviews were to identify pofential Applicable or Relevant and
Appropriate Requirements for alternatives described in the

Alternatives Array Documents

Enclosed in this letter are lists of potential ARARs specific to
described alternatives from the U.S. EPA and WDNR.

Ths ADAR& 1isted in the enclosures were based on the alternatLVes
presented. These lists may be amenued Jdue &8 sdditinnal
information or changes to the alternatives presented. Final
ARARs are identified at the time of s:l.gnature 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 gquestion the protectiveness of
the selected remedy.

If you have any questions concerning this letter please telephone

me at (312) 353-1331. - /. L
~ S F “
DATE RECEIVED/SENT ‘,.__/"Z/’/

Sincerely, / ggﬁ DEE BRNGICH (f ‘

4 A — e CC/ROUTE: ‘
C%:"" P DR WS HK J0, GM. DO, AK RO, AS
Charles Wilk - - =
Remedial Prodect Ma FILE SYSTEM:  PROJECT/SITE

emeala rojec nager f]L.E COD& ? WIATTAG"

¢cc: Mike Schmoller, WDNR; Eileen mreymvé'&im, _RERD

Priried an Recyded Paper

MaY 22 169
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U.S. EPA List

Nine alternatives have been proposed for potential
application to the GCOU. 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 airgstripping. Altarnatives 1-3 and 7-9 include
discharging treated groundwater to a local stream. Alternative S
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 1is 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 Altermatives 7 and 8.) In-
Siluu U.L%.__e}-rl_::-mt:diut-.:.uh. ae pUsmesad in Altarnative f. Ahove-qEoung
biotreatment is proposed in Alternative 9.

A. . ZONING, FENCING D_RESTR NS
. 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

s UL
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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 A/RA/TEBC Standard/Requirement
(40 CFR § )

264.117{c) RA post-closure use of property
on or in which hazardous
wastes remain

264.310(Db) (S) RA protect and mAintain curuvayed
. 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:

ctio R: BC Standard/Requirement
(40 CFR § )
§ 122 A NPDES requirements of CWA
§ 403.5 TBC POTW limjtations

(Wis. Adm. Code)

NR 102, 104, ,

200, 217 & 219 A regulating discharge to
surface water, effluent
limits, discharge permit
applications, sampling/testing
procedures

NR 112 A (?) regulates wells which singly
' or collectively with other
wells on the property extract

>70 gpm
WPDES permit
regquirements A
CWA § 304 RA water quality criteria for

specific pollutants
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CWA Ambient Water :

Quality Criteria RA ambient water gquality criteria
for Protection of :
Aquatic Life

RCRA Part 264 RA : RCRA groundwater monitoring
reguirements
C. UNDW. R_TR NT
1. ctiv ted c n adsorptio

Alternatives 3 and 4 propose activated carbon
adsorption of contaminated groundwater. 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 _ A/RA/TBC Standard/Requirement

(40 CFR §)

268 RA RCRA land disposal
restrictions

2. Air stripping.

Alternatives 1,2,7 and A inrinde propocale for aiy Stuiwwiliv.
Allcinallves 1+ ana ¢ ,propose catalytlc oxidatinn nr traatmant
emissions from the air stripper: alternatives 2 and 8 propgse
aa®ivntcl s Yoo a.dl.uj.yl...l.uﬂ ar TrApATment ewmissivuns Lrom the air
stripper, The following ARARS wnnld portain es ehssec propuscd
actions:

Section A TBC Stgnderd/Requirement
r
(Wie Dbrim nNade)
NR 140 A Wic. yruundyurey aTdhdavds
NR 160 ‘ A Wis. protective action limits
NR 400-499 A requlates air emissions from

air stripping

CiA Part 61 RA NESHAPs for, inter alia, vinyl
chloride, benzene, radon(?)
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OSWER Directive

P geem  peam pems PP

9355.0-28 RA
(40 CFR §)
141.11-
141.16 . RA/TBC
141.50 RA/TBC
264.94 RA

L 264.97 _ RA

FPa nnlimy gnidamea audlilbl.d
Control of Air EFnisgsion from
Superfund Air Strippers at
Superfuynd Groundwater Sites

SDWA MCLs

MCL Goals for, ipter alia,
vinyl chloride

RCRA MCLs

general ground-water
monitoring requirements for
any ground-water monitoring
program develcoped to satisfy,
inter alia, § 264,100
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APPENDIX H

Vehicular Traffic Estimation
Source Control Alternatives
Table 6A, March 3, 1992

and

Table 6B, March 4, 1992

(4 Pages)
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TABLE 3.1

Hagen Farm Groundwater Quality Summary

Surface Quality Limits and NR 140 Groundwater Standards

| CONSTITUENTS " : .| .-. Concentration’ = -| .° " 'NR 140 PAL ]'
VOCs : *

| 2-Butanone {MEK) 2,620 (3)? -
Toluene 20 (1) 68.6 |
Ethylbenzene 99 (3} 272
Xylenes 1,066 (5) 124

! Tetrahydrofuran 5,695 (5) 10

! Semi-Volatiles

i Benzoic Acid 780 (2) -
2,4-Dimethylphenol 163 (2} -

} 4-Methyiphenol 243 (2) -

| Phenol 3,816 (1) -

| 1,4-Dichlorobenzene . 10(1) 15 |

i Benzyl Alcohol 26 (1) - '

| Bis(2-Chloroisopropyl) Ether 19 (1) -

! Naphthalene 8 (1) -
4-Chloro-3-Methylphenal 7 (1) -
Diethylphthalate 4.5 (1) -
Bis(2-Ethylhexyl!)Phthalate 18 (3} -

| Di-n-octyl Phthalate 5(1N --

; . \

{ Metals o |
Mercury - 0.8 (3) 0. ‘
Lead 6 (1) 5 |
Arsenic 10 (5) 5 g

| Barium 850 (5) 200 J‘

1

'Geometric averages of results from source characterization wells with a detection.
*Number of wells (out of 5) with a detection,



TABLE 3.2

Average and Maximum Concentrations of Selected
Metals Detected in Groundwater at Hagen Farm Site'

Geometric Average
(wa/L)

~ . Maximum |

woll)

f

| Arsenic
Barium
Copper
iron

Lead
Manganese
| Mercury

i Nickel

$ Zinc

10 (52
850 (5)
13 (5)
549 (5)
6 (1)
1450 (5}
0.8 (5}
58 (5)

BRI .

25
1570
32
17,000
6
3,330
6.5
162
185

Tvalues taken from individual well results at Hagen Farm Site with a detection.
Number of wells (out of 5} with a detection.



TABLE 4.1

Constituents to ba Analyzed for Hagen Farm Treatability Study

Compound

2-Butone (MEK)
Toluene
Ethylbenzene
Xylenes
Tetrahydrofuran
Acetone
Benzene
Chiorobenzene
1.2-dichloroethene
Dibromochloromethane
Methylene Chloride
Vinyl Chioride

T

Benzoic Acid
2,4-Dimethylphenol
4-Methylphenol

Phenol _
1.4-Dichlorobenzene
Benzyl Alcohol
Bis(2-Chloroisopropy!)Ether
Naphthalene
4-Chloro-3-Methylphenol
Diethylphthaiate
Bis{2-Ethylhexyl)Phthalate
Di-n-octyl Phthalate

Arsenic
Barium
Cadmium
Chromium
Iron

Lead
Mercury
Nickel

Alkalinity
Chloride
Sulfate




Target Compounds Spiked for Hagen Farm Groundwater

TABLE 4.2

(all units in prg/L}

Constituent . .~

2-Butanone (MEK)
Xylene, Total
Tetrahydrofuran_ (THF)
1,2-Dichloroethylene
Dibromochloromethane

| Methylene Chloride

mi-Volatile Qrgani

| Benzoic Acid

| 2,4-Dimethyiphenol

4-Methylphenol

| Phenol

1,4-Dichlorobenzene

Benzyl Alcohol
| Bis {2-Chloroisopropyl) Ether
| Naphthalene

| 4-Chloro-3-Methylphenol

Diethylphthalate

Bis{2-Ethythexy!) Phthalate

| Di-n-octyl Phthalate




TABLE 4.4

Soil Biodegradation Study
Operating Parameter Ranges

Range Reactors Frequency

pH (units) 6.5-8.0 ‘
 0.0. (mg/L) >50| 2,3and4 Daly |

I Temperature (°C) room (20 - 25) 1,2,3and 4 Daily l
e e T I



TABLE 5.1

Initial Characterization for Hagen Farm Groundwater
- Compounds With Concentrations Above Detection Limits

Parameter Concentration
1. Metal
Arsenic 0.036 mg/L
Barium 0.49 mg/L
Calcium 200 mg/L
lron 27 mg/L
Magnesium 80 mg/L
Nickel 0.033 mg/L
Potassium 21 mg/L
Sodium 38 mg/L
Zinc 0.036 mg/L
2. PCB, Pesticide Not Found H
3. vOC ||
Ethylbenzene 3200 pg/L
THF 65000 ug/L
Xylene (total) 20000 ug/L
4. Semi-VvOC
Diethylphthalate 15 ug/L
5. Others
Alkalinity 910 mg/L CaCO,
Cli : 41 mg/L
BOD 53 mg/L
CcoD 390 mg/L
Phosphorus 0.40 mg/L
NH, 30 mg/L
TKN 23 mg/L

- T=N—.
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TABLE 5.2

Hagen Farm Bench-Scale Air Stripping Test Results

(all units in pg/L)

[ Air/Water Ratio (ft? air/ft®> water) )
COMPOUND 0 25 50 100 150
Acetone <20 <20 <20 <20 <20
Benzene 57 <5 <5 <5 <5
iChlorobenzene <5 <5 <5 <5 <5
Dibromochloromethane <5 <5 <5 <5 <5
iEthylbenzene <5 <5 <5 <5 <5
Methylene Chloride <5 <5 <5 <5 <5
IrMethyl Ethy! Ketone <10 <10 <10 <10 <10
ATetrahydrofuran 52000 | 46000 | 33000 | 36000 | 31000 |
Toluene <5 <5 <5 <5 <5
1,2-Dichloroethane (total) <5 <5 <5 <5 <5
Vinyl Chloride 11 <10 <10 <10 <10
Xylene (total) 11000 330 27 19 12
Ethy! Ether 10 <5 <5 <5 <5
Isobutyl Alcohol <25| <25| <25| <25| <25
Methanol <05| <05| <05| <05| <05
Hn-Butyl Alcohol <2.5 <2.5 <2.5 <2.5 <2.5
Cyclohexanone <0.25 | <0.25 | <0.25| <0.25 <0.25




TABLE 5.3

Steady-State Operational Results for
Activated Sludge Reactor

H Compound

Tst Set 2nd Set
1. VOCs (all units in pg/L) Influent Effluent Influent Effluent
Acetone < 10000 <20 - < 10000 <20 -

l Benzene <2500 <5 - © <2500 <5 - "

I Chlorobenzene <2500 <5 - <2500 <5 ¢ - "
Dibromochioromethane <2500 <5 — <2500 <5 ! - “
Ethylbenzene <2500 <5 - <2500 <5 / — “
Methylene Chioride <2500 <5 - <2500 <5 —_— "

I 2-butanone (MEK) <5000 <10 - <5000 <10 — “

l Tetrahydrofuran (THF) 74000 <10 >99 80000 <10 >99 u
Hloluene <2500 <5 - <2500 <5 - " .
1,2-Dichioroethene (total) . <2500 <5 - <2500 <5 - 'I
Vinyl Chioride <5000 <10 — <5000 <10 - |-

Xylene (total) 19000 <5 >99 1400 <5 >99 "
Ethyl Ether <2500 <5 - <2500 <5 -~ H

2. Semi-VOCs (all units in pg/L)

Benzyl Alcohol <10 <10 — <10 <10 -

i Bis(2-Chloroisopropyl} Ether <10 <10 — <10 <10 -
Bis(2-Ethylhexyl)Phthalate <10 <10 - <10 <10 -
1.4-Dichlorobenzene <10 <10 - <10 <10 e
Diethyliphthalate ’ 13 <10 >23 13 <10 >23
Di-n-octylphthalate <10 <10 - <10 <10 -—
Naphthalene <10 <10 — <10 <10 —

H Benzoic Acid <50 <10 -— <50 <50 -
4-Chloro-3-Methylphenol <10 <10 - <10 <10 -~
2.4-Dimethylphenol 58 <10 >83 150 <10 >93
4-Methylphenol <10 <10 - <10 <10 -
Phenol <10 - <10 <10 - I




TABLE 5.3 (cont.)

Steady-State Operational Results for
Activated Sludge Reactor

i Compound

1st Set 2nd Set “

3. Metals (all units in mg/L)

m—_ﬁ
A 0.034 0.0066 80.6 0.028 0.0091 67.5

Influent Effluent Eff (%) Influent Effluent EH (%)

rsenic

Barium 0.47 0.43 8.5 0.055 0.042 235 |
Cadmium <0.005 | <0.005 - <0.005 | <0.005 -
Chromium <0.01 <0.01 - <0.01 <0.01 -

| rron 25 18 28" | 029 | o025 | 138

I Lead 0.0087 | <0.005 | >67 | <0.005 0.02 -
Mercury <0.0005 | <0.0005 - <0.0005 | <0.0005 -
Nickel 0.04 0.039 2.5 0.031 0.029 6.5

4. Others (all units in mg/L)

Alkalinity (mg CaCO,/M 160 430 - 1000 600 -
Ir Chloride 37 42 - 36 43 -
| suifate <10 <5 - | <0 <s —
H TSS - 4 - 51 6 88.2
H coo 350 76 78.3 300 76 74.7
BOD 49 4 91.8 a4 3 93.2
LA L
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TABLE 5.4

Bench-Scale UV/Peroxide Test Conditions for Hagen Farm Groundwater

Wattage

H,0, Added Initial pH Catalyst, mg/l of Fe UV Lamp Intesity,
500 7.8 o 64 ,
z

500 5.0 3.6 64
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TABLE 5.5

Bench-Scale UV/Peroxide Test Rasults on Hagen Farm Groundwater

Test 2

Test 1
Initial Conc., Effluent Conc., Initial Conc., Effluent Conc.,
pall pgll pgit pgll J
—— e e —— — ﬁ
7.8 7.4 5.0 5.1
560,000 < 500,000 560,000 < 500,000
Acetone <10 80 <10 296
Bis(2-ethyl hexyl)phathalate <10 232 <10 <10
————— —_— ——— 1=============L-__=========

- o~
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TABLE 5.6

Bench-Scale UV/Peroxide Test Results on Hagen Farm Groundwater

- a1

_ Contaminant Initial Conc., pg/l Final Conc., pg/l
Vendor 1 THF 57,950 ND
MEK <20 ND
Xylenes 2080 ND
2,4-dimethylphenol 270 ND
Vendor 2 THF 52,000 ND
MEK ND ND
Xylenes 13,500 ND

N v ew "
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Jar Test Results for Metal Precipitation With Sodium

TABLE 5.7

Hydroxide (all units in g/l except pH)

Sodium Hydroxide Dosage, g/L : 7
Parameter, g/l 0 0.25 0.5 0.75 1.0 1.5 - 2.0 2.5
pH, unit 6.7 7.5 8.4 9.3 10.0 11.0 11.8 12.1
l As 9.5 7.4 7.2 8.4 8.1 5.5 7.7 9.2
HBa 380 340 120 23 19 <10 <10 <10 "
I Cd <5 <S5 <5 <5 <5 <5 <5 <5
[Cr <10 <10 <10 <10 <10 <10 <10 <10
Fe 7000 670 1400 360 140 21 58 60
l Pb <5 <5 <5 <5 <5 <5 <5 <5
“ Hg <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
| ni <10 | <10 | 19 20 20 20 19 17 ||
I[Mn 82 75 13 <10 | <10 | <10 | <10 | <10
“ Mg 68000 69000 | 64000 | 54000 | 59000 | 33000 { 1000 | <200
Ca 170000 | 170000 | 56000 | 20000 | 57000 | 10000 | 24000 | 1700 |




TABLE 5.8

Jar Test Results for Metal Precipitation
with Lime (all units in pg/l except pH)

=

Lime Dosage, g/l

—

Parameter, pg/l 0 1.0 © 1.25 1.5 | 175 4
pH, unit 6.7 9.2 9.9 - 111 11.9

As 9.5 5.2 5.7 <5 <5 l
Ba 380 400 <10 13 [ a8 |
cd <5 <5 <5 <s |1 <s |
Cr <10 <10 <10 <10 <10 |
Fe 7000 2200 370 46 a1
le' <5 <5 <5 <5 <5

Hg <0.5 <0.5 <0.5 <0.5 <0.5
Ni <10 24 26 26 22

Mn 82 86 <10 <10 <10
Mg 68000 | 67000 41000 4700 320

Ca 170000 | 580000 | 14000 38000 | 200000
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TABLE 5.9
Characterization of Spiked Groundwater
(all units in pg/L)

Constituent 'I"arget‘= N _COTc-antration
L Concentration | . After Spiking
Volatile Qrgani mpouyn ‘
2-Butanone (Methyl Ethyl Ketone) 2620 2400
Xylene, Total . 1066 380
Tetrahydrofuran ' 5698 55,000
1.2-Dichloroethylene 10 <5
Dibromochloromethane | 43 <5
Methylene Chloride 15 140
IFSemi-Volatile rganic Compound "
Benzoic Acid 780 - <50
2,4-Dimethyiphenol 153 99
4-Methyiphenol 243 <10
Phenol 3816 <10
1,4-Dichlorobenzene 15 <10
Benzyl Alcohpl 26 <10
Bis (2-Ch|oroisopropyl),Ether 19 <10
Naphthalene 8 <10 "
4-Chloro-3-Methylphenol v 4 <10
Diethylphthalate 4.5 18
Bis(2-Ethylhexyl) Phthalate 18 9
Di-n-octyl Phthalate 5 <10 “




TABLE 5.10

Hagen Farm Bench-Scale

Air Stripping Test Results for Spiked Groundwater
(all units in pg/L)

-

Air/Water Ratio (

1 air/ft®> water)

COMPOUND 0 25 50 100 150
Acetone < 10000 130 | <10000 <20 <20
Benzene <2500 <5 <2500 <5 <5
Chlorobenzene <2500 <5 <2500 <5 <5
Dibromochloromethane <2500 <5 <2500 <5 <5

[ Ethylbenzene <2500 7 <2500 34 <5

I[ Methylene Chloride <2500 8 <2500 <5 <5

l Methy! Ethyl Ketone 5000 7100* <5000 3600 | 3000

lTetrahyd rofuran 90000 46000 59000 | 59000 | 63000
Toluene <2500 <5 <2500 77 <5 H

| 1.2-Dichloroethane (total) | <2500 <5| <2500 <5| <5 "

“ Vinyl Chloride <5000 <10 <5000 <10 <10

lrxwene (total) <2500 110| <2500| 110| <5
Ethyl Ether <2500 <5 <2500 <5 <5

* Estimated value




-

[ t ¥ !

TABLE 5.

p-p——-i

1"

Compounds Detected in Bench-Scale GAC
Column Test for Spiked Hagen Farm Groundwater

H===m=_=== Time of Test, Hours

! 1. VOCs (all units in pg/L) Influent | 10 24 33 48 56 72 80 96 104
Acetone 110 <20| <20 | €20 | <20 | <20 | <20 | <20 | <20 <20
Ethylbenzene 96 <10 | <10 | €10 | <10 | <10 | <10 | <10 | <10 <10
Methylene Chloride 140 <5 <5 <5 <5 <5 <5 <5 <5 <5
Methy! Ethyl Ketone 2400 | <10 <10 | <10 | <10 | <10| <10 | <10 | <10 <10
4-Methyl-2-pentanone 91 <10 | <10 | <10 | <10 | <10 | <10 | <10 | <10 | <10
Tetrahydrofuran 55000 | <25 | <25 | <25 | <25 | <25 | <25 | 150 | 7600 | 22000
Toluene 260 <5 <5 <5 <5 <5 <5 <5 <5 <5

Xylene (total)

2. Semi-VOCs (all units in pg/L)

380

10 29

Bis(2-Ethylhexyl)Phthalate 9 30 27 35 38 33 8 <10

Diethylphthalate 18 <10 | <10 | <10 | <10 | <10 | <10 | <10 | <10 | <10

Dimethylphthalate 6 <10 | <10 | <10 | <10 | <10 | <10 | <10 | <10 | <10
| 2,4-Dimethylphenol 99 <10 | <10 | <10 | <10 | <10 | <10

<10 | <10 <10 “
e e e

e w - me——



TABLE 5.12
Steady-State Operational Results for
Activated Sludge Reactor - Spiked Groundwater

Compound 1st Set 2nd Set
1. VOCs (all units in pg/L) influent Effluent influent Effluent
Acetone < 10000 <20 - <20 <20 -

I Benzene <2500 <5 —-— 42 <5 >88 H
Chlorobenzene <2500 <5 — <5 <5 - u
Dibromochloromethane <2500 <5 —_ <5 <5 \‘. — I
Ethylbenzene <2500 <5 - 32 <5 f >84 H
Methylene Chioride <2500 <5 - 130 <5 >96 ﬂ

#2-butanone (MEK) <5000 <10 - 4000 <10 >99
Tetrahydrofuran (THF) 110000 <10 >99 780000 <10 >99

l Toluene <2500 <S5 - 14 <5 >64

u 1,2-Dichloroethene (total) <2500 <5 - <5 <5 -
Vinyl Chloride <5000 | <10 — 14 <10 | >29 |

ﬂ Xylene (total) 1700 <S5 >99 10000 <5 >99
Ethyl Ether <2500 <5 - 15 <5 >67 '

2. Semi-VOCs (all units in pg/L)

Benzyl Alcohol <10 <10 - <10 <10 -
|| Bis(2-Chloroisopropyl) Ether <10 <10 — <10 <10 —
II Bis(2-Ethylhexyl)Phthalate 15 44 - <10 ~10°* -
H 1,4-Dichlorobenzene <10 <10 - <10 <10 -
H Diethylphthalate ) 22 <10 >55 25 . <10 >60
" Di-n-octylphthalate <10 <10 - <10 <10 -
H Naphthalene <10 <10 - <10 <10 -

Benzoic Acid <50 <10 - 220 <50 >77

4-Chloro-3-Methylphenol <10 <10 — <10 <10 -

2,4-Dimethylphenol 930 <10 >99 96 <10 >89
4-Methylphenol <10 <10 - <10 <10 -

Phenol <10 <10 - <10 <10 -

]|

[~ = =
* Estimation




Activated Sludge Reactor - Spiked Groundwater

I Compound

TABLE 5.12 (cont.)

Steady-State Operational Results for

1st Set

2nd Set u

3. Metals (all units in mg/L) influent Etfluent Influent Effluent

Arsenic 0.062 0.0094 >85 0.028 0.0096 >66

Barium 0.47 -0.03 >94 0.059 0.02 >97 u
I Cadmium <0.005 <0.005 - <0.005 <0.005 — J
I Chromium <0.01 <0.01 — <0.01 <0.01 - J
" iron 31 0.14 >99 53 0.17 >99 J
I Lead <0.05 <0.015 - <0.015 0.05 - “
H Mercury <0.0005 | <0.0005 - <0.0005 | <0.0005 - "

Nickel -

0.04

0.028

0.072

0.031

4. Others (all units in mg/L)

Alkalinity {mg CaCO,/) 800 550 — 850 580 —
Il Chloride 34 40 — 34 38 — I
Sulfate <5 <5 - <5 <5 - "
| Tss - 8 — 22 10 >55 ||
| coo — 65 — 280 65 >77 |
{ sop — <5 - 29 3.2 >90 |
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Hagen Farm Soil Biodegradation

l[ Soil Characteristics’

—

Hydraulic Conductivity

. Parameter

range of 10* cm/sec

Soil Texture (USDA) Loamy Sand l
Bulk Density 2.12 g/cm® "
pH 8.3 H

CEC

2.7 meq/100 g dry soil

Microbial enumeration

1.6 x 105 cfu/g dry soil

* See Table 5.14 for Analytical Results of Parameters in the Target Compound List.



TABLE 5.14

Hagen Farm Soil Biodegradation Study
Compounds Detected in Original Soil Sample

Parameter T TR 07 Concentration
Volatile Organics (zg/kg)
Acetone 70
Semi-Volatile Organics (vg/kg)
Bis(2-ethylhexyl)phthalate 360
PCBs and Pesticides BDL
Metails (mg/kg) .
Aluminum 3,000
Barium 20
Beryllium 0.25
Cadmium . 0.88
Calcium 58,000
Chromium 5.0
Cobait 2.2
Copper ‘ 7.3
Iron 6,500
Lead ) 3.4
Magnesium 35,000
Manganese 180
Nickel 5.7
Sodium 240
Vanadium 14
Zinc 15
Others {(mg/kg) '
Ammonia Nitrogen - 6.9
CEC (meq/100g dry) ) 2.7
pH (units) 8.3
Phosphorus 99
TOC (dry weight basis) : 15,300
n Total Solids (% by weight) 92

BDL Below Detection Limit
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TABLE 5.15
Hagen Farm Soll Biodegradation Study, Compounds Detected In Soil Fraction®
(all units in mg/kg wet weight except as noted)
Reactor .
Parameter " Conditions Reactor Reactor Reactor Reactor | Reactor Reactor Reactor Reactor
» 1 o2 3 o4 2 3 4
Volatile Organics. (ug/kg)
Acetone 23* <20 <20 <20 <20 <20 <20 <20 <20
Methylene Chloride 6 <5 <5 <5 <5 .<b <5 8 <5
Methy! Ethyl Ketone 15* <10 <10 <10 <10 <10 <10 <10 <10
Tetrahydrofuran 78 <25 <25 <25 <25 <25 <25 <25 <25
Moetals
Aluminum 1,300 870 510 510 660 1,900 1,600 1,600 3,700
Antimony <1.0 <10 <10 <10 <10 <1.0 <1.0 <1.0 1.1
Arsenic 1.1 1.9 <2.0 <2.0 1.2 <1.0 <1.0 1.2 2.0
Barium 6.8 0.31 0.59 0.68 0.59 11 9.6 7.8 16
Beryllium <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 0.2 0.24
Calcium 7,600 4,600 7,700 6,400 7,000 8,500 6,800 6,100 1,100
Chromium 5.0 4.5 3.6 3.5 4.3 4.2 5.5 4.9 8.7
Cobalt 2.7 <2.0 <2.0 <2.0 <2.0 <2.0 4.0 2.4 3.6
Copper 4.8 3.7 5.2 4.3 4.4 4.7 5.6 6.3 12
lron 590 4,100 3,700 3,900 4,200 540 940 650 920
Lead <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 14 <4.0 <4.0
Magnesium 29,000 67,000 40,000 39,000 48,000 | 38,000 40,000 22,000 60,000
Manganese 170 160 130 140 160 160 160 120 310
Nickel 6.8 3.1 24 | 2.9 3.2 7.3 12 6.8 13
Potassium 250 | 300 <10 <10 <10 350 250 240 610
Sodium 140 150 160 120 130 200 150 140 250
Vanadium <20 <20 <20 <20 <20 <20 24 <20 <20
Zinc 8.9 9.6 9.4 9.1 12 9.2 23 10 17
Others
Ammonia Nitrogen 13 NA NA NA NA 2.7 3.2 19 16
Phosphorus 10 79 92 96 96 96 73 100 110
TOC (dry weight basis) 31,900 13,000 21,751 18,550 3,800 5,000 19,000 46,000 43,200
Total Solids in Soll Fraction (%) 83 87 89 88 89 85 83 84 85
———————— e o — " — ——— —— /]

a See Appendix G for detection limits for all compounds analyzed

b Also detected in blank

NA'  Not Analyzed \



TABLE 5.16

(all units in mg/L except as noted)

Hagen Farm Soil Biodégradation Study, Compounds Detected in Liquid Fraction®

Initial Day 12 Day 26 II
Reactor : .
Conditions Reactor Reactor Reactor - Reactor Reactor Reactor Reactor |
‘ 2 k] ' 4
Volatile Organics (ugit)
Acetone <20 <20 55 <20 26* <20 <20 <20 <20
Methylene Chioride <5 <5 <5 <6 <5 <5 7 <5 <5
Methy! Ethyl Ketone <10 <10 18 <10 <10 <10 <10 <10 <10
Tetrahydrofuran <25 <10 <10 <25 3s <25 <25 <25 <25
Moetals
Aluminum 170 320 170 240 180 260 210 190 210
Arsenic 0.030 0.17 0.12 0.15 0.11 0.029 0.041 0.045 0.040
Barium 1.7 3 2.1 2.6 2.1 2.7 2.1 2.1 2.7
Beryllium 0.0059 .024 0.014 0.024 0.024 0.0088 0.010 0.0088 0.01
Calcium 1,800 2,900 2,100 2,400 1,600 1,900 1,600 1,500 1,600
Chromium 0.30 0.52 0.30 0.40 0.31 0.45 0.34 0.32 0.35
Cobait 0.21 0.31 0.21 0.27 0.21 0.29 0.23 0.24 0.26
Copper 0.77 1.4 0.84 0.98 0.74 0.94 0.77 0.74 11
iron 320 720 440 600 440 460 370 340 510
Lead 0.37 0.45 0.34 0.42 0.32 0.46 0.42 0.42 0.45
Magnesium 1,000 1,300 920 1,100 700 1,100 890 860 870
Manganese 1 15 11 13 10 14 11 12 16
Mercury <0.0005 0.010 0.015 <0.001 <0.001 | 0.0022 0.0023 0.0013 0.0018
Nickel 0.43 | 0.67 0.44 0.58 0.44 0.62 0.48 0.50 0.57
Potassium 251 49 28 a7 33 41 34 34 a3
Sodium 110 86 7" 120 110 82 70 110 120
Vanadium 0.53 0.91 0.53 0.71 0.55 0.76 0.62 0.56 0.61
Zinc 1.4 2.1 1.4 1.8 1.4 2.0 1.6 1.6 1.8
Others
Alkalinity 300 150 500 1600 950 160 30 26 19
Ammonia Nitrogen <0.01 NA NA NA NA <0.01 0.13 <0.01 <0.01
Chemical Oxygen Demand 210 260 260 310 360 260 210 310 410
Chloride 25 7.5 120 120 120 8.0 110 130 130
Phosphorus 6.7 24 22 26 33 15 24 34 24
Sulfate 110 150 160 190 360 160 370 520 620
TOC 5.0 - - 3.0 6.0 6.1 6.1 6.6 8.4
fi Total Kjeldah! Nitrogen <6 10 13 8.9 30 <6 9.0 10 <6
I Total Solids in Liquid Fraction (%) 2 3.7 1.8 | | 1.7 2.5 2 2 2 2
—
See Appendix H for detection limits for all compounds analyzed b Also detected in blank NA  Not Analyzed




TABLE 6.1

-
'- Hagen Farms Groundwater Treatment Basis of Design
L.
Flow 100 gpm
[ Number of Recovery Wells 3
Method of Effluent Discharge Reinjection’
. Number of Reinjection Wells 6
Facility Operating Frequency 7 days/week
hfluent Conditions \ '
Chemical Oxygen Demand 250 mgA ;
Total Suspended Solids 60 mgA !

Iron 10 mgA

Barium 1 mgf

Ethyl Benzene 99 ugh

Xylenes 1066 ug/l
Tetrahydrofuran 5698 ugh '1_

H
q
[
l Manganese 4 mg/l
||
ﬁ

Air Stripper Information

l ' Air/Water Ratio 100
» | Removal Efficiencies, Volatiles >90
|
' ! l Removal Efficiencies, THF 30

II Granular Activated Carbon Information

i ' Adsorption Capacity 10 mg THF/g GAC
B l Activated Sludge Information _ |
l_ ” Loading, F/M ! | 0.1 g COD/g VSS-day "
I Sludge Yield 0.15 g VSS/g COD "
4 !_ " Mixed Liquor Concentration, MLVSS 2250 mg/l "
H MLVSS/MLTSS Ratio 0.7 "
i l Aeration Type Fine Bubble "

l *Method chosen due to prohibitive cost of POTW discharge and amenability for inclusion of in-situ bioremediation.
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TABLE 6.2 .
HAGEN FARM GROUNDWATER
TREATMENT FACILITY COST ESTIMATE
ITEM . OPTION1 OPTION 2 . - OPTION 3 OPTION 4
AIR STRIP+GAC GAC - | - ASP CHEM-OX
GROUNDWATER RECOVERY WELLS(3,INSTALLED) $60,000 $60,000 $60,000 $60,000
EFFLUENT REINJECTION WELLS(6,INSTALLED) $120,000 $120,000 $120,000 $120,000
PROCESS EQUIPMENT $985,800 $847,000 $986,400 $1,089,400
INSTALLATION(@30%OF PROCESS EQUIPMENT) $295,740 $254,100 $295,920 $326,820
BUILDING/CIVIL WORK $225,025 $212,700 $394,900 $225,025
FACILITY COST(FC) $1,686,565 $1,493,800 $1,857,220 $1,821,245
ENGINEERING,PERMITTING(@12% FC) ' $202,388 $179,256 | $222,866 $218,549
CONTINGENCY ,INSURANCE(@15% FC). * $252,985 $224,070 $278,583 $273,187
TOTAL INSTALLED FACILITY COSTS $2,141,938 $1.897,126 $2,358,669 $2,312,981
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TABLE 6.3
HAGEN FARM
GROUNDWATER TREATMENT
ANNUAL OPERATING COST ESTIMATE
TTEM T BASE AIRSTRGAC [GAC  [ASP CHEM-OX
TREATMENT _|TREATMENT |TREATMENT _|TREATMENT,
LABOR $16/HR WAGE,1.33 FRINGE MULT. $66,400 $66,400 $88,500 $66,400
ANALYTICAL RCRA,EFFLUENT , OPERATIONAL ANA $40,400 $40,400 $44,400 $40,400
CHEMICAL
POLYMER $2.00/#,FOR METALS, BIOLOGICAL $26,300 | $26,300 | $39.400 | _ $26,300
GAC-LIQUID $1.25/#, REGENERATION+SERVICE $196,500 $312,000 $0 $0
GAC-VAPOR $1.25/# REGENERATION+SERVICE $84,200 $0 $0 $0
LIME $110/TON; 1,259/ DOSAGE $30,100 $0 $0 $0
HYDROCHLORIC ACT [$76/TON;1.5g/l DOSAGE $25,000 $0 $0 $0
SULFURICACID __[$0.06/#; DOSAGE 50 $0 $0| 8,000
PROSPHORIC ACID _[$0.16/# 50 $0 $300 $0
PEROXIDE ~[VENDOR QUOTE $0 $0 $0 | ST11,840
CAUSTIC $0.15/# $0 $0 $0| _ $16.500
ANTIFOAM $2.00/#,FOR BIOLOGICAL $0 $0]  $13,100 $0
DISPOSAL $350/TON - $23,800 | $23.800 | $35,500 | $23,800
UTILITIES $0.06/kW-HR $69,900 | $65.200 | ___ $52,000 | _$166.300
MAINTENANCE @3% CAPITAL $63.,800 $56,900 $70,800 $69,400
MISCELLANEOUS @1.5% OF CAPITAL $31,900 $28,500 $35,400 $34,700
DEPRECIATION 30 YEAR, STRAIGHT LINE $70.800 | $63,200| __ $78,600 | _ $77,100
INTEREST 10% ANNUAL BOOK VALUE $109,900 | $98,000| __$121,900 | _$119.500
ADMINISTRATION __|HISTORICAL DATABASE $48,000 | $48,000 | $48,000 | _ $48,000
TOTAL COSTS $887,000 | __ $628,700 | __ $627,900 | _$808,240
PROCESSING COSTS,$/GALLON $0.0169 | $0.0158| __ $0.0119] _ $0.0154
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TABLE 6.4

Summary of the Cost Estimate for Hagen Farm Groundwater Treatment

e

Option 1

Option 2 Option 3 Option 4
Cost Metal + Air Stripping + | Metal + Carbon Metal + Biological Metal + UV/Chem-Ox
Carbon Trmt
Installed Capital, $ i 2,125,400 1,897,100 2,358,700 2,313,000
Operating, $/yr 706,300 667,500 427,400 611,640
Total Annual *, $/yr 887,000 828,700 627,900 808,240
Il Processing Unit Cost, ¢/gal $0.0169 $0.0158 $0.0110 $0.0154

* includes straight-line depreciation for 30 years and at an average interest of 10% (book value).
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Figure 1.1 o
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Process Schematic for Pump—and-Treat Alternative b
ABOVE-GROUND _ theatuent 10 (oo
GROUNDWATER [ RESIDUES =
, TREATMENT DISPOSAL
SYSTEM
CONTAMINATED
GROUNDWATER TREATED 10
SOURCE CONTROL = SURFACE
(CAPPING & VAPOR EXTRACTION) { DISCHARGE
MAIN
DISPOSAL
SITE
VADOSE ZONE |
N o e WATeR
““““““ ~_ b—] -7 TABLE
SATURATED ZONE N 7
GROUNDWATER ~ GROUNDWATER
FLOW FLOW
= RECOVERY -
WELL -

c

Chemical Wasle Managemenl, Inc,
Geneva Reseaich Center
Geneva, N, 60134




—
Padgodel

I

3

GROUNDWATER
RECHARGE

Figure

1.2

Hagen Farm Superfund Site
Process Schematic for In=Situ Bioremediation Alternative

NUTRIENTS,
H,0, AND/OR
MICROBES

GROUNDWATER
TREATMENT
SYSTEM

CONTAMINATED
GROUNDWATER

\

MAIN
DISPOSAL
SITE

o VADOSE ZONE -

SATURATED ZONE

GROUNDWATER

FLOW

INJECTION -
WELL

RECOVERY
WELL

— e —— o G

&

Chemicol Waste Managemenl, Inc.
Geneva Reseorch Cenler
Geneva, Il. 60V%4




= T

——

r

|

— - —— o : prrany= L

Figure 4.1
Schematic Diagram: Bench Scale
Packed Tower Air Stripper
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Figure 4.2

Schematic Diagram: GAC Column
Test Set UP
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Figure 4.3
Schematic Diagram: UV / Peroxide
Test Apparatus

[ )
~ | .
i J f
FEED FEED PUMP .
TANK
UV / OXIDATION
REACTOR
EFFLUENT
TANK

EFFLUENT
RESERVOIR

\
Chemicol Waste Monagement, Inc.
Gensva Reseorch Conter
” Geneva, L. 60134




laaues BN S camn] ey

- . . ' , ! ! R H
[ F__ LI Jieam —— pro— M fansag [ y—— g _'"". uq M M “1

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
Av4 h AV4 Av4
OVERFLOW OVERFLOW OVERFLOW
GRAVEL GRAVEL GRAVEL
8EdD BED BED
t’?ﬂ COMPACTED G:ﬂ COMPACTED G‘I] COMPACTED
TEST SOIL TEST SOIL MICROBES TEST SOIL
: NUTRIENTS NUTRIENTS
ToRr GRAVEL H0, GRAVEL H,0, GRAVEL
FReet]| peD ‘1 BED ‘l BED
SoiL soi SoiL
COLUMN 1 COLUMN 2 COLUMN 3
FEED TANK 1 FEED TANK 2 FEED TANK 3
EFFLUENT EFFLUENT EFFLUENT
TANK 1 TANK 2 TANK 3

Chemical Waste Managemen!, Inc.
Geneva Research Cenler
7 Geneva, IL. 60134




CIVETNY ¢

dHL ——

(3 21qno/34 21Gn0) olyey Jayem /Y

G¢

0S

00!l

Gcl

oSt

Xylene Concentration

(Thousands of pg/l)

-

N H n ® o

{ i L I J

- N 3] H 9]
(=] o o o o

THF Concentration
(Thousands of ug/l)

1soL Buidduig Jiy
lajempunoly) wJieq uabey

1'S 3HNOI4

-1 [ =] ——




- b =b b b
o N O O

SS Conc. (Thousands of mg/l)

O N & OO &

FIGURE 5.2
Activated Sludge Reactor
Solids Accumulation vs. Time

Calculated
Rate of Inert Solid
Accumulation

| 1 | |

10 20 30 40
' Day

—— MLSS —+— MLVSS

50



iron Concentratiion (mg/I)

- = N N O
(¢ o 194 o o O

o

L T B B I e : e pmam s : :l — _p— e : :
FIGURE 5.3
Hagen Farm Groundwater
_ Iron Removal Using Air Oxidation
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FIGURE 5.4

Hagen Farm Groundwater
Air Stripping Test-Spiked Groundwater
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Hagen Farm Groundwater

Tetrahydrofuran Breakthrough Curve
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FIGURE 5.6
Hagen Farm Soil Bioreactors

TOC Biodegradation (Reactor 1)
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FIGURE 5.7
Hagen Farm Soil Bioreactors

TOC Biodegradation (Reactor 2)
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FIGURE 5.8
Hagen Farm Soil Bioreactors

TOC Biodegradation (Reactor 3)
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Hagen Farm Soil Bioreactors
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FIGURE 5.10
Hagen Farm Soil Bioreactors
Dissolved Oxygen vs Time - Day 8
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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)

1.000E+11

1.000E+10

T TV 1L RLLL

1.000E+09

Voo T

1.000E+08

T T U0

10000000 '
1 12

Time (days)

B



Bacterial Counts (cfu/mL)

FIGURE 5.15
Hagen Farm Soil Bioreactors

Bacterial Growth (Reactor 4)
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i -7 & UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
, .i : REGION S
e ot 230 SOUTH DEARBORN ST. X
CHICAGO, ILLINOIS 60604
$AR 0 5§ 1339t REPLY TO ATTENTION OF:

Dee Brncich

Waste Management of North America, Inc.
Two Westbrook Corporate Center, Suite 1000
P.O. Box 7070

Westchester, Illinois 60154

vear 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
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.

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 wjill not carry the same waste code of
FO39. 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. -

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 1limits, 2) disposed of in a RCRA-
compliance landfill if detected above detection limits but below
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 contéct me at (312) 886~
4749.

Prirved on Recyded Paper

[sle)

¢ 1 1901
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DATE RECEIVED/SENT & Je [3,
8Y- DEE BANGICH

SITE ){/A‘Qem v#culov\
CC/ROUTE:

PK,

Sincerely,

" o3 &L_
Jae B. Lee
Remedial Project Manager

cc T. Evanson, WDNR
J. Smith, Versar

DPWSHK.JDGM.DOAK.ROAS

" 3 SYSTEM PROJEC‘I’/SITE
fiLe CODE:
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ci1-28/01

Tetrahydrofuran w111 also be analyzed with the volatile

fractien.

¢y

18:13 TTLY 918 a8t N4 2D EG
Matie W‘e{ - = QS&)
Tl :
TARGET COMPOUND LIST (TCL) AND
REQUIRSD QUANTITATION LDOTS (crQu)*
—Detection Ltmigg(1)
Lew Soi
. . Law Water(2) Sedimntt-")
Yolatileg 28 Nihaw LTA vg/ky
Chlore=ethane 74-87-3 10 10
Bromomethane 74-83-9 . 10 10
Yinyl Chleride 75-01-4 10 10
Chlorcethane 75-00-3 : 10 10
Methylene Chlorids 75-08-2 L1 5
Acatone 67-64=1 10 10
Carson Disgl™da 75=-15-0 | §
- 1.1-01chloroatheqs. 75-38-4 1 5
1,1-0Hchloroethane 75-3%.3 s 5
Total-1,2-0fchlcroethena 156-50-5 5 5
Chlorofora - . 57-66-3 5 5
1,2-01chlorcethane « 107-06-2 5 5
2-3utanone - - 78-§3-3 - 10 0 -
1,1,1-Trichlarcethane 71-55-6 5 5
Carden Tetrachloride 55-3-5 1 L]
Vinyl Acstate 108-05-4 - 10 10
{chloremethane 75004 5 5
1,1,2,2-Tetrachloroethane 75=34=5 5 s
1,2-01chloropropane - 78-87-5 . 5 5
tTans-1,3-Dfchlorepropene 10081-02-6 5 S
Trcklorcethens 79-01-6 5 5
Oibremoclorceethang 124-48-1 - [ ] 5 -
I.I.Z-Mchlomam . 79=00-5 L ] 5
Benzens . 71-43-2 ] L]
cis-1,3-Dichloropropene 10051-01-5 5 S
Bromoforn . 75-26.2 5 5
Z-Hexanong | 591.78-8 . 10 10
4-Hathyl-2-pentansne 108-10-1 10 10
Te lereethane 127-18-4 L 5
Toluens 108-28-3 | 5 5
Chlorobenzene . " 108-50-7- . s L]
Ethy! Benzene 100414 5 S
S e . 100-414 .- | 5
Total Xylenes 100-42-8 5 ]

(¥ ]

[ F)
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18:24

7.8 9318 4397

Yolatiles

Phenol
bfs(2-Chlcroethyl) ether
Z2-Chlarzphenal.
1,3-0{chiorchbenzena
1,4-0{chlorcbeazena

Benzyl Alcshol
1,2-0{chlorcbenzene
2-Methylphenol
bis(2-Chloroisopropyl)ether
4-Methylphenol

N-N{troso-Dipropylaxzine
Hexachlorcethane
Nitrobenzene

Iscphorone _
2-Nitrophenol

2,4-D1nethylphenol

Benzoic Actid

bis(2-Chl croethu{) zethane
2.4-Dichleropheno
1.2,4-Trichlorcbenzens

Naphthalane
4=Chloroanil{ne
Hexachlorobutadiane
4-Chloro-3-oathylplencl

. (para-chloro-sata-cresal)
2-Metbylnaohthalens -

Hexachlo lopentadiens
2,4,5-Tr{chlorephencl
2,4,5-Trichl enol
2-Chloronanhthalens
2-N{troant l,fnc

5} 1 Phthalats
Acenxphthylene
3-Nitroaniline
Acsnaphthene
2,4-01n{trophenal

4=N{trephens!
Dibenzafuran
2.,4-Dinftrotoluene
2,5=-0initrotolusne
Diethylpithalata

wiNa B0 EG

Nimher

108-95-2
111444
95-57-8

541-73-1
106~48-7

100-51-6
95-50-1
95-48-7
35638-32-9 .
106~44-5

621-64~7
67-72-1
98-95-3
78-59-1
88-75-5

.105-67-3

65-85-0

111-91-1
120-%3-2
120-82-1

91-20-3
106-47-8
87-58-3
58-50-7

91-57-6

-
<

tan Liztes(1)
Lew Sot
Law Watar(2) . Sedt entE”

_vg/1 nelg
10 330
10 330
10 330
10 330
10 320
10 330
10 330
10 330
10 330
10 330
10 339
10 330
10 220
10 330
10 3130

10 330
50 1508
10 330
10 330
10 330
10 330
10 330
10 330
10 330
10 330
10 330
10 330
50 1600
10 330
50 1500
10 130

-10 330
50 1600
10 330
50 1600
50 . 1800
10 330
10 330
10 330
10 330

-
-

-
-
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01-18.91 :s5-:3 TTIs 918 ssar moNA RDCEC
~on Limies(l)
Low Soi
Low Vater(2) Sedd untb)
Yolas{les CAS Nimberm _ua/l ug/ky
76. $-Chlcrephenyl Phenyl ether 7005-72-3: 10 330
77. Fluorene 88~73-7 ’ 10 330
78. 4=Nitrcan{line . 1¢0-01-§ 50 . 1500
79. &,S-anitm-z-mthylphenol 534-52-1 50 1500
80. Nenitresodiphenylamine 86-30-6 10 330
81. 4-3rmwphcuy'l Phenyl ether 101-55-3 10 330
82. Hexachlorobenzene 118-74=1 10 330
83. Pentachlorcphenol 87-86-5 . 50 1800
84. Phananthresne 85-01-8 .- 10 330
85, ANTHRACEXE 120-12-7 . 10 330
85. Df-n-butyTphthalate 84=T4=2 10 330
8z. usrantheneg 206=44-0 10 330
88, Pyrene 129-00-0 10 330
- 89. Butyl Benzyl Phthalate 85-68-7 10 330
- 90. 3,3'-Dichloroberzidine 91-34-1 20 660
91. Benzn(a)anthracens ‘56-5%.3 . 10 330
52. bis(2-ethylhexyl) phthalate  117-81-7 10 330
93. Chrysane 218-01-9 - 10 330
$4. Df-n-octyl! Phthalate 117-84-0 : 10 330
95. Benza(b)fluzoranthene 205<99-2 10 330
96. Benzo gk) flooranthene 207-08-3 10 330
97. Benzo(a)pyrene 50-32-8 10 330
98. Indeno(1,2,3-cd!)pyrene 193-39-5 10° 330
99. Dibenz(a,h)anthracens 53-70-3 19 330
100. Benza(g,h,i)perylene 191-24-2 10 330
101. alpha-EHC 319-84-8 0.08 8.0
102, beta-g8KC 319-8%5.7 0.05 8.0
103. delta-gHC 319-85-8 . 0.05 . 8.0
104, gama-EHC (Lindang) 53-85-9 0.05 8.0
105. Heptachler 76-44-8 0.0% 8.0
106. Aldein 309-00-2 ' 0.05 8.0
107. Heptachlor Fpoxide 1724-57-3" 0.05 8.0
108. Endesulfan' I 955=-58-8 0.05 8.0
110, 4,4°'-00F 75-55.9 0.10 18.0
111. Endrin 72-20-8 0.10 16.0
112. Endosulfan II 3203659 0.10 16.0
113, 4,4-000 72-54-3 .10 16.0
114, Esdosulfan Sulfate 1031-07-8 0.10 15.0
1S, 4,4'-00T . 50-29-3 - 0.10. 15.0
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01-16-91
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18:13 TT08 918 597

eteces +s(1)
Low Sof
Low vater(2)  Sedizent(3)

Yolatileg CAS Numher ug/l ua /%3
115. Endrin Ketone 53494-70-5 0.10 16,2
117. Methoxychlor 72-43-5 0.5 80.0
118A. Alpha Chlerdane 0.5 80.3
1183. Samxa Chlordane 0.5 808.9
119. Toxachene 8001-35-2 1.0 150.3
120. ARCCLCR-10168 _ 12674=11-2 0.5 80.9
121, AROCLOR-1ZZY 11104-28-2 0.5 80.9
122. AROCLOR-1232 11141-16-8 0.5 80.0
123. AROCLOR-1242 53469-21-9 0.5 80.0
124. AROCLOR-1248 12672-29-8 0.5 80.0
125. AROCLOR-1254 11097=-68=1 1.0 160.0
128, ARDCLOR-1280 11066-82-5. 1.0 150.0 .
NOTES ,
(1) Detection limits 1{sted for sofl/sedizeat are based cn net weight. The
‘ detaction 1{mits calculated by the laboratory for soil/sedizents will be -
on . dry weight basis and will be higher. -
(2) Targert Compound Lfst (TCL) Compounds ars 100 times the {ndividual Low
Watar OL. e _ . -
(3) Medium Sof1/Sediment CRQL for Volatile TCL Compounds ars 125 times the
{odividual Low sofl sediment CRQL. :
(4) Meldum Sof1/Sedipent CRQL for Semi-Volat{le HSL Cozpunds ars 50 tides the
{ndividual Low Sofl/Sediment CRQL. '
(5) Medfum Sofl/Sedipent CRQL for Pesticide and PC3's TCL Cocpunds are 15
tizes the {ndfvidual Low So1l1/Sed{mant CRQL.
®  Specific detsctfon Timits are highly matrix dependent. The detection
1ot 1{sted here{n are previded for guidasca and my not always be
ichievadle. ) _ .
[arb-600-854]
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ELEMENTS
INDUCTIVELY

(2

(%)
(4]

nONA/ED-EG

DETERMINED BY
PLASMA - EXISSION

COUPLED
03 ATOMIC ABSORPTION SPECTROSCRPY

Meta

Aluzxinm
Antisony
Arsenic
Bariua
Baryllium
Cadxium
Calcium
Chroafue
Cabalt,

Copper
Iron

Laad
Magnesim
~ Manganese

~ Mercury
Nickel
Potassius
Selenim:

. Stlver
Sodium
Thallfum
Vamadiun
Zinc

Qther
Craaide
NS

Rqﬁi red
Detection Level(l)
yg/1

200 -
60
. 10
200 t
f s 3:
5 - !
5000 /
~10
50

. , .
(1) Aoy analytical mathod spectified in Exhibit D of IFS WA 34-J091/J0S2 may
be utilizad as long as the docmentad {nstrument or method detecticn

T{zits meat the

CRQL requiresests. Higher detection levals may gnly be

used {2 the fonmdng circemstances,

If the sample coneantratfon exceads. twd timas the detection 1mit of
the {nstrmment or oethod 13 uss, the value may be reportad even
.though the {ostrument or sethod detaction 1{wit my not equal the

QL. '

[Ip1-401-53]



APPENDIX C

Analytical Results for Initial Characterization
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