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1.0 INTRODUCTION

This Explanation of Significant Differences (ESD) has been prepared to document
changes to the selected remedy for the Chemical Spill-4 (CS-4), Chemical Spill-20
(CS-20), Chemical Spill-21 (CS-21), Fuel Spill-29 (FS-29), Fuel Spill-28 (FS-28), and
Fuel Spill-13 (FS-13) groundwater plumes. The Records of Decision (RODSs) that
prescribe the cleanup strategy for these plumes were signed in February 2000 (CS-4, CS-
20, CS-21, and Fuel Spill-13) and October 2000 (FS-29 and FS-28). The RODs indicate
that the Air Force Center for Engineering and the Environment (AFCEE) will remediate
the groundwater contamination in the CS-4, CS-20, CS-21, FS-28, and FS-29
groundwater plumes by extracting contaminated groundwater from the plumes using
extraction wells and shallow well-points, piping the contaminated water to treatment
plants where filtration through granular activated carbon (GAC) will remove the plume
contaminants, and piping the treated water to infiltration galleries and surface water
bubblers that return the water to the aquifer and to surface water bodies. The selected
remedy for the FS-13 plume was long-term monitoring; no treatment would be
performed. Since the RODs were finalized in 2000, AFCEE has collected additional
environmental data that have improved the understanding of the CS-4, CS-20, CS-21, and
FS-29 plume characteristics, and has used these data to support a detailed design of the
groundwater extraction, treatment, and reinjection (ETR) systems that will clean up these
plumes. The significant difference between the cleanup strategy identified in the RODs
and the current design is that the RODs anticipated that all of the groundwater within the
CS-4, CS-20, and FS-29 plumes would be captured by the ETR systems, but the final
designs will allow the groundwater contamination in the downgradient leading edges of
the plumes to reach cleanup levels through natural attenuation instead of through active
remediation. The portions of the CS-4 and FS-29 plumes that would not be captured by
the ETR system are characterized by low concentrations and would result in poor
extraction system performance. The leading edge of the FS-29 plume is also located in
an area of significant topographic relief, which would pose significant implementability
challenges for construction of an extraction system in that area. The CS-20 cleanup
strategy was modified because access to private property could not be attained for

appropriate placement of a leading edge extraction well. The FS-28 remedial system has
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been modificd since the ROD was signed in 2000 -but the modifications are consistent
with the cleanup strategy outlined in the ROD (AFCELE 2000a); the modifications arc not
considered a significant diffcrence from the selected remedy. The plumes and cleanup
strategies are further discussed in Sections 2 and 3. There are only minor changes to

wording ol the CS-21, FS-13, and FS-28 plume remedies.
The following two RODs are amended by this ESD:

o Final Record of Decision for the CS-4. C5-20, C8-21, and FS-13 Plumes (AFCEE
2000b)

Final Record of Decision for the Fuel Spill-28 and Fuel Spill-29 Plumes (AFCEE 2000a).

1.1 STATEMENT OF PURPOSE

AFCEE is issuing this ESD in accordance with 40 Code of Federal Regulations (CFR)
Section 300.435(c)2)(1) and Section 300.825(a)(2) ol the National Contingency Plan,
which requires the publication of an ESD to describe the significant difference(s)
between the selected remedial action and the modified remedial action, including an
explanation of why such changes were made., This ESD will become part of the
Administrative Record for the CS-4, CS-20, CS.21, FS-13, FS$-28, and FS-29 plumes at
the Massachusetts Military Reservation (MMR). The Administrative Record is available

for public review at www.mmr.org.

1.2 AUTHORIZING SIGNATURES

The following signatures represent the decision to authorize this ESD.

U.S. AIR FORCE

Date: 5 5&{3 o8

A4P-123-35BC24AVC-M26-0006 Final
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http://www.mmr.oru

U.S. ENVIRONMENTAL PROTECTION AGENCY

LIl e FUE

JAMES 7. GWEN
Director
Office of Site Remédiation and Restoration
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(Intentionally blank)
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2.0 SITE HISTORY, SITE CONTAMINATION, AND SELECTED REMEDY

This section presents background information on the CS-4, CS-20, CS-21, FS-13, FS-28,
and FS-29 plumes, including an overview of the physical and chemical characteristics,

history, and selected remedies for these plumes.

2.1 SITE LOCATION AND HISTORY

The plumes originated from chemical and fuel spills on the MMR. The MMR, listed on
the National Priorities List (NPL) as Otis Air National Guard/Camp Edwards, lies within
the towns of Bourne, Mashpee, and Sandwich and abuts the town of Falmouth,
Massachusetts (Figure 2-1). The CS-4, CS-20, CS-21, FS-13, FS-28, and FS-29
groundwater plumes are located in western Cape Cod, within the MMR and in the town
of Falmouth, Massachusetts (Figure 2-2). The MMR site was assigned identification
number MAZ2570024487 in the U.S. Environmental Protection Agency’s (EPA)
Comprehensive Environmental Response, Compensation, and Liability Information
System. In accordance with Executive Order 12580, the U.S. Department of Defense is
the lead agency for remedial actions at the MMR. The EPA and the Massachusetts
Department of Environmental Protection (MassDEP) are the support agencies for this
action. The MMR was formally added to the NPL in 1989. A Federal Facility
Agreement (FFA), which provided the legal framework for investigating and remediating
numerous operable units at the MMR, was signed in 1991 (EPA et al 1991). In 1996, the
FFA was amended to add the U.S. Air Force as the lead agency for the cleanup at MMR.
The FFA, as amended, requires the U.S. Air Force to implement Comprehensive
Environmental Response Compensation and Liability Act of 1980 (CERCLA)

requirements at MMR.

The MMR comprises approximately 20,000 acres on Cape Cod and provides facilities for
several operating command units: the Air National Guard, the Army National Guard, the
Air Force, the U.S. Coast Guard, and the Veterans Affairs. Past military training,

maneuvers, aircraft operations, maintenance and support activities at the MMR have
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resulted in releases of hazardous materials that generated plumes of contaminated
groundwater in the unconfined sand and gravel aquifer that underlies western Cape Cod.

For the CS-4 plume, environmental investigations began in 1986, and active groundwater
remediation began in 1993 under an interim ROD signed in 1992. The remedial system
consisted of a fence of 13 extraction wells at the leading edge of the plume. With a total
extraction rate of 120 gallons per minute (gpm), they pumped water to a GAC filtration
system located on the MMR and returned the treated water to the aquifer through two
infiltration trenches also on the MMR. However, after a few years of operation it became
apparent that the ETR system was not performing as designed because the plume extent
was greater than originally characterized (i.e., a portion of the plume was below and
outside of the extraction well fence capture zone). The extraction wells operated until
August 2002 and were abandoned in January 2004. The plant was decommissioned in
February 2004.

Environmental investigations of the FS-28 plume began in 1992, and active groundwater
remediation began in 1997 under a time critical response action (AFCEE 1998) which
was later modified as part of a non-time critical removal action (AFCEE 1999a). The
remedial system consisted of one extraction well and multiple shallow well points to
extract contaminated water, which was treated with GAC filtration, and returned to the
Coonamessett River through surface water bubblers. The remedy also provided all
private well users in the immediate vicinity of the plume with connections to municipal
water supplies, provided surface water agricultural users with clean water, and separated
the Coonamessett River from the surrounding cranberry bogs through the use of berms
and sheet piles. Additionally, a GAC filtration system was installed at the Coonamessett
Water Supply Well to protect this public water supply. In 2007 the FS-28 remedial
system was expanded through installation of an additional extraction well to remediate
the deeper leading edge lobe identified south of the existing extraction well and shallow
well points (AFCEE 2008b) (Figure 2-2).

A site investigation of the FS-13 plume was conducted in 1995, followed by a remedial

investigation (RI) field program (1996) consisting of drilling and groundwater sampling
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(Stone & Webster 1997). The evaluation of nature and extent of contamination and risk
assessment was conducted as part of a regional RI discussed below. Long-term
monitoring of the plume indicates the plume contaminants are not mobile and have not
migrated (AFCEE 2005b).

In 1998, AFCEE conducted a regional RI that comprehensively investigated groundwater
and surface water quality in an area identified as the Southwest Operable Unit (SWOU).
The SWOU study area included areas with known plumes (including the CS-4, FS-13,
and FS-28 plumes), suspected plumes, and previously uninvestigated areas. The CS-20,
CS-21, and FS-29 plumes were discovered during the 1998 SWOU RI. Feasibility
studies for the six groundwater plumes in the SWOU [CS-4, CS-20, CS-21, FS-13, FS-
28, and FS-29] were conducted in 1999 (AFCEE 2000d, 1999b). After formal public
comment periods were held in 1999 and 2000 on AFCEE’s proposed plans for the CS-4,
CS-20, CS-21, FS-13, FS-28, and FS-29 plumes, the two aforementioned RODs were
signed in 2000 (AFCEE 2000c, 1999c). The collection of additional data needed to
support remedial system design for the CS-4, CS-20, CS-21, and FS-29 plumes began in
2000 and ended in 2002. Engineering design work for the remediation systems began in
2002, and system construction began in 2004. The remedial systems consist of extraction
in each plume, treatment at the Hunter Avenue Treatment Facility, and reinjection or
infiltration located next to the plumes (Figure 2-2). The new CS-4 system began
operation in November 2005. The CS-20 system began operation in January 2006. The
FS-29 and CS-21 systems began operation in September 2006.

2.2 GROUNDWATER PLUME CHARACTERISTICS

The understanding of the nature and extent of the plumes is revised with time as
groundwater quality data are periodically collected and analyzed. A thorough discussion
of the CS-4, CS-20, CS-21, and FS-29 plumes based on the findings from the pre-design
field investigation activities conducted between April 2000 and November 2002 is
provided in the Final Chemical Spill-4, Chemical Spill-20, Chemical Spill-21, Fuel Spill-
29 Pre-Design Investigation Report (AFCEE 2003). The plumes are summarized below
based on the fundamental characterization of the plumes made in the pre-design
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investigation report (AFCEE 2003) and supplemented with data collected through 2006
to further characterize the leading edge of the CS-20 plume and to support system
performance assessment for all four of the plumes. The most recent descriptions of the
FS-28 and FS-13 plumes are provided in the FS-28 annual summary letter report
(AFCEE 2008b) and the FS-13 data transmittal (AFCEE 2005b), respectively.

2.2.1 CS-4 Plume

The CS-4 plume is approximately 4,900 feet long and a maximum of 800 feet wide
(Figure 2-2). Groundwater samples between the source area and trailing edge of the
CS-4 plume indicate that it has detached from its source area. The CS-4 source area was
remediated through several excavation and disposal efforts (AFCEE 2005a). EPA has
eliminated the CS-4 source area from the National Priorities List per the Notice of Partial
Deletion of Sites at the Otis ANG/Camp Edwards Superfund Site issued on
26 October 2007. The CS-4 plume outline is based on tetrachloroethene (PCE)
concentrations greater than the PCE maximum contaminant level (MCL) of
5 micrograms per liter (ug/L). Trichloroethene (TCE) (MCL of 5 pg/L) and 1,1,2,2-
tetrachloroethane (1,1,2,2-TeCA) concentrations greater than the Groundwater-1 standard
of 2 pg/L are co-located with PCE concentrations greater than the MCL. The current
(2005 and 2006) maximum PCE concentration within the CS-4 plume is 23.5 pg/L, with
the higher concentrations centered in the middle of the plume. The current maximum
TCE concentration is 7.4 pg/L and the 1,1,2,2-TeCA concentration is 5.3 ug/L.

Groundwater within the CS-4 plume is flowing in a southerly direction with an
approximate groundwater velocity of one foot per day in the sand portions of the aquifer.
When the interim CS-4 extraction fence was operational, it intercepted the shallowest
part of the plume; but most of the plume lies beneath the elevation of the fence.
Downgradient of the former CS-4 extraction fence, the plume becomes less thick and less
wide. The CS-4 plume is up to 100 feet thick and the top of the plume is approximately
110 ft below the ground surface and 60 feet below the water table. The total mass of
PCE in the CS-4 2006 plume shell is estimated to be 25.1 pounds (Ibs) based on the data
from 2003 through early 2006.
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2.2.2 CS-20 Plume

The CS-20 plume is a detached plume. The source of the CS-20 plume has not been
identified. All potential source areas upgradient of the CS-20 plume were investigated
and remediated, if necessary, through the Installation Restoration Program (IRP). The
plume is approximately 7,500 feet long and a maximum of 1,200 feet wide (Figure 2-2).
The CS-20 plume was previously defined primarily by concentrations of PCE greater
than the MCL and secondarily by TCE greater than the MCL. Currently the CS-20
plume is only defined by PCE (in 2006 the TCE concentrations decreased below the
MCL). The PCE concentrations within the CS-20 plume range from none detect to
98.1 pg/L, with the higher concentrations located in the downgradient portion of the
plume. Additional groundwater data collected in 2005 along Boxberry Hill Road and
Goeletta Drive provided more information on the characterization of the downgradient
portions of the upper and lower lobes of the plume. Downgradient of Route 151, the
plume is defined primarily by an upper lobe with the highest PCE concentrations within
the plume (98.1 ug/L) detected along Boxberry Hill Road. Downgradient of Route 151
the lower lobe has only been detected at concentrations above the MCL at one location
that is northeast of 81EW0002. As of 2006 the CS-20 plume was not detected at
concentrations above the MCL south of Boxberry Hill Road. The nature and extent of
the plume south of Boxberry Hill Road is estimated based on detections below the MCL

at three locations around the periphery of the plume.

Groundwater within the CS-20 plume is flowing in a southerly direction with an
approximate groundwater velocity of one foot per day in the sandy portions of the
aquifer. The CS-20 plume is up to 160 feet thick and the top of the plume is
approximately 30 feet below the water table and 70 to 90 feet below the ground surface.
The total mass of PCE and TCE (adsorbed and dissolved) in the 2006 CS-20 plume is
estimated to be 162 Ib based on groundwater data from 2002 to early 2006 (AFCEE
2008a).
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2.2.3 FS-29 Plume

The FS-29 plume is also a detached plume. The source of the FS-29 plume has not been
identified. All potential source areas upgradient of the FS-29 plume were investigated
and remediated, if necessary, through the IRP. The plume is approximately 9,100 feet
long and a maximum of 1,400 feet wide (Figure 2-2). The FS-29 plume is defined by
concentrations of ethylene dibromide (EDB) higher than the Massachusetts maximum
contaminant level (MMCL) of 0.02 ug/L, and by concentrations of carbon tetrachloride
(CCly) higher than the MCL of 5 pg/L. The plume is defined primarily by EDB and
secondarily by CCl4, which is not as widely distributed as the EDB in the plume. The
current (2006) maximum concentrations of EDB and CCl, are 0.064 ug/L and 6.4 pg/L,

respectively.

Groundwater flow in the FS-29 plume is southwesterly in the trailing edge and becomes
more westerly downgradient toward the leading edge. The groundwater velocity is
approximately one foot per day in the sandy portions of the aquifer. The FS-29 plume is
up to 150 feet thick with the top of the plume approximately 60 feet below the water table
and from 120 to 210 feet below the ground surface. The total mass of EDB in the 2006
FS-29 plume is 0.37 Ib.

2.2.4 CS-21 Plume

The CS-21 plume is also a detached plume. The source of the CS-21 plume has not been
identified. All potential source areas upgradient of the CS-21 plume were investigated
and remediated, if necessary, through the IRP. The CS-21 plume is approximately 8,900
feet long and a maximum of 1,500 feet wide, extending from the Hunter Avenue area
near the southern MMR boundary, under Route 151, and terminating just west of
Falmouth Woods Road (Figure 2-2). The CS-21 plume is defined by TCE concentrations
above the MCL, with a current (2006) maximum concentration of 59 pg/L. The highest

concentrations are located in the upgradient portion of the plume.
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Groundwater flow in the CS-21 plume is southwesterly in the trailing edge and becomes
more westerly downgradient toward the leading edge. The groundwater velocity is
approximately one foot per day in the sandy portions of the aquifer. The CS-21 plume is
up to 210 feet thick with the shallowest portion of the top of the plume approximately 25
feet below the water table and approximately 100 feet below the ground surface. The
total mass of TCE in the 2006 CS-21 plume is 276 Ib.

2.2.5 FS-13 Plume

The source of the FS-13 plume is a fuel spill that is believed to have occurred in 1972
near the rotary at the east end of Connery Avenue. The plume is defined by groundwater
detections of 1,2,4-trimethylbenzene and 1,3,5-trimethylbenzene. The maximum 2004
1,2,4-trimethylbenzene and 1,3,5-trimethylbenzene concentrations were 383 pg/L and
143 pg/L, respectively (AFCEE 2005b). The FS-13 plume is approximately 650 feet
long and 230 feet wide. Long-term monitoring data indicates the plume contaminants are
not mobile and have not migrated (AFCEE 2005b).

2.2.6 FS-28 Plume

The FS-28 plume is defined as the extent of groundwater contaminated with EDB at
concentrations exceeding the MMCL (0.02 pg/L). The maximum 2007 EDB
concentration in the FS-28 plume was 2.54 pg/L (AFCEE 2008b). The plume is
approximately 11,800 feet long and a maximum of 1,700 feet wide. The remedial system
as described in Section 2.1 minimizes discharge of the plume contaminants to the
Coonamessett River and associated bogs.
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2.3 OVERVIEW OF THE SELECTED REMEDIES FOR THE CS-4, CS-20,
CS-21, FS-13, FS-28 AND FS-29 GROUNDWATER PLUMES

For the purpose of explaining the differences between the remedies that were selected in
the RODs and the current cleanup plans, this section describes the remedies that AFCEE
committed to in 2000 for the CS-4, CS-20, CS-21, FS-13, FS-28, and FS-29 plumes. The
first part of this section provides the descriptions of the remedy for each plume as they
appeared in the RODs, and the second part of this section provides additional information
regarding the initial design concepts for the remedies as they were envisioned during the

remedy selection process.

2.3.1 Selected Remedies as Described in the RODs

As described in the RODs, the selected remedies for the CS-4, CS-20, CS-21, FS-13, FS-

28, and FS-29 plumes are as follows:

CS-4 Plume: Discontinue operation of the existing CS-4 plume extraction well fence,
which partially captures the plume, and install new extraction wells along the axis of the
plume. Extracted water will be treated at the existing CS-4 treatment plant and
discharged to the existing CS-4 infiltration gallery. If additional treatment capacity is
necessary, water will be sent to the GAC treatment plant and the discharge system that

will be constructed to clean up the CS-20 plume.

CS-20 Plume: Construct an axial extraction well system and granular-activated carbon
treatment plant for the CS-20 plume. Treated water will be discharged to infiltration

galleries.

CS-21 Plume: Construct an axial extraction well system and granular-activated carbon
treatment plant for the CS-21 plume. Treated water will be discharged to infiltration
galleries.

FS-13 Plume: Long-term groundwater monitoring.
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FS-28 Plume: Continued operation of the FS-28 treatment system, including the shallow
well-points, and continued operation of the Coonamessett Water Supply Well wellhead
treatment system. Also included is continued maintenance of the earthen berms and vinyl

sheet piles installed to separate the Coonamessett River from the surrounding bogs.

FS-29 Plume: Conduct additional site characterization and modeling to better
understand plume dimensions and hydraulic conditions. Design and construct a
groundwater ETR system within the leading portion of the plume to capture EDB and
CCly in groundwater. The FS-29 plume will be captured and treated by a GAC system,
and the treated water will be discharged to an infiltration gallery. Long-term monitoring
will be conducted to demonstrate that the selected remedy is effective and protective of
human health and the environment. If, as a result of additional site characterization and
modeling, the proposed groundwater ETR system for the FS-29 plume is determined not
to be appropriate, the selected remedy will be reviewed. Alternative remedies will then
be evaluated to determine which remedy provides the best balance of the nine CERCLA
criteria, leading to selection of a new remedy by AFCEE and the EPA, with state

concurrence and public input.

For the CS-4, CS-20, CS-21, FS-13, FS-28, and FS-29 plumes: Monitoring will be
conducted to demonstrate that the selected remedies are effective and protective of

human health and the environment.

Institutional Land use controls (LUCs) will be put in place to reduce the risk of current
and future exposure to contaminated groundwater in the CS-4, CS-20, CS-21, FS-13, FS-
28 and FS-29 plumes until cleanup standards are attained in the plumes. The
Commonwealth of Massachusetts enforces LUCs on public water supplies and within the

Crane Wildlife Management Area.

The Town of Falmouth implements and enforces LUCs on private wells within the town.
The Falmouth Board of Health (BOH) approved a series of water well regulations at their
13 September 1999 meeting. These regulations require a permit from the Board of

Health for the installation and use of all new wells, including drinking water wells,
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irrigation wells, and monitoring wells within the town of Falmouth. Along with other
requirements, this regulation states that “A Drinking Water Well must [be] tested
for...volatile organic compounds and found to be within potable water limits as defined
in 310 Commonwealth of Massachusetts Regulations (CMR) 22.000 Drinking Water
Regulations and must not exceed the Commonwealth of Massachusetts’ Maximum
Contaminant Levels.” AFCEE will coordinate with the Falmouth Board of Health
periodically (but not less than annually) to ensure the Town knows of any changes to the

plume configurations and/or contaminant concentrations.

The Air Force is responsible for ensuring that the preceding two LUCs are established,
monitored, maintained, and reported on as part of this final remedy to ensure protection
of human health and the environment in accordance with CERCLA and the NCP for the
duration of the final remedy selected in this ESD.

CERCLA reviews will be conducted every five years to ensure that the remedies continue
to provide adequate protection of human health and the environment.

The selected remedies are one aspect of the overall cleanup strategy for the MMR. The
following three-step process has been agreed to solely for groundwater cleanup at the
MMR due to unique circumstances presented by the location of the CS-4, CS-20, CS-21,
FS-13, FS-28, and FS-29 plumes within the sole-source aquifer on upper Cape Cod. For
the CS-4, CS-20, CS-21, FS-13, FS-28, and FS-29 plumes, the following steps will be

taken:

1. Remediate the aquifer to federal and state drinking water standards or other
risk-based cleanup levels.

2. When MCLs, MMCLs, or other risk-based cleanup levels are achieved and before the
system is shut off, perform a risk assessment to determine if unacceptable ecological
and/or human health risks are present; continue system operation, and/or pursue
additional measures as required to achieve acceptable risks.

3. Once acceptable risks have been achieved, evaluate the technical and economic
feasibility of additional remediation to approach or achieve background
concentrations.
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2.3.2 Initial Conceptual Designs for the CS-4, CS-20, CS-21, and FS-29 Plumes

In 1999, when the feasibility studies were done for the SWOU plumes (AFCEE 2000d,
1999b), preliminary ETR system designs were developed (1) to use as the basis for
numerical groundwater modeling simulations that were developed to estimate
approximate pumping rates and cleanup times, (2) to form the basis of cost estimates, and
(3) to provide the public stakeholders with a conceptual image of the system layout so
they could evaluate potential construction impacts and other aspects of the remedial
alternatives. The selected remedy for the FS-28 plume was not conceptual and utilized
an existing remedial system; therefore, the FS-28 remedy will not be addressed in this
section. Active treatment was not selected for the FS-13 plume and the plume will not be

addressed in this section.

For the CS-4 plume, the conceptual design called for replacing the existing extraction
well fence with a new extraction system that used approximately three extraction wells
located along the longitudinal axis of the plume (Figure 2-3). Groundwater modeling
conducted during the feasibility study indicated that approximately 300 gpm would be
needed to capture the plume. It was envisioned that 200 gpm would be processed at the
existing treatment facility and that the balance (approximately 100 gpm) would be

processed at a new treatment facility to be built for the adjacent CS-20 plume.

The conceptual design for the CS-20 plume included the construction of an ETR system
capable of treating 500 gpm for hydraulic capture and treatment of plume contaminants.
The water would be treated at a new treatment facility to be built for the CS-20 plume.
Because the goal of the ETR system was plume capture, the extraction system conceptual
design consisted of an extraction well located at the most downgradient (southern) extent

of the plume (Figure 2-3).

The conceptual design for the CS-21 plume included the construction of an ETR system
capable of treating 1,200 gpm in the upgradient portion of the plume and a separate
leading edge extraction and reinjection well pair and treatment system processing

200 gpm. The system would be designed for hydraulic capture and treatment of plume
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contaminants. Because the goal of the ETR system was plume capture, the extraction
system conceptual design included an extraction well located at the most downgradient
(southern) extent of the plume (Figure 2-3).

The conceptual design for the FS-29 plume included the construction of an ETR system
capable of treating 600 gpm for hydraulic capture and treatment of plume contaminants.
Modeling indicated that a small portion of the upgradient (northeastern) part of the FS-29
plume would be captured by the ETR system that was planned for the adjacent CS-21
plume. Because the goal of the ETR system was plume capture, the extraction system
conceptual design consisted of two extraction wells located in the downgradient
(western) portion of the plume (Figure 2-4).

A4P-J23-35BC24VC-M26-0006 Final
10/21/2008 2-12



3.0 DESCRIPTION OF SIGNIFICANT DIFFERENCES AND THE BASIS FOR
THESE DIFFERENCES

This section describes the differences between the selected remedies (as described in the
RODs) for the CS-4, CS-20, CS-21, FS-13, FS-28, and FS-29 plumes and the design
modifications documented in this ESD. The following subsections describe the current
design and the rationale for deviating from the selected remedies as they were described
in the RODs.

3.1 SIGNIFICANT DIFFERENCES FROM THE SELECTED REMEDIES

There were no significant differences between the selected remedy and design of the
CS-21 and FS-28 remedial systems or the selected remedy for the FS-13 plume (long-
term monitoring); therefore the CS-21, FS-28, and FS-13 remedies will not be addressed
in this section. During the feasibility studies for the CS-4, CS-20, and FS-29 plumes, the
relative effectiveness, estimated costs, and expected outcomes for various remedial
alternatives were compared with each other (AFCEE 2000d, 1999b). Because the
physical and chemical data available at the completion of the SWOU RI were relatively
limited, the evaluations of remedial alternatives were based on very preliminary design
concepts. The amount of physical and chemical data that supported the wellfield design
in 2003 was approximately twice the amount that was available for the feasibility studies
in 1999. As the understanding of the site conditions became more refined through the
collection of additional data, the designs for the groundwater ETR systems evolved from

conceptual designs to detailed engineering and construction plans.

Although there are several changes between the conceptual designs for the remedies
AFCEE committed to in the RODs and the current designs, most of these changes are not
considered by EPA to be *“significant” post-ROD changes that would require the
preparation of an ESD document. For the CS-4, CS-20, and FS-29 plumes, what is
significant about the differences between the current design and the remedies described in
the RODs is the concept of how much of the plumes would be captured by the ETR
systems. In 1999 and 2000, the conceptual remedy for each plume was an active total

capture remedial system. The current designs for the ETR systems for the CS-4, CS-20,

A4P-J23-35BC24VC-M26-0006 Final
10/21/2008 3-1



and FS-29 plumes do not capture the most downgradient parts of these plumes. Instead
the downgradient portion of these plumes will reach cleanup levels through natural
attenuation. This significant change and a few other minor changes to the conceptual

designs presented in the RODs are described in this section.

3.1.1 Description of the Current Design

The ETR system that was built treats and discharges water extracted from the CS-4,
CS-20, and FS-29 plumes'. The final wellfield design for the plumes is presented on
Figure 3-1 and Figure 3-2. As illustrated in Figure 3-1 and Figure 3-2, contaminated
groundwater from within the CS-4, CS-20, and FS-29 plumes is extracted as follows:

e (CS-4 plume: Three extraction wells are used to remove groundwater from the CS-4
plume. A pair of wells oriented cross gradient from each other are located between
the former 13-well extraction fence (now abandoned) and Route 151. A third well is
located closer to (yet upgradient of) the leading edge of the plume between Route 151
and Boxberry Hill Road. The total flow rate from the three CS-4 extraction wells is
620 gpm.

e (CS-20 plume: Two extraction wells will be used to remove groundwater from the
CS-20 plume. The pair of wells is axially oriented; one north of Route 151 and one
located on Boxberry Hill Road. The total flow rate from the two CS-20 extraction
wells is 775 gpm.

e FS-29 plume: Two extraction wells will be used to remove groundwater from the FS-
29 plume. The pair of wells will be oriented crossgradient from each other and
located slightly west of Falmouth Woods Road, about 2,000 feet upgradient of the
leading edge of the plume. The total flow rate from the two FS-29 extraction wells is
525 gpm.

All groundwater extracted from the three plumes (at a combined rate of 3,320 gpm when
also including CS-21) is processed at a new treatment plant located on the MMR. The
treatment process separates the influent flow into six separate process flows, each with its
own train of two sequential GAC vessels to adsorb organic contaminants dissolved in the

water (primarily PCE and TCE). As the carbon in each vessel adsorbs contaminants and

! The Hunter Avenue Treatment Facility also contains a GAC treatment system to process water extracted
from the LF-1 and CS-23 plumes; however, those components are not considered part of the treatment
system for the CS-4, CS-20, CS-21, and FS-29 plumes.

A4P-J23-35BC24VC-M26-0006 Final
10/21/2008 3-2



loses its effectiveness, it will be removed, shipped off-site for regeneration, and returned

for reuse.

Electric pumps located in each extraction well will generate enough pressure to push the
contaminated water to the surface and on through several thousand feet of underground
piping to the treatment plant. A pair of booster pumps will force the water through the
GAC system and out through another several thousand feet of underground piping to the
reinjection wells and infiltration systems where treated water is returned to the aquifer
(Figure 3-1 and Figure 3-2). Treated water will be returned to the aquifer in a strategic
manner designed primarily to (1) help push contaminated groundwater toward extraction
wells, (2) mitigate adverse water-level drawdown or mounding near sensitive ecosystems,

and (3) maintain regional groundwater flow patterns.

3.1.2 Differences between the Conceptual Design and Current Design

The selected remedies for the CS-4, CS-20, and FS-29 plumes as they were described in
the ROD documents signed in the year 2000, were summarized in Section 2.3. Through
additional site characterization and the design process, the plans for extracting, treating,
and reinjecting/infiltrating groundwater from these three plumes have evolved from very
general concepts to a detailed wellfield design. The following discussion highlights some
of the differences between the early conceptual designs presented in the RODs and the

current designs. The justifications for each deviation are provided in Section 3.2.

3.1.2.1 Significant Difference

As mentioned previously, the significant difference with the designs for the CS-4, CS-20,
and FS-29 plumes is that a certain portion of each plume will not be captured by the ETR
system. Conceptually, the remedies selected in the RODs for the CS-4, CS-20, and
FS-29 plumes were intended to capture the entire mass of each plume. The wellfield
design process began with the intent of developing ETR systems for total capture in each
plume.  However, through analyzing various designs for system performance,

effectiveness, property access issues, and other constraints, final designs for the CS-4,
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CS-20, and FS-29 plumes were developed that meet remedial action objectives while
allowing for a relatively small portion of each plume to remain uncaptured and attenuate
naturally. AFCEE will monitor the concentrations of the plume contaminants in the
uncaptured portion of the plumes to confirm that they do not present unacceptable human
health risks and that the fate and transport of the uncaptured portion of the plume is
similar to predictions. Monitoring results that are not similar to predictions will be
evaluated and additional groundwater sampling, drilling, or groundwater modeling may

be conducted.

The extent of the capture zones and the extent of the plumes are approximated using a
combination of observed data and inferred conditions. The amount of each plume that is
not captured is an approximation for each remedial system. Plume definitions were
developed conservatively using both recent and historical chemical groundwater data.
Chemical groundwater data is combined with knowledge of groundwater flow velocities,
plume trajectories, and groundwater modeling to estimate plume nature and extent. The
extent of the capture zones is largely estimated through model predictions of the extent of
hydraulic stress and impacts on groundwater flow due to operation of the remedial
system. For CS-4 and CS-20, the extent of the plumes is predicted to extend outside the
downgradient limits of the capture zones. The conceptual model suggests that a portion
of the CS-4 and CS-20 plumes are beyond the downgradient extent of the capture zones
at concentrations in excess of MCLs, MMCLs, or GW-1 standards for respective

contaminants of concern (COCs).

Groundwater modeling of the CS-4 plume conducted during wellfield design, using the
2002 plume shell, indicated that the total PCE plume shell mass was approximately
70.4 Ib at the time of system startup, with approximately 3.1 Ib of PCE predicted to be
downgradient of the capture zone (downgradient of 02EW0016). This uncaptured part of
the plume was predicted to migrate south and attenuate to below cleanup levels by year
2008 and before reaching the northern shore of Coonamessett Pond. More recently the
total PCE mass in the CS-4 plume shell was re-estimated using the 2006 PCE plume

shell. The revised estimate for total PCE mass in the CS-4 plume is approximately
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39.2 Ib, with approximately 0.63 Ib downgradient of the capture zone, which was
predicted to have naturally attenuated below the MCL by approximately June 2007
(AFCEE 2008a). AFCEE will monitor the concentrations of CS-4 plume contaminants in
the uncaptured portion of the plume to confirm that they do not present unacceptable

human health risks and that the uncaptured portion of the plume behaves as predicted.

For the CS-20 system, groundwater modeling conducted after the wellfield design was
developed indicated that the total 2006 CS-20 plume mass (dissolved and adsorbed) is
162 Ibs with approximately 8.7 Ibs predicted to be downgradient of the capture zone at
the time of system startup (Figure 3-3) (AFCEE 2008a). This uncaptured part of the
plume is predicted to migrate south, with the PCE concentrations in this uncaptured part
of the plume predicted to reach cleanup levels by year 2024. In the original CS-20
wellfield design that incorporated a leading edge extraction well, the portion of the plume
between the middle extraction well and the leading edge extraction well was predicted to
reach cleanup levels by year 2013 (AFCEE 2004a). AFCEE will monitor the
concentrations of CS-20 plume contaminants in the uncaptured portion of the plume to
confirm that they do not present unacceptable human health risks and that the uncaptured

portion of the plume behaves as predicted.

The wellfield design for the FS-29 plumes utilizes two extraction wells located close to
Falmouth Woods Road. FS-29 plume contamination located downgradient (west) of
these extraction wells will not be captured by the current design. The entire 2002 FS-29
plume shell was predicted to contain 0.46 Ib of EDB and CCl, (scaled to the EDB
MMCL) by the time the system was predicted to start in year 2005.5. The uncaptured
portion of the 2002 plume shell was approximated to contain 0.0029 Ib of EDB and CCl,4
(scaled to the EDB MMCL) at year 2005.5. Monitoring of the FS-29 plume will be
conducted downgradient of the extraction wells to ensure that it does not present
unacceptable human health risks and to demonstrate that the aquifer is restored within a
reasonable time frame. The modeling conducted during wellfield design predicted that
the concentrations of EDB, within the part of the FS-29 plume located downgradient
(west) of the extraction wells, would reach cleanup levels by approximately year 2012.

The total mass in the 2006 FS-29 plume shell is approximately 0.37 Ib with
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approximately 0.035 Ib downgradient of the capture zone, which is predicted to naturally
attenuate below the MCL by approximately year 2011.75 (AFCEE 2008a).

3.1.2.2 Other Minor Differences

There are two minor differences between the selected remedies in the RODs and the
current cleanup strategy for the CS-4, CS-20, CS-21, FS-13, FS-28, and FS-29 plumes.
The minor differences are related to the three-step process (for the five plumes with

active treatment) and the LUCs (applicable to all six of the plumes).

As previously mentioned, the RODs included specific language describing a three-step
process for how remedial action objectives would be achieved for the plumes. An
overview of this process is provided in Section 2.3.1 of this document, and the full length
versions are presented in Section 2.8.4 of the Final Record of Decision for the Fuel Spill-
28 and Fuel Spill-29 Plumes (AFCEE 2000a) and Section 2.8.5 of the Final Record of
Decision for the CS-4, CS-20, CS-21, and FS-13 Plumes (AFCEE 2000b). AFCEE, EPA,
and the MassDEP collectively developed the process that was outlined in the SWOU
RODs in 1999. Very briefly stated, the process called for first remediating the aquifer to
state and federal drinking water standards, next conducting a risk assessment to
determine if unacceptable risks were posed by residual contamination and to determine
how remediation should continue, and lastly (after acceptable risks have been achieved)
evaluating the technical and economic feasibility of restoring the aquifer to background
conditions. As the Installation Restoration Program at MMR matured and more was
learned about how the plumes change with time in response to restoration activities, it
became apparent to AFCEE and the regulatory agencies that revisions to the three-step
process were necessary to accurately reflect the strategy for achieving remedial action
objectives. In 2002, AFCEE and the regulatory agencies revised the three-step process.
The revised process continues to require AFCEE to conduct a residual risk assessment
before treatment system shut down and to evaluate the technical and economic feasibility
of achieving background concentrations in the aquifer after acceptable risk levels have
been achieved. The substantial change made to the three-step process in 2002 was that

AFCEE is no longer required to demonstrate that contaminants have been detected at
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cleanup levels (MCLs and MMCLSs) in the aquifer before proceeding with the second and
third steps in the process.

The three-step process will be implemented in the following manner:

1. During the period that treatment systems are remediating the aquifer to federal
and state drinking water standards or other risk-based cleanup levels, AFCEE
will monitor the plume in accordance with an approved system performance
monitoring plan. The performance monitoring program will collect data for
evaluating (a) whether the system is performing as designed, (b) whether the system
is impacting ecologically sensitive areas, (c) the potential for short-term health effects
due to exposures during active remediation, and (d) when the selected remedy will
attain the remediation goals in the ESD.

2. In accordance with applicable EPA guidance, perform a residual risk
assessment(s) to determine if unacceptable ecological and/or human health risks
are present; continue system operation and/or pursue additional measures as
required to achieve acceptable risks. AFCEE shall conduct a residual risk
assessment(s), if deemed necessary, to determine whether the COCs remaining in the
aquifer continue to pose unacceptable ecological and/or human health risks. This risk
determination shall be made jointly by AFCEE and the EPA, in consultation with the
MassDEP, and may result in aquifer cleanup that is more protective than the National
Contingency Plan (NCP) point-of-departure risk of 10° [40 CFR Part 300.430 (e)(2)],
if justified, based on the following site-specific factors: cumulative effects of multiple
contaminants, the potential for exposure from other pathways of exposure at the site,
population, sensitivities, potential impacts on environmental receptors, and cross-
media impacts (NCP Preamble, page 8717).

3. Once acceptable risk levels have been achieved, evaluate the technical and
economic feasibility of additional remediation to approach or achieve
background concentrations. AFCEE shall proceed with a technical and economic
feasibility analysis of approaching or achieving background concentrations in the
aquifer. The feasibility of approaching or achieving background will be determined
in accordance with the following criteria:

(@) Technological — Not feasible if:

i.  the existing technologies or modification cannot remediate to a level of no
significant risk, or to levels that approach or achieve background; or

ii.  the reliability of the identified alternative has not been sufficiently proven
and a substantial uncertainty exists as to whether it will effectively reduce
risk; or

iii. the remedy does not or cannot be modified to meet other regulatory
requirements.
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(b) Economic — The benefits of implementing a remedy and reducing the
concentrations of contaminants in the environment to levels that approach or
achieve background justifies related costs unless:

i. the incremental cost for the remedy is substantial and disproportional to
the increased reduction of risk, environmental restoration and monetary
and non-monetary values; or

ii. the risk of harm to health/safety/public welfare/environment by the
remedy cannot be adequately controlled.

AFCEE and the EPA, with input from the MassDEP, have also agreed that in the event
that implementation of this process leads to a mutual decision to undertake additional
cleanup and such decision results in a significant or fundamental change to the remedial
approach, cleanup levels and/or costs documented in this final ESD, AFCEE will execute
an ESD (with public comment) or ROD Amendment, as appropriate. Whether any such
additional cleanup actions result in a significant or fundamental change to this final ESD
shall be determined by AFCEE in consultation with the MassDEP and the EPA in
accordance with the criteria set forth in EPA’s A Guide to Preparing Superfund Proposed
Plans, Records of Decision, and other Remedy Selection Decision Documents (EPA
1999). In this manner, such changes will be subject to regulatory review and stakeholder
involvement through issuance of a new ESD and/or ROD amendment. In the event that a
dispute arises regarding any of the determinations reached under the process outlined
above, such dispute shall be resolved under the dispute resolution procedure of the
MMR FFA.

A second minor difference involves changes to the LUCs. As the Installation Restoration
Program at MMR matured it became apparent to AFCEE and the regulatory agencies that
revisions to the LUCs were necessary to protect area residents from exposure to
contaminants in groundwater and surface water. Groundwater from the Southwest
plumes currently poses an unacceptable risk to human health if used for household
purposes (i.e., ingestion, dermal contact, and inhalation of vapors released during
household use of water). Portions of the Southwest plumes have migrated past the MMR
boundary into the neighboring town of Falmouth. Therefore, administrative and/or legal

controls that minimize the potential for human exposure to contamination by limiting
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land or resource use (i.e., LUCs) have been established for this area of concern to avoid
the risk of exposure to groundwater from the plumes. These LUCs are needed both on-
base and off-base, within the town of Falmouth, until the groundwater from the
Southwest plumes no longer poses an unacceptable risk. Contaminants from the FS-28
plume have not been detected above action levels in the Coonamessett River and
groundwater data indicates any future surface water detections will remain below action
levels; therefore, LUCs are not necessary to avoid risk of exposure to surface water or

fish from the Coonamessett River.

The performance objectives of the LUCs are:

e Prevent access to, or use of, the groundwater from the CS-4, CS-20, CS-21, FS-13,
FS-28, and FS-29 plumes until the groundwater no longer poses an unacceptable risk;
and

Maintain the integrity of the current or future remedial or monitoring system such as
treatment systems and monitoring wells.

The LUCs will encompass the area including the Southwest plumes (Figure 3-4) and
surrounding areas to reduce potential exposure to the plume. The on-base area of
concern is controlled and operated by the Army and the Air Force, who lease this land
from the Commonwealth of Massachusetts. It is expected that these entities (Army and
Air Force) will control the area of concern and the surrounding area for the duration of
this ESD. As a result, the Air Force will coordinate with the Commonwealth of
Massachusetts as the Air Force fulfills its responsibility to establish, monitor, maintain,

and report on the LUCs for this site.

Each LUC will be maintained until either (1) the concentrations of COCs in the
groundwater are at such a level to allow unrestricted use and exposure, or (2) the Air
Force, with the prior approval of the EPA and MassDEP, modifies or terminates the LUC

in question.

The Air Force is responsible for ensuring that the following two LUCs are established,

monitored, maintained, and reported on as part of this final remedy to ensure protection
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of human health and the environment in accordance with CERCLA and the NCP for the
duration of the final remedy selected in this ESD. The Commonwealth of Massachusetts
only has enforcement authority regarding the second LUC. In the event that the Town of
Falmouth fails to promptly enforce the first LUC or the Commonwealth of Massachusetts
fails to promptly enforce the second LUC, the Air Force will act in accordance with the
third from the last paragraph in this section. For purposes of the preceding sentence,
“promptly enforce” means if the violation or potential violation is imminent or on-going,
enforce to prevent or terminate the violation within 10 days from the enforcing agency’s
(i.e., the Town or the Commonwealth) discovery of the violation or potential violation;
otherwise, enforce as soon as possible.

1. The Falmouth BOH requires a permit for the installation and use of new wells,
including drinking water wells, irrigation wells, and monitoring wells. If a permit to
install a drinking 