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This Plan is intended for the sole use of the Davis Site Performing Party Group. Background information,
design bases, and other data used in this Plan have been furnished to the authors. The authors have
relied on this information as furnished, and are neither responsible for nor confirmed the accuracy of this
information. The scope, means, and methods planned for, or performed during, these investigations may
not be appropriate to satisfy the needs of other users, and any use or re-use of this Plan or of its current
or ultimate findings, conclusions, or recommendations is at the sole risk of said other user. Any mention
of trade names, suppliers, or contractors in this Plan is for information purposes only; no commitment nor
endorsement is implied. In no event shall the authors, their associates, or the Government have any
responsibility or liability for any consequences of any use, misuse, inability to use, or reliance on the
information contained herein; nor does either warrant or otherwise represent in any way the accuracy,
adequacy, efficacy, or applicability of the contents hereof. Opinions presented herein apply to the past
and reasonably foreseeable current or future site conditions at the time this Plan was written. They
cannot apply to site changes of which the authors are unaware and have not had the opportunity or
ability to review. Changes in the condition of the subject property may occur with time due to natural
processes or works of man at the site or on adjacent properties. Changes in applicable standards may
also occur as a result of legislation or the broadening of knowledge. Accordingly, the provisions or
findings of this Plan may be invalidated, wholly or in part, by changes within or beyond the authors’
control.
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ACRONYMS
ARAR Applicable or Relevant and Appropriate Requirement
ATZ Active Treatment Zone
CD Consent Decree
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
COC Contaminant of concern
EPA Environmental Protection Agency, Region I
FGPS Final Groundwater Performance Standard
FSA Former Source Area (encompasses Northern Disposal Area, Southern Disposal Area,
Drum Disposal Area and Western Access Road)
ICP Institutional Controls Plan
IGRG Interim Groundwater Remediation Goals
LTM Plan Long-term Monitoring Plan
MNA Monitored natural attenuation
OuU-2 Operable Unit 2 (Overburden Groundwater)
PCBs polychlorinated biphenyls
PCE tetrachloroethene
PDI Pre-design Investigation
POP Project Operations Plan
PRP Potentially Responsible Parties
PSATs Performance Standards for Active Treatment
RD Remedial Design
RDWP Remedial Design Work Plan
RIDEM Rhode Island Department of Environmental Management
ROD Record of Decision
Site Davis Liquid Waste Superfund Site
SOwW Statement of Work
SvVOC semi-volatile organic compounds
TCE trichloroethene
Hg/L micrograms per liter
VOC volatile organic compounds
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DEFINITIONS

Active Treatment Zone

Refers to the areas of the Former Source Area (FSA) and Overburden Plume
where active treatment will be performed. This area will be further defined
in the Remedial Design submissions following completion of the baseline
groundwater sampling and Pre-design Investigations using the Decision
Matrix included in the SOW.

Bedrock Plume

Extent of contaminated groundwater within the bedrock aquifer unit where
chemical concentrations exceed the Interim Groundwater Remediation Goals
(IGRG) presented in Table 7 of the 2010 ROD Amendment, or the chemical-
specific Applicable or Relevant and Appropriate Requirements (ARARS)
presented in Appendix A of the 2010 ROD Amendment.

Davis Site Group

Davis Site Performing Party Group

Drum Disposal Area

Former disposal area within FSA.

Elevation 404.6 Mean
Sea Level

Target excavation depth for Source Remedy

Former Source Area

Defined as the area (vertically and horizontally) where releases of
contaminants have occurred and represents the approximate boundary of
the Source Control Remedial Action that previously underwent treatment of
contaminated unsaturated soil residing above elevation 404.6 feet Mean Sea
Level.

Northern Disposal Area

Former disposal area within FSA.

Overburden Plume

Extent of contaminated groundwater in the overburden aquifer unit where
chemical concentrations exceed the IGRG presented in Table 7 of the 2010
ROD Amendment, or the chemical-specific ARARs presented in Appendix A
of the ROD Amendment.

Plume Core

The portion of the groundwater plumes underlying the FSA and includes the
saturated soil which constitute the continuing sources of groundwater
contamination as the result of residual contamination presence.
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Remedial Design

Identification of the technology and its performance and operational
specifications, in accordance with all applicable federal, state, and local laws,
including, but not limited to:

= All computations used to, but not limited to, evaluate the appropriateness
of technologies, determine quantities or mass of treatment reagents
required, mass balances, estimated radii of influence of injection points,
number of injection points, number of applications, and the projected
effectiveness of the remediation system.

= Materials storage and handling and system layouts for in-situ treatment,
treatment of contaminated soils and groundwater, the size and location of
units, and treatment rates.

= Scale drawings of all system layouts identified above.

= Quantitative analysis demonstrating the anticipated effectiveness of the
Remedial Design to achieve the Performance Standards as defined in the
2010 ROD Amendment and Section IV of the SOW.

= Technical specifications that detail the following:

o Size and type of each major component.
o Required performance criteria of each major component.

» Descriptions of monitoring of air, noise, groundwater, surface water, and
sediment including equipment, monitoring locations, and data handling
procedures.

= Descriptions of access, land easements and/or other Institutional Controls
required, to be supplied with the construction plans and specifications.

Remediation
Regulations

RIDEM Rules and Regulations for Investigation and Remediation of
Hazardous Releases

Settling Defendants

Davis Site Performing Party Group Members

Source Remedy

Completed in 1999 — 2001 and included treatment of soils above Elevation
404.6 Mean Sea Level using low-temperature thermal desorption

Southern Disposal Area

Former disposal area within FSA. Includes the Bunker C Area.

Treated Backfill

Soils previously treated during Source Remedy that were placed above the
water table in the FSA.
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1.0 INTRODUCTION

The 2010 Record of Decision (ROD) Amendment and Consent Decree (CD), dated July 2011, and its
Appendix B: Statement of Work (SOW), prescribes Remedial Action for overburden groundwater
(Operable Unit 2 [OU-2]) at the Davis Liquid Waste Superfund Site in Smithfield, Rhode Island (the Site).

The major components of EPA’s selected remedy are:

=  Pre-design Investigation (PDI)

= Bench-Scale Testing (to nominate candidate treatment reagent for pilot testing)
= Pilot Testing (to assess ability to distribute candidate treatment reagent)

= In-Situ Chemical Reduction and Enhanced Biodegradation (Plume Core and overburden plume except
within footprint of wetlands)

= Natural Attenuation (untreated portions of the overburden plume)
= Institutional Controls (groundwater well and groundwater use restrictions)
= Five-Year Reviews

The Draft PDI Plan is provided as a component of this Remedial Design Work Plan (RDWP). In addition to
the components of the OU-2 remedy, a number of supplemental investigations are being conducted on
surface water and sediment, bedrock groundwater, and potential human health risks associated with the
Treated Backfill. The findings of these supplemental studies are intended to support future decisions
regarding surface water and sediment, bedrock groundwater, and potential human health risks
associated with the Treated Backfill. The decision making framework for interpreting the results of these
supplemental studies is also discussed in this document.

1.1 Purpose and Objectives

This RDWP is prepared and submitted for approval to Region I Environmental Protection Agency
(EPA) and Rhode Island Department of Environmental Management (RIDEM) by the Settling
Defendants (also herein referred to as the Davis Site Group) pursuant to the provisions of the CD and
SOW. The primary objective of the RDWP is to establish the process that will be used to design the
Active Treatment Program for the OU-2 remedy.

In accordance with the SOW, data and information developed during the PDI will be used to support
design decisions for the selected remedy. Three main components of the PDI will be used directly to
support design of the remedy; these include the:

= Plume Core Evaluation
= Treated Backfill Evaluation (leachability)

= Bench and Pilot Testing Evaluations
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Remedial Design Work Plan, Revision 1
March 23, 2012

Other components of the OU-2 remedy include preparation of the Long-term Monitoring Plan (LTM
Plan) and the Institutional Controls Plan (ICP). This RDWP is also intended to describe the key
decision processes involved with planning and implementation of these components of the selected
remedy.

The SOW also includes additional provisions for supplemental investigations and assessments of the

following:

1. Potential direct contact risks associated with the Treated backfill

2. A Bedrock Groundwater Evaluation

3. A Surface Water and Sediment Evaluation

4. Monitoring of the performance of the monitored natural attenuation (MNA) remedy in the
untreated portions of the overburden plume

5. An assessment of fate and transport of constituents in bedrock

Results from these investigation activities will be used to develop and answer other Site
considerations such as:

The feasibility of using natural attenuation as the remedy for bedrock groundwater (Operable
Unit 4)

Development of a management approach for Treated Backfill

The nature and extent of Surface Water and Sediment Impacts and the need for supplemental
evaluations of risk

The need for implementation of an off-site (residential) well sampling program

The investigation programs developed to address these other Site decisions are iterative in nature
and will be modified as necessary to meet the objectives outlined in the SOW and described in more
detail in the sections below.

In accordance with the SOW, this RDWP includes the following elements:

1.

2.

Statements of the purpose and objectives of this RDWP.

Statements of the purpose and objectives of the PDI.

Detailed description of the proposed PDI, which includes provisions for:
= Plume Core Evaluation (pursuant to SOW Section V.B.1).

= Treated Backfill Evaluation (pursuant to SOW Section V.B.2).

= Bench and Pilot Testing Evaluation (pursuant to SOW Section V.B.3).

Page 2
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Remedial Design Work Plan, Revision 1
March 23, 2012

8.

0.

= Surface Water and Sediment Evaluation (pursuant to SOW Section V.B.4).
= Groundwater Evaluation (pursuant to SOW Section V.B.5):
o Residential Well Monitoring.
o Groundwater Monitoring.
o Vapor Intrusion Assessment.
= Fate and Transport and Natural Attenuation Evaluation (pursuant to SOW Section V.B.6).
= Deliverables (pursuant to SOW Section V.B.7).
Detailed description of the Remedial Design (RD) Process.
Detailed description of Institutional Controls.
Detailed description of Long-Term Monitoring.

A discussion of how information developed in the PDI will be used to prepare the RD,
Institutional Controls and Long-Term Monitoring.

A comprehensive schedule that shows start and completion of each of the tasks and deliverables.

The approach to Project Management.

10. Key personnel in an organizational chart with written narrative of roles and responsibilities.

11. A discussion on how the Performance Standards will be attained.

1.2 Performance Standards/Cleanup Standards

The design and implementation for the OU-2 remedy and other decisions associated with bedrock
groundwater, surface water and sediment, and treated backfill will be determined based on
comparison of Site conditions to the Performance Standards specified in the 2010 ROD Amendment
and the SOW. These performance standards are outlined below.

Groundwater

Interim Groundwater Remediation Goals (IGRGs) as presented in Table 7 of the 2010 ROD
Amendment.

Interim Performance Standards for Active Treatment (PSATs) of contaminated groundwater in
the Active Treatment Zone (ATZ).

Final Groundwater Performance Standards (FGPSs) for all contaminated groundwater in the
overburden plumes which will be the more stringent of:

Page 3
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o IGRGs as presented in Table 7 of the 2010 ROD Amendment.

o Applicable or Relevant and Appropriate Requirements (ARARs) presented in Appendix A of
the 2010 ROD Amendment.

Further discussion on how the Groundwater Performance standards will be used in the design and
performance of the remedy is provided in Section 3 of this RDWP.

Unsaturated Zone Soil

= RIDEM GA Leachability Standards for Soil.

= Risk Assessment Guidance for assessment of human health impacts associated with shallow
unsaturated zone soils.

Further discussion on how the Performance Standards for unsaturated soil will be used in the design
and performance of the remedy and future management decisions is provided in Section 3 of this
RDWP.

Surface-Water and Sediment

= EPA Region III Biological Technical Assistance Group Screening Benchmarks for freshwater and
for freshwater sediments.

= RIDEM Ambient Water Quality Criteria for Aquatic Life Criteria Freshwater Acute and Chronic,
dated July 2006 (and amended in December 2010).

Further discussion on how the Performance Standards for sediment and surface-water will be used in
the evaluation of supplemental investigation requirements and future management decisions is
provided in Section 3 of this RDWP.

1.3 Selected Remedy

As detailed in the 2010 ROD Amendment, Part 2, Section F, the details of the selected Remedial
Action for overburden groundwater (OU-2) at the Site comprise: a PDI, Bench-Scale/Pilot Testing, In-
Situ Chemical Reduction and Enhanced Biodegradation, Natural Attenuation, Institutional Controls,
and Five-Year Reviews. These major components are summarized below.

1. PDI — Will be performed to assess the following components of the project:
a. The lateral extent and distribution of impacts within the Plume Core area.

b. The potential for residual impacts in the Treated Backfill in the Former Source Area (FSA) and
the potential for potential leaching impacts to groundwater.

c. Characterize surface water and sediment quality to assess whether groundwater
contaminants are migrating into the wetlands and Latham Brook or whether other Site-
related activities have impacted this area of the Site and whether actions are needed.

Page 4
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2. Bench-Scale/Pilot Testing — Concurrent with the performance of the PDI, bench-scale testing
using soil and groundwater samples will be performed to select the optimal reducing agent for
chemical treatment and substrate for microbial growth for a field-scale pilot test. The field-scale
pilot tests will be performed to ascertain the ability to distribute the reagent in the formation
(i.e., variable permeability soils or high water table) and the effectiveness in addressing
contaminants in the overburden Plume Core.

3. In-Situ Chemical Reduction and Enhanced Biodegradation in Saturated Soil and the Plume Core -
Implementation of a chemical reduction and enhanced biodegradation remedy as a single or
combined treatment to address impacts in the Plume Core (saturated soils and groundwater in
the FSA). The area of the Plume Core and the portion of the overburden plume underlying areas
situated outside of the wetlands will be subject to treatment, as generally depicted in Figure 11
of the ROD Amendment. The treatment reagent will be injected using direct-push injection points
throughout the Plume Core and the downgradient dissolved overburden plume outside of the
wetlands.

4. Institutional Controls — Legal restrictions shall be placed on properties within the limits of the
overburden and bedrock contaminant plumes, encompassing four parcels (50-9, 50-29, 50-27,
and 50-27A) as well as any areas where installation of new wells has the potential to
hydraulically influence the movement of contaminated water from the Site. The restrictions will
prohibit the use of contaminated groundwater (that exceed drinking water criteria or risk-based
concentrations) and/or restrict the installation of new wells or modification of existing wells until
contaminant concentrations have diminished to the Site clean-up goals.

5. Natural Attenuation — Although active remediation would occur at the FSA and portions of the
downgradient overburden plume under this remedy, the selected remedy requires that
contaminant concentrations in the untreated portions of the overburden aquifer gradually
diminish over time through natural attenuation. Both biotic and abiotic natural degradation
processes shall gradually attenuate the contaminate mass over an extended period, until all
groundwater concentrations have decreased to below clean-up goals.

Long-Term Monitoring — To monitor natural attenuation processes and to evaluate conditions in
environmental media, groundwater, and surface water, each shall be sampled and analyzed three
times a year for the first 5 years. The sampling frequency may be modified with EPA’s approval,
after reasonable opportunity for review and comment by RIDEM, as data needs change.
Groundwater samples will be collected from the Plume Core and the down-gradient portions of
the plume, and surface water and sediment samples will be collected from wetlands adjacent to
the FSA and from Latham Brook.

6. Five-Year Reviews — If after 5 years contaminants remain in groundwater above concentrations
acceptable for unlimited Site use and unlimited exposure, a review of Site conditions and risks
shall be conducted as required by Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA).

Page 5
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2.0 BACKGROUND AND SITE CONDITIONS

The Site, a former waste disposal facility, is located between Tarkiln Road and Log Road in the
northwestern corner of the Town of Smithfield, Providence County, Rhode Island (Figure 2.1). The 7-acre
FSA is defined as the area where past disposal and releases of hazardous substances originally occurred
and is bounded approximately by the excavation footprint of the source control remedial action initiated
in 1999 and completed in 2001 (Figure 2.2). The Site is bounded on the east and west by forested
uplands and on the north and south by wetlands and swamp areas of the Nipsachuck Swamp.

The Site is currently undeveloped and used primarily for storage of private property by the property
owner. The land use in the vicinity of the Site is primarily semi-rural and consists of low-density
residential dwellings. Groundwater beneath the Site is classified as GA by the RIDEM, which is suitable for
use as a potable water supply. Currently, the groundwater underlying the Site is not used as a potable
supply (EPA, 2010).

The following provides a brief chronology of the actions completed to date at the Site.

= In 1978, approximately 23 off-site drinking water supply wells were identified as having been
contaminated with hazardous substances, including volatile organic compounds (VOCs). The Rhode
Island Superior Court enjoined the further disposal of hazardous substances at the Site by the owner,
William Davis.

= In 1980, the Rhode Island Superior Court ordered RIDEM to conduct a comprehensive environmental
investigation at the Site. Surface water and groundwater samples collected from the Site indicated
the presence of tetrachloroethene (PCE), chloroform, trichloroethene (TCE), and benzene. Six
residences with private drinking water wells were provided with bottled water, as the sample results
from these wells were in excess of EPA health advisory concentrations in effect at the time.

= In 1985, the Rhode Island Superior Court ordered the owner, William Davis, to restore the wetlands
that had been filled.

2.1 State Actions

1985 —1986: RIDEM provided bottled water to residences with contaminated drinking water
supplies.

1994 — 1995: The State entered into an agreement with the owner, William Davis, to remove
stored tires from the Site.

1997 — 2000: RIDEM funded the removal of an estimated 6 million scrap tires from the Site. During
this operation, the owner, William Davis, notified EPA and RIDEM of the discovery of
nine drums of hazardous materials in various stages of decay, which were removed
and disposed of by EPA.

2.2 Federal Actions

1981: A Preliminary Assessment and a Site Inspection were completed by EPA.
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1982:

1983:

1984 — 1987:

1996:

EPA evaluated the Site under the Hazard Ranking System and proposed the Site for
listing on the National Priorities List.

The Site was listed on the National Priorities List.

EPA conducted a Remedial Investigation and a Feasibility Study. The Remedial
Investigation identified extensive contamination of soil and overburden and bedrock
groundwater at the Site, as well as an extensive tire pile. Contamination of soil,
overburden and bedrock groundwater consisted primarily of VOCs, including PCE,
TCE, ethylbenzene, benzene, toluene, and xylene. Other contaminants identified
included semi-volatile organic compounds (SVOCs), polychlorinated biphenyls (PCBs),
pesticides, and metals.

EPA, following observations of leaking drums of hazardous materials at the Site,
implemented an immediate response action and removed and disposed of
approximately 600 drums.

The Feasibility Study, completed in 1987, developed a range of source control and
management-of-migration remedial alternatives. Information developed during the
Remedial Investigation and Feasibility Study was used to develop remedial options to
address contaminated private wells, contaminated soil and waste at the Site, and
contaminated groundwater.

On September 29, 1987, EPA signed the ROD documenting the selected remedy. The
ROD specified a source control component and a management-of-migration
component. The source control component required on-site incineration of
contaminated soil and creation of an on-site capped hazardous waste landfill for
treated soil. The management-of-migration action required that residences with
contaminated wells would be connected to a new waterline and on-site groundwater
extraction and treatment would be constructed to prevent further migration of
contaminated groundwater. A significant component of the cleanup plan was the re-
infiltration of treated groundwater into the FSA. The ROD also specified that the best
remedial alternative for the historically impacted sediments was management in
place.

EPA issued an Explanation of Significant Differences, based on new performance and

cost information. The Explanation of Significant Differences changed the source

control component of the remedial action from on-site incineration to on-site-low[]
temperature thermal desorption. Contaminated soil and waste that could not be

treated would be sent to an off-site disposal facility rather than being disposed of in

an on-site hazardous waste landfill. This work (Operable Unit 3 [Source Remedy])

was completed by the Potentially Responsible Parties (PRPs) in 2003.
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1997:

2010:

EPA and RIDEM completed a new water distribution system (Operable Unit 1
[Waterline Extension]) serving 127 lots along Forge Road, Log Road, Burlingame
Road, and Bayberry Road.

EPA completed the Focused Feasibility Study, which evaluated available information
to develop a range of remedial alternatives to address contaminated groundwater at
the Site.

On September 30, 2010, EPA signed the ROD Amendment amending the 1987 ROD in order to
change the extraction and treatment of contaminated groundwater component of the 1987 ROD.

2.3 Potentially Responsible Party Actions

1991:
1997 - 2001:
2001 - 2008:

The PRPs completed a pre-design engineering investigation to further characterize
contamination in the FSA and to provide additional data to assist in the design of a
groundwater extraction and treatment system.

The PRPs took the following actions:
= Removed approximately 6.4 million scrap tires from the Site.

= Excavated, removed, and disposed off-site approximately 1,400 drums and
15,000 laboratory containers.

= Completed a PDI including a soil sampling program to determine the extent of
soil contamination in excess of the ROD’s remedial goals of 2 milligrams per
kilogram of total VOCs.

= Excavated and treated approximately 78,000 tons of contaminated soil using an
on-site low-temperature thermal desorption system constructed on-site. The
approximately 20,000 tons of soil that failed to meet VOC treatment standards or
TCLP toxicity criteria were transported off-site for disposal. Following completion
of the soil treatment, the structures were decontaminated and dismantled and
the work area was re-graded. The excavation was backfilled with gravel overlain
by treated soil and the entire disturbed area was covered with 6 inches of topsoil
and planted with grass and trees to stabilize the Site.

The PRPs performed additional soil sampling to characterize contaminated soil
located beneath the water table underlying the FSA. The PRPs also installed
additional monitoring wells and performed additional groundwater sampling to
develop data to better define contaminant nature and extent at the Site following the
source control remedial actions.

2.4 September 2010 ROD Amendment

The 2010 ROD Amendment details the Remedial Action for OU-2 at the Site. The major components
of the selected remedy include: PDI, Bench-Scale/Pilot Testing, In-Situ Chemical Reduction and
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Enhanced Biodegradation, Natural Attenuation, Institutional Controls, and Five-Year Reviews.
Detailed descriptions of these remedy components are memorialized in the OU-2 SOW and
Appendices incorporated in the 2011 Consent Decree.

2.5 Brief Overview of Site Conditions

Saturated unexcavated soil (below the water table) in the FSA constitutes the core of the
groundwater plume and is a continuing source of groundwater contamination. These soils are
situated below elevation 404.6 Mean Sea Level, which was the target depth for the performance of
the Operable Unit 3 (Source Remedy). Based on the results of the 2008 Phase 4 investigation in the
FSA, ten VOCs were detected in saturated zone soils at concentrations exceeding the applicable
screening values used in the Focused Feasibility Study. Five of these VOCs (cis-1,2-dichloroethene,
PCE, TCE, vinyl chloride and 1,1-dichloroethane) were also detected in groundwater samples at
concentrations exceeding either the RIDEM GA Groundwater Objectives, federal Maximum
Contaminant Levels, or EPA tapwater Risk Screening Levels. Based on this data, the EPA and the
Davis Site Group estimated that between 521 and 805 pounds of residual VOC mass remained within
the Plume Core.

In the Focused Feasibility Study, EPA evaluated the most recent Fall 2008 groundwater sampling data
using the federal Maximum Contaminant Levels, the RIDEM GA Groundwater Objectives or the EPA
tapwater Regional Screening Levels. The VOCs that were most frequently detected and exceeded the
screening values were PCE, TCE, cis-1,2-dichloroethene, vinyl chloride, benzene and 1,10
dichloroethane. Based on this information, these six VOCs were selected as contaminants of concern
(COCs) for the OU-2 remedy, although benzene was only detected at concentrations exceeding the
screening values in bedrock groundwater. Based on the results of recent groundwater monitoring
events (2003 through 2008) and comparison to the screening values, one SVOC (bis(2-chloroethyl)
ether), two pesticides (aldrin and dieldrin) and two metals (arsenic and manganese) were also
selected as COCs for the OU-2 remedy.

Using the existing Site data and information, EPA performed a baseline risk assessment and
supplemental risk evaluation that were documented in the Focused Feasibility Study. EPA stated in
the 2010 ROD Amendment that potential future residential exposure to groundwater used as drinking
water provide the basis for requiring action under this ROD Amendment. EPA also concluded that
additional sampling and evaluation of surface water and sediments that may be affected by Site
groundwater and other Site-related activities will be required to determine whether additional actions
may be needed.

On the basis of the screening of Site data and the findings of the risk evaluations, EPA established
IGRGs for select compounds that are presented in Table 7 in the 2010 ROD Amendment. These
IGRGs and the ARARs constitute the FGPSs for the OU-2 remedy.

The active treatment program component of the OU-2 remedy will be designed to target treatment of
select chlorinated VOCs (chlorinated ethanes and chlorinated ethenes) that are listed in Table D of
the OU-2 SOW. Additionally, Interim PSATs were established for assessment of the performance of
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the active treatment component of the OU-2 remedy following the initial treatment application. These
standards are also listed in Table D of the SOW.

3.0 REMEDIAL DESIGN PROCESS

As stated in the SOW, the remedy will be designed to achieve the Remedial Action Objectives and
Performance Standards outlined above. Standard engineering principals will be applied throughout this
process.

The RD will consider the framework established by EPA for the remedy, historical (pre-ROD) data,
pending PDI results, and information obtained during analysis and assessment of the data collected
during the RD process. The data and design considerations will form the engineering design bases. These
design bases will support the preparation of the 30% and 100% RDs, ICP, and Long-Term Groundwater
Monitoring Plan.

In conjunction with the design process, historical and pending PDI data will be utilized to determine the
need for, and scope of, future actions for the Treated Backfill, Surface Water and Sediment, and Bedrock
Groundwater (Operable Unit 4).

3.1 Technical Approach To Remedial Design

The design of the OU-2 remedy will satisfy the requirements specified in the SOW and will utilize data
obtained from the PDI plus historical information and institutional knowledge obtained from technical
experts and remediation technology vendors. The following sections discuss the key questions that
need to be answered for the design and the key decision pathways that have been prescribed in the
SOW. The path to RD is summarized in Figure 3.1.
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Figure 3.1
Roadmap to Remedial Design
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The technical approach to RD is to leverage the following resources to deliver an effective and timely
RD consistent with the spirit and intent of the CD and its SOW, Section V:

= Results of the PDI

= Results of bench and pilot test evaluations

= Consulting services in the disciplines of:

o

@)

o

remediation engineering
geology

hydrogeology

chemistry

biochemistry
microbiology

toxicology

ecologic and human health risk
project management
remediation construction
construction management
regulations

other sectors as needed

= Effective communication and collaboration with:

o

o

EPA

RIDEM

land owner

treatment reagent vendors
remediation service providers

other entities as needed

As shown in Figure 3.1, the scope of work specified by EPA includes:
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= Elements and phases of work integral to development of the design for the OU-2 remedy
including the PDI.

= Other prescribed elements of the SOW associated with assessment of the Treated Backfill,
Surface Water and Sediment, and Bedrock Groundwater (Operable Unit 4).

The key design and management decisions for all components of the project are discussed below.

3.2 Key Design Considerations

As detailed above, the OU-2 remedy comprises implementation of active treatment in the Plume Core
and the immediately downgradient portions of the overburden plume (i.e., ATZ), implementation of
institutional controls, and establishment of a long-term monitoring program to assess performance
and demonstrate achievement of the FGPSs. Key decisions in the process of designing the OU-2
remedy, and in the supplemental investigations program are described below.

Table 3.1 summarizes the key RD considerations. Figure 3.2 shows the Decision Matrix for how the
information will be used to prepare the RD.

3.2.1 OU-2 Remedy

1.

2.

What is the lateral extent of groundwater exceeding the IGRGs?
What is the lateral extent of the ATZ?
What is optimal treatment reagent?

What is the prospect to effectively use conventional direct-push techniques for delivery of
reagent(s)?

What are the source and plume architectures with respect to nature and distribution of COC
mass and mass flux within each of the various aquifer soil types?

What is the contribution of the Treated Backfill to overburden groundwater impacts and how
will this affect performance of the Remedy?

What is the nature and extent of COCs interaction between the Plume Core and the bedrock
and how will this impact performance of the Remedy?

What are the meaningful characteristics of the aquifer’s hydrogeologic properties,
physicochemical properties, biogeochemical properties for each of the various aquifer soil

types?

What are the meaningful implications of the varying hydrogeologic properties,
physicochemical properties, biogeochemical properties of Site soils and how will they impact
performance of the Remedy?
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10.

11.

12.

13.

14.

15.

What are the optimum achievable reagent injection (or delivery) properties (makeup,
spacing, injection rate, specific volume)?

What are the likely performance expectations of the selected reagents in each of the various
aquifer soil types?

What are the major factors controlling and/or limiting performance of the Remedy in each
aquifer soil type?

How can the major factors limiting performance in each of the various aquifer soil types be
minimized or overcome in the design and implementation of the Remedy?

What are the likely requirements for repeated reagent delivery (e.g., amount, distribution,
frequency)?

How can remediation performance be effectively and cost-effectively monitored in each of
the various aquifer soil types?

3.2.2 Long-Term Monitoring Program

1.

2.

3.

What are the current conditions in the Overburden Plume?
What is the nature and extent of bedrock groundwater impacts and are they stable?

What is the water quality in the Sentry Wells?

3.2.3 Institutional Controls

1.

What is the current and future predicted lateral extent of groundwater impacts exceeding the
FGPSs?

What are the surveyed boundaries of the various land Parcels relative to the current and
future predicted lateral extent of groundwater impacts exceeding the FGPSs?

What are the potentially complete exposure pathways to be managed via Institutional
Controls?

3.2.4 Other Supplemental Site Decisions to be Considered

3.2.4.1 Fate and Transport and Natural Attenuation

1. Isintrinsic or natural attenuation progressing in the overburden aquifer down gradient of
the wetlands in accordance with EPA criteria and expectations?

2. What are the bedrock and bedrock groundwater hydrogeologic properties,
physicochemical properties, biogeochemical properties that control the fate and transport
of COCs?

3. What is the prospect for the bedrock aquifer to naturally attenuate or assimilate impacts?
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What is the demonstrable lines of evidence that intrinsic biotic and/or abiotic
dechlorination is occurring in the bedrock aquifer?

What are the rates of intrinsic biotic and abiotic dechlorination?
What is a confident estimate of the intrinsic restoration timeframe?

Will the intrinsic biotic and abiotic dechlorination rates provide restoration in a
‘reasonable’ timeframe?

3.2.4.2 Treated Backfill (Human Health)

1.

What are the potential human health risks associated with direct contact with treated
backfill soil?

3.2.4.3 Surface water and Sediment

1.

2.

What is the nature and extent of surface water and sediment impacts?

What are the surface water and sediment hydraulic properties and hydrogeologic
properties?

What is the potential for groundwater to impact surface water and sediment quality?

What is the nature and extent of COCs interaction between impacted groundwater and
surface water and sediment?

What is the magnitude of possible groundwater contributions to surface water and
sediment impacts relative to historic contributions?

What were the primary mechanisms for past, current, and future delivery of impacts to
surface water and sediment?

What are the potential ecological and human health risks from surface water and
sediments?

What is the prospect for the surface water and sediment to naturally attenuate or
assimilate impacts?

3.2.4.4 Vapor Intrusion

1.

What is the nature and extent of soil and groundwater impacts relative to the prospect of
vapor intrusion?

What is the prospect for and nature of possible future development activities?

What is the process for future structures in the impacted areas (e.g., approvals and
permitting)?
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4. How does the remedy affect the prospect for vapor intrusion?

The decision matrix for how information will be used to prepare the RD is summarized in Figure 3.2.

FIGURE 3.2
Remedial Design Considerations Decision Matrix

Insert Subject Design Consideration
(Table 3.1 - Remedial Design Considerations Technical Approach Matrix)

\ 4

NO

- Is Confident Answer Obtained?

YES

v

NO

Is Answer Essential For Confident Design? -

J vEs

YEs  Can Answer Be Reasonably Obtained By Alternate

NO

Approach? NO
\ 4 ‘;
Plan and Implement Evaluate Consequence(s) Note Limitation Of
Alternate Approach Of Uncertainty Uncertainty

H

Is Consequence Of Uncertainty Acceptible?

1, YES

NO Is Answer Consistent With Prospect For Effective
Implementation Of Selected Remedy?

A

Reevaluate
Selected
Remedy

YES

Incorporate Answer Into
Design Basis
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3.3 Prescribed Framework for Establishing Active Treatment Zone

The SOW outlines the decision processes that will be used to define the ATZ; i.e., areas of the Core
Plume and Overburden Plume where active treatment will be performed. The ATZ will be further
defined in the 30% RD and/or 100% RD submissions, based on the Decision Matrix — Active
Treatment Zone prescribed by Attachment F of the SOW, pending completion of applicable portions
of the PDI, which includes baseline groundwater monitoring. Figure 3.3 summarizes the decision
making process for establishing the ATZ.

FIGURE 3.3
Process to Establish Active Treatment Zone
Pre-Treatment Post-Treatment
Install PDI Groundwater Monitoring Wells Review Post-Treatment Groundwater Analytical Results
& In Former Source Area and Overburden Plume
Review Baseline PDI Groundwater Analytical Results v‘l
In Former Source Area and Overburden Plume - . . .
l Are Biogeochemical Conditions*  YEs
. b Conducive to Dechlorination?
Are Cor!centratlons Above NO y NO
Interim Groundwater Evaluate Additional Treatment of
Remediation Goals (IGRGSs)? Active Treatment Zone
YES | v
YES .
Is Area Within A Wetland? Are Concentrations Above
NO | NO| Performance Standards for
Is Area Downgradient of YES Active Treatment (PSAT)?
Wetland? (use geostatistics)
: y YES
NO | Is Area Within or Downgradient of _|NC
Overburden Plume Wetlands?
I YES
v
Remove Area
Include Area ) Continue
In Active Area From R Post
. . ost-
Active <l Active
Treatment Treatment
Treatment Treatment .
Zone Monitoring
Zone Zone
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In accordance with the decision process for defining the ATZ, performance standards will be used to
define the performance of the remedy as follows:

= IGRGs — will be used to establish the initial “Pre Treatment” ATZ.

= Interim PSAT of Contaminated Groundwater in the ATZ - will be used to assess the
performance of the active treatment program and to define the ATZ for subsequent (if required)
treatments events. This will likely comprise a portion of the initial “Pre Treatment” ATZ. Active
treatment is complete when groundwater concentrations in the plume are below the Interim
PSATSs.

= FGPSs — will be used to define when final cleanup of contaminated groundwater throughout the
Site has been achieved.

The technical approach to achieving the Interim PSATSs is to apply in situ treatment reagents within
the ATZ (where the Pre-Treatment ATZ and the Post-Treatment ATZ are to be defined pursuant to
the process described in Figure 3.3) until such time as the Interim PSATs are met, or as otherwise
indicated by the outcome of the five-year review process following achievement of the Interim (or
Final) PSATs, natural attenuation processes will be utilized to achieve the FGPSs.

The combination of active treatment to aggressively destroy remaining sources of VOC dissolution to
overburden groundwater and the accessible higher-strength overburden plume, coupled with
institutional controls to prevent human exposure to impacted soil and groundwater plus polishing of
the remaining dissolved phase impacts with intrinsic natural attenuation processes, is expected to
meet the FGPSs. The LTM Plan will provide the monitoring framework to support adequate
verification that the FGPSs have been achieved.

Further discussion on the groundwater performance standards is provided below.

3.4 Groundwater Performance Standards for OU-2 Remedy

The following performance standards are currently prescribed for the OU-2 remedy.

3.4.1 Interim Groundwater Remediation Goals

The IGRGs prescribed in Table 7 of the ROD Amendment will be used to establish the initial “Pre-
Treatment” ATZ. The subject IGRGs are listed in Table 3.2 in micrograms per liter (ug/L).
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Table 3.2 Interim Groundwater Remediation Goals

Tetrachloroethene 5 pg/L
Trichloroethene 5 pg/L
cis-1,2-Dichloroethene 70 pg/L
Vinyl Chloride 2 ug/L
1,1-Dichloroethane 6 pg/L
Benzene 5 pg/L
Bis(2-chloroethyl)ether 0.03 pg/L
Aldrin 0.002 pg/L

3.4.2 Interim Performance Standards for Active Treatment

The Interim PSATs prescribed in Attachment D of the SOW (Target Design Compounds and
Interim PSATS) will be used to establish subsequent “Post-Treatment” ATZs. These Interim PSATs
may be assessed and reevaluated based on the performance of the remedy in the bench-scale
and pilot testing programs, which are being conducted as part of the PDI. The subject Interim

PSATs are listed in Table 3.3.

Table 3.3 Interim Performance Standards for Active Treatment

Tetrachloroethene 10 pg/L
Trichloroethene 25 pg/L
cis-1,2-Dichloroethene 210 pg/L
trans-1,2-Dichloroethene 200 pg/L
Vinyl Chloride 20 ug/L
1,1,1-Trichloroethane 400 ug/L
1,1-Dichloroethane 18 ug/L

Chloroethane

25,000 pg/L

3.4.3 Final Groundwater Performance Standards

The FGPSs for cleanup of contaminated groundwater throughout the Site are specified as the
IGRGs as presented in Table 7 of the 2010 ROD Amendment and as the ARARs presented in
Appendix A of the 2010 ROD Amendment. The FGPSs are proposed as the lower of the IGRGs
(Table 3.2) or ARARs listed below. Long-Term Monitoring activities will be terminated following
satisfactory achievement of the FGPSs and concurrence from EPA and RIDEM.
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ARARs presented in Appendix A of the 2010 ROD Amendment

= Safe Drinking Water Act -Maximum Contaminant Levels (40 CFR 141.11-141.16)
= Maximum Contaminant Level Goals (40 CFR 141.50-141.55)

= Rhode Island Rules and Regulation for the Investigation and Remediation of Hazardous
Materials Releases (DEM-DSR-01-93) (8.03(B)(i))

= Rhode Island Rules and Regulation for Groundwater Quality (Mar 2005)

3.5 SOW-Prescribed Requirements of the Remedial Design

The overarching technical approach to RD is to follow the provisions of Section V (Remedial Design)
of the SOW, which prescribes preparation and submittal of the following deliverables for the subject
RD in addition to this RDWP:

= Project Operations Plan (POP)

= 30% Design Submission (30% Design)

= ICP

= 100% Design Submission (100% Design)

3.5.1 Project Operations Plan

The draft RD POP has been developed to support data collection, evaluations, and field
investigations which are being conducted in accordance with the program outlined in the RDWP
and the PDI. The RD POP has been prepared in accordance with Attachment A to the SOW and
submitted to EPA and RIDEM in conjunction with this RDWP for review and comment and
includes the following supplemental documents:

= Site Management Plan

= Sampling and Analysis Plan:
o Quality Assurance Project Plan
o Field Sampling Plan

= Site-specific Health and Safety Plan

The Community Involvement Plan also required by Attachment A of the SOW will be developed
by the EPA.
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3.5.2 Institutional Controls Plan

The overarching technical approach to preparing and submitting the prescribed ICP is to meet
the provisions of SOW Section V.E (ICP). The results of the PDI will be utilized to prepare and
submit a draft ICP within 400 days of receiving EPA's and RIDEM’s approval or modification of
this RDWP and its companion POP. Table 3.1 summarizes the activities intended to answer each
key design consideration. Figure 3.2 shows the Decision Matrix for how the information will be
used to prepare the RD.

The ICP developed will include detailed plans and schedules for implementation of Institutional
Controls for the Site including where applicable, but not limited to:

= The form of the proposed restrictions.

= Plans presenting the process by which any proposed environmental land use restriction will
be recorded in the appropriate local land records office.

= Plans for preparation of survey plans.

= Plans identifying which parcels (or areas of parcels) are proposed for particular restrictions.
= Title-related submittals.

= Subordination agreements.

= Evidence of authority.

= Responsibility for recordation.

= Plans and schedule for compliance monitoring of implemented Institutional Controls including
where applicable, but not limited to:

o Schedule for inspections.

o Protocol for information to be gathered as part of the inspections (e.g., types of
information to be discussed during interviews).

o Inspection checklist.

o List of evidence to be gathered during inspections.

o Inspection reporting.

o Identity of the firm who will be performing compliance monitoring and reporting.

The Final ICP will be submitted within 60 days of receiving EPA’s and RIDEM's approval or
modification of the Draft ICP.
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The Institutional Controls that will be proposed in the ICP will be designed to allow
redevelopment of the Site, where practicable, while still ensuring the effectiveness and integrity
of the components of the Remedial Action and protecting human health and the environment.
Where applicable, the Institutional Controls will prohibit:

= Use of groundwater for drinking water, industrial process water, or other purposes in areas
where groundwater contamination exceeds the IGRGs prescribed in Table 7 of the ROD
Amendment.

= Excavation or other activities that might result in exposure to groundwater that exceeds the
IGRGs prescribed in Table 7 of the ROD Amendment unless prior approval for such activities
is obtained from EPA and RIDEM.

= Any use that is inconsistent with the findings of the human health risk assessment in the
ROD or 2010 ROD Amendment.

= Disturbance of any remedial components constructed or maintained as part of the Remedial
Action, such as the monitoring wells, to the extent that such disturbance would interfere with
the effectiveness of the remedy.

Based on the findings of the PDI, Institutional Controls may also contain other restrictions
necessary to protect human health and the environment. Legal restrictions will be placed on
properties within the limits of the overburden and bedrock contaminant plumes, potentially
encompassing four parcels (50-9, 50-29, 50-27, and 50-27A — to be verified during the PDI) as
well as any areas where installation of new wells has the potential to hydraulically influence the
movement of contaminated water from the Site. The PDI, as described above, will provide
further delineation of the lateral extent of groundwater impacts in the bedrock plume and
additional data on the conditions in the overburden plume, which will be used to define the area
of institutional controls.

The determination of the lateral extent of the area of institutional controls is the key decision
under this component of work.

3.5.3 Long-Term Monitoring Plan

The overarching technical approach to preparing and submitting the prescribed LTM Plan is to
meet the provisions of SOW Section V.F (LTM Plan). Results and findings of the PDI will be
utilized to prepare a draft LTM Plan which will be presented to EPA and RIDEM within 400 days of
receiving EPA’s and RIDEM'’s approval or modification of this RDWP and its companion POP. The
data and information developed under the Groundwater Evaluation and Surface Water and
Sediment Evaluation components of the PDI (as described in Section 4 below) will be integral to
development of the LTM Plan. Table 3.1 summarizes the activities intended to answer each key
design consideration for the LTM Plan. Figure 3.2 shows the Decision Matrix through which
information will be evaluated for adequacy and finally for design of the LTM program. The LTM
Plan will be used to:
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Monitor the long-term performance and progress of the Selected Remedy or modified
remedy.

Monitor aquifer conditions outside of the groundwater plumes that may affect residential
parcels,

Monitor surface water and sediment in the wetlands adjacent to the Site and in Latham
Brook.

Monitor the performance of a natural attenuation remedy in the untreated portions of the
overburden plume.

Monitor conditions within both the overburden and bedrock plumes

The LTM Plan, in accordance with the requirements of the SOW, will:

Describe the goals and objectives of the monitoring plan as described above.

Identify sampling locations and frequencies for:

o

o

o

Groundwater.
Surface water.

Residential wells (if required).

Define a baseline sediment sampling event and monitoring prior to each five year review.

Prescribe chemical, geochemical, and biological analyses.

Apply appropriate data interpretation techniques or modeling approaches.

Define recordkeeping and reporting requirements.

Present a monitoring well maintenance and integrity program including:

o

o

Provisions for prompt and proper abandonment of wells deemed to be unusable or
unnecessary by EPA and RIDEM.

Provisions for inspection, continued maintenance and repair or replacement of any well
deemed to be necessary for long-term monitoring by EPA and RIDEM.

Plans for Site closure and post-closure monitoring.

Utilize the POP, updated or revised as necessary, to support fieldwork conducted according to
the LTM Plan.

The Final LTM Plan will be submitted within 60 days of receiving EPA’s and RIDEM’s approval or
modification of the Draft LTM Plan.
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From the initiation of the PDI until completion of the in-situ treatment component of the
Remedial Action, monitoring of groundwater will be performed three times per year or as
otherwise agreed by EPA and RIDEM. For the first five years, annual monitoring of surface water
shall be performed and sediment sampling, following the initial baseline sampling event, will be
performed every five years in support of the Five-Year Review process. The SOW specifies
sampling of sentry wells up to three times per year.

Focused monitoring of groundwater quality within the FSA targeted at assessing the remedy
performance in the ATZ will be specified in the 30% and 100% designs.

It is anticipated that, following implementation of the remedy, a LTM program will be established
to monitor the performance of the remedy, natural attenuation processes (in both the
overburden and bedrock) and the nature and extent of impacts. This monitoring program will
incorporate sampling of:

1. Overburden and bedrock plumes (both target COCs and geochemical parameters).

2. Surface water and sediment samples within the wetlands adjacent to the FSA and from
Latham Brook.

3. Sentry wells and, if required, residential wells.

Sampling frequencies, analytes and data interpretation methods will be specified in the LTM Plan
for these matrices and well types and will be sufficient to meet the Site and remediation
objectives. It is anticipated that the adequacy of the Long-Term Monitoring program will be
reviewed in conjunction with the 5 year reviews.

3.6 Remedial Design Process

3.6.1 Remedial Design Submissions (30% And 100% RD)

This RDWP describes the RD process required to produce a final design and contract document
package suitable for bidding and construction. To achieve this outcome and manage the design
development process, the work is organized into Pre-Design and Design activities, with the RD
further segregated into 30% and 100% design stages. These assessment and design phases are
intended to progressively build the necessary understanding and detail from a conceptual design
through to final construction documents.

Each sequential design milestone will be submitted to EPA and RIDEM for review and approval in
accordance with the SOW as discussed below.

Considering the scope and iterative nature of the PDI activities and the design elements for the
remedy that still have to be defined, it is necessary to follow a robust, yet flexible evaluation and
design process that allows for adjustment to, and refinement of, the PDI components of work as
well as the design elements. The iterative nature of the PDI components is described below. As
this data is collected and decisions finalized; key components will be incorporated into the 30%
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design document. The requirements of the 30% and 100% design milestones are presented in

detail in the SOW and comprise the following:

30% Remedial Design

100% Remedial Design

Results of all pre-design field investigations

Final Construction Design Documentation (Plans,
Specifications etc.)

Design criteria including descriptions and design
requirements,

Bid Documents

Basis of design including summary of
assumptions.

Contingency Plan for Emergency and Accident
Planning — which will address both construction
workers and the local affected population

Project delivery strategy, including permits plan,
easement and access requirements.

Constructability Review Report that evaluates the
suitability of the project and its components in
relation to the Site

Preliminary plans, drawings, sketches, and
calculations, draft drawings and technical
specifications list.

Performance Standard/ ARAR Attainment Plan —
which will detail how Interim PSATs will be met
and include a statement of all the assumptions,
drawings and specifications necessary to support
an analysis of compliance with the Interim PSATs
and Soil Performance Standards, if applicable;

Draft Remedial Action Construction Schedule and
Cost, and

A correlation of the design plans and
specifications

A discussion of how the Interim PSATs and Soil
Performance Standards, if applicable, will be met
by the active remedy design.

A schedule for implementation of the Remedial
Action

A summary of changes made to the 100% RD
based on EPA’s review and approval or
modification, after reasonable opportunity for
review and comment by RIDEM, on the 30% RD

3.6.2 30% Remedial Design Submission

The overarching technical approach to preparing and submitting the prescribed Draft 30% RD
Submission (30% Design) is to meet the provisions of SOW Section V.D (30% RD Submission).
In accordance with the submittal requirements summarized in the above Table, the approach

requires:

Utilization of the PDI data to deliver a conceptual design to EPA within 400 days of receiving

EPA's and RIDEM's approval or modification of this RDWP and its companion POP.

1.
companion POP.

j:\d164 davis

Meet twice with EPA and RIDEM to review 30% Design progress:

About 120 days after receiving EPA’s approval or modification of this RDWP and its
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2. About 230 days after receiving EPA’s approval or modification of this RDWP and its
companion POP.

3.6.3 100% Remedial Design Submission

The overarching technical approach to preparing and submitting the prescribed Draft 100% RD
Submission (100% Design) is to meet the provisions of SOW Section V.G (100% RD Submission).
In accordance with the submittal requirements summarized in the Table above, the approach
requires:

= Development and submittal of the 100% Design within 90 days of receiving EPA’s and
RIDEM's approval or modification of the Draft 30% RD.

= Meet once with EPA and RIDEM to review 100% Design progress about 20 days after
receiving EPA’s approval or modification of Draft 30% RD.

3.7 Supplemental Design Activities

In conjunction with the design data collected during the PDI process, Basic Design Elements will be
applied to the engineering design process, where appropriate. Typical design elements considered in
the Design Process include:

= Land Surveying and Base Map Development

= Staging and Site Preparation

=  Material & Equipment Availability and Durability
= Waste Disposal

= Environmental Monitoring and Controls

= Sequencing and Schedules

These design elements and the scope of work necessary to complete assessment and consideration
in the design is detailed in the sections below.

3.7.1 Land Surveying and Base Map Development

Sufficient survey data will be collected to support the design and construction process. This
survey data will support the preparation of the base and design map/drawings, as well as support
the institutional control documents.

The land survey will include the following:
1. Topographic contours
2. Edge of water and the wetland features
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3. Site features, including but not limited to roadways, paths, drainage, culverts fences etc.
4. Underground utilities (if present)

5. Bench marks in the Site Vicinity

6. Property and easement boundaries (if present)

7. All soil borings conducted as part of the PDI

8. All groundwater monitoring wells

9. Historic (estimated) and existing surface water and sediment sampling locations

3.7.2 Staging and Site Preparation

No specific Site restrictions (such as work adjacent to rail, gas easements, etc.) have been
identified at the Site. Given that the SOW does not require active treatment in the wetland areas,
there are limited access constraints to the Plume Core and the targeted area of the overburden
plume. No major Site preparation activities are anticipated which need to be included in the
design.

3.7.3 Material and Equipment Availability and Durability

In accordance with the SOW both the reagents and delivery equipment will be evaluated and
selected as part of the engineering design process. The bench scale testing program will address
the reagents while the pilot test will assess injection methodologies and approaches.

The type of injection technology selected and its availability based on the anticipated scale of the
project and durability given subsurface conditions (presence of boulders and cobbles) will be a
key consideration in the decision process.

Table 3.1 summarizes the activities intended to answer each key design consideration. Figure 3.2
shows the Decision Matrix for how the information will be used to prepare the RD.

3.7.4 Waste Disposal

Materials for off-site disposal (drill cuttings from well installation, waste reagents, etc.) will be
managed in accordance with the Site Management Plan. Based on the remedial technology
selected for OU-2 it is not anticipated that large volumes of investigation-derived or remediation
waste will require management.

3.7.5 Environmental Controls and Monitoring

The proposed remedial works (as currently specified in the SOW) will not result in large scale
movement of earth. As a result, erosion, sediment and dust and odor controls are unlikely to be
required.
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Management practices will have to be established for the handling and storage of reagents, as
these chemicals if released directly to surface water could impact on ecological communities.
Consistent with the SOW and standard operating practices, injection activities will not be
conducted in the wetlands and peripheral (buffer) areas adjacent to the wetland structures due
to the potential for chemical discharges (either at surface or in the subsurface) to surface water.

Surface water inspections and monitoring protocols will be developed in the design documents
and established during the remedial action construction activities. Surface water quality will be
assessed and monitored daily during the period in which injection activities are conducted at the
locations closest to surface water. If discharges to surface water are observed, injection activities
at this location will have to be terminated.

3.7.6 Sequencing and Scheduling

Based on the scale of this remediation program, detailed sequencing and scheduling of Site
activities will need to be developed. This sequencing and scheduling will consider:

1. Accessibility — some low lying areas of the Site may be inaccessible during high rainfall
periods of the year.

2. Availability of reagent materials — the scale of the project may lead to reagent use that is
greater than the current stocks. Pre-purchasing of reagents and/or detailed scheduling and
sequencing (for just in time delivery of materials) will likely be required.

3. Warehousing and Delivery of Reagents to Site — reagents need to be kept dry prior to
injection. Coordination of off-Site storage and minimizing of material volumes stored on-Site
will be required for project execution.

4. Equipment and Staff resourcing — scheduling of equipment and staff resources will be
conducted to facilitate adequate time for equipment maintenance and management of
worker fatigue.

5. Displacement of impacted groundwater and reagents into surface water — consistent with the
controls discussed in 3.7.5, injection activities will likely be sequenced from the periphery of
the plume core inwards to prevent progressive displacement of higher concentration
groundwater into peripheral areas.

4.0 PRE-DESIGN INVESTIGATION TASKS

This section discusses the general scope of the PDI and Groundwater Monitoring tasks and how this
information will be used to prepare the RD, the Remedial Action, Institutional Controls, and Long-Term
Monitoring, as prescribed by the SOW. Associated with these investigation tasks and consistent with the
key considerations discussed in Section 3, a number of decision processes will be considered during
implementation of each of the PDI tasks.

Details of the proposed PDI are presented in the Draft PDI Plan. A summary of the planned PDI is
provided in this RDWP in order to meet the specific provisions of Section V.A.3 of the SOW.
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The PDI activities can be divided into the following scopes of work:

1. PDI — activities intended to directly support determination of the design elements of the overburden
groundwater remedy. These tasks include the:

=  Plume Core Evaluation.
= Treated Backfill Evaluation (leachability).
= Bench and Pilot Testing Evaluation.

2. Groundwater Evaluation — investigation activities primarily focused on:

= Delineation of impacts in bedrock.

= Collection of data on current COC concentrations and biogeochemical conditions in the
overburden plume.

= Collection of data on current COC concentrations and biogeochemical conditions in the bedrock
plume.

= Assessment of potential for off-site migration of Site COCs.

3. Fate and Transport and Natural Attenuation Evaluation — investigation activities focused on:

= Assessing natural attenuation processes in bedrock.
= Assessing performance of MNA remedy in the Overburden Plume downgradient of the wetlands.

4. Surface Water and Sediment Evaluation — investigation activities focused on characterization of
surface water and sediment quality in the wetlands and Lathams Brook in the area of the Overburden
Plume.

For the purposes of this RDWP, the PDI will focus on providing data to support the design of the active
treatment program for the OU-2 remedy. In addition, the Groundwater Evaluation and the Surface Water
and Sediment Evaluation will provide data and information to support the development of the LTM Plan
and the ICP.

The Fate and Transport and Natural Attenuation Evaluation will also be utilized to support decisions
associated with management of bedrock groundwater (Operable Unit 4). The Surface Water and
Sediment Evaluation will provide data and information to support other decision. Data collected from the
PDI will also be used to evaluate potential human health risks associated with the Treated Backfill.

As discussed above, the RD process will consider data collected from historic (pre-amended ROD)
investigations and data collected from the PDI to support completion of the RD process and the
development of a Final ICP and the LTM Plan. The interpretation of the results and evaluations that will
be used to support the key remedial decisions are described in Section 3 of this RDWP.
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Table 3.1 summarizes the activities intended to answer each key design consideration. Figure 3.2 shows
the Decision Matrix for how the information will be used to prepare the RD.

4.1 Plume Core Evaluation

The Plume Core evaluation is being conducted to characterize the type and extent of contaminants
(both soil and groundwater) that are underlying the approximate boundary of the FSA. This
evaluation is designed to provide the following data needed for design of the remedy:

= Better estimates of contaminant mass within the saturated zone which will be subject to
treatment.

= Better definition of the lateral and vertical distribution of impacts and the distribution relative to
different soil types which may impact treatment efficacy.

= Characterization of physical and geochemical conditions that may affect in-situ treatment or
reagent injection and distribution.

Further details on the Plume Core Evaluation are provided in the Draft PDI Plan, including the scope
of work and provisions for the collection of soil and groundwater samples for VOCs, SVOCs,
pesticides, PCBs, and metals, and groundwater data to support the identification of the initial ATZ.

A statistically significant data set representative of the Plume Core contaminant distribution will be
collected as part of this scope of work to characterize conditions, define the lateral and vertical limits
of treatment design, and refine the scope of the proposed bench-scale testing program. Details on
the geo-statistical methods are also contained in the Draft PDI Plan.

Key questions that will need to be answered as part of this component of work include:
1. What is the lateral extent of impacts that should be addressed by the remedy?

2. What are the likely physical and geochemical controls on biotic and abiotic processes and how
will these affect the remedy?

3. Based on the distribution of impacts, the majority of the mass is within which lithologic units?

4. Based on the physical and geochemical controls identified, modifications to the bench-scale
testing program may be made to assess the performance of the various reagents, assess the key
controls on the efficacy of the remedy and mitigate geochemical conditions (for example, pH)?

These key controls and implications of the bench scale testing program are discussed in further detail
in the Draft PDI Plan. Table 3.1 summarizes the activities intended to answer each key design
consideration. Figure 3.2 shows the Decision Matrix for how the information will be used to prepare
the RD.
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4.2 Treated Backfill Evaluation

The goal of this evaluation is to collect information to better assess whether previously Treated
Backfill within the FSA contains residual contaminants that may pose continued threats to
groundwater quality or to human health or the environment. Further details on the Treated Backfill
Evaluation are provided in the Draft PDI Plan, including the scope of work and provisions for the
collection of soil within the Treated Backfill. Soil samples of the Treated Backfill will be characterized
for VOCs, SVOCs, pesticides, PCBs and metals in accordance with requirements specified in the SOW.

The sampling locations and depths are limited to the surveyed area of Treated Backfill and the
elevations above 409.6 (as-built treated backfill placement elevation) consistent with the information
contained in the Remedial Action Report (Loureiro Engineering Associates, 2002). A sampling grid has
been established over the Treated Backfill area to accommodate a sampling density suitable for use
of geostatistical techniques and human health risk assessment. The rationale for the sampling
frequency is described in detail in the Draft PDI Plan. Table 3.1 summarizes the activities intended to
answer each key design consideration. Figure 3.2 shows the decision matrix for how the information
will be used to prepare the RD. Figure 4.1 presents the Treated Backfill decision matrix which
summarizes the technical approach and strategy for decision making with respect to the Treated
Backfill.

Page 31
j:\d164 davis rd ra\work plans\final rd documents\rdwp\rdwp_final_rev 1_03-23-12.doc



Remedial Design Work Plan, Revision 1
March 23, 2012

FIGURE 4.1
Treated Backfill Decision Matrix

Collect Soil Samples from Treated Backfill [unsaturated soils) down to top of Clean Backfill

| Analyze soil samples for Site COC's |

NO

Are soil Concentrations above Residential R5Ls or /\

RIDEM DEC

l YES

Calculate EPC using 95% UCL over Exposure Area
[note exposure areas associated with structures will
exclude State wetland and waterway setbacks as
development is procluded from these areas)

]

NO

—

Is EPC above Residential R5Ls |

] ves

Complete Site Specific Risk Assessment for Direct
Contact Risks (ingestion, direct contact for residents,
utility workers and construction workers)

|

NO

Are Calculated Potential Risks Unacceptable |

I YES

Evaluate Remedial Options to Address Direct
Contact Exposures

Evaluate Use of Institutional Controls to Address
Unacceptable Risk

—

No Action Required for Direct Contact

Are Soil Concentrations above RIDEM
Leachability Standards by Direct Comparison

NO

l YES

Review Initial Findings with EPA and RIDEM, within the
context of OU-2 remedy, and determine next steps

l

Consider other more detailed evaluations of leaching
potential (e.g., SPLP testing, Site-specific modeling) to
evaluate potential leaching, within the context of the

OU-2 remedy

No Action Required for Leaching }‘——""
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Decision Making Framework for Assessment of Leaching to Groundwater

The potential for leaching COCs from unsaturated zone soils is being conducted to determine
potential impacts on the remedial goals and approach for groundwater, as stated in the ROD
Amendment and SOW. The leaching potential of VOCs in soil will initially be evaluated by comparing
Treated Backfill soil data to the applicable RIDEM Remediation Regulation Leachability Criteria. If no
exceedances are noted then no further assessment of leaching potential will be conducted. As
necessary, the nature and distribution of the data will be discussed with EPA and RIDEM, within the
context of the OU-2 remedy, to determine what subsequent steps are required.

As stated in the SOW, more detailed evaluations of leaching potential (e.g., SPLP testing, Site-specific
modeling) may be proposed for approval by EPA, after reasonable opportunity for review and
comment by the RIDEM, and implemented in a manner consistent with the remedial goals and
approach for groundwater, as stated in the ROD Amendment.

Decision Making Framework for Assessment of Potential Human Health Risks

In accordance with the SOW, threats to human health through direct exposures will be initially
evaluated by comparison to risk-based criteria (i.e., EPA’s Regional Screening levels) or regulations
(i.e., RIDEM Direct Exposure Criteria).

Based on the regulatory framework outlined in the SOW, and consistent with the decision making
framework discussed above for assessment of leaching to groundwater, a tiered evaluation program
is proposed for the assessment of the potential for risks to human health.

Consistent with the decision framework outlined in Figure 4.1, this framework will comprise initial
screening of all soil results against EPA Regional Screening Levels and/or RIDEM Direct Exposure
Criteria and then a tiered assessment program utilizing standard geo-statistical techniques (used to
define the Exposure Point Concentrations) and a quantitative risk assessment. The assessment of
potential Human Health Risk will be conducted in accordance with the procedures outlined in the Risk
Assessment Guidance and RIDEM regulations and guidance and is detailed in the PDI Plan.

4.3 Groundwater Evaluation

The Groundwater Evaluation detailed in the PDI is designed to assess the extent of impacts in the
overburden and bedrock plumes prior to remediation and will lead to development of the LTM Plan
that will be implemented during, and after remediation, to assess the potential for off-Site
groundwater impacts. Table 3.1 summarizes the activities intended to answer each key design
consideration. Figure 3.2 shows the decision matrix for how the information will be used to prepare
the RD.

The components of work comprise:
1. A residential well monitoring and assessment program.

2. Development and Implementation of a Groundwater Monitoring Program.
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3. Bedrock Characterization of the downgradient areas.

4. Vapor Intrusion Assessment.

4.3.1 Residential Well Monitoring

The evaluation will assess whether contaminated Site groundwater is potentially impacting
groundwater on off-Site areas identified during the public comment period. This includes, but is
not limited to, residential properties along Log Road, Williams Road, the Upper Sprague
Reservoir, and the YMCA's Shephard Reservation property. Table 3.1 summarizes the activities
intended to answer each key design consideration. Figure 3.2 shows the Decision Matrix for how
the information will be used to prepare the RD.

In accordance with the SOW the following phased evaluation program is proposed as follows:
= Phase 1 — Establishment and sampling of sentry wells with the work comprising:

a. An evaluation of groundwater flow relative to the Site and the residential and recreational
areas identified above. This has been completed and is included in the PDI.

b. Installation and sampling (up to three times per year) of four new sentry monitoring
wells (in the bedrock only) down-gradient of the Site plumes.

If the results of the monitoring of the four new sentry wells suggest that Site contaminants may
be migrating towards off-Site residential properties, proceed with the following additional
evaluations:

= Phase 2 — Identification and sampling of residential and recreational property private supply
wells located downgradient of the Site plumes. These wells will be included in the annual
sampling program.

The sentry wells will be sampled to assess both geochemical conditions and COC
concentrations. The PDI Plan currently proposes sampling for VOCs, arsenic, and manganese
in the sentry wells to meet this objective. If residential well sampling is required in the future,
the selected residential wells will be analyzed for VOCs, SVOCs, and metals. Detections of
VOC groundwater concentrations above the FGPSs in the samples collected from the sentry
wells will trigger the following actions:

o Resampling of the sentry well to verify the analytical results.

o If the results are confirmed in the resampling, initiate the Phase 2 residential well
sampling program.

Detection of metal concentrations above the applicable FGPSs in sentry wells will trigger the
following actions:

= Continued monitoring of sentry wells for two additional sampling events.
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= Assessment of metal groundwater concentrations relative to Site background.

= Assessment of available local and regional groundwater data to assess ranges of detected
metals concentrations.

= If the results are confirmed in the resampling and are above background, initiate the Phase 2
residential well sampling program.

No additional decisions and actions are planned for the Residential Well Monitoring program,
except as required for the Five-Year Review process.

4.3.2 Implementation of Groundwater Monitoring Program

In accordance with the SOW, groundwater samples will be collected from the 43 existing
monitoring wells sampled during the Phase 4 (Fall 2008) monitoring program and any new
overburden and bedrock wells to be installed in accordance with this SOW. The number and
location of all monitoring wells and the rationale for new wells is documented in the Draft PDI
Plan.

Groundwater samples from these new wells are being analyzed for VOCs, SVOCs, pesticides, and
metals during the initial year of the monitoring program. Subsequent monitoring will focus on
VOCs. The need to perform ongoing monitoring for the additional parameters (SVOCs, pesticides,
and metals) will be determined based on the results of the initial year of monitoring.

Monitoring of groundwater will be performed three times per year from the initiation of the PDI
until the completion of the in-situ treatment component of the Remedial Action unless modified
through agreement with EPA and RIDEM. In addition groundwater samples from selected wells
will be sampled for geochemical parameters (e.g., chloride, sulfate, sulfide, nitrate, nitrite,
alkalinity, total organic carbon, ethene, ethane, methane, acetylene, and hydrogen) and/or for
microbiological analytes or microcosm studies as needed to support the natural attenuation
evaluation described below.

It is currently anticipated that three sampling events will be performed during 2012 and the data
from these events, in conjunction with historic data and information, will be used in the
development of the LTM Plan. It is anticipated that any changes to the groundwater monitoring
program will be proposed in the LTM Plan (refer to Section 3 herein) following completion of the
PDI investigation activities.

4.3.3 Additional Monitoring Wells

The Draft PDI Plan proposes that eight (8) additional shallow and deep bedrock monitoring wells
(not including the sentry wells described above) will be installed in areas that are geologically
down-dip, hydraulically downgradient or within the FSA to provide a more fully characterized
bedrock aquifer. These wells will complement the existing monitoring well network.

In addition, a series of overburden groundwater monitoring well transects (anticipated to be two
transects of three multi-level well clusters) will be established in the overburden plume
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downgradient of the wetlands to evaluate the performance of natural attenuation processes in
the untreated portion of the plume and the ongoing contribution of the wetlands to downgradient
areas in the overburden.

No actions or decisions are planned from these investigations. However, data from these
investigations may prove valuable in some of the actions and decisions discussed above
including:

1. Delineating the extent of impacts in bedrock in the Plume Core and downgradient plume
areas.

2. Provision of additional wells in which the fate and transport of constituents in bedrock can be
assessed.

3. Supplemental monitoring wells that can be incorporated into the LTM Plan.

4. Wells that can be used to assess the fate and transport of constituents in the untreated
overburden plume and to define the potential flux from the impacted wetlands to the
overburden aquifer located downgradient of the wetlands.

Table 3.1 summarizes the activities intended to answer each key design consideration. Figure 3.2
shows the Decision Matrix for how the information will be used to prepare the RD.

4.3.4 Vapor Intrusion Assessment and Response Plan

A vapor intrusion assessment and response plan only has to be prepared in response to a
proposal by a property owner to construct an occupied structure within, or in close proximity to,
the Overburden Plume. A number of activities will be conducted as part of the PDI that will assist
in the future development of this plan. The Plume Core and Groundwater Evaluations described
above will provide better definition of the lateral extent of groundwater impacts and the area in
which vapor intrusion assessments may have to be conducted. In addition, remediation of
groundwater at the Site will provide direct benefits by reducing vapor concentrations and the
need for a vapor intrusion assessment.

Table 3.1 summarizes the activities which may assist in future development of the vapor intrusion
assessment and response plan. Based on the efficacy of the groundwater remedy and the result
of the treated backfill evaluation, the necessity for the requirement to perform a vapor intrusion
assessment and response plan, if requested by EPA and/or RIDEM, will be re-evaluated as part of
the Five-Year Review process. The design of the OU-2 remedy will not receive inputs from the
vapor intrusion assessment scope of work described above.

4.4 Fate and Transport and Natural Attenuation Evaluation

The goal of this evaluation is to assess the fate and transport of COCs and natural attenuation
processes in the bedrock plume throughout the Site. Consistent with the SOW, the goal of these
evaluations is to demonstrate that natural attenuation is occurring at a sufficient rate to merit
selection of MNA as the remedial action for the bedrock plume and to evaluate the performance of
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the selected MNA remedy for the untreated portions of the overburden plume. Table 3.1 summarizes
the activities intended to answer each key design consideration. Figure 3.2 shows the decision matrix
for how the information will be used to prepare the RD.

The SOW requires the collection of three “lines of evidence” in accordance with EPA’'s OSWER
Guidance 9200.4-17P, Use of Monitored Natural Attenuation at Superfund, RCRA Corrective Action,
and Underground Storage Tank Sites. These lines of evidence comprise:

1. Historical groundwater chemistry data that demonstrates a clear and meaningful trend of
sequential decay and decreasing contaminant mass and/or concentration over time at
appropriate monitoring or sampling points. This will comprise an update to the trend evaluations
previously conducted.

2. Hydrogeologic and geochemical data that can be used to demonstrate indirectly the type(s) of
natural attenuation processes active at the Site, and the rate at which such processes will reduce
contaminant concentrations to required levels.

3. Data from field or microcosm studies (conducted in or with actual contaminated Site media),
which directly demonstrates the occurrence of a particular natural attenuation process at the Site
and its ability to degrade the COCs (typically used to demonstrate biological degradation
processes only).

In addition supplemental assessments of fate and transport, plume stability and hydraulic
conductivity will be conducted to better define the constraints on natural attenuation processes or (if
required) active remediation. The scope of these supplemental investigations will include screening
for dense non-aqueous phase liquid presence, geophysical logging of bedrock wells, hydraulic
conductivity testing in select bedrock wells and microbiological analysis of either groundwater
samples or biotraps to assess the presence of viable bacterial populations and to quantify
degradation rates. Microcosm analysis may also be utilized, if warranted.

In conjunction with the assessment of MNA processes within the bedrock, performance monitoring of
natural attenuation processes will be conducted in the overburden plume in areas where PSATs have
been met and in the untreated portion of the overburden plume located downgradient of the
wetlands consistent with the OSWER Guidance 9200.4-17P. Further details on this evaluation are
provided in the PDI Plan.

4.5 Surface Water and Sediment Evaluations

The goal of this evaluation is to assess potential impacts associated with historic Site activities and
the potential for ongoing discharges of contaminated groundwater from the FSA into the adjacent
wetlands and Latham Brook. Information and data developed under this evaluation will be used in
the formulation of the LTM Plan and identification of a long term management approach for
sediment. Table 3.1 summarizes the activities intended to answer each key design consideration.
Figure 3.2 shows the decision matrix for how the information will be used to prepare the RD. Figure
4.2 summarizes the approach to evaluation and decision making for this evaluation.
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FIGURE 4.2
Surface Water and Sediment Decision Matrix

Review and Refine Planned Surface Water / Sediment Sampling Locations:

- Areas where sediment Impacts have been detected historically
- Areas Within Overburden Plume
- Areas where preferential discharge of groundwater is occurring
- Upstream and downstream of specific Site features (e.g., FSA trench drain)

4
Collect surface water and sediment samples for laboratory analysis

and analyze for site COCs
b

Assess surface water results using the
RIDEM Ambient Water Quality Criteria and EPA National
Recommended Water Quality Eriteria or EPA Region Ill BTAGs

Continue monitoring of surface water sampling locations annually
or in accordance with LTM Plan

Do the concentrations in sediment exceed TECs or
EPA Region lll BTAG screening levels? NO
| YES
Are the concentrations in sediment higher than historical
concentrations and indicative of further degradation of sediment ——
quality? NO
YES
Are there indications that the source of ongoing degradation is the

result of ongoing groundwater discharges? NO
YES

Consider additional Site sampling and/or the performance
of a Screening-level Ecological Risk Assessment
or Baseline Ecological Risk Assessment

No action needed
Implement Five Year Review Monitoring Program
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Consistent with the SOW and findings of historic investigations, a number of sources of impact need
to be considered in the design of the investigation. These comprise:

= Groundwater hydrogeology and overburden and bedrock plume geometry and the potential for
impacted groundwater to discharge to surface water.

= Historical waste disposal practices and proximity to the core plume areas.

= Historical dewatering activities which resulted in the discharge of untreated groundwater to the
wetlands and Latham Brook.

= Ongoing dewatering activities where groundwater from the overburden in the Plume Core is
captured by a reported trench drain and discharged directly to the unnamed stream.

Detailed discussion of the surface water and sediment sampling scope and rationale is contained in
the PDI Plan. This investigation includes assessment of the above sources of impact within the
wetland areas, the unnamed stream, and Latham Brook. Following the characterization of the
wetland areas within the overburden plume, surface water, and sediment sampling locations will be
finalized. Both surface water and sediment samples will be collected (with a large number of surface
water and sediment samples being co-located) with surface water samples analyzed for VOCs,
SVOCs, and metals and sediment samples will be analyzed for VOCs, SVOCs, pesticides, PCBs and
metals.

In accordance with the SOW and the decision framework outlined in Figure 4.2, a tiered evaluation of
the surface water and sediment will be conducted. Surface water data will initially be screened
against both the RIDEM Ambient Water Quality Criteria (AWQC) and EPA National Recommended
Water Quality Criteria (NRWQC). If there are no RIDEM AWQC or NRWQC for a chemical, it should be
screened against EPA Region III Biological Technical Assistance Group screening benchmarks (BTAG)
for freshwater. Sediment data will initially be screened against Threshold Effect Concentrations
(TECs) in Macdonald et al (2000). If there is no TEC for a chemical, then it should be screened
against the EPA Region III BTAG. If exceedances of screening criteria are present in the data set
then more detailed assessments will be conducted in subsequent phases of the evaluation program.
These assessments will include:

1. An assessment of current surface water and sediment data against historic data to determine if
concentrations are consistent and appear stable :

a. If concentrations are similar to historic concentrations then, consistent with the SOW, long
term monitoring will be implemented to verify conditions and the stability of surface water
and sediment concentrations.

b. If concentrations are higher, supplemental investigations and a detailed spatial assessment
(as described below) will be conducted.

2. Assessment of spatial distribution of data to determine the impact of both historic and ongoing
sources of impact (other than groundwater discharges) on surface water and sediment quality:
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a. If sources of impact are not identified as ongoing discharges to groundwater, then
groundwater/surface water interactions do not need to be considered in the remedy design.

b. If groundwater is an ongoing source of impact above screening levels, then the benefits of
the proposed remedy for surface water quality will need to be considered in the design.

On the basis of this evaluation, the need for further assessments and evaluations (for example
further sampling or Site characterization or the performance of a Baseline Ecological Risk
Assessment) will be considered.

4.6 Bench and Pilot Testing Evaluation

In accordance with the SOW, the bench- scale tests will be designed to select the optimal reducing
agent for chemical treatment and substrate for microbial growth in the field scale pilot test. In
addition, the bench-scale tests provide an opportunity under ‘ideal and optimized’ conditions to also
assess the key controls and limitations on reductive dechlorination (both biotic and abiotic) and the
longevity of these reagents. The field-scale pilot test will be performed to ascertain the ability to
distribute the reagent in the formation (i.e., variable permeability soils or high water table) and the
effectiveness in addressing contaminants in the overburden Plume Core.

The detailed plans for bench-scale and pilot testing are provided in the Draft PDI Plan. The general
strategy for bench-scale and pilot testing is shown in Figure 4.3.
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Figure 4.3
Roadmap to Bench and Pilot Testing

EPA CERCLA Process
FFS OU2
May 2010 ROD Amendment 1
—— 09/30/2010
— Employ in-situ chemical reduction and

enhanced biodegradation to degrade VOCs
present in the saturated soil of the FSA and a
portion of the overburden plume.

Proposed Plan
June 2010

CD with SOW P

July 2011

¥

REMEDIAL DESIGN WORK PLAN

(Due EPA and RIDEM 09/27/2011)

RD Work Plan Includes a Pre-Design Investigation
(PDI) Work Plan.

PDI Work Plan Shall Include Provisions for Bench
and Pilot Testing Evaluation.

SOW Provides That:

1) Bench and Pilot Test Evaluation shall be performed concurrent with the
performance of the PDI.

2) Bench-scale testing using soil and groundwater samples will be
performed to select the optimal reducing agent for chemical treatment
and substrate for microbial growth for a field-scale pilot test.

3) The field-scale pilot tests will be performed to ascertain the ability to
distribute the reagent in the formation (i.e. variable permeability soils or
high water table) and the effectiveness in addressing contaminants in the
overburden Plume Core.

Conceptual Approach to Bench Testing

ISCR and ISB Amendments
1) List potentially applicable readily available ISCR
and/or Enh dISB A d (R )

2) Perform desktop screening study to select best
candidate(s) among each Functional Classification;
likely candidates include:

A) Long-lasting, non-viscous, small-

particle, fermentable substrate mixed
with supplemental reducing agent like
zero valent iron (ZVI) powder; such as:

- ABC+ by Redox Tech;
http://redox-tech.com/ABC+.pdf

- EZVI Supplied by Carus;
http://www.ufz.de/data/S7_4 CARUS%20EZVI%2015306.pdf

B) Injectable solid reducing agent like
zero valent iron (ZVI) powder; such as:
- H200Plus by Hepure

http://www.hepure.com/iron-powder-h200-plus.html#4
- NanoFe by PARS
http://www.parsenviro.com/nanofeaw-1.html

- NZVI by Polymetallix
http://www.polymetallix.com/

C) Long-lasting, non-viscous, small-
particle, fermentable substrate; such
as:

- ABC by Redox Tech;

http://redox-tech.com/ABC%20promo.pdf
- 3DMET75 by Regenesis;

- EDS-ER by Tersus;

http:, tersusen ticle/74.html

4.6.1 Bench-Scale Testing Program

See
Products for In Situ
Chemical Reduction

and/or Enhanced
Reductive
Dechlorination table in
PDI Plan

No

Did One
Reagent
Excel?

rl Yes

Plan and
Implement
Column

Testing
(if indicated)

!

Plan and

Implement

Pilot Test

A phased program of bench-scale testing has been developed recognizing the strengths and
weaknesses of the two primary methods of bench-scale testing for reagents (mixed slurry phase
and column tests). This phased program of testing is summarized in following Figure 4.4.
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Figure 4.4
Mixed Slurry Bench Testing Flow Chart

v
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Including Provision to Bench Test the following Than Natural Control ?
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1) Fermentable carbon substrate

2) Zero valent iron (ZV1) powder Nl
3) Fermentable carbon substrate mixed with ZVI
Include Live and Sterile Controls Yes
Assess
Performance-Limiting
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Does EPA Agree With Candidate

Amendments? No Is There Merit In Further No
Testing Dosage, pH Buffer,
or Microbial Content?

Yes
Provide Candidate Reagent Suppliers
With Site Characteristics
Perform Refined Mixed Slurry
i Bench Tests
Obtain Nominal Reagent Dosage ‘L
Recommendations From Reagent —
Suppliers
| Is An Optimal Reagent
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I |
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Perform Mixed Slurry Bench Tests ‘ """""""""""""""""" EhooseBeagant(s) Aud
l Advance Column Tests

v

Obtain EPA Agreement

Go To
Column Test €
Flow Chart
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The key objectives of the bench-scale testing program are as follows:

1.

2.

Define what type of reagents is most applicable to the Site.

Define the major controlling/limiting factors identified in the bench-scale tests that need to
be considered in the design.

Assess the potential impediments to effective implementation which need to be considered in
the pilot test and design.

Assess the likely longevity of reagents in the subsurface in order to define the treatment
frequency.

To facilitate this assessment, and based on the complexity of Site conditions, the bench-scale
testing program comprises two elements as further detailed in Draft PDI Plan:

1.

Mixed Slurry Microcosms — facilitate assessment of degradation under conditions of mixed
systems with the opportunity for direct contact with the reagents.

Column Tests — facilitates the assessment of degradation where direct contact does not
occur (particularly important for the finer grained soils — diffusive and advective transport of
reagents), and other key design components including longevity, geochemical changes and
indicators of reduction and back diffusion and concentration rebound.

Following completion of the bench-scale testing program the following key design parameters will
be defined:

Reagent selection

o dosage

o concentration

o specific volume

o rate

Reagent supplements

o pH buffer

o nutrients

Anticipated reagent longevity

Indicator parameters for degradation that should be included in the pilot test and
remediation monitoring programs
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These design parameters will be utilized to develop refine the pilot testing program (detailed in
the Draft PDI Plan) and screen injection technologies and approaches that should be evaluated in
the pilot testing program. Table 3.1 summarizes the activities intended to answer each key
design consideration. Figure 3.2 shows the decision matrix for how the information will be used

to prepare the RD.

Further strategy and technical approach for mixed slurry microcosm testing is shown on Figure
4.5 and Figure 4.6. Further strategy and technical approach for bench-scale column testing is

shown on Figure 4.7.

Figure 4.5 - Bench Testing Strategy: Mixed Slurry Microcosm Reagents,

Laboratory, and Samples

Potentially Applicable Reagents

Potential Bench Test Providers

[]

See Table In PDI Plan
Products for ISCR/ERD

¥
See PDI Plan Table

Bench Test Providers for ISCR/ERD

Candidate Mixed Slurry
Microcosm Samples
L i

+

Evaluate
Potentially Applicable Reagents

Evaluate
Potential Bench Test Service Providers

¥

]

- PDI Plan: Rational for Bench Test

- PDI Plan: Roadmap Bench/Pilot Testing
- PDI Plan: Bench Testing Flow Chart

- PDI Plan: Amendment Screening Criteria

Value:

- Testing s Primary Business Line

- Experienced with I5CR [not just 158)

- Close to Site

- Capable of Column Testing

- Independent of Reagent Product Sales

See PDI Plan Bench Test Strategy:

- Test Each Mappable Soil Type:
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3) S5and and Gravel

- Containing Relatively High CVOCs
k 4

Select

Mixed Slurry Microcosm Samples
i
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During PDI Boring Program:

- Field & Lab Screening Results

- Representativeness of Soil Types
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. i
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i
Select
Candidate Reagents See F'.DI Plan
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¥
1} Fermentable Carbon Substrate: Select
ABC Candidate Bench Test Service Provider
2} Zero Valent Iron (ZVI) Powder: [

Peerless 100-pm /HCA-325

3) Fermentable Carbon Substrate Mixed
with ZVI:

ABC+ / EHC-F

Shaw Environmental

[{Technology Development Labaratory):

- Dr. Rob Steffan
- 609.895.5350; rob.steffan@shawgrp.com
- Lewrencexille, KI; 250 Miles From Site

Select
Mixed Slurry Microcosm
Reagent Dosages

¥

Base Selections On Preliminary Lab
Results From PDI Source Assessment:
- Chloroethenes
- Biogeochemical Parameters
- Apparent Hydrogen Demand x 2

J

Coordinate Construction of Microcosm Bench Test:

- Laboratory Ready To Receive And Prepare Test Samples

- Qualified Samples Collected And Delivered At Proper Time
- Qualified Reagents Delivered to Lab At Proper Time

Page 44

j:\d164 davis rd ra\work plans\final rd documents\rdwp\rdwp_final_rev 1_03-23-12.doc




| nc.
| oup, Inc Remedial Design Work Plan, Revision 1
March 23, 2012

Figure 4.6
Bench Testing Strategy: Mixed Slurry Microcosm Decision-Making Flow Chart

PDI Plan
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Figure 4.7
Bench Testing Strategy: Column Test Decision-Making Flow Chart

PDI Plan
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4-silt; A d D # - Lack of Suitable Bacteria? .
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YES a
I Prepare and Submit
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NO I

4.6.2 Pilot Testing

The pilot testing will identify potential injection/delivery systems that can be used to distribute
the treatment reagents into the ATZ and develop data needed to design the effective distribution
of treatment reagent into the subsurface overburden materials in the ATZ. Provisions for pilot
testing are further detailed in the Draft PDI Plan.

The pilot test will focus on the delivery and distribution of the reagents selected from the bench-
scale trials in the lithologic units which are determined critical for remediation of groundwater.
The lateral and vertical mass distribution and distribution of COCs in different lithologic units will
be determined in the plume core evaluation. For the purposes of the pilot test, the area of
greatest impacts within the Plume Core will be targeted for the pilot test, with the assessment of
performance focused on the more recalcitrant soil types where mass is likely preferentially
distributed and where delivery and distribution will be more challenging.

Key information gathered during the PDI and bench-scale trials which will affect the scope of the
pilot test include:
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1.

Ease of drilling in the Plume Core area — as part of the Plume Core investigation direct push
drilling techniques will be utilized to collect soil samples. The ease of sample collection will
give a good indication of the ease with which direct push techniques can be used for the
injection of reagents into the subsurface.

The chemical reagents and dosage rates — the physical properties of the reagents (density,
viscosity, etc.) vary by both reagent and dosage rate.

In addition to the information collected from the PDI, the selected reagents and dosage rates will
also likely impact on the methodologies employed in the pilot test. The physical properties of the
reagents (density, viscosity, etc.) are highly variable and, based on both the reagents and
dosages selected, the range of physical properties of the reagents can be variable. These variable
properties have direct impacts on the injection methodologies that will be potentially viable and
pilot tested at the Site. The key elements that will be defined in the pilot test include:

Reagent delivery approach
Injection point spacing and distribution of reagent in the subsurface
Frequency of injection

Verification and validation of bench scale performance (as much as practical given schedule
constraints)

Monitoring requirements and frequency

As part of the pilot testing, and in order to assess the efficiency of subsurface delivery, a
combination of investigative and monitoring techniques will be used. The investigative and
monitoring approaches, dependent on the reagent selected, could include any combination of the
following:

1.

Quantification of reagent injection volumes by depth intervals and location to estimate
reagent subsurface mass.

Monitoring of groundwater concentrations and general water chemistry in discrete screened
monitoring wells.

Post injection soil sampling at select locations and assessment of soil geochemistry (pH,
redox, TOC and iron content).

Geophysical techniques for assessment of changes in soil conductivity and resistivity (only
applicable to reagents that contain iron).

Post injection and long-term monitoring of COC concentrations in groundwater within the
treatment area.
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A draft Pilot Test Work Plan will be prepared and submitted to EPA and RIDEM for review and
approval pending the outcome of the bench-scale tests and the relevant portions of the PDI.
Table 3.1 summarizes the activities intended to answer each key design consideration. Figure 3.2
shows the decision matrix for how the information will be used to prepare the RD.

5.0 PROJECT ORGANIZATION

The project organization is summarized in Figure 5.1 and highlights the relationships among the
Agencies, Settling Defendants, Project Coordinator/Supervising Contractor, and the project investigation
and design team. Key roles and responsibilities for each of these entities are summarized in the Sections
below.

5.1 EPA Project Personnel

The EPA is the lead agency responsible for managing the implementation of the investigation and
remediation activities at the Site. Byron Mah will serve as the EPA Region I Remedial Project
Manager, and as such is primarily responsible for the following items related to the investigation and
remediation activities proposed for the Site:

= Conducting/coordinating the EPA review and approval of the RD/remedial action submittals.

= Coordinating, directing, reviewing, and approving the work that the Davis Site Group and their
Contractors/Consultants perform to assure compliance with the NCP, ROD, CD, and SOW.

= Conducting public meetings and providing an Administrative Record for the public.

5.2 RIDEM Involvement

RIDEM will provide review and comment regarding the State regulatory aspects of this project. In
addition to the RIDEM review of state regulatory aspects, RIDEM based leaching to groundwater
standards have been specified in the SOW. Their review process for the RD/remedial action
documents will occur concurrently with that of the EPA as described in the SOW. Gary Jablonski will
serve as the RIDEM Project Manager.

5.3 Settling Defendants
The Settling Defendants (i.e., Davis Site Group) for the Davis Liquid Waste Superfund Site include:

= Ashland, Inc.

= The Black and Decker Corporation

= FKI Industries Inc. f/k/a Acco-Bristol Division of Babcock Industries Inc.
= Bristol, Inc.

= Morton International, LLC

= Rohm and Haas Company
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= Life Technologies Corporation

The Davis Site Group is responsible for implementation of the investigations and the design,
construction and maintenance of the selected remedy.

5.3.1 Project Coordinator

The Davis Site Group has designated Mr. Kenny Ogilvie from EHS Support Corporation (EHS
Support) as the Project Coordinator. The Project Coordinator is responsible for administration of
the Davis Site Group’s actions required by the RD/remedial action CD and SOW. The Project
Coordinator is responsible for implementing the project and has the authority to commit the
resources necessary to meet project objectives and requirements. The Project Coordinator’s
primary function is to ensure that technical, financial, and scheduling objectives are achieved
successfully. The Project Coordinator functions as the major point of contact and controls matters
concerning the project. The Project Coordinator is responsible for defining project objectives,
developing a detailed schedule, and establishing project policy and procedures to address the
specific needs of the project.

5.3.2 Supervising Contractor

The Davis Site Group has designated ESS Group, Inc. as the Supervising Contractor with
responsibility for directing and supervising all actions all called for in the RD/remedial action CD
and SOW. Jeffrey Hershberger will serve as the Project Manager for ESS Group, Inc.

5.3.3 Project Design Team

The Project Design Team comprises consultant resources from both ESS Group Inc. and EHS
Support. Nigel Goulding from EHS Support will serve as the Technical Director for implementation
of the investigation and remediation activities as outlined in the CD and SOW.

The following list provides the main subcontractors identified to date to support the investigation
activities and RD (followed by the general role each is filing on the project team):

= New Environmental Horizons — Project Data Quality and Validation Services
= Shaw Environmental Inc. — Bench-Scale Treatability Testing Services

= Redox Tech — In-situ Remediation Reagent Supplier and Delivery Services
= Test America — Principal Analytical Testing Laboratory Services

= Microseeps — Specialty Analytical Testing Services

= Microbial Insights — Specialty Analytical Testing Services

= Geophysical Applications — Geophysical Testing Services
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6.0 PROJECT SCHEDULE

The RD Schedule (Figure 6.1) identifies the deliverables and associated timeframes for the RD effort,
based on the requirements of the RD/remedial action CD and SOW, assuming EPA and RIDEM review
duration periods as shown therein. The Schedule includes approximate duration for EPA and RIDEM
review and approval period, which may vary from what has been assumed and impact later submittal
deadlines that depend on the timing of preceding approvals and other tasks, and other factors (e.g.,
weather). The SOW provides the following durations for select RD milestones:

= 30% RD, within 400 days from approval of the RDWP and associated POP, unless EPA extends the
deadline.

= 100% RD, within 90 days following EPA’s approval or modification of the 30% RD, unless EPA
extends the deadline.

It should be noted that the Remedial Action items specified in the SOW have not been included on Figure
6.1 for clarity and focus on the RD.

The PDI schedule demonstrates the anticipated timeframes and interdependencies of the individual PDI
tasks outlined in this RDWP. The schedule assumes the RDWP will be approved of by November 29,
2011. The actual schedule for the majority of the tasks shown on Figure 6.1 will be dependent on the
approval of the RDWP, PDI Plan and the RD POP. It should be noted that the RD Schedule will be
updated as necessary to reflect changes or modifications in the schedule based on the actual dates of
approval, schedule modifications and to reflect changes in the schedule for PDI field activities that may
be necessary due to weather conditions or other schedule impacts.
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TABLE 3.1

REMEDIAL DESIGN CONSIDERATIONS

TECHNICAL APPROACH MATRIX

Davis Liquid Waste Superfund Site

Title: RD Work Plan
Date: October 11, 2011
Page: 1 of 4

Design Consideration

Technical Approach Intended To Garner Answer in Whole or Part

1D

No.

Description

Pre-Design Investigation

Groundwater
Investigation

Fate & Transport
and Natural
Attenuation

Surface Water
and Sediment
Evaluation

Other

Plume
Core

Treated
Backfill

Mixed

Slurry
Bench
Tests

Column
Tests

Pilot
Test

Sentry
Wells

New
Monitoring
Wells

Sitewide
Ground
Water

Bedrock
Demon-
stration

OB MNA
Monitor

Wetland
Character-
ization

Sampling

CSM

LT™M 1 &1 PJ

What is the lateral extent of groundwater
exceeding the Interim Groundwater
Remediation Goals (IGRGSs)?

What is the lateral extent of the Active
Treatment Zone (ATZ)?

What is optimal treatment reagent?

What is the prospect to effectively use
conventional direct push techniques for
delivery of reagent(s)?

What are the source and plume
architectures with respect to nature and
distribution of COC mass and mass flux
within each of the various aquifer soil
types?

What is the contribution of the Treated
Backfill to overburden groundwater
impacts and how will this affect
performance of the Remedy?

What is the nature and extent of COCs
interaction between the Plume Core and
the bedrock and how will this impact on
the performance of the Remedy?

What are the meaningful characteristics of
the varying hydrogeologic properties,
physicochemical properties,
biogeochemical properties for each of the
various aquifer soil types?

What are the meaningful implications of
the aquifer’s hydrogeologic properties,
physicochemical properties,
biogeochemical properties of site soils and
how will they impact performance of the
Remedy?

10

What are the optimum achievable reagent
injection (or delivery) properties (makeup,
spacing, injection rate, specific volume)?

11

What are the likely performance
expectations of the selected reagents in
each of the various aquifer soil types?
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Design Consideration

Technical Approach Intended To Garner Answer in Whole or Part

1D

No.

Description

Pre-Design Investigation

Groundwater
Investigation

Fate & Transport
and Natural
Attenuation

Surface Water
and Sediment
Evaluation

Other

Plume
Core

Treated
Backfill

Mixed

Slurry
Bench
Tests

Column
Tests

Sitewide
Ground
Water
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Monitoring
Wells

Pilot
Test

Sentry
Wells

Bedrock
Demon-
stration

OB MNA
Monitor

Wetland
Character-
ization

Sampling

CSM

LT™M PJ

12

What are the major factors controlling
and/or limiting performance of the
Remedy in each of the aquifer soil types?

13

How can the major factors limiting
performance in each of the various aquifer
soil types be minimized or overcome in the
design and implementation of the
Remedy?

14

What are the likely requirements for
repeated reagent delivery (e.g., amount,
distribution, frequency)?

15

How can remediation performance be
effectively and cost-effectively monitored
in each soil types?

P

Long Term Monitoring Program:

What are the current conditions in the
Overburden Plume?

What is the nature and extent of bedrock
groundwater impacts and are they stable?

What is the water quality in the Sentry
Wells and what potential risks exist?

P

Institutional Controls:

What is the current and future predicted
lateral extent of groundwater impacts
exceeding the Final Groundwater
Performance Standards?

What are the surveyed boundaries of
various land Parcels relative to the current
and future predicted lateral extent of
groundwater impacts exceeding the Final
Groundwater Performance Standards?

What are the potentially complete
exposure pathways to be managed via
Institutional Controls?
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Design Consideration

Technical Approach Intended To Garner Answer in Whole or Part

1D

No.
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Investigation
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Plume
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Treated
Backfill

Mixed
Slurry
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Tests
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ateand T

ransport and Natural A

ttenuation:

Is intrinsic or natural attenuation
progressing in the Untreated Overburden
in accordance with EPA criteria and
expectations?

What are the bedrock and bedrock
groundwater hydrogeologic properties,
physicochemical properties,
biogeochemical properties which control
the fate and transport of COCs?

What is the prospect for the bedrock
aquifer to naturally attenuate or assimilate
impacts?

What is the demonstrable occurrence of
intrinsic biotoc and/or abiotic
dechlorination in bedrock?

What are the rates of intrinsic biotic and
abiotic dechlorination in bedrock?

Will the intrinsic biotic and abiotic
dechlorination rates provide restoration in
‘reasonable’ timeframe?

MNA Monitor

Treated

Backfill:

What are the potential human health risks
associated with direct contact with treated
backfill soil?

Surface-water and Sediment:

What is the nature and extent of surface
water and sediment impacts?

What are the surface water and sediment
hydraulic properties and hydrogeologic
properties?

What is the potential for groundwater to
impact surface water and sediment
quality?

What is nature and extent of COCs
interaction between impacted
groundwater and surface water and
sediment?

What is the magnitude of possible
groundwater contributions to surface
water and sediment impacts relative to
historic contributions?
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Design Consideration Technical Approach Intended To Garner Answer in Whole or Part
Groundwater Fate & Transport Surface Water
Pre-Design Investigation o and Natural and Sediment Other
Investigation . .
D o Attenuation Evaluation
No. Description Mixed New | Sitewide | Bedrock Wetland
Plume | Treated | Slurry |Column| Pilot Sentry L OB MNA .
! Monitoring| Ground | Demon- . Character{ Sampling| CSM LTM 1 &1 PJ
Core |Backfill| Bench | Tests Test Wells . Monitor o
Tests Wells Water stration ization
What were the primary mechanisms for
6 |past, current, and future delivery of P S S P P P S P S
impacts to surface water and sediment?
What are the potential ecological and
7 |human health risks from surface water S P P P S P
and sediments?
What is the prospect for the surface water
8 |and sediment to naturally attenuate or S S P P P P S
assimilate impacts?
Vapor Management Assessment and Plan:
What is nature and extent of soil and
1 |groundwater impacts relative to the P P P P P P P S
prospect of vapor intrusion?
2 What is the prospect for and nature of s p s
possible future development activities?
What is the process for future building
3 . =]
(e.g., approvals and permitting)?
4 How does _the remedy affect the prospect s p p p p p p s
for vapor intrusion?

Notes:
P Primary component in answering key design and management questions
s Secondary component in answering key design and management questions

OB -

Overburden

MNA - monitored natural attenuation
CSM - conceptual site model

LTM - long-term monitoring

1&I - inquiries and interviews

PJ - professional judgement
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FIGURE 6.1
REMEDIAL DESIGN IMPLEMENTATION SCHEDULE

Title: RD Work Plan Rev 1
Date: March 23, 2012
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> ** Ongoing access negotiations with property owner could results in delays in the Project schedule as presented herein **
3 | Draft RDWP, PDI Plan, POP (V.A,B,C) 75days| 7/29 | 10/11 s ) ) ) ) ) . . L -
2 chedule also dependant on duration of the Mixed Slurry Microcosm Testing Program (including any in-progress modifications to program)
5 EPA Review of Draft RDWP, Draft PDI Plan, & Draft 21 days 10/12 11/1
POP
6
7 Final Remedial Design Work Plan 144 days 11/2 3/24
8 Final Pre-Design Investigation Plan 144 days 11/2 3/24
9 Final Project Operations Plan 144 days 11/2 3/24
10
11 EPA Approval of Final RDWP, PDI Plan, & POP 7 days 3/25 3/31
12
13 |Pre-Design Investigation 487 days 4/1 7131
14 Plume Core Evaluation (Field) 150 days 4/1, bg/zs
15 Plume Core Evaluation Evaluation and Reporting 90 days il 8/29 [ ‘ 11/26
16 Treated Backfill Evaluation (Field) 60 days 4/1 [ 5/30
17 Treated Backfill Data Evaluations 90 days 5/31 [ 8/28
18 Treated Backfill Evaluation Reporting 90 days 8/29 [ ‘ 11/26
19 Bench-Scale Testing 300 days 531 (Y 2126
20 Preparation and Sample Collection 30 days 6/29
21 Mixed Slurry Testing 90 days 6/30 |
22 Extended Slurry Testing 60 days 11/26
23 EPA Concurrence on Column Testing 30 days
24 Preparation and Sample Collection 30 days
25 Column Testing 90 days 10/28 ‘
26 Extended Column Testing 60 days 3/26
27 Pilot Testing Work Plan (PTWP) 30 days
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29 Pilot Testing 120 days 161
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31 Groundwater Evaluation 334 days 4/1 L 2/28
32 Borehole Geophysical Logging 30 days 41 [
33 Well Installation (Sentry, MWs, Transects) 90 days 6/30 [ b§/27
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35 Groundwater Monitoring and Reporting | 120 days 5/1 ‘ ] 8/28
36 Groundwater Monitoring and Reporting Il 120 days 8/1 [ 11/28
37 Groundwater Monitoring and Reporting IlI 120 days 11 | | 2/28
38 F&T / Natural Attenuation Evaluation 450 days 4/1 . 6/24
39 F&TINA (Field) 270 days an | L2126
40 F&T/NA Data Evaluation 90 days 12/27 | |,3/26
a1 F&T/NA Reporting 90 days 3/27 [v | 6/24
42 | Surface Water/Sediment Evaluation 450 days 41 — 6/24
3 SWiSediment (Field) 270 days 4 | L12/26
44 SW/Sediment Data Evaluation 90 days 12/27 | |,3/26
45 SW/Sediment Reporting 90 days 3027 | | 6/24
46
47 30% REMEDIAL DESIGN (V.D) 120 days 1/:13}{ 5/12
48 Draft Institutional Controls Plan (V.E) 90 days 9/1 } 1120
49 Draft Long-Term Monitoring Plan & POP (V.F) 90 days 12/1 }2#28—
50
51 EPA Review of 30% Design, Draft IC Plan, Draft LTM 21 days 5/13‘ 6/2
Plan & POP
52
53 Final Institutional Controls Plan (V.E) 60 days 6/3 8/1
54 Final Long-Term Monitoring Plan (V.F) 60 days 6/3 8/1
55 100% Remedial Design (V.G) 90 days 6/3 8/31
56 }—‘
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DEFINITIONS

Active Treatment Zone

Refers to the areas of the Former Source Area (FSA) and Overburden
Plume where active treatment will be performed. This area will be further
defined in the Remedial Design submissions following completion of the
baseline groundwater sampling and Pre-Design Investigations using the
Decision Matrix included in the SOW.

Bedrock Plume

Extent of contaminated groundwater within the bedrock aquifer unit
where chemical concentrations exceed the Interim Groundwater
Remediation Goals presented in Table 7 of the 2010 ROD Amendment, or
the chemical-specific ARARs presented in Appendix A of the 2010 ROD
Amendment.

Davis Site Group

Davis Site Performing Party Group

Drum Disposal Area

Former disposal area within FSA.

Elevation 404.6 MSL

Target excavation depth for Source Remedy

Former Source Area

Defined as the area (vertically and horizontally) where releases of
contaminants have occurred and represents the approximate boundary of
the Source Control Remedial Action that previously underwent treatment
of contaminated unsaturated soil residing above elevation 404.6 feet
Mean Sea Level (MSL).

Northern Disposal Area

Former disposal area within FSA.

Overburden Plume

Extent of contaminated groundwater in the overburden aquifer unit where
chemical concentrations exceed the Interim Groundwater Remediation
Goals presented in Table 7 of the 2010 ROD Amendment, or the
chemical-specific Applicable or Relevant and Appropriate Requirements
(ARARS) presented in Appendix A of the ROD Amendment.

Plume Core

The portion of the groundwater plumes underlying the Former Source
Area and includes the saturated soil which constitute the continuing
sources of groundwater contamination as the result of residual
contamination presence.

Remediation Regulations

RIDEM Rules and Regulations for Investigation and Remediation of
Hazardous Releases

Settling Defendants

Davis Site Performing Party Group Members

Source Remedy

Completed in 1999 — 2001 and included treatment of soils above
Elevation 404.6 MSL using low-temperature thermal desorption

Southern Disposal Area

Former disposal area within FSA. Included the Bunker C Area.

Treated Backfill

Soils previously treated during Source Remedy that were placed above
the water table in the FSA.
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1.0 INTRODUCTION

This document presents the Pre-Design Investigation (PDI) Plan that is required to be prepared and
implemented in accordance with the OU-2 Statement of Work (SOW) for the performance of the OU-2
Remedy for Overburden Groundwater. The PDI Plan documents the rationale and sampling strategy and
approaches to complete the following six distinct investigation tasks.

Plume Core Evaluation

Treated Backfill Evaluation

Bench and Pilot Testing Evaluation

Groundwater Evaluation

Fate and Transport and Natural Attenuation Evaluation

Surface Water and Sediment Evaluation

Data and information generated during the performance of these evaluations will be used to support the
design of the active treatment component of the OU-2 remedy and development of the Long-Term
Monitoring Plan and the Institutional Controls Plan, and to support other Site decisions associated with
the previously treated backfill (human health risk evaluation), bedrock groundwater (OU-4) and surface
water and sediment.

1.1 Background

The Davis Liquid Waste Superfund Site (the Site), a former waste disposal facility, is located between
Tarkiln Road and Log Road in the northwestern corner of the Town of Smithfield, Providence County,
Rhode Island (Figure 1.1). The 7-acre Former Source Area (FSA) is defined as the area where past
disposal and releases of hazardous substances originally occurred and is bounded approximately by
the excavation footprint of the source control remedial action initiated in 1999 and completed in 2001
(Figure 1.2). The Site is bounded on the east and west by forested uplands and on the north and
south by wetlands and swamp areas of the Nipsachuck Swamp.

A large portion of the Site is located on Lot 9, Plat 50 of the Town of Smithfield Tax Assessor’s maps
(Figure 1.2). Additionally, a portion of the Site is located on the abutting parcel, Lot 29, Plat 50.
Access to the Site is from Tarkiln Road on an unpaved roadway/easement west of the Site and a
right-of-way to Log Road located north of the Site (Smithfield, 2006; Smithfield, 2008a). The Site
consists of primarily undeveloped land that is vegetated by shrubs, trees, and wetlands flora.

The Site was reportedly used for a 5-year period in the 1960s and the early 1970s for the disposal of
municipal solid wastes by the Town of Smithfield, RI. Between 1976 and 1977, the owner, William
Davis, used the Site to dispose of liquid and solid wastes containing hazardous substances. Wastes
were disposed of by direct discharge from tank trucks into unlined lagoons and seepage pits. Drums
containing chemicals and laboratory containers were buried onsite or were crushed. Wastes and
contaminated soil were reportedly excavated from the lagoons and pits and were dumped at several
on-site locations and covered with soil. Construction debris was also reportedly burned at the Site.
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The Site is situated adjacent to the Nipsachuck Swamp, which constitutes the headwaters of Latham
Brook. The Brook drains into the Stillwater Reservoir (not a drinking water supply) and the
Woonasquatucket River, and eventually into Narragansett Bay. Much of the Site is located within a
100-year flood zone. Land within a 1-mile radius of the Site is primarily semi-rural, with some low-
density residential dwellings situated nearby.

1.2 Pre-Design Investigation

For the purposes of this work plan, the Pre-Design Investigation will refer to the tasks required to
support the design of the active treatment component of the OU-2 remedy (Plume Core Evaluation,
Treated Backfill Evaluation and Bench and Pilot Testing Evaluation). The other field programs that will
be described herein include the following:

= Groundwater Evaluation
o Residential Well Monitoring (Sentry Wells)
o Groundwater Monitoring (including additional monitoring wells)
o Vapor Intrusion Assessment (deferred)

= Fate and Transport and Natural Attenuation Evaluation

=  Surface Water and Sediment Evaluation

1.3 Purpose and Objectives

The purpose and objectives for the PDI tasks were detailed in the SOW and are reiterated in the
following sections to provide the basis for the detailed scopes of work provided in subsequent
sections of the plan. The decision making processes are also reiterated in the subsequent sections
and are provided in greater detail within the Remedial Design Work Plan (RDWP).

1.3.1 Pre-Design Investigation

The PDI includes the Plume Core Evaluation, the Treated Backfill Evaluation and the Bench and
Pilot Testing Programs. The data and information generated under these tasks will be used to
develop the design for the active treatment component of the OU-2 remedy.

1.3.1.1 Plume Core Evaluation

The goal of this evaluation is to characterize the type and extent of contaminants (both soil
and groundwater) that are underlying the approximate boundary of the FSA. This evaluation
will provide better estimates of the contaminant mass to be addressed during remediation,
the distribution of the mass within various stratigraphic layers and will collect data for other
parameters that may affect in-situ treatment or reagent injection and distribution.
Information developed will also be used to support the design of the bench scale testing
program and the design of the active treatment program of the OU-2 remedy.

Page 2
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1.3.1.2 Treated Backfill Evaluation

The goal of this evaluation is to collect information to better assess whether previously
treated backfill within the FSA contains residual contaminants that may pose continued
threats to groundwater quality or to human health or the environment. A decision making
process for evaluation of the data generated during this PDI task was presented in the
RDWP.

1.3.1.3 Bench and Pilot Testing Evaluation

The goal of this evaluation is to collect the appropriate bench and field information (site-
specific geochemical, biological, etc.) to design a remedy (in-situ chemical reduction (ISCR)
and enhanced bioremediation) for the Active Treatment Zone as identified in the 2010 ROD
Amendment. This task will directly utilize data and information generated during the
performance of Plume Core Evaluation and the Treated Backfill Evaluation.

1.3.2 Groundwater Investigation

The goal of this evaluation is to establish a groundwater monitoring program that will be used to
assess the status of the overburden and bedrock plumes prior to, during, and after remediation,
and to assess the potential for off-Site groundwater impacts. Information and data developed
under this investigation will be used in the formulation and refinement of the Long-Term
Monitoring Plan, as appropriate. Information generated during the performance of this task will
also be used in the development of the Institutional Controls Plan. Included within the
Groundwater Investigation are the following tasks:

=  Groundwater Monitoring (including the installation of additional monitoring wells)
» Residential Well Monitoring

= Vapor Intrusion Assessment

1.3.3 Fate and Transport and Natural Attenuation Investigation

The goal of this investigation is to assess the fate and transport of impacts and natural
attenuation processes in the bedrock plume throughout the Site. A strategy and monitoring
program will be developed to demonstrate whether natural attenuation is occurring at a sufficient
rate to merit selection of Monitored Natural Attenuation (MNA) as the remedial action for the
bedrock plume and to monitor the performance of the selected MNA remedy for the untreated
portions of the overburden plume.

1.3.4 Surface Water and Sediment Investigation

The goal of this evaluation is to assess potential impacts associated with historic Site activities
and the potential for ongoing discharges of contaminated groundwater from the FSA into the
adjacent wetlands and Latham Brook. The various types of wetland areas located proximal to the
FSA and within the overburden plume will be characterized to support the selection of surface

Page 3
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water and sediment sampling locations. Information and data developed under this evaluation
will also be used in the formulation of the Long-Term Monitoring Plan, as appropriate.

2.0 CONCEPTUAL SITE MODEL

2.1 Physical Setting

The Site is located in the Latham Brook watershed that is a sub-basin of the Woonasquatucket River
watershed. Nipsachuck Swamp is located in the headwaters of the Latham Brook basin. The location
of the Site is shown on Figure 1.1 and the Nipsachuck Swamp and Latham Brook drainage basin is
presented on Figure 2.1. The general flow directions of surface water and shallow groundwater
within the basin are from the south, west, and north towards the wetland and bog areas in the
central portions of the basin that comprise the Nipsachuck Swamp. The basin outlet is Latham Brook
located east of the Site, which flows generally southeast and eventually into Stillwater Reservoir.

The aerial photograph on Figure 2.2 shows the surface features at the Site and surrounding areas.
The Site is located in the southwest quadrant in the figure with an approximate size of 15 acres. The
major contaminant source areas, South Disposal Area (SDA) and North Disposal Area (NDA), and the
source remediation area, which were delineated by the previous investigators, are part of the Site.
North and east of the Site, there are three areas of swamps or wetlands (Figure 2.2): open waters,
Latham Brook and wetland vegetation.

The topographic map (Figure 2.1) shows that the study area is bounded by the north-south trending
hills to the west and to the east. In between, the ground surface is fairly flat, ranging from an
elevation of 404 to 410 feet above mean sea level (MSL). The upland ridges to the west, north, and
south of the study area crest at elevations of up to 480 ft MSL. The basin outlet (Latham Brook) is
through a small topographically low valley. The surface elevation drops from 400 ft to 370 ft in a
short distance to the east/southeast of the basin outlet.

Latham Brook and a small tributary that originates from the east of the FSA provide surface water
drainage for the basin. About 200 feet east of their junction where monitoring wells OW-024, OW[I
025, and OW-086 are located, the stream makes a steep drop with a change of elevation of
approximately 10 feet in a distance of 60 feet. At this point the ground elevation is approximately 383
feet MSL, or approximately 20 feet below the surface of much of the Site. About 1,600 feet further
east as the brook crosses under Bayberry Road, the elevation decreases by an additional 28 feet.
Latham Brook enters Stillwater Reservoir, which is 1.5 miles southeast of the Site at an elevation of
approximately 210 feet MSL (Figure 2.1).

There are no public water supply wells located in the Site’s vicinity. The Town of Smithfield’s public
water supply is purchased through the Providence Water Supply Board (Smithfield, 2007). The
majority of the homes located near the Site are provided municipal water through a public water
system extension that was installed as part of the remedial actions for the Site.
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2.2 Geologic Framework

The stratigraphy of the study area consists of approximately 10 to 40 ft of overburden materials
overlying bedrock. The geology of the Site and study area is discussed below.

2.2.1 Overburden

The overburden lithology at the Site primarily consists of sandy ground moraine deposits
(Pleistocene-Wisconsin in age) and local swamp deposits (Holocene in age (CDM, 1986; ESS,
2004). Ground moraine deposits generally consist of an upper till layer comprised of loose
medium to coarse sands and gravels, and a lower till of compacted clayey sands. The thickness
of the overburden deposits is highly variable across the Site and ranges from 8 to 37 feet.

In the FSA, where excavation has occurred, treated backfill material consisting of screened and
treated soils was emplaced under 6 inches of topsoil. Beneath the treated backfill (at an elevation
of 409.6 feet MSL) is five feet of clean fill and material that was screened out of the previously
treated soils. Underlying the treated backfill and the clean fill / screened material are the Plume
Core saturated soils. Figure 2.3 presents a conceptual schematic of the FSA.

The central portion of the study area, in the immediate vicinity of and downgradient of the FSA,
is dominated by wetland and bog areas, which are part of the Nipsachuck Swamp. These
wetlands extend to the north of the study area across Log Road (Figure 2.1). Based on the
finding of the numerous previous investigations, organic peat deposits appear to be present
underlying and immediately adjacent to these wetland areas. The peat deposits range in
thickness from approximately 1 to 10 ft. The peat deposits always overlay the glacial deposits
(fine-grained silts and fine sands and the sandy ground moraine deposits).The lower, more
compact and less permeable, glacial till deposits are rarely observed and, where observed, occur
directly above the bedrock surface (ESS, 2004).

2.2.2 Bedrock

The overburden materials at the Site are primarily underlain by two metamorphic bedrock
formations: Nipsachuck Gneiss and Absalona Formation. The Nipsachuck Gneiss (Pre-Cambrian in
age) is the primary rock type underlying the Site. It is characterized as a gray, very hard,
medium to coarse grained equigranular gneiss with light, 70-75 degree foliation, and composed
primarily of quartz, feldspar (albite and microperthite), and biotite. The Absalona Formation is
also Pre-Cambrian in age and is characterized as a porphyroblastic biotite gneiss. The Absalona
Formation is primarily located in the southeast quadrant of the Site (ESS, 2004).

An intrusive diorite dike (Triassic in age), trending north-south and extending north to Log Road,
occurs in the northeast and southeast quadrants of the Site. The approximate location of the dike
is illustrated in Figure 2.1. The dike is characterized as a black, green, and white, hard, medium
grained equigranular diorite or ophitic texture and composed primarily of feldspar (albite), biotite,
and chlorite (ESS, 2004). The dike is located in the general area of the basin outlet at Latham
Brook and is characterized as a low-hydraulic conductivity feature (1 x 10 to 1 x 10 cm/sec;
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CDM, 1986; ESS, 2004), which is believed to have strong influences on groundwater flow
conditions in both the overburden and bedrock (URS, 2006).

Depth to bedrock is highly variable across the Site, ranging from 8 to 37 ft below ground surface
(bgs). Bedrock structural surface topography generally slopes from the flanking (surrounding)
upland areas towards the central portion of the Site before becoming relatively level in the
wetland and bog areas. The core of the uplands located east and west of the Site is bedrock. The
bedrock surface contours are illustrated in Figure 2.4 (ESS, 2004).

Evidence of weathered bedrock is documented as being highly variable at the Site. The upper 10
to 30 feet of bedrock is fractured or severely weathered (URS, 2006). Moderately weathered
bedrock often exhibited weathering effects such as slight mineral discoloration, interbedded sand
lenses, and a significant loss of strength as compared to fresh rock (ESS, 2004). Severely
weathered bedrock was reduced in strength to a strong soil, where the rock “fabric” remained
clear and evident. Completely weathered bedrock was reduced in effect to a soil where the rock
“fabric” was discernible only in isolated locations.

Bedrock fractures observed in the vicinity of the Site during drilling activities appear to exhibit a
north-south striking trend while dipping to the east and west. Measurements conducted on
outcrops of the Nipsachuck Formation (granitic gneiss) to the west of the Site exhibit fractures
dipping to the east at approximately 20 to 30° (Richmond, 1952). As in most bedrock settings,
groundwater flow within the crystalline rock is inferred to be primarily transmitted via various
types of discontinuities (e.g., fractures, joints, bedding planes, etc.) as well as being driven by
local and regional hydraulic gradients (ESS, 2004).

To date, no borehole geophysical investigations have been performed in the study area.
Therefore, information is limited with respect to the bedrock fracture network such as
schistosity/foliation patterns, spatial distribution of fractures and connectivity of the fractures
between the FSA and downgradient areas.

2.3 Hydrogeologic Framework

The overburden and bedrock water-bearing zone characteristics are presented below. Groundwater
underlying the Site and adjacent areas has been classified as GA, which are known or presumed to
be suitable for drinking water use without treatment. However elevated concentrations of iron,
manganese and arsenic have been observed regionally which could make it unsuitable in some
locations for use without treatment.

2.3.1 Surface Water Hydrology

The Site is located within the Latham Brook watershed, which is a subbasin of the
Woonasquatucket River Basin (Figure 2.1). The Nipsachuck Swamp, located in the central portion
of the Site, represents the headwaters of Latham Brook, which drains into the Woonasquatucket
River and eventually into Narragansett Bay at Providence. Annual precipitation in the area ranges
between 42 and 46 inches based on climatic data from nearby monitoring stations (ESS, 2004;
URS, 2006).
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2.3.1.1 Wetland

The Nipsachuck Swamp and associated areas surrounding the Site are primarily classified as
Palustrine (ecological system), forested (class), and broad-leaved deciduous (subclass)
wetlands (CDM, 1986). Deposits within the swamp consist of peat, silt, and clay as
demonstrated in the boring logs for OW-102-O, and OW-44 through OW-47. The swamp
deposits are characterized as having a high porosity and low permeability, which allows for
large storage of groundwater but functions poorly for lateral and/or vertical transport of
groundwater and contaminants (CDM, 1986). As a result of these conditions, the wetlands
provide a large area for flood water detention, groundwater discharge, and
evapotranspiration (ET) (URS, 2006). Additionally, the wetlands at the Site play an important
role in the natural attenuation of contaminated groundwater by providing anaerobic,
reducing, and oxygen depleted conditions favorable to reductive dechlorination.

2.3.1.2 Latham Brook

Latham Brook is the surface water outlet for the basin (Figure 2.1). Latham Brook receives
water from surface runoff, direct discharge from groundwater, and direct discharge from
wetland water. Stream flow calculations performed by CDM (1986) estimate monthly flow
rates ranging from 5.0 x 10° ft*/month (83 gallons per minute [gpm]) in October to 1.5x 10°
ft*/month (278 gpm) in February at the upstream weir of the brook. Minimum base flow has
been estimated to be 50 to 70 gpm (URS, 2006). ESS conducted stream flow measurements
in Latham Brook on May 24, 2006 near well couplet OW-24/0OW-25 and estimated flows
ranging from 2.8 to 4.65 cubic feet per second (cfs) or 1257 to 2073 gpm. Compared to
CDM'’s estimates, these stream flow rates may represent a relatively high flow conditions
(URS, 2006).

2.3.2 Groundwater Flow

Groundwater beneath the study area is shallow, varying from 0 to 10 feet below ground surface.
Seasonal groundwater level fluctuation varies from 2 to 5 feet (CDM, 1986).

2.3.2.1 Overburden and Bedrock

Figures 2.5 and 2.6 (ESS, 2009) depict potentiometric surface maps for overburden and
bedrock, respectively for the October 31, 2008 measurement event. Both maps are
consistent with historical representations of groundwater flow conditions as presented in RI
report (CDM, 1986) and Pre-Design Engineering Report II (WCC, 1993). Groundwater flow in
the region is generally controlled by topography and influenced by geologic structure as it
flows from the surrounding till and bedrock upland areas north, south, and west of the Site
towards the topographically low wetlands and basin outlet at Latham Brook (URS, 2006).

Overburden groundwater flow originates from upland areas in the west, south, and southeast
and converges towards the central portions of the Site (Nipsachuck Swamp) before
discharging through the area where Latham Brook exits the Site. Groundwater flow in the
vicinity of the former disposal areas is generally towards the northeast into the wetland and
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bog areas. The majority of groundwater flow within the overburden passes through the
relatively narrow till and bedrock uplands on the eastern portion of the Site (Figure 2.5). It is
conceptualized that the overburden groundwater flows over the top of the diorite dike in a
fashion similar to a weir. This weir effect causes upgradient overburden groundwater to pool
on the west side of the dike creating a low gradient (flat) potentiometric surface.

Bedrock groundwater flow mimics overburden flow as it converges towards the wetlands and
central portions of the basin from the surrounding uplands (Figure 2.6). Historical bedrock
groundwater elevation data consistently demonstrates that shallow bedrock flow is
predominately from the eastern, southern and western upland areas, flows towards the
central basin and then flows in a northern direction perpendicular to the diorite dike area
(ESS, 2007) before turning east and flowing through the Latham Brook basin outlet.

2.3.2.2 Gradients

Both the overburden and bedrock groundwater elevation data exhibit relatively flat horizontal
gradients with respect to the surrounding upland areas as groundwater flow crosses the
basin before discharging to Latham Brook. The horizontal gradient crossing the central
portion of the study area is approximately 0.0008 ft/ft as groundwater elevations essentially
approximates the water surface of the swamp. In areas upgradient and downgradient of the
diorite dike south of Log Road, horizontal gradients for both the overburden and bedrock
groundwater steepen significantly to approximately 0.002 ft/ft before increasing to
approximately 0.01 ft/ft as groundwater flow crosses the dike. Due to the dike’s low hydraulic
conductivity and permeability relative to the surrounding granitic gneiss (Nipsachuck
Formation), the dike essentially retards flow coming from the west and creates a “backwater
effect” in the bedrock. This is evident in the flattening out of the potentiometric contours for
both the overburden and bedrock to the west of the dike (CDM, 1986; URS, 2006; ESS,
2007).

2.3.2.3 Vertical Flow

Vertical hydraulic gradients between the overburden and bedrock (used to indicate the
upward or downward movement of groundwater) at the Site are variable and reversible,
depending on the season. In general, upward vertical gradients are observed in the central
study area, which are typically indicative of groundwater discharge areas, such as surface
water bodies and wetlands (URS, 2006). Downward vertical gradients are typically indicative
of groundwater recharge areas, such as upland areas. The seasonal variations occur in areas
where vertical gradient is not strong, thus it is influenced by groundwater recharge or
groundwater ET.

A downward vertical component of groundwater flow is observed in the upland wells
(typically wells OW95-0O/R, OW-96-O/R, OW-105-O/R, and OW-83/0OW-84) and is consistent
with the nature of these areas as recharge zones (URS, 2006). Upward vertical gradients are
predominant within the FSA. An upward vertical component of groundwater flow is also
observed in the Northeast Quadrant of the study area (typically wells OW-38/0W-36, OW-
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21/0W-110-R, OW-08/0OW-07, and OW24/0W-25). These well nests are located near Latham
Brook in the central-east portion of the basin, and the upward vertical gradients are
consistent with the nature of this area as a discharge zone. Well nest OW-24/0W-25/0W-86
is located in the topographically low valley and the vertical gradient is upward, indicating that
groundwater discharges upward to Latham Brook. In the center of the basin (in and near the
FSA), vertical gradients are slightly upward with some seasonal variations, meaning that
groundwater flow is primarily horizontal with minor upward gradients in these areas (ESS,
2004; URS, 2006). This is consistent with the nature of the flow pattern in which
groundwater converges from west, south, and east toward the central area.

Groundwater elevation data from deep bedrock wells indicate an upward vertical gradient
from the deep bedrock to the shallow bedrock. This observation is evident in well couplets
located upgradient of the FSA (OW-81/0OW-82), downgradient of the FSA (OW-80/0OW-111-R)
and on the east side of the diorite dike (OW-25/0W-86). The upward hydraulic gradient in
these areas suggests bedrock groundwater is discharging into Latham Brook (URS, 2006) and
into the overburden.

2.3.2.4 Recharge

Recharge to groundwater is predominately from direct infiltration of precipitation and from
surface runoff over till-covered hills. During storm events, the flooding wetland may also
recharge the groundwater beneath for a short time. Groundwater recharge was estimated by
CDM (1986) as 32 inches of the 46 inches of annual precipitation. This estimate appears to
be high and it is anticipated that groundwater recharge values closer to approximately 20
inches per year would be more realistic, particularly assuming that ET water losses probably
approximate 50% of the annual precipitation.

2.3.2.5 Discharge

Groundwater discharge within the Site area is primarily through ET and to surface water
bodies. In the areas where the water table is at or within a few feet of the land surface, ET
occurs directly from the groundwater table (URS, 2006). Groundwater also discharges to
wetlands, as groundwater converges to the central wetland area. Some of the wetland water
discharges to the discrete channels of Latham Brook. East of the wetlands, groundwater
directly discharges to Latham Brook along the course of the channel as evidenced by the
strong upward gradients observed at well clusters. Groundwater flow out of the basin is
predominantly through the narrow valley along Latham Brook. From this point of view, the
groundwater basin where the Site is located may be considered as a closed basin (URS,
2006).

2.3.3 Aquifer Properties

2.3.3.1 Overburden

Hydraulic conductivities for unconsolidated sediments at the Site have been estimated to be
between 0.5 ft/day and 510 ft/day, which are consistent with published values for well-sorted
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sands associated with glacial outwash deposits (CDM, 1986; WCC, 1993; and ESS, 2004).
Using a representative average site-wide overburden hydraulic conductivity of 28.35 ft/day (1
x 10-2 cm/sec), a hydraulic gradient of 0.002 feet/foot (as measured across the central
portion of the Site downgradient of the former disposal areas), and a literature value for
porosity of 0.2 (Fetter, 2001), an average linear groundwater velocity of approximately 0.3
ft/day (110 feet/year) was calculated for the overburden (ESS, 2004).

2.3.3.2 Bedrock

Based on the aquifer tests data compiled and analyzed by CDM (1986) and WCC (1993),
hydraulic conductivities for the Nipsachuck Gneiss are estimated to range from 2.8 x 10®
ft/day at OW-82 to 28 ft/day at OW-94-R. The hydraulic conductivity of the diorite dike
ranges from 2.8 x 10 to 2.8 x 10 ft/day (CDM, 1986; ESS, 2004).

Because of heterogeneities associated with bedrock hydraulic conductivity and porosity as a
result of fracturing and weathering, it is difficult to calculate a representative groundwater
velocity with a level of certainty. Average linear velocity calculations for bedrock would
require the assumption of isotropic conditions throughout the bedrock and thus, would not
account for flow within transmissive bedrock fractures (where detailed data are unavailable)
and may misrepresent actual conditions. However, groundwater velocity within bedrock is
expected to be significantly lower than groundwater flow within the overburden based on
initial comparisons of estimated hydraulic conductivities (ESS, 2004).

Weathered bedrock was observed at various boring locations across the Site, particularly in
the eastern portion of the study area. The weathering in these zones may allow vertical flow
of groundwater from the overlying unconsolidated deposits into the bedrock or vice versa
(URS, 2006). In some areas, weathered bedrock may exhibit lower hydraulic conductivities
due to the presence of silts and clays derived in place during the weathering process, and
may limit vertical flow of groundwater (ESS, 2004).

2.4 Nature and Extent of Soil Contamination

This section presents the current understanding of the nature and extent of soil VOCs
contamination remaining at the Site following the remedial action activities completed in 2001.

2.4.1 Former Source Area

The FSA is defined as the area where past disposal and releases of hazardous substances
occurred prior to the remedial action activities. The approximate boundary of the FSA is depicted
on Figure 2.7. General categories of wastes believed to have been disposed of at the Site
reportedly include: sludge (paint pigments and metals), solvents (halogenated and non-
halogenated), inks, laboratory pharmaceuticals, manufacturing residues and miscellaneous
chemical processing wastes (acids, caustics, pesticides, phenols, halogens, and metals), solids
(fly ash and metals), municipal solid waste, tires, and waste oils (CDM, 1986). Disposal of these
materials occurred via direct discharge of waste from tank trucks and drums into unlined lagoons
(referred to as the NDA and SDA), direct burial of drums and smaller containers, and/or burial of
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solid waste materials. Information regarding the approximate volumes of liquid wastes disposed
of is not available. During remedial activities, between 1,400 and 2,200 drums or drum parts,
15,000 miscellaneous laboratory containers, 20,000 tons of contaminated soil, and 6.4 million
tires were excavated and/or removed from the property for off-site disposal. Additionally,
approximately 78,000 tons of contaminated soil was excavated and treated at the Site, and
replaced as excavation backfill (LEA, 2001).

2.4.2 Conceptual Contaminant Releases

It is conceptualized that the liquid wastes disposed of either via direct discharge or via
drum/container burial and subsequent crushing, migrated vertically through the vadose zone to
the water table. It is further conceptualized that as the waste migrated through the vadose zone,
contaminants were adsorbed to soil particles. At the water table, the majority of liquid waste
material spread laterally and those materials that are denser than water continued to migrate
vertically through the saturated zone while continually sorbing to soil particles (most likely fine
grain material such as silt/clay and highly organic material such as peat) and dissolving into
overburden groundwater. Lighter materials remained at or near the water table, migrating
vertically with seasonal fluxes in the groundwater surface elevation. This migration likely caused
a “smear-zone” of contaminants sorbed onto soils at or near the capillary fringe. Precipitation
migrating through the vadose zone interacted with contaminated solid wastes and impacted soil.
As the precipitation percolated through the soil and solid waste, it dissolved sorbed contaminants
and entered groundwater as recharge, creating a dissolved phase groundwater contaminant
plume. Because the top of the bedrock is weathered and highly fractured near the bedrock
overburden contact, non-aqueous phase contaminants may have entered into the bedrock unit.
The above conceptualization was adapted from Nobis Engineering, Inc. (Nobis) Site Conceptual
Model report dated February 2009 (Nobis, 2009a) with some interpretation added based on our
understanding of the Site conditions.

2.4.3 Soil Contamination - VOCs

The overburden at the Site can be separated into three categories: 1) unexcavated unsaturated
soil; 2) treated unsaturated soil backfill; and 3) saturated unexcavated/untreated soil. A cross-
sectional view through the FSA illustrating the soil categories after the completion of the soil
excavation/treatment program are depicted in Figure 2.8. The potential impact to these soils
based on an evaluation of soil samples collected prior to and after the completion of the soil
remediation activities was conducted by Nobis and the results of the evaluation presented in the
report titled “Technical Memorandum for Conceptual Site Model” dated February 2009 (Nobis,
2009a) and Conceptual Site Model Technical Memorandum Addendum dated November 2009
(Nobis, 2009b). Discussed below is a synopsis of Nobis’ findings.

2.4.3.1 Unexcavated Unsaturated Soil

Evaluation of unexcavated unsaturated soil data indicates only a limited presence of VOCs.
Only methylene chloride (21 samples) and PCE (1 sample) were detected at concentrations in
excess of the RIDEM GA Leachability Criteria values. Methylene chloride may be a laboratory
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contaminant and is only present at very low concentrations (Nobis, 2009a). PCE was
detected at 0.54 mg/Kg in one post-excavation, sidewall sample collected from the southern
extent of the SDA at an approximate elevation of 406 ft MSL. If the methylene chloride is a
laboratory contaminant and based on only one PCE concentration above the RIDEM
Leachability Criteria, it is reasonable to conclude that the soil outside of the source control
excavation footprint is unlikely to be considered a continuing source of groundwater
contamination (Nobis, 2009a). According to Nobis (2009a), soils in this category do not
appear to represent a threat to groundwater quality.

2.4.3.2 Treated Unsaturated Soil Backfill

Unsaturated contaminated soil excavated from the SDA and NDA and surrounding areas was
treated using low-temperature thermal desorption. After treatment was completed, several
samples of the treated soil were collected to determine compliance with the ROD treatment
goals [less than 2 milligrams per kilogram (mg/kg) of total VOCs]. If sample results
confirmed that the treatment goal was met, the soil was staged for use as excavation
backfill; otherwise, non-compliant soil was either retreated or staged for off-site disposal.
Approximately 350 soil samples were collected from the treated soil. Of these samples, a
random population of 73 samples was selected by Nobis for statistical evaluation (40 from
the western treatment room and 33 from the eastern treatment room).

Evaluation of unsaturated treated backfilled soil data indicates total VOCs are present at
concentrations up to 2 mg/kg. Concentrations of individual VOCs were found to exceed their
respective RIDEM GA Leachability Criteria values and EPA Soil Screening Levels. Although
methylene chloride was detected in these soil samples, it may be a laboratory contaminant.
Nobis (2009a) estimated a mass of 86 pounds (lbs) (39 kg) of total VOCs could be sorbed to
the treated backfilled soil within the FSA.

According to Nobis (2009a), it appears, based on their soil data evaluation, that the
contaminant mass associated with the treated soil used as backfill may be a continuing
source of VOCs to groundwater at the Site. However, it is our belief that the treated backfill
is not a significant continuing source of VOCs to groundwater and leaching from these soils
will not significantly impact the VOC concentrations in the underlying groundwater or the
longevity of the overburden plume based on preliminary leaching analysis that was
performed during the SOW negotiations.

2.4.3.3 Saturated Unexcavated/Untreated Soil

Evaluation of unexcavated saturated soil was performed on soil samples collected during the
Phase 4 investigation conducted in Fall 2008. The soil samples were collected from the
saturated soils underlying the foot print of the FSA. The Phase 4 investigation soil analytical
results were evaluated to assess whether unexcavated soil in the saturated zone underlying
the FSA represented a continuing source of groundwater contamination. The location of the
soil borings and a cross-section view of the FSA presenting the results of the field headspace
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measurements and soil analytical data are presented in Figures 2.9, 2.10, 2.11, and 2.12,
respectively.

Nobis (2009b) compared the soil analytical results to several soil leaching criteria to help
identify chemicals that pose potential threats to groundwater quality. These criteria include
the EPA’s April 2009 Regional Screening Levels (RSLs) (EPA, 2009), the Rhode Island
Department of Environmental Management (RIDEM)’s Rules and Regulations for the
Investigation, and Remediation of Hazardous Materials Releases (or Remediation
Regulations) GA Leachability Criteria (RIDEM GA LC) (RIDEM, 1996).

Seventy-nine soil samples were collected from depths that ranged between 5 and 38 ft below
grade. VOCs were detected above reporting limits at depths ranging between 6 and 30 ft
below grade. Of these samples, all but three samples were collected from below the water
table. Ten VOCs exceeded the leaching screening values, which suggest that these VOCs are
present in soil at concentrations that could result in groundwater concentrations that exceed
MCLs, the RIDEM Remediation Regulations GA Groundwater Objectives (RIDEM GA
Objectives), or exceed risk-based concentrations that are protective of human health (Nobis,
2009b). The ten COCs are: 1,1,-DCA, 1,2,4-trichlorobenzene, 1,2-dichlorobenzene, 1,401
dichlorobenzene, cis,1-2-DCE, ethylbenzene, PCE, TCE, vinyl chloride and xylenes.

Soil with VOC concentrations exceeding the leaching screening criteria were identified
throughout the FSA. Some detections corresponded with past identified disposal areas (i.e.,
SDA, NDA, Drum Disposal Area).

Nobis (2009b) estimated that the saturated soil in the FSA contain an estimated 123 pounds
(Ibs) (56 kg) of total COCs mass and 521 Ibs (237 kg) of total VOCs mass.

ESS also developed an estimation of residual total VOC mass in the FSA. The estimate was
based on the Phase 4 investigation data. The results of the VOC mass evaluation estimated
that approximately 315 Ibs (143 kg) of CVOC and 805 Ibs (366 kg) of total VOC mass remains
in the unconsolidated deposits within the FSA (ESS, 2009). In summary, the total VOC mass
estimates developed by Nobis and ESS range from 521 Ibs to 805 Ibs.

According to Nobis’ (2009b) evaluation of the Phase 4 investigation data, it appears that the
VOC mass located in saturated soil below the previous remedial excavation contains
contaminant mass that could be a continuing source of groundwater contamination at the
Site.

2.5 DNAPL

Past disposal history (i.e., direct discharge to ground, burial of drums, etc.) and the types chemicals
released (i.e., spent chlorinated solvents, paints, inks, industrial chemicals), and relatively shallow
depth to the water table, suggest that DNAPLs could be present at the Site. However, the 2008 soil
investigation field tests (hydrophobic dye screening of soil samples) within the FSA detected only the
possible presence of a Non-Aqueous Phase Liquid (NAPL) in one soil sample, which could not be
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confirmed as a DNAPL by laboratory analytical results. Review of soil and groundwater data collected
from the FSA is inconclusive regarding the potential presence of DNAPLs (Nobis, 2009b).

Within the southeastern portion of the FSA, there appears to be a sorbed VOC mass present (Nobis,
2009b), which may possibly be DNAPL, either in the soil and/or in the aquifer that causes the
persistent, elevated groundwater VOC concentrations. However, the detected groundwater
concentrations are not indicative of DNAPL presence, as the detected concentrations were well below
the 1 percent of the pure solubility value used to assess the potential for DNAPL presence. No direct
evidence of DNAPL in the bedrock has been observed in the FSA.

2.6 Nature and Extent of Groundwater Contamination

The section describes the current nature and extent of groundwater impacts in the overburden and
bedrock aquifers. The Phase 4 investigation groundwater analytical results are the primary source of
data for this discussion. The discussion is separated into overburden deposits and bedrock and
utilizes the analytical results of the most recent historic sampling events (i.e., recent Phase 1, Phase
2, and Phase 3 sampling, and the 1991 sampling performed by Woodward-Clyde) for comparison to
the Phase 4 investigation data collected in Fall 2008 (ESS, 2002, 2004, 2005, 2006, and Woodward-
Clyde, 1993). The groundwater data were compared against the RIDEM GA Groundwater Quality
Standards to identify the extent of VOCs present in the overburden and bedrock aquifers that exceed
potential regulatory criteria.

The following sections discuss the groundwater VOC analytical results for the Fall 2008 monitoring
event.

2.6.1 Overburden

During the Phase 4 investigation, groundwater samples were collected from 24 monitoring wells
completed within the overburden deposits within the study area. Table 2.1 summarizes the
compounds detected in the overburden during the Fall 2008 monitoring event as well as the
previous Phase 1, Phase 2 and Phase 3 sampling events (ESS, 2002, 2004, 2005, and 2006), and
the 1991 sampling event (Woodward-Clyde, 1993). Figure 2.13 presents an isoconcentration map
of the total volatile organic compounds (TVOC) detected in the existing overburden deposit
monitoring wells during the Fall 2008 monitoring event. Figures 2.14 and 2.15 present
isoconcentration maps of the detected TCE and PCE concentrations in the unconsolidated deposit
monitoring wells. An isoconcentration map is not provided for benzene for the overburden
deposit monitoring wells since it was not detected in these wells at concentrations exceeding the
RIDEM GA Groundwater Quality Standard of 5 micrograms per liter (ug/L).

Review of the data provides the following key observations:

= Consistent with the recent groundwater sampling results, the highest TVOC concentrations
were detected in the vicinity of and immediately downgradient from the former disposal
areas.

Page 14
j)\d164 davis rd ra\work plans\final rd documents\pdi plan\davis_final_pdi_rev 1_03-23-12.doc



Pre-Design Investigation Plan, Revision 1
March 23, 2012

= Consistent with the recent groundwater sampling results, target VOC (TCE and PCE)
concentrations in exceedance of Site criteria remain limited to the immediate vicinity of and
immediately downgradient from the FSA.

= Elevated concentrations of daughter product VOCs (1,1 DCA, cis-1,2-DCE and vinyl chloride)
relative to parent product VOCs (1,1,1-TCA, PCE and TCE) at overburden monitoring wells
continue to provide compelling evidence of ongoing biodegradation processes in both FSA
and downgradient monitoring wells.

= Based on a review of the historic analytical results and the results of the recent sampling
events (2002 through 2008), it appears that the VOC plume in the overburden deposits is
stable (ESS, 2009). This is visually depicted in Figure 2.16 which presents an overlay of the
TVOC isoconcentration contours from the Phase 2, Phase 3 and Phase 4 sampling events.

= The nature and extent of the impacted groundwater within the overburden deposits
continues to be well defined by the existing monitoring well network over the majority of the
Site. The extent of VOC impacts within the overburden deposits is consistent with the current
understanding of groundwater flow paths and hydrogeology at the Site and the
representation of Site fate and transport characteristics as presented in the Draft
Groundwater Fate and Transport Modeling report (URS, 2006). Thus, the existing monitoring
well network is sufficient to support the Conceptual Site Model and to continue to monitor
groundwater conditions at the Site.

2.6.2 Bedrock

During the Phase 4 investigation, groundwater samples were collected from 19 monitoring wells
completed in the bedrock within the study area. Table 2.2 summarizes the compounds detected
in the bedrock during the Fall 2008 monitoring event as well as the previous Phase 1, Phase 2
and Phase 3 sampling events (ESS, 2002, 2004, 2005, and 2006), and the 1991 sampling event
(Woodward-Clyde, 1993). Figure 2.17 presents an isoconcentration map of the TVOC
concentrations detected in the bedrock monitoring wells during the Fall 2008 monitoring event.
Figures 2.18 and 2.19 present isoconcentration maps of the detected TCE and PCE
concentrations, respectively, in the bedrock monitoring wells.

Review of the data provides the following key observations:

= The highest TVOC concentrations detected in the Fall 2008 monitoring event were located
within the former disposal areas (OW-94-R) and in the vicinity of the wetland areas located
to the north of the Northern Disposal Area (monitoring well locations OW-101-R, OW-41 and
OW-112-R). This is consistent with the results of the previous Phase 2 and Phase 3 sampling
events.

= The TCE isoconcentration map (Figure 2.18) shows two areas of elevated TCE
concentrations, one located in the immediate vicinity of the former Southern Disposal Area at
OW-94-R and the other located in the area of monitoring well OW-112-R and extending
hydraulically downgradient of this area to wells OW-33 and OW-36.
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= The PCE isoconcentration map (Figure 2.19) shows that the highest detected concentration
of PCE occurred within the FSA at OW-94-R, adjacent to the wetland area to the north of the
FSA at OW-112-R and hydraulically downgradient of this area at monitoring wells OW-33 and
OW-36. The PCE isoconcentration map is similar to the TCE isoconcentration map.

= Elevated concentrations of daughter product VOCs (1,1 DCA, cis-1,2-DCE and vinyl chloride)
relative to parent product VOCs (1,1,1-TCA, PCE and TCE) at bedrock monitoring wells
continue to provide compelling evidence of ongoing biodegradation processes.

= Based on a review of the historic analytical results and the results of the recent sampling
events, it appears that the VOC plume in the bedrock is stable. This is visually depicted in
Figure 2.20 which presents an overlay of the TVOC isoconcentration contours from the Phase
2 and Phase 3 sampling events.

= The nature and extent of the impacted groundwater within the bedrock deposits continues to
be well defined by the existing monitoring well network over the majority of the Site. The
extent of VOC impacts within the bedrock is consistent with the current understanding of
groundwater flow paths and hydrogeology at the Site and the representation of Site fate and
transport characteristics as presented in the Draft Groundwater Fate and Transport Modeling
report. Thus, the existing monitoring well network is sufficient to support the Conceptual Site
Model and to continue to monitor groundwater conditions at the Site.

2.7 Natural Attenuation and Geochemical Conditions

The Phase 4 investigation Fall 2008 groundwater sampling event included the analysis of
groundwater samples from select monitoring wells for monitored natural attenuation (MNA)
geochemical parameters including chloride, sulfate, iron, manganese, sulfide, nitrate, nitrite,
alkalinity, total organic carbon, and dissolved gases (ethene, ethane, methane, hydrogen). Field
parameters (DO and ORP) were also monitored during the collection of the groundwater samples and
are utilized in evaluating the geochemical setting and capacity for reductive dechlorination. The MNA
data collected during the Fall 2008 sampling event is summarized in the Phase 4 Supplemental Field
Investigation Report, Appendix K (ESS, 2009). The field parameters are summarized on Table 2.3.
Based on a review performed by ESS (2009) of the recent and historic analytical data, it is readily
apparent that the chlorinated ethenes are the predominant VOCs at the Site.

The results of the VOC and geochemical parameter analysis of groundwater samples continue to
provide compelling evidence that biodegradation processes are active at the Site (ESS, 2009) as
presented on Tables 2.1 and 2.2 (VOC data for overburden and bedrock groundwater), and Table 2.3
(field parameters) (see Appendix K of the Phase 4 investigation report for MNA data; ESS, 2009). The
observed trends in the ratios and relative concentrations of parent to daughter product VOCs
continue to provide similar evidence in both the unconsolidated deposits and bedrock. In addition,
the dechlorination process appears to be going to completion based on the production of daughter
products, including cis-1,2-dichloroethene and vinyl chloride, within and immediately downgradient of
the FSA, the reduction in the detected concentrations of these compounds further downgradient of
the FSA and the elevated concentrations of both ethene and ethane (greater than 0.01 mg/L)
detected in the vicinity of and immediately downgradient of the FSA (ESS, 2009).
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Nobis (2009b) evaluated the Phase 4 investigation data and reported similar observations. Their
evaluation indicated the following:

= Natural attenuation in the overburden aquifer appears to be robust in the FSA and downgradient
to OW-043. This zone of reductive dechlorination is approximated by the footprint of the PCE and
TCE extent exceeding MCLs.

= Both PCE and cis-1,2-DCE concentrations will likely continue to decline. However, cis-1,2-DCE
and vinyl chloride presence downgradient of the PCE and TCE extent are increasing and
accumulating, indicating that reductive dechlorination has stalled in this portion of the aquifer
because of unfavorable subsurface and redox conditions.

= Natural attenuation in the bedrock aquifer appears to be very active in the FSA and downgradient
to OW-007. This zone of reductive dechlorination is approximated by the footprint of the PCE and
TCE extent exceeding detection limits.

»= Reductive dechlorination in the bedrock aquifer appears to occur over a larger area than in the
overburden aquifer.

*» The natural attenuation screening results suggest that subsurface conditions are conducive for
the reductive dechlorination of highly chlorinated VOCs such as PCE, TCE, and a lesser extent,
cis-1,2-DCE. However, outside these zones of reductive dechlorination, anaerobic degradation of
cis-1,2-DCE to vinyl chloride or of vinyl chloride to ethene is likely very slow or nonexistent, and
further degradation of cis-1,2-DCE and vinyl chloride have stalled.

In summary, the VOC and geochemical parameter analytical data and the field parameter data
collected during the Phase 2, Phase 3, and Phase 4 monitoring events strongly supports that
reductive dechlorination processes are active at the Site in both the overburden deposits and bedrock
and that the degradation of the chlorinated VOCs is occurring to completion as evidenced by the
elevated concentrations of ethane and ethene. Additionally, the geochemical parameters strongly
support the predominance of anaerobic conditions at the Site which are conducive to reductive
dechlorination.

2.8 Surface Water Quality

During the Phase 4 investigation three surface water samples were collected from Latham Brook,
located northeast of the Site between wells OW-109-O and OW-24 (ESS, 2009). The analytical results
indicate the presence of VOCs above detection limits in surface water. VOCs detected in the surface
water samples appear to be similar to those detected in groundwater samples and include 1,1,1-TCA,
1,1-DCA, cis-1,2-DCE, PCE, TCE, and vinyl chloride. However, groundwater samples collected from
nearby overburden and bedrock monitoring wells closest to the sample stations (i.e., OW-109-O, OW[]
111-0, OW-110-R, OW-080, OW-109-R) did not contain detectable concentrations of these VOCs.
According to Nobis (2010), the results suggest that: 1) groundwater may be discharging to surface
water closer to (or perhaps adjacent to) the wetland area that feed into the stream where the
surface water samples were collected, or 2) groundwater may be migrating from the Site to Latham
Brook via a pathway that is not currently in the vicinity of an existing monitoring well. An additional
mechanism for discharge of impacted groundwater to the stream, which may affect the levels of
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contaminants detected in surface water, is the trench drain that was installed in the FSA during the
performance of the Source Remedy (OU-3). This trench drain captures groundwater within the FSA
and discharges directly to the unnamed stream downgradient of the ponded wetland area located
immediately to the east of the FSA.

3.0 PRE-DESIGN INVESTIGATION IMPLEMENTATION

As previously described, the PDI includes the performance of six distinct investigation and testing tasks to
support the design of the OU-2 remedy, the development of the LTM Plan and ICP Plan and future
decision-making associated with the following:

= Direct contact human health risk associated with the previously treated backfill
= Bedrock groundwater (OU-4)

= Surface water and sediment
The following sections provide additional detail on these proposed investigation and testing programs.

3.1 Pre-Design Investigation

The objective of the Pre-Design Investigation is to provide the data necessary to support the design
of the OU-2 remedy. Figure 3.1 provides a plan view layout of the FSA and also shows the area
where the previously treated backfill was emplaced after the performance of the Source Remedy.
Figure 3.2 provides a general schematic of the FSA that shows the relationship between the treated
backfill and the Plume Core, which are the focus for the PDI field investigation. These two figures
were developed based on the information presented in the Remedial Action Report (LEA, 2002) which
documents the performance of the Source Remedy and the backfiling of the FSA. The general
stratigraphy within FSA is shown on this conceptual schematic and will be referenced in the
subsequent sections of this work plan. Table 3.1 provides some Site-specific information on the
thicknesses of the Treated Backfill and the Plume Core based on the survey elevations for the Phase
4 soil borings and information contained in the Remedial Action Report (LEA, 2002) for the Source
Remedy.

3.1.1 Plume Core Evaluation

The Plume Core is the principal area of the Site targeted for remediation using the active
treatment program proposed as part of the OU-2 remedy. As stated in the SOW, the objective of
this PDI task is to characterize the type and extent of contaminants (both soil and groundwater)
that are underlying the approximate boundary of the FSA. This evaluation will:

= Provide better estimates of the contaminant mass to be addressed during remediation.

= Collect data for other parameters that may affect in-situ treatment or reagent injection and
distribution.
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= Provide data to assess the nature and distribution of residual contaminant mass within the
different stratigraphic layers previously identified within the FSA (e.g., organic peat, fine-
grained silt/sand, and sand/sand and gravel).

Data will be collected within this task to address these objectives and to support the decision
processes as outlined in the RDWP.

Additionally, the Plume Core evaluation will be used to provide data to confirm that residual
contaminant impacts do not extend beyond the current delineation of the Plume Core (i.e., FSA).
To meet this objective, Plume Core delineation wells (PCD-#) will be installed in the overburden
around the upgradient perimeter of the Plume Core area. Groundwater quality data from the
proposed wells and existing wells will be used to refine the delineation of the Plume Core, if
necessary, since, in accordance with the SOW, groundwater quality results will be used to
determine the extent of the Active Treatment Zone for the OU-2 remedy and groundwater quality
will ultimately be used to assess the performance of the OU-2 remedy.

3.1.1.1 Geostatistical Assessment Approach

In order to determine the number of borings and associated soil samples necessary to
provide a statistically significant dataset representative of the Plume Core contaminant
distribution, a geostatistical evaluation was performed using historic data generated during
the Pre-Excavation Investigation (EnSafe, 1998) and the Phase 4 Boring Program (ESS,
2009). A copy of this statistical analysis is provided in Attachment A. The statistical
evaluation concluded that a boring program based on an 80- to 100-foot grid spacing would
provide a sufficient sample number to define the proposed Plume Core at a high level of
statistical certainty (95% confidence). On the basis of this statistical evaluation, a 90-foot
grid spacing has been used to locate the proposed Plume Core borings. The proposed
locations of the Plume Core borings are shown on Figure 3.3.

An evaluation of the number of samples required within each of the proposed borings to
minimize the potential for missing zones or layers of residual soil impacts was also
performed. This statistical evaluation concluded that if a random or uniform spacing was
used to determine the sample depths, 3 to 4 soil samples would be recommended for each of
the proposed borings. Since it is proposed that the soil samples will be collected using a
biased or targeted approach based on field observations and the results of field headspace
screening of soil samples, the potential for missing a zone or layer of residual soil impacts is
greatly reduced. On this basis, the Plume Core soil sampling program proposes the field
screening of all soil samples and collection of a minimum of two soil samples per boring for
the full suite of analytes (VOCs, SVOCs, pesticides, PCBs and metals) as required by the
SOW. Additional soil samples will be collected within the Plume Core to provide additional
data on the nature and extent of residual VOC mass, which is the target of the OU-2 remedy,
with soil samples targeting sampling and analysis of each stratigraphic unit encountered
within each boring.
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3.1.1.2 Plume Core Soil Borings

In accordance with the requirements of the SOW and based on the statistical assessment
program described above to support the design of the OU-2 remedy, a drilling and soil
sampling program is proposed within the Plume Core to:

= Characterize subsurface conditions within the Plume Core.

= Collect soil samples for laboratory analysis to provide additional data on the nature of
residual soil impacts in the Plume Core and for other parameters that might affect the
design and/or performance of the OU-2 remedy.

The soil borings will also be used for the installation of additional shallow, deep and targeted
monitoring wells. Additional detail on the proposed monitoring wells is provided in Section
3.1.1.3 below.

Based on the 90-foot grid spacing discussed above, a total of twenty-eight (28) soil borings
are proposed within the Plume Core, which underlies the FSA. Refer to Figure 3.3 for the
proposed locations of the Plume Core borings. The locations of the proposed borings will be
established in the field using Global Positioning System (GPS) techniques.

Advancement of Borings

It is proposed that the drilling be completed using direct push drilling techniques to assess
the feasibility of performing the proposed OU-2 remedy using this drilling technique. The
Settling Defendants (also herein referred to as the Davis Site Group) are proposing to
perform the drilling and well installation using a Geoprobe 7822DT direct push rig (or similar)
that allows for the drilling of larger diameter boreholes and uses heavier tooling that helps to
maintain plumb boreholes. If shallow refusal is encountered in any of the proposed borings,
at least one additional attempt will be made to complete the boring at a location within
approximately ten feet of the initial location. If an unacceptable amount of refusals are
encountered during the performance of the boring program, an alternative drilling technique
(e.g., Rotasonic, drive and wash) will be considered for use to complete the Plume Core
boring program.

Pertinent details for the advancement of Plume Core borings are as follows:

= Borings will be advanced through the overburden using direct push drilling techniques.
Soil boring drilling and sampling specifications are outlined in SOP A-1 of the FSP.

= The lithology of all borings will be recorded in the field on boring logs and/or the field
logbook. In addition to lithology, PID/FID readings will be recorded on the field log
and/or the field logbook. A sample of a boring log referenced in SOP A-1 is included in
Attachment B of the FSP.

= Soil samples will be collected on a continuous basis from the top of the Clean
Fill/Screened Material Zone (approximately elevation 409.6 feet MSL) to the bedrock
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surface, based on refusal of the drilling equipment. Direct push drilling techniques allow
for the withdrawal of up to five feet of sample from the borehole at a time.
Unconsolidated samples are collected in disposable core liners in five-foot increments for
ease of handling and sample preservation. Field screening of unconsolidated deposits by
PID headspace will be conducted at one-foot intervals. Soil samples that have PID
readings greater than 100 ppm, will be screened for non-aqueous phase liquid (NAPL)
using the soil-water shake test and Oil Red O screening methodologies as outlined in SOP
A-5 in the FSP.

= Competent bedrock will be discerned from weathered bedrock based on observation of
the material retrieved from the direct push core barrel and the general drilling conditions
encountered when drilling down to the depth of competent bedrock.

SOPs A-1 and A-2, and A-3 in the FSP provide details on boring advancement and sampling
techniques. In general, decontamination procedures for the drill tooling will be performed in
accordance with SOP A-1 (i.e., pressurized steam cleaning). In addition, if NAPL-containing
soil is encountered during the field investigation activities then a more aggressive
decontamination process may be required. Both ESS and the drilling company will be
prepared to decontaminate the drill tooling utilizing Alconox, isopropyl alcohol and scrub
brushes in addition to using a pressurized steam cleaner.

Field Screening

As described in the above section, field screening of unconsolidated deposits by PID/FID
headspace will be conducted at one-foot intervals. In general, field headspace screening and
equipment calibration will be performed in accordance with SOPs A-3 and A-4 of the FSP. Soil
samples that have PID readings greater than 100 ppm, will be screened for non-aqueous
phase liquid (NAPL) using the soil-water shake test and Oil Red O screening methodologies
as outlined in SOP A-5 in the FSP.

ESS will photo document the field activities including the Oil Red O shake tests, and that
documentation will be provided in the appropriate PDI summary report.

Soil Samplin

The objective is to collect samples from a range of lithologies to provide physical data for the
various lithologies present within the FSA. Sample selection will be independent of the level
of contamination and will target the primary stratigraphic layers (i.e., peat, grey silt/fine
sand/clay, sand and gravel) that were identified during previous sampling events. It is
anticipated that at least two soil samples will be collected from each lithologic unit spread out
over the area where that lithologic unit is present, and analyzed for physical testing
parameters.

The Geoprobe 7822DT and similar direct push rigs allow for the collection of soil samples up
to 3 inches in diameter using heavier tooling than smaller direct push drill rigs.
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In general, soil samples will be designated for laboratory analysis based on the results of
field observations, headspace screening and stratigraphy in accordance with the criteria
specified in Table 3.2. All samples will be collected in accordance with SOPs A-1 in the FSP.
Sample to be analyzed for SVOC's pesticides and metals will be collected in laboratory
supplied bottles. Samples to be analyzed for TCL VOCs will be collected using EnCore
sampling devices or the Terracore Method and EPA Method 5035 (methanol).

Soil samples from select locations will be collected for analysis of physical testing parameters
(total organic carbon (TOC), porosity, soil bulk density, grain size distribution). Sample
locations will be chosen by the field geologist and will be dependent on the lithologies
encountered during drilling activities. Physical testing parameter samples will be analyzed by
TestAmerica Laboratories.

Select soil samples, representative of the different stratigraphic layers within the FSA will also
be collected for laboratory analysis of treatability parameters to provide data in support of
the bench testing program. Refer to Table 3.3 for a listing of the soil treatability parameters.

3.1.1.3 Plume Core Monitoring Wells

Additional monitoring wells will be installed within the Plume Core and will be used, in
conjunction with the existing monitoring wells, for collection of groundwater samples for:

= Analysis of VOCs to support the delineation of the Active Treatment Zone.

= Analysis of treatability parameters and performance monitoring parameters to support
the design of the bench-scale testing program and the pilot testing program.

= Analysis of VOCs to support the further delineation of the Plume Core (i.e., FSA).

In addition, a number of these wells will likely be utilized for monitoring during the pilot test
and for performance monitoring associated with implementation of the full-scale remedy.

As shown on Figure 3.4, twelve (12) additional Plume Core characterization wells (PC-#) are
proposed for installation. The objective of the additional wells is to provide shallow and deep
well couplets throughout the Plume Core. The well couplets will be installed in separate
boreholes (i.e., not co-located within a single borehole). Additional, targeted monitoring wells
may also be installed to assess groundwater quality within specific stratigraphic layers (e.qg.,
organic peat). All of the proposed Plume Core monitoring wells will be screened within the
overburden.

To support the delineation of the Plume Core, three (3) additional Plume Core delineation
wells (PCD-#) are proposed for the western and southern areas of the Plume Core. As shown
on Figure 3.4, existing wells OW-55, OW-102-O and OW-304-O, along with the proposed
delineation wells, will be used to assess the extent of the Plume Core in the cross-gradient
and upgradient flow directions.
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As necessary, the Plume Core monitoring well network (existing and newly installed) may
also be used for evaluation of the hydrogeologic conditions within the FSA. In conjunction
with Site-wide groundwater monitoring events, water levels will be collected from all Plume
Core monitoring wells to assist in understanding flow conditions. Hydraulic conductivity
testing (e.g., slug tests or single well pumping tests) may also be performed in the Plume
Core monitoring wells to provide data to support an evaluation of mass flux.

Monitoring well locations may be modified in the field on the basis of field observations and
the screening of soil samples. Additional monitoring wells (PC-#Peat, PC-#Silt) may also be
installed and screened within either the organic peat deposits or the fine-grained silt
deposits. The rationale for the installation of the proposed Plume Core monitoring wells is
provided in Table 3.4.

Pertinent details for the installation of monitoring wells in the Plume Core are as follows:

= Wells will be constructed of 2-inch or 1.5-inch diameter PVC well casing and riser. Wells
may be constructed using pre-packed well screens to facilitate installation using direct
push drilling techniques.

= Screen lengths for overburden wells will be either 5 or less feet.

= Screen intervals for overburden wells will be determined based on the results of field
observations, headspace readings and stratigraphy as outlined on Table 3.4. The
objective is to establish a monitoring wells network of shallow and deep wells within the
Plume Core, including targeted wells screened within individual stratigraphic layers.

SOPs A-1, and A-6 in the FSP provide details on well installation techniques. In general, the
completed monitoring wells will be developed in accordance with SOP A-6. The monitoring
wells installed as part of this work plan will be developed by pumping and surging with either
a Waterra pump or a dedicated polyethylene bailer. It is anticipated that the amount of
drilling water lost to the formation will be minimized to the extent possible, and the amount
of water lost will be estimated during drilling. When the newly installed wells are developed,
an attempt will be made to recover any lost drilling water.

Groundwater Sampling Approach

Initial groundwater sampling will be conducted at select existing and/or newly installed
overburden Plume Core monitoring wells, including all of the Plume Core Delineation Wells
(VOCs only), for VOCs and select groundwater treatability parameters following the
installation and development of the proposed Plume Core monitoring wells. Refer to Table
3.3 for a listing of the groundwater treatability parameters. This initial sampling event is
being performed to provide information for the design of the bench scale testing program.
Table 3.5 provides a summary and rationale for the proposed Plume Core groundwater
sampling. All wells will be sampled in accordance with SOP A-9 of the FSP. Sample handling
and quality assurance protocols and field measurement and laboratory analytical methods are
detailed in the FSP and the QAPP.
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Physical parameters to be measured include the following:

= Depth to groundwater: water level measurements will be collected using an electronic
water level sensor or interface probe in accordance with SOP A-8 contained in the FSP.
Measurements will be recorded on the Water Level Measurements Form contained in
Attachment B of the FSP.

= Depth and thickness of NAPL, if present: gauging of NAPL will be conducted with an
interface probe in accordance with SOP A-8 contained in the FSP. This information will be
documented on the Water Level Measurements Form contained in Attachment B of the
FSP.

Chemical parameters to be measured include the following:

= Field parameters: pH, conductivity, temperature, oxidation/reduction, turbidity, redox
potential (Eh), and dissolved oxygen (DO).

= VOCs, and select treatability parameters via laboratory analysis.

Additional sampling of the Plume Core wells will be performed, as necessary, for VOCs,
treatability parameters, and/or performance monitoring parameters to support the
delineation of the Active Treatment Zone, ongoing bench-scale and pilot testing programs
and to provide data to support the evaluation of performance monitoring parameters for the
pilot test. This additional sampling will be performed at the direction of the design engineer.
Refer to Table 3.3 for a listing of the groundwater performance monitoring parameters.

All Plume Core existing and newly installed monitoring wells will be sampled for VOCs to
support the delineation of the Active Treatment Zone in the 30% Design and/or 100%
Design. The proposed Plume Core monitoring wells will not be included in the ongoing Site-
wide groundwater monitoring program.

3.1.1.4 Investigation Derived Waste Management

Investigation-derived waste (IDW) will be managed in accordance with the Site Management
Plan (SMP), RIDEM Policy Memo 95-01, previous ESS correspondence dated February 26,
2003 and previous RIDEM correspondence dated March 19, 2003. The previous ESS
correspondence and RIDEM response are attached as Attachment B. Soil cuttings generated
during the Source Area borings will be used to backfill the borings at the approximate depth
they were generated, to the extent possible. Excess soil cuttings generated during boring
advancement will be managed based on the results of field headspace screening using a
threshold of 10 parts per million (ppm). Excess soils exhibiting headspace screening results of
less than 10 ppm will be spread over ground surface as necessary, in accordance with the
previous IDW correspondence for the Site.

In general, purge water generated during well development and purging during sampling
activities will be containerized and managed in accordance with the SMP at an off-Site facility
unless groundwater sampling results and/or representative drum samples exhibit VOC
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concentrations below the RIDEM GA Groundwater Criteria. If detected concentrations are less
than the RIDEM GA Groundwater Criteria, the development and purge water will be
discharged to the ground surface. ESS will coordinate with the EPA and RIDEM as to the
appropriate method for discharging to the ground surface, if appropriate.

3.1.1.5 Data Evaluation

The soil data generated from the Plume Core investigation will be compiled, along with
existing data generated during the Phase 4 drilling program, to update the Site Conceptual
Model relative to the nature and extent of residual contaminant mass within the Plume Core.
In particular, the evaluation will focus on the residual VOC mass, since this is the target of
the OU-2 remedy, within the Plume Core and within specific stratigraphic layers. Estimates of
the residual VOC mass will be established to support the design of the OU-2 remedy. Soil
data collected for the treatability parameters will also be compiled and used in the design of
the Bench and Pilot Testing Evaluation.

The groundwater data generated from the Plume Core investigation will be used to support
the design of the Bench and Pilot Testing Program and for evaluation of the Plume Core and
the Active Treatment Zone. Contour maps of VOC concentrations will be used to assess areas
exceeding the Interim Groundwater Remediation Goals (IGRGs), which are the criteria that
will be applied to evaluate if impacts extend beyond the current extent of the Plume Core,
and for delineation of the Active Treatment Zone relative to these same standards.

3.1.2 Treated Backfill Evaluation

As stated in the SOW, the objective of this PDI task is to collect information to assess whether
previously Treated Backfill within the FSA contains residual contaminants that may pose
continued threats to groundwater quality or to human health or the environment. Data will be
collected within this task to address these objectives and to support the decision processes as
outlined in the flowchart presented in Figure 3.5 and previously discussed in the RDWP.

Based on the information presented in the Remedial Action Report (LEA, 2002), the Treated
Backfill was emplaced beneath a topsoil cap of 6 inches down to an elevation of at least 409.6
feet AMSL over the majority of the FSA (See Figure 3.2). Table 3.1 provides some Site-specific
information on the thicknesses of the Treated Backfill based on the survey elevations for the
Phase 4 soil borings and information contained in the Remedial Action Report (LEA, 2002) for the
Source Remedy.

3.1.2.1 Treated Backfill Soil Borings

In accordance with the requirements of the SOW, a drilling and soil sampling program is
proposed within the Treated Backfill to:

= Characterize subsurface conditions within the Treated Backfill.
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= Collect soil samples for laboratory analysis to assess whether previously Treated Backfill
within the FSA contains residual contaminants that may pose continued threats to
groundwater quality or to human health or the environment.

The Treated Backfill soil borings will be collocated with 20 of the Plume Core soil borings,
oriented on a 90-foot grid. The number of proposed Treatment Backfill soil borings is based
on the requirement of the RIDEM Remediation Regulations that a minimum of 20 soil
samples be collected from intersecting points on a grid to allow the use of a statistical
analysis for determining compliance with the RIDEM Direct Exposure Criteria. A minimum of
ten samples is also required to calculate the 95% UCL using EPA's ProUCL software.

The locations of the proposed borings will be established in the field using Global Positioning
System (GPS) techniques. Refer to Figure 3.3 for the proposed locations of the Treated
Backfill soil borings. Table 3.1 provides details on the thickness of the Treated Backfill based
on the results of the Phase 4 boring program and the information contained in the Remedial
Action Report (LEA, 2002).

3.1.2.2 Advancement of Borings

It is proposed that the drilling be completed using direct push drilling techniques, in a
manner generally consistent with the Plume Core borings as described in Section 3.1.1.2
above.

Pertinent details for the advancement of Treated Backfill borings are as follows:

= Borings will be advanced through the Treated Backfill using direct push drilling
techniques. Soil boring, drilling, and sampling specifications are outlined in SOPs A-1, A-2
and A-3 of the FSP.

= The lithology of all borings will be recorded in the field on boring logs and/or the field
logbook. In addition to lithology, PID/FID readings will be recorded on the field log
and/or the field logbook. A sample of a boring log referenced in SOP A-1 is included in
Attachment B of the FSP.

= Soil samples will be collected on a continuous basis from the bottom of the topsoil cap
(upper 6 inches) to the top of the Clean Fill/Screened Material Zone (approximately
elevation 409.6 feet AMSL). Direct push drilling techniques allow for the withdrawal of up
to five feet of sample from the borehole at a time. Unconsolidated samples are collected
in disposable core liners in five-foot increments for ease of handling and sample
preservation. Field screening of unconsolidated deposits by PID headspace will be
conducted at one-foot intervals.

SOPs A-1 and A-2, and A-3 in the FSP provide details on boring advancement and sampling
techniques. In general, decontamination procedures for the drill tooling will be performed in
accordance with SOP A-1 (i.e., pressurized steam cleaning). In addition, if NAPL-containing
soil is encountered during the field investigation activities then a more aggressive
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decontamination process may be required. Both ESS and the drilling company will be
prepared to decontaminate the drill tooling utilizing Alconox, isopropyl alcohol and scrub
brushes in addition to using a pressurized steam cleaner.

3.1.2.3 Field Screening

As described in the above section, field screening of unconsolidated deposits by PID
headspace will be conducted at one-foot intervals. In general, field headspace screening and
equipment calibration will be performed in accordance with SOP A-2 of the FSP.

3.1.2.4 Sampling Approach

The Treated Backfill sampling strategy and rationale are presented in Table 3.6. Samples will
be collected from three different depth intervals (shallow: 0.5 to 2 feet bgs, intermediate: 3
to 5 feet bgs, deep: 6 to 8 feet bgs), dependent upon the thickness of the Treated Backfill, to
assess for leaching potential throughout the Treated Backfill and to be representative of
various potential direct contact exposure scenarios.

3.1.2.5 Soil Sampling

All Treated Backfill samples will be collected in accordance with SOPs A-1 and A-2. Treated
backfill samples will be analyzed for VOCs, SVOCs, PCBs, pesticides and metals, in
accordance with the SOW. Samples to be analyzed for TCL VOCs will be field preserved using
EnCore sampling devices or the Terracore method and EPA Method 5035 (methanol).
Pending the initial evaluation of the analytical data compared to the RIDEM standards,
additional soil sampling may be performed to collect samples for analysis by the Synthetic
Precipitation Leaching Procedure (SPLP) analysis for chlorinated VOCs. This additional soil
sampling would target the areas of exceedances identified by the screening of the initial
data.

Additional soil samples may also be collected for laboratory analysis of grain size distribution
or total organic carbon at the discretion of the field geologist.

3.1.2.6 Investigation Derived Waste Management

IDW generated during the Treated Backfill boring and sampling work will be managed
consistent with the methods outlined in the SMP and Section 3.1.1.4 above.

3.1.2.7 Leaching Assessment

The leaching potential of the Treated Backfill will be evaluated in accordance with the flow
chart provided in the RDWP and included here as Figure 3.5. In accordance with the right
hand side of the flowchart, leaching potential will be evaluated by comparing data from the
Treated Backfill soil samples to the RIDEM GA Leachability Criteria. If the soil concentrations
of the Treated Backfill samples are below the applicable RIDEM Leachability Criteria, then no
further action will be required to assess for leaching potential. If the soil concentrations of
the Treated Backfill samples are above the applicable RIDEM Leachability Criteria using the
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direct comparison approach, then the nature and distribution of the data will be discussed
with EPA and RIDEM, within the context of the OU-2 remedy, to determine what subsequent
steps are required.

As stated in the SOW, more detailed evaluations of leaching potential (e.g., SPLP testing,
Site-specific modeling) may be proposed for approval by the EPA, after reasonable
opportunity for review and comment by the RIDEM, and implemented in a manner consistent
with the remedial goals and approach for groundwater, as stated in the ROD Amendment.

3.1.2.8 Human Health Assessment

Threats to human health through direct exposure to the Treated Backfill will be evaluated in
accordance with the flow chart provided in the RDWP and included here as Figure 3.5.
Threats to human health through direct exposure to the Treated Backfill shall first be
evaluated by comparing data from the Treated Backfill soil samples to the EPA’s RSLs and
RIDEM’s Direct Exposure Criteria (DEC). If the soil concentrations of the Treated Backfill
samples are below the RSLs and DEC, then no further action will be required to assess for
potential human health direct contact risk. If the soil concentrations of the Treated Backfill
samples are above the RSLs and DEC, then Exposure Point Concentrations (EPCs) for the
compounds that exceeded the RSLs and/or DEC will be calculated consistent with the
methodology presented in Attachment C. If the calculated EPCs are below the RSLs and DEC,
then no further action will be required to assess for human health direct contact risk. If the
calculated EPCs are above the RSLs and/or DEC, then a Site-specific human health risk
assessment will be performed as described in Attachment C. If the risks calculated in the risk
assessment are shown to not be significant, then no further action will be required to assess
for human health direct contact risk. If the risks calculated in the risk assessment are shown
to be significant, then remedial options to address direct contact exposures will be evaluated,
including the use of land use restrictions.

3.1.3 Bench and Pilot Testing Evaluation

In accordance with Consent Decree (CD) Appendix B - Statement of Work (SOW):

Bench-scale treatability testing (bench test) will be performed to select the optimal reducing
agent for chemical treatment and fermentable carbon substrate for microbial growth in the
subsurface overburden materials of the Active Treatment Zone.

Field-scale pilot tests will be performed to ascertain the ability to distribute the reagent in the
formation (i.e. variable permeability soils or high water table) and the effectiveness in
addressing contaminants in the overburden Plume Core.

The goals of these evaluations are:

Select the design reducing agent for chemical treatment and fermentable carbon substrate
for microbial growth in the subsurface overburden materials of the Active Treatment Zone.
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= Collect appropriate field information (site-specific geochemical, biological, etc.) in the Active
Treatment Zone that will be needed to design each of the components identified in the 2010
ROD Amendment for in-situ chemical reduction and enhanced biodegradation, and develop
data needed to design the effective distribution of treatment reagent into the subsurface
overburden materials in the Active Treatment Zone.

= Identify and field test potential reagent distribution technologies (injection/delivery systems)
to evaluate their effectiveness to distribute the treatment reagents into the Active Treatment
Zone and in addressing Site contaminants (COCs shown in Attachment D of the SOW) based
on site-specific conditions, as appropriate.

Background and Discussion

The ROD Amendment and SOW specify a remedy, as generally depicted in Figure 11 and Figure
12 of the ROD Amendment, consisting of /n situ treatment of chlorinated VOCs in the
water-saturated overburden soils within the FSA (a.k.a. Plume Core) with chemical reducing
agents and/or enhanced biodegradation agents coupled with natural attenuation of the remaining
untreated portion of the overburden plume. EPA provides that much of the plume is already in a
chemically reduced state; therefore the selected remedy is only required to enhance this
electrochemical condition through the addition of a reducing agent and electron donor to
enhance chemical reduction of chlorinated organic compounds. EPA estimates the ROD-specified
remedy will achieve remediation of the overburden plume within a 40 to 45 year time frame.

EPA, in the 2009 Final Conceptual Site Model Technical Memorandum Addendum, estimates that
the Plume Core and overburden groundwater is impacted with approximately 261 kg (576
pounds) of VOCs; 237 kg (523 pounds) in 170,000 yd® of VOC-contaminated saturated soil plus
24 kg (53 pounds) in 14,300,000 gallons of VOC-contaminated overburden groundwater. EPA
estimates the remedy will cost $13,700,000, which comes to a unit remediation cost of
approximately $23,785 per pound ($1,486 per ounce) of VOC, $80/yd?, and $0.96/gallon.

The ROD Amendment and SOW provide that:

= In an anaerobic environment, the natural degradation of chlorinated hydrocarbons follows
the reductive dechlorination pathway.

= Organic substrate material such as emulsified vegetable oils, lactic acid, or molasses extracts
can be added to enhance the growth of reductive dechlorinating microbes.

= In-situ enhanced biodegradation can be completed in conjunction with the in-situ chemical
reduction or as a stand-alone injection.

= A slightly buffered solution should be added to assist in the neutralization of any acids that
form from reduction processes.

= The chemical reduction and enhanced biodegradation can be combined into a single
treatment.
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The organic substrate that promotes microbial growth and reductive dechlorination shall be
used as the delivery liquid for the reagent into the Plume Core (saturated soils and
groundwater in the FSA) and the overburden plume.

The purpose of the bench and pilot testing described below is to assess the efficacy of the
remedial approach to treat the chlorinated VOCs listed in Attachment D of the SOW within
differing aquifer soil types and facilitate the detailed design of the remedy including:

Reagent selection
Reagent dosage:

o concentration

o specific volume

o rate

Reagent supplements:
o pH buffer

o nutrients

Reagent delivery:

o approach (injection, mixing, etc.)
o spacing

o frequency

Performance monitoring requirements and frequency

Key decisions to be answered by the bench and pilot tests include:

What types of reagents are applicable to the site?
What reagents should be selected for bench testing by mixed slurry microcosms?

What are the major controlling/limiting factors identified in the bench-scale tests that need to
be considered in the design?

What are the potential impediments to effective implementation?
What can bench-scale column tests and field-scale pilot tests do to resolve significant issues?
What is the best reagent to take to pilot testing?

What is the likely effective longevity of the applied reagent(s) in the subsurface?

State of the Practice Overview

A short overview of the theory and state of the practice for in situ chemical reduction (ISCR) and
/n situ bioremediation (ISB) of chlorinated compounds is provided to facilitate understanding of
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the planned approach to making the key decisions toward fostering effective remedy design. The
following reference materials are among the most current, comprehensive, and relevant
resources for the science and art of applying ISCR/ISB for destruction of chlorinated compounds.

USEPA. 2000. Engineered Approaches to In Situ Bioremediation of Chlorinated Solvents:
Fundamentals and Field Applications. Division of Solid Waste and Emergency Response.
EPA 542-R-00-008. http://www.epa.gov/tio/download/remed/engappinsitbio.pdf.

Air Force Center for Environmental Excellence (AFCEE). 2004. Principles and Practices of
Enhanced Anaerobic Bioremediation of Chlorinated Solvents. Environmental Security
Technology Certification Program (ESTCP).
http://costperformance.org/remediation/pdf/principles and practices bioremediation.pdf

Air Force Center for Environmental Excellence (AFCEE). 2007. Protocol for In Situ Bioremediation
of Chlorinated Solvents Using Edible Oil. Environmental Science Division, Technology
Transfer Outreach Office. http://www.afcee.af.mil/shared/media/document/AFD-071203[]
094.pdf

Air Force Center for Environmental Excellence (AFCEE). 2010. Rates and Impacts of Substrate
Delivery for Enhanced Anaerobic Bioremediation: Addendum to the Principles and
Practices of Enhanced Anaerobic Bioremediation of Chlorinated Solvents. Environmental
Security Technology Certification Program (ESTCP) Project: ER-200627.
http://serdp.org/Program-Areas/Environmental-Restoration/Contaminated ]
Groundwater/ER-200627/Addendum ER-200627.

Air Force Center for Environmental Excellence (AFCEE). 2011. Substrate Design Tool: Rates and
Impacts of Substrate Delivery for Enhanced Anaerobic Bioremediation. Addendum to the
Principles and Practices of Enhanced Anaerobic Bioremediation of Chlorinated Solvents.
Environmental Security Technology Certification Program (ESTCP) Project: ER[]

200627 .http://www.serdp.org/Program-Areas/Environmental-Restoration/Contaminated (1
Groundwater/ER-200627/ER-2006272/(modified)/04May2011.

Air Force Center for Environmental Excellence (AFCEE). 2008. Development of a Design Tool for
Planning Aqueous Amendment Injection Systems. Environmental Security Technology
Certification Program (ESTCP) Project: ER-200626. http://www.serdp.org/Program[]
Areas/Environmental-Restoration/Contaminated-Groundwater/ER-200626.

ITRC (Interstate Technology & Regulatory Council). 2008. In Situ Bioremediation of Chlorinated
Ethene: DNAPL Source Zones. BioDNAPL-3. Washington, D.C.: Interstate Technology &
Regulatory Council, Bioremediation of DNAPLs Team.
http://www.itrcweb.org/Documents/bioDNPL Docs/BioDNAPL3.pdf.

U.S. Department of Energy Office of Environmental Management. 2004. Evaluation of
Amendments for Mending the ISRM Barrier. U.S. DOE Hanford Site, Final Technical
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Solutions Report, Technical Assistance Project #33.
http://costperformance.org/remediation/pdf/project33 evaluating amend.pdf

Dolfing, J., et.al. 2008. In Situ Chemical Reduction (ISCR) Technologies: Significance of Low Eh
Reactions. Journal of Soil & Sediment Contamination. Vol. 17, No.2. (March/April, 2008).
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.169.6991

Jianzhong, H. et.al.2007. Influence of Vitamin B12 and Cocultures on the Growth of
Dehalococcoides Isolates in Defined Medium. American Society for Microbiology, Journal
of Applied and Environmental Microbiology, May 2007, p. 2847-2853 Vol. 73, No. 9.
http://superfund.berkeley.edu/pdf/68.pdf.

Haas, J.R. and Shock, E.L. 1999.Halocarbons in the Environment: Estimates of Thermodynamic
Properties for Aqueous Chloroethylene Species and Their Stabilities in Natural Settings.
Geochimica et Cosmochimica Acta 63(19/20), 3429-3442.
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.169.6193&rank=1.

The number, type, and performance of readily available ISCR and ISB reagents continue to
evolve. The evolution of new and better reagents follows increasing understanding of the various
mechanisms important in dechlorination of chlorinated compounds in general and chlorinated
alkenes (chloroethenes like PCE, TCE, DCE, and vinyl chloride) and chlorinated alkanes
(chloroethanes like TCE, DCA, and monochloroethane) in particular. The fairly recent emergence
and popularity of ISCR stems from fairly recent invigoration of the popular interest and
acceptance of the significant role that abiotic and microbially mediated processes play in
anaerobic dechlorination as opposed to classic reductive dechlorination through synergistic
bacterial processes involving anaerobic fermentation of natural or anthropogenic organic
compounds (fermentable carbon substrate) and dechlorinating bacteria.

Popular use of the term “ISCR” is somewhat of a misnomer in the context that popular ISCR
reagents typically combine a solid or liquid reducing agent (usually zero valent iron (ZVI) powder
or sulfur-based liquids) with a fermentable carbon substrate (like emulsified vegetable oil, lactate,
or plant-based cellulose) under the premise that the combined action of the reducing agent and
the fermentable substrate leads to better performance than is otherwise achievable with either
ingredient if used alone. The popular theory is that the dechlorination activity is proportional to
reducing state (more negative oxidation/reduction potential (ORP; as Eh) values infer greater
reducing state). This is to say that more robust dechlorination occurs at lower (more negative)
ORP (as Eh) values. It appears to have been demonstrated that ISCR reagents that combine
reducing agents with fermentable substrates are able to induce and maintain extreme reducing
conditions (Eh -400 mV to -800 mV) instead of more moderate reducing conditions (Eh about
-200 mV) evoked when either ingredient is delivered alone. So, it can be said that ISCR attempts
to realize the synergistic advantage offered by combining an active reducing agent with a
fermentable substrate.

Care should be taken when discussing or reading about ORP and Eh (a.k.a. redox potential or
redox). Unfortunately, all ORP electrodes are not created equally. Various commercially available
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electrodes respond differently from each other. To overcome this limitation, standard practice
should be to normalize all ORP readings to Eh, the “standard” oxidation-reduction potential
realized by a standard hydrogen electrode. Unfortunately, the practice of normalizing ORP to Eh
is not consistently used in the remediation industry. The relationship between ORP values
measured by modern instruments and Eh is readily available and straight forward (SM2580B,
ASTM D1498-00). Reported ORP values could differ from its normalized Eh equivalent by more
than 200 mV if not calibrated or corrected to Eh. The offset to correct ORP to Eh is additive, so
an uncorrected ORP is likely to be about 200 mV lower (more negative) than its Eh-normalized
equivalent. The implication for redox-sensitive decision-making is to take care to compare like
with like (apples with apples) so that a 200-mV misunderstanding does not misguide conclusions.
This PDI, including bench and pilot testing, shall capture redox values normalized to Eh and will
be reported as Eh (ORP as Eh).

ISCR and ISB reagents are commercially available in a variety of formulations; however, they can
be grouped into permeations of the following major characteristics:

= Longevity:
o Short-lasting (readily soluble); typically days to weeks, <1 year
o Moderate-lasting (moderately soluble); typically several months to 1 or few years
o Long-lasting (slow-release, slow-dissolving); typically several years, 5 or more years
= Viscosity:
o Viscous (thick, like honey or motor oil, at normal temperatures)
o Non-viscous (thin, like water, at most temperatures)
= Particle Size (solid or oil micelle [a.k.a. droplet]; average):
o Large (>100 pum)
o Medium (50 to 100 pm)
o Small (1 to 50 pm)
o Very Small (0.1 to 1 pm)
o Nanoscale (0.001 to 0.1 pm)
= Hydrogen Generation Potential (milligrams H,/gram active reagent; typical):
o Lactic acid = 45
o High Fructose Corn Syrup = 45
o Sucrose = 47
o Zero Valent Iron = 50
o Lactose = 65

o Sodium Lactate = 70
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o Ethanol = 88

o Cellulose/Hemicellulose = 120

o Ethyl Lactate = 140

o Edible Vegetable Oils = 180

o Lactic acid ester in glycerol = 220
= Cost ($/pound reagent; typical):

o High Fructose Corn Syrup = $0.3

o Lactic acid = $0.5

o Ethanol = $0.5

o Sucrose = $0.5

o Zero Valent Iron = $0.50

o Edible Vegetable Oils = $1

o Sodium Lactate = $1.5

o Ethyl Lactate = $1.5

o Lactose = $2

o Cellulose/Hemicellulose = $2

o Lactic acid ester in glycerol = $8
= Cost ($/pound H, Generated; typical):

o Ethanol = $6

o High Fructose Corn Syrup = $6

o Edible Vegetable Qils = $6

o Zero Valent Iron = $10

o Sucrose = $10

o Lactic acid = $11

o Ethyl Lactate = $11

o Cellulose/Hemicellulose = $17

o Sodium Lactate = $22

o Lactose = $31

o Lactic acid ester in glycerol = $36

The reader is encouraged to understand that high hydrogen generating potential (at low cost) is
a desirable trait for ISCR and ISB reagents; however, it is most important to also consider
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characteristics that lead to efficient and cost-effective production and utilization of the molecular
hydrogen, some of which are counter-intuitive. For example, too much hydrogen favors
methanogenic uptake over reductive dechlorination process; wasting precious hydrogen. Such a
condition is more likely to occur with the use of highly soluble (short-lived) reagents.
Short-lasting reagents are further plagued with the prospect of frequent repeat delivery
(injection) events, which increases cost dramatically and spoil any advantage garnered from
microbial acclimation and chemical equilibrium.

Desirable effects of applied reagent(s) include:

Ability to establish and maintain an extremely low redox state (Eh<-400 mV)
Establish and maintain a large distribution profile

Establish and maintain an efficient release rate

Offer effective pH control

Offer essential nutrients if needed

Facilitate effective electron transfer to many, if not all, of the various microbiotic,
microbial-mediated, and abiotic dechlorination mechanisms, some poorly understood, that
ISCR is intended to enhance

Limit undesirable byproducts like dissolved toxic metals and toxic or flammable biogenic
gases

Offer long-lasting cost-effective performance

It is reasonable to expect, given the current (and anticipated future) site conceptual model, that
the most effective reagent would favor the following characteristics:

Long-lasting (slow-release, slow-dissolving)
Non-viscous (thin, like water, at most temperatures)
Small to smaller particle sizes (<50 pm)

Large hydrogen generation potential (>100mg/q)
Self-buffering (or readily buffered) for pH control
Essential nutrients-fortified (e.g., nitrogen, phosphorus, vitamin B12)
Low-cost

Readily available

Proven track record

Easily handled and mixed in field

Stable for weeks or months as delivered

Safe
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The rationale and strategy to implement both bench-scale treatability tests and field-scale pilot
tests to evaluate the effectiveness of candidate in-situ chemical reduction and enhanced
biodegradation treatment reagents as prescribed by the SOW follows.

3.1.3.1 Rationale

The overarching rationale for performing bench-scale treatability testing and field-scale pilot
testing is to facilitate the design of a remedy that has the best chance of success in the
shortest timeframe and in a cost-effective manner. A phased approach to bench-scale
treatability testing and field-scale pilot tests is required to evaluate the effectiveness of
candidate in-situ chemical reduction and enhanced biodegradation treatment reagents. The
challenges and potential constraints posed by site conditions and the aggressive
implementation schedule have been considered in developing this program. The biotic and
abiotic processes that result in degradation of COCs are not instantaneous reactions and by
their very nature take time (especially where contaminant back diffusion processes are
considerable). This, and the need to better understand the longevity of reagents,
necessitates the use of an extensive bench-scale testing program where reactions can be
assessed at a smaller scale in a controlled environment, and where enhanced tests (column
tests with high pore volume turnovers) can be conducted to assess longevity and other
design parameters. These elements could not be fully or confidently evaluated under field
conditions (pilot test), considering the schedule constraints.

These evaluations are being conducted to select an appropriate reagent and to maximize the
prospect for an effective remedial design for each of the distinct soil types (e.g., peat, silt,
sand & gravel) within the target treatment zone in the overburden aquifer at the site.

Following completion of the bench-scale testing, the SOW requires implementation of a
field-scale pilot test. The rational for pilot testing the apparent “optimum” reagent is to
assess the efficacy of reagent subsurface delivery in each geologic setting and to estimate
the achievable distribution sufficient to foster effective full-scale design elements such as of
dosage, volume, injection point spacing, vertical injection intervals, repeat injection intervals,
and performance monitoring.

Bench-Scale Treatability Testing

Rationale for bench testing is detailed in Table 3.7.

Field-Scale Pilot Testing

The rational for pilot testing is to assess/demonstrate the ability to effectively deliver selected
reagent(s) into the three distinct geologic settings of the overburden aquifer where indicated
by the PDI, and to foster effective design through determination of design basis parameters
such as:

= Injection/delivery point spacing (feet between points)

= Reagent dosage (pounds per gallon)
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Specific injection/delivery volume (gallons of reagent per lineal foot of formation
thickness)

Injection/delivery rate (gpm)
Injection/delivery pressure (psig at pump)

Nature and frequency of performance monitoring

3.1.3.2 Strategy

The strategy for performing bench-scale treatability testing and field-scale pilot testing is
provided in further detail in the following subsections; however, the overarching strategy to
determine and nominate a reagent for full-scale application is shown on Figure 3.6.

In summary, the overall strategy to determine and nominate a reagent for full-scale
application is:

Identify the majority of readily available and potentially applicable ISCR and ISB reagents
(See Table 3.8)

Screen the potentially applicable reagents based on the criteria shown on Table 3.9 and
for the following favorable attributes:

o Long-lasting (slow-release, slow-dissolving)

o Non-viscous (thin, like water, at most temperatures)
o Small to smaller particle sizes (<50 pm)

o Large hydrogen generation potential (>100 mg/q)

o Self-buffering (or readily buffered)for pH control

o Essential nutrients-fortified(e.g., nitrogen, phosphorus, vitamin B12)
o Low-cost

o Readily available

o Proven track record

o Easily handled and mixed in field

o Stable for weeks or months as delivered

o Safe

Select, for mixed slurry microcosm testing, one candidate reagent representative of each
of the following functionally distinct groups:

o Fermentable carbon substrate (contains no reducing agent)
o Reducing agent (contains no fermentable substrate)

o Blended reagent that contains fermentable substrate and reducing agent)
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= Select the reagent type that performed the best during mixed slurry microcosm testing
and evaluate other reagents within that group for candidacy for further testing (either
mixed slurry and/or column testing)

= Select the reagent that shows the most promise of success for pilot testing

The mixed slurry microcosm tests are designed to select a reagent type, not necessarily the
reagent tested. The rationale for such prospect is that it may become apparent through
testing, through results of the PDI, or through further screening and evaluation that there is
advantage in considering the merit of selecting alternate reagents within a reagent type (or
classification family) as candidates for use. Possible reasons include consideration of
longevity, buffering capacity, nutrient load, particle size, viscosity, guarantees, cost, and
other reasons. The reagents selected for further column testing or pilot testing, after
consultation with EPA and RIDEM, may not necessarily be those that are assessed in the
mixed slurry bench tests.

Bench-Scale Treatability Testing

Bench scale testing programs are dynamic by their nature due to the iterative nature of these
testing programs. The findings from the initial or preceding bench-scale tests are used
throughout the program to define the scope of subsequent bench tests.

Two major classes of bench-scale tests are commonly utilized to assess performance. Each
class of bench-scale test has its advantages and disadvantages. These classes of test include:

»= Mixed slurry microcosms

*  Flow-through column tests

Mixed slurry microcosm tests, as the name implies, focus on a well-mixed regime that
provides ideal reagent distribution in the system and offer intimate contact with the
contaminants and the matrix being tested. It is not very representative of actual field
conditions, as communication in the field between reagent, matrix, and contaminants will be
much less uniform. However, mixed slurry microcosm tests serve very well for assessing the
candidacy of a reagent type at a proof-of-concept level. Mixed slurry microcosms also provide
some level of illumination regarding potential dechlorination rate-limiting mechanisms, such
as pH, nutrient load, microbial community structure, and reagent strength.

Flow-through column tests assess interactions under more natural mass transfer conditions.
They can be useful to illuminate expectations regarding the degree to which biogeochemical
interactions and/or reagent distribution is by advective and diffusive forces.

Key advantages and limitations of the bench scale testing methodologies are described below
and have been considered in the development of the testing program.

Mixed Slurry Tests — testing of reagents in well-mixed consortia of soil, groundwater, and
reagent provides intimate contact between reagent, matrix, and contaminant:
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= Advantages:

o

Test that can be used to quickly and rapidly evaluate the efficiency of various
chemical reagents.

Test is quicker and more easily implemented than column tests.

Speed of test allows multiple tests to be completed in a short period to enable
assessment of multiple reagents and dosage rates and other potential limitations on
biotic and abiotic transformations.

Test focuses evaluation on reaction chemistry and removes mass transfer limitations
as a limiting factor in the tests.

= Disadvantages:

o

o

Test methodology is not conservative and mass transfer limitations may ultimately
limit the effectiveness of a specific reagent.

Low volumes limit the type and number of analyses that can be performed.

Flow-through Column Tests — aquifer soils are packed in columns and test reagents are
emplaced at varying distributions so that advective and diffusive mass transfers can be
considered as impacted groundwater is pumped through the column:

= Advantages:

o

o

Test method better reflects likely treatment efficiencies under field conditions.

Column tests can be used to assess a wide range of field and operational conditions
at enhanced pore volume turnover rates to assess reactions that may occur over
longer time frames. These include:

> Assessment of diffusion controlled processes (for example hydrogen gas
production and mass transfer for iron based products).

Assessment of reagent longevity (both for biotic and abiotic processes).
Contaminant rebound following reaction of reagents.

Quantification of mass degradation rates over time.

vV V V V

Assessment of geochemical conditions indicative of biotic and abiotic processes
that can be used for development of monitoring programs.

= Disadvantages:

o

o

Time period required to complete column tests can be long.

Construction and interpretation of column tests are complicated by the fact that
aquifer core samples represent a vertical cross section of the aquifer while
groundwater flow is typically horizontal, and thus perpendicular to the core sample.
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o Size and number of controls required for assessment of multiple reagents and
dosages stresses space and equipment resources.

o Relatively expensive.

Reflecting these advantages and limitations, the Davis Site Group has developed a phased
program of bench-scale tests which facilitates assessment of all key controls and recognizes
the benefits of both types of bench-scale testing programs. This testing program utilizes an
initial program of slurry phase tests to define a preferred reagent type (fermentable
substrate, reducing agent, and blended fermentable substrate/reducing agent), assesses the
key controls on the preferred reagent chemistry under a column testing regime, and then
assesses the injectability, distributability, and field-scale performance of the selected
reagent(s) in a pilot test.

Mixed Slurry Microcosm Testing

The approach to mixed slurry microcosm testing is provided in this section. Key components
are:

= Identification, screening and selection of test reagents
= Screening and selection of testing laboratory

= Objectives

= Selection, procurement, and delivery of test samples

= Construction and setup

= Monitoring

= Reporting
The overall approach is show in Figure 3.7.Further detail is illustrated in Figure 3.8.

Identification, Screening and Selection of Test Reagents

The approach to selecting candidate mixed slurry microcosm test reagents is:

= Identify commercially available proven reagents that are potentially applicable for
enhancing:

o microbial reductive dechlorination
o abiotic chemical Dechlorination and microbially mediated dechlorination

o synergistic microbial dechlorination, microbially mediated dechlorination, and abiotic
dechlorination

The list of potentially applicable reagents (and additives) is shown in Table 3.8.
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= Screen the potentially applicable reagents based on the criteria shown on Table 3.9 and
for the following favorable attributes as reflected in Table 3.9A-Screening of ISCR
and/or ERD Products for Candidacy:

o Long-lasting (slow-release, slow-dissolving)

o Non-viscous (thin, like water, at most temperatures)
o Small to smaller particle sizes (<50 pm)

o Large hydrogen generation potential (>100 mg/q)

o Self-buffering (or readily buffered)for pH control

o Essential nutrients-fortified(e.g., nitrogen, phosphorus, vitamin B12)
o Low-cost

o Readily available

o Supplier guaranteed

o Proven track record

o Easily handled and mixed in field

o Stable for weeks or months as delivered

o Safe

= Select, for mixed slurry microcosm testing, one or more candidate reagents
representative of each of the following functionally distinct groups:

1. Fermentable carbon substrate (contains no reducing agent) capable of
enhancing microbial reductive Dechlorination

2. Reducing agent (contains no fermentable substrate), such as zero valent iron
powder in a fluid carrier capable of enhancing abiotic chemical reduction and/or
microbially mediated chemical reduction

3. Blended reagent (contains fermentable substrate and reducing agent) capable of
enhancing synergistic microbial dechlorination, microbially mediated dechlorination,
and abiotic dechlorination

Screening of the potentially applicable reagents results in selection of the following initial
candidate reagents for the mixed slurry microcosm tests:

= Fermentable Substrate: ABC supplied by Redox Tech (http://redox-tech.com);
characteristics include:

o fermentable substrate capable of enhancing microbial reductive dechlorination
o moniker for Anaerobic BioChem
o soluble sodium lactic acid
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o less soluble ethyl lactate
o phosphate buffer
o http://redox-tech.com/ABC%20promo.pdf

= Reducing Agent: ZVI supplied by Redox Tech, Ground Cast Iron from Peerless Metal
Powders (http://www.peerlessmetal.com); characteristics include:

o zero valent iron powder in carrier capable of enhancing abiotic chemical reduction
and/or microbially mediated chemical reduction

o same ZVI ingredient in ABC+
o nominal 100-micrometer ZVI manufactured by Peerless Metal Powders

= Reducing Agent: 2ZVI supplied by HePure, HCA-325 2ZVI  Powder,
(http://www.hepure.com/iron-powder-hcacast.html); characteristics include:

o zero valent iron powder in carrier capable of enhancing abiotic chemical reduction
and/or microbially mediated chemical reduction

o nominal sub-50-micron particle size

= Blended fermentable substrate and reducing agent: ABC+ supplied by Redox Tech
(http://redox-tech.com); characteristics include:

o synergistic microbial dechlorination, microbially mediated dechlorination, and abiotic
dechlorination

o moniker for Anaerobic BioChemPlus ZVI
o blend of soluble lactic acid with a phosphate buffer and ZVI
o http://redox-tech.com/ABC+.pdf

= Blended fermentable substrate and reducing agent: EHC-F supplied by Adventus
(http://www.adventusgroup.com); characteristics include:

o synergistic microbial dechlorination, microbially mediated dechlorination, and abiotic
dechlorination

o moniker for Eh Compound-Fine ZVI
o blend of cellulose/hemicellulose, ferrous sulfate, and ZVI

o http://www.adventusgroup.com/projects/proj ehc f.shtml

o ZVI particle size <40 micrometers
Redox Tech’s brand of reagents selected for bench testing:

= Meet the screening criteria and other desirable attributes.
= Offer experimental advantage afforded by the certainty that all three of these reagents
are made up of directly comparable ingredients.
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= Contain some fast-acting (short-lived) ingredients preferred for mixed slurry microcosm
testing because they enable flexibility in testing variations in amendment composition
(dosage, nutrients, pH buffer, and microbial augmentation), and rebound, within a time
frames consistent with mixed slurry microcosm trials.

= Provide the opportunity to assess the role and performance of biotic processes, abiotic
processes, and synergistic effects.

There is recognition that Redox Tech’s brand of ZVI, Peerless ground cast iron, is of a larger
average particle size than some other commercially available ZVI products. It is recognized
that smaller-sized ZVI may offer advantage of injectivity (distributability) and reactivity, and
disadvantage with respect to longevity. These variables are virtually eliminated in a bench
test setting where the ZVI is well-mixed, evenly distributed, and or sufficient duration to
reach conclusion. It is perceived that the experimental advantage garnered from testing
identical (directly comparable) ingredients among the three reagent types outweighs ZVI size
considerations. However, there is merit in comparing and contrasting small particle (Peerless)
and smaller particle (HePure HCA-325) ZVI products. There is also merit in comparing and
contrasting performance of blended reagents where the substrate material and the ZVI size
are sufficiently dissimilar to be meaningful. EPA’s suggested counterpart to Redox Tech’s
ABC+, Adventus’ EHC-F, meets that criterion.

In summary, the mixed slurry bench testing will; be performed on the following reagents:

= Redox Tech’s Substrate (ABC)

= Redox Tech’s Reducer (Peerless ZVI Powder)
= HePure's Reducer (HCA-325 ZVI Powder)

= Redox Tech’s Blended Reagent (ABC+)

= Adventus’ Blended Reagent (EHC-F)

Use of the selected reagents in mixed slurry microcosm tests does not rule out the prospect
for use of alternate reagents in further column tests or pilot tests.

Identification, Screening and Selection of Testing Laboratory

Candidate treatability laboratories are identified and screened for selection in Table 3.10.
Laboratory selection is based on criteria that values:

= Bench treatability testing is lab’s primary business line.

= Laboratory is experienced with testing chemical reducing reagents (not just
bioremediation reagents).

= Laboratory is close enough to the site to enable same day delivery of test samples from
the field to the lab.

= Significant capacity to provide flow-through column testing services.
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Laboratory is independent of reagent product sales.
Demonstration of capacity to perform the bench testing when required.

Confidence engendered through past performance and interviews with principle
treatability scientist(s).

Existing agreeable SOPs & QAPP(s).

Contract arrangements are agreeable.

The laboratory selected for bench-scale treatability services is Shaw Environmental’s
Technology Development Laboratory (Shaw TDL) in Lawrenceville, NJ. The proximity of Shaw
TDL to the site (250 miles) enables rapid and direct delivery of test samples to the lab.

Mixed Slurry Microcosm Test Objectives

The objectives of the mixed slurry microcosm bench tests are:

1.

Determine the performance of the test reagents at dosages recommended by the
remediation engineer and the reagent supplier based on evaluation of the actual or
estimated properties of the bench test samples:

= ABC supplied by Redox Tech; a relatively short-lived fermentable carbon substrate
intended to enhance microbial reductive dechlorination

= ZVI supplied by Redox Tech; a reducing agent intended to enhance abiotic and
microbially mediated chemical reduction

= ZVI supplied by HePure, HCA-325 ZVI Powder; a reducing agent intended to
enhance abiotic and microbially mediated chemical reduction

= ABC+ supplied by Redox Tech; ABC's fermentable carbon substrate blended with
ZVI intended to enhance synergistic microbial dechlorination, microbially mediated
dechlorination, and abiotic dechlorination

= EHC-F supplied by Adventus; a blend of cellulose/hemicellulose, ferrous sulfate, and
ZVI intended to enhance synergistic microbial dechlorination, microbially mediated
dechlorination, and abiotic dechlorination

Determine rate-limiting factors and evaluate the need or benefit of supplementing the
following items:

= Reagent
= pH Buffer
= Nutrients:
o Nitrogen

o Phosphorous

o Vitamin B12
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o Other Essential Nutrients

Selection, Procurement, and Delivery of Test Samples

Candidate soil and groundwater samples will be selected based on information gathered
during the initial stages of the PDI, particularly during the field investigation of the Plume
Core. Test soils (aquifer sediments) and their representative groundwaters that present a
relatively high occurrence of chloroethenes, especially PCE will be targeted. The objective is
to test each of three mappable aquifer sediment types (arranged top to bottom):

=  Peat
= Fine-grained Silt

= Higher-permeability Sand and Gravel

Capture information sufficient to estimate the initial mixed slurry microcosm test reagent
dosages. Measure or estimate, at a minimum, the following parameters for the candidate
mixed slurry microcosm test samples, which will be used to establish reagent dosages for the
test with the aid of ESTCP’s Substrate Design Tool (http://www.serdp.org/Program(]
Areas/Environmental-Restoration/Contaminated-Groundwater/ER-200627/ER[]
2006272/(modified)/04May2011), the supplier’s feedback, the testing laboratory’s feedback,
and other considerations by the design engineer:

= Aqueous Geochemistry
o VOCs
o Oxidation-Reduction Potential (ORP as Eh)
o Dissolved Oxygen
o pH
o Specific Conductivity
o Temperature
o Alkalinity
o Total Dissolved Solids (TDS, or salinity)

o Nitrate
o Nitrite

o Sulfate
o Sulfide

o Ferric Iron
o Ferrous Iron

o Chloride
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o Carbon Dioxide
o DOC (or TOC)
= Aquifer Matrix (Soil)
o VOCs
o Total Iron
o Cation Exchange Capacity
o Neutralization Potential
o Manganese (IV) (estimated as the amount of Mn (II) produced)
o Iron (III) (estimated as the amount of Fe (II) produced)
o Porosity (total and effective)
o Soil Bulk Density

o Soil Fraction Organic Carbon (fyc)

During the collection of the field samples for the mixed slurry tests, sub-samples may be
collected and analyzed for similar treatability analytes that were assessed during the Plume
Core Evaluation, at the discretion of the design engineer.

Mixed slurry microcosm sample materials will be delivered to the laboratory unpreserved in
sealed containers designed to maintain anoxic condition; oxygen impermeable capped
acetate sleeves (or extruded and transported under nitrogen or argon gas blanket) for
aquifer soils, and zero headspace (or under nitrogen or argon headspace) for water.

Samples will be delivered to the lab within 24-hours of collection and maintained within plus
or minus 10 degrees F of ambient in situ sample temperature. A minimum of 2 kilograms (5
pounds) of qualifying aquifer sediment (soil) and 5 liters of their representative groundwaters
will be required for each soil type to be tested.

Importantly, qualifying test material shall be clearly presented to the lab and be identified by
soil type. For soils, acceptable methods include:

» Clearly marked containers whose contents hold only qualifying material

= (Clearly marked sections on sample tubes identifying location within the tube of qualifying
material(s)

*= Project geologist on-hand to establish qualifying material when samples are opened by
the lab for preparation

Groundwater samples shall be clearly identified as belonging to its companion soil type.
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Field sample preparation and microcosm construction shall follow the provisions of the
laboratory’s typical protocol as amended for site-specific needs and QAPP, SOP A-29 and
Attachment D of the FSP.

Mixed Slurry Microcosms Construction, Setup, and Monitoring

Conceptual construction of the bench test follows; however, the ability to make modifications
based on interim results is prescribed. The overall approach is summarized in Figure 3.9.

Bases for Construction and Assumptions

Construction of the bench-scale mixed slurry microcosms is predicated on the following
reasonable assumptions:

Each aquifer soil type will be tested with the following seven (7) microcosms
(constructed in quadruplicate and analyzed in duplicate).

1. (a,b,c,d) - Natural Control (represents natural in situ conditions)

2. (a,b,c,d) - Sterilized (Killed) Control (represents natural in situ abiotic
transformations)

3. (a,b,c,d) - ABC-amended (represents transformations in presence of fermentable
substrate)

4. (ab,c,d) - Zvi-amended [Redox Tech] (represents transformations due to
metallic iron reducing agent)

5. (a,b,c,d) — ZVI-amended [HePure HCA-325] (represents transformations due to
metallic iron reducing agent)

6. (a,b,c,d) - ABC+-amended (represents transformation in presence of blended
fermentable substrate and metallic iron reducing agent)

7. (a,b,c,d) — EHC-F-amended (represents transformation in presence of blended
fermentable substrate and metallic iron reducing agent)

The neat test reagents all provide some degree of pH buffering.
Indigenous bacterial community is sufficient.

Sterilization by autoclave preserves abiotic treatment capacity.
Sterilization by autoclave results in no significant loss of material.
Natural essential nutrients are sufficient and sustainable.

PTFE-lined butyl rubber septa are sufficient to prevent detrimental diffusion or leakage of
gaseous into or out of microcosm serum vials for the duration of the test.

PTFE-lined butyl rubber septa can withstand sterilization by autoclave with insignificant
loss of material or long-term functionality.
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= Duplicate analysis of replicate microcosms is sufficient to show the degree of variability
between replicate microcosms.

= Construction of replicate microcosm samples in quadruplicate enables sufficient sample
volume to complete the test.

= Construction of replicate microcosm samples in triplicate enables prospect for
modifications during the test if indicated (such as supplementation of reagent dosage, pH
buffer, microbes, or nutrients).

= Anticipate maximum test duration of six (6) months; three (3) months for neat
amendment testing, and three (3) months for supplemental amendment testing, if
indicated.

Mixed Slurry Microcosm Setup

The laboratory shall unpackage and prepare the field samples for testing and construct the
microcosms in an anaerobic chamber similar to the one shown in the photograph below. The
atmosphere of the anaerobic chamber will be made free of O, and H, (CO, + N, only) before
constructing the microcosms.

Soils (aquifer sediments) shall be suitably homogenized prior to transfer of approximately 30
milligrams to each 160-ml tare-weighted sterile microcosm test vial. Test water (groundwater
sample) shall be added as appropriate to saturate the sediments and fill the vials (less
volume for amendment spikes). Amendment spikes shall be added into appropriate
microcosms. The microcosm vials shall be sealed with a septum having no meaningful
permeability to gases such as water, oxygen, nitrogen, carbon dioxide, methane, ethane,
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ethane, and acetylene (even when pierced); PTFE-lined butyl rubber or approved equal. The
‘killed control’ shall be immediately sterilized by repeated autoclaving. The completed control
microcosms will be autoclaved for 20 minutes at 120 °C and 15 psi on three consecutive
days, with incubation at room temperature between each autoclave treatment. The
autoclaved bottles will be spiked with PCE if necessary to re-establish baseline
concentrations. Microcosm bottles will be incubated with gentle shaking on an orbital shaker
at 60 degrees F (15°C), plus or minus 5 degrees.

Mixed Slurry Microcosm Monitoring

At each microcosm sampling event, microcosm bottles will be removed from the shaker and
placed within insulated containers and in the anaerobic chamber for sampling. Aqueous
samples for analyses shall be removed from their microcosm bottles under anaerobic
protocol. Removed liquid volume shall be replaced with sterile glass beads before resealing
the microcosm bottles.

The nominal frequency of measuring microcosm analytes is:

»= Baseline (Day 0)

= Day 15

» Day 45(critical date to determine if supplements should be added to the test)
= Day 90 (key decision points for determination of column test)

= Day 180 (prolonged monitoring used to assess longer term reactions which may be
extended based on performance data)

Essential aqueous analytes for testing all microcosms at all intervals are:

= VOCs (short list per Attachment D of the SOW, chloroethenes and chloroethanes)
= Methane, Ethane, Ethene, and Acetylene (MEEA)
= Bench-top analytes (PEST):

o pH

o Eh

o Specific Conductance

o Temperature
Important aqueous analytes for testing all microcosms at selected intervals are:
= Day 0, Day 45, and Day 90:

o Fe*?

o Nitrate
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o Sulfate
o Chloride

= Day 0, Day 90:
o TOC

o VFAs (acetic, butyric, lactic, propionic, pyruvic)

Samples from the mixed slurry microcosms may be collected for bacterial communities’
speciation and bacterial counts at a time best indicated by the preliminary VOC results. This
data can then be combined with concentration decline data collected from the testing to
provide multiple lines of evidence on the robustness and viability of the bacterial populations.

Selected microcosm sediments may be retained upon completion of bench test for additional
analysis at the discretion of the design engineer.

Results will be reviewed and interpreted as soon as they are available. It is intended to
recognize early indication that lack of substantial performance may be due to conditions such
as low (or declining) pH, lack of essential nutrients, insufficient microbial community
structure, lack of sufficient reagent, or other discernible reasons. In the event that testing
during the mixed slurry microcosms do not indicate any appreciable degradation and/or
viable bacterial communities, then bacterial amendments will be made to the existing mixed
slurry microcosms to quantify the magnitude of responses to these additions. It is reasonable
to expect that these indicators will be evidenced by the time the 15-day results are reviewed,
and that modification can be planned and implemented immediately after the 45-day samples
are collected. Plans for modification with supplements or other changes could involve only
the triplicate or quadruplicate stand-by bottles, or they might be applied to the primary and
secondary bottles that have already been sampled, depending on the need.

Furthermore, it is intended that the results of the mixed slurry microcosms testing may guide
changes to the scope of the flow-through column testing. Such is the iterative nature of
bench-testing; questions are answered and new questions arise, and the test methods are
adapted to answer all of the questions.

At the completion of the study, the microcosms will be offered for additional testing, at the
discretion of the Remediation Engineer, for some or all of the treatability analytes that were
included in the Plume Core Evaluation. Remaining microcosms will be disassembled and all
remaining soil and groundwater samples will be disposed.

Mixed Slurry Microcosm Reporting

The laboratory shall communicate regularly with the design engineer. Draft and final
analytical results shall be reported immediately to the design engineer. The laboratory and
the design engineer shall discuss the prospect for modification to the test based on preceding
results. Modifications shall proceed upon notice from, or agreement of, the design engineer.
No formal report will be submitted to EPA and RIDEM until the testing is completed (or
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substantially completed); however, EPA or its designee shall be provided with verbal updates
via telephone or email, as necessary through the process.

The laboratory shall prepare a draft report upon completion of significant testing for
submittal to the design engineer. The design engineer shall review and comment on the
report. The laboratory shall prepare a final report and submit it to the design engineer.

The laboratory and the 