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Rebound 30 Years; TCE (ug/L)

Figure 7-6 Building I-1-23 - Alternative Al, Excavate to 10 mg/kg, Pump 10 gpm for
40 Years; TCE Concentration in Groundwater at Lake Over Time

Figure 7-7 Building I-1-23 - Alternative Al, Excavate to 10 mg/kg / 11 Years Pumping -
Year 5; TCE (ug/L)

Figure 7-8 Building I-1-23 - Alternative A1, Excavate to 10 mg/kg / 11 Years Pumping -
Year 15; TCE (pg/L)

Figure 7-9 Building I-1-23 - Alternative Al, Excavate to 10 mg/kg / 11 Years Pumping -
Year 49; TCE (ug/L)

Figure 7-10 Building I-1-23 - Alternative Al, Excavate to 10 mg/kg, Pump 10 gpm for
11 Years; TCE Concentration in Groundwater at Lake Over Time

Figure 7-11 Building I-1-23 - Alternative A2, Excavate to 1 mg/kg / 11 Years Pumping -
Year 5; TCE (ug/L)

Figure 7-12 Building I-1-23 - Alternative A2, Excavate to 1 mg/kg / 11 Years Pumping -
Year 15; TCE (ug/L)

Figure 7-13 Building I-1-23 - Alternative A2, Excavate to 1 mg/kg / 11 Years Pumping -
Year 39; TCE (ug/L)

Figure 7-14 Building I-1-23 - Alternative A2, Excavate to 1 mg/kg / 11 Years Pumping;
TCE Concentration in Groundwater at Lake Over Time

Figure 7-15 Building I-1-23 - Alternative B, Excavate to 10 mg/kg plus PRB - Year 5;
TCE (ug/L)

Figure 7-16 Building I-1-23 - Alternative B, Excavate to 10 mg/kg plus PRB - Year 15;
TCE (ug/L)
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Figure 7-17 Building I-1-23 - Alternative B, Excavate to 10 mg/kg plus PRB - Year 50;
TCE (ug/L)

Figure 7-18 Building I-1-23 - Alternative B, Excavate to 10 mg/kg, Permeable Reactive
Barrier; TCE Concentration in Groundwater at Lake Over Time

Figure 7-19 Building I-1-23 - Alternative C, MPE w/Fracturing/Long-Term Pumping -
Year 5; TCE (pg/L)

Figure 7-20 Building I-1-23 - Alternative C, MPE w/Fracturing/Long-Term Pumping -
Year 15; TCE (ug/L)

Figure 7-21 Building I-1-23 - Alternative C, MPE w/Fracturing/Long-Term Pumping -
Year 50; TCE (ug/L)

Figure 7-22 Building I-1-23 - Alternative C, Multiphase Extraction, Pump Long Term;
TCE Concentration in Groundwater at Lake Over Time

Figure 7-23 Building I-1-23 - Alternative C, Multiphase Extraction/Short-Term
Pumping - Year 5; TCE (ug/L)

Figure 7-24 Building I-1-23 - Alternative C, Multiphase Extraction/Short-Term
Pumping - Year 15; TCE (ug/L)

Figure 7-25 Building I-1-23 - Alternative C, Multiphase Extraction/Short-Term
Pumping - Year 49; TCE (ug/L)

Figure 7-26 Building I-1-23 - Alternative C, Multiphase Extraction/Short-Term Pumping;
TCE Concentration in Groundwater at Lake Over Time

Figure 7-27 Building I-1-23 - Alternative F, Reductive Dechlorination - Year 5;
TCE (ug/L)

Figure 7-28 Building I-1-23 - Alternative F, Reductive Dechlorination - Year 15;
TCE (pg/L)

Figure 7-29 Building I-1-23 - Alternative F, Reductive Dechlorination - Year 47;
TCE (pg/L)

Figure 7-30 Building I-1-23 - Alternative F, Reductive Dechlorination; TCE
Concentration in Groundwater at Lake Over Time

Figure 7-31 Building I-1-23 - Alternative G, Electrical Resistive Heating - Year 5; TCE
(ng/L)

Figure 7-32 Building I-1-23 - Alternative G, Electrical Resistive Heating - Year 15; TCE
(ng/L)

Figure 7-33 Building I-1-23 - Alternative G, Electrical Resistive Heating - Year 50; TCE
(ug/L)

Figure 7-34 Building I-1-23 - Alternative G, Electrical Resistive Heating - Year 75; TCE
(ng/L)

Figure 7-35 Building I-1-23 - Alternative G, Electrical Resistive Heating; TCE
Concentration in Groundwater at Lake Over Time

Figure 7-36 Buildings I-1-2/I-1-3 - Current Conditions; TCE (ug/L)

Figure 7-37 Buildings I-1-2/1-1-3 - Alternative A, MPE w/Fracturing - Year 5; TCE (ug/L)
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- Figure 7-38 Buildings 1-1-2/I-1-3 - Alternative A, MPE w/Fracturing - Year 14; TCE (ug/L)
Figure 7-39 Buildings I-1-2/I-1-3 - Alternative A, MPE w/Fracturing - Year 47; TCE (ug/L)
Figure 7-40 Buildings I-1-2/I-1-3 - Alternative A, MPE w/Fracturing; TCE Concentration
in Groundwater 900 Feet West of I-1-3 Over Time

Figure 7-41 Buildings 1-1-2/I-1-3 - Alternative B, PRB - Year 5; TCE (ng/L)

Figure 7-42 Buildings I-1-2/I-1-3 - Alternative B, PRB - Year 15; TCE (ug/L)

Figure 7-43 Buildings I-1-2/I-1-3 - Alternative B, PRB - Year 50; TCE (pg/L)

Figure 7-44 Buildings I-1-2/I-1-3 - Alternative B, PRB; TCE Concentration in
Groundwater 900 Feet West of I-1-3 Over Time

Figure 7-45 Buildings I-1-2/I-1-3 - Alternative E, Excavation and Reductive
Dechlorination - Year 5; TCE (pg/L)

Figure 7-46 Buildings I-1-2/I-1-3 - Alternative E, Excavation and Reductive
Dechlorination - Year 15; TCE (ug/L)

Figure 7-47 Buildings I-1-2/I-1-3 - Alternative E, Excavation and Reductive
Dechlorination - Year 47; TCE (ug/L)

Figure 7-48 Buildings I-1-2/I-1-3 - Alternative E, Excavation and Reductive
Dechlorination; TCE Concentration in Groundwater 900 Feet West of I-1-3
Over Time

Figure 7-49 Buildings I-1-2/I-1-3 - Alternative F, Electrical Resistive Heating - Year 5;

—’ TCE (ug/L)

Figure 7-50 Buildings I-1-2/I-1-3 - Alternative F, Electrical Resistive Heating - Year 15;
TCE (ug/L)

Figure 7-51 Buildings I-1-2/I-1-3 - Alternative F, Electrical Resistive Heating - Year 50;
TCE (ug/L)

Figure 7-52 Buildings I-1-2/I-1-3 - Alternative F, Electrical Resistive Heating - Year 87;
TCE (ug/L)

Figure 7-53 Buildings I-1-2/I-1-3 - Alternative F, Electrical Resistive Heating; TCE
Concentration in Groundwater 900 Feet West of I-1-3 Over Time
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List of Acronyms and Abbreviations

[Note: All acronyms and abbreviations may not be used in this document.]

pg/L micrograms per liter

AA atomic absorption

ARARs Applicable or Relevant and Appropriate Requirements

ASTM American Society for Testing and Materials

bgs below ground surface

BNA base-neutral-acid extractables

BOD biochemical oxygen demand

CADD computer-aided design and drafting

CCB continuing calibration blank

CCC calibration check compound

CcCcv continuing calibration verification

CE chloroethene (also known as vinyl chloride)

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
(Superfund)

CFR Code of Federal Regulations

CLP Contract Laboratory Program

cm/s centimeter per second

COC Chain of Custody

CONWR Crab Orchard National Wildlife Refuge

CcorC constituent of potential concern

CRDL Contract Required Detection Limits

CRL Central Regional Laboratory

CRQL Contract Required Quantitation Limits

CvOoC chlorinated volatile organic compound

1,2-DCE 1,2-dichloroethene

DCF document control format

DO dissolved oxygen

DOD United States Department of Defense
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DOI United States Department of the Interior
DQO Data Quality Objective

ERH Electrical resistive heating

FCR field change request

FERA Final Effective Risk Assessment

FFA Federal Facility Agreement

FID flame ionization detector

FIT field investigation team

FS Feasibility Study

FSP Field Sampling Plan

F&WS United States Fish and Wildlife Service
GC/MS gas chromatograph/mass spectrophotometer
gpm gallons per minute

HSC Health and Safety Coordinator

HSP Health and Safety Plan

HSR Health and Safety Representative

IAC Illinois Administrative Code

ICB initial calibration blank

ICP inductively coupled plasma

ICS interface check samples

ID internal diameter

IDW investigation-derived waste

IEPA Illinois Environmental Protection Agency
IQAT Independent Quality Assurance Team
kg kilogram

L liter

LCS laboratory control sample

LRA linear range analysis

MCL Maximum Contaminant Level

MCLG Maximum Contaminant Level Goal
MDL Method Detection Limit

mg milligram

mL milliliter

MNA monitored natural attenuation
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MS matrix spike

MS/MSD matrix spike/matrix spike duplicate

MSD matrix spike duplicate

M.S.L. mean sea level

mV millivolt

NAPL nonaqueous-phase liquid

NCP National Contingency Plan

ng nanogram

NGVD National Geodetic Vertical Datum, 1929

NIST National Institute of Standards and Technology
NPDES National Pollutant Discharge Elimination System
NPL National Priorities List

NTU nephelometric turbidity units

O&M operation and maintenance

ORP oxidation-reduction potential

OsC On-site Coordinator

OSHA Occupational Safety and Health Administration
OVA organic vapor analyzer

PAH polynuclear aromatic hydrocarbon

PCB polychlorinated biphenyl

PCBOU PCB Operable Unit

PCDD polychlorinated dibenzo(p)dioxin

PCDF polychlorinated dibenzofuran

Pg picogram

pH negative logarithm (base 10) of hydrogen ion activity
PID photoionization detector

PLFA phospholipid fatty acid

PM Project Manager

ppb parts per billion

PPE personal protective equipment

ppm-v parts per million - volume basis

PRP Potentially Responsible Party

PVC polyvinyl chloride

QA/QC Quality Assurance/Quality Control
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QAM Quality Assurance Manual

QAMP Quality Assurance Management Plan
QAO Quality Assurance Officer

QAPP Quality Assurance Project ’lan

QC quality control

RA remedial action

RAGS Risk Assessment Guidance for Superfund
RAS routine analytical services

RCRA Resource Conservation and Recovery Act
RD remedial design

the Refuge = Crab Orchard National Wildlife Refuge
RF response factor

RI Remedial Investigation

ROD Record of Decision

ROI radius of influence

RPD relative percent difference

RPM Remedial Project Manager

RSD relative standard deviation

RT retention time

SAP - Sampling and Analysis Plan

SARA Superfund Amendments and Reauthorization Act
SAS special analytical services

SC specific conductance

SHERP Safety, Health, and Emergency Response Plan
SI Supplemental Investigation

SII Schlumberger Industries, Inc.

SMC Sample Management Coordinator

SOP standard operating procedure

SOW Statement of Work

SPCC system performance check compound
SRM standard reference materials

S.U. standard units

SVOC semivolatile organic compound

SW846 Test Methods for Evaluating Solid Waste, 1986
RMT, Inc. | Crab Orchard National Wildlife Refuge x1ii

EAWPMSN\P/T\00-04781\12\R000478112-001.DOC 8/11/04

Final August 2004



—

“bi’

TAL Target Analyte List

TBD to be determined

TCE trichloroethene

TCL Target Compound List

TCLP Toxicity Characteristic Leaching Procedure
TEMP temperature

TIC Tentatively Identified Compound

TKN total Kjeldahl nitrogen

TOC total organic carbon

TSCA Toxic Substances Control Act

TTU Thermal Treatment Unit

USDOT United States Department of Transportation
USEPA United States Environmental Protection Agency
USGS United States Geological Survey

VOA volatile organic analysis

VOC volatile organic compound
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Section 1
Introduction

1.1

Background and Document Chronology

1.1.1 Actions Leading to ESD for Groundwater Remediation

The PCB Areas Operable Unit (PCBOU) consists of four of the original “study sites”
defined in the remedial investigation for the Crab Orchard National Wildlife Refuge
Superfund Site. Two of these sites, Site 32 (Area 9 Landfill) and Site 33 (Area 9 Building
Complex), are addressed in this document. A site plan showing the key features of
Sites 32/33 is included on Figure 1-1.

As required in the Record of Decision (ROD) for the PCBOU issued by the United States
Environmental Protection Agency (USEPA) in 1990, remedial action of polychlorinated
biphenyls (PCBs) was performed at Sites 32/33 from late 1995 to June 1997. This action
included several excavations of PCB-impacted soil near Building I-1-23 and near
Building I-1-2, and from surface water drainage swales at the sites. PCB-impacted soil
beneath the landfill area was also excavated after the removal and disposal of waste
materials from the Area 9 Landfill. PCB-impacted sediment was also removed from the
Crab Orchard Lake embayment.

During the PCB remedial action, three of the excavated PCB source areas at Sites 32/33
(Area 9 Repository, Building I-1-23, Building I-1-2) were further characterized. During
this additional sampling, volatile organic compounds (VOCs) were detected in
groundwater. The VOC-contaminated groundwater was determined to warrant further
characterization. An additional groundwater investigation was performed at the Sites in
the 3 quarter of 1997. The results from this work were presented in a report in March
1998, which indicated that at least three plumes of VOC-contaminated groundwater
were present in the shallow aquifer. However, the nature and extent (horizontal and
vertical) of the contamination and the site characteristics were not sufficiently defined at
that time to allow selection of a remedial approach for groundwater. Therefore, a
workplan proposing further groundwater investigation and on-site pilot tests of
preselected cleanup technologies was issued in March 1998; a May 1998 revision of the
workplan was approved by USEPA.
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The work defined in the May 1998 workplan was performed during the summer of 1998.
A sampling round that included confirmatory investigation sampling of monitoring
wells and other sampling for Performance Standards Compliance Monitoring for the
PCBOU under the Consent Decree was performed in December 1998.

A document titled Groundwater Investigation Report and Focused Feasibility Study was
submitted to USEPA in July 1999 (Revision 0). That report contained a summary and
analysis of the results of the summer 1998 groundwater investigation (GWI) for

Sites 32/33 and the December 1998 sampling for all sites within the PCBOU, and a
Focused Feasibility Study (FFS) that evaluated a number of alternatives for remediation
of contaminated groundwater at Sites 32/33. The document was subsequently revised to
address USEPA’s comments on Revision 0, and was reissued in January 2000 (Revision
1) (RMT, 2000). Following discussions with USEPA to resolve certain review comments
on Revision 0, the Revision 1 GWI/FFS report was approved by USEPA.

In June 2000, USEPA issued an Explanation of Significant Differences (ESD) for the
PCBOU. The ESD specifies the remedy selected for additional source removal to
address trichloroethene (TCE) contamination in the soil and to mitigate further
degradation of the groundwater associated with Sites 32/33 at the PCBOU. The selected
remedy is described as Alternative “E” in the Revision 1 GWI/FFS report. This
alternative addresses the sources of VOCs through the use of multiphase extraction
(MPE) wells to be installed at each VOC source area. The selected alternative also
includes the use of phytoremediation (planting of hybrid poplar trees) for the
groundwater plumes at their farthest downgradient extent, to reduce VOC
concentrations in the groundwater before it discharges to Crab Orchard Lake or to
drainage swales tributary to the lake. The use of monitored natural attenuation (MNA)
is also included as a component of the remedy.

U.S. Fish and Wildlife Service (F&WS) did not concur with the remedial action specified
in the ESD. Rather than the use of MPE technology, F&WS informed USEPA of their
preference for use of phytoremediation alone (Alternative “C” in the FFS Report) for
remediation at the VOC source areas (F&WS, 2000).

1.1.2 Predesign Investigation and Preliminary Design Report

Predesign investigation fieldwork and pilot testing were conducted from September to
November 2000, following workplans approved by USEPA, to obtain data and other
information needed for the final design of the remedial action specified in the ESD.

RMT, Inc. | Crab Orchard National Wildlife Refuge 1-2
I:\WPMSN\PJT\00-04781\12\R000478112-001.DOC  8/11/04 Final August 2004



g’

1[;‘."

L Te—

The predesign investigation fieldwork included an extensive soil sampling program
focused on the VOC source areas identified from previous work, to better define the
nature and extent of the source areas. A total of 377 soil samples were collected and
analyzed for VOCs using an on-site mobile laboratory. Several monitoring wells were
also installed during the predesign fieldwork, and groundwater samples were collected
from the new wells and several previously existing wells across the site. Pilot testing
was also performed to attempt to simulate the expected performance of MPE wells, and
to provide data to support the final design of the remediation systems.

Prior to performing the pilot tests, it was recognized that interpretation of the test results
would be difficult owing to the inability to simulate longer-term full-scale effectiveness
of a MPE system in a very short-term test that did not allow for sufficient time to
dewater the clay soil. Although these difficulties were indeed encountered, the pilot
testing results and the data from the tests of physical properties of the Upper Clay soil
were sufficient to show that the remediation effectiveness of MPE wells using a
conventional design approach was likely to be more limited than the effectiveness
expected at the time the ESD was prepared. In addition, information obtained from the
predesign investigation indicated that the extent of the VOC source areas and the
amount of VOC source mass remaining were significantly greater than estimated prior

to the investigation.

The information from the predesign fieldwork was used to develop a preliminary design
that applied MPE technology at each VOC source area as specified in the ESD, while
addressing the expected performance challenges seen from the predesign testing. The
preliminary design plans and the investigation data from the predesign fieldwork were
combined in a Preliminary Design (PD) Report for the Groundwater Remedial Action -
Revision 0, issued in May 2001.

1.1.3 Developments Subsequent to Pfeliminary Design Report

After the initial review of the data and design concepts in the PD Report, additional
information was requested by F&WS to support their evaluation of the preliminary
design concepts and details. This request led to the preparation of three addenda to the
PD Report that were issued over the period June to September 2001, as summarized

below.
Addendum No. 1
In response to review comments on the PD Report provided in correspondence
and in a conference call, estimates of the total VOC mass present in each of the
RMT, Inc. | Crab Orchard National Wildlife Refuge 1-3
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primary VOC source areas, and of the VOC mass removal expected to be
achievable using MPE as presented in the PD Report, were prepared and issued
in Addendum No. 1 on 26 June 2001.

Addendum No. 2

During discussions of Addendum No. 1, modifications of the source area
treatment systems as configured in the PD Report were proposed by
Schlumberger. The purpose of the modifications was to address the expected
difficulties in recovering significant quantities of VOCs from the clay soil in
certain source areas, owing to the relatively low permeability and high
moisture retention capacity of the clay. Simulations of the effect over time of
the proposed treatment system modifications on the VOC plumes
downgradient of the source areas were also prepared, using the groundwater
contaminant transport model developed for the FFS Report (RMT, 2000). The
modeling simulations and updated estimates of VOC mass removal
effectiveness with the proposed treatment system enhancements were issued in
Addendum No. 2 on 28 August 2001.

Several alternative technologies for possible application at the
Building I-1-2/I-1-3 areas were also considered, in response to a request by
F&WS. The technologies considered include the following:

VOC Source Area Treatment

In Situ Chemical Treatment

s ISOTEC process
In Situ Oxidative Technologies, Inc.

*  Ferox process
ARS Technologies, Inc.

In Situ Bio-enhancement

* HRC process
Regenesis

VOC Plume Cutoff and In Situ Treatment

Chemical Treatment

»  Permeable reactive barrier (PRB) with zero-valent iron (trenching method)
EnviroMetal Technologies, Inc.
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.’ *  PRB with zero-valent iron (pneumatic injection method)
ARS Technologies, Inc.

» ISOTEC process
In Situ Oxidative Technologies, Inc.

In Situ Bio-enhancement

* HRC process
Regenesis

Based on the updated estimate of VOC mass removal that could be
accomplished, the alternative technology evaluations, and the groundwater
modeling simulations, the following remedial actions for each of the VOC
source areas were recommended in Addendum No. 2:

VOC SOURCE AREA RECOMMENDED ACTION IN ADDENDUM NO. 2

Buildings I-1-2/1-1-3 PRB with monitored natural attenuation

Building I-1-23 Groundwater extraction and treatment system with
phytoremediation and monitored natural
attenuation

\ ' . < . . .
g Area 9 Repository Phytoremediation with monitored natural

attenuation

Addendum No. 3 and Technical Supplement Report

During discussions of Addendum No. 2, the following additional information
was requested:

*  Modeling simulations of expected groundwater quality improvements
over time for several additional remediation approaches.

* A listing of key advantages and disadvantages for use of a PRB or
hydraulic control (groundwater pump-and-treat system) for the VOC
source area at Building I-1-23.

» Estimates of the capital and present value costs for use of a PRB or a
groundwater pump-and-treat system at the Building I-1-23 source area.

* A comparison of the use of a PRB or a groundwater pump-and-treat
system for the Building I-1-23 source area with the standard Superfund
selection-of-remedy criteria.

|
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= Estimated volume of soil, VOC mass removal, and costs associated with
potential excavation and off-site disposal of VOC-impacted soil at the
Building I-1-23 source area.

The additional information listed above was provided in Addendum No. 3,
issued on 25 September 2001.

During discussions of Addendum No. 3 to the PD Report, it was acknowledged that the
physical differences among the separate VOC source areas, and the expected difficulties
in achieving the desired level of remediation effectiveness using conventional MPE
technology, were sufficiently significant to warrant re-evaluation of remedial
alternatives for the separate primary VOC source areas.

It was also acknowledged by all parties involved with the PCBOU that the re-evaluation
of alternatives should be documented in a revision of the FFS Report, and that a new
Decision Document issued by USEPA following selection of a modified remedial action
for groundwater would likely be required. A final report titled Technical Supplement
for Groundwater Remedial Alternatives (RMT, 2002) was subsequently prepared and
issued on 22 February 2002, containing the following information:

~ A description of and details for specific remedial alternatives for each of the
primary VOC source areas

—  Cost estimates for the remedial alternatives

—  Screening and comparative analysis of the alternatives

Comments on a draft of the Technical Supplement report (issued on 30 November 2001)
were sent to Schlumberger by F&WS in a letter dated 22 February 2002. F&WS indicated
their intention to prepare new human health and ecological risk assessments to support
their evaluation of the remedial alternatives presented in the draft Technical Supplement
report. F&WS noted that they believed that an evaluation of remedial alternatives in
addition to those described in the Technical Supplement report was necessary. F&WS
indicated their intention to prepare a submittal to USEPA that would present their
preferred remedial action for groundwater at Sites 32/33.

In June 2002, F&WS issued a Draft Human Health Risk Assessment and a Draft
Ecological Risk Assessment for Sites 32/33 to USEPA. On 8 August 2002, F&WS
transmitted their Proposed Remedy Modifications for Sites 32/33 to USEPA. The
remedial action proposed by F&WS was included among several alternatives for each
VOC source area and plume in a draft Summary of Final Revised Remedial Alternatives
for Groundwater, submitted to USEPA by Schlumberger on 30 August 2002. An
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updated draft of the summary of alternatives was issued to USEPA by Schlumberger on
29 January 2003, addressing comments received from USEPA and F&WS on the initial
draft summary issued in August 2002. Comments on the 29 January 2003 revised
summary of alternatives were sent by USEPA to Schlumberger in a letter dated 3 March
2003.

Focused Feasibility Study — Revision 2

Revision 2 of the FFS Report was submitted to USEPA by Schlumberger in
October 2003 (RMT, 2003). The revised remedial alternatives that were
evaluated in Revision 2 of the FFS included the alternatives as described in the
29 January 2003 summary prepared by Schlumberger, with modifications to
address the comments provided by USEPA on 3 March 2003, and additional
alternatives that were subsequently developed jointly by Schlumberger and
F&WS.

USEPA provided written comments on the FFS — Revision 2 in a letter to
Schlumberger dated 27 February 2004. Responses to USEPA’s comments were
sent to USEPA on 12 April 2004 by RMT, on behalf of Schlumberger.
Subsequent discussions of various topics pertaining to the FFS — Revision 2
occurred among the involved parties in conference calls and at the Technical
Working Group meeting held on 10 June 2004. USEPA provided clarifications
for their comments on the FFS — Revision 2 in a letter to Schlumberger dated
22 June 2004.

This Revision 3 of the FFS addresses USEPA’s written comments on the
Revision 2 FFS and their clarifications of those comments received in
correspondence as well as in conference call and meeting discussions.

1.2 Purpose and Scope

The purpose of this Revision 3 of the FFS Report is to evaluate revised and additional
alternatives for the remediation of groundwater at Sites 32/33 of the PCBOU that have been
developed to address VOC contamination identified at the sites.

The scope of the FFS includes the following:

m A statement of the Cleanup Standards and definition of the Remedial Action Objectives for
groundwater at Sites 32/33

RMT, Inc. ! Crab Orchard National Wildlife Refuge 1-7
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m A description of the approach and key assumptions used for updating the estimates of the
mass of trichloroethene (TCE) remaining in the primary VOC source areas identified at the
sites

®  Anupdated review and screening of available remedial technologies

8 The development and screening-level evaluation of site-specific remedial alternatives,
including computer modeling simulations to estimate the effectiveness of the alternatives in
meeting the remedial objectives for the sites

m  The presentation of estimated costs to construct, operate, and maintain facilities, and to
monitor performance, for each alternative

® A comparative analysis of the remedial alternatives developed for each VOC source area,
with a discussion of the alternatives relative to one another, and with respect to each of the
nine evaluation criteria identified in the National Contingency Plan (NCP) (33 FR 8664,
8 March 1990, and 40 CFR 300.430[e])

The response action objectives for groundwater are well defined in the existing Decision
Documents for the PCBOU. For this reason, and to expedite the decision-making process for
groundwater, as agreed by USEPA, this feasibility study proceeds directly from an initial
screening of the alternatives to a more “focused” comparative analysis of the alternatives using

the nine criteria specified in the NCP.
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Section 2
Cleanup Standards

The Consent Decree executed by USEPA and Schlumberger Industries, Inc. (SII) (effective date
August 27, 1992), for environmental remediation at the Crab Orchard National Wildlife Refuge
(CONWR) near Marion, Illinois, includes a Scope of Work for Remedial Design/Remedial
Action of the PCB Areas Operable Unit (PCBOU). The Scope of Work specifies Cleanup
Standards for soil and sediment, groundwater, and surface water at the study sites comprising
the PCBOU. The standards are based on the risk assessment as documented in the Remedial
Investigation Report (O'Brien & Gere, 1988), which evaluated potential risk to human health
and the environment.

The Cleanup Standards for groundwater, excerpted directly from the Consent Decree Scope of
Work, are as follows:

“Before soil remediation begins, the groundwater at the study sites comprising the PCB
Areas Operable Unit will be monitored to establish current concentrations of site-related
contaminants. Groundwater at the remediated study sites, and groundwater and
leachate at the containment unit will then be monitored during and after remediation of
the sites. The monitoring results will be evaluated to see if any of the following levels of
contaminants above naturally occurring background levels has [have] been exceeded in
groundwater:

1. any MCL or non-zero MCLG for carcinogens
2. acumulative, excess life-time cancer risk greater than 1.0 x 10%; or

3. any MCL, non-zero MCLG, or a hazard index of 1.0, for noncarcinogens.

If, at any time following completion of the remedy, groundwater at a remediated study
site exceeds any of the stated cleanup standards, the need for additional remedial work,
as contemplated by Section VII of the Decree shall be evaluated. The risk assessment
shall follow procedures established in the “Risk Assessment Guidance for Superfund
Volume I Human Health Evaluation Manual” (RAGS) (EPA/540/1-89/02) or any
amendments thereof. All of the assumptions used in the risk assessment calculations
shall be subject to the review and approval by U.S. EPA prior to their use.”

RMT, Inc. | Crab Orchard National Wildlife Refuge 2-1
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The federal Primary Drinking Water Standards Maximum Contaminant Levels (MCLs) and
non-zero Maximum Contaminant Level Goals (MCLGs) for volatile organic compounds
detected in groundwater at Sites 32/33 are listed in Table 2-1.
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Section 3
Remedial Action Objectives

As defined in USEPA'’s RI/FS guidance (USEPA, 1988), remedial action objectives developed for
a site are to consist of medium-specific or operable unit-specific goals for protecting human
health and the environment. The objectives should be as specific as possible, but not so specific
that the range of remedial alternatives that can be developed is unduly limited.

The Record of Decision (ROD) issued for remediation of the PCBOU included Groundwater
Remediation Goals and Groundwater Cleanup Standards, intended to accomplish the objective
of restoring groundwater at Sites 32/33 to an acceptable level of protectiveness for human health
and the environment. Therefore, the objective for further remediation of groundwater at Sites
32/33 will address the remaining groundwater quality requirements defined for the sites,
specifically, the attainment of the chemical-specific Cleanup Standards for groundwater
contained in the Consent Decree Scope of Work, as summarized in Section 2 of this FFS.

The Remedial Action Objectives (RAOs) for groundwater at Sites 32/33 of the PCBOU are as

follows:

m  To restore groundwater quality over time to achieve, to the extent practicable, the Cleanup
Standards for groundwater contained in the Consent Decree Scope of Work.

®  To reduce or control, to the extent practicable, the impact of subsurface sources of volatile
organic compounds on groundwater quality.
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Section 4
Estimation of VOC Mass
Present in Source Areas

41 Background

Estimates of the mass of total VOCs present in the soil within the VOC source areas were
provided in previous documents (RMT, 2001a, 2001b, 2001c, 2002). Those estimates were made
using computer software known as Environmental Visualization System (EVS) Pro, sold by

C Tech Development Corporation, Huntington Beach, California. EVS software was used to
provide 3-D interpolation and geostatistical analysis of the VOC mass in each source area using
a process called kriging. USEPA has recognized kriging as a method for interpolation and
extrapolation of environmental data such as contaminant concentrations in groundwater and
soil. USEPA has also published an evaluation of the EVS software (Environmental Technology
Verification Report - Environmental Visualization System Pro [EV5-Pro], EPA/600/R-00/047,
March 2000).

The key input data used with the EVS software were the laboratory results for VOC
concentrations in the 377 soil samples collected in fall 2000 at the VOC source areas. The
samples were collected from saturated as well as unsaturated soil. Other input data included
physical characteristics of the various soil units found at each source area (Upper Clay - UC,
Upper Sand - US, Lower Clay - LC), physical properties of the VOCs, and the elevations of the
interface between the geologic units and the groundwater table. With these input data, the EVS
software was able to provide the estimated mass of total VOCs within each geologic unit at the
VOC source areas. The estimates of total VOC mass presented in the previous documents were
based on the assumption that the total mass was represented by soil with total VOC
concentrations > 1 mg VOCs/kg soil (wet weight or “as-is” basis).

As noted in previously issued documents, several variables associated with this estimation
method result in uncertainty with regard to the total VOC mass present in the subsurface.

These variables are as follows:

s Discrete sample collection - Soil samples that were collected and analyzed during the
predesign fieldwork program in 2000, each of which were smaller than the size of a thumb,
represent only discrete data points. Due mostly to soil heterogeneity, and the resulting
spatial variability of VOC concentrations, it is difficult to develop accurate VOC mass
estimates for the overall source areas.
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Limited samples to define lateral limits of source areas - The edges of the VOC source
areas were either defined by a relatively “clean” boring, or they were estimated by
extrapolation from the nearest boring where VOCs were present. Although it is commonly
used, this technique could result in estimates of VOC mass that differ from the actual
amount in the subsurface.

Soil physical parameters — Soil samples that were collected and analyzed for physical
parameters are representative of the soil matrix at a specific localized point, not necessarily
the surrounding bulk formation. Variability in parameters such as permeability/hydraulic
conductivity can be expected, due mostly to soil heterogeneity.

Presence of nonaqueous-phase liquids (NAPL) — Determining the quantity, and even
detecting the presence, of residual NAPL using field investigation methods and laboratory
analysis of soil samples is very difficult to accomplish, as has been well documented in the
technical literature (Pankow and Cherry, 1996; Cohen and Mercer, 1993; ITRC, 2000; and
ITRC, 2002). The presence of even a relatively small amount of residual NAPL can
significantly affect the total VOC mass. The presence of dissolved TCE concentrations
substantially in excess of 1% of the solubility of TCE in water (approximately 1,400 mg/L)
(Pankow and Cherry, 1996) detected in the groundwater associated with all of the
identified VOC source areas at Sites 32/33 indicates the likely presence of NAPL at all of the
source areas (Pankow and Cherry, 1996). The EVS software provides estimates of total
VOC mass using valid statistical methods, but the accuracy of the estimates is dependent
on how well the input data represent the actual distribution of VOC mass in the overall
source area. Asnoted above, the input data for the EVS software included total VOC
concentrations from laboratory analyses of soil samples collected in the VOC source areas.
Although NAPL is likely to be present in the source areas, the soil sampling results did not
conclusively indicate a uniform presence of NAPL throughout the source area, or even at a
specific sample location. Therefore, it is likely that the VOC mass estimates provided from
the EVS software did not account for NAPL present in the soil, thus potentially
underestimating the total VOC mass by a substantial amount.

The mass of total VOCs present in the soil within the separate VOC source areas, and the
locations and distribution of the VOC mass within the soil, are important factors in
assessing the likely effectiveness of available remedial technologies, the remediation time
frame required, and the degree to which any remedial action approach can achieve the
specified Remedial Action Objectives for these sites. The importance of these factors
warrants further estimates of the mass of VOCs remaining in the source areas, and the
spatial distribution of the mass within those areas, despite the substantial difficulties and
uncertainties inherent in making such estimates. The remainder of this section presents a
description of the approach and key assumptions used for preparing updated estimates of
the VOC mass that may be remaining in each of the identified source areas at Sites 32/33.

The contaminant transport model uses the primary or “indicator” VOC in groundwater
and soil at the site, TCE, as the compound upon which the model setup and calibration are
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based. The discussion below and throughout this section will distinguish between
estimates, assumptions, etc., based on TCE, as distinct from total VOCs. The actual mass of
all VOCs present in the source area is greater than the estimated mass of TCE alone. The
proportion of TCE mass with respect to the total VOC mass varies at the separate source
areas. However, estimates based on the primary indicator VOC at this site, TCE, are
expected to provide the necessary and appropriate information to support the evaluation
and selection of appropriate remedial alternatives.

Building I-1-23 Source Area

421 TCE Mass Flux

To provide a general basis for gauging the reasonableness of any estimate of source
mass currently remaining in the Building I-1-23 source area, it is helpful to use certain
information available from the calibrated groundwater flow model for the site. That
information is the mass flow or flux of dissolved TCE migrating from the source zone in
the groundwater flow, which is required to create and sustain the observed TCE plume
associated with the source area.

The calibrated model simulates the observed groundwater flow system and TCE plumes
over the entire site relatively accurately. To sustain the observed TCE plume associated
with the Building I-1-23 source area over time, the model shows that a uniform
dissolved TCE concentration of approximately 20,000 pug/L must be continuously
present over the full water-saturated “source zone volume.” The three-dimensional
boundaries of the source zone (and thus the source zone volume) were estimated using
the VOC iso-concentration plots of the source area soil concentrations obtained from the
predesign fieldwork in 2000. The calibrated groundwater model also provides an
estimate of the volumetric groundwater flow that must be present in the Upper Clay
and Upper Sand units at Building I-1-23 to create the observed flow gradients. Using
these and other data such as measured soil physical properties, the model yields
estimates of dissolved TCE mass flux from the Building I-1-23 source area of 6.06 g/day
from the Upper Clay, and 165 g/day from the Upper Sand, or a total mass flow of

171.1 g/day (equivalent to 0.377 Ib TCE/day total flux).

4.2.2 TCE Mass Transported Over Time

Further perspective from which to gauge estimates of remaining source mass can be
gained by estimating the dissolved TCE mass that has potentially migrated from the
Building I-1-23 source area since the inception of the TCE releases at that location. The
question that must be addressed to make this estimate is, How long have the source area
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conditions been as they are now? or How long has TCE been migrating from the source
area at 0.377 1b/day?

The lack of complete historical information on past manufacturing and waste disposal
practices at the site makes this difficult to estimate. Sangamo Electric reportedly had
operations at the Site 33 buildings from 1946 to 1962, and Olin Corporation subsequently
used the site until 1986. Several other companies representing a variety of
manufacturing industries and product types that would have been likely to use solvents
were also reported to have operated at the site. If it is assumed that the release of waste
solvents at Building I-1-23 began shortly after the start of commercial/industrial
operations (1946), then it is possible dissolved TCE mass flux could have been present in
the groundwater since approximately that time. If this is the case, then TCE may have
been migrating from the source area in the groundwater plume for over 50 years,
possibly at a rate comparable to the currently observed mass flux (0.377 Ib/day).

Several assumptions and rough estimates have been made in the discussion above, to
provide only a general projection of the TCE mass that may have migrated from the
Building 1-1-23 source area since the TCE releases began. It is not important or
necessary to accurately refine this estimate. The objective of this exercise is to provide
only a rough estimate of the TCE mass that may have already migrated from the area, to
be used as a point of comparison to gauge the reasonableness of further estimates of the
TCE mass that is likely to remain in the source area. The dissolved TCE mass that has
already migrated with the groundwater flow is only a “subset” of the TCE mass that is
likely to remain in the Building I-1-23 source area.

4.2.3 Dissolved and Sorbed TCE Mass in Source Area

VOCs can be present in water-saturated soil in dissolved form in the groundwater;
sorbed to the surface of soil particles; or as residual saturation in the soil pores in the
form of NAPL. In unsaturated soil, VOCs may also be sorbed to soil solids, dissolved in
water film on the solid surfaces, volatilized in the air-filled porosity, or present as
residual NAPL.

TCE Mass in Unsaturated Soil

The amount of TCE mass expected to be present in the unsaturated clay at the
Building 1I-1-23 source area is relatively small, with respect to the mass
remaining in the saturated soil. A substantial percentage of the unsaturated
soil in the overall source area was excavated during the soil-PCB remediation in
1996. Clean backfill from an off-site borrow area was used to fill the
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excavations. For this reason, the estimates of TCE mass remaining in the
overall source area will focus on the saturated portion of the soil. When
attempting to estimate the total TCE mass present in the source area, it is
helpful to first consider the mass present in the dissolved and sorbed phases.

Dissolved-Phase Mass

The water-saturated soil volume within the overall “source zone” at

Building I-1-23 used in the groundwater model was estimated from the
approximate dimensions of the soil zone within the 1 mg/kg total VOC
concentration contour shown on drawings from the Preliminary Design Report
(RMT, 2001d). With this source zone volume, the measured porosity of the soil,
and the uniform dissolved TCE concentration of 20,000 ug/L over the source
zone as determined from the calibrated model (see Subsection 4.2.1), the
calculated mass of dissolved TCE within the source zone is 32.0 Ib in the Upper
Clay, and 26.4 Ib in the Upper Sand, for a total dissolved mass of 58.4 b TCE.

Sorbed-Phase Mass

The mass of TCE sorbed to the surface of soil particles in equilibrium with
dissolved TCE at a concentration of 20,000 ug/L that is expected to be present in
the water-saturated soil at the Building I-1-23 source area was calculated
following a procedure developed by Feenstra et al. (1991). These estimates
yielded 72.9 Ib in the Upper Clay, and 60.1 Ib in the Upper Sand, for a total
sorbed mass of 133.0 Ib TCE. Parameters that are pertinent to these calculations
include the measured parameters of dry bulk density, organic carbon content,
and water-filled porosity of the soil, and the empirical organic carbon : water
partition coefficient for TCE obtained from technical references. These TCE
partitioning calculations provide a representative estimate of the TCE
concentration sorbed on the soil solids that is in equilibrium with the dissolved
concentration in the soil pore water, in the absence of NAPL residuals. In the
localized soil zones where NAPL is present, the sorbed (and dissolved)
concentrations would be significantly higher. However, ignoring these very
localized effects in proximity to the NAPL locations results in an insignificant
difference in the estimate of total sorbed TCE mass in the overall source area.

Deductions from Dissolved/Sorbed Mass Estimates

The estimated total TCE mass in the dissolved and sorbed phases in the water-
saturated soil within the source zone at Building I-1-23 is 191.4 1b (58.4 Ib
dissolved + 133.0 Ib sorbed, from estimates above). This estimate does not
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include the much smaller amount of additional TCE mass that is likely to be
present in the unsaturated soil. From Subsection 4.2.1, the mass flux of
dissolved TCE that is currently migrating from the source area in the
groundwater flow is 0.377 Ib/day. Therefore, making the simplifying
assumption that this mass flux rate would continue until all TCE source mass is
removed via natural groundwater transport, all remaining dissolved and
sorbed TCE would be removed from the source area within approximately

500 days (191.4 1b/0.377 Ib per day).

It is probably unreasonable to conclude that, after several decades of substantial
groundwater contamination from a continuous source of TCE at the

Building I-1-23 area, the circumstances at this site are now so fortunate that the
majority of the remaining TCE mass in the source area is within only 500 days
of being completely removed by natural processes. The combined dissolved
and sorbed TCE mass in the source area may account for only a certain
percentage of the total mass remaining. The majority of the remaining mass is
likely to be present in the form of residual NAPL.

It is also worthwhile to note that the previous estimate of total VOC mass in the
Building I-1-23 source area within the 1 mg/kg concentration contours as
determined with the EVS software (110 1b)(RMT, 2002) compares relatively well
with the estimated dissolved + sorbed TCE mass noted above (191.4 Ib). This
further supports the conclusion that the VOC mass estimates provided from the
EVS software do not account for NAPL present in the soil, thus likely
underestimating the total VOC mass.

4.2.4 Total TCE Mass in Source Area

Residual Saturation

Attempting to estimate the mass of residual NAPL remaining in source area
soil is a particularly challenging task, as has been documented in the technical
literature. A helpful starting point is to consider published values for residual
saturation of non-wetting fluids similar to chlorinated solvents. Below the
water table, residual saturation (sr) of NAPL is the saturation (VnarL/Vvoids) at
which NAPL is immobilized (trapped) by capillary forces as discontinuous
ganglia under ambient groundwater flow conditions (Cohen and Mercer, 1993).
At concentrations above sr, NAPL will be mobilized in the soil. Residual
saturation values in the saturated zone generally exceed those in the vadose
zone. Although published values of s: for TCE in soil types similar to Site 32/33

RMT, Inc. | Crab Orchard National Wildlife Refuge 4-6
I\WPMSN\P|T\00-04781\12 \R000478112-001.00C 8/11/04 Final August 2004



N’

| [

soil are limited in number, a typical range of s: values for vadose zone soil is
0.10 to 0.20. In the water-saturated zone, s: is typically in an approximate range
of 0.20 to 0.25 (Cohen and Mercer, 1993). In other words, the maximum amount
of NAPL that could be present in water-saturated soil in the source area
(without being present as a dense NAPL pool) is approximately only 20 to 25%
of the total pore volume (voids) of the soil.

TCE Solubility

Additional perspective on the potential presence of NAPL is provided by
considering the effective solubility of TCE in groundwater, with the soil
characteristics found at this site. An estimation method developed by Feenstra
et al. (1991) allows calculation of the total soil concentration of TCE that should
occur at the maximum hypothetical pore-water concentration of TCE (the
effective solubility of TCE). The pure-phase solubility of TCE in water at 20°C
is reported to be 1,400 mg/L (Pankow and Cherry, 1996). The effective
solubility of TCE in a used solvent mixture (the likely condition of the released
liquid) is somewhat less than the pure-phase solubility. A value of 1,100 mg/L
is often used as the effective TCE solubility. Other parameters that are used in
the partitioning calculation include: dry bulk soil density (measured value =
1.68 g/cm?); organic carbon weight fraction of the soil (measured value =
0.0013); organic carbon/water partition coefficient for TCE = 126 mL/g carbon;
and soil porosity (measured value = 0.379).

Using the partitioning calculation method and parameter values noted above,
the hypothetical total TCE concentration in water-saturated soil at the
Building I-1-23 area that would be in equilibrium with dissolved-phase TCE at
its effective solubility concentration is 352 mg TCE/kg soil. In other words,
measured soil concentrations greater than 352 mg TCE/kg soil (wet weight
basis) would exceed the effective dissolved-phase solubility of TCE, indicating
the potential presence of residual NAPL in the sample. However, it must be
noted that this estimation method provides only a rough, hypothetical value
that is based on empirical correlations, which is useful only as one of several
estimation methods that may provide a point of comparison for evaluating the
possible presence and quantity of NAPL.

Several soil samples in the Building 1-1-23 source area showed TCE
concentrations in the range of 10 to 30 mg/kg; the highest reported
concentration is 44 mg/kg. The highest reported groundwater TCE
concentration in this area is 66.0 mg/L. Although the soil and groundwater
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sampling data do not show TCE concentrations that exceed the empirical (non-
NAPL) soil capacity or the effective solubility for TCE, this does not indicate
that residual NAPL cannot be present in the soil. The sampling data only show
that in the discrete volumes of soil samples collected, actual NAPL may not
have been present. The heterogeneous distribution of NAPL that is likely to
have occurred in the soil at this site makes it entirely feasible that evidence of
residual NAPL was not detected during sampling.

General Location of NAPL in Source Area

As noted in Subsection 4.2.3, the water-saturated soil volume within the overall
“source zone” at Building I-1-23 used in the groundwater model was estimated
from the approximate dimensions of the soil zone within the 1 mg/kg total VOC
concentration contour shown on drawings from the Preliminary Design Report.
Since the soil sampling results provide no direct indication of the location of
NAPL in the soil, it is necessary to use some other basis or rationale for
estimating the likely location of the NAPL within the overall source area. It
was assumed that the VOC concentration contours representing the predesign
program soil sampling results provide a general indication of the locations
where NAPL is most likely to be present. In other words, the soil zones with
higher measured VOC concentrations are considered more likely to be the
zones containing the majority of the NAPL. It was assumed that the majority of
the NAPL would be located within the approximate dimensions of the soil zone
encompassing the 10 mg/kg total VOC concentration contour. However, the
actual distribution of NAPL within the three-dimensional volume of source
area soil within the 10 mg/kg VOC contour is not known and cannot be
accurately determined. After accounting for the large volume of soil that was
excavated from the source area during the PCB remedial action in 1996, a rough
estimate was made of the total soil volume where NAPL may be present.

Approach for Estimating Total TCE Mass in Source Area

As described above, TCE may be present in the saturated soil in the source
areas in three forms: dissolved in the groundwater; sorbed to the soil particles;
and as NAPL within the soil pores. The TCE mass present in the dissolved and
sorbed form within the overall source area at Building I-1-23, as discussed
above, is 58.4 Ib dissolved and 133.0 1b sorbed mass, for a total of 191.4 1b TCE.
To provide some perspective regarding the significance of TCE mass present as
NAPL, it is helpful to consider the total volume of water-saturated soil that
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would contain a mass of pure TCE equivalent to only the estimated dissolved
and sorbed portion of the TCE mass (191.4 Ib).

The specific gravity of TCE is 1.46 at 25 degrees C. One pound of pure TCE
occupies 0.011 ft* at standard conditions. Therefore, the volume of 191.4 Ib of
TCE is 191.4 Ib x 0.011 ft3/1b = 2.11 {ft>. The measured porosity (Vvoias/Viotar) of the
Upper Clay (0.37) was approximately the same as the measured porosity of the
Upper Sand. The volume of voids (pore space) in 1 ft? of soil in the source area
is 0.37 ft*. The soil volume that would contain 191.4 Ib of TCE, if pure TCE
occupied all of the soil pores, is 2.11 ft® TCE/0.37 ft® voids/ft® soil = 5.70 ft* soil.
However, as discussed above, the soil may be capable of retaining NAPL only
up to roughly 20 percent of the total pore volume (the residual saturation
capacity). Therefore, the total soil volume that may contain 191.4 Ib of TCE (the
estimated total dissolved and sorbed TCE mass in the source area) is 5.70
£t3/0.20 = 28.5 ft3, or approximately only 1 cubic yard of soil.

This type of analysis helps to demonstrate why it is so difficult to identify the
presence of NAPL from soil sampling programs, and to estimate the total TCE
mass in a source area when NAPL is present. It also provides a frame of
reference that helps show why the presence of NAPL in only a very small
fraction of the pore volume of the soil represents a large mass of source
material that can cause significant levels of groundwater contamination often
for decades or centuries.

To make an estimate of the total TCE mass that is currently remaining in the
Building I-1-23 source area, it is necessary to make an assumption, on some
rational basis, regarding the mass of NAPL that is present. This is probably the
most difficult, and yet the most important, of all the estimates and assumptions
that are necessary. As previously noted, there is limited historical information
available from which to estimate, or even to gain an insight into, the quantity of
TCE that was released at the source area. The best approach available is to rely
on the types of information and comparisons presented above in this section in
making an assumption that allows calculation of an estimated mass of
remaining NAPL. The assumption that was made is that the remaining NAPL
(assumed to be all TCE) occupies 1.0 percent of the total pore volume within the
soil volume that was considered the most likely location where NAPL would be
present. This approach for estimating residual NAPL and total TCE mass
remaining in the source area was used for making further estimates regarding
effectiveness of the various remedial alternatives and for other purposes in the
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remaining sections of this report. Additional information regarding the
estimates of total TCE mass is included in Section 7 and Appendix B.

Distribution of TCE in Source Area

Having developed an estimate for the total TCE mass and the general location
of NAPL at the Building I-1-23 source area, it was also necessary to make
further assumptions to estimate the vertical distribution of the TCE mass within
the soil geologic units. These estimates were needed for use as “source term”
input data for the groundwater model, and for the various evaluations and
comparisons of remedial alternatives. Additional information regarding the
estimated TCE mass distribution within the source areas is included in
Appendix B.

Building I-1-2/I-1-3 Source Areas

4.3.1 TCE Mass Flux

Similar to the estimation approach used for the Building I-1-23 source area, the
calibrated groundwater flow model provides estimates of dissolved TCE mass flux that
is required to create and sustain the observed VOC plume originating at the Building I-
1-2/1-1-3 source areas. These model-derived estimates are as follows:

—  Building I-1-2 Area: 25.5 g TCE/day (0.056 Ib TCE/day)
—  Building I-1-3 Area: 30.9 g TCE/day (0.068 1b TCE/day)
—  Building I-1-2/1-1-3 Areas Combined: 56.4 g TCE/day (0.124 Ib TCE/day)

The mass flux from the Building I-1-2/I-1-3 areas is considerably lower than the TCE flux
from the Building I-1-23 area (0.377 Ib/day) primarily due to the absence of a substantial
Upper Sand unit beneath these areas.

4.3.2 TCE Mass Transported Over Time

The manufacturing operations that caused the releases of VOCs were associated with a
former large building located immediately adjacent to Building I-1-2. Similar to the
Building I-1-23 source area, it is likely that the VOC releases resulted from regular or
routine production or maintenance operations, rather than from a few isolated spill
events. The specific time period during which manufacturing occurred in this building
is not known. To provide input for the groundwater model simulations, and for
estimating the effectiveness of the remedjial alternatives, it was assumed that the
manufacturing operations occurred over 30 years, and the dissolved TCE mass that may
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have migrated from the Building I-1-2/I-1-3 source areas with the groundwater flow at
the mass flux noted above (0.124 Ib TCE/day; 45.3 Ib TCE/year) over that time period
was calculated.

The lower dissolved mass flux at the Building I-1-2/I-1-3 areas (relative to the mass flux
at the Building I-1-23 area) provides a more limited basis for estimating remaining mass
than for the Building I-1-23 area, where a much larger amount of TCE is estimated to
have migrated from the source area. Nevertheless, the estimate of TCE mass
transported over time provides some insight that is helpful in attempting to characterize
the current conditions at the Building I-1-2/I-1-3 source areas. The knowledge that the
rate of loss of TCE source mass is relatively low, and other factors such as the overall
size of the source areas and the VOC levels found throughout the full depth of the clay
soil, leads to a hypothesis that the great majority of the TCE that was released and did
not evaporate is still present in the Building I-1-2/I-1-3 source areas, except for the
significant (although not quantified) amount of VOC mass that was removed with the
PCB soil excavations in 1996.

4.3.3 Dissolved and Sorbed TCE Mass in Source Areas

TCE Mass in Unsaturated Soil

Similar to the Building I-1-23 source area, a substantial quantity of VOCs was
removed from the Building I-1-2 source area with the soil excavated in 1996 for
the soil-PCB remediation. At the Building I-1-3 area, soil sampling
demonstrated that the primary zone of VOC releases is not coincident with
locations of PCB-soil excavations in 1996, and therefore, significant near-surface
VOC concentrations are present in the Building I-1-3 source area, although
these concentrations are of relatively limited lateral extent. However, the soil
sampling data also indicate that the great majority of the VOC source mass in
the Building I-1-3 area is present at greater depths, in the saturated clay. The
groundwater table is shallow in these source areas (5 to 7 feet), and the
unsaturated soil depth is a relatively small percentage of the overall depth of
the VOC-contaminated clay soil. For these reasons, the estimates of TCE mass
remaining in the overall source areas focused on the saturated portion of the

soil.

Dissolved Phase Mass

The water-saturated soil volume within the overall “source zone” at
Buildings I-1-2/1-1-3 used in the groundwater model was estimated from the
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approximate dimensions of the soil zone within the 1 mg/kg total VOC
concentration contour shown on drawings from the Preliminary Design Report.
With this source zone volume, the measured porosity of the soil, and the
uniform dissolved TCE concentrations over the source zone as determined
from the calibrated model, the calculated mass of dissolved TCE within the
source areas is as follows:

* Building I-1-2 Area: 157.51b TCE
*  Building I-1-3 Area: 128.31b TCE
*  Building I-1-2/I-1-3 Areas Combined: 285.8 Ib TCE

Sorbed Phase Mass

Using a procedure similar to the estimates made for the Building I-1-23 area,
the mass of TCE sorbed to the surface of soil particles in equilibrium with
dissolved TCE that is expected to be present in the water-saturated soil (in the
absence of NAPL) is as follows:

*  Building I-1-2 Area: 165.0 b TCE
*  Building I-1-3 Area: 134.41b TCE
*  Building I-1-2/I-1-3 Areas Combined: 299.4 Ib TCE

Deductions from Dissolved/Sorbed Mass Estimates

The estimated total TCE mass in the dissolved and sorbed phases in the water-
saturated soil within the source zones at Buildings I-1-2/1-1-3 is 285.8 + 299.4 =
585 Ib TCE (from estimates above), which is less than the contents of a single
drum of pure TCE. This estimate does not include additional TCE mass that is
likely to be present in the unsaturated soil. From Subsection 4.3.1, the mass flux
of dissolved TCE that is currently migrating from the source areas in the
groundwater flow is 0.124 Ib/day. Therefore, making the simplifying
assumption that this mass flux rate would continue until all TCE source mass is
removed via natural groundwater transport, all remaining dissolved and
sorbed TCE would be removed from the source area within approximately

13 years (585 1b/0.124 Ib per day).

As suggested for the Building I-1-23 source analysis above, it seems
unreasonable to conclude that after several decades of substantial groundwater
contamination from continuous sources of TCE at the Building I-1-2/1-1-3 areas,
the circumstances at this site would allow the majority of the remaining TCE
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mass in the source areas to be completely removed by natural processes within
the next 13 years.

The total VOC mass in the Building I-1-2/I-1-3 source areas within the 1 mg/kg
concentration contours as previously determined with the EVS software (RMT,
2002) is 1,150 Ib VOCs. This estimate compares relatively well with the
estimated dissolved + sorbed TCE mass noted above (585 Ib TCE), after
recognizing that the TCE mass estimate does not account for other VOCs that
are represented in the EVS software estimate. This supports the conclusion that
the VOC mass estimates provided from the EVS software do not account for
NAPL present in the soil, thus likely underestimating the total VOC mass. The
combined dissolved and sorbed TCE mass in the source area likely accounts for
only a percentage of the total mass remaining. The remaining mass is present
in the form of residual NAPL.

The numerical values for the TCE mass estimates presented above and
elsewhere in Section 4 are not intended to represent, or imply, a level of
accuracy or absolute knowledge regarding the TCE mass quantities that is
consistent with the “significant figures” used in the numerical values. The
numerical mass values presented in Section 4 and elsewhere in this report are

A\ subject to the cumulative uncertainties inherent in all of the various
assumptions, approximations, clarifications, and estimates used to derive or
calculate the numerical values, as discussed throughout the report.

4,34 Total TCE Mass in Source Areas

General Location of NAPL in Source Areas

As noted above, the water-saturated soil volume representing the overall
“source zone” at Buildings I-1-2/I-1-3 used in the groundwater model was
estimated from the approximate dimensions of the soil zone within the 1 mg/kg
total VOC concentration contour shown on drawings from the Preliminary
Design Report. It was assumed that the VOC concentration contours
representing the predesign program soil sampling results provide a general
indication of the locations where NAPL is most likely to be present. In other
words, the soil zones with higher measured VOC concentrations are considered
more likely to be the zones containing the majority of the NAPL.

It was also assumed that the NAPL would be located at each of the source areas
within the approximate volume of soil defined by the 10 mg/kg total VOC

Vg’
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concentration contour, and extending from the ground surface to the full soil
depths where VOCs were observed from the soil sampling program.

Total TCE Mass in Source Areas

To make an estimate of the total TCE mass that is currently remaining in the
Building I-1-2/I-1-3 source areas, it is necessary to make an assumption
regarding the mass of NAPL that is present. There is limited historical
information available from which to estimate, or even to gain an insight into,
the quantity of TCE that was released at the source areas. It is necessary to rely
on the types of information and comparisons presented above in this section in
making an assumption that allows the mass of remaining NAPL to be
estimated. The assumption that was made is that the remaining NAPL
(assumed to be all TCE) occupies 0.1 percent of the total pore volume within the
soil volume that was considered the most likely location where NAPL would be
present. This approach for estimating residual NAPL and total TCE mass
remaining was used for making further estimates regafding effectiveness of the
various remedial alternatives and for other purposes in the remaining sections
of this report. However, it is important to recognize that there is a relatively
high level of uncertainty in the source area mass estimates presented in this
section. Additional information regarding the estimates of total TCE mass, and
its distribution in the source areas, is included in Section 7 and Appendix B.

Distribution of TCE in Source Areas

Having developed estimates for the total TCE mass and the general locations of
NAPL at the Building I-1-2/I-1-3 source areas, it was also necessary to make
further assumptions to estimate the vertical distribution of the TCE mass.
These estimates were needed for use as “source term” input data for the
groundwater model, and for the various evaluations and comparisons of

remedial alternatives.

4.4 Area9 Repository Source Area

As presented in Section 6 of this FS Report, remedial alternatives that include “active” measures
for remediating the VOC source zones beneath the Repository have not been developed. (The
rationale for this approach is also discussed in Section 6.) Therefore, preparation of specific
numerical estimates of the VOC mass remaining beneath the Repository was not necessary for
evaluation and comparison of the remedial alternatives for the Repository source area and

associated VOC plume.
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Although TCE mass estimates were not made, it is possible to draw some conclusions regarding
the general nature of the VOC source that is likely to remain beneath the Repository. The
former Area 9 Landfill (now the location of the Repository) was used from the 1950s until it was
closed in 1964. During the period of use, a wide variety of wastes were disposed in the 2.5-acre
landfill area (O'Brien & Gere, 1988). Chemistry data from samples of soil collected beneath the
former landfill clearly indicate that liquid solvents were also disposed in the landfill. It has not
been documented whether the solvents were disposed in drums or other containers that
eventually leaked, or the waste solvents or solvent solutions were disposed in bulk liquid form.

The landfill waste material was removed from the site during the PCB remedial action in the
mid-1990s. After removing the waste material, large quantities of soil were excavated beneath
the landfill footprint to remove soil containing PCBs and metals of concern. Similar to the
circumstances at the contaminant source areas near the site buildings, it is expected that large
quantities of VOCs were also removed coincident with the excavated PCB-soil. The excavations
were backfilled with clean clay soil from an off-site borrow area and with ash from the on-site
incinerator used for the PCB-soil/sediment. After backfilling to original grade levels, the
materials that comprise the existing Repository were placed on the former landfill footprint.

Soil samples collected from the clay soil beneath the Repository during the predesign fieldwork
investigation in 2000 showed widespread zones of VOCs at concentrations that are generally
comparable to the concentrations at the VOC source areas near the site buildings. The soil
sampling data and the observed VOC concentrations in groundwater beneath the Repository
tend to indicate that residual VOC source material is likely to be present in the soil beneath the
Repository. However, from the calibrated groundwater flow model, the estimated dissolved
TCE flux that is migrating from the source area with the groundwater flow that passes beneath
the Repository (10.8 Ib TCE/year) is substantially less than the estimated dissolved TCE mass
entering the plumes at the Building I-1-23 source area (138 Ib/year) and at the

Building I-1-2/I-1-3 source area (45 Ib/year). The VOC source material remaining beneath the
Repository is likely to be present for a long time period due to the low mass flux from the
source zones. However, the dissolved-phase VOCs that are transported from the source zones
are significantly degraded by natural attenuation processes (as discussed in Sections 6 and 7).
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Section 5
Identification and Screening
of Remedial Technologies

The objective of this section is to identify specific technologies that may be appropriate to
accomplish the remedial action objectives. After a general discussion, the technologies are
screened to eliminate those that are inappropriate for inclusion in the site-specific integrated
alternatives. The universe of remedial technologies includes those that have been widely
applied using standard construction and operating techniques, as well as those that have been
recently developed to address specific remedial situations. Remediation of VOC contamination
of groundwater at Sites 32/33 is the focus of this feasibility study. Remediation of soil at specific
areas, or other measures to control or isolate VOC source material in the soil, may be an
additional component of the remedial action for the site, since VOC residuals remaining within
the soil provide a continuing source of dissolved VOCs in the groundwater. Therefore,
technologies for remediation of VOC contamination of both soil and groundwater have been
identified and screened.

Technologies are grouped into four categories: containment, removal, treatment, and disposal.
Each of these categories includes individual potential response action technologies that can be -
linked together to provide comprehensive remedial alternatives. In addition, institutional
controls, such as fencing, deed restrictions, and monitoring, can be incorporated with any of the
potential response actions.

Identification of remedial technologies is provided in Subsections 5.1 through 5.4. This
identification is based on the following;:

m A review of recent technical literature

m A review of USEPA REACH IT and CLU-IN databases

m A review of recent USEPA guidance documents

s A review of USEPA Superfund Innovative Technology Evaluation (SITE) program results
s On-line remediation information database services

m  Discussions and correspondence with commercial vendors of specific technologies

m  Field observations of specific technology applications, both through the SITE program and
private cleanups
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m  RMT experience on similar projects involving remediation of VOC contamination of soil
and groundwater

A screening of technologies to identify those that are appropriate for inclusion in specific
remedial alternatives is summarized in Table 5-1. This screening is based on the criteria of
“effectiveness,” “implementability,” and “comparative cost.” These criteria are used since they
address the general appropriateness of a specific technology for the site conditions, and site-
specific questions and potential concerns related to implementation.

Characteristics of the site and affected media, and the technology limitations that were
considered for the screening assessment, are described as follows:

m  Site characteristics — The available site data were evaluated to identify conditions that may
limit or promote the use of certain technologies. Specific factors considered included the
current use of the property at and near the various remediation target areas; the proximity
of the areas to existing buildings, structures, and people who work at the site; the
uncertainty associated with locations of subsurface utilities; and the current site features.
Those technologies that were considered to be ineffective or not implementable, based on
site characteristics, were eliminated from further consideration.

»  Characteristics of affected media — Soil and groundwater characteristics that limit the
effectiveness of a given technology were identified. For this evaluation, considerations
included the chemistry of the groundwater at Sites 32/33, the variability in subsurface soil
conditions and the low permeability of the clay units, the presence of VOC-impacted soil
and groundwater under the building footprints, the concentrations of VOCs in the
groundwater, and the predesign pilot testing results/findings. Technologies clearly limited
by these characteristics were eliminated from further consideration. In particular, the soil
and groundwater characteristics affect the feasibility of certain in situ methods, direct
treatment methods, and land disposal.

= Technology limitations — During the preliminary screening process, the following factors
were reviewed for each technology: the level of technology development; the performance
record; the failure and safety implications; the ability to meet proposed RAOs; and the
constructibility, operation, and maintenance requirements. Technologies that were
considered to be ineffective or that had a poor performance record were eliminated from
further consideration. Innovative technologies were identified as such, but were not
eliminated if additional information (e.g., predesign studies) was needed to assess their
potential effectiveness. State and federal regulations that may limit or preclude the
implementation of a specific technology were also considered.

General screening ratings for the purposes of evaluating implementability, effectiveness, and

comparative cost are as follows:
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Implementability

Implementable — The technology has been readily implemented at other sites with
similar physical and affected media characteristics. Site or affected media
characteristics at one or more Site 32/33 areas suggest that minor or no
modifications to the conventional technology will be necessary prior to
implementation.

Moderately implementable - Site or affected media characteristics suggest that
major modifications to the conventional technology will be necessary prior to
implementation at any Site 32/33 area.

Not implementable - Site or affected media characteristics preclude this technology
from being implemented at any Site 32/33 area. Those technologies with a very
limited potential for being implementable are given this rating.

Effectiveness

Potentially effective— The technology has consistently achieved RAOs at other sites
with similar physical and affected media characteristics. The technology provides a
practicable approach for attempting to restore groundwater quality over time for
one or more of the Site 32/33 areas, either alone or in combination with other
remedial technologies.

Not effective — Physical or performance limitations eliminate this technology as a
practicable approach for attempting to restore groundwater quality at this site.

Comparative Cost

Low — The technology has been implemented at other similar sites at a capital and
estimated present value cost of less than $500,000.

Medium - The technology has been implemented at other similar sites at a capital
and estimated present value cost that may be several factors greater than the “low”
cost category.

High — The technology has been implemented at other similar sites at a capital and
estimated present value cost that may be several factors greater than the “medium”
cost category.

Containment Technologies

Containment can be used in conjunction with other remedial response actions or as a sole
means of site stabilization. The containment approach may address soil as well as groundwater
at or downgradient of a VOC source. In either case, it is essential to incorporate a well-designed

~ post-closure monitoring program with the containment component of a remedial action.
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Subsurface barriers are used to isolate and contain soil with residual VOC source material, and
to redirect or contain groundwater flow to minimize groundwater contact with this soil or with
water that has leached through the contaminated soil from surface water infiltration. Ground
surface barriers or “caps” can also be used to prevent surface water infiltration and the leaching
of VOCs from the soil. To control the groundwater head within or upgradient of subsurface
barriers, pumping wells or subsurface drains are frequently used. To effectively control
migration of constituents of concern within the groundwater, a perimeter barrier wall must be
keyed into a confining soil or bedrock layer of low permeability at its base, must extend upward
to an elevation above the groundwater level, and must completely encompass the area of
concern. Physical containment, unless accompanied by groundwater extraction, does not
address the actual removal of waste constituents.

The Lower Clay appears to be continuous over Sites 32/33, with a relatively uniform average
thickness of 40 feet. The top of the Lower Clay is present at depths of approximately 30 to

50 feet below ground surface over the site. The groundwater within the Lower Clay has not
been significantly impacted by VOCs. This clay unit should function adequately as a low-
permeability confining layer to be used with vertical subsurface barriers to encompass and
contain a zone of impacted groundwater or soil within the Upper Sand and Upper Clay units.
To be effective, a remedial action that relied on the containment of VOC source areas would
need to include a perimeter barrier wall, some portions of which would have to reach depths of
50 feet or more at some locations, to allow for adequate “keying” into the Lower Clay Unit.

Because of the site-specific conditions at Sites 32/33, physical containment of the VOC source
areas using vertical subsurface barriers, alone, without some form of hydraulic head control, is
unlikely to maintain contained conditions. Some form of groundwater extraction in the area
inside the containment cell, at a relatively low flowrate, would be required to maintain an
inward and upward groundwater flow gradient and to control potential contaminant migration
from the containment area.

A discussion of common containment technologies is presented below.

5.1.1 Slurry Walls

This technology involves excavating a trench to the depth of a confining base layer while
adding a slurry into the excavation. The slurry generally consists of a bentonite/water
mixture. The slurry holds the excavation open while creating a low-permeability cake
on the sidewalls of the trench. The wall is usually completed by backfilling with a
soil/bentonite mixture. The effectiveness of slurry walls depends on the control of
proper excavation procedures and proper proportioning and placement of the
soil/bentonite and select backfill material. In addition to soil/bentonite mixtures,
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cement-bentonite mixtures have been used, or a synthetic membrane may be placed in
the trench in a "U" configuration by filling it with a permeable sand material. With the
synthetic membrane installation, observation wells may then be placed within the sand
backfill material, to detect infiltration and thereby determine the integrity of the
synthetic membrane.

5.1.2 Sheet Piles

This technology involves driving steel sheet piles around the perimeter of the area to be
contained. The piles are driven until the tips reach and penetrate an underlying low-
permeability layer. The sheet piling sections can be made watertight at the section joints
by incorporating sealants. Recent advancements in the application of plastics for
subsurface containment include construction methods to install sheets of high-density
polyethylene (HDPE) with interlocking, watertight sheet sections as vertical barrier
walls around contaminated soil areas.

5.1.3 Injected Screens

This technology also includes driving steel sheet piles into the soil around an area of
concern. The sheet piles are then subsequently extracted one at a time, and the resulting
void is filled with a grout injected under pressure.

5.1.4 Grout Curtains

This technology involves drilling holes along the perimeter of the area to be contained
until an underlying low-permeability layer is reached. The drill is then extracted, and
grout is injected under pressure through the drill hole. The drill holes are spaced along
a line at distances such that the cemented zone of each grout hole overlaps the preceding

zone.

5.1.5 Vibrating Beam

This technology is the grouting method most suitable for shallow soil treatment depths.
A vibratory pile driver is used to drive a modified H-beam into the subsurface. The pile
has injection nozzles at the tip. As the beam is withdrawn, grout is injected through the
nozzles into the void. Cement-bentonite grouts are used most often. A continuous
barrier can be formed by successively overlapping beam penetrations.

5.1.6 Surface Caps

This technology aids in controlling or reducing vertical infiltration into a targeted,
capped area, or volume of underlying soil. Low-permeability engineered surface caps
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utilized to reduce infiltration can consist of pavement (concrete or asphalt), compacted
clay, or manufactured geomembranes (HDPE, PVC, etc.), or can be a composite cap
containing multiple layers of the above materials.

5.1.7 Hydraulic Containment

This technology consists of groundwater collection points to hydraulically contain a
targeted area by encompassing the area within a hydraulic capture zone. Wells or
trenches and extraction pumps are used to withdraw groundwater and create an inward
gradient toward the extraction pump. Saturated zones within the effective capture zone
of the extraction point will be thereby hydraulically contained.

Removal Technologies

5.2.1 Soil Excavation and Consolidation

This technology involves the excavation of soil from an identified area followed by the
disposal or treatment of the soil. Excavation is generally considered to be a remedial
technology for soil. It is also included as a means of groundwater remediation since it
would remove a portion of the contaminant mass from the source areas at the site,
thereby potentially reducing the duration of continued leaching of VOCs to the
groundwater.

Excavation of VOC-contaminated soil is a readily implementable technology at this site,
except for the known source areas located beneath the Area 9 Repository and the
potential VOC source material that may be located beneath portions of site buildings.
However, several factors that may affect the feasibility or effectiveness of this approach
at various site locations include the method of excavation, especially with respect to the
required excavation depth; disposal options owing to the uncertainties regarding VOC
concentrations in the excavated soil; the need to excavate beneath the groundwater table
elevation; the presence of the confined Upper Sand Unit; and the uncertainties regarding
the lateral and vertical locations of VOC residuals at each source area. Each of these
issues also has a direct bearing on the overall cost of excavation.

It is possible to excavate to the range of depths that may be required at this site (up to 35
to 40 feet bgs), but equipment with a greater reach capability than that offered by a
conventional tracked ‘excavator (e.g., clamshells or draglines) would be required.
Alternatively, sheeting or shoring could be installed to allow excavations at these depths
with tracked excavators. However, at any of the VOC source areas, excavation of soil
that contains VOC residual source material beneath the groundwater table would be
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necessary. Where the Upper Sand Unit is present beneath the Upper Clay, excavation of
the clay will be limited to depths necessary to prevent heaving of the saturated sand as a
result of the removal of the clay overburden pressure.

For dry materials, dust suppression may be necessary to reduce the release of airborne
particulates. Water and/or synthetic covers can be used as suppressants. Although tests
of soil from the VOC source areas to determine the expected soil classification for waste
disposal purposes were not performed, some of the excavated soil may be classified as a
toxicity-characteristic hazardous waste (40 CFR 261.24), based on the available data.
This waste material classification presents cost, administrative, and health and safety
issues regarding the transportation and disposal of the excavated soil.

Finally, CERCLA includes a statutory preference for the treatment of contaminants (as
opposed to simply transferring contaminants from one location to another), making
excavation and direct land disposal less preferable than other technologies that provide
treatment.

In general, the technology would be viable and effective in reducing the duration of the
future transfer of residual VOC mass from soil into groundwater, assuming that all
significant VOC sources are located, and that the potential construction difficulties can

be overcome.

5.2.2 Groundwater Extraction

Extraction wells can be used to remove groundwater with VOCs for treatment and/or
disposal. This technology can also be used to control hydraulic gradients in the vicinity
of a source area, limiting the migration of VOCs in groundwater, or reducing flow
through subsurface areas. Extraction wells are frequently used in conjunction with
subsurface barriers to physically and hydraulically isolate contaminated soil areas. The
spacing, sizing, and design of extraction wells are determined by the extent of
groundwater to be controlled and by aquifer properties. Extraction wells can be
installed in a standard vertical configuration, or can be installed horizontally in
preferential geologic units using horizontal drilling technology.

As an alternative, groundwater collection trenches can sometimes be used. This
technology serves the same general purpose as that of pumping wells—to remove
impacted groundwater or to provide hydraulic control for other remediation purposes.
Subsurface drains are generally limited to shallow depths, and thus may serve as a
substitute for pumping wells only in shallow aquifer conditions. Subsurface drains
normally include a drain pipe or gravel bed, protective filter media to prevent clogging
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by fine solids, manholes or wet wells for collecting the water, and pumping equipment
to remove the accumulated water. Drain trenches are typically situated transverse to the
direction of groundwater flow, and may be placed downgradient of contaminant source
areas to collect groundwater, or upgradient to minimize groundwater contact with
contaminated soil areas.

Use of vertical or horizontal extraction wells would be feasible for capture and removal
of contaminated groundwater from the sand deposits at Sites 32/33. Collection trenches
would not be practical for extraction of groundwater from the low-permeability Upper
Clay. However, trenches could potentially be feasible for the interception and extraction
of groundwater from the Upper Sand at the shallower elevations.

5.2.3 Multiphase Extraction

Multiphase extraction (MPE) involves the simultaneous removal of contaminated
groundwater, soil vapors, and under specific circumstances, non-aqueous-phase liquid
(NAPL), from extraction wells under vacuum conditions. This provides a means for
accelerating the removal of NAPL and dissolved groundwater contamination,
remediating capillary fringe and smear zone soil, and facilitating the removal of vadose
zone soil contaminants. Originally, in the June 2000 Explanation of Significant
Differences (ESD) (USEPA, 2000a), USEPA selected MPE as a final component for
PCBOU sites. Site-specific conditions at Sites 32/33 meet criteria for using MPE as a
presumptive remedy. As stated in the ESD, “multiple phase extraction is a combination
of proven technologies that can remove significant volumes of the TCE and other VOCs
from the subsurface soil.”

MPE enables venting of soil vapors through previously saturated and semisaturated
(capillary fringe) soil by lowering the groundwater table around the points of vapor
extraction (MPE wells). There are three basic types of MPE wells: drop-tube
entrainment extraction, where extraction of total fluids (liquid and vapors) is conducted
via vacuum applied to a tube inserted within the extraction well; well-screen
entrainment extraction, where extraction occurs from boreholes screened in the
saturated and vadose zones; and downhole-pump extraction, where extraction is
performed using a groundwater pump with concurrent application of vacuum to the
extraction well (groundwater and vapor are removed in separate pipe manifolds and
treated). MPE is most commonly used for sites that have VOC contamination; soil,
groundwater, and NAPL phases requiring remediation; and low to moderate hydraulic
conductivity soil (silty sand, silt, and clayey silt).

RMT, Inc. | Crab Orchard National Wildlife Refuge 5-8
I\WPMSN\PJT\00-04781112\R000478112-002.DOC  8/11/04 Final August 2004



MPE may have certain limitations for the remediation of VOCs at some sites, owing to
specific site conditions. MPE is less cost-effective for permeable soil types. Operating
costs may be relatively high, depending on requirements for vacuum pump horsepower
and groundwater treatment. Short-circuiting of the airflow from the ground surface
may limit effectiveness. Recovery enhancement methods, such as pneumatic or
hydraulic fracturing of the soil, may be required in low-permeability and/or high surface
tension soil. As determined from pilot-scale pre-design MPE tests performed at

Sites 32/33, some form of technology enhancement would be required for effective use
of MPE at Sites 32/33.

5.3 Treatment Technologies

For soil and groundwater treatment, many new technologies are being introduced at various
stages of development, and existing technologies are being applied in alternative ways. Unlike
the more conventional technologies for containment and removal, treatment technologies (or
process options) are frequently patented and proprietary, and available only through a limited
number of vendors. In some cases, technologies exist at a "full-scale” stage of development, but
have yet to be permitted by regulatory agencies for specific applications. In all cases, a
treatment technology is specific to particular chemical compounds or classes of compounds.

(- 5.3.1 In Situ Treatment

Significant research, development, and commercialization efforts have occurred in the
last several years in the field of in situ treatment technologies for soil and groundwater.
Many of these recently developed technologies, as well as other more proven in situ
processes and equipment, are applicable to remediation of VOC contamination. In situ
technologies available today apply a wide range of biological, physical, and chemical
processes and principles, often as part of an integrated remediation approach tailored to
site-specific physical conditions. Many companies offer specialty equipment, chemicals,
and services for the field application of various technologies, often using proprietary
and patented equipment and materials. A list of in situ treatment technologies for soil
and/or groundwater considered for application at Sites 32/33 is presented below, using
commonly accepted terminology in the environmental remediation field. Some
examples of proprietary trade names or process names that utilize certain technologies

are also listed.
— Natural attenuation
—  Soil vapor extraction

— Air sparging

A g
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Enhanced biological treatment, aerobic and anaerobic (GT-1000®, Bio Luxing®,
Biopim®, BioInjectionm, pressurized fluidized bed reactors [PFBR], Butane
Biosparging Butane Injector™, Fyrezyme ™, Edible Oil Substrate (EOS™), CAP-18,
Oxygen Release Compound [ORC], Hydrogen Release Compound [HRC], Bac-
Terra™)

Chemical oxidation (Clean OX®, TR-DETOX™, OxyVACTM, Geo-Cleanse Process®,
ISOTEC®, Solerox R2ZK™, DUOX™)

Permeable reactive barrier (Envirometal®, Forager™ Sponge, Ferox™)

Fractufing, pneumatic and hydraulic (BioLuxing® Pneumatic Fracturing Extraction
[PFE®], Injection Vac™, Ferox™)

Electro-osmosis/Electromigration (Lasagna™ and ElectroKinetic Aided Remediation
[EKAR™])

Phytoremediation

In-well aeration (UVB™ and Accelerated Remediation Technologies [ART™],
NoVOCs™, DDC™, and C-Sparger™)

In-well bioremediation (CleanWater™)
Soil flushing (Injectsol”, Biosolve®)

Stabilization/Immobilization/Soil mixing (ReCon™, GeoCon™, In Situ Fixation™,
MecTool™)

Vitrification (GeoMelt™)

Thermal desorption, low and high temperature (Steam Enhanced Remediation
[SER], Six Phase Heating [SPH™] or Electrical Resistive Heating [ERH], In Situ
Thermal Desorption [ISTD], Heated Soil Vapor Extraction [HSVE], Radio Frequency
Heating [RFH], Dynamic Underground Stripping/Hydrous Pyrolysis [DUS/HP],
Microwave Heating)

In Situ Thermal Technologies

In situ thermal treatment encompasses several new, innovative technologies,
including conductive heating, dynamic underground stripping/hydrous
pyrolysis, microwave heating, radio frequency heating, hot air/steam injection,
and electro-heating (six-phase and three-phase electric power). All of these
technologies consist of methods for heating the soil to the boiling point of
liquids of concern within the soil, or higher temperatures, to vaporize volatile
contaminants by a number of mechanisms, including evaporation into the soil
vapor induced by application of vacuum, steam distillation into the water
vapor stream, boiling, oxidation, and pyrolysis. The vapor-phase contaminants
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are then typically removed from the soil using soil vapor extraction (SVE)
wells.

Conductive heating is a process in which heat and vacuum are applied either
with an array of vertical heater/vacuum wells or surface heater blankets. The
USEPA REACH-IT database identifies several full-scale sites at which this
technology has been used for VOC remediation.

Dynamic underground stripping/hydrous pyrolysis (DUS/HP) combines two
methods to heat the soil: by steam injection (for permeable soil), and by electric
current (for more impermeable soil). The USEPA REACH-IT database
identifies only one full-scale site at which this technology has been used for
VOC remediation.

Microwave heating employs microwave energy to generate the required
subsurface heat for contaminant vaporization. The USEPA REACH-IT
database does not list any sites at which this technology has been used at full
scale for VOC remediation.

Much like the microwave heating approach, radio frequency heating generates
an electrical field at frequencies typically used in industrial, scientific, and
medical applications (6.68, 13.56, 27.12, or 40.68 megahertz). Specially designed
electrode rods are placed in either vertical or directionally-drilled holes for
optimum “excitation” of the contaminant treatment zone, thereby vaporizing
VOCs beyond their boiling points for capture in a vacuum extraction system.
Although the USEPA REACH-IT database does not list any sites at which this
technology has been used at full scale for VOCs, it has been used at several
petroleum contaminant sites as an enhancement to bioremediation or soil vapor
extraction. The technology was first used in the 1980s for the relatively
successful removal of crude oil from shale oil rock formations in Utah.

Hot air/Steam injection technology uses hot air or steam that is injected below
the contaminated zone to heat contaminated soil, thus enhancing the release of
contaminants by volatilization into the soil vapor phase. Some of the VOCs are
stripped from the contaminated zone and brought to the surface using an SVE
extraction well system. The USEPA REACH-IT database lists three full-scale
sites at which steam injection was used for VOC remediation.

Electro-heating (three-phase or six-phase heating [SPH™]) includes licensed,
registered, patented technologies that use electrical resistive heating and in situ
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steam stripping to remediate contaminated zones. These proprietary
technologies use common three-phase electric power supply or convert three-
phase electricity into six separate phases. The electric current is then delivered
throughout the specific treatment zone by electrodes that are inserted into the
soil using standard drilling techniques. This proprietary technology was
specifically developed for low-permeability water-saturated soil. The USEPA
REACH-IT database lists several full-scale sites at which electro-heating was
used for VOC remediation.

5.3.2 Ex Situ Treatment

Soil

After excavation of saturated or unsaturated soil contaminated with VOCs
and/or other contaminants, several technologies are available for treatment,
using many of the same biological, physical, and chemical processes discussed
above that are often applied for in situ soil treatment. Categories of ex situ soil
treatment technologies potentially applicable for use at Sites 32/33 include the
following:

* Biological treatment

»  Chemical treatment

s Thermal destruction/incineration

= Solidification/Chemical fixation

= Physical treatment (VOC volatilization)

Several of these technologies are described in Table 5-2.

Groundwater

Extracted groundwater often requires some form of treatment prior to
discharge to surface water or to groundwater via subsurface injection, or for
other forms of water reuse. Many types of groundwater treatment processes
exist, and are based on proven wastewater treatment technologies. Ex situ
groundwater treatment technologies potentially applicable for use at Sites 32/33
include the following;:

* Biological treatment
*  Carbon adsorption

=  Air or steam stripping
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»  Precipitation/flocculation/sedimentation
* Reverse osmosis
* Jon exchange

a  Chemical oxidation

Of these technologies, only biological treatment, carbon adsorption, air or
steam stripping, and chemical oxidation are generally appropriate for the
treatment of VOCs in groundwater. Some of these technologies are briefly
discussed in Table 5-2.

Soil Vapor/Air/Steam

Extracted vapor, air, or steam from treatment processes also may require some
form of treatment prior to atmospheric discharge. Several types of treatment
processes exist for vapor treatment. Ex sifu vapor treatment technologies
potentially applicable for use at Sites 32/33 include the following:

»  Condensation (for steam)

*  Biofiltration

* High-energy destruction

*  Membrane separation

»  Oxidation (catalytic, IC, thermal, UV)

s  Carbon adsorption

Considering anticipated site-specific concentrations and flow rates, carbon

adsorption is likely the most efficient and cost-effective vapor-phase treatment
for Sites 32/33.

Disposal Technologies

5.4.1 Soil Disposal

Land disposal of both hazardous and nonhazardous soil or solids is a proven technology
that has been used for many years. Excavated solids could be disposed in engineered
off-site or on-site landfill facilities, although such options are only appropriate when
waste volumes are limited. In any case, disposal must comply with the federal and state
regulations applicable to RCRA-regulated hazardous wastes, if such wastes will be
placed in disposal units. Direct off-site transport and disposal without treatment is
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generally the least favored alternative where practicable treatment technologies are
available, and the waste volume is comparatively large, in accordance with USEPA
policy. Both off-site and on-site disposal are discussed further below.

Off-Site Facility

Excavation of material would be performed by a backhoe or other mechanical
means. Excavated material would then be transported by licensed waste
haulers to an off-site, permitted disposal facility. Imported fill material would
be required to backfill the excavated areas. Long-term management of the
removed material would become the responsibility of a third party; however,
the liability associated with the material often remains that of the generator.

On-Site Facility

Beyond the excavation and on-site consolidation and possibly treatment of
contaminated solids, this technology could involve the construction of a
completely new disposal facility on-site. A newly constructed land disposal
unit would have to meet applicable or relevant and appropriate land disposal
design requirements. Sufficient ]and area must be available, and future land
use in the disposal area would be restricted.

5.4.2 Groundwater Disposal

Groundwater that is extracted via pumping wells or collection trenches can be disposed
by one of the following options:

Discharge to On-site Surface Water Drainage

This option is applicable to both treated and untreated groundwater, provided
that both the quality and quantity meet the relevant and appropriate discharge
requirements for surface water as regulated under federal and state standards.
Sampling of the groundwater to be discharged would be required to determine
its quality and to identify whether or not it meets the allowable discharge
requirements.

Discharge to POTW

Discharge to a Publicly Owned Treatment Works (POTW) is applicable to both
treated and untreated water, provided that the quality and quantity of the
water meet the pretreatment requirements of the local regulatory agency or
authority. The quantity allowed would likely depend on the capacity of the
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discharge system and the POTW. Sampling and analysis of the groundwater to
be discharged would be required to determine its quality.

Reinjection

This option may be appropriate for disposal of treated groundwater, dependent
on obtaining regulatory approval or permits. Reinjection of treated
groundwater may serve as a means of hydraulic control in limiting the further
migration of a plume, as well as in providing flushing of residual constituents
from impacted soil. Extraction and injection wells can be sized and spaced
based on aquifer properties for effective containment.

Reuse

In some site-specific situations, reuse of treated groundwater may be
appropriate. Potential uses include process supply water for nonpotable
industrial uses, irrigation, and potable use after polishing treatment and
disinfection.

5.5 Technologies Suitable for Further Development

A screening of potential technologies for soil and groundwater treatment is summarized in
Table 5-2. Each technology was screened on the basis of site-specific effectiveness,
implementability, and comparative cost, and a determination was made of whether it is
appropriate for application as part of a broader remedial alternative.
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Section 6

Development of Remedial Alternatives

The purpose of this section of the FS is to develop a range of remedial alternatives assembled
from the appropriate individual treatment technologies identified in Section 5. The primary
design concepts for each alternative are described, including the major system components and
the intended performance objectives or effects of the alternative. Specific design details of the
selected alternatives will be determined during the design phase.

The alternatives developed to address the VOC source areas and associated plumes are
identified and generally described as follows:

m  Building I-1-23 Source Area and Plume

Alternative Al - Excavation (within 10 mg/kg VOC contour, to 12 feet depth),
Groundwater Extraction and Treatment, and Phytoremediation

Alternative A2 - Excavation (within 1 mg/kg VOC contour, to varying depths
within the Upper Clay), Groundwater Extraction and Treatment, and
Phytoremediation

Alternative B — Excavation (within 10 mg/kg VOC contour, to 12 feet depth),
Permeable Reactive Barrier, and Phytoremediation

Alternative C — Multiphase Extraction with Pneumatic Fracturing, Groundwater
Extraction and Treatment, and Phytoremediation

Alternative D — Excavation (within 10 mg/kg VOC contour, to 12 feet depth),
Phytoremediation Including Engineered Wetland, and Alternate Concentration
Limits

Alternative E — Phytoremediation Including Engineered Wetland and Alternate
Concentration Limits

Alternative F — Excavation (within 10 mg/kg VOC contour, to 12 feet depth), In Situ
Reductive Dechlorination, Phytoremediation Including Engineered Wetland, and
Alternate Concentration Limits

Alternative G - Electrical Resistive Heating and Phytoremediation

s Buildings I-1-2/1-1-3 Source Area and Plume

Vg’

Alternative A — Limited Excavation (Building I-1-3 hot-spot) and Multiphase
Extraction with Pneumatic Fracturing

Alternative B — Permeable Reactive Barrier
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Alternative C — Alternate Concentration Limits

Alternative D - Excavation (within 10 mg/kg VOC contour, to 10 feet depth) and
Alternate Concentration Limits

Alternative E — Excavation (within 10 mg/kg VOC contour, to 10 feet depth), In Situ
Reductive Dechlorination with Pneumatic Fracturing, and Alternate Concentration
Limits

Alternative F - Electrical Resistive Heating

= Area9 Repository Source Area and Plume

Alternative A — Phytoremediation and Monitored Natural Attenuation

Alternative B — Phytoremediation and Alternate Concentration Limits

The primary components of these alternatives are described in this section and are summarized
in Tables 6-1 and 6-2. The design concepts for the Building I-1-23 alternatives are shown on
Figures 6-1 through 6-7. The design concepts for the Buildings I-1-2/I-1-3 alternatives are shown
on Figures 6-8 through 6-11. The design concepts for the Repository - Alternatives A and B are
shown on Figure 6-12.

Remedial alternatives to address groundwater contamination associated with the separate
primary VOC source areas at Sites 32/33 are described in this section. The remedial alternatives
that were previously developed and evaluated in the Focused Feasibility Study - Revision 1
(RMT, 2000) were based on the preferred approach of applying a common type of remedial
technology for all of the VOC source areas at the site. This approach resulted in the selection of
multiphase extraction (MPE) as the technology to be applied at each VOC source area, as
documented in the Explanation of Significant Differences (USEPA, 2000a). The design concepts
presented in the Preliminary Design Report —~ Rev. 0 (RMT, 2001d) were also based on
application of MPE at each of the primary VOC source areas. However, information developed
during the predesign field investigation in 2000 indicated that the physical differences among
the separate VOC source areas at Sites 32/33 are sufficiently significant to warrant an
independent evaluation of remedial alternatives and the selection of a preferred alternative for

each of the primary VOC source areas.

6.1 Components Common to Several Alternatives

To eliminate redundancy in the presentation of alternatives, this subsection describes
components that are common to several of the remedial alternatives.
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6.1.1 Institutional Controls and Monitoring

All alternatives, excluding the No Action alternative, include the use of institutional
controls and the requirement for groundwater monitoring as common components.
Institutional controls, in the form of a pending Land Use Control Plan for the Refuge
being prepared by F&WS, will formally preclude the potable use of groundwater from
the aquifers beneath Sites 32/33 within the VOC plume areas. Additional provisions
may also be incorporated into the Land Use Control Plan to limit potential human health
risk from other exposure routes.

Except for the No Action alternative, each alternative will also have an alternative-
specific monitoring program. The monitoring programs may include groundwater
quality compliance points and may also include performance monitoring points for the
remedial action. Estimates of the monitoring well network required for each alternative
were made to provide a basis for assessing operation, maintenance, and monitoring
costs. Development and presentation of a detailed compliance and performance
monitoring program for the selected alternatives will be included in the remedial design
phase.

6.1.2 Phytoremediation

Phytoremediation is a relatively recent and accepted technology that uses vegetation for
in situ treatment of shallow contaminated soil, sediment, and groundwater.
Phytoremediation is applicable at sites containing organic pollutants that can be
accessed by the roots of plants and sequestered, degraded, immobilized, or metabolized
in-place (GWRTAC, 2002). Phytoremediation is popular because of its cost-
effectiveness, aesthetic advantages, and long-term applicability (Schnoor, et al., 1995).
Through phytoremediation processes, organic chemicals may undergo root sorption,
uptake, translocation, metabolic transformation, and/or volatilization. Specifically,
chlorinated solvents are typically remediated by phytotransformation, and
phytovolatilization, and in the case of treatment wetlands, by rhizosphere
bioremediation (as wetland plants and organic-rich sediment provide the environment
for bacteria to flourish and degrade organics).

Phytotransformation refers to the uptake of organic and nutrient contaminants from soil
and groundwater and the subsequent transformation by plants. This transformation
depends on the direct uptake of contaminants from soil water and the accumulation of
metabolites in plant tissue. Direct uptake by plants of organic compounds present in
relatively shallow groundwater is an efficient removal mechanism for sites with
contaminants consisting of moderately hydrophobic organic chemicals, including most
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BTEX compounds, chlorinated solvents, and short-chain aliphatic compounds (Schnoor,
1997).

The direct uptake of a chemical into the plant through roots depends on the uptake
efficiency, transpiration rate, and the concentration of the chemical in soil water (Burken
and Schnoor, 1996). Uptake efficiency, in turn, depends on physical-chemical
properties, chemical speciation, and the plant itself. Transpiration is a key variable that
determines the rate of chemical uptake for a given phytoremediation design; it depends
on the plant type, leaf area, nutrients, soil moisture, temperature, wind conditions, and
relative humidity (Schnoor, 1997).

When an organic compound has been translocated, the plant may incorporate the
compound and its fragments into new plant structures via lignification, or it can
volatilize, metabolize, or mineralize the compound completely to carbon dioxide and
water. Chlorinated aliphatic compounds such as TCE have been reported to be
mineralized to carbon dioxide and less toxic aerobic metabolites (Schnoor, 1997). The
form of phytotransformation whereby volatile compounds or their metabolic products
are released to the atmosphere through plant transpiration is known as
phytovolatilization.

Poplar trees have been found to be capable of taking-up TCE and degrading it to several
known metabolic products, including trichloroethanol, trichloroacetic acid, and
dichloroacetic acid. Poplars have also been shown to transpire TCE in measurable
amounts (Newman et al., 1997). In addition to poplars, other types of phreatophytic
trees, such as cottonwoods and willows, are also capable of VOC uptake or
phytovolatilization.

Upland area phytoremediation should be performed in areas where groundwater is
typically deep enough to allow the soil physical properties to support vegetative
growth, but shallow enough to allow for groundwater interception by roots.
Constructed wetland “phytoremediation” can be performed where the groundwater
table is near the soil surface to maintain saturated conditions year-round, and is capable
of supporting the desired wetland vegetation.

Phytoremediation Objectives
The primary remedial objectives for the use of phytoremediation at Sites 32/33

are as follows:

*  To reduce the volume of contaminated groundwater and the mass of
chlorinated VOCs (CVOCs) discharging to Crab Orchard Lake or other
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surface water locations by slowing down or reversing shallow
groundwater flow toward the drainage swales and the lake, and by the
uptake of dissolved CVOCs.

*  To accomplish the objective above while creating an ecosystem that
complements the site’s function as a wildlife preserve.

Conceptual Design Overview

A phytoremediation component (phreatophyte tree stand, savanna/prairie area,
and/or treatment wetland) is contained within one or more remedial
alternatives for the groundwater plume associated with the VOC source area at
Building I-1-23 and at the Repository. The conceptual designs address the East
Swale and Center Swale (Repository source area), and the West Swale and
adjacent lake embayment (Building I-1-23 source area).

Phreatophytic Tree Stands (Building 1-1-23 and Repository Source Area
Plumes)

Phreatophytic trees such as hybrid poplars, cottonwoods, and willows have
rapid growth rates and high evapotranspiration rates and thus are ideal
candidates for phytoremediation. In addition to relatively high water volume
uptake, these trees can metabolize, incorporate, mineralize, transpire
(volatilize), and degrade dissolved TCE and other VOCs in the rhizosphere.

Tree roots require oxygen and should grow to at least 2 feet in depth to prevent
wind throw (tree toppling during wind storms); therefore, the trees should not
be planted in areas where groundwater is consistently less than 2 feet below
ground surface (bgs). However, trees can be planted in areas that experience
periodic groundwater table fluctuations to depths of less than 2 feet, including
flooding conditions. Although specialized techniques, such as auguring, air
injection, and deep trenchers can be employed to encourage rooting into deep
(>10 feet) groundwater, these techniques are more expensive than traditional
methods. An effective but less-expensive planting method is to use modified
industrial trenchers to plant trees in trenches up to 6 feet deep. Thus, the
phreatophyte tree phytoremediation at Sites 32/33 should be (and can be)
focused on areas in which the groundwater table is typically 2 to 6 feet bgs.

Phreatophytic trees, including cottonwood, poplar, or willow, are
recommended for use at Sites 32/33 because of their high water uptake rates,
rapid growth rates, deep rooting potential, ease of planting, regrowth from the
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cut stump, ability to uptake near-surface groundwater, and survival
mechanisms for temporary flooding conditions. Native eastern cottonwoods
(Populus deltoides) or the DN-34 (deltoides x nigra) hybrid poplar, which is a cross
between an eastern cottonwood and a black cottonwood, are most suitable for
this site, depending on the availability of planting stock in the required sizes
(expected to be 6 to 10 feet tall rooted stock). These species have a proven
performance record at a number of TCE sites and other organic contaminant
research and field sites (Burken and Schnoor, 1996 and Lee et al., 2000). They
have demonstrated rapid growth rates and drought/disease/pest resistance
(Vose et al., 2000), are recommended by nursery and forestry professionals for
planting in the Midwest (Dickmann and Isebrands, 1999), and can have
lifespans of over 50 years (Isebrands, 2000). A potential planting plan for the
site could consist of 80 percent eastern cottonwood or poplar, 10 percent native
willow, and 10 percent other (nut-bearing trees for wildlife diversity, birch,
flowering crab, maple, etc.). F&WS has expressed a preference for the use of
eastern cottonwoods for the phytoremediation at Sites 32/33, rather than the use
of hybrid poplars, because eastern cottonwoods would be more compatible
with other indigenous species of trees at the Refuge than nonnative hybrid
poplars.

Constructed Prairie (Repository Source Area Plume)

In 1820, at least 60 percent of Illinois’ land area, mainly in the northern part of
the state, was grasslands of one type or another, but by the end of the
nineteenth century, much of Illinois' original prairie was converted to farmland.
Industrialization and the growth of cities removed much of what remained,
and today 99.99 percent of the original Illinois prairie is gone (Chicago
Academy of Sciences, 2003).

Prairies are open grasslands that can survive in relatively dry climates. Grasses
and wildflowers typically dominate the prairie ground cover. Vegetation of
prairie areas can range from tall, dense grasses and wildflowers to sparse, short
grassland areas. Many prairie grass species have root systems that can reach 10
to 15 feet below ground surface level, and many of these grass species have
high water-uptake and transpiration rates (ITRC, 2001).

A potential planting/seeding plan for the site could consist of a mixture of deep
rooting, Illinois-native prairie grass species such as Indian Grass (Sorghastrum
nutans), Big Bluestem (Andropogon gerardii), and Switch Grass (Panicum
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virgatum). These tall grasses can range in height from 3 to 7 feet and can root
and effectively draw water from up to 10 feet or more below ground surface.

Constructed Wetland (I-1-23 Source Area Plume)

Extensive recent field and laboratory research has shown that anaerobic
degradation of TCE does occur in wetland sediment, and wetlands are ideal
environments for natural attenuation of organic contaminants because the
sediment typically has a large diversity of microorganisms and a large amount
of natural organic material to sorb contaminants and provide substrates for
microorganisms (USGS, 1997).

Wetland systems are those in which the water is near enough to the soil surface
to maintain saturated conditions year-round and is capable of supporting the
related wetland vegetation (Christensen-Kirsh, 1996). Constructed wetlands
are complex systems that can be used to treat water, including impacted
groundwater, by providing anaerobic zones as well as subsurface oxygenation
zones and microbe colonies that promote the bioremediation of organic
contaminants, including TCE and all associated breakdown products, in the
rhizosphere.

Wetlands are one of the few soil and groundwater environments where both
anaerobic and aerobic degradation of chlorinated VOCs can occur naturally.
Both methanogens and methanotrophs are typically active in wetland
microenvironments, and both anaerobic and aerobic biodegradation of VOCs is
possible, thus resulting in conditions conducive to complete TCE and
associated daughter product breakdown (including vinyl chloride). Aerobic

- oxidation of 1,2-DCE and vinyl chloride can occur either through direct or

cometabolic microbial reactions and volatilization close to the air-water
interface or near plant roots where oxygen is available.

A potential planting plan for the constructed wetland that would intercept and
treat the VOC plume originating from the Building I-1-23 source area could
consist of a mixture of Illinois-native wetland species such as bullrush (Scirpus
acutus), cattail (Typha latifolia), and common rush (Jancus roemerianus). These
wetland species should thrive in this environment and could develop an
effective, dense root mass that provides favorable conditions for anaerobic
reductive dechlorination and sorption/retardation of dissolved VOCs.
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Conceptual designs using phytoremediation as a component of an overall
remedial action are described below for several of the remedial alternatives
developed in this section.

6.1.3 Previously Completed VOC Source Removal

Investigations of soil and groundwater at Sites 32/33 have determined that the locations
of past releases of VOCs generally coincide with the locations of past PCB releases.
Therefore, it is likely that large quantities of residual VOC source mass were removed
with the PCB-contaminated soil excavated during the remedial action performed in
1996. Because the VOC sources were found to be generally in the same locations as the
primary PCB sources, it is likely that a large percentage of the soil containing VOCs
excavated in 1996 was processed through the temporary on-site Thermal Treatment
Unit, thereby destroying the VOCs and PCBs. Unfortunately, the amount of VOC
source mass removed and destroyed was not measured or documented. Nevertheless,
the previous removal of VOCs from the currently identified source areas likely made a
substantial contribution toward remediation of groundwater at Sites 32/33. Removal of
VOC source mass during the previously completed PCB remedial action should be
acknowledged as a valuable component that is common to all remedial alternatives for
groundwater evaluated in this feasibility study.

6.2 BuildingI-1-23 Source Area and Plume
6.2.1 No Action
A No Action Alternative is evaluated as a baseline option for comparison to other
alternatives. Under this alternative, no remedial actions for soil or groundwater would
be performed at the site, and no monitoring would be required. Groundwater
contamination would attenuate very slowly by natural physical and biochemical
processes.
6.2.2 Alternative A1 - Excavation (within 10 mg/kg VOC contour),

Groundwater Extraction, and Phytoremediation

This alternative includes partial source area remediation through soil excavation and
hydraulic source removal using groundwater extraction and ex situ treatment. Some
groundwater remediation will also be provided via phytoremediation. As presented in
Table 6-1, this alternative includes the following major components:
—  Excavation of Upper Clay within 10 mg/kg VOC contour
—  Groundwater extraction and treatment
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Excavation

This alternative includes excavation and off-site disposal of VOC-contaminated
clay soil from the Upper Clay unit, followed by construction and operation of a
groundwater extraction and treatment system. Excavation of the clay will
remove a substantial portion of the VOC source material remaining in the
Upper Clay that was not removed during the PCB soil remedjial action in 1996.

Alternative Al includes excavation of the Upper Clay in one area adjacent to,
and along the western side of, Building I-1-23. The excavation area is generally
centered around the locations of soil borings SB-201, SB-202, and SB-203 near
the side of the building; this area has been designated “Area 201” (see

Figure 6-1). Only relatively small and shallow soil excavations were completed
in Area 201 in 1996 as part of the PCB remedial action. Approximately

100 cubic yards (cy) of uncontaminated soil (clean backfill placed in the
excavations in 1996) will have to be removed in Area 201 to access the VOC-
impacted soil present beneath the uncontaminated soil. The excavation in Area
201 will remove soil to a depth limit of approximately 12 feet.

It is assumed that relocation or temporary removal of existing buried utilities to
complete the excavation will not be required, based on a brief review of site
utility maps and the absence of documentation to the effect that this type of
action was required during the PCB soil excavations in the same general areas
in 1996.

The three-dimensional boundaries of excavation Area 201 have been defined
based on the extent of clay containing > 10 mg/kg VOCs. This extent was
derived from the soil characterization sampling performed during the
predesign fieldwork in the fall of 2000 (RMT, 2001d). It is estimated that
approximately 15 percent of the total VOC mass present in this source area
would be removed with the excavation in Area 201. The objective of soil
excavation under Alternative A1l is to remove soil that contains the higher
concentrations of VOCs detected during previous investigations, thereby
removing the soil volume that is most likely to contain residual NAPL, and
therefore a substantial portion of the VOC mass in the Upper Clay. An
excavation depth of 12 feet bgs was selected based on the depth of “hot spots”
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discovered during the investigations. From an analysis of excavation limits
versus soil volume and contaminant mass removal, it was concluded that
excavating much beyond the approximate 10 mg/kg VOC contour would result
in a four- to six-fold increase in excavation volume, while likely providing only
a limited corresponding increase in the total VOC mass removed.

The excavated VOC-impacted clay would be transported to a licensed off-site
disposal facility. For development and evaluation of the alternatives for the
Building I-1-23 source area, the assumption has been made that 50 percent of
the excavated soil would be managed as a non-hazardous waste for off-site
disposal, and 50 percent would be managed as a “characteristically” hazardous
waste. This assumption provides a common basis for estimating costs for all
alternatives for the Building I-1-23 source area that include a soil excavation

component.

Groundwater Extraction and Treatment

After completing the soil excavation portion of the work, a groundwater
extraction and treatment system would be installed at the Building I-1-23
source area. Groundwater flow modeling has shown that a single vertical
extraction well screened in the confined Upper Sand unit at the location of the
highest VOC concentrations in the source area would effectively cut off and
remove dissolved VOCs migrating from the source area in groundwater, owing
to source material remaining after the soil excavation portion of the work. The
modeling has shown that the single vertical well should establish a hydraulic
capture zone approximately 900 feet wide at the source area well location.

Groundwater flow and contaminant transport modeling of the Building I-1-23
source area and plume, as well as the results of pilot testing performed in 2000,
have also indicated that relatively short-term groundwater extraction from the
Upper Sand unit at the source area should be capable of removing dissolved
VOC mass at a substantial rate. This dual capability of mass removal and
effective hydraulic containment/capture resulting from groundwater extraction
provides optional remediation objectives for this component of Alternative Al.
An extraction well system could be installed to pump groundwater from the

‘Upper Sand (1) at the minimum rate needed for long-term containment of

contaminated groundwater in the source area (approximately 10 gpm), or (2) at
the optimum rate for short-term removal of VOC source mass (with the
optimum rate determined during system operation). For the long-term
pumping option, the purpose is hydraulic containment of the remaining
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dissolved VOC source material, which will allow concentrations in the
downgradient plume (beyond the capture zone of the extraction well) to be
substantially reduced over time. For the short-term hydraulic source removal
option, the purpose is to remove dissolved VOC source mass from the Upper
Sand unit (and VOCs that slowly leach from the Upper Clay unit into the
Upper Sand) until the incremental VOC mass removal rate compared with the
cumulative mass removed since the start of pumping is less than a
predetermined percentage of the cumulative mass removed, indicating that
further pumping would produce minimal additional mass removal benefit.

For either groundwater extraction objective (long-term containment or short-
term mass removal), the physical system required for groundwater extraction
and treatment (and thus the associated capital costs) would be the same. A new
Treatment Building would be constructed on the northern side of the existing
fence near the source area. Treatment equipment consisting primarily of a
packaged liquid-phase activated carbon system would be used. The treated
groundwater would be conveyed through a buried force main from the
Treatment Building to a suitable discharge point in the West Swale, or possibly
to an outfall at the lake.

Phytoremediation

An additional component of Alternative A1 includes planting phreatophytic
trees across the West Swale near the lake, for phytoremediation of the shallow
groundwater.

West Swale Area Setting - Depth to groundwater increases with distance from
the lake. Groundwater typically fluctuates between 2 to 5 feet bgs at 200 feet
south of the lake (near wells 33MWC-30 and 33MWC-31), and 5 to 11 feet bgs at
500 feet south of the lake (near well 33MWC-08). Groundwater conditions and
quality for this area are suitable for vegetative uptake.

West Swale Area Conceptual Design - This area is located generally between
monitoring wells 33MWC-08 and 33MWC-30 (Figure 6-1). It is bounded to the
west by an existing tree line and to the east by existing trees and large
aboveground tanks. The targeted area measures approximately 100 feet by
220 feet. Based on these dimensions, 11 rows of trees would be planted 5 feet
apart in rows spaced 10 feet apart. Approximately 500 trees would be planted
in the West Swale area.
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Aerial topography data and historical groundwater elevation data will be used
in the design phase to more accurately determin