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Executive Summary (ES)

ES 1.1 Introduction

BASF Corporation (formerly Engelhard Corporation, hereafter referred to as BASF after its
acquisition in 2007) owns a former manufacturing facility located at 32 Taunton Street in
Plainville, Massachusetts (referred to as the Facility or the Site). This Facility operated from
the mid-1950s to 1993 and, after a five-year shutdown period, recommenced in Buildings 8
and 10 only, dry (non-chemical usage), small wire-making and warehousing operations in
1999. Those operations were subsequently sold to a third party, FSP, who as a tenant
continued to occupy a portion of the facility, undertaking manufacturing activities initially, and
then since 2007, has continued primarily warehousing and storage activities. A second
tenant, Wolverine Corporation, also maintained storage operations of industrial equipment
(machinery) and packaging materials in Building 8 from 1999 until approximately 2007.

As a result of its historical metallurgical operations, Engelhard produced a variety of aqueous
and solid wastes that were managed at the Facility. Based on historical information and
preliminary studies, the United States Environmental Protection Agency (USEPA) Region |
and, as a secondary party, the Massachusetts Department of Environmental Protection
MassDEP), and Engelhard Corporation entered into an Administrative Consent Order (ACO)
[RCRA Docket No. 1-92-1051] in the Fall of 1993 that, among other items, required
Engelhard to: 1) investigate several potential areas of concern (AOCs)?% 2) assess the
potential for migration of constituents off-site; 3) evaluate the potential human health and
ecological risks posed by the presence of these constituents in the AOCs; and 4) implement
certain specified “Stabilization Measures”, as defined under RCRA, at the Site.

The results of this investigation, and an assessment of the potential for migration of
constituents off-site, are summarized in this Revised Draft RCRA Facility Investigation
Report (Revised Draft RFI Report). In addition, this report provides an assessment of the
Stabilization Measures implemented to date at the Site including: 1) the mitigation of surface
runoff from roof drains through the demolition of on-site structures; 2) the installation,
operation and optimization of a Groundwater Stabilization Measure (GSM) to collect and
treat ground water on-site, thereby significantly reducing the potential for constituents of
concern to migrate off-site; 3) the implementation of physical access restrictions (six-foot-
high galvanized steel fence) to prevent potential exposures to constituents along the
southern property boundary bordering Turnpike Lake; and 4) the development of a
Stabilization plan for soils in AOC B, which is also undergoing a separate radiological
investigation under the jurisdiction of the Massachusetts Department of Public Health
(MADPH).

This executive summary is divided into six sections. Following a brief introduction (Section
ES 1.1), a Conceptual Site Model (CSM) is presented in Section ES 1.2. The CSM includes
a description of the Site and surrounding area and introduces areas and constituents of
concern and potential exposure pathways under current and reasonably foreseeable future
land use conditions at the Site. In Section ES 1.3, a brief summary of the results of the
Phase I, Phase I, and Supplemental RFI field investigations is presented by media.
Constituent fate in ground water is described in Section ES 1.4. The results of an ecological

1 Formerly known as 30 Taunton Street.
2 Areas of Concern are identified in Figure 2.1.
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risk assessment (ERA) for the Site and surrounding area including the low-lying wetlands
east of Route 152 are presented in ES 1.5. Lastly, Section ES 1.6 contains a discussion of
the Stabilization and interim measures conducted at the Site, and provides an evaluation of
whether additional measures would be warranted based on Site conditions observed during
the RFI. The findings and conclusions in this executive summary are provided at an
overview level, and details are provided in the subsequent sections of the RFI report itself.

A human health risk assessment will be submitted as a separate document following
submission of this Revised Draft RFI Report. A Draft Future Land Use Proposal Application
(FLUPA) has been submitted to the USEPA, and based on received comments, is being
finalized. This Application seeks to restrict the foreseeable future use of the Site to
commercial or industrial land use and prevent residential use of the property. In addition,
Media Protection Standards (MPSs) will be developed based on regulatory standards and
the risk-based concentrations derived from the RFI risk assessment. The proposed MPSs
for the Site will be presented in the Media Protection Standard Proposal, which will be
submitted along with the human health risk assessment. The MPSs will be used as
guidelines for measuring the necessity for and/or the degree of protection afforded by any
future corrective measures. A detailed comparison of constituent concentrations detected at
the Site with MPSs will be provided as a future insert to this report following completion of
the human health risk assessment and MPS Proposal.

ES 1.1.1 Operating History

The BASF Facility is a former metal fabrication and finishing plant located on approximately
22 acres in Plainville, Massachusetts. BASF also owns approximately 10 acres adjacent to
the Facility to the west beneath Turnpike Lake, as well as 20.5 acres of land located
immediately east of the Facility across Route 152, including five (5) former residential
properties (approximately 2.2 acres) and a former drive-in theater (18.3 acres). The Facility
was constructed in 1957 and initially consisted of two buildings where operations primarily
consisted of rolling and fabricating steel and titanium, and fabricating uranium fuel elements
under license from the U.S. Atomic Energy Commission (AEC). Wastewaters from the
uranium fabrication operations were discharged after treatment into leach fields located on
the southeastern side of Building 2°. In 1962, fabrication of uranium fuel elements ceased
and all nuclear materials and equipment were removed from the Facility and sold.

Over the subsequent years until operations ceased in 1993, the Facility was expanded by
the construction of additional adjoining buildings, eventually covering a contiguous area of
approximately 300,000 square feet. Operations primarily consisted of fabrication and
finishing of gold and silver into wire and flatstock for the jewelry and electronics industries.
Processes included melting raw materials, mixing metals to make alloys, shaping (drawing
and forming) the metal, and heat-treating and finishing products. The Facility generated
various aqueous, airborne and/or solid process waste streams, which may have contained
cyanides, metals (including cadmium and chromium), chlorinated solvents, acids, metal
hydroxide sludges, and metal-containing dusts.

Historically, wastewater generated at the Facility was discharged on-site in various disposal
ponds and leach fields. Beginning in 1973, the Facility operated a water treatment plant
consisting of an ion exchange system designed to remove metals from the metal processing

3 Former and current buildings onsite are identified in Figure 2.1.
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wastes and to return treated wastewater to the manufacturing process for re-use. Due to
insufficient capacity and operational inefficiencies, some treated and untreated wastewaters
were released to pits and to the ground surface. The wastewater treatment plant was
replaced in 1981 with a pretreatment plant where wastewater was treated by pH adjustment
and solids settling and then discharged to a municipal sewer. Selected waste streams were
pretreated for reduction of hexavalent chromium and cyanide destruction before being
combined with the main waste stream.

ES 1.2 Conceptual Site Model
ES 1.2.1 Environmental Setting

The portion of the Site west of Route 152 is zoned industrial, and the portion of the Site east
of Route 152 is zoned commercial. This latter area consists of five vacant lots, and in the
northern portion, a former drive-in theater. The site overall is located in an area of mixed
commercial, residential, and natural resource preservation land uses. It is bordered by
Turnpike Lake to the west and south, and a forested and wetland area owned by the Natural
Resources Trust of Plainville to the north. There is also a private residence and associated
car garage/barn, and a commercial operations building used by that home owner for a
construction business, all of which are located to the southeast.

The Site is located within the Taunton River Drainage Basin, a small sub-area of the
Narragansett Basin. The principal aquifer system in the basin is the Middle Wading River
aquifer, which is composed of stratified, unconsolidated glacial drift. The Massachusetts
Department of Environmental Protection (MassDEP) has classified the majority of the area
surrounding the Facility and the low-lying areas east of the Facility as a potentially
productive high yield aquifer. An underlying bedrock zone also serves as an aquifer in some
parts of the basin, and is used as a source of water supply for private wells located
approximately 0.9 miles northeast of the Facility, adjacent to Lake Mirimichi.

Turnpike Lake forms a natural source of ground water recharge in the areas west and
beneath the Facility, with the subsequent flow of both ground water and surface water to the
east into low lying areas and two small streams located across Route 152. The lake has two
surface outlets, one from the embayment immediately south of the Facility, and one
approximately 0.13 miles to the north of the main facility. The surface outlet to the north
empties into Turtle Brook and the surface outlet to the south empties into Sawmill Brook,
which eventually merges with Turtle Brook to the northeast of the former drive-in. The low-
lying wetlands surrounding Sawmill Brook also receive drainage from the south and east,
and Turtle Brook receives drainage from the north. Drainage from the low-lying areas
eventually enters Lake Mirimichi, approximately 0.9 miles to the northeast of the Facility, via
Turtle Brook.

ES 1.2.2 Areas and Chemicals of Potential Concern

In 1986, EPA issued a RCRA 3007 letter requesting information about solid waste
management units (SWMUs) and releases of hazardous constituents to the environment at
the Site. Following several years of investigation, a Consent Order identifying 46 potential
Areas of Concern (AOCs) was signed between BASF and regulators in 1993. During the
consent negotiations, it was agreed that 20 of the 46 potential AOCs required further
investigation. These 20 AOCs include land areas formerly receiving storm water runoff and
wastewater discharge; areas affected by emissions from air pollution control devices;
locations of former dry wells and degreaser pits; and waste storage areas.
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These AOCs can be grouped into five categories based on common attributes related to
operating histories and exposure potential. These categories include:

Exterior AOCs (outside the building footprint). These AOCs and sub-AOCs,
including AOC B (B-2, B-3, B-4, B-18 and B-35) and AOC 19, are characterized
by shallow surface soils containing metals, radionuclides, polychlorinated
biphenyls (PCBs) and/or chlorinated volatile organic compounds (CVOCSs).
Contaminants in these AOCs represent potential concerns for direct exposure to
on-site workers, as well as the potential for migration into off-site areas as wind-
blown dust or suspended sediments in storm water runoff. AOC B (including sub-
AOCs B-2, B-3, B-4 and B-18) will eventually be addressed by a Stabilization
Measure to remove/stabilize the contaminated soil, thus reducing this risk.

Exterior AOCs formerly used for the disposal of wastewater. These AOCs
and sub-AOCs, including AOC A (A-1, which is associated with the operation of
former wastewater disposal ponds behind Building 10, and A-12) and AOC 16,
are characterized by subsurface contamination by metals, radionuclides (AOC 16
only) and to a lesser degree CVOCs. Contaminants in these AOCs represent a
potential source of metals, radionuclides and CVOCs to ground water.

Interior AOCs (inside the building footprint). These AOCs, including AOCs 5,
6, 14, 22, 26, 29, and 30, represent a potential source of CVOCs in ground water,
and in some cases, CVOCs in indoor air of remaining Buildings 8 and 10. Some

of these (AOCs 5, 6 and 14) were active prior to construction of Building 8. Some
AOCs (AOCs 5, 6, 14, 22 and 26) AOCs may also be a potential source of metals
in soils and ground water.

AOC 7. AOC 7 is an area of the Facility used primarily for material/equipment
storage and shipping/receiving and includes the Courtyard Area, which is
bounded by former Buildings 1, 2, 5 and 6, and areas currently covered by
concrete slabs associated with former Buildings 3, 9 and 12. A drywell
apparently used for disposal of CVOCs was also discovered in the “Upper
Courtyard” portion of this area.* This former drywell was excavated and removed
along with surrounding soils in late 2007 — early 2008 (LFR Inc., 2009a).
Contaminants remaining in this AOC, including metals, CVOCs and PCBs, are
typically found in the subsurface or covered beneath macadam pavement and
currently represent a principal concern for migration of CVOCs to ground water.
This AOC has been evaluated for use as an on-site containment cell for soil,
which would be compatible with RCRA standards (e.g. impermeable top and
bottom liners).

AOCs associated with the discharge of storm water from roof areas. These
AOCs include AOC 13 (Turnpike Lake) and AOC 44 (an on-site
retention/percolation pond) and typically contain metals and radionuclides/PCBs
(AOC 13 only) in sediments.

ES 1.2.3 Potential Exposure Pathways

Current land use at the facility is industrial and workers at the site could be exposed to site-
related chemicals via several pathways. Workers inside Building 8 could be exposed to
CVOC:s via soil gas infiltration into indoor air. CVOCs have been detected in both soil gas

4 As described further in Section 2.2, this dry well may be what has historically been described as AOC 22.
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collected from beneath Building 8 and in Building 8 indoor air, although indoor air levels were
below OSHA Permissible Exposure Levels (PELS). At the conclusion of four quarterly
rounds of indoor air sampling (anticipated in April 2011), an indoor air risk characterization
will be prepared and a determination will be made as to whether an additional Stabilization
Measure is required to address the migration of CVOCs into Buildings 8 and 10 via soil gas.
Workers involved in subsurface excavation activities could also be exposed to metals, PCBs
and radionuclides in sediments and soils in AOC B including the courtyard area and the
south embayment of Turnpike Lake (AOC 13). This is an area also slated for a Stabilization
Measure.

BASF will continue to maintain the property for industrial use in the future, and will submit a
revised non-residential Future Land Use Proposal Application (FLUPA) for the Site.
Ultimately, an Activity and Use Limitation (AUL), which is a MassDEP legal instrument that is
recorded on the property deed, is anticipated for portions of the property. A Human Health
Risk Assessment (HHRA) will be performed for the Site and surrounding area following
submission of this Revised Draft RFI Report. Potential exposure pathways under a non-
residential land use scenario include inhalation of CVOCs in indoor air, incidental ingestion
and dermal exposure to sediments and soils, and inhalation of windblown dusts. A
residential use scenario at the Site would introduce additional potential exposure pathways
associated with domestic use of ground water and consumption of homegrown produce.

Recreational use of the surface water and sediments in the low-lying wetlands east of Route
152 could result in potential exposures to metals and CVOCs via incidental ingestion and
direct contact. Inhalation of CVOCs volatilizing from ground water to outdoor air is also a
potential exposure pathway. Future residential use of off-site areas will be considered under
current and reasonably foreseeable future use scenarios in the HHRA.

ES 1.3 Nature and Extent of Contamination
ES 1.3.1 Chemicals Detected in Ground Water

Chemicals that have been detected in ground water and are potentially related to historic
operations at the Facility include CVOCs, and to a lesser degree metals and PCBs. The
principal CVOCs detected in on-site ground water are tetrachloroethene (also known as
perchloroethylene or PCE), 1,1,1-trichloroethane (TCA) and trichloroethene (TCE). These
three chemicals were used as degreasing agents and may have been spilled, leaked or
disposed at the Facility. Chemical and biological degradation by-products of these CVOCs
that have been consistently detected in groundwater include cis-1,2-dichloroethene (cis-1,2-
DCE), 1,1-dichloroethene (1,1-DCE) and 1,1-dichlorethane (1,1-DCA). Vinyl chloride,
chloroethane and trans-1,2-dichlorethene have also been detected, but less frequently.

The highest concentrations of CVOCs have been detected in ground water in the vicinity of
the following AOCs:

e AOC 29 - the location of a former above-floor degreaser within Building 8.

o AOC 14 - the location of a former leach field that reportedly received
wastewaters from metal-cleaning operations. This is the closest AOC to
MW12, where elevated levels of CVOCs have been detected in ground water.
However, there is no history of chlorinated solvent use associated with AOC
14; and subsurface soil data suggest that the source of CVOCs in ground
water may be located further upgradient near AOCs 5 and 6.
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e AOC 22 - the location of a former dry well that reportedly received steam
condensate from a sump containing two steam-heated vapor degreasers. It
was initially believed that this dry well was located under the northeast corner
of former Building 9, although no physical evidence of a dry well exists in this
area.” However, this dry well now appears to have been located in the Upper
Courtyard Area, in AOC 7 (see below).

e AOC 7 (Upper Courtyard Area) — the location of a dry well was discovered
in 2005, exhibiting a sand and gravel bottom and permeable brick side walls
which was apparently used for the disposal of materials containing solvents.
This may be the dry well that has originally been described as AOC 22. This
dry well and surrounding soils were subsequently removed and disposed of
off-site in 2007-2008.

Groundwater concentrations of PCE and TCA in monitoring wells located near and
downgradient of these AOCs (particularly AOCs 7, 14, and 22), have been historically
detected in the 10 — 100 mg/L range, and as high as 150 mg/L for PCE alone at the dry well
in AOC 7. This indicates that residual dense non-aqueous phase liquids (DNAPLS) may
have migrated over time through the overburden and into the fractured bedrock in these
areas.’

CVOCs in ground water from these and other minor source areas have migrated
downgradient towards the low-lying areas east of Route 152. Although the plume of
detectable CVOCs spans much of the frontage of the Facility property along Route 152, the
most concentrated portion of the plume leaving the Site is found near monitoring wells
MW4/15/17 and extends downgradient to well nests MW40A/B, MW41A/B and MW21A/B/C.
This migration pathway corresponds with the alignment of a fracture zone in the bedrock that
was identified during the pump testing of EW2 (associated with the GSM) and subsequent
geophysical testing of existing monitoring wells in the area. This fracture may have
contributed to the off-site migration of CVOCs in groundwater in this area. Historically, along
this flow path, concentrations of total CVOCs have been detected in the range of 1- 10 mg/L
in both the overburden and bedrock zones. Based on levels detected in upgradient
monitoring wells and on ground water flow patterns, the principal sources of these CVOCs
are likely associated with AOCs 5, 6 and 14 beneath Building 8, AOCs 22/26 in Building 1,
and the dry well in AOC 7.

Metals and/or PCBs have also been found in on-site ground water in the vicinity of AOCs A-
1, 7, 16 and 29 and immediately downgradient of former Buildings 1 and 2; although, there is
no evidence that these constituents have migrated off-site. Radiological parameters
(uranium compounds) were detected at low levels in the AOC 16 area, but at concentrations
below standards, and migration off-site does not appear to have occurred (Engelhard, 2004).

5 The location of AOC 22 was initially based on a 1977 report describing the presence of a degreaser pit sump
pump located in the wire cleaning room (Building 2) which discharged hot condensate to a floor drain in former
Building 4 that subsequently drained to an under floor dry well.

6 Aqueous concentrations detected at 1% to 10% of the effective solubility limit are often used as a rule of thumb
to indicate the presence of residual DNAPL. The aqueous solubilities of PCE and TCA are 150 and 1,500
mg/L, respectively (USEPA, 1998).
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ES 1.3.2 Chemicals Detected in Soil

Metals, radionuclides, CVOCs, and/or PCBs have been detected above background levels in
shallow soils in AOCs B and 7, and subsurface soils in AOCs A, 7 and 16. In 1995, soils in
AOCs B, 7, and 16 were analyzed for radioisotopes including uranium and, on selected
samples, plutonium, thorium, radium, and potassium (Berlin and Duggan, 1995). The
primary radiological constituent identified was uranium and the highest concentrations were
detected in soils under Building 2, and to a much lesser extent in the former wastewater
leach pits and drywell areas in AOC 16. Radiological constituents have also been detected
in Upper Courtyard soils and immediately below the pavement and floor slabs of Building 12
in the Courtyard area west of Building 2. Radiological constituents were also found in a
limited area (South Embayment) of Turnpike Lake, around the storm water outfalls
associated with the roof drains from Building 2 and a former drainage ditch from AOCs B
and 7 that ran through the courtyard area into Turnpike Lake.

The metals, radionuclides and PCBs detected in soil in the area of AOCs B, 7, and 16 are
likely related to former manufacturing operations in Buildings 1 and 2, and represent a
generally continuous area of soil contamination across these contiguous AOCs. Metals
detected at concentrations above background include cadmium, chromium, copper, lead,
nickel, silver and zinc. The highest concentrations were reported for cadmium, likely
associated with fugitive releases from bag-houses operated in this area. The elevated
concentrations of contaminants in AOCs B, 7, and 16 have been the focus of a RCRA sail
Stabilization Measure, continued implementation of which will be coordinated with the
completion of the radiological decommissioning of these same areas.

Elevated levels of metals (including cadmium, chromium, copper, lead, nickel, silver, and
zinc) and PCBs have also been detected in surface and subsurface soils near AOCs A-1
and A-12. AOC A-1 consists of a land area located west of Building 10 where wastewater
was released to two former surface impoundments (Frog Ponds). AOC A-12 was a former
waste storage area and below ground wastewater containment basin located beneath what
is now the central portion of current Building 10. Low levels of CVOCs have also been
detected in this area.

ES 1.3.3 Chemicals Detected in Surface Water and Sediments

Turnpike Lake. The results of the sediment sampling conducted in Turnpike Lake
indicate that elevated levels of several metals (cadmium, chromium, copper, lead, nickel,
selenium, silver and zinc), PCBs (Aroclors 1242, 1248 and 1254), and radionuclides are
present in the South Embayment area of Turnpike Lake (AOC 13). Cadmium, chromium
and nickel were also detected in lake sediments collected west of AOC A. However, testing
for metals in sediments collected from the small cove located north of the Facility near the
spillway to Turtle Brook suggest that Site-related activities have not impacted this area.

Although elevated metal concentrations were detected in surface water samples collected
during pre-RFI sampling activities, the sources of these metals (roof drain runoff) have since
been removed and surface water concentrations of metals detected during the Supplemental
RFI are comparable to background levels.

Sawmill Brook. Sediment samples collected from Sawmill Brook contained a
number of metals exceeding background levels including cadmium, chromium, copper, lead,
nickel, selenium, silver, and zinc. The spatial distribution of metal concentrations in Sawmill
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Brook sediments is consistent with surface water transport from the South Embayment of
Turnpike Lake and subsequent deposition in downstream sedimentation areas near the
former drive-in. Surface water concentrations of metals detected during the most recent
rounds of sampling in the brook were similar to background levels. Radionuclides detected
in Sawmill Brook sediments have been at levels comparable to background.

CVOCs (PCE, TCE and TCA) have also been detected in surface water and sediment
samples collected from Sawmill Brook. The pattern of concentrations detected in the brook
is consistent with a source of CVOCs in ground water upwelling into the brook and low-lying
wetlands.” CVOC concentrations in surface water and sediments have decreased
significantly compared to levels detected during pre-RFI sampling activities. These lower
concentrations likely reflect the cessation of facility operations in 1993 and the significant
beneficial effect that the GSM is having on ground water concentrations in the overburden
aquifer since startup in 1998. Only low levels of PCE and TCA (near 1 pg/L) have been
detected in surface water entering Turtle Brook, indicating that ground water discharge to
Sawmill Brook and the low lying wetlands is having a very minor effect on water quality in
those wetlands. Therefore, the likelihood of any CVOCs reaching Lake Mirimichi,
approximately one mile away, by surface water transport is considered negligible.

ES 1.3.4 Chemicals Detected in Soil Gas

Five separate soil gas investigations have been conducted at the Facility during pre-RFI and
RFI field investigations. Soil gas “hot spots” have been identified near AOCs A-1, 5, 6, 7, 14
and 22/26. PCE and TCA were the primary VOCs detected in soil gas.

The soil gas sampling program conducted during the summer of 2005 was designed to
further investigate potential sources of CVOCs beneath Buildings 8 and 10 and adjacent
slabs of former Buildings 5 and 6. As a result of this work, PCE and/or TCA soil gas hot
spots were identified near AOC 5/6 and near AOC 14. Compared to soil gas samples
collected near AOC 5/6 in July 1989, concentrations have decreased by about an order of
magnitude since that time (ENVIRON, 2005).® These same CVOCs have been detected at
low concentrations in indoor air samples collected from Buildings 8 and 10. At the
conclusion of four quarterly rounds of indoor air sampling (anticipated in April 2011), an
indoor air risk characterization will be prepared and a determination will be made as to
whether an additional Stabilization Measure is required to address the migration of CVOCs
into Buildings 8 and 10 via soil gas. Elevated CVOCs were also detected near AOC 22/26
along the eastern edge of former Building 9. This area was also sampled in 1990 when soail
gas concentrations ranged as high as 441,000 ppbv PCE and 58,560 ppbv TCA (ENVIRON,
1999). This area is well outside the footprint of the current buildings and does not likely
represent a current source of CVOCs in indoor air.

CVOCs have also been observed in soil gas samples collected near AOC 30. AOC 30 is the
location of a former degreaser pit in former Building 6 that was subsequently filled in and
covered with concrete. In October 2005, the concrete slab covering this former degreaser
pit was removed and underlying soils contained in two concrete pits were excavated and
disposed at an approved off-site landfill. Soil samples collected from beneath the concrete
structures revealed only low levels of CVOCs in sails.

7 Numerous seeps or springs containing low levels of CVOCs are evident in the area east of Route 152.
8 For example, PCE concentrations have decreased from a maximum value of 550,992 ppbv detected in July
1989 to a maximum value of 66,000 ppbv detected in August 2005.
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ES 1.3.5 Chemicals Detected in Fish

The proposed sampling for fish in the Phase | investigation included the collection of 45 fish
of various types (i.e., bottom feeders, prey species, and game species) from Turnpike Lake,
a private impoundment east of Route 152, and a background site (Old Mill Pond). Because
it was not possible to collect all 45 fish during the Phase | Investigation, the remaining fish
were collected in Phase Il. Fish samples were analyzed for metals, PCBs, and lipids.
Phase | fish sampling was conducted on May 18, 1995 and Phase Il fish sampling was
conducted from June 18 through July 3, 1996.

Several metals were detected in the fish samples above background concentrations
including: arsenic, cadmium, chromium, copper, and silver. Cadmium was routinely
detected in elevated concentrations. No discernible trend was observed among the fish
species. PCB Aroclors 1254 and 1260 were detected in all of the bottom feeders and
several of the game and prey species. The highest concentrations were in general observed
in the bottom feeders.

ES 1.3.6 Principal Source Areas

The patterns of chemical concentrations observed in ground water monitoring wells and in
soil and soil gas indicate that a number of the identified AOCs are contributing to the
occurrence of CVOCs in ground water. However, the majority of the on-site ground water
contamination appears to originate in two principal source areas: the area beneath Building
8 potentially involving AOCs 5, 6, 14 and 29; and the area comprised by the Upper
Courtyard portion of AOC 7 and AOC 22/26.

AOCs 5, 6, 14 and 29 in Building 8. AOC 5 is a former land disposal area/pit located
beneath the northwest corner of Building 8 that reportedly received contact and non-
contact cooling waters and acid cleaning and annealing wastewaters. An above-floor
degreaser was also operated in this area within Building 8. AOC 6 is an area located in
the southwest corner of what is now Building 8 where wastewaters from metal cleaning
operations were reportedly released to the ground. AOC 14 is the location of a former
leach field that reportedly received wastewaters from metal-cleaning operations, and
AOC 29 is the location of a second above-floor degreaser operating within the northeast
area of Building 8. The highest groundwater concentrations in this area have historically
been observed in monitoring wells MW 12 (east of Building 8) and MW29 (along the
northern edge of Building 8). While concentrations of CVOCs in the overburden zone
have declined since the early 1990s in the area downgradient of Building 8, recent
testing of the shallow bedrock zone indicates that concentration of total CVOCs remain
in the range of 1- 5 mg/L. It is unknown whether DNAPLs have been released beneath
the building, however, the persistence of elevated concentrations of CVOCs indicate the
likely presence of a CVOC source in this area. These AOCs are regarded as potential
sources of CVOCs in downgradient ground water as well as a source of CVOCs in
Building 8 indoor air.

AOC 22 and AOC 7. AOC 22 is the location of a former dry well that reportedly received
steam condensate from a sump containing two steam-heated vapor degreasers. The
location of AOC 22 may be in error. It is based on a single reference in a 1977 report
describing the presence of a degreaser pit sump pump located in the wire cleaning room
(former Building 1), which discharged hot condensate to a floor drain in old Building 4°

9 Old Building 4 was located on the south side of old Building 3, which was in the northeast corner of former
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that subsequently drained to an under floor dry well. 1t is unclear if the dry well in the
upper courtyard area of AOC 7 is related to this system.

AOC 7 once contained a dry well in the northeast corner, north of former Building 12,
which was apparently used for the disposal of PCE and TCA solvents.”® Concentrations
of both PCE and TCA have been measured in ground water at over 100 mg/L indicating
the likely presence of source material (DNAPL) in the overburden and/or bedrock zones.
Further downgradient, near AOC 22, elevated concentrations of PCE and its degradation
products have been found in soil gas and ground water, with recent total CVOCs in
ground water in the range of 10-20 mg/L in the shallow bedrock and near 70 mg/L at 200
feet bgs in the deep bedrock. Although no DNAPL layers have been directly observed,
the consistently high concentration of CVOCs in this area since the Facility was closed
indicate the likely presence of source material in the overburden and bedrock zones. The
area comprised by the northeast corner of AOCs 7 and AOC 22 is regarded to be a
significant source of the CVOC contamination found in downgradient ground water, but is
not likely a source of CVOCs beneath Building 8.

This area, comprising the former drywell and surrounding soils, was the subject of an interim
remedial measure in late 2007 — early 2008 (LFR, Inc., 2009a). Excavation of the area
(approximately 65 feet long by 30 feet wide) down to the bedrock surface (approximately 20
feet bgs) began on October 25, 2007 and continued until December 18, 2007. The remains
of two former transformer pads uncovered along the northern edge of the excavation were
tested and excavated soils revealed the presence of PCBs.

ES 1.4 Chemical Fate in Groundwater
ES 1.4.1 Evidence of Ground Water Discharge in the Wetlands

The hydrogeologic investigations at the Facility have demonstrated that the ground water
beneath the Facility naturally flows to the east and ultimately discharges into the low-lying
areas and wetlands east of Route 152 and south and east of the drive-in property.*
Evidence of this discharge has included the historic presence of seeps or springs along the
boundary between the upland areas and the wetland immediately east of the Facility, and
the presence of CVOCs in surface water and sediment in the wetlands. This natural
discharge process is the result of the location and relative elevation differences between the
principal source of water (Turnpike Lake) and the wetlands. Because Turnpike Lake is
perennial, and always contains some amount of surface water, this discharge process will
persist to a greater or less degree throughout the year and during period of both high rain
(and water table) and drought.

The historical ground water quality data also supports a conclusion that the wetlands form an
effective sink that prevents the migration of CVOCs farther to the east towards Lake
Mirimichi, even in the deeper bedrock zones. A number of years of monitoring data from
sentinel bedrock monitoring wells, and recent data collected from two new very deep
monitoring wells located east (MW43D) and northeast (MW33D) of the wetlands show no
detection of CVOCs beyond the principal discharge area south and east of the drive-in

property.

Building 9 prior to the construction of Building 9.

10 As previously described, this dry well may be what has historically been described as AOC 22. This dry well
and surrounding soils were excavated in 2007.

11 As shown in Figure 11, this area is designated as a Zone A surface water protection area.
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ES 1.4.2 Evidence of Biological and Chemical Degradation

An evaluation of natural attenuation was undertaken from 1999 to 2005, and the results have
been summarized in two reports (ECS, 2004; LFR, 2005). Based on data presented in the
two reports, and the more extensive ground water monitoring record over the past nearly 20
years, there is evidence that a moderate level of natural degradation of PCE, TCE and TCA
in ground water is occurring at the Site and in the downgradient plume east of Route 152.

PCE, TCE and TCA will biodegrade in a low oxygen environment by reductive
dechlorination, forming TCE, cis-1,2-DCE and 1,1-DCA respectively as the principal
degradation byproducts. However, interpretation of the presence of TCE is complicated by
its use as a degreasing agent at the facility between the late 1950s and early 1970s. TCA
will also chemically degrade (hydrolyze) in water to form 1,1-DCE. All of these byproducts,
as well as ethene and ethane, have been found in ground water downgradient of the Site,
demonstrating that some level of degradation is in fact occurring*.

Data analysis suggests that there is extensive conversion of PCE and/or TCE to cis-1,2-DCE
at the edges of the overburden plume, most notably along the southern edge of the plume;
however, biodegradation is less extensive in the shallow bedrock zone and along the
centerline of the plume (MW40A/B, MW41A/B), east of Route 152. Relative concentrations
of 1,1-DCE and 1,1-DCA to TCA suggest that chemical and biological degradation of TCA is
a significant loss pathway primarily at the southern edge of the TCA plume in both the
overburden and shallow bedrock zones. Thus, while natural degradation is causing some
reduction of TCA and PCE/TCE in ground water, significant effects appear to be limited to
the edge of the plume and where it reaches the natural discharge zone east of Route 152.

ES 1.5 Ecological Risk Assessment

An ecological risk assessment (ERA) of the Site and surrounding area was performed based
on data collected during RFI Phases | and Il and the Supplemental RFI field investigations in
2005 and 2010. The ERA addresses EPA’s draft comments issued in December 2008 on
the Draft RFI Report submitted in April, 2007. The objective of the ERA is to characterize
the potential risks to ecological resources from constituents present in environmental media
at the Site and in adjacent areas including Turnpike Lake, Sawmill Brook (including the
private impoundment) and Turtle Brook, and the forested wetlands east of the Site. The
ERA is consistent with national and regional EPA guidance for conducting ERAs including:

o Ecological Risk Assessment Guidance for Superfund: Process for Designing and
Conducting Ecological Risk Assessments (EPA, 1997);
e Guidelines for Ecological Risk Assessment (EPA, 1998);

e ECO-Update: Role of Screening-level Risk Assessments and Refining Contaminants of
Concern in Baseline Ecological Risk Assessments (EPA, 2001);

e Assessing Risks To Populations At Superfund and RCRA Sites - Characterizing Effects
On Populations (EPA, 2006);

e Framework for Metals Risk Assessment (EPA, 2007); and
e Risk Updates #5, (EPA, Region 1, 1999).

12 It should be noted that the assumed degradation byproducts cis-1,2-DCE, 1,1-DCA and 1,1-DCE may also
occur as impurities in PCE, TCE and TCA.

Executive Summary 11 ENVIRON



Revised DRAFT RFI Report
BASF Facility, Plainville, Massachusetts

DRAFT

The ERA follows EPA’s eight-step process that is comprised of two tiers: a screening-level
ecological risk assessment (SLERA) followed by a baseline ecological risk assessment
(BERA). The SLERA is a conservative assessment intended to rapidly screen out those
Sites, portions of Sites, receptors, chemicals, and/or pathways that clearly do not pose
unacceptable risks to ecological receptors. The purpose of the BERA is to determine
whether concentrations of constituents of potential ecological concern (COPECS) currently
existing in soil, sediment, surface water, or biota have the potential to adversely affect
ecological receptors that may forage within the area.

Data considered in the ERA included:
e Constituent concentrations in surface soil samples collected at the Facility and along

the floodplain of Sawmill Brook;

e Constituent concentrations in surface water, sediment, and fish samples collected
from Turnpike Lake and the private impoundment;

e Constituent concentrations in surface water and sediment samples collected from
Sawmill Brook and Turtle Brook;

e Benthic macroinvertebrate community assessments of Turnpike Lake and Sawmill
Brook sediments conducted in 2005 and 2010; and

e Toxicity testing of sediments collected from Turnpike Lake and Sawmill Brook.

Numerous chemicals identified in the SLERA were retained and evaluated in the BERA.
The assessment endpoints evaluated in the BERA are:

e Aquatic and sediment dwelling invertebrate community structure, survival and growth;
e Survival and reproduction of fish populations;

e Terrestrial plant and invertebrate community structure, survival and growth;

e Survival and reproduction of bird populations; and

e Survival and reproduction of mammal populations.

One or more lines of evidence were used to evaluate each line of assessment endpoints
identified above. The detailed approach and results from the evaluation of exposures,
effects, and the characterization of risks is provided in the BERA. An evaluation of
uncertainties associated with each component of the BERA is also provided. The BERA
identifies the following findings:

o Potential risks to sediment dwelling invertebrates in limited areas in the South
Embayment cannot be ruled out because there is some uncertainty and conflicting
information among the multiple lines of evidence. Future monitoring of the biological
community using statistically robust measures is recommended because the
uncertainty in the lines of evidence suggests that the biological community may be
robust and tolerant of residual chemicals.

e Conditions in Turnpike Lake and Sawmill Brook do not pose an unacceptable risk to
fish populations or the fish community.

ENVIRON 12 Executive Summary



Revised DRAFT RFI Report
BASF Facility Plainville, MA

DRAFT

e There are no unacceptable risks to the terrestrial plant and invertebrate community,
with the possible exception of AOC B on-Site. Within AOC B, a relatively small area
within the property boundaries, potential risks to the terrestrial plant and invertebrate
community due to chemical or physical disturbances cannot be ruled out. There are no
unacceptable risks to the invertebrate community in Sawmill Brook and associated
wetlands, although some uncertainties exist related to acetone.

e The food web modeling shows that the Site does not pose an unacceptable risk to
mammal and bird populations, even if no action is taken for AOC B.

ES 1.6 Evaluation of Stabilization Measures

As part of the Consent Order, BASF was required to design and implement four specific
Stabilization Measures for the Site. The Stabilization Measure designs were presented in
the Stabilization Plan for the Engelhard Corporation Facility in Plainville, Massachusetts,
dated August 17, 1994 and submitted to USEPA (ENVIRON, 1994b) and include: roof drain
runoff affecting AOC 13; access restrictions along the south embayment of Turnpike Lake;
stabilization of soils at AOC B; and ground water stabilization.

In December 1995, BASF improved access restrictions along the south embayment of
Turnpike Lake by extending the security fencing that already enclosed much of AOC B to the
lake shoreline and posting “No Trespassing” signs on the fence at 100-foot intervals. These
access restrictions continue to be maintained by BASF today, thereby ensuring continued
achievement of the performance standard for this Stabilization Measure. In addition, in 1996
and 1997, all of the buildings discharging roof runoff into the south embayment were
demolished. In the process, the source of runoff conveying metals to the Lake (AOC 13)
was removed, thereby permanently achieving the performance standard for this Stabilization
Measure.

ES 1.6.1 Soil Stabilization at AOC B

The specific objective for the stabilization of soils at AOC B is to remove, treat and/or isolate
impacted soils located in AOC B/7, and sediments which have been impacted by AOC B/7 or
other Site areas, and which would be determined after the completion of the final ERA
discussed in ES 1.5, to require remediation. Soils and sediments requiring remediation
would be those which could pose a threat to current or future maintenance workers at the
Site or pose a threat to human health or the environment via migration of contaminated soils
and/or sediments into off-site areas. It is noted that the Consent Order specifically refers to
the stabilization of soils in AOC B, not AOC 7. However, investigations during the RFI have
revealed that there is a continuum of soil contamination in this area that extends beyond the
original northern boundary of AOC B (an arbitrary line drawn between the southern-most
corners of Buildings 2 and 6) which is related to the former use of this area for equipment
storage and external operations of air pollution control devices. It is anticipated, therefore,
that the stabilization of soils in AOC B would also be extended to include the adjoining areas
of AOC 7, and as needed, adjacent surface waters, which exhibit the same contaminant
characteristics as are found in AOC B.

Specific Stabilization measures and concentration-specific Stabilization performance
standards for these soils were originally proposed in the Stabilization Plan for the Engelhard
Corporation Facility (ENVIRON 1994b). Subsequent to submittal of the Stabilization Plan,
BASF conducted evaluations of the potential options for the stabilization of soils in this AOC
and adjoining areas of the south embayment of Turnpike Lake, and also to address the
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presence of radionuclides in these soils and sediments (see Preliminary Design Report for
Soil Remediation Project, Marin Environmental, 2001)13. This additional work was
undertaken to:

1) quantify the type and extent of impacted soils and sediments, and support the design
of an on-site, above-grade soil cell which would contain both low-level RCRA-
regulated soils and <50 ppm PCB TSCA-regulated soils, and potentially also low-
level (below human health risk exposure standards) radiologically impacted soils,
excavated from AOC B/7,

2) provide revisions to earlier work plans, to meet new USEPA waste cell closure
requirements, such as providing a bottom liner with leak detection capability, in
addition to a top liner;

3) incorporate separate plans submitted separately to the appropriate agencies
responsible for regulating radionuclides; and

4) provide necessary details demonstrating conformance to state and federal closure
and/or decommissioning rules for RCRA, TSCA and former nuclear manufacturing
facilities.

More specifically, the Preliminary Design described the construction of an on-site cell within
which impacted soils, which would be physically-chemically stabilized as needed to
immobilize COCs, would be permanently entombed. The Design detailed options for
removal of a more narrow range of highly contaminated soils for off-site treatment/ disposal.
BASF also completed additional field investigations on the Upper Courtyard Area of AOC 7
(in its northernmost “courtyard” area, bounded by former Buildings 1, 2, 6, 9, and 12), which
are documented in the Supplemental Design Investigation Courtyard Area (ECS, 2004).
This report also determined the geotechnical suitability of this area for construction of the on-
site cell and to determine what, if any, additional remedial measures would need to be
implemented to address contamination prior to cell construction.

In late 2007 — early 2008, an interim remedial measure involving excavation of a former
drywell and surrounding soils from an area (approximately 65 feet long by 30 feet wide)
down to the bedrock surface (approximately 20 feet bgs) was carried out in the Upper
Courtyard area. The excavation uncovered the remains of a former transformer pad and
testing of excavated soils revealed the presence of PCBs. In total, approximately 1,695 tons
(57 truck loads) of soil were transported off-site to appropriate waste management facilities
based on the levels of PCBs in the soil. Currently the final stabilization of soils in AOC B is
not complete, pending a final decision by BASF and subsequently regulatory agencies, on
the most appropriate plan for this area. Two options are currently under consideration: a)
placement of low-level, impacted soils/sediments in a lined on-site cell constructed in the
Courtyard area of AOC 7 and removal and disposal of high-level, impacted soils off-site at a
licensed facility; or b) removal of all impacted soils/sediments for off-site disposal. BASF
anticipates presenting a final recommendation for the stabilization of this area soon after
completion of the HHRA and submittal of a Media Protection Standards Proposal for the
Site.

13 Radionuclides were addressed in a series of separate work plans and cleanup activities issued beginning in
1989, due to their regulation by a different federal agency, the US Nuclear Regulatory Agency. After 1997, the
MA Department of Public Health assumed responsibility for addressing radionuclides.
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ES 1.6.2 Groundwater Stabilization Measure

The fourth Stabilization Measure was an on-site ground water control system to reduce
migration of contaminated ground water into off-site areas via containment and attempting to
cause a reversal of the natural hydraulic gradient in the bedrock and overburden aquifers.
Operation of the Groundwater Stabilization Measure (GSM) began in January 1998. The
GSM consists of six (6) extraction wells extending up to 300 feet into bedrock and pumping
up to 60 gpm, plus a vertical HDPE barrier keyed into shallow bedrock at approximately 20-
30 feet below ground surface (bgs). When the GSM initially began operations,
concentrations of CVOCs increased in some nearby monitoring wells (e.g. MW15/17). This
is likely the result of an initial flushing of contaminants that were previously trapped in poorly
flushed portions of the bedrock zone upon the commencement of pumping. Over time these
concentrations have gradually declined and are currently somewhat below the levels that
existed prior to the startup of the GSM. The most significant improvement in this regard is in
the overburden zone downgradient of the GSM, likely resulting from the cutoff of any
continued supply of CVOCs by the HDPE barrier, and the natural flushing of the overburden
zone by local infiltration on the greenspace bordering Route 152 and on the unpaved
properties east of Route 152.

In general, the quality of water in the bedrock zone downgradient of the GSM has shown
less improvement, with total CVOC concentrations east of Route 152 still well in excess of 1
mg/L. This deeper bedrock zone may be more poorly flushed by natural infiltration as
compared to the overburden, but also might be continuing to be effected by migration from
upgradient areas that are not fully controlled by the GSM extraction wells, and by downward
migration of VOCs from overburden groundwater to bedrock groundwater. The
effectiveness of the pump and treat system was evaluated in 2003 and 2004 and a detailed
report was prepared in June 2004 (ECS, 2004a). Based on an analysis of hydraulic and
concentration data, it appears that the northern portion of the wall and extraction wells EW04
through EWO06 are effectively containing ground water and a reversal of the ground water
gradient is evident in this area. However, the report concluded that the southern end of the
GSM was not sufficiently preventing the off-site migration of contaminated groundwater.
Following additional investigation in August-November 2004, a GSM Upgrade Report
containing design recommendations to improve the effectiveness of the GSM was prepared
in 2005 (ECS, 2005).

Based on these recommendations, all pumps and risers were removed from the extraction
wells and cleaned, all active discharge lines were cleaned, and more appropriately sized
pumps were fitted to wells EW02 and EW06. The pump replacements resulted in an
increase in the rate of groundwater extraction at EW02 from about 5 to 18 gpm, and a
decrease in the groundwater extraction rate at EW06 from about 30 to 15 gpm. The
remaining four extraction wells continued to pump at 5 gpm resulting in a combined total
pumping rate of 50 gpm, similar to the flow rate achieved under the prior configuration.

Additional geophysical investigations were conducted from June through September, 2008 in
order to further characterize the bedrock zones in the vicinity of the GSM and provide
necessary information to further improve GSM capture efficiency. Based on results of the
geophysical testing, the open hole interval in extraction well EW02 was extended in late
2010 from the existing depth of 200 feet bgs to approximately 302 feet bgs and the pumping
rate in this well was increased to about 28 gpm. Also, an upgrade in conveyance piping
diameter from EWO02 to the groundwater treatment plant was undertaken during this time.
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BASF is currently in the process of optimizing groundwater extraction rates from this well;
however, preliminary data indicates that hydraulic capture in the bedrock around the GSM
has improved significantly with complete capture occurring along the entire 540 foot length of
the GSM.

ES 1.6.3 Additional Stabilization Measures

Two additional Stabilization Measures have been recommended in light of the findings of the
RFI. One Stabilization Measure, the removal of the source of CVOCs in the overburden
zone around the drywell discovered in AOC 7, has already been completed, as described
under ES 1.6.1. A second Stabilization Measure, installation of a subslab ventilation system
for recovery/treatment of CVOCs in soil gas beneath Building 8, or removal of Building 8, is
currently under consideration. As described under ES 1.3.4, the investigation of CVOCs in
soil gas beneath Building 8 identified two predominant areas of CVOC contamination in the
vicinity of AOC 5 and AOC 14. While no significant concentrations of CVOCs were found in
soil samples collected from these AOCs, and no DNAPL was observed in soil or the
underlying ground water, both areas are viewed as a potential source of CVOCs migrating
via soil gas into Buildings 8 and 10. CVOCs have been detected at low concentrations in
indoor air samples collected from Buildings 8 and 10, and at the conclusion of four quarterly
rounds of indoor air sampling (anticipated in April 2011), an indoor air risk characterization
will be prepared and a determination will be made as to whether this potential Stabilization
Measure is required to address the migration of CVOCs into Buildings 8 and 10 via soil gas.
Alternatively, if the buildings were demolished, then the concern with CVOC migration
indoors would be removed.
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1 Introduction

This Revised Draft RCRA Facility Investigation (RFI) Report is prepared on behalf of BASF
Corporation (formerly BASF Catalysts, LLC, and prior to that, Engelhard Corporation;
hereafter referred to as BASF) pursuant to the Administrative Consent Order (ACO) [RCRA
Docket No. 1-92-1051] entered into by the then Engelhard Corporation and the United
States Environmental Protection Agency (USEPA), Region I. The ACO delineates the
investigation of the BASF Facility located on Route 152 in Plainville, Massachusetts, referred
to herein as the Facility or Site.

The BASF facility is a former metal fabrication and finishing plant located on approximately
22 acres in Plainville, Massachusetts. Initially, Facility operations primarily consisted of
rolling and fabricating steel and titanium, and fabricating uranium fuel elements under
license from the U.S. Atomic Energy Commission (AEC). Later, operations were expanded
to include fabrication and finishing of gold and silver into wire and flatstock for the jewelry
and electronics industries. Fabrication of uranium fuel elements ceased in 1962 and alll
nuclear materials and equipment were removed from the Facility and sold. Later operations
ceased in 1993. After a five-year shutdown period, during which many of the original
buildings were demolished, a smaller specialty wire manufacturer commenced operations in
Buildings 8 and 10 at the Facility along with a second tenant who used the building for
storage of industrial equipment and packaging materials. The wire manufacturer now only
uses the building for warehousing goods, and the second tenant has vacated the premises.
A more detailed site history is found in Section 2.

1.1 Prior Environmental Investigations/Remedial Actions

In March 1986, the USEPA issued a RCRA 3007 letter to the then Engelhard Corporation
requesting information about solid waste management units (SWMUSs) and releases of
hazardous constituents to the environment. In response to this request, between 1986 and
1992, the Company voluntarily conducted a series of environmental investigations to
establish the nature and extent of chemical constituents in soil, ground water, surface water
and sediments beneath and downgradient of the Facility. The results of these investigations
(referred to herein as pre-RFI Phases I, Il, and Ill) were reported to the USEPA, the
Massachusetts Department of Environmental Protection (MADEP) and the Town of Plainville
Board of Health in various reports (ENVIRON, 1989; 1990).

In 1989, the Company surveyed existing private water wells near the Site. Bedrock wells
from the 94 homes identified in the survey were sampled and analyzed for volatile organic
compounds (VOCs). No pattern of contamination potentially attributable to the Site was
found. Indoor air in six homes located east of the Facility and immediately across Route
152, was also sampled for certain chlorinated VOCs (CVOCs)* that had been detected in
on-site ground water. These tests established that CVOCs were migrating from the
underlying water table via soil gas into five of the overlying homes. Initially, sub-slab
ventilation systems were installed to reduce this migration; subsequently, the five affected
homes were purchased and later demolished. A residence located at 31 Taunton Street, is
outside the primary area of ground water contamination, and is currently occupied.

14 The CVOCs included tetrachloroethene (PCE); trichloroethene (TCE); 1,1,1-trichloroethane (TCA); cis-1,2-
dichlorethene (cis-1,2-DCE); 1,1-dichloroethene (1,1-DCE) and 1,1-dichloroethane (1,1-DCA).

Introduction 17 ENVIRON



Revised DRAFT RFI Report
BASF Facility, Plainville, Massachusetts

DRAFT

In 1993, USEPA and the then Engelhard Corporation signed a RCRA 3008(h) Administrative
Consent Order (ACO) in which the Company agreed to conduct a RCRA Facility
Investigation (RFI) to assess potential human health and ecological risks associated with the
Facility, and to implement the following four Stabilization Measures:

1) removal, treatment, and/or capping of contaminated soils at the south side of
the Facility (AOC B) in an area bordering the south embayment of Turnpike
Lake;

2) reduction or elimination of roof drain runoff to Turnpike Lake;

3) installation of a groundwater pump and treat system to significantly reduce
the mass of contaminated groundwater migrating from the Facility via reversal
of the groundwater gradient along a 540 foot line (from pumping wells EW01
to EWO06, see Figure 3.1); and

4) installation of a fence at Turnpike Lake to restrict access to the Facility
property by recreational users of the lake.

The RFI was conducted in two phases (RFI Phase | and RFI Phase Il) and provided a
comprehensive evaluation of on-site and off-site media including soil, ground water, surface
water, sediment, and fish. The Draft Final RFI Report was completed in September 1999.
EPA completed its review of the Draft Final RFI Report in February 2002, providing a
number of comments related to the human health and ecological risk assessments,
contaminant fate and transport in groundwater, and potential effects of the ground water
Stabilization Measure (GSM) on contaminant flow. In response to these comments, a
Supplemental RFI Work Plan was submitted in March 2004, and upon receiving further EPA
comments, was revised and re-submitted in March 2005. Investigation activities began in
May 2005 and were completed in April 2006. The Draft Final RFI Report was re-submitted
in April 2007 to address EPA’s comments and to include results of additional investigation
activities conducted since submittal of the 1999 draft report. As agreed to by USEPA, the
baseline human health risk assessment was not included in the 2007 DRAFT RFI Report
and was to be submitted as a separate document following acceptance of a Future Land
Use Proposal Application (FLUPA) for the Site.

EPA issued draft comments on the 2007 DRAFT RFI Report in December 2008. Many of
the comments related to the ecological risk assessment and application of the three-
dimensional groundwater model for the Site. Discussions with USEPA continued through
December 2009 and resulted in collection of additional surface water and sediment samples
from Turnpike Lake, Sawmill Brook and the low-lying wetlands east of Route 152 in 2010.
To date, three of the four Stabilization Measures have been successfully completed,
including:

e re-location of a chain link fence;

e demolition of former Buildings 1, 2, 3, 4, 5, 6, 7, 9, and 12 (many of which
were fitted with roof drains discharging to Turnpike Lake. All runoff from the
remaining roof surfaces on Buildings 8 and 10 is discharged onto the ground
or contained in an on-site storm water seepage pond); and

¢ installation of a groundwater pump and treat system meeting the ACO
requirements.

ENVIRON 18 Introduction



Revised DRAFT RFI Report
BASF Facility Plainville, MA

DRAFT

The pump and treat system (also referred to as the “Groundwater Stabilization Measure” or
GSM) began operation in early 1998 and consists of a 540 foot long, vertical high density
polyethylene (HDPE) barrier membrane installed through the overburden into the top of
bedrock (approximately 20 — 30 feet deep) and six groundwater extraction wells installed in
bedrock to a depth of up to 200 feet below ground surface (bgs). The treatment system
includes a metals removal system, an aqueous phase air stripper, a liquid phase carbon
adsorption unit, a vapor phase carbon adsorption unit and pH adjustment. The treatment
system currently discharges treated ground water into Turnpike Lake under a USEPA
Remediation General Permit (RGP). Performance of the GSM has been documented in two
reports (ECS, 2004a; ECS, 2005) and a number of upgrade design recommendations were
implemented and completed in 2006 and again in 2010 after additional geophysical
investigations were conducted to further characterize the bedrock zones in the vicinity of the
GSM (LFR Inc., 2009b).

A Conceptual Design for the stabilization of contaminated soils and sediments in AOC B and
the South Embayment of Turnpike Lake, respectively, was initially submitted for EPA review
in 1997 (at the same time a separate submittal was made to the NRC which was later
transferred to Massachusetts Department of Public Health - MADPH). The design involved
construction of an on-site disposal cell in the courtyard area, which includes portions of AOC
7 and AOC B. This was followed by submission of a Preliminary Design in 2001 to USEPA
and the MADPH, which now oversees the radiological component of the site investigation
and cleanup (Marin Environmental, 2001). In response to agency comments, a
Supplemental Design Investigation (SDI) work plan was prepared in December 2002 (ECS,
2002) and a report presenting the findings of these additional field investigations was
prepared in July 2004 (ECS, 2004b). Further engineering evaluations of the potential issues
associated with use of the courtyard area as a repository for on-site soils are ongoing.

1.2 Report Outline

This Revised Draft RFI Report is divided into the following sections. After this brief
introduction, a Conceptual Site Model (CSM) is presented in Section 2. Results of the pre-
RFI field investigations (Phases I, Il and Ill) are presented in Section 3. Sections 4, 5 and 6
contain a summary of the results of the Phase |, Phase Il and Supplemental RFI field
investigations. Descriptions of the environmental setting, waste characterization, and
contaminant characterization, as specified in the Consent Order, are presented in Sections
7, 8 and 9, respectively.

A human health risk assessment is planned for Section 10. As agreed to by USEPA, this
chapter will be submitted as a separate document soon after submittal of the Revised Draft
RFI Report. An ecological risk assessment for the Site and surrounding area is provided in
Section 11.

The results of the RFI field investigations and the human health and ecological risk
assessments will be used to develop Media Protection Standards (MPSs) for the Site. The
MPSs will be presented in the Media Protection Standards Proposal, which will be submitted
concurrently with the human health risk assessment. The MPSs will be used as guidelines
for measuring the necessity for and/or the degree of protection afforded by any future
corrective measures. A comparison of RFI data with MPSs will be prepared and submitted
as Section 12 of this report along with the human health risk assessment (Section 10) and
the Media Protection Standards Proposal. Section 12 will be used to identify areas where
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constituent concentrations exceed the MPSs and may present a potential risk to human
health or the environment in the absence of any engineering or institutional controls,.

Finally, a summary of Stabilization Measures implemented to date is provided in Section 13.
Any recommendations for additional investigations are discussed in this section.

The RFI Report is comprised of three volumes consisting of the following:

Volume 1

Volume 2

Volume 3

Executive Summary

Section 1
Section 2
Section 3
Section 4
Section 5
Section 6
Section 7
Section 8
Section 9
Section 10
Section 11
Section 12
Section 13
Section 14
Tables
Figures

Appendix A:
Appendix B:
Appendix C:
Appendix D:
Appendix E:

Appendix F:

Appendix G:
Appendix H:

Appendix I

Appendix J:

Appendix K:

Appendix L:

Appendix M:
Appendix N:
Appendix O:
Appendix P:
Appendix Q:
Appendix R:

Appendix S:

ENVIRON

Introduction

Conceptual Site Model

Pre-RFI Field Investigation

RFI Phase | Field Investigation

RFI Phase Il Field Investigation

Supplemental RFI Field Investigation
Environmental Setting

Waste Characterization

Contaminant Characterization

Human Health Risk Assessment (to be completed)
Ecological Risk Assessment

Comparison to Media Protection Standards (to be completed)
Stabilization Measures and Future Investigations
References

Pre-RFI Field Investigation Results

Soil Boring Logs

RFI Phase | and Phase Il Field Investigation

RFI Phase | Soil Gas Testing Report

Soil Vapor Extraction Pilot Test Report
Supplemental RFI Soil Gas Testing Report
Supplemental RFI Data Validation Reports (on CD)
Ground Water Flow Model

Indoor Air Sampling Report

Ecological Data (Now Included in Appendix K)
Ecological Screening Benchmark Documentation

Fate and Toxicity Profiles for the ECOCs

Section 13 Figures (Part a)

Section 13 Figures (Part b)

Berlin and Dugan Figures

Photo log of Excavation at AOC 30

Ground Water VOC Summary Tables

Lake Mirimichi Well Field Interbasin Transfer Application

Decision
Electronic Copies of Laboratory Reports (on CD)
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ASTM Phase Il ESA of the Drive-In Property (selected tables
and figures)
Geophysical Investigation Report (selected tables and figures)
Drywell Excavation Summary (selected tables and figures)

GSM O&M Quarterly Reports, Fourth Quarter 2009 — Third
Quarter 2010
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2 Conceptual Site Model

2.1 Operating History

The BASF Facility is a former metal fabrication and finishing plant located at 32 Taunton
Street in Plainville, Massachusetts. The Facility was constructed in 1957 and initially
consisted of two buildings (Nos. 1 and 2) where operations primarily involved rolling and
fabricating steel and titanium, and fabricating uranium fuel elements under license from the
U.S. Atomic Energy Commission (AEC). Wastewaters from the uranium fabrication
operations were discharged after treatment into leach fields located on the southeastern side
of Building 2. In 1962, fabrication of uranium fuel elements ceased and all nuclear
materials and equipment were removed from the Facility and sold. In the fall of 1963, the
licenses were terminated based on recommendations from the AEC Compliance Division.

Over the subsequent years until operations ceased in 1993, the Facility was expanded by
the construction of additional adjoining buildings, eventually covering a contiguous area of
approximately 300,000 square feet.*® During this time, operations primarily consisted of
fabrication and finishing of gold and silver into wire and flatstock for the jewelry and
electronics industries. The Facility was also involved in the production of coin blanks under
contract with the U.S. Mint. Processes included melting raw materials, mixing metals to
make alloys, shaping the metal, and heat-treating and finishing products. The Facility
generated various aqueous, airborne and solid process waste streams, which may have
contained cyanides, metals (including cadmium and chromium), acids, metal hydroxide
sludges, and metal-containing dusts. The Facility also operated several degreasers using
chlorinated solvents for metal cleaning operations.

Historically, wastewater generated at the Facility was discharged on-site in various disposal
ponds (e.g. AOC A-1, AOC 5), leach fields (e.g. AOC 14, AOC 16), and dry wells (e.g. AOC
7, AOC 16, AOC 22) (see Figures 2.1 and 2.2). Beginning in 1973, the Facility operated a
wastewater treatment plant (WTP) consisting of an ion exchange system designed to
remove metals from the metal processing wastes and to return treated wastewater to the
manufacturing process for re-use. Due to insufficient capacity and operational inefficiencies,
some treated and untreated wastewaters were historically released to neutralization pits and
to the ground surface (AOC A-1 and AOC A-12). The wastewater treatment plant was
replaced in 1981 with a pretreatment plant where wastewater was treated by pH adjustment
and solids settling and then discharged to a municipal sewer. Selected waste streams were
pretreated for reduction of hexavalent chromium and cyanide destruction before being
combined with the main waste stream.

After a five-year shutdown period, during which many of the original buildings were
demolished, a smaller specialty wire manufacturer commenced small-scale wire-making and
warehousing operations in Buildings 8 and 10 at the Facility, along with a second tenant who
was using the building for storage of industrial equipment and packaging materials. The wire
making operations were subsequently sold to a third party (FSP) who now only uses the
building for warehousing goods. The second tenant (Wolverine Corporation) has since
vacated the premises. Building 11 is used to house the on-site ground water treatment plant
(GWTP) and environmental equipment associated with Site investigation activities, but is
otherwise unoccupied. Low level radioactive waste generated during site characterization

15 Former and current buildings onsite are identified in Figure 2.1.
16 A 1978 building floor plan is provided in Figure 2.9.

Conceptual Site Model 23 ENVIRON



Revised DRAFT RFI Report
BASF Facility, Plainville, Massachusetts

DRAFT

and building demolition activities, which were being temporarily stored in Building 11 pending
final disposal, were removed and disposed off-site in October 2010 under MADPH approved
plans.

2.2 Areas and Chemicals of Potential Concern

In 1986, the USEPA issued a RCRA 3007 letter requesting information about solid waste
management units (SWMUSs) and releases of hazardous constituents to the environment.
Following several years of voluntary (pre-RFI) investigations by the then Engelhard
Corporation (now BASF Corporation), an Administrative Consent Order (ACO) was signed in
1993 to conduct a more formal RCRA Facility Investigation (RFI) under USEPA supervision.
The ACO initially identified 46 potential Areas of Concern (AOCs). The list of AOCs
requiring further investigation was subsequently reduced to 20 AOCs following the
submission of additional information on historic operations and after further negotiations.
These 20 AOCs included land areas formerly receiving storm water runoff and wastewater
discharge; areas affected by emissions from air pollution control devices; locations of former
dry wells and degreaser pits; and waste storage areas.

Site-related chemicals detected during the pre-RFI and subsequent RFI investigations
include chlorinated volatile organic compounds (CVOCSs), metals, polychlorinated biphenyls
(PCBs) and radionuclides (uranium compounds and certain degradation products). The
metals, PCBs and radionuclides are primarily found in surface and subsurface soils located
in the Courtyard Area (AOC 7) and adjoining soils bordering Turnpike Lake to the south
(AOC B), as depicted in Figure 2.2. Because these compounds tend to sorb strongly to
soils, migration off-site has been limited, and is primarily related to surface water runoff
through the south embayment of Turnpike Lake, and potentially by windborne transport of
dust from surface soils. The Courtyard and adjoining areas bordering Turnpike Lake are the
focus of a soil Stabilization Measure, which is being coordinated with the completion of the
radiological decommissioning, to address impacted soil and sediments in this area.

The historic discharge of wastewater into “frog ponds” in the area of the current on-site
wastewater plant (see Figure 2.2) has also resulted in the elevated concentrations of certain
metals (e.g. cadmium) in subsurface soils in the rear (west) of Building 10. These soils are
causing a moderate increase in the concentrations of metals in local ground water in this
area. However, because this area was covered by the subsequent construction of the
wastewater storage tank and its spill containment basin, the soils likely do not represent a
current source of metals in surface runoff or as wind-blown dust.

Storm water runoff from the Facility historically affected a localized area (the South
Embayment) of Turnpike Lake, which received discharges from roof drains from former
Buildings 1, 2, 5, 6, 7 and 9, where metal melting operations were conducted, and overland
runoff from the Courtyard Area. This has resulted in the accumulation of metals, and to a
lesser degree radionuclides and PCBs, in sediments in this area of the Lake. There is also
evidence that some metals have migrated from Turnpike Lake via the southern spillway into
Sawmill Brook, and have accumulated in a low-lying, seasonally impounded area to the
south of the former drive-in property. Radionuclides have also been detected in subsurface
soils in the vicinity of the former leach field (AOC 16), a residue from wastewater discharged
from former nuclear operation in Buildings 1 and 2.
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The principal CVOCs detected at the Facility are perchloroethylene (PCE) and 1,1,1-
trichlorothane (TCA). Both PCE and TCA are moderately soluble in water with TCA about
ten times more soluble than PCE (1,500 mg/L compared to 150 mg/L). TCA is also about
ten times more volatile than PCE but Henry’s Law constants for the two chemicals are
similar, indicating both have the potential to volatilize from ground water and migrate in soll
gas. Neither chemical sorbs strongly to soils. Both of these chemicals along with TCE were
historically used as degreasing agents and may have been spilled, leaked or disposed at the
Facility. Consequently, the highest concentrations of CVOCs have been detected near and
downgradient of AOCs associated with the historical vapor degreasing operations including
AOCs 5 and 29 in Building 8, AOC 22 and the dry well discovered in early 2004 in the Upper
Courtyard area of AOC 7 (see Figures 2.1 and 2.2)."” Concentrations of PCE and TCA
detected in these areas suggest that dense non-aqueous phase liquids (DNAPL) deriving
from these chemicals may have been released into soil and ground water in these areas.

Elevated concentrations of CVOCs have been detected in fractured bedrock beneath and
downgradient of Buildings 1 and 2 and AOC 7, which contained several AOCs associated
with degreasing operations. These CVOCs have migrated off-site to the east of Route 152
via local ground water flow. A geophysical investigation conducted in 2008 verified earlier
Site work which had suggested the presence of an approximately east-west oriented fracture
zone in the underlying bedrock in the area between EW01 and EWO02 (see Figure 2.2). This
zone is likely functioning as a preferential migration pathway for bedrock ground water
across the Groundwater Stabilization Measure (GSM). This fracture zone was originally
inferred from extraction well pumping-test groundwater elevation data and was further
substantiated from the correlation and trend of anomalies observed in surface geophysical
data. The geophysical data determined that the fracture zone is relatively high angle
intersecting the bedrock surface, and trends roughly west-southwest to east-northeast; it
most likely intersects the former major VOC ground water source area at the Upper
Courtyard in AOC 7 (see Figure 2.1). Bedrock cores recovered from P16c immediately
across Route 152 and downhole geophysical data in extraction well EW02 has confirmed
that the bedrock in these locations is highly fractured, further substantiating the presence of
a bedrock fracture zone in this area (LFR, Inc., 2009b).

CVOCs have also been detected in soil gas samples collected from beneath Buildings 8 and
10 and below former building slabs near AOC 22. Beneath Building 8, the highest
concentrations of CVOC:s in soil gas have been observed near AOC 5, which is associated
with former degreaser operations, and in the vicinity of AOC 14. Historical information
indicates that AOC 14 was used for the disposal of metal-bearing wastewater and was not
associated with vapor degreasing operations. These same CVOCs have been detected at
low concentrations in indoor air samples collected from Building 8. At the conclusion of four
(4) quarterly rounds of indoor air sampling (anticipated in April 2011), an indoor air risk
characterization will be prepared and a determination will be made as to whether an
additional Stabilization Measure is required to address the migration of CVOCs into
Buildings 8 and 10 via soil gas.

2.3 Environmental Setting and Surrounding Land Use

The Facility, which includes approximately 22 acres of upland area, is zoned industrial and is
located in an area of mixed commercial, residential, and natural resource preservation land

17 Note that this dry well discovered in AOC 7 may be what has historically been referred to as AOC 22.
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uses. BASF also owns approximately 10 acres adjacent to the Facility to the west beneath
Turnpike Lake, as well as 20.5 acres of land located immediately east of the Facility across
Route 152, including five (5) former residential properties (approximately 2.2 acres) and a
former drive-in theater (18.3 acres).

The Facility is bordered by Turnpike Lake to the west and south, and a forested and wetland
area owned by the Natural Resources Trust of Plainville to the north. The facility is bordered
to the east by the above mentioned former residential lots and a former drive-in theater
(owned by BASF) as well as a private residence located to the southeast. A site location
map is provided in Figure 2.3 and an aerial photograph of the Site and surrounding area,
taken in April 2005, is provided in Figure 2.4.*®

2.3.1 Surface Water Features

Turnpike Lake forms a natural source of ground water recharge in the areas west of and
beneath the Facility, with the subsequent flow of both ground water and surface water to the
east. Turnpike Lake has two surface outlets, one from the embayment immediately south
of the Facility, and one approximately 0.13 miles to the north. The surface outlet to the north
empties into Turtle Brook and the surface outlet to the south empties into Sawmill Brook,
which eventually merges with Turtle Brook to the northeast of the former drive-in. The low-
lying wetlands surrounding Sawmill Brook also receive drainage from the south and east,
and Turtle Brook receives drainage from the north. Drainage from the low-lying areas
eventually enters Lake Mirimichi, approximately 0.5 miles to the northeast of the confluence
of Turtle Brook with Sawmill Brook. A three-dimensional representation of the topography
surrounding the BASF Facility, and the direction of surface water flow to Lake Mirimichi to
the north, is shown in Figure 2.5.

Turnpike Lake along with Turtle Brook and Sawmill Brook are classified by MassDEP as
Zone A surface water protection areas. As indicated in Figure 2.6, the Zone A protection
area extends to Lake Mirimichi and the Wading River.

Three municipal wells are located approximately 0.3 miles to the southwest of the Facility,
on the opposite side of Turnpike Lake, and hydraulically upgradient. Due to the shallow
depth of these wells and the close proximity to Turnpike Lake, it is likely that the primary
source of water to these wells is local recharge to the glacial till and water indirectly
drawn from Turnpike Lake through the glacial till by ground water extraction.

In addition, the Lake Mirimichi well field, located on the southwest shore of Lake Mirimichi
approximately 0.8 miles northeast of the facility, was brought online in May 2007, and
typically pumps at rates ranging from 50,000 to of 225,000 gallons per day based on
information provided by the Town of Plainville Water Department. The well field, consisting
of three overburden wells and equipped with tertiary treatment technology, and present at
the border of Lake Mirimichi, was approved by the MassDEP for a combined withdrawal rate
of 0.4 million gallons per day (Massachusetts Water Resources Commission, 2004). The
location of the well field is depicted in Figure 2.6.

Lake Mirimichi serves to recharge two downstream water supply wells along the Wading
River more than one mile southeast of the Facility, and these two wells provide

18 The aerial photograph was obtained from the MassGIS website at
http://www.mass.gov/mgis/colororthos2005.htm
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approximately one million gallons per day of drinking water to the City of Attleboro (LFR,
2005).

2.3.2 Hydrogeology

The Site is located within the Taunton River Drainage Basin, a small sub-area of the
Narragansett Basin. The principal aquifer system in the basin is the Middle Wading River
aquifer, which is composed of stratified, unconsolidated glacial drift. In general, the
overburden soil consists of poorly sorted and poorly stratified, gravelly sand, with
occasional lenses of gray silty sand found near the base of the overburden just above
bedrock. Bedrock at the Site is primarily a black to dark gray shale and a gray to green,
medium to coarse grained feldspathic sandstone (graywacke).

The MassDEP has classified the majority of the area surrounding the Facility and the low-
lying areas east of the Facility as a potentially productive high yield aquifer. An underlying
bedrock zone also serves as an aquifer in some parts of the basin, and is used as a source
of water supply for private wells approximately 0.7 miles northeast of the Facility near Lake
Mirimichi.

In general, the local ground water flow pattern is dominated by the recharge of overburden
and bedrock zones beneath and west of the Facility by Turnpike Lake and subsequent
movement of ground water to the east into the low-lying area east of Route 152 (see Figure
2.2). This area east of Route 152 serves as a discharge zone for local surface and ground
water flow from the west, south and east. The principal areas of ground water discharge
occur immediately east of the Facility along the channel of Sawmill Brook and in areas
characterized by low-lying streams and seasonally inundated wetlands.

2.4 Chemical Concentration Trends in Ground Water

Off-site migration of PCE, trichloroethene (TCE) and TCA and their degradation by-products
[primarily cis-1,2-dichloroethene (cis-1,2-DCE), 1,1-dichloroethene (1,1-DCE) and 1,1-
dichlorethane (1,1-DCA)] has occurred in ground water, and these chemicals have been
detected in both the overburden and bedrock aquifers east of the Facility, consistent with
local groundwater flow patterns.

An on-site pump and treat Groundwater Stabilization Measure (GSM) was installed and
began operation in early 1998 to control off-site migration of CVOCs in ground water. The
GSM consists of a 540-foot long, vertical high-density polyethylene (HDPE) barrier
membrane installed through the overburden into the top of bedrock (approximately 25 — 30
feet deep) and six groundwater extraction wells (EW-1 through EW-6) installed in bedrock to
depths ranging from approximately 200 to 300 feet below ground surface. After an initial rise
in CVOC concentrations upon startup of the GSM in 1998, groundwater concentrations in
monitoring wells downgradient of the GSM have steadily declined. In general, since 1995,
total CVOCs in overburden ground water east of Route 152 have declined by approximately
an order of magnitude, and total CVOCs in shallow bedrock ground water east of Route 152
have decreased by approximately 50% or more since their highest observed concentrations.
However, concentrations of CVOCs remain well above applicable ground water quality
standards, particularly in the bedrock zone.
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Recent improvements in 2010 to the design and operation of the GSM, specifically
temporary larger conveyance piping and the deepening of extraction well EW-2 from 200 to
302 feet bgs, have resulted in full groundwater control across the GSM.

PCE, TCE and TCA will biodegrade in a low oxygen environment by reductive
dechlorination, forming TCE, cis-1,2 DCE and 1,1 DCA as the principal degradation
byproducts of PCE, TCE and TCA, respectively. TCA will also chemically degrade
(hydrolyze) in water to form 1,1 DCE. All of these byproducts, as well as ethene and ethane,
have been found in ground water downgradient of the Site, demonstrating that some level of
degradation is in fact occurring.’® However, the potential significance of this degradation in
limiting the downgradient movement of CVOCs must be evaluated with respect to the rate of
flow in ground water and the proximity to downgradient receptors.

An evaluation of natural attenuation was initiated at the Site in 1999 and the results were
summarized in two reports (ECS, 2004; LFR, 2005). Based on data presented in these two
reports, and the more extensive ground water monitoring record over the past nearly 20
years, there is evidence that a moderate level of natural degradation of PCE, TCE and TCA
in ground water is occurring at the Site at the fringes of the plume; however, significant
natural degradation does not appear to be occurring along the plume interior, which is
located along the axis of MW40A/B and MW41A/B.

2.5 Potential Exposure Pathways
2.5.1 Current Land Use

Potential exposure pathways under current land use scenarios are presented in Figure 2.7.
Current land use at the facility is industrial and workers at the site could be exposed to site-
related chemicals via several pathways. Workers inside Building 8 could be exposed to
CVOC:s via soil gas infiltration into indoor air. CVOCs have been detected in both soil gas
and Building 8 indoor air; and an additional Stabilization Measure to address the migration of
CVOCs into Buildings via soil gas is currently being considered. Workers involved in
subsurface excavation activities could be exposed to metals, PCBs and radionuclides in
sediments and soils in AOC B as well as the Courtyard Area (AOC 7) and the south
embayment of Turnpike Lake (AOC 13) via ingestion, dermal absorption and inhalation of
fugitive dusts. There is also a potential for worker exposure to surface water in Turnpike
Lake. The area including AOC B and portions of AOC 7 and AOC 13 is slated for a
Stabilization Measure to address sediments and soils.

Although the low-lying wetlands east of Route 152 are currently undeveloped, children
playing in these wetlands (including residents and recreational visitors) could be exposed to
low levels of CVOCs in surface water and sediments via ingestion, inhalation and dermal
exposure pathways. Groundwater seeps have also been observed in several locations
along the edge of the wetlands and represent a potential direct exposure pathway to
chemicals in ground water in these areas. A number of groundwater monitoring wells have
been installed downgradient of this discharge area and confirm that the CVOC plume does
not appear to extend beyond this natural groundwater discharge area. Ingestion of fish from
Turnpike Lake is also a potentially complete exposure pathway for both current and future
residents and recreational visitors.

19 It should be noted that the assumed degradation byproducts TCE, cis-1,2-DCE, 1,1-DCA and 1,1-DCE may
also occur as impurities in PCE and TCA.
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Currently, the entire area in the immediate vicinity of the Facility is serviced by municipal
water from the Town of Plainville. This fact, along with the limited downgradient migration of
contaminants due to the natural discharge in the wetlands east of Route 152, indicates that
there is no current exposure to contaminants via the off-site use of ground water for
domestic supply, although future exposure cannot be ruled out if a domestic supply well
were constructed in this area. Although, it is noted that current Town of Plainville ordinances
and Board of Health policy prohibit the installation of homeowner wells in areas
downgradient of the Facility. Also, current use of groundwater for irrigation purposes
remains a potentially complete exposure pathway (via incidental ingestion, dermal
absorption and inhalation while watering). Potential current and future exposure to
contaminants in garden soils and homegrown produce will also be considered for on-site and
off-site residents.

The Town of Plainville has two municipal well fields within 1 mile of the Facility, as shown
on Figure 2.6. Three municipal wells are located approximately 0.3 miles to the
southwest of the Facility on the opposite side of Turnpike Lake. These wells, which
principally draw water from the shallow surficial aquifer and indirectly from Turnpike Lake,
are located upgradient from the Facility.

A second municipal well field is located approximately 0.8 miles northeast of the Facility,
bordering Lake Mirimichi. These wells, which principally draw water from the shallow
surficial aquifer and indirectly from Lake Mirimichi, are located cross gradient from the areas
where contamination from the Facility discharge into the wetlands east of Route 152.
Therefore, it is unlikely that any contaminants from the Facility will affect the use of this
municipal well field in the future; although, as a contingency, the Lake Mirimichi well field
was equipped with a tertiary ground water treatment system capable of removing VOCs, if
necessary.

2.5.2 Future Land Use

Potential exposure pathways under reasonably foreseeable future use scenarios are
presented in Figure 2.8. Although BASF intends to continue to maintain the property for non-
residential use in the future, and a non-residential Future Land Use Proposal Application
((FLUPA) for the Site has been submitted to the USEPA,? future residential use of the
property, including future residential use of groundwater, will be considered in the Human
Health Risk Assessment (HHRA). As indicated in Figure 2.8, potential future groundwater
exposure pathways include ingestion, dermal absorption and inhalation (while showering).
Future use of groundwater for commercial/industrial use of the property will also be
evaluated. BASF also maintains perimeter site security fencing and No Trespassing warning
signs to limit public exposure to on-site areas. However, these institutional controls will not
be considered in the HHRA.

20 Ultimately, an Activity and Use Limitation under the Massachusetts Contingency Plan is anticipated for
portions of the property.
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3 Pre-RFI Field Investigations

In response to an EPA RCRA 3007 letter requesting information about solid waste
management units (SWMUSs) and releases of hazardous constituents to the environment,
between 1986 and 1992, BASF voluntarily conducted a series of environmental
investigations to establish the nature and extent of chemical constituents in soil, ground
water, surface water and sediments beneath and downgradient of the Facility. The results of
these investigations (herein referred to as pre-RFI Phases |, II, and IIlI) were reported to the
USEPA, the Massachusetts Department of Environmental Protection (MassDEP) and the
Town of Plainville Board of Health in various reports including ENVIRON, 1989 and
ENVIRON, 1990. The results of these investigations are summarized in this section.

3.1 Pre-RFI Field Investigations (Phases | and Il)

Phase | of the pre-RFI site investigation was completed in 1987, and Phase Il was
conducted in August and September 1988. The results of these investigations were
summarized in a report “Results of Phase | and Phase Il Field Investigations, Engelhard
Corporation, Plainville Massachusetts” (ENVIRON, 1989).

3.1.1 Surface and Subsurface Soil Sampling

Surface Soils. Fifteen shallow surface soil samples (SB-1, SB-2, SB-5 — SB-7, and
SB-16 — SB-25) were collected from the top six inches of soil at locations along the southern
border of the Facility with Turnpike Lake. Samples SB-1 and SB-2 were collected in August
1987 and analyzed for priority pollutant metals, volatile organic compounds (VOCS), cyanide
and gross alpha and beta radiation. Based on the results of these first two samples, later
samples were collected in August 1988 and analyzed for a subset of these analytes
including silver, cadmium, chromium, lead, zinc, copper, and gross alpha and gross beta.
Surface soil sampling locations are shown in Figure A-1. Surface soil analytical results are
provided in Tables A-1a and A-1b in Appendix A.

Subsurface Soils. Nine subsurface soil borings (SB-3 — SB-4 and SB-8 — SB-14)
were advanced in the same area along the southern border with Turnpike Lake to collect
geologic and chemical data at depth. Soil borings SB-3 and SB-4 were drilled into bedrock
(to a depth of about 35 feet bgs) and split spoon samples were collected every five feet for
lithologic description. Boring logs are provided in Appendix B. Soils collected from the top
four feet were composited and analyzed for priority pollutant metals, VOCs (SB-3 only) and
gross alpha and beta. Soil borings SB-8 to SB-14 were advanced to the water table and the
top two feet of soils were analyzed for silver, chromium, cadmium, lead, zinc, copper, gross
alpha and beta and VOCs. In all borings except SB-9, the next deepest sample and sample
collected from immediately above the water table were also analyzed. At location SB-9,
samples were collected at 0-2 and 2-4 feet bgs. At two locations (SB-9 and SB-14) where
potentially elevated gross alpha and beta readings were recorded, an adjacent surface soil
sample was collected and analyzed for isotopes of uranium, plutonium, thorium, radium and
potassium. In addition, one sediment sample (SB-15) collected from the bottom of an
existing dry well associated with AOC 16, and one surface soil sample collected from SB-5
were analyzed for the same suite of radioisotopes. Subsurface soil sampling locations are
shown in Figure A-1. Subsurface soil analytical results are provided in Tables A-1a and A-
1b in Appendix A. Isotope data are provided in Table A-1c.
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The only VOCs detected in surface and subsurface soil samples described above were
tetrachloroethylene (PCE) detected at a maximum concentration of 620 pg/kg in SB-6
(located near the southern edge of former Building 6); toluene detected at a maximum
concentration of 200 pg/kg in SB-13 (located near the former wastewater disposal system
associated with AOC 16); and methylene chloride, which was detected at low levels (6 — 25
po/kg) in several samples.

The highest concentrations of cadmium, copper, silver and zinc (43,000; 2,800; 250 and
6,600 mg/kg, respectively) were detected in soil samples SB-20 through SB-22 collected
near the bag house in the southwest corner of the property (sub-AOC B-4). The highest
gross alpha and beta measurements were observed in soil samples SB-13 through SB-15
collected near the dry well in the southeast corner of the property. A more complete
assessment of soil sampling results is provided in Section 9.1.

3.1.2 Ground Water Sampling

Thirteen groundwater monitoring wells (MWO01 through MW09, MW 12 through MW15)21
were installed or utilized at the Site during Phases | and Il of the pre-RFI site investigation
activities. Monitoring well locations are shown in Figure 3.1. Wells MWO01 through MWO09
(installed in August 1987) and MW12 (installed in August 1988)22 are shallow monitoring
wells designed to sample the overburden aquifer. Wells MW13 through MW 15 are shallow
bedrock monitoring wells constructed in August 1988.

The overburden wells were constructed of two-inch stainless steel casing and screen using
techniques to prevent migration of chemicals down the borehole during drilling. Construction
details for all monitoring wells are provided in Table 3.1. Split spoon samples were collected
at five-foot intervals during drilling for the purpose of lithologic logging.

The shallow bedrock monitoring wells were constructed of four-inch stainless steel casing
grouted into 5 — 10 feet of bedrock, to a total depth of approximately 30 — 35 feet below
ground surface (bgs). Open borehole intervals are noted in Table 3.1.

Initial ground water sampling was conducted in September 1987. Samples collected from
MW1 through MW09 were analyzed for priority pollutant metals, VOCs, semi-volatile organic
compounds (SVOCs), PCBs, total cyanide and gross alpha and beta. The sample collected
from MWO05 was first analyzed for radioisotopes only due to concerns for water quality in this
well and any impact on options for development water disposal. This well was then
analyzed for the complete suite of chemicals in November 1987.

A second round of sampling involving all thirteen monitoring wells was conducted in August
and September 1988. All samples were analyzed for VOCs, priority pollutant metals, and
gross alpha and beta. A summary of ground water monitoring results is provided in Tables
A-2a and A-2b. Analytical interpretation is provided in Section 9.2.

As indicated in Table A-2a, the highest VOC concentrations detected in the overburden
aquifer were of tetrachloroethene (PCE) at 43,000 pg/L in MWO04, and 1,1,1-trichloroethane

21 Monitoring wells MW10 and MW 11 were assigned to two privately owned non-potable wells on the east side
of Route 152. According to the owner, MW 10 is a shallow steel-cased well used for watering a tree farm and
MW11 is a hand-dug, field stone well that has not been used since the 1940s.

22 Note that monitoring well MW12 was abandoned in place on February 7, 2006 and has since been replaced
by the monitoring well pair MW12A/B located in the same area.
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(TCA) at 13,000 pg/L in MW12. In the shallow bedrock zone, VOCs were detected in MW 14
and MW15, but not in well MW 13, which is upgradient of manufacturing areas.

Antimony, cadmium, lead and copper were detected in several overburden wells at
concentrations exceeding levels detected in MWO7 (the background well); however, results
were variable between the two sampling rounds. In addition, the initial samples collected
from wells MWO05, MW10 and MW 11 were not filtered prior to analysis, and are not
considered to be representative of dissolved levels in ground water. The highest
concentration of gross alpha and beta were detected in well MWO05 at 155 and 72 picocuries
per liter (pCi/L) respectively. Further assessment of ground water sampling results is
provided in Section 9.2.

3.1.3 Surface Water and Sediment Sampling

Two sediment samples (SW-1 and SW2) were collected from the south embayment of
Turnpike Lake, one sediment sample (SW3) was collected from Turnpike Lake west of
Building 7, and one sediment sample (SW4) was collected from a background location along
the northeast shore of Turnpike Lake between August 1986 and September 1988. All four
sediment samples were analyzed for VOCs, priority pollutant metals, cyanide, and gross
alpha and beta. Sediment sampling locations are depicted in Figure A-1. Analytical data are
provided in Tables A-3a and A-3b.

The only VOC detected in Turnpike Lake sediment was PCE at the detection limit.
Concentrations of silver, cadmium, lead, zinc and copper were detected in sediments
located at SW-01 and SW-02 (near outfalls from plant roof drains) at concentrations higher
than levels detected in sediments at stations SW3 and SW4, which were initially targeted as
background locations. The highest gross alpha and gross beta concentrations were
detected at SW-1 at 126 and 27.5 pCi/g, respectively.

Twenty-two surface water samples (SW-01 — SW22) were collected from Turnpike Lake, the
northern and southern spillways from Turnpike Lake, Sawmill Brook, Turtle Brook and the
inlet to Lake Mirimichi. Surface water sampling locations are shown in Figure A-2.
Analytical data are provided in Tables A-4a and A-4b.

The highest concentrations of VOCs were detected at SW-05, located in Sawmill Brook in
the primary ground water discharge area east of Route 152. Other surface water samples
collected in Sawmill Brook downgradient of SW-05 (at SW-06, SW-07, SW-08 and SW-13)
had detectable amounts of VOCs; however, concentrations decreased with increasing
distance from the Facility. No VOCs were detected in the Lake Mirimichi or Turnpike Lake
surface water samples.

Cadmium and zinc concentrations were detected above background levels at locations SW-
01, SW-11, SW-18 and SW-22 (near roof drain outfalls) at concentrations ranging from 120
— 350 pg/L and 180 — 910 pg/L, respectively.

Potential contributions of chemicals from stormwater runoff to Turnpike Lake were
investigated through a program of time-series surface water sampling during two storm
events over the period August 25 — 31, 1988. Outflows from each of three stormwater
outfalls (at locations SW-11, SW-18 and SW-22) were sampled during rainfall, and surface
water samples were collected daily from locations SW-10, SW-19, SW-20 and SW-21
following the first rainfall event on August 25. A second rainfall event occurred on August
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30. All samples were analyzed for total cadmium, total zinc and gross alpha. These data
are included in Table A-4b. Locations SW-19 and SW20 showed an immediate increase in
cadmium and zinc concentrations following a rainfall; whereas, a delayed response was
observed at locations SW-10 and SW21, most likely due to their greater distance from the
roof drain outfalls.

In addition, staff gauges were installed in Turnpike Lake and along Sawmill Brook at the
northeast corner of the former drive-in property to monitor water levels at these locations.

3.1.4 Soil Gas Sampling

A soil gas investigation was conducted at the Facility and at the former drive-in property in
August 1988. Temporary probes were installed to a depth of approximately 2.5 feet bgs and
soil gas samples were collected via syringe and analyzed for PCE, TCE, TCA and trans-1,2-
dichlorethylene (trans-1,2-DCE) using a portable GC. Seventy-eight soil gas samples were
collected. Soil gas sampling results are provided in Table A-5. Sampling Locations are
indicated in Figure A-3.

As indicated in Figure A-3, most of the on-site soil gas sampling points were located in the
open area between the eastern edge of Buildings 1, 2 and 8 and Taunton Street (Route
152). In addition, four samples were collected near AOC 6 and a background location was
sampled behind Building 11. The highest PCE concentrations were detected near AOC 6
and east of AOC 22. In contrast, the highest TCA concentrations were detected northeast of
Building 8 near the edge of Taunton Street; but no TCA was detected on the drive-in
property. Only low levels (2 — 14 ppbv) of trans-1,2-DCE were detected at the drive-in
property along with one hit of PCE at 1,100 ppbv. A comprehensive assessment of soil gas
sampling results is provided in Section 9.3.

3.2 Pre-RFI Field Investigation (Phase lll)

Phase IIl of pre-RFI site investigation activities was completed in 1989 and summarized in a
Phase Ill Summary Report (ENVIRON, 1990). Additional activities conducted in Phase |
included drilling additional pilot borings, constructing additional monitoring wells, collecting
soil, ground water, surface water and roof drain samples for chemical analysis, completing a
soil gas investigation and conducting hydraulic testing of aquifer units. In addition, in March
1989, BASF conducted a comprehensive survey of private wells located north and east of
the facility.

3.2.1 Surface Soil Sampling

Eleven additional surface soil samples (SB-100 — SB-110) were collected in November 1989
along the southern portion of the facility adjoining Turnpike Lake in order to provide further
information regarding the distribution of Cadmium in soils near the two then existing bag
houses and along surface drainage pathways. All samples were analyzed for cadmium only.
Surface soil sampling locations are shown in Figure A-1. Results are reported in Table A-6.

Cadmium concentrations exceeded 1,000 mg/kg in soil samples collected from six of the
eleven sampling locations. The highest concentrations were detected in samples collected
in areas that receive runoff from the vicinity of the dust collectors located on the south side of
the Facility. Additional characterization of soil sampling results in this area is provided in
Section 9.1.
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3.2.2 Ground Water Sampling

Five additional overburden monitoring wells (MW20A through MW24A) were installed in the
low-lying area east of Route 152. These wells are constructed of 4-inch schedule 40 PVC
riser and 5 feet of schedule 40 PVC #10 slot well screen. The wells range in depth from 6 to
12 feet bgs. Additional well construction details are provided in Table 3.1.

Nine shallow bedrock monitoring wells were also installed during Phase Ill. Three wells
(MW 16 through MW18) were installed along the eastern boundary of the Facility and six
wells (MW19 and MW20B through MW24B) were installed in the low-lying area east of
Route 152. Well locations are provided in Figure 3.1. The three on-site wells are
constructed of 4-inch diameter stainless steel casing and the six off-site wells are
constructed of 4-inch diameter schedule 40 PVC. With the exception of MW16 and MW17,
the casing in the wells extends 2 — 5 feet into bedrock. The well casings for MW16 and
MW17 extend approximately 30 feet into bedrock. Open borehole intervals for each of the
wells are presented in Table 3.1.

Two rounds of ground water sampling were completed during Phase lll. Thirteen on-site
wells were sampled in the first round of sampling, which was completed during February
1989 (Table A-7); and all 27 on-site and off-site wells were sampled during the second round
of sampling, which was completed in September 1989 (Table A-8). All ground water
samples were analyzed for filtered priority pollutant metals and VOCs. In addition, during
the second round, samples collected from MWO01 through MW19 were also tested for gross
alpha and beta emissions and wells MW13 through MW15 and MW18 were analyzed for
acid and base/neutral extractable organic compounds (ABNs). A summary of ground water
monitoring results is provided in Tables A-7 and A-8. A comprehensive evaluation of ground
water quality at the Site is presented in Section 9.2

3.2.21 Residential Well Survey

A survey of residential wells located north and east of the Facility was conducted in March
1989. A total of 78 private wells were sampled. Sampling locations are shown in Figure
7.4.14. All samples were analyzed for VOCs with a detection limit of 5 pg/L. The only
chemicals detected were methylene chloride at 9 pg/L (at residential well 9):?* chloroform at
5 —7 ug/L in three wells (wells 24, 90 and 94); toluene at 9 pg/L in well 71; and 1,1,1-TCA at
6 ug/L at residential well 1, located about 3,000 feet north of the Facility. Because no other
residential wells in this area contained 1,1,1-TCA, including wells located closer to the
Facility, it is unlikely this result is associated with the Site.

3.2.3 Surface Water Sampling

Surface water samples were collected from five locations on Turnpike Lake (LKO1 — LKO5)
and eight locations in the low-lying area east of the facility on August 1, 1989. Sampling
locations are shown in Figure A-2. All lake samples were analyzed for unfiltered priority
pollutant metals and gross alpha and beta. East of the facility, water samples were collected
directly from two apparent ground water seeps at locations SW-25 and SW-26. Water
samples were also collected from small stream channels, which appear to receive primarily
ground water discharge at locations SW-24, SW-27 and SW-05. Two water samples (SW-
06 and SW-08) were also collected from a larger stream channel, which receives both

23 Methylene chloride was also detected in the blank at a concentration of 10 pg/L. No VOCs were detected in a
duplicate sample collected at well 9.
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surface water from Turnpike Lake and ground water; and one water sample (SW-23) was
collected from a small stream channel that appeared to be standing water. All surface water
samples collected east of the Facility were analyzed for VOCs and unfiltered priority
pollutant metals. Pre-RFI Phase Ill surface water analytical data are presented in Table A-9.

Low levels of zinc (21 — 84 pg/L) and lead (6 — 13 ug/L) were detected in all lake water
samples including the sample collected from the background station (LKO1). Trace levels of
mercury (0.2 pug/L) were also detected at four of the five sampling locations, including the
background sample. Cadmium (at 5 and 12 pg/L) and copper (at 12 and 18 ug/L) were the
only metals detected in the lake that were not also detected at the background location.

In the low-lying area east of Route 152, total VOC concentrations ranged as high as 3,610
pg/L. The two samples collected from the apparent ground water seeps (SW-25 and SW-
26) contained 734 and 3,610 ug/L total VOCs. PCE and 1,2-DCE (total) were the primary
VOCs detected. The surface water samples collected from streams receiving primarily
ground water inflow also contained significant levels of VOCs. At SW-24, PCE was the
primary VOC detected (1,500 pg/L); while further downstream at SW-05, both PCE and TCA
were detected at similar levels (990 and 850 pg/L, respectively). PCE and TCA
concentrations detected at the furthest downstream sampling location (SW-08) were much
lower at 15 and 18 pg/L, presumably due to dilution and volatilization effects. A
comprehensive assessment of surface water sampling results is provided in Section 9.4.

In addition to the 13 surface water samples, storm water samples were collected from each
of the four major roof drain outfalls at the Site immediately following a short, intense rainfall
event. Three roof drain samples (RD02 — RD04) were collected at outfalls to Turnpike Lake,
and one roof drain sample (RD0O1) was collected at the outfall to a storm water management
basin located southeast of Building 11. The roof drain sample locations are depicted in
Figure A-2; analytical data are presented in Table A-10.

Cadmium, copper, lead and zinc were detected at maximum concentrations of 1930, 445,
780 and 2567 pg/L in roof drain samples collected at the three outfalls to Turnpike Lake.

3.2.4 Fish Sampling

Fish samples were collected from Turnpike Lake and a private impoundment east of Route
152 from August 14-16, 1989. These fish samples were analyzed for priority pollutant
metals and radionuclides (gross alpha and gross beta) to determine the impact, if any, of
discharges from the Facility on the edible portion of fish collected from these areas. Two
categories of fish, bottom feeders and predator species, were collected and both fish muscle
tissue and liver were analyzed. Fish were collected from three areas:

e a background station located in the northeastern portion of Turnpike Lake,
immediately downstream from Shepard Street and U.S. Route 1;

e approximately 200 feet north and west of the south embayment and
immediately west of the southwest corner of the Facility; and

e a private impoundment located across Route 152, immediately downstream
from the spillway on the south embayment of Turnpike Lake.

A summary report of the sampling and analysis is provided in Appendix A.
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Three principal metals (lead, mercury and zinc) were detected in fish muscle tissue.
Concentrations of lead in muscle tissue of fish collected from the background station varied
from 0.24 to 1.21 mg/kg; however, no lead was detected in fish collected near the south
embayment. In muscle tissue sampled from fish collected from the private impoundment,
lead concentrations ranged from 0.58 to 2.61 mg/kg.

Concentrations of zinc in fish muscle tissue ranged from 1.67 to 11 mg/kg with the highest
concentration detected in fish collected near the south embayment; although, concentrations
in all three areas sampled were similar. Mercury was detected at low levels (0.59 to 0.79
mg/kg) in fish collected from all three areas.

Liver samples in fish collected from the background area contained chromium, copper, lead,
mercury, selenium, silver and zinc. Except for chromium and silver, the same suite of metals
was detected in fish collected from the south embayment. However, cadmium was detected
in five of the seven fish collected near the south embayment, but not detected in any fish
collected from the background area.

The detection of trace quantities of metals in fish tissue is not unexpected. For example, a
report entitled “Trace Metals in Panfish from Rhode Island Freshwater” (ESS, 1988)
documented the presence of cadmium, copper, mercury, lead and zinc in fish muscle tissue
from a wide cross section of lakes, even in rural areas without identifiable industrial or plant
discharges.

Gross alpha was not detected in any of the fish samples analyzed. Gross beta levels ranged
from 0.76 to 2.0 pCi/g in fish collected near the south embayment, 2.2 to 4.2 pCi/g in fish
collected from the private impoundment, and 0.76 to 2.0 pCi/g in fish collected from the
background location (see Appendix A).

3.2.5 Soil Gas Sampling

A shallow soil gas investigation was conducted at the Facility and in an area to the east of
the Facility in July 1989. Eight areas were targeted for investigation including four former
degreaser areas located at AOCs 5, 22, 29 and 30, two former bulk solvent storage areas
near Buildings 10 and 12, two former waste disposal areas (AOCs 5 and 6) and a then
active wastewater treatment pit (AOC A). In addition, three transects were sampled to
delineate the apparent edge of the plume of contamination to the north and south of the
Facility.

A total of 66 samples were collected using 7-foot long, 3/4 inch diameter steel probes driven
2 — 6 feet into the ground with a truck-mounted hydraulic hammer. Soil gas sampling
locations are shown in Figure A-4. Based on the results of the pre-RFI Phase |
investigation, soil gas samples were analyzed for PCE, TCE, TCA and trans-1,2-DCE.**
Analytical data are presented in Table A-11.

The highest concentrations of VOCs in soil gas were detected near the former waste
disposal pit beneath Building 8 (AOC 5) and the former degreaser pit and trench in the wire
department (Building 2; AOCs 22/26). In both of these areas, PCE concentrations were one

24 After the first 15 samples were analyzed, trans-1,2-DCE was dropped from the target compound list because
it did not appear to be a significant contaminant and analysis time was significantly longer than for the other
target compounds.
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to two orders of magnitude higher than concentrations of TCE and TCA. Significant levels of
VOC were also detected in the bulk solvent storage area and around the wastewater
treatment pit beneath Building 10.

Sampling was also conducted along three north-south oriented transects east of the plant.
Twelve samples were collected along a transect running south from MWO05 to the property
boundary; VOC concentrations decreased from low levels detected near MWO5 to levels
near the detection limit at the southern end of the transect. Six samples were collected
along a transect running north from MWO03 to the property boundary; the highest
concentrations were detected near the middle of the transect. Only trace levels of TCA were
detected in the three samples collected along the north-south transect east of Route 152.
Soil gas data are discussed in further detail in Section 9.3.

3.2.6 Radiation Survey

In July 1988, a radiation survey of the building interiors and surrounding yard area at the
Facility was conducted. The survey of the exterior areas consisted of measurements of
ambient gamma levels at 3 feet above the ground surface. Background gamma readings in
the north parking lot and adjacent wooded areas ranged from 18 to 22 microroentgen per
hour (uR/hr). Ambient gamma readings in the yard region south of the Facility and along the
fence adjacent to Turnpike Lake ranged from 20 to 26 puR/hr. Near the dry well at AOC 16,
gamma readings were similar to background levels at 18 to 20 puR/hr; however, in the center
of the dry well, 2 to 3 feet from the bottom, a gamma reading of 75 pR/hr was recorded,
reflecting the existence of a radiological source in this area. Isotopic analysis of one
sediment sample, collected from the bottom of the drywell in August 1988, measured 68
pCi/L total Uranium (Berlin and Duggan, 1995).
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4 RFI Phase | Field Investigation

In 1993, USEPA and the then Engelhard Corporation signed a RCRA 3008(h) Consent
Order in which BASF agreed to conduct a RCRA Facility Investigation to assess potential
human health and ecological risks associated with the Facility, and to implement four defined
Stabilization Measures. Phase | of the field investigation was completed in 1995.

4.1 Soil
4.1.1 Soil Boring Program

Soil borings were drilled as part of the Phase | investigation to gather additional data to
further characterize the vertical and horizontal distribution of potential releases into soil at
selected AOCs. A total of 85 soil samples were collected from 34 soil borings (SB-15
through SB-45) between November 22, 1994 and April 7, 1995, including a second boring at
location SB-36 and two borings originally proposed solely for a separate radionuclide
investigation under oversight by the NRC (SBRD33 and SBRD33A). With the exception of
the three designated background borings (SB-43, SB-44, and SB-45), each boring was
located to further investigate either an AOC or sub-AOC. Soil borings were advanced to the
water table or bedrock, and selected samples were collected and retained for chemical
analysis.

Final boring locations were consistent with the investigation objectives proposed in the RFI
Phase | proposal and Phase | sampling and analysis plan (SAP). Boring locations were
repositioned in a few instances, however, to maintain safe distances to underground or
overhead utilities, when access to indoor locations was restricted by low ceiling clearance
and dimensions of the drill rig, or when borings could not be advanced due to underground
obstructions (see Section 4.1.3 for explanation). Locations of the soil borings in relation to
potential AOCs are shown on Figure 4.1.1. Table 4.1.1 lists the boring numbers and
identifies the soil samples collected from each boring and submitted for laboratory analysis.
Soil boring logs, including three soil boring logs (for SB-24, SB-35, and SB-36B) which were
revised based on EPA comments on the Phase | Interim Report (ENVIRON, 1995), are
presented in Appendix B. A discussion of the soil sampling methodology, chemical
analytical program, and results are presented in the following sections.

4.1.2 Background Soil Sampling

Three soil borings (SB-43, SB-44, and SB-45) were drilled to collect background soil data.
The background sampling program was designed to collect data to allow calculation of the
range, mean, standard deviation, 95 percent upper confidence limit of the mean, and the
maximum concentration of the distribution of naturally occurring concentrations of metals in
soils at the Site. As described in the RFI Proposal (ENVIRON, 1994b), nine soil samples
from the three borings were considered adequate for meeting the statistical requirements to
characterize background metal concentrations in soil. The locations of the three background
soil borings are shown on Figure 4.1.1. Statistical comparison of on-site metals to
background metals in subsurface soil is presented in Section 9.1.1. Metals are naturally
occurring in soil and, as such, any impact by the Facility can only be evaluated relative to
naturally occurring concentrations. Organic compounds of concern (e.g., VOCs, SVOCs,
and polychlorinated biphenyls (PCBSs), etc.) are not expected to be naturally occurring and
background is characterized as “non-detect” for these constituents for the purpose of this
report.
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4.1.3 Soil Boring Drilling/Sampling Methodology

Twenty-one borings (SB-16, SB-17, SB-19 through SB-23, SB-26, SB-28 through SB-30,
SB-33, and SB-37 through SB-45) were drilled in exterior (outside) areas at the Site between
November 22, 1994 and January 20, 1995. All outside borings were drilled using the hollow
stem auger drilling method. Ten inside borings (SB-15, SB-18, SB-24, SB-25, SB-27, SB-
32, SB-34, SB-35, SB-36, and SB-36B) were drilled between January 20 and February 14,
1995. For borings located inside current and former Facility buildings, either a drive and
wash method or a tripod-mounted drive hammer was used.

Several of the interior borings were relocated from the locations proposed in the Phase | RFI
Proposal and SAP (Appendix I, Section 4.2; ENVIRON 1994b). Based on the results of the
pre-RFI Phase Il soil gas investigation conducted in July 1989 (see Section 3.2.5) and the
location of former degreaser pits at the east wall in Building 8, boring SB-35 (AOC 29) was
moved into the adjacent hallway leading to the loading dock in order to be directly
downgradient of the nearby former degreaser pit. Because of the low ceiling height in former
Building 9, which precluded the use of a skid-mounted drill rig, boring SB-32 was moved
from former Building 9 into adjacent former Building 1 and relocated downgradient of the
former degreaser pit and trench that existed adjacent to the east wall in former Building 9.
Boring SB-36 (AOC 30) was advanced to refusal (on a concrete sub-floor at a depth of three
feet below ground surface (bgs) in the location of a former degreaser pit. Because the rig
could not drill through the sub-floor, the rig was relocated ten feet north to the edge of the
former degreaser pit and another boring, SB-36B, was drilled to bedrock at this location. At
the time, the preferred location downgradient to the east was not accessible due to the
clearance in adjacent former Building 5.

Each soil boring was sampled as continuously as possible to provide data to interpret the
subsurface stratigraphy and to characterize chemical concentrations. An organic vapor
monitor (OVM) was used to conduct health and safety monitoring during the drilling and to
screen soil samples. The OVM screening methodology is described in Appendix C. The
results of the OVM monitoring are included on the soil boring logs presented in Appendix B.
Selected soil samples were retained for later chemical analyses as identified in Table 4.1.1.

Field quality control samples were collected throughout the soil sampling program in
accordance with the Data Quality Assurance Plan (DQAP) (RFI Proposal, Appendix J;
ENVIRON, 1994b). One duplicate sample was collected per 20 soil samples. One field
equipment blank was collected per analytical method, for one out of every 20 samples. On
each day that VOC samples were collected, a field trip blank was submitted with the primary
samples for analysis. One Matrix Spike/Matrix Spike Duplicate (MS/MSD) sample was
conducted for every 20 soil samples collected. Quality control samples are identified in
Table 4.1.1.

4.1.4 Chemical Analytical Program

The chemical analytical program presented in the RFI Proposal was developed based on
available AOC historical use information and data from previous field investigations. Table
4.1.1 presents the chemical analytical program conducted for each soil sample that was
obtained during the drilling program. Samples were primarily analyzed for VOCs and
metals. Selected samples were analyzed for SVOCs, PCBs, cyanide, and total petroleum
hydrocarbons as diesel (TPHD) based on AOC historical use information and field
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investigation data from previous investigations. Lists of analytes for the VOC, SVOC, metal,
and PCB analyses are presented in Tables 4.1.2, 4.1.3, 4.1.4, and 4.1.5 respectively.

Soil samples from five borings (SB-19, SB-20, SB-22, SB-23 and SB-27) were also tested
for a short list of extractable metals using the Synthetic Precipitation Leaching Procedure
(SPLP). The purpose of this sampling was to establish concentrations at which leaching of
metals from soil to ground water may be significant. Therefore, samples were selected to
represent a range of metal concentrations in soils associated with AOCs or sub-AOCs where
discharge of metal-bearing wastewater is suspected. Summary analytical results tables for
soil are included as Tables 4.1.6 through 4.1.11.>> Analytical results are discussed in detail
by AOC in Section 9.1.

4.1.4.1 Modifications to the RFI Phase | Chemical Analytical Program

The soil sampling program presented in the RFI Proposal was modified to include analysis
for hexavalent chromium in addition to total chromium for several soil samples. This
modification was presented in Technical Memorandum No. 2 dated January 11, 1995, which
proposed that at least one sample be analyzed for hexavalent chromium from each AOC or
sub-AOC where metal releases potentially occurred during past operations (Appendix C).
The goal was to create a database of hexavalent chromium information that is comparable to
the analyses of soil samples for total chromium.

4.1.5 Sampling Frequency

At each soil boring location, soil samples were collected from just below the ground surface,
at an intermediate depth between ground surface and the water table, and at the water table.
In some instances, where obstructions were encountered, less than the designated number
of samples were collected from a boring. In addition, samples from several borings were
collected slightly below the water table. This soil sampling frequency was intended to
provide analytical data at depths where concentrations of chemicals would potentially be
highest and to provide a measurement of the range of concentrations with depth from the
surface to the water table.

4.1.6 Summary of Data
Soil sampling results are summarized by AOC in Section 9.1.

4.2 Ground Water
4.2.1 Monitoring Well Installation Program

Eighteen additional ground water monitoring wells (MW25A/B, MW 26 through MW29,
MW30A/B through MW33A/B and MW 34 through MW37) were constructed in areas both on-
and off-site of the Facility between November 30, 1994 and January 19, 1995. These 18
wells were installed to expand the existing 27 well network to a total of 45 wells. The well
installation program originally presented in the RFI Proposal was described in Technical
Memorandum No. 1, dated November 2, 1994 (Appendix C). Detailed descriptions of the
well installation program are presented in Appendix C.

New monitoring wells were located as proposed in the RFI Proposal, with minimal
adjustments made where locations fell within unsafe distances of underground or overhead

25 Full analytical tables for both Phase | and Phase Il samples were included in the Human and Ecological Risk
Assessment (HERA) Second Interim Deliverable (ENVIRON 1997).
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utilities, or when borings could not be advanced due to underground obstructions.
Monitoring well locations are shown in Figure 3.1.

During drilling, soil samples were collected for lithologic logging at approximately five-foot
intervals by driving 2- or 3-inch outside diameter (OD) split-spoon samplers past the augers.
The soil lithology was recorded on standard boring log forms. In addition, a Unified Soil
Classification System (USCS) description, the percentage of gravel, sand, and fines, and the
sample color (according to Munsell soil color charts), consistency, moisture content, and
Organic Vapor Monitor (OVM) results were recorded on the boring logs. OVM results were
recorded for health and safety purposes only. No soil samples were collected or submitted
for chemical testing. The rationale for this was that in the area of the site west of Taunton
Street, numerous soil borings were conducted independent of monitoring well installations to
characterize source areas. In the areas east of Taunton Street, the objective of the
investigations was to characterize the extent of ground water contamination. As there are no
suspected sources in this area, it is not expected that there would be areas of soil
contamination. Boring and well completion logs are included in Appendix B.

Ten monitoring wells were completed within the unconsolidated overburden, of which seven
were drilled and completed to depths ranging from 14 to 24 feet below ground surface (bgs)
and three were completed as shallow well points to depths ranging from 6 to 10 feet bgs.
Figure 4.2.1 presents typical overburden well construction details. All of the overburden
wells, with the exception of the three shallow wellpoints (MW34, MW 35, and MW36) were
drilled using hollow stem augers. The three wellpoints were constructed using hammer
driven casing installed with a portable tripod rig and completed with 2-inch inside diameter
(ID) stainless steel prefabricated casing. All other overburden monitoring wells were
constructed with 2-inch diameter schedule 40 PVC riser and 0.01-inch slot well screen. The
selection of an appropriate well screen slot size was verified based on the physical testing
results as described in Section A.1.1 of Appendix C. Well construction specifications for all
monitoring wells are presented in Table 3.1.

Eight monitoring wells were installed in the underlying shallow bedrock. Each bedrock well
is located adjacent to a well completed in the overburden. Figure 4.2.2 illustrates the
general construction specifications for the bedrock monitoring wells. The wells were
constructed with 3-inch stainless steel casing set into bedrock and grouted in place to seal
off the overburden, after which a 2.75-inch diameter open hole was drilled approximately 15
feet into bedrock, below the base of the stainless steel casing. Following installation, all
existing and newly installed monitoring wells were developed and surveyed.

4.2.2 Phase | Monitoring Well Network

The RFI Phase | ground water monitoring program included all existing monitoring wells at
the time. The monitoring well network that existed during Phase | consisted of 25
overburden monitoring wells and 20 bedrock monitoring wells including 18 well clusters.
Three ground water sampling events were conducted during Phase I: Appendix IX Round
(for a subset of the wells, hereafter referred to as Appendix IX Round), Round 1, and Round
2. The monitoring wells performed satisfactorily throughout this period.

High turbidity was noted in several monitoring wells during previous sampling events. The
turbidity of all existing monitoring wells was evaluated prior to the Round 1 sampling. Wells
with reported turbidity greater than ten Nephelometric Turbidity Units (NTUs) were
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redeveloped.?® Despite these efforts, several Overburden Zone monitoring wells continued
to exhibit high turbidity throughout the sampling program. A bent well casing at monitoring
well MWO02 (noted as damaged in the RFI Proposal - Current Assessment Summary Report,
Section 7.2) was repaired prior to the start of the sampling program.

4.2.3 Water Level Monitoring

Water levels were measured in all ground water monitoring wells located on the Facility and
in surrounding areas immediately prior to each of the Appendix IX, Round 1, and Round 2
sampling events. The water levels were recorded on January 3 and 4, February 27, and
April 26, 1995. Each set of measurements was compiled and added to the historic ground
water level database. Table 4.2.1a presents a summary of ground water level
measurements recorded at the Facility between September 1987 and February 2006.%” A
comprehensive evaluation of ground water flow direction and vertical ground water flow
patterns at the Site is provided in Section 7.4.

4.2.4 Sampling Methodology

Ground Water sampling for the Phase | ground water sampling program was conducted
following the methods and procedures described in Appendix | of the RFI Proposal
(ENVIRON, 1994b). The original well purging protocol presented in the RFI Proposal was
modified with USEPA's concurrence during the early stages of the Appendix IX sampling
event to address poor recovery and prolonged purging events. A detailed discussion of this
issue and the overall sampling program is presented in Appendix C.

As outlined in an October 21, 1994 letter from USEPA Region |, purging requirements were
changed to allow a maximum of five wells volume to be purged prior to sampling. In
addition, the purge rate for bedrock wells that exhibited low turbidity trends (<5 NTU) during
purging was increased to a flow rate of above 0.5 liters per minute. An additional protocol
required that a minimum of one well volume of water within the submerged well screen
intervals would be purged prior to sampling. Well purging and sampling data sheets for the
Appendix IX, Round 1, and Round 2 sampling events were presented in Appendix A of the
Phase | Interim Report (ENVIRON, 1995a).

4.2.5 Chemical Analytical Program

Differing chemical analytical programs were conducted on ground water samples collected
during each of the three RFI Phase | sampling events. The programs were essentially
conducted as proposed in Section D of the RFI Proposal (ENVIRON, 1994b). Modifications
to the original program were detailed in Technical Memorandum No. 2 (TM2), dated January
11, 1995 (provided in Appendix C). Summary descriptions of each of the chemical analytical
programs, and any variations from their proposed scope, are presented below.

4.2.51 Appendix IX Sampling Event

The Appendix IX sampling event was conducted between January 4 and 19, 1995. The
purpose of the Appendix IX program was to test ground water for a broad range of potential
Constituents of Concern (COCs), and based on these results, modify the scope of the
subsequent rounds of ground water testing. The Appendix IX sampling program is

26 Detailed discussions of well development and field data sheets were included in Appendix A of the Phase |
Interim Report. (ENVIRON 1995).

27 Note that water level measurements have also been collected as part of a program to evaluate performance of
the GSM. These data are included in Table 4.2.1b.
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presented in Table 4.2.2. Four monitoring well clusters that historically had the highest
reported levels of VOCs were sampled, including MW01/13, MW03/14, MWO04/15, and
MWO05/18; in addition, monitoring wells MW26 (AOC 6) and MW28 (AOC 7), and the
background monitoring well cluster (MWO07/37) were sampled. Samples collected from
these 12 wells were analyzed prior to the Round 1 sampling event for the analytes listed in
Appendix IX to C.F.R. Part 264 ("Appendix IX"), as modified by TM2. The Appendix IX
analytes are presented in Table 4.2.3.

To better characterize the natural ground water quality in the vicinity of the Facility, samples
from selected well clusters (MWO07/37; MWO01/13; MWO03/14; MW04/15; MW05/18;
MW20A/B; MW21A/B; and MW24A/B) were also analyzed during the Appendix IX sampling
program for a list of major cations/anions as presented in Table 4.2.4.

The final scope of the Appendix IX sampling program was modified in three ways. First, the
contract laboratory mistakenly did not run the Appendix IX list of semi-volatiles for samples
collected from monitoring wells MWO03 and MW14. To correct this omission, samples were
collected from these two wells during Round 1 ground water sampling and analyzed for the
Appendix IX semi-volatile compound list. Secondly, Dichlorodifluoromethane (mistakenly
listed in TM2 as a semi-volatile) was left out of the volatile list of analyses during the
Appendix IX sampling event for all wells sampled. This compound was therefore added to
the list of volatile analyses performed during Round 1 for those wells previously sampled
during the Appendix IX event. The rationale for these two modifications was presented to
the USEPA in Technical Memorandum No. 3 (TM3), dated February 28, 1995 (provided in
Appendix C).

Finally, the TM2 volatile analysis list identified two compounds, hexachlorophene and o,m,p-
phenylenediamine, that had method detection limits (MDLSs) that could not be determined
using SW846 protocols. p-Phenylenediamine was not recovered at 200 pg/L in any of the
seven extraction replicates analyzed for the laboratory's MDL study. Hexachlorophene was
not detected at the method concentration levels during the initial and continuing calibrations
or at 200 pg/L in the seven extraction replicates for the MDL study. As a result, the
reportable detection limits for these two compounds have been designated as "IND", and the
compounds removed from the reporting list.

4.2.5.2 Round 1 Sampling Event

All new and existing monitoring wells were sampled during the Round 1 event between
February 28 and March 30, 1995. Samples were analyzed for VOCs, and filtered and
unfiltered metals. A summary of ground water samples collected during the Round 1
sampling event is presented as Table 4.2.6. Lists of analyses performed are presented in
Tables 4.2.7 and 4.2.8. As described in the RFI Proposal (ENVIRON, 1994b), cyanide was
analyzed for in samples from all monitoring wells except wells MW23A/B, MW24A/B,
MW33A/B, MW34, MW35 and MW36. As noted in the Appendix IX discussion, samples
collected from wells MW03 and MW14 were analyzed for the entire Appendix IX list of semi-
volatile compounds, and Dichlorodifluoromethane (Freon 12) was analyzed for in Appendix
IX list wells.

PCB compounds were added to the Round 1 analytical program for 12 monitoring wells
(MWO04, MW05, MWO06, MW 15, MW17, MW18, MW25A, MW25B, MW27, MW28, MW30A,
and MW30B). Samples were analyzed for the Appendix IX list of PCBs. This modification
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was the result of the detection of PCB compounds in ground water sampled and analyzed
during the Appendix IX sampling event. The rationale for adding PCBs to the analytical
program for selected wells was presented to the USEPA in TM3, dated February 28, 1995
(Appendix C).

4.2.5.3 Round 2 Sampling Event

All monitoring wells were sampled during the Round 2 event. Samples were again analyzed
for VOCs, and filtered and unfiltered metals, as presented in the RFI Proposal (ENVIRON,
1994b). A summary of ground water samples collected during the Round 2 sampling event
is presented as Table 4.2.9. Lists of analyses performed are presented in Tables 4.2.7 and
4.2.8. The Appendix IX list of PCB compounds were again analyzed for during the Round 2
analytical program for 13 monitoring wells (MW04, MWO05, MW06, MW12, MW15, MW17,
MW18, MW25A, MW25B, MW27, MW28, MW30A, and MW30B). Since no Round 1
samples had reportable concentrations of cyanide, no Round 2 samples were analyzed for
cyanide, as described in the RFI Proposal.

4.2.6 Sampling Frequency

As proposed in the RFI Proposal, two full rounds of ground water sampling were conducted
during the Phase | field investigation. During each round, all existing monitoring wells were
sampled.

4.2.7 Summary of Data

The purpose of the Appendix IX sampling event was to confirm whether or not the analyte
list selected for routine ground water monitoring (consisting of VOCs and total and dissolved
metals — tables 4.2.7 and 4.2.8) as proposed in the RFI Proposal (ENVIRON, 1994b) was
adequate. Following the Appendix IX sampling event, two full rounds of ground water
sampling and analysis were completed during the RFI Phase I field investigation. Tables of
all analytical results are presented in Appendix D of the Phase | Interim Report (ENVIRON,
1995a). Summaries of these data are presented below and in Section 9.2.

4.2.7.1 Volatile Organic Compounds

Six volatile compounds were detected at least once in samples analyzed during the
Appendix IX sampling event: carbon disulfide, 1,1-DCE, 1,1-DCA, TCA, TCE, and PCE). A
summary of detected VOC concentrations during Phase | of the RFI is presented in Table
4.2.10. Results of laboratory analyses for VOCs analyzed for during the RFI Phase |
investigation are tabulated in Appendix D of the Phase | Interim Report (ENVIRON, 1995a).
With the exception of carbon disulfide, which was only detected in one well (MWO04) at a
concentration of 71 J pg/L, all of the detected compounds were subsequently analyzed for in
the two following sampling events.

PCE was also detected in the background monitoring wells MWO07 and MW37 in Rounds 1
and 2. These results were determined to be anomalous and, following acceptance by the
USEPA, MW07 and MW37 remained suitable as background wells. A further discussion of
these anomalous results is presented in Section 9.2.1.

4.2.7.2 Semi-volatile Organic Compounds

No semi-volatile organic compounds (SVOCS) were detected in any of the samples
collected and analyzed during the Appendix IX sampling event, or in the samples tested for
SVOCs from selected wells during the Round 1 sampling event. As a result, no semi-volatile
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analyses were conducted on samples collected during the Round 2 sampling event.
Laboratory analytical data for SVOCs are tabulated in Appendix D of the Phase | Interim
Report (ENVIRON, 1995a). Because no SVOCs were detected, no summary table of
detected concentrations is presented in the main body of this report.

4.2.7.3 Metals

Total metals were analyzed for in samples collected from each of the three sampling events.
Dissolved metals (filtered samples) were also analyzed for during the Round 1 and 2 events.
Summaries of metals detected above the laboratory reporting limit are presented in Table
4.2.11. Results of laboratory analyses for metals (both total and dissolved) analyzed for
during the Phase | RFI are tabulated in Appendix D of the Phase | Interim Report
(ENVIRON, 1995a).

Of the metals (total) detected in wells sampled in the Appendix IX event, only cadmium and
antimony were detected at concentrations above their respective Maximum Contaminant
Limits (MCLs) for drinking water. Metals (total) were also detected in samples collected
during the Rounds 1 and 2 events, with only cadmium, nickel, and lead at concentrations
above their respective MCLs or action levels (lead). The only exception to this pattern of
metal concentrations was the sample from overburden monitoring well MW30A collected
during Round 1, where arsenic, beryllium, lead, and nickel were present at levels above their
respective MCL. With the exception of lead, the presence of these metals appeared
anomalous, because they were not detected at the same magnitude concentration, or at all,
during subsequent sampling events (Rounds 2, 3, and 4).?® A more comprehensive
discussion of the detection of metals in ground water is presented in Section 9.2.

4.2.7.4 Dioxins, Furans, Pesticides, and PCBs

No dioxins or furans were detected in any of the samples collected and analyzed during the
Appendix IX sampling event. One pesticide, 4,4'-DDT, was detected at an estimated
concentration of 0.03 J ug/L in ground water monitoring well MW28. Summaries of PCBs
detected above the laboratory reporting limit are presented in Table 4.2.12. Results of
laboratory analyses for PCBs analyzed for during the RFI Phase | are tabulated in Appendix
D of the Phase | Interim Report (ENVIRON, 1995a).

Of the 12 wells tested for PCBs during the Appendix IX event, PCBs were detected in
samples from MWO05, MW18, and MW28 only, with total PCB concentrations of 1.5 J, 1.1 J,
and 1.3 J ug/L, respectively. MW28 is located in the Courtyard Area down gradient of the
former storage area (AOC 7) and the MWO05/MW18 well cluster is located downgradient of
the former dry well (AOC 16) near the southeast corner of the Facility. During the Round 1
event, 12 wells were sampled for PCBs and detections were only noted at MW18, MW27,
and MW28 at total concentrations of 1.16 J, 0.28 J, and 0.82 J ug/L, respectively. The
MWO06/27 well cluster is located in the Courtyard Area downgradient of the former storage
area. During the Round 2 event, 13 wells were tested for PCBs and detections were
reported at MWO05, MW18, and MW28 at total concentrations of 0.26 J, 1.3 J, and 0.38 J
Mg/L, respectively.

28 Ground water sampling Rounds 3 and 4 were collected during the RFI Phase I field investigation described in
Section 5.
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4.2.7.5 Water Quality Parameters

A summary of water quality parameters and major cation/anion testing conducted during the
Appendix IX sampling event are presented in Table 4.2.5. Laboratory reported pH values
ranged from 5.54 to 9.27; chloride ranged from <3 to 73.0 mg/L; alkalinity ranged from 8.2 to
68.8 mg/L; and conductivity ranged from 39.4 to 362 pumhos/cm.

4.2.8 Soil Gas Investigation

A soil gas survey was conducted at Sub AOC A-1 and six AOCs (AOC 5, 6, 14, 22, 29, and
30) by Foster Wheeler Environmental Corporation on April 25 to 27, 1995 to further delineate
the horizontal extent of VOCs in the subsurface. As discussed in the RFI Proposal, test
probe locations were selected based upon a review of previous soil gas testing (described in
Sections 3.1.4 and 3.2.5). Adjustments to several proposed test locations during the RFI
Phase | soil gas sampling program were presented in Technical Memorandum No. 5, dated
April 18, 1995 (Appendix C).

Most of the RFI Phase | soil gas samples were collected within the current and former
buildings and were analyzed for TCE and PCE. TCA could not be analyzed quantitatively
using the Photovac instrument used in the survey. Six shallow soil gas samples were
collected outside the current and former buildings. The locations of the 26 soil gas survey
points (SG-67 through SG-93) are presented in Figure 4.3.1. A detailed discussion of the
soil gas survey procedures, quality control measures, and results are included in Appendix
D. Detectable levels of VOCs were present in nearly all points sampled. A discussion of the
soil gas data by AOC is also included in Section 9.3. The survey chemical data are plotted
in Figure 4.3.2.

4.3 Surface Water

A surface water level monitoring and sampling program was conducted in accordance with
the RFI Phase | proposal. The following sections summarize the program. Details of the
field sampling procedures are presented in Appendix C.

4.3.1 Surface Water Sampling Program

Two rounds of surface water sampling were conducted during the RFI Phase | investigation
of Turnpike Lake and the stream system east of the Facility. Round 1 was conducted
between March 31, 1995 and April 10, 1995; and Round 2 was conducted between May 15
and 18, 1995. The locations of surface water samples are shown on Figure 4.4.1.

During both rounds of sampling, surface water samples were collected in Turnpike Lake just
west of AOC A (SW-07), towards the center of the south embayment (SW-06), and near the
northern spillway (SW-08). Two background surface water samples were collected in
Turnpike Lake: one north of Shepard Street and south of Route 1 (SW-10), and the other
near the inlet at the southwest portion of the Lake (SW-09). In addition to the lake samples,
surface water samples were collected at four locations in Sawmill Brook and its tributaries
located to the east of Route 152 (SW-01 to SW-04), and downstream of the south
embayment, just below the spillway at the southeast outlet of Turnpike Lake (SW-05).
Surface water samples in Sawmill Brook were collected from the downstream locations first
in order to minimize disturbance of stream sediments. A final surface water sample was
collected at the inlet to Lake Mirimichi (SW-11).
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4.3.2 Surface Water Level Monitoring

Prior to Round 2 of surface water sampling, a staff gauge was reinstalled at one location in
Turnpike Lake. Existing staff gauges were observed at two locations in Sawmill Brook.
Elevation and depth measurements were made at the staff gauges located in Sawmill Brook
during Round 1 and Round 2 of surface water sampling, and at the staff gauge in Turnpike
Lake on June 2, 1995. Table 4.4.1 presents a summary of staff gauge readings and surface
water elevations.

4.3.3 Sampling Methodology

Lake surface water samples were collected by lowering a decontaminated Teflon bailer
approximately one to two feet below the water surface. In the streams, surface water
samples were collected by submerging an unpreserved, decontaminated sample container
below the stream surface. Sample containers for VOC analysis were filled in such a manner
as to minimize the headspace in the sample container. Before sample collection, field
measurements for temperature, pH, conductivity, and dissolved oxygen were recorded at
each location. Field measurements are presented in Table 4.4.2.

Prior to the collection of surface water samples in Sawmill Brook and associated streams
and at the inlet to Lake Mirimichi, stream depth, width and flow rate measurements were
collected and used to calculate stream flow at each sampling location. Table 4.4.3 presents
a summary of the stream measurements and calculated stream flow at each location.
Stream depth profiles are shown in Figures 4.4.2 and 4.4.3.

4.3.4 Chemical Analytical Program

During both Round 1 and Round 2, a total of 16 surface water samples were collected (11
surface water samples, 1 duplicate sample, 1 field blank, and 3 trip blanks). The surface
water samples were analyzed in accordance with the chemical analytical program described
in the Phase | RFI Proposal (ENVIRON, 1994b). Lists of surface water samples collected
and analyses performed for both sampling rounds are presented in Tables 4.4.4 and 4.4.5.
Detected constituents are listed in Tables 4.4.6, 4.4.7, and 4.4.8. Complete analytical
results are presented in Appendix C of the Phase | Interim Report (ENVIRON, 1995a).

4.3.5 Summary of Data

4.3.5.1 Volatile Organic Compounds

Surface water samples were collected from four locations in Sawmill Brook, from below the
spillway of Turnpike Lake, and at the inlet to Lake Mirimichi during Round 1 and Round 2.
All samples were analyzed for VOCs; results are presented in Table 4.4.6 and are
summarized briefly below. A more complete analysis of surface water sampling results is
provided in Section 9.4.

VOCs were detected in three of five surface water samples collected from the area east of
Route 152 (i.e, at SW-01, SW-02 and SW-11). VOCs detected in surface water include
TCA, PCE and TCE. VOCs at SW-11 (i.e. at the inlet to Lake Mirimichi) were detected at
low concentrations, below the contract required detection limits (CRDL).

4.3.5.2 Metals

All surface water samples collected in Round 1 and Round 2 were analyzed for total metals.
A summary of the results of these analyses is presented in Table 4.4.6. Several metals,
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including lead and antimony, were detected in many of the surface water samples. In
addition, chromium, copper, and silver were detected in background water samples. A
number of metals were detected in the south embayment (at SW-06) in Round 1; however,
all metals (other than antimony) were "not detect" at this location in Round 2. The Round 1
results may reflect disturbance of sediment during the sediment sampling program in this
same area. Cadmium, which was previously detected in roof drain runoff from the Facility
and in sediments in the south embayment during the pre-RFI investigation activities (see
Section 3), was not detected in the surface water samples. The discharge of cadmium and
other metals from the roof surfaces was substantially reduced after Facility operations
ceased in 1993. The roof areas that formerly discharged into Turnpike Lake were
demolished and removed from the Site in the mid 1990s, after the RFI Phase | investigation
activities described herein.

4.3.5.3 Major Cations and Anions

Round 1 and Round 2 surface water samples were analyzed for major cations and anions.
Results of these analyses are summarized in Table 4.4.7.

4.3.5.4 Water Quality Parameters

Surface water samples collected in Round 1 and Round 2 were all analyzed for general
water quality parameters. Results of these analyses are presented in Table 4.4.8.

4.4 Sediment Sampling
4.41 Sediment Sampling Program

Sediment samples were collected at 35 locations in Turnpike Lake, Sawmill Brook and
wetland streams east of the Facility in April and May of 1995. One sediment sample was
also collected from the storm water retention basin at AOC 44. The sediment sample
locations are shown on Figure 4.5.1.

4411 Turnpike Lake

Sediment samples were collected in Turnpike Lake from 19 locations in the south
embayment, eight locations in the lake west of AOC A, and from one location at the
northeast outlet of the lake to evaluate the potential effect of storm water (roof runoff)
discharges or other potential releases into Turnpike Lake. In addition, two sediment
samples (SD-09 and SD-10) were collected from background locations in Turnpike Lake to
provide a basis for evaluation of the analytical testing results.

4.41.2 Sawmill Brook

Sediment samples were collected at five locations in Sawmill Brook and the wetland streams
east of the Facility in order to further evaluate the nature and extent of releases from the
Facility. The sediment samples were collected at one location from below the southeast
spillway from Turnpike Lake and at three locations in Sawmill Brook. One sediment sample
(SD-03) was collected from a tributary to Sawmill Brook, which is not believed to receive
surface water flow from Turnpike Lake or any runoff from the Facility. Surface water flow in
this stream is from southeast to northwest, following the direction of ground water flow in this
area, and therefore is considered to be representative of background conditions for
downstream areas.
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Prior to the initiation of sampling at all of the proposed sediment sampling locations,
sediment samples were collected at three near-shore locations (SD-06, SD-20, and SD-21)
in the south embayment on April 10, 1995, in order to obtain PCB and SVOC data. These
data were used to reevaluate the analytical program for the fish tissue testing program and
to confirm the analytical program for the remaining sediment samples. The remaining
sediment samples were collected between May 19 and 30, 1995. Table 4.5.1 summarizes
the sediment samples collected, sampling dates, quality control samples and analyses
performed. Details of the sediment sampling procedures are presented in Appendix C.

4.4.2 Sampling Methodology

4.4.21 Turnpike Lake and Storm Water Retention Basin at AOC 44

Before the collection of sediment samples, the thickness of the sediment was measured at
27 locations in Turnpike Lake to determine whether the lake was lined and whether
sediments were stratified. The presence of a liner would affect ground water recharge and
contaminant transport properties in the lake. At each sampling location, a small boat and
two-person crew were used to collect samples. Initially, a plate attached to a rigid pole was
lowered until the plate rested on the bottom of the lake, and the depth from the surface of the
water to the bottom was recorded. Then a clear plastic rigid tube was advanced through the
soft sediment until refusal and the depth of refusal was recorded. The difference between
these two measurements is the thickness of the sediment. The tube was withdrawn and
inspected for evidence of stratification. A summary of sediment thickness measurement is
presented in Table 4.5.2, and an isopach map of sediment thickness is presented in Figure
4.5.2. The sediment layer was less than two feet thick and no stratification was observed at
any sampling location; therefore, one vertically consolidated sample was obtained at each
sediment sampling location. No evidence of a clay liner was observed at any of the lake
sediment sampling locations.

After the sediment thickness measurements were conducted, sediment samples were
collected using a stainless steel hand auger. The hand auger was turned into the lake
bottom and the contents from the auger were placed into a decontaminated stainless steel
bowl. With the exception of samples collected for simultaneously extracted metals/acid
volatile sulfide (SEM/AVS) analysis, the auger was reinserted into the sediment until
adequate sample volume was obtained and the sample was composited by mixing the
material in a stainless steel bowl. The sediment sample was then placed into three eight-
ounce glass containers and into a chilled ice chest prior to transport to the analytical testing
laboratory. For samples collected for SEM/AVS analysis, care was taken to collect samples
with a minimum amount of headspace.

4.4.2.2 Sawmill Brook and Wetland Streams

Sediment samples from Sawmill Brook and the associated streams east of the Facility were
collected at the downstream locations first and then the upstream locations. Sediment
samples in the stream were collected with either a hand trowel or a stainless steel hand
auger depending on specific conditions at each location. For samples collected for VOC
analysis, care was taken to collect samples with a minimum amount of headspace. An
attempt was made to collect the sediment samples from the finest-grained sediments at
each location, as maximum constituent concentrations were expected to preferentially occur
in the finest-grained sediments. As conditions allowed, the sediment samples in Sawmill
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Brook were collected near the banks, along shallow bars and inlets away from the main flow
channel.

4.4.3 Chemical Analytical Program

Sediment samples were submitted for chemical analysis in accordance with the chemical
analytical program described in the RFI Proposal. In addition to the chemical analytical
program outlined in the RFI Proposal, SEM/AVS analysis was conducted on five sediment
samples and one duplicate, and PCB and SVOC analyses were performed on three
sediment samples collected in the south embayment. A complete list of sediment samples
collected and chemical analyses performed is presented in Table 4.5.1. Results of the
analytical tests are summarized in Tables 4.5.3 through 4.5.7. The analytical testing reports
are presented in Appendix D of the Phase | Interim Report (ENVIRON, 1995a). A detailed
discussion of analytical results is presented in Section 9.5.

4.4.3.1 Turnpike Lake

All sediment samples collected from locations in Turnpike Lake were analyzed for metals,
total organic carbon (TOC), cation exchange capacity, pH and moisture content. The three
sediment samples collected in the south embayment of Turnpike Lake on April 10, 1995
were also analyzed for SVOCs and PCBs. Samples collected at three locations in the south
embayment and two locations west of AOC A (for a total of five samples and one duplicate
sample) were also analyzed for SEM/AVS.

4.4.3.2 Sawmill Brook and Tributaries
The five primary sediment samples and one duplicate sediment sample collected in Sawmill

Brook and the associated streams were analyzed for VOCs, metals, TOC, cation exchange
capacity, pH and moisture content.

4.4.4 Physical Testing Program

Sediment samples were collected for physical testing at 15 locations in Turnpike Lake.
Sediment samples were collected by inserting a plastic liner (1.75-inch OD) into the hand
auger and advancing the hand auger into the sediments. The liner was then retrieved, fitted
with plastic endcaps and transported to GeoTesting Express of Acton, Massachusetts. The
sediment samples were tested for grain size (ASTM D422), Atterburg Limits (ASTM D4318),
classification (ASTM D2487) and dry density (ASTM D4564). Results of the physical testing
program are summarized in Table 4.5.8, and the physical testing report is included in
Appendix C of the Phase | Interim Report (ENVIRON, 1995a).

4.4.5 Sampling Frequency

One round of sediment sampling was conducted during Phase | of the RFI on April 10, 1995
and between May 19 and 30, 1995.

4.4.6 Analytical Data Summary

A detailed discussion of analytical results is presented along with results from more recent
sampling events in Section 9.5 of this report.

4.5 Fish Tissue Sampling

A fish tissue sampling program was conducted during the RFI Phase | field investigation to
update the results of earlier fish tissue testing conducted during the pre-RFI Phase IlI
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investigation in 1989 (see Section 3.2.4). The purpose of the fish tissue sampling program
was to evaluate whether releases from the Facility have caused any impact on fish that
would present a public health and/or ecological concern. In addition, information from the
fish tissue testing program was used in the Ecological Risk Assessment. The following
sections summarize the program. Details of the field procedures are presented in Appendix
C.

4.5.1 Fish Tissue Sampling Program

The fish tissue sampling program was conducted as originally outlined in the RFI Proposal
and as modified in Technical Memorandum No. 4, dated April 4, 1995 (see Appendix C).
Fish tissue sampling was conducted by Foster-Wheeler on May 16 and 17, 1995. Fish were
collected from the south embayment of Turnpike Lake, from a private impoundment on the
east side of Route 152, and in the Old Mill Pond adjacent to Pearl Lake (selected as the
“background” area). The Old Mill Pond was selected as the location for background fish
samples because it was believed to be representative of, and similar to, the overall
conditions in Turnpike Lake. In particular, it is relatively shallow with submerged aquatic
vegetation, a mud-organic detritus bottom, and overhanging shrub vegetation and is large
enough to have all the target species present in sufficient abundance. This rationale for
selecting the Old Mill Pond was presented to USEPA in Technical Memorandum No. 4.
Figures 4.6.1 and 4.6.2 show the fish sampling locations.

Three classes of fish (i.e., bottom feeders, prey species and game species) were targeted
for sampling at each location. The preferred bottom feeder species to be sampled was
bullhead catfish, Ictalrus spp., with catfish from the family /ctaluridae as an alternative. The
preferred prey species was sunfish, Lepomis spp., with minnows, and shiners of the family
Cyprinidae as an alternative. The largemouth bass, Micropterus salmoides or dolomiuie,
was the preferred game species with black crappie, Pomoxis migromacalatus or pickerel,
Esox spp., as alternatives.

The proposed fish sampling program intended to sample five fish of each class from each of
the three sampling locations, for a total of 45 fish to be sampled. However, only 13 fish
could be collected. All available fish in the private impoundment were collected, including
five prey fish (bluegill sunfish) and two bottom feeder species (black bullhead). In addition,
five prey fish (bluegill sunfish and red ear sunfish) were collected from the Old Mill Pond and
one game fish (pickerel) was collected from the south embayment. The poor fishing success
in Turnpike Lake and the Old Mill Pond locations is believed to be due to lower than normal
water temperatures during the sampling program. Note also that Turnpike Lake is highly
eutrophic, choked with weeds, and a poor habitat for fish. Table 4.6.1 presents a summary
of the fish sampling program with respect to planned versus actual numbers of fish collected
at each location.

4.5.2 Sampling Methodology

Fish were collected by electroshocking and seine netting. Captured fish were placed into
buckets or coolers filled with water until sample processing. The fish were allowed to expire
from asphyxiation. Each fish was rinsed with distilled water to remove sediments and body
slime. The fish were then weighed and measured for length. After filleting the fish, each
fillet and fish carcass (offal) were also weighed individually. The exterior and interior of each
fish was inspected for abnormalities or parasites.
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Fish tissue was collected from each fish according to its species. For both the bottom feeder
and game species, the fish were filleted in the field. The fillet (muscle) portion of these
species represents the edible portion of the fish, which might result in human exposure to
any chemicals present. The fillet and offal (carcass and skin, including the skin from the
fillets, organs, head and backbone) from the bottom feeder and game species were
preserved and analyzed separately. Prey species samples were preserved and analyzed as
whole body samples only, to provide information as to whether chemicals in the water may
be toxic to others in the food chain. Each fish tissue sample was placed into a glass sample
jar, labeled, and preserved in a cooler by freezing with dry ice prior to transport to the
analytical laboratory. Additional details of the fish sampling program are presented in
Appendix C.

4.5.3 Chemical Analytical Program

Fish tissue samples were submitted for analysis of metals and lipid content in accordance
with the chemical analytical program described in the RFI Proposal and Technical
Memorandum No. 4, which is provided in Appendix C. After review of preliminary results of
the analyses on sediment samples, PCBs were added to the chemical analytical program for
fish tissue samples. The addition of PCBs to the chemical analytical program for fish tissue
samples was confirmed with USEPA in Project Status Report No. 4 - April and May, dated
June 14, 1995. Fish tissue samples were submitted to Inchcape Testing Services-Aquatec
Laboratories of Colchester, Vermont. A complete list of the fish tissue samples collected
and analyses performed is presented in Table 4.6.2.

4.5.4 Summary of Data

Sixteen fish tissue samples and one equipment rinsate blank were analyzed for metals and
PCBs. All fish tissue samples were also analyzed for percent lipids. Table 4.6.3 presents
concentrations of chemicals that were detected during Phase | and 1l. Complete analytical
testing reports are presented in Appendix G of the Phase | Interim Report (ENVIRON,
1995a) and Appendix F of the HERA Second Interim Report (ENVIRON, 1997). Fish tissue
sampling results are summarized below and in Section 9.6.

4.5.41 Old Mill Pond (Background) Fish Results

Five prey fish of Lepomis spp., including four bluegill sunfish and one red ear sunfish, were
collected from the Old Mill Pond. No game fish or bottom feeders were caught. The prey
fish ranged from 135 millimeters (mm) to 176 mm in length and from 46 grams (g) to 85 g in
weight. One prey fish, sample number EP-FTW-MP-PS-003, was observed to have a white
right eye. No other abnormalities or parasites were reported. Table 4.6.4 presents the
relevant field measurements of the prey fish collected from the Old Mill Pond.

Barium, chromium, copper, mercury, selenium, vanadium and zinc were detected in all of the
prey fish collected from the Old Mill Pond. Aluminum and nickel were detected in two prey
fish and cadmium was detected in three prey fish from the Old Mill Pond. Five of the fifteen
metals analyzed for (arsenic, beryllium, cobalt, lead, and silver) were not detected in the five
whole prey fish collected from the Old Mill Pond.

Two PCBs, Aroclor 1254 and Aroclor 1260, were detected in four of the five whole prey fish
collected from the OIld Mill Pond. Detected concentrations in the four fish ranged from 7.4 J
to 26 J micrograms per kilogram (ug/kg) for Aroclor 1254, and from 6.9 J to 10 J pg/kg for
Aroclor 1260. No other Aroclors were detected. No PCBs were detected in one fish.
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4.5.4.2 South Embayment Fish Results

Only one fish of the targeted species was caught in the south embayment of Turnpike Lake.
One game fish, a pickerel, Esox spp. was collected. No abnormalities or parasites were
reported. The results of chemical analyses are presented in Table 4.6.3. Table 4.6.4
presents the relevant field measurements of the fish collected from the south embayment.

Chromium, mercury and selenium were detected in both muscle and offal tissue samples
from the one game fish caught in the south embayment. Barium, cadmium, copper,
vanadium and zinc were detected in the offal tissue but not the muscle tissue. Seven metals
(aluminum, arsenic, beryllium, cobalt, lead, nickel and silver) were not detected in muscle or
offal tissue samples collected from the game fish.

Two PCBs, Aroclor 1254 and Aroclor 1260, were also detected in muscle and offal tissue
from the one game fish collected from the south embayment. Detected concentrations in the
muscle and offal tissue were 32 and 92 pg/kg, respectively, for Aroclor 1254, and 6.8 and 22
pa/kg, respectively, for Aroclor 1260. No other Aroclors were detected.

4.5.4.3 Private Impoundment Fish Results

Five prey fish, bluegill sunfish of Lepomis spp., were collected from the private
impoundment. The prey fish ranged from 190 mm to 201 mm in length and from 133 to 163
g in weight. No abnormalities or parasites were reported. In addition, two bottom feeders,
black bullhead catfish, Ictalrus spp., were collected from the private impoundment. The
bottom feeders ranged from 110 mm to 294 mm in length and from 200 g to approximately
497 g in weight. The larger fish was too heavy to weigh accurately on the scale available.
The fillet from the smallest fish was too small to be submitted for analysis. The results of
chemical analyses are presented in Table 4.6.3. Table 4.6.4 contains the relevant
measurements of the fish collected from the private impoundment.

Prey Fish Results. Barium, cadmium, chromium, copper, mercury, selenium,
vanadium and zinc were detected in all of the prey fish collected from the private
impoundment. Aluminum and lead were detected in four prey fish, and nickel and silver
were each detected in one prey fish from the private impoundment. Three metals (arsenic,
beryllium, and cobalt) were not detected in the five whole prey fish collected from the private
impoundment.

Two PCBs, Aroclor 1254 and Aroclor 1260, were detected in all five whole prey fish collected
from the private impoundment. Detected concentrations in the five fish ranged from 35 to
110 pg/kg for Aroclor 1254, and from 25 to 320 ug/kg for Aroclor 1260. No other Aroclors
were detected in prey fish tissue.

Bottom Feeder Species Results. Cadmium, chromium, mercury, selenium and
vanadium were detected in all muscle and offal tissue samples from the two bottom feeder
fish caught in the private impoundment. Both offal tissue samples from the bottom feeder
fish caught in the private impoundment contained aluminum, barium, copper, lead, nickel,
silver and zinc. One offal tissue sample contained cobalt, while the other did not. Arsenic
and beryllium were not detected in the muscle or offal tissue samples from the two bottom
feeder fish collected in the private impoundment. Seven metals (aluminum, barium, cobalt,
copper, lead, silver and zinc) were not detected in the muscle tissue sample or duplicate of
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the bottom feeder fish caught in the private impoundment. Nickel was not detected in the
primary muscle tissue sample, while it was detected in the duplicate muscle tissue sample.

Two PCBs, Aroclor 1254 and Aroclor 1260, were detected in all muscle and offal tissue
samples from bottom feeder fish collected from the private impoundment. Detected
concentrations of Aroclor 1254 in muscle tissue samples ranged from 110 to 160 pg/kg, and
detected concentrations in offal tissue samples ranged from 120 to 370 pg/kg. Detected
concentrations of Aroclor 1260 in muscle tissue samples ranged from 36 to 54 ug/kg, and
detected concentrations in offal tissue samples ranged from 17 to 110 pg/kg. No other
Aroclors were detected in bottom feeder fish tissue samples.

4.6 Radiological Characterization Survey

Based on the results of the initial radiological scoping survey performed during the pre-RFI
investigation activities (described in Section 3.0), a detailed site radiological characterization
survey was performed from October 1994 to January 1995 to fully define the radioactive
constituents and determine the magnitude and extent of radiological contamination (Berlin
and Duggan, 1995). The radiochemical methods chosen for the characterization survey
were intrinsic, high purity germanium (HPGe) gamma spectroscopy and confirmatory
uranium analysis.

HPGe gamma spectroscopy qualitatively and quantitatively identifies specific gamma
emitting radionuclides. At this Site, the radioactive contaminants were identified as
processed uranium of low isotopic enrichment (LEU). The radionuclides in processed
uranium consist of the principal uranium radionuclides U234, U235 and U238 as well as their
short-lived daughter radionuclides. The principal uranium radionuclides were found in soils
and sediments at levels greater than natural background as reported in Berlin and Duggan
(1995). Sampling locations are provided in Figure 4.7.1. Concentrations are reported in
Tables 4.7.1a-e. Measurement results are presented as radioactivity concentration in pCi/g
for specific radionuclide concentrations; total uranium (total U) is the sum of individual
uranium radionuclides (U234 + U235 + U238) also expressed as radioactivity concentration.

4.6.1 Radiological Background Levels

The principal uranium radionuclides and their respective decay chain products are also
found as natural background constituents of terrestrial radioactivity. Sampling for natural
uranium background was performed at ten locations in the unaffected area at the north end
of the site and eight locations in the unaffected area at the west end of the Facility (Samples
EP-SSRD64-81). Sample results are provided in Table 4.7.1e. Background concentrations
of uranium in unaffected areas averaged 0.59 + 0.29 pCi/g (U238), 0.05 £ 0.3 pCi/g U235,
and 1.0 £0.6 pCi/g U234. The average total uranium concentration detected in these 18 soill
samples from the unaffected areas was 1.64 pCi/g (Berlin and Duggan, 1995).

4.6.2 Soil and Sediment Results for AOC B

Over 400 soil samples were acquired from 77 sampling locations in AOC B at soil depths to
a maximum of 20 feet bgs (Figure 4.7.1). The sample area was the land area south of the
foundations of Buildings 2, 6, 7, and 12 to Turnpike Lake and extending east to the dry well
and leach field area in AOC 16 encompassing a surface area of approximately 10,000
square meters. The sample population included 16 sediment sampling locations in Turnpike
Lake at probable runoff areas. Approximately 230 samples (57% of total number of
samples) exceeded the total U background concentration; of those samples median,
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average, and maximum concentrations for total U results were 9.0, 24.7, and 444 pCi/g,
respectively. Seventeen of 23 sediment samples (75% of total sediment samples) from
Turnpike Lake exceeded the background concentration; of those samples median, average,
and maximum total U concentrations were 6.8, 21.0, and 156 pCi/g, respectively. These
data are illustrated in Figure 1 from the subsequent “Decommissioning Work Plan for Soils
and Sediments, Engelhard Corporation, Plainville, MA”, prepared by Berlin and Associates in
Junel1997 (Berlin and Duggan, 1997). This figure is provided as Figure 4.7.2.

For the sediments, these concentrations are localized in “deltaic” deposits located just below
a storm water discharge pipe outlet. The concentrations of U decreased rapidly at the
margins of the deltaic deposit, and are not anticipated to have spread beyond this delta. This
is due in part to the extremely heavy nature of the U metal, which sinks quickly when
introduced to a water column, and does not travel far.

The depth distribution of the sample results greater than site background were: 50%
(surface to 4’ bgs), 20% (4’ to 8’ bgs), 15% (8’ to 12’ bgs), and 15% for depths greater than
12’ to a maximum of approximately 20’.

4.6.3 Soil Results for AOC 7

Seventy-six soil samples were acquired from 20 sampling locations in AOC 7, also referred
to as the Courtyard Area, at soil depths to a maximum of 8 feet bgs. The sampled area
encompassed approximately 3,000 square meters (see Figure 4.7.1). Approximately 46
samples (60% of total number of samples) exceeded the total U background concentration;
of those samples, median, average, and maximum total U concentrations were 9.1, 49.5,
and1350 pCilg, respectively.?® The depth distribution of the sample results greater than site
background were: 65% (surface to 4’ bgs), and 35% (4’ to 8’ bgs).

4.6.4 Results for Building 2 Sub-Slab Soil

The former fuel fabrication facility (Building 2) was decommissioned for unrestricted
radiological use in 1996 and field confirmed by the U.S. Nuclear Regulatory Commission
(NRC) in January 1997 (ORISE, 1997). Soil under the former Building 2 floor slab was not
entirely considered during the building decommissioning process and was not a part of the
unrestricted radiological release; the sub-slab soil will be evaluated with the remaining site
soil in AOC B and AOC 7.

One hundred and thirty-six soil samples were acquired from sampling locations under the
Building 2 floor slab (4,000 square meter footprint) at soil depths to a maximum of 2-3 feet
bgs. Approximately 70 samples (51% of total number of samples) exceeded the total U
background concentration. Median, average, and maximum concentrations for total U
results were 3.0, 15.7, and 687 pCi/g, respectively.

4.6.5 Ambient Air sampling

The potential for airborne uranium was evaluated during pre-operational (background) and
core boring operations in November 1994. Background and operations air sampling results
were not different at the 95% confidence level and were consistently below the Title 10,

29 Sample results for AOC 7 include radiological data acquired more recently in December 2003, and presented
in the “Supplemental Design Investigation (SDI) Courtyard Area (AOC 7) Report (ECS, 2004b).
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Code of Federal Regulations, Part 20 (10CFR20) limits for allowable concentrations in
ambient air over normal background (Berlin and Duggan, 1995).

4.7 Analysis of Data Adequacy

The data collected for the soil and sediment physical characterization program, the
migration/dispersal characterization program, and the fish tissue testing program were
validated and are judged to be useable. These data will be used for the source and waste
characterization study required by Section IX of the ACO and presented in Sections 8.0 and
9.0 of this report, and for the ecological risk assessment provided in Section 11.0.

4.8 Data Validation

The analytical data verification program was presented in the RFI Proposal Appendix J, Data
Collection Quality Assurance Plan (DCQAP). Validation of data obtained from field
measurements was performed by checking calibration procedures utilized in the field, and by
comparing the data to previous measurements, if any, at the specific site. Laboratory
analytical data was validated using the criteria specified in the USEPA Region | Draft Tiered
Organic and Inorganic Data Validation Guidelines, July 1, 1993. Tier Il Data Validation was
performed for the data collected in this Phase I field investigation. The evaluation was
based on:

e data completeness

e holding times

e GC/MS tuning

e calibrations

e Dblanks

e surrogate recoveries

e MS/MSD results

o field duplicates

e internal standard performance
e instrument performance

The laboratory analytical data summary tables presented in Appendix D, Phase | Interim
Report, include data qualifiers, where appropriate, that were the result of the data validation
process. The data validation reports presented in Appendix F, Phase | Interim Report,
include the rationale for specific data qualifiers.

According to the DCQAP, data generated during this project will be considered adequate if
they are 80% complete in accordance with USEPA's Data Quality Objectives for Remedial
Response, March 1987. The analytical data collected for each media (ground water,
surface water, soil, sediment, and fish) were evaluated separately to determine the percent
completeness achieved during Phase | by comparing the number of unusable data to the
total number of data for each analytical suite (for example, volatiles or semi-volatiles). As
shown on Table 4.9.1, the percent completeness achieved in most cases was 100%. The
percent completeness for parameters measured in soil and Round 1 ground water ranged
from 89% to 97% and in all cases, percent completeness was greater than the required
80%.
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5 RFI Phase Il Field Investigation

5.1 Surface and Subsurface Soil
5.1.1 Surface Soil Sampling Program

Based on comments received from the USEPA Region | on the Phase | Interim Report
completed in 1995, additional surface soil sampling was conducted in a Phase I
investigation to provide data to support the Human and Ecological Risk Assessment
(HERA). These additional surface soil samples were collected to characterize shallow
surface soils (0-1 feet bgs) at the Site and in background areas. Surface soil sampling was
conducted previously in AOC B. This area is being addressed as a Stabilization Measure in
accordance with the ACO, which ultimately will result in the removal, treatment, or capping of
shallow soils containing elevated concentrations of metals. Shallow soils previously
sampled in AOC B, therefore, are not expected to remain in the future. Locations of the
surface soil samples are shown in Figure 5.1.1. A total of 23 samples were collected on
April 16 and 17, 1997. Samples were collected for one of four purposes: two for ecological
risk analysis (designated as “SS-E-##"), seven for human health risk analysis (designated as
“SS-H-##"), four for a combination of human health and ecological risk analyses (designated
as “SS-EH-##"), and ten for background (designated as “SS-B-##").

All samples were collected at the locations proposed in the Phase Il proposal and SAP. A
discussion of sampling methodology, chemical analytical program, and results are presented
in the following sections. A detailed description of the work conducted for the surface soil
sampling program is presented in Appendix C.

5.1.1.1 Background Surface Soil Sampling

Ten surface soil samples (SS-B-01 through SS-B-10) were collected to characterize
background metals conditions. The locations of the ten background samples are shown in
Figure 5.1.1. The background sampling program was designed to accumulate enough data
to allow calculation of the range, mean, standard deviation, and the 95 percent upper
confidence limit of the mean of the distribution of naturally occurring metals concentrations in
surface soils at the Site. Further discussion of background sample results, and a
comparison of on-site samples to background is presented in Section 9.1.

5.1.1.2 Soil Sampling Methodology/Quality Control Samples

All surface soil samples were collected from approximately zero to one foot bgs using a
stainless steel hand auger which was thoroughly decontaminated prior to sampling and
between each sample collection.

Field quality control samples were collected in accordance with the Data Quality Assurance
Plan (DQAP). One duplicate sample was collected for every 20 primary samples or fraction
thereof. Two quality control duplicate samples were collected for this sampling event of 23
primary samples. A trip blank was submitted with the cooler containing the surface soll
samples, and two equipment rinsate samples were collected at the same frequency as the
duplicate soil samples. Quality control samples are identified in Table 5.1.1 and complete
analytical results were presented in the HERA Second Interim Deliverable (ENVIRON,
1997).
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5.1.1.3 Chemical Analytical Program

The ten background samples were analyzed for metals, while the remaining samples were
analyzed for VOCs, metals, and PCBs. Analyte lists for metals, VOCs, and PCBs are
presented in Tables 4.1.2, 4.1.4 and 4.1.5. Analytical results are summarized in Tables
5.1.2 through 5.1.4, and are discussed in detail in Section 9.1.

5.1.2 Subsurface Soil

5.1.2.1 Subsurface Soil Sampling

During Phase I, elevated levels of VOCs were detected in AOC 30 at SB-36 and SB-36B.
SB-36 was drilled through the floor of former Building 6 and encountered a subgrade
concrete slab. An additional boring, SB-36B, was drilled ten feet north of SB-36 and the
buried concrete was not encountered. Based on these results, an additional soil boring, SB-
36C was proposed for AOC 30 to be completed during Phase Il to further characterize VOC
contamination at AOC 30.

Following communications with the USEPA, the proposal was revised to include collecting a
soil sample from between the floor slab and the sub-grade slab. Boring SB-36C was first
attempted one foot north of SB-36 on July 18, 1997. At this location, soil and standing water
was encountered between the floor slab and the sub-grade slab and soil headspace
screening with an OVM revealed VOC concentrations up to 64 ppm. The soil and water
were analyzed and high concentrations of VOCs (e.g., PCE, TCA, 1,1-DCA and methylene
chloride) were detected. This boring was not continued through the sub-grade slab to avoid
the potential of introducing contamination beneath the concrete slab. The drill rig was
moved four feet to the east (downgradient of SB-36, shown in Figure 5.1.1) and a re-drill solil
boring (SB-36CR) was completed to a depth of 12 feet below grade on November 10, 1997.
Two samples were collected from beneath the sub-grade slab at depths of 5.5 and 9.0 feet
bgs. No VOCs were detected in SB-36CR. The log for soil boring SB-36CR is presented in
Appendix B.

5.1.2.2 Subsurface Soil Chemical Analytical Program

The soil samples collected from boring SB-36CR were analyzed for VOCs. The analyte list
for VOCs is presented in Table 4.1.2. All VOC results were below detection limits.
Analytical results are discussed further in Section 9.1.

5.2 Ground Water
5.2.1 Monitoring Well Network

Since completion of the Phase | field investigation, five additional monitoring wells were
installed in late 1995 — 1996 into the deep bedrock east of Route 152 (MW22C, MW24C,
MW33C, MW38 and MW39). With the installation of these five wells, the monitoring well
network at the start of the Phase Il field investigation consisted of 25 overburden monitoring
wells, 20 shallow bedrock monitoring wells, and five deep bedrock monitoring wells.
Twenty-three of the monitoring wells are located on-site (west of Route 152), and 27 are
located east of Route 152. The locations of the monitoring wells are shown on Figure 3.1.

Eleven piezometers and six extraction wells were installed in 1997 at the Facility bordering
Route 152 as part of the ground water Stabilization program. These wells were not used for
ground water monitoring in the RFI programs discussed in this document. Details of
construction and testing of these wells are presented in the Stabilization report for the
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Facility prepared by Foster Wheeler Environmental Corporation (1998). Boring logs are
included in Appendix B.

Two ground water sampling events (Rounds 3 and 4) were conducted during Phase II.
Round 3 was conducted between April 22 and May 16, 1997; and Round 4 was conducted
between August 12 and September 9, 1997. In addition to the Round 3 and Round 4
sampling events, two additional sampling events were conducted between the RFI Phase |
and Phase Il Field Investigations. In particular, the background monitoring wells (MWO07 and
MW37) were re-sampled for VOCs on July 26, 1996 to assure their validity as background
wells, and an initial sampling event for VOCs and total metals was conducted on the deep
bedrock wells from October 15 to October 18, 1996. Further discussion of background well
re-sampling is presented in Section 9.2.1. In addition, with USEPA’s concurrence,
overburden monitoring well MWO02 was re-sampled on April 20, 1998 for both dissolved and
total metals; and bedrock monitoring well MW20B was re-sampled for VOCs, to verify earlier
Phase Il results, which varied from longer-term water quality trends.

5.2.2 Water Level Monitoring

Water levels were measured in all ground water monitoring wells located at the Facility and
in surrounding areas prior to the Round 3 and Round 4 sampling events. The water levels
were recorded on April 1, 1997 and August 11, 1997. Each set of measurements was
compiled and added to the historic ground water level database. Table 4.2.1a presents a
summary of ground water level measurements recorded at the Facility between September
1987 and February 2006.

To resolve historically anomalous water levels at MW06, MW27, and MW28, an inspection of
these wells was performed prior to the Round 3 ground water level sampling. No problems
were found with the well casing or seals of MW27. The inspection revealed that the building
demolition that occurred during the summer of 1996 resulted in damage to MW06 and
MW28. The outer box of MWO06 was found to be crushed and repairs were made to the
inner well casing. However, the expansion plug of MWO06 was intact and no indication of
leakage to the well was evident. The casing on MW28 was found to be bent just below
ground surface. At the conclusion of the Round 3 water level sampling, repairs were made
to MW28 by removing the broken portion of the casing and splicing on another section of
well casing. As a result, the top of casing elevation changed in the Round 4 ground water
sampling event. The investigation did not reveal any explanation for the high water levels
that have been historically recorded at MW28. Further investigation of the water level
anomaly at MW28 was conducted by LFR in 2005 and 2006. The results of this
investigation show that the elevated mounding effect observed at MW28 appears to have
tapered off from its discovery in 1995 through March 2004, after which this effect has not
been observed (LFR, 2006a)

Measurements obtained during the Round 3 water level sampling on April 17, 1997 indicated
that the depths of shallow bedrock wells MW20B and MW33B did not match those depths
previously reported for these wells, indicating some caving may have occurred. These wells
were re-drilled to the correct depth on May 1, 1997 and sampled on May 5 and 7, 1997.

5.2.3 Sampling Methodology

Ground water sampling for the Phase Il ground water sampling program was conducted
following the methods and procedures of the Phase | ground water sampling program with

RFI Phase I Field Investigation 61 ENVIRON



Revised DRAFT RFI Report
BASF Facility, Plainville, Massachusetts

DRAFT

the following modifications. Only total metals were sampled. The list of wells sampled for
PCBs was shortened to: MW05, MWO06, MW18, MW27, MW28, MW25A, and MW25B.
Wells were not sampled for dioxins, pesticides, or semi-volatile organic compounds. The
well purging protocol was modified to reflect changes to the EPA Region 1 well purging
protocols as of July 30, 1996. A detailed discussion of this issue and the overall sampling
program, is presented in Appendix C.

5.2.4 Chemical Analytical Program

5.2.41 Background Well Re-sampling

During Round 1 and Round 2 sampling events, PCE was detected in the background wells.
These wells were re-sampled for VOCs on July 26, 1996 to resolve the issue of cross
contamination. The results are included in Table 4.2.10. Further discussion of background
well re-sampling results is presented in Section 9.2.1. Results of the laboratory analyses for
VOCs analyzed for during the re-sampling event were tabulated in the HERA Second Interim
Deliverable (ENVIRON, 1997).

5.2.4.2 Deep Bedrock Well Sampling Event

The five deep bedrock wells were sampled for VOCs and total metals between October 15
and 18, 1996 as part of an initial analysis of the deep bedrock. The Deep Bedrock sampling
event program is presented as Table 5.2.4. The lists of analytes are presented in Tables
5.2.1 and 5.2.3.

5.2.4.3 Round 3 Sampling Event

All new and existing RFI monitoring wells were sampled during the Round 3 event between
April 22 and May 16, 1997. Samples from all wells were analyzed for volatile organic
compounds (VOCs) and total metals. In addition, samples from seven wells (MW05, MWO06,
MW18, MW25A, MW25B, MW27, MW28) were analyzed for PCBs. The Round 3 sampling
event program is presented as Table 5.2.5. The lists of analytes are presented in Tables
5.2.1 through 5.2.3.

5.2.4.4 Round 4 Sampling Event

All monitoring wells were sampled during the Round 4 event between August 12 and
September 9, 1997. Samples from all wells were again analyzed for VOCs and total metals.
PCB compounds were again analyzed for during Round 4 at seven monitoring wells (MWO05,
MWO06, MW18, MW25A, MW25B, MW27, and MW28). The Round 4 sampling event
program is presented as Table 5.2.6. The lists of analytes are presented in Tables 5.2.1
through 5.2.3.

5.2.4.5 Re-sampling of MW02 and MW20B

To resolve anomalous results that were reported for total chromium and nickel at MWO02 in
Rounds 1, 2, 3, and 4, this well was re-sampled for both dissolved and total metals on April
20, 1998. On the same date, MW20B was also re-sampled to verify the unprecedented high
levels of 1,1,1-TCA, PCE and TCE that were reported during the Round 4 sampling of this
well.

5.2.5 Sampling Frequency

As proposed in the RFI Proposal (ENVIRON, 1994b), two full rounds of ground water
sampling were conducted during the Phase Il field investigation. During each round, all
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existing monitoring wells were sampled for VOCs and total metals. PCBs were sampled for
at seven wells (MW05, MWO06, MW18, MW27, MW28, MW25A, and MW25B). In addition,
background monitoring wells MWO07 and MW37 were re-sampled for VOCs.

5.2.6 Summary of Data

5.2.6.1 Volatile Organic Compounds

Based on data from the Phase | and Il ground water sampling events, the five principal
VOCs consistently detected were: PCE, TCA, TCE, 1,1-DCE and 1,1-DCA. A summary of
all detected VOCs is presented in Table 4.2.10. Results of laboratory analyses for VOCs
were tabulated in the HERA Second Interim Deliverable (ENVIRON, 1997). The above five
principal VOCs were also consistently detected in ground water samples collected from
essentially the same wells, at the same approximate concentrations, in both the Round 3
and 4 sampling events.

Of particular concern during Phase | of the RFI was the detection of PCE in samples taken
from background wells MW07 and MW37 in Rounds 1 and 2. A review of the field sample
logs for that period indicated that contamination might have been introduced into the
background well samples since highly contaminated well MW28 was sampled prior to MWO07
and MW37. Following communications with the EPA, it was agreed that MWO07 and MW 37
would be re-sampled to resolve the issue of cross contamination. On July 26, 1996, both
wells were purged and sampled for VOCs (EPA Method 8240). Equipment blanks were
collected before each well was sampled, and one duplicate sample was collected concurrent
with each primary sample. The chemical analytical data was validated according to Region |
Tier Il guidelines, and PCE was not detected in any of the samples (in fact, no VOCs were
detected in these samples). Moreover, no VOCs were detected in these wells during either
the Round 3 or Round 4 sampling events. Therefore, without evidence of any contaminant
source near the background wells, and with prior (Appendix IX) and subsequent (Re-
sampling, Round 3, and Round 4) sampling events showing no VOC detections in these
wells, these wells are believed to appropriately represent background. Further discussion of
background well re-sampling results is presented in Section 9.2.1.

5.2.6.2 Metals

The analyte list for metals is presented in Table 5.2.3. Total metals were analyzed for in
samples collected from each well in both sampling events. Summaries of metals detected
above the laboratory reporting limit for each of the two sampling events are presented
(together with the Phase | results) in Table 4.2.11. Results of laboratory analyses for metals
were tabulated in the HERA Second Interim Deliverable (ENVIRON, 1997).

5.2.6.3 PCBs

PCBs were analyzed for at seven wells (MWO05, MW06, MW18, MW25A, MW25B, MW27,
and MW28) and the results are shown in Table 4.2.12. Results of laboratory analyses for
PCBs were tabulated in the HERA Second Interim Deliverable (ENVIRON, 1997).

5.3 Soil Gas

During the RFI Phase | field investigation, soil test results from borings in the area of former
Building 12 identified relatively low concentrations of VOCs in soil. The presence of
moderate concentrations of VOCs in downgradient well MW28 and the lack of VOCs in
upgradient well MWO06 suggest that a potential source may exist in the vicinity of former
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Building 12. The courtyard area around and including former Building 12 was the site of a
former outdoor storage area, identified as AOC 7. Also, site plans indicate that two
aboveground solvent tanks may have been located immediately adjacent to the former
Building 12 footprint. To evaluate whether a source of VOCs exists in the vicinity of former
Building 12, soil gas samples were collected from 19 locations near former Building 12 in
November 1997. Sample locations and analytical results are presented on Figures 5.3.1
through 5.3.4. Analytical results are also presented in Table 5.3.1 and discussed in Section
9.3 of this report. Additional details of the soil gas investigation are included in Appendix D.

5.4 Surface Water

A surface water level monitoring and sampling program was conducted in accordance with
the Phase | Interim Report. The following sections summarize the Phase Il surface water
program. Details of the field procedures for sample collection are presented in Appendix C.

5.4.1 Surface Water Sampling Program

Two rounds of surface water sampling (Rounds 3 and 4) were conducted in Turnpike Lake,
Sawmill Brook and the associated streams east of the Facility in Phase Il in order to evaluate
potential impacts to water quality by releases, if any, from the Facility. Round 3 of surface
water sampling was conducted between May 18 and 20, 1997 and on June 5, 1997. On
June 5, 1997, an additional surface water sample was collected for re-analysis of VOCs
because the first sample vial was broken at the laboratory. Round 4 of surface water
sampling was conducted between September 10 and 11, 1997. The locations of surface
water samples are shown on Figure 4.4.1. The chemical analytical program is presented in
Section 5.4.4.

During both rounds of sampling, surface water samples were collected in Turnpike Lake just
west of AOC A (SW-07), toward the center of the South embayment (SW-06), and near the
northern spillway (SW-08). During Phase I, two locations were selected to collect
background surface water samples in Turnpike Lake: one north of Shepard Street and south
of Route 1 (SW-10), and the other near the inlet at the southwest portion of the Lake (SW-
09). Review of the results of the Phase | surface water sampling suggested that these areas
had been impacted by off-site sources of contamination (e.g., runoff from road surfaces). To
better define background surface water conditions, the Phase | background locations SW-09
and SW-10 were re-located during Phase Il and renamed SW-09A and SW-10A. Two
additional background surface water samples were collected in the northwestern and
southern portions of Turnpike Lake (SW-12 and SW-13, respectively). The new surface
water sampling locations are presented on Figure 4.4.1.

In addition to the lake samples, surface water samples were collected at four locations (SW-
01 to SW-04) in Sawmill Brook and its tributaries to the east of Route 152 and just below the
spillway (SW-05). Stream samples were collected from the downstream locations first in
order to minimize disturbance of stream sediments. A final surface water sample was
collected at the inlet to Lake Mirimichi (SW-11).

5.4.2 Surface Water Level Monitoring

During Phase I, staff gauges were installed in Turnpike Lake and at two locations in Sawmill
Brook. Prior to Round 3 and 4 of surface water sampling, staff gauges were installed at
three additional stream sampling locations (SW-03, SW-04, and SW-05). Elevation and
depth measurements were made at all of the staff gauges during Round 3 and Round 4 of
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surface water sampling. Table 4.4.1 presents a summary of staff gauge readings and
surface water elevations.

5.4.3 Sampling Methodology

Lake surface water samples were collected by using the same methodology as that
employed in Phase | (see Section 4.4.3 for a discussion of sampling methodology). Field
measurements collected prior to sampling (i.e., temperature, pH, conductivity, and dissolved
oxygen) are presented on Table 4.4.2.

Prior to the collection of surface water samples in Sawmill Brook and at the inlet to Lake
Mirimichi, stream depth, width and flow rate measurements were collected and used to
calculate stream flow at each sampling location. Table 4.4.3 presents a summary of the
stream measurements and calculated stream flow at each location. Stream depth profiles
are shown in Figures 5.4.1 and 5.4.2.

5.4.4 Chemical Analytical Program

During Round 3, a total of 18 surface water samples were collected (13 surface water
samples, 1 duplicate sample, 1 field blank, and 3 trip blanks). In addition, one area was re-
sampled due to a broken sample jar. During Round 4, a total of 14 surface water samples
were collected (10 surface water samples, 1 duplicate, 1 field blank, and 2 trip blanks).
Fewer samples were collected in Round 4 than in Round 3 as a result of drought conditions
that prevented the collection of surface water samples from the following areas: the tributary
to Sawmill Brook (SW-03), below the southern spillway of Turnpike Lake (SW-05), and
Turnpike Lake (SW-13). The surface water samples were analyzed in accordance with the
chemical analytical program described in the Phase | RFI Proposal as modified by EPA’s
comments on the Phase | Interim Report. Lists of surface water samples collected and
analyses performed for both sampling rounds are presented in Tables 5.4.1 and 5.4.2.
Detected constituents and their respective concentrations are presented in Tables 4.4.6 to
4.4.8. Complete analytical results were presented in the HERA Second Interim Deliverable
(ENVIRON, 1997).

5.4.5 Summary of Data

5.4.5.1 Volatile Organic Compounds

Surface water samples collected from four locations in the unnamed streams, below the
spillway of Turnpike Lake and at the inlet to Lake Mirimichi during Round 3 were analyzed
for VOCs. During Round 4, all but two of these areas were analyzed for VOCs. As
discussed previously, due to drought conditions, it was not possible to collect surface water
samples from the tributary to Sawmill Brook (SW-03), from below the southern spillway (SW-
05), and at Turnpike Lake (SW-13). Table 4.4.6 presents the detected VOCs in surface
water samples collected during Rounds 3 and 4. Complete analytical results were presented
in the HERA Second Interim Deliverable (ENVIRON, 1997).

VOCs were detected in three of six surface water samples collected from the area east of
Route 152 (i.e., at SW-01, SW-02, and SW-11). VOCs detected in all three surface water
samples were TCA, PCE and TCE. 1,1-DCA and 4-methyl-2-pentanone were detected in
two samples at concentrations below or near the laboratory detection limits. Carbon
tetrachloride was detected in one sample. VOCs were detected at low concentrations
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(below the CRDL), at the inlet to Lake Mirimichi (SW-11). A discussion of these results is
provided in Section 9.4.

5.4.5.2 Metals

All surface water samples collected in Rounds 3 and 4 were analyzed for total metals. A
summary of the results of these analyses are presented in Table 4.4.6. Completed
analytical results were presented in the HERA Second Interim Deliverable (ENVIRON,
1997). A discussion of the results of these analyses is provided in Section 9.4.

5.4.5.3 Polychlorinated Biphenyls

Rounds 3 and 4 surface water samples were analyzed for PCBs. As shown in Table 4.4.6,
PCBs were not detected in any surface water sample.

5.4.5.4 Major Cations and Anions

Round 3 and Round 4 surface water samples were analyzed for major cations and anions.
Table 4.4.7 summarizes the results of these analyses. Complete analytical results were
presented in the HERA Second Interim Deliverable (ENVIRON, 1997). A discussion of
these results is provided in Section 9.4.

5.4.5.5 Water Quality Parameters

Surface water samples collected in Round 3 and Round 4 were all analyzed for water quality
parameters. Results of these analyses are presented in Table 4.4.8. Complete analytical
results were presented in the HERA Second Interim Deliverable (ENVIRON, 1997). A
discussion of these results is provided in Section 9.4.

5.5 Sediment
5.5.1 Sediment Sampling Program

During the RFI Phase Il field investigation, a focused sediment sampling program was
conducted to confirm the results of the Phase | sampling program. This program was also
designed to better delineate metals concentrations in the south embayment of Turnpike Lake
and to further delineate metals and VOC concentrations in the impounded area east of the
former drive-in movie theater east of Route 152. Four locations sampled during the Phase |
RFI were re-sampled to evaluate locations where detection limits were elevated due to blank
contamination and correction for moisture content. As shown on Figure 4.5.1, these were
collected in the south embayment of Turnpike Lake and along the main channel and
tributaries to Sawmill Brook. Furthermore, due to elevated metal concentrations in the two
Phase | background samples, both sample locations were moved and re-sampled at
alternate locations farther from the shore and stream inlets. Sediment sample locations are
shown on Figure 4.5.1.

5.5.1.1 Turnpike Lake - South Embayment

Three Phase | sample locations were re-sampled in the south embayment of Turnpike Lake:
SD-14, SD-22, and SD-25. These samples were selected as a result of elevated method
detection limits for several metals during the Phase | RFl. One new sediment sample
location was also tested in the south embayment (SD-38) southwest of Phase | sediment
sample locations SD-25 and SD-37 to further delineate metals concentrations.
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5.5.1.2 Turnpike Lake - Background Samples

During the Phase | RFI, elevated detection limits for antimony and mercury were reported in
the background sample SD-10. A new sample (designated SD-10A) was collected further
off shore for analysis in Phase Il. The sediment background sample SD-09 was also
collected near the shore in Phase | (20 feet) and contained an elevated concentration of
lead. A new location, SD-09A, was selected approximately 100 feet from the shore.

5.5.1.3 Sawmill Brook.

Sample SD-02 was re-sampled due to an elevated detection limit for zinc in the Phase | RFI.
Two sediment sample locations (SD-39 and SD-40) were added upstream and downstream
from SD-01 in the impounded area associated with the former drive-in movie theater area.
These samples were collected to further delineate potential contamination east of the former
drive-in movie theater area and to further delineate metal concentrations in an adjacent area
of impounded water, which may act as a sediment trap.

5.5.2 Sampling Methodology

Sediment samples were collected following the same procedures outlined in Section 4.5.2,
which describes sampling methodology for the Phase | RFI. Sediment thickness was not
measured during Phase II.

5.5.3 Chemical Analytical Program

Sediment samples were submitted for analysis in accordance with the RFI Phase |l proposal
(included as Section 6.0 of the Phase I Interim Report, ENVIRON, 1997). Table 5.5.1
summarizes the analytical testing program conducted for each sediment sample. Results of
the analytical tests are summarized in Tables 4.5.3 through 4.5.7. Analytical results are
discussed in Section 9.5, and the original analytical testing laboratory reports were
presented in the HERA Second Interim Deliverable (ENVIRON, 1997).

5.5.3.1 Turnpike Lake - South Embayment

The new sediment sample (SD-38) in the south embayment was analyzed for metals, total
organic carbon, cation exchange capacity, pH, and moisture content. The resample
locations tested in the south embayment (SD-14, SD-22, and SD-25) were analyzed for
metals and moisture content.

5.5.3.2 Turnpike Lake - Background Samples

The two confirmation background samples were analyzed for metals and moisture content.
Sample SD-09A was also analyzed for total organic carbon, cation exchange capacity, and
pH.

5.5.3.3 Sawmill Brook and Tributaries

All samples collected in Sawmill Brook and the associated stream system were analyzed for
metals and moisture content. The additional Phase Il samples SD-39 and SD-40 were also
analyzed for total organic carbon, cation exchange capacity, and pH.

5.5.4 Physical Testing Program

Sediment samples collected during the RFI Phase Il field investigation at sample locations,
SD-38, SD-39, SD-40, and background sample SD-09A, were submitted for physical testing.
The sediment samples were collected by inserting a plastic liner (1.75-inch OD) into the
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hand auger and advancing the hand auger into the sediments. The liner was then retrieved,
fitted with plastic endcaps, and transported to GeoTesting Express in Acton, Massachusetts.
The sediment samples were tested for grain size (ASTM D422), Atterburg limits (ASTM
D4318), and dry density (ASTM D4564). The samples were also classified using USCS
classification according to ASTM D2487. Results of physical testing are summarized in
Table 4.5.8.

5.6 Fish Tissue Sampling

A fish tissue sampling program was conducted during Phase Il to complete the fish sampling
program initiated in Phase I. The purpose of the sampling program was to evaluate whether
releases from the Facility have caused any impact on fish that would present a public health
and/or ecological concern. Information from the fish tissue testing program is further
evaluated in the Human and Ecological Risk Assessment. The following sections
summarize the Phase Il program. Details of the field procedures are presented in Appendix
C.

5.6.1 Fish Tissue Sampling Program

The fish tissue sampling program was conducted as originally outlined in the RFI Proposal
and as modified in Technical Memorandum No. 4, dated April 4, 1995 (Appendix C) and the
Phase | Interim Report (ENVIRON, 1995a). Phase Il fish tissue sampling was conducted by
Foster-Wheeler on June 18, 1996 through July 3, 1996. Fish were collected from the south
embayment of Turnpike Lake, from a private impoundment on the east side of Route 152,
and in the Old Mill Pond adjacent to Pearl Lake. Figures 4.6.1 and 4.6.2 show the fish
sampling locations.

The Phase | fish sampling program intended to sample five fish from three classes of fish
(i.e., bottom feeders, prey species, and game species) at each of the three locations for a
total of 45 fish. As described in Section 4.6, only 13 fish were collected during the Phase |
sampling event. The proposed Phase Il fish sampling program intended to complete the
sampling program established in the Phase | event (i.e., five fish of each class from each of
the three sample locations, for a total of 45 fish to be sampled). As shown on Table 4.6.1, a
complete set of fish was obtained from the south embayment and the Old Mill Pond (i.e.,
bottom feeders, game, and prey species). During the Phase Il sampling program, the
complete number of prey species were obtained from the private impoundment; however,
only one additional game fish was caught and no bottom feeder fish were caught despite
repeated attempts. With the exception of the private impoundment, all planned fish samples
for each species were collected, as shown on Table 4.6.1.

5.6.2 Sampling Methodology
Fish were collected using gill nets and trotlines. In one instance, gill nets were used to seine

an area. Following sample collection, sample handling and processing was performed in
accordance with those followed in the Phase | field investigation.

5.6.3 Chemical Analytical Program

Fish tissue samples were submitted for analysis of metals and lipid content in accordance
with the chemical analytical program described in the RFI Proposal and Technical
Memorandum No. 4 and Section 6.0 of the Phase | Interim Report (ENVIRON, 1995a). After
review of preliminary results of the analyses on sediment samples, PCBs were added to the
chemical analytical program for fish tissue samples. The addition of PCBs to the chemical
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analytical program for fish tissue samples was confirmed with USEPA in Project Status
Report No. 4 - April and May, dated June 14, 1995. Fish tissue samples were submitted to
Inchcape Testing Services-Aquatec Laboratories of Colchester, Vermont. A complete list of
the fish tissue samples collected and analyses performed is presented on Table 5.6.1.

5.6.4 Summary of Data

Forty-five fish tissue samples, five duplicates, and four equipment rinsate blanks were
analyzed for metals and PCBs. The tissue samples including the duplicates were also
analyzed for percent lipids, which were present in all the fish analyzed. Equipment blanks,
which are comprised of deionized water, were not analyzed for lipids because the analysis
would not produce meaningful results. The detected chemicals and their respective
concentrations are presented in Table 4.6.3. Complete analytical results were presented in
the HERA Second Interim Deliverable (ENVIRON 1997).

5.6.4.1 Old Mill Pond (Background) Fish Results

Five game fish (i.e., largemouth bass and pickerel) and five bottom feeders (i.e., bullheads)
were collected from the Old Mill Pond. No prey fish were collected because sufficient
numbers were obtained in the Phase | program. The game fish ranged from 255 millimeters
(mm) to 360 mm in length and from 219.6 grams (g) to 618 g in weight. The bottom feeders
ranged from 240 to 265 mm in length and from 207.9 to 273 g in weight. No abnormalities or
parasites were reported for either class of fish. Table 5.6.2 presents the relevant field
measurements of the fish collected from the Old Mill Pond. The results of chemical analyses
are presented in Table 4.6.3 and are discussed briefly below. Further analysis is provided in
Section 9.6.

Bottom Feeder Results. Two of the fifteen metals analyzed for, beryllium and
cadmium, were not detected in any of the muscle or offal bottom feeder fish samples.
Barium, mercury, and zinc were detected in all of the bottom feeder fish. The remaining
metals were sporadically detected in muscle and offal samples.

Three PCB Aroclors were detected in the bottom feeder fish, Aroclor 1242, 1254, and 1260.
Detected concentrations in the fish ranged from 1.8 J to 4.2 pg/kg for Aroclor 1242, 2.9 to 29
pg/kg for Aroclor 1254, and from 2.7 J to 28 pg/kg for Aroclor 1260

Game Fish Results. Seven of the fifteen metals analyzed for (aluminum, arsenic,
beryllium, cadmium, cobalt, lead, and silver) were not detected in the muscle or offal game
fish samples collected from the Old Mill Pond. Only zinc and mercury were detected in all of
the fish collected from the Old Mill Pond. The remaining metals were sporadically detected
in muscle and offal samples.

Although PCBs were detected in all fish collected from the Old Mill Pond, only three PCB
Aroclors were detected: 1242, 1254, and 1260. Detected concentrations in the fish ranged
from 2.9 J to 11pug/kg for Aroclor 1242, 3.2 to 60 pg/kg for Aroclor 1254, and from 14 to 42
pa/kg for Aroclor 1260.

5.6.4.2 South Embayment Fish Results

Fourteen fish consisting of four game species (large mouth bass and yellow perch), five prey
species (blue gill and red ear gravid) and five bottom feeders (bullhead) were caught in the
south embayment of Turnpike Lake. The game fish ranged from 200 mm to 465 mm in
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length and from 109.9 to 1580.4 g in weight. Prey fish were smaller and ranged in length
from 165 mm to 192 mm and in weight from 99.6 g to 163.2 g. Bottom feeders ranged in
length from 295 mm to 350 mm and in weight from 351.5 g to 605.4 g. One bottom feeder
(EP-FTM-SE-BF005) had slight skin lesions as a result of the fish becoming entangled in the
gill net. No other abnormalities or parasites were reported. Table 5.6.2 presents the
relevant field measurements of the fish collected from the south embayment. The results of
chemical analyses are presented in Table 4.6.3 and are discussed briefly below and in more
detail in Section 9.6.

Bottom Feeder Results. Beryllium was not detected in any sample. Copper,
mercury, and zinc were detected in all muscle and offal tissues analyzed. The remaining
metals were sporadically detected.

Aroclor 1242, 1254, and 1260 were the only Aroclors detected. These Aroclors ranged in
the following concentrations: 42 to 240 ug/kg, 11 to 1,200 pg/kg and 4.7 to 160 ug/kg,
respectively.

Game Fish Results. Aluminum, arsenic, beryllium, cobalt, and lead were not
detected in any game fish. Zinc and mercury were detected in all of the samples analyzed.
With the exception of chromium, the remaining metals were infrequently detected.

Three PCBs, Aroclor 1242, 1254 and 1260, were detected in muscle and offal tissue from
the game fish collected from the south embayment. Detected concentrations of Aroclor
1242 ranged from 3.9J to 240 pg/kg. Concentrations of Aroclor 1254 and Aroclor 1260
ranged from 8.6 to 190 pg/kg and 3.1 to 170 pg/kg, respectively. No other Aroclors were
detected.

Prey Fish Results. Aluminum, arsenic, beryllium, cobalt, lead, nickel, and selenium
were not detected in any fish. Barium, chromium, copper, mercury, vanadium and zinc were
detected in all prey fish. Cadmium and silver were detected in some prey fish.

Aroclor 1242, 1254, and 1260 were the only Aroclors detected. These Aroclors ranged in
the following concentrations: 5 to 70 ug/kg, 12 to 260 pg/kg and 15 to 64 ug/kg, respectively.

5.6.4.3 Private Impoundment

One game fish (Pickerel) was caught from the private impoundment. As presented on Table
5.6.2, the fish was 305 mm in length and weighed 180.1 g. No abnormalities were observed.
The results of chemical analyses are presented in Table 4.6.3 and are summarized briefly
below.

Aluminum, arsenic, beryllium, cobalt, lead, and silver were not detected in either the muscle
or offal sample. Metals that were detected include: barium, cadmium, chromium, copper,
mercury, nickel, selenium, vanadium, and zinc. Aroclor 1242, 1254, and 1260 were detected
in the fish.

5.7 Soil Vapor Extraction Pilot Test

Pilot testing of a soil vapor extraction (SVE) system was conducted to collect data to
evaluate SVE as a potential treatment technology for the removal of VOCs from vadose
zone soils. AOC 5 was initially chosen for the SVE test because it is fairly accessible to
truck-mounted equipment and contained some of the highest concentrations of VOCs
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detected in soil gas. However, AOC 26 (located in former Building 1, which was demolished
in the spring of 1997) was ultimately chosen for the SVE test because the building demolition
program removed access restrictions to this area. Also, high concentrations of VOCs were
detected in soil gas in the past in this area and AOC 26 is located upgradient from the area
with the highest concentrations of VOCs in ground water.

The SVE pilot test was performed between December 8 and December 17, 1997. Two SVE
test wells were installed; one across the vadose zone, and one just beneath the floor slab
where Phase | soil boring and soil gas survey programs indicated that VOCs may be present
at the highest levels. The two depths were selected to provide information on VOC recovery
and system performance across the vadose zone.

Monitoring points were installed to monitor vacuum, flow, and VOC concentration.
Seventeen monitoring points were installed at depths corresponding to extraction well
depths in two perpendicular lines extending from the extraction wells. During testing, the
vacuum distribution was monitored in two directions and at two depths using this
configuration. In addition, potential heterogeneities in the subsurface can be better
recognized and evaluated with this configuration by comparing vacuum response in the two
directions.

Both vacuum step tests and constant rate tests were performed on each extraction well. A
radius of influence of approximately 50 feet was observed with relatively low vacuum and
flow. Both wells were able to sustain flow rates of up to 100 standard cubic feet per second
(scfm) at maximum vacuum of approximately 6 and 12 inches water column (w.c.) in the
deep and shallow wells, respectively.

The radius of influence, flow rate and associated vacuum results indicate that SVE may be a
viable remedial alternative for VOC impacted vadose zone soil beneath the Facility.
Additional details of the test, equipment, and analysis is included in Appendix E.

5.8 Analysis of Data Adequacy

The data collected for the soil and sediment physical characterization program and the
migration/dispersal characterization program were validated and are judged to be useable.
These data are used for the source and waste characterization study required by Section IX
of the Consent Order and presented in Sections 8.0 and 9.0 of this report.

5.9 Data Validation

The analytical data verification program was presented in the RFI Proposal Appendix J, Data
Collection Quality Assurance Plan (DCQAP). Validation of data obtained from field
measurements was performed by checking calibration procedures utilized in the field, and by
comparing the data to previous measurements, if any, at the specific site. Laboratory
analytical data was validated using the criteria specified in the USEPA Region | Draft Tiered
Organic and Inorganic Data Validation Guidelines, July 1, 1993 (USEPA 1993). Tier Il Data
Validation was performed for the data collected in this Phase Il field investigation. The
laboratory analytical data summary tables (presented in the HERA Second Interim
Deliverable (ENVIRON 1997)) include data qualifiers, where appropriate, that were the result
of the data validation process. The data validation reports, presented in Appendix G of the
HERA Second Interim Deliverable, include the rationale for specific data qualifiers.
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According to the DCQAP, data generated during this project will be considered adequate if
they are 80% complete in accordance with USEPA's Data Quality Objectives for Remedial
Response, March 1987. The analytical data collected for each media (ground water,
surface water, soil, sediment, and fish) were evaluated separately to determine the percent
completeness achieved during Phase Il by comparing the number of unusable data to the
total number of data for each analytical suite (for example, volatiles or semi-volatiles). As
shown on Table 5.9.1, the percent completeness achieved in all cases was at least 87% for
sediment and 94% for all other media.
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6 Supplemental RFI Field Investigation

In response to comments received from USEPA Region | in 2002 on the 1999 Draft RFI
Report (ENVIRON, 1999) and in 2008 on the 2007 Draft RFI Report (ENVIRON, 2007),
additional soil, ground water, surface water and sediment sampling was conducted in 2005 —
2006 and in 2010 to complete delineation of previously identified areas of contamination, to
investigate performance of existing RCRA Stabilization measures, and to gather additional
information necessary to further characterize sediment toxicity in the wetlands, the
delineation of metals in Sawmill Brook, and the concentrations of metals in floodplain soils.
The activities performed during these Supplemental RFI field investigations are described in
Section 6.0. Laboratory reports for all sample collection activities performed as part of the
Supplemental RFI field investigations are provided in electronic format (on CD) in Appendix
S.

6.1 Soil

Phases | and Il of the RFI field investigation, conducted in 1995 and 1997, respectively,
included the installation of shallow and deep soil borings in various AOCs across the site.
As described in Sections 4 and 5 of this report, these samples were analyzed for one or
more of the following classes of compounds: VOCs, SVOCs, metals, radionuclides, PCBs,
cyanide and total petroleum hydrocarbons (TPH). The results of these analyses were
presented in the initial Draft RFI Report (ENVIRON, 1999). Based on comments from the
USEPA Region | on the initial Draft RFI Report, additional surface and subsurface soil
sampling was conducted in 2005 to further delineate the magnitude and extent of
constituents of potential concern in selected AOCs. In addition, based on USEPA comments
received on the 2007 DRAFT RFI Report, six floodplain soil samples were collected at four
locations along Sawmill Brook near sediments with elevated metal concentrations, and at
two background locations to evaluate the potential for contamination of soils during flood
conditions.

6.1.1 Surface Soil Sampling Program

2005 Sampling Event. Four surface soil samples (SS-A1-01, SS-A1-01dup, SS-Al-
02 and SS-A1-03)* were collected in the vicinity of SS-EH-03 in AOC A-1, where elevated
metals and VOCs were previously detected. The surface soil sampling locations were
selected by stepping out approximately 15 feet to the north, south and west of location SS-
EH-03 as shown in Figure 5.1.1. One duplicate sample was collected at SS-A1-01. Surface
soil samples were collected by using a clean shovel and digging an approximately one-foot
wide by one-foot deep hole. Soil samples collected for VOC analysis were obtained using
dedicated EnCore-style syringes directly from the most undisturbed soil dug out of the hole.
VOC samples were not homogenized prior to placement in containers. Composite soil
samples obtained for other parameters were collected from the soil removed from the hole
by hand with dedicated nitrile gloves. Between each surface soil location, the shovel was
washed using a dilute solution of trisodium phosphate and rinsed with potable water in
general conformance with methods outlined in the Supplemental RFI Work Plan (ENVIRON,
2005).

All samples were analyzed for VOCs, total metals and PCBs as indicated in Table 6.1.1.
Analyte lists for VOCs, metals, and PCBs are presented in Tables 6.1.2, 6.1.4 and 6.1.5.

30 Note that these three samples are named AOCA-1 SS01, AOCA-1 SS02 and AOCA-1 SS03 (corresponding
to SS-A1-01, SS-A1-02 and SS-A1-03, respectively) on the laboratory data sheets.
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2010 Sampling Event. Four additional surface soil samples (FS-SD-01, FS-SD-50,
FS-SD-204, and FS-SD-209) were collected from the floodplain along Sawmill Brook near
sediments with elevated metal concentrations, and two floodplain soil samples (FS-TRIB-LB
and FS-TRIB-RB) were collected from background locations along the left and right banks of
a tributary to Sawmill Brook (see Figure 6.1.1). Floodplain soil samples were collected with
a metal spade in accordance with the approved QAPP (ENVIRON, 2010).

6.1.2 Soil Boring and Subsurface Soil Sampling Program

Ten additional soil borings were advanced in selected AOCs in 2005 to further delineate the
magnitude and extent of COPCs in these areas. Soil boring locations are shown in Figure
4.1.1. In addition, three subsurface soil samples were collected from beneath the concrete
pits associated with AOC 30. The subsurface soil sampling program is summarized in Table
6.1.1 and described by AOC below.

6.1.2.1 Sub-AOC A-1

Three soil borings (SB-50, SB-51 and SB-52) were advanced to the water table in sub-AOC
A-1. Sub-AOC A-1 consists of a land area located west of Building 10 where wastewater
was released to two former surface impoundments (Frog Ponds) during the period from
1973 to 1981. The Frog Ponds were formerly located in an area that is now largely covered
by an aboveground storage tank (AST) and lined, emergency containment basin, which was
constructed in 1981. Several metals including cadmium, chromium, copper, lead, nickel,
silver and zinc were detected above background in soil samples collected from this area
during Phase I. VOCs and PCBs were also detected in this sub-AOC.

In order to more fully delineate the soils in this sub-AOC, two borings (SB-50 and SB-51)
were drilled to the north and west of the northernmost frog pond to address any potential
effects from spillover from this pond. Soil boring SB-52 was installed west of SB-16 and
within the footprint of the southern frog pond to further delineate soils in this area.

Continuous split spoon sampling was performed on all three borings and three samples from
each boring were submitted for laboratory analysis. Samples were collected at 0-2, 6-8 and
8-10 feet bgs in boring SB-50; 0-2, 4-6 and 8-10 feet bgs in boring SB-51; and 0-2, 6-8 and
8-10 feet bgs in boring SB-52. The water table was encountered at a depth of 10 feet. Note
that poor recovery at 2-6 feet in borings SB-50 and SB-52 prevented sample collection from
the midpoint of the boring as specified in the QAPP. Therefore samples were collected at
the next available interval at 6-8 feet. All samples were analyzed for VOCs, metals and
PCBs as indicated in Table 6.1.1.

6.1.2.2 AOC A-12

AOC A-12 was a former waste storage area located beneath what is now the central portion
of Building 10. Chromium, silver and zinc were detected above background concentrations
in soil boring SB-18, located about 15 feet west of this sub-AOC. In order to further
delineate this area, a single boring (SB-53) was advanced within the footprint of AOC A-12
as shown in Figure 4.1.1. Soil samples were collected at 0-2, 4-6 and 8-10 feet bgs and
analyzed for VOCs, SVOCs and metals.

6.1.2.3 AOCS5

AOC 5 consists of a land area that consists of a former pit or pond that is now located under
the northwest corner of what is now Building 8. Contact and non-contact cooling waters, and
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acid cleaning and annealing wastewaters were reportedly discharged directly to the ground
in this AOC between 1966 and 1972. In addition, an above-floor degreaser was later
operated in Building 8 in this area. As described in Sections 4.3, 5.3 and in Section 6.3
below, chlorinated VOCs have been detected in soil gas in a widely dispersed zone beneath
Building 8 with some of the highest concentrations detected in the vicinity of AOC 5. Based
on the results of the updated soil gas survey (Section 6.3), an additional soil boring (SB-54)
was advanced at the location of the highest soil gas readings and samples were collected at
the surface (0-2 feet), mid depth (3-5 feet) and just above the water table (7.5-9.5 feet bgs).
A duplicate sample was collected at the 7.5-9.5 feet depth interval. All samples were
analyzed for VOCs, SVOCs and metals.

6.1.2.4 AOC 14; AOC 29

Two soil borings (SB-55 and SB-56) were advanced through the concrete floor in Building 8
in the vicinity of AOCs 14 and 29 to characterize soils in this area. As indicated in Figures
9.3.3 and 9.3.4, PCE and TCA have been detected at elevated levels in soil gas beneath
Building 8 in the vicinity of AOCs 14 and 29; however, a discrete source of these vapors has
yet to be found. AOC 14 is a land area that reportedly received wastewater from metal-
cleaning operations and is located under what is now Building 8. AOC 29 is an area in the
north central portion of Building 8 where an above-floor degreaser was once located.

The locations of soil borings SB-55 and SB-56 were selected based on the results of the
updated soil gas survey described in Section 6.3 and coincide with the highest VOC
concentrations detected in this area. However, no VOCs were detected in the top 7 feet of
each boring based on PID screening (see Appendix B). Three soil samples were collected
from each boring. Samples were collected from below the fill layer at 10 and 16 feet bgs
from SB-55 and at 9 and 15 feet bgs from SB-56. Duplicate samples were collected at 10
feet bgs in SB-55 and at 15 feet bgs in SB-56.%" All samples were analyzed for VOCs and
metals.

6.1.2.5 AOC 22; AOC 26

One additional soil boring (SB-57) was advanced near AOCs 22 and 26 to further delineate
soils in this area. AOCs 22 and 26 are located in close proximity to each other and in an
area where elevated levels of VOCs have been detected in soil gas (see Section 9.3). AOC
22 was a dry well that reportedly received steam condensate from two steam-heated vapor
degreasers.** AOC 26 was an approximately 22-foot long trench that served as a housing
for wastewater piping. The piping was connected to aqueous acid/alkali cleaning tanks used
for cleaning operations through the 1990s. Two soil borings previously installed in this area
(SB-32 and SB-34) revealed only low levels of VOCs in vadose zone soils (PCE
concentrations ranged from 8 to 140 ug/kg).

Soil boring SB-57 was advanced within AOC 22 as shown in Figure 4.1.1. Soil samples
were collected at depths of 0.5-2 feet, 2-4 feet, 6-8 feet and 10-11.5 feet bgs and analyzed
for VOCs, SVOCs and metals. An additional sample was collected at a depth of 12-14 feet

31 Note that Building 8 required a substantial amount of fill, ranging from approximately 10 feet at the northeast
corner to a foot or less at the western end, to bring the floor to the same level as the floors of existing buildings
at the time.

32 The location of AOC 22 may be in error. The only description of the location of this dry well is a statement that
a sump pump in a degreaser sump in Building 1 discharged into a pipe under the floor of then Building 4, which
flowed to a dry well (see Section 8.1.10). This description appears to fit the newly-discovered dry well
described in Section 8.1.5.

Supplemental RFI Field Investigation 75 ENVIRON



Revised DRAFT RFI Report
BASF Facility, Plainville, Massachusetts

DRAFT

bgs and analyzed for total organic carbon (TOC). The TOC data will be used to estimate
contaminant transport velocity in the overburden aquifer.

6.1.2.6 AOC 30

AOC 30 consists of a former below grade degreaser pit located in the former Building 6. On
October 4 2005, the concrete slab covering this pit was removed revealing two adjacent pits
separated by an east-west wall. The southern pit was square in shape, approximately seven
feet on a side, and 3.5 feet deep. The northern pit was rectangular in shape, approximately
7 by 16 feet in size and 3.5 feet deep with a 2 feet by 2 feet square sump in the northwest
corner. Both pits were intact and holding liquid.*®* Headspace readings of the fill material
within the pits ranged from 0 to 19.1 ppmv. The highest reading was recorded at the
southern edge of the northern pit. After removing the entire contents of both pits, the lower
slabs of each pit were removed revealing what appeared to be dry soils beneath the pits.
One soil sample was collected from below the center of the slab in the southern pit (AOC30-
1) and two samples were collected from below the southern and northern edges of the
northern pit (AOC30-2S and AOC30-2N, respectively). All three samples were analyzed for
VOCs. After sampling, the excavated areas were backfilled with clean material.

After low levels of PCBs were detected in one of the composite samples used to
characterize the excavated material for disposal purposes, two additional soil borings (SB-58
and SB-59) were advanced using a geoprobe type direct push apparatus. The borings were
advanced through the clean fill to the native soil layer beneath the two former pits and two
additional subsurface soil samples (AOC 30 SB-1-6 and AOC 30 SB-2-5) were collected and
analyzed for PCBs.

6.1.3 Soil Boring Drilling/Sampling Methodology

All drilling was conducted by a State of Massachusetts licensed driller (Dragin Drilling, of
Wareham, Massachusetts) under the supervision of ENVIRON personnel. Soil borings were
advanced in unconsolidated overburden by a geoprobe type direct push apparatus, hollow-
stem auger or driven casing. Soil samples were collected for chemical analysis in general
conformance with methods outlined in the Supplemental RFI Work Plan (ENVIRON, 2005).
Subsurface soil samples were collected using either a split spoon sampler or geoprobe core
sampler. Upon recovering and opening the sampling tool, the length of the recovered soil
core was scanned with a photoionization detector (PID) to identify any zones of significant
VOC concentrations. In the absence of hot spots, a composite of the entire length of
recovered soil was collected for headspace screening. Samples collected for headspace
screening were agitated in a container covered by aluminum foil, or in a plastic bag, to
disaggregate the soil and volatilize any VOCs. After the sample was allowed to equilibrate
for approximately five minutes, a PID probe was inserted through the foil cover, or into the
plastic bag, and the concentration of total VOCs in the headspace was recorded.

Soil samples collected for VOC analysis were obtained using dedicated EnCore-style
syringes. VOC samples were not homogenized prior to placement in containers. Composite
soil samples obtained for other parameters were collected from the split spoon by hand with
dedicated nitrile gloves. Prior to, and between soil borings and monitoring well installations,
all down-hole drilling and non-dedicated soil sampling equipment was cleaned using a high-

33 Excavation photos are provided in Appendix P.
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pressure washer. Between sampling intervals in each individual boring, the sampler was
washed using a dilute solution of trisodium phosphate and rinsed with potable water in
general conformance with methods outlined in the Supplemental RFI Work Plan (ENVIRON,
2005).

6.1.4 Chemical Analytical Program

As indicated in Table 6.1.1, surface and subsurface soil samples collected during the
Supplemental RFI were analyzed for VOCs, SVOCs, PCBs and/or metals depending upon
the area being investigated. Soil samples collected for analysis of VOCs conformed to EPA
Method 5035, which requires the use of different preservatives depending upon the
concentration range of VOCs in the sample (i.e. methanol preservation for concentrations >
~200 ug/kg, and sodium bisulfate for concentrations < ~200 pg/kg). This was achieved by
collecting two samples from each location in pre-preserved bottles provided by the
laboratory, and having the laboratory determine the appropriate analysis by screening an
aliquot of the methanol-preserved sample.

6.1.5 Summary of Analytical Data

Soil sampling results for VOCs are provided in Table 6.1.6 (high level) and Table 6.1.7 (low
level); SVOC results are provided in Table 6.1.8; metals analyses are reported in Table
6.1.9; and PCB results are shown in Table 6.1.10. Although not included in the original work
plan, five additional samples were collected for analysis of total organic carbon (TOC).
These samples are identified in Table 6.1.1 and TOC results are reported in Table 6.1.11.
Soil boring locations associated with field sample IDs are presented in Figure 4.1.1 and
outlined below:

Soil Boring Location Field ID
SB-50 AOCA1 SB1
SB-51 AOCA1 sSB2
SB-52 AOCA1 SB3
SB-53 SB-4
SB-54 SB-3
SB-55 AOC14 SB2
SB-56 AOC14 SB1
SB-57 SB220
SB-58 AOC30 SB1
SB-59 AOC30 SB2

6.1.6 Additional Soil Boring Events

Drive-In Property. In July-August, 2007 LFR Inc. performed an ASTM Phase I
Environmental Site Assessment (ESA) on the 21.1 acre former drive-in property located
across the street from the main facility at 43 Taunton Street (LFR Inc., 2007). As part of the
subsurface investigation of the property, seventeen soil borings (LFR-SB-1 through LFR-SB-
13, MW50, MW51A, MW51B and MW52) were drilled; two of these borings were completed
as overburden monitoring wells (MW51A and MW52) and two of these borings were
completed as bedrock monitoring wells (MW50 and MW51B). Monitoring well construction
details are provided in Table 3.1; boring logs are provided in Appendix B.

A total of 16 soil samples (including one duplicate) were collected from each of 13 borings
(LFR-SB-1 through LFR-SB-13) and two monitoring wells (MW51A and MW52) and
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analyzed for VOCs using EPA Method 8260B, VPH/EPH using the MassDEP Method,
RCRA 8 metals and PCBs using EPA Method 8082. Results are provided in Table 1 of
Appendix T.

Very Deep Bedrock Boring. A very deep bedrock test boring (P16c) was drilled to
a depth of approximately 299 feet bgs in order to evaluate the extent of groundwater
contamination in the very deep bedrock. The boring was located east of EW02, just across
Taunton Street, because the highest CVOC concentrations detected during packer testing of
EWO02 (see Figure 3, Appendix M) were found at the deepest interval (180 to 200 feet bgs)
and a laterally extensive fracture zone exists in this area. This boring was completed as a 2-
inch PVC piezometer screened at a depth of 245 to 270 feet bgs (see Table 3.1). The well
location is shown in Figure 3.1.

One sample from the overburden soil and eleven samples from the bedrock zone
(approximately every 25 feet) were collected and analyzed for VOCs. Analytical data are
provided in Table 6.1.12.

Southern Perimeter Test Boring. Two additional monitoring wells (MW54A/B) were
installed in August 2010 to assess the potential for off-site migration of constituents in
groundwater south of AOC B. Two soil samples from on-Site overburden test boring
MWS54A were collected and submitted to Alpha Analytical, Inc., of Westborough, MA for the
following laboratory analysis:

e VOCs by EPA Method 8260B;

e Priority Pollutant (PP) 13 Metals (antimony, arsenic, beryllium, cadmium, chromium,
copper, lead, nickel, selenium, silver, thallium, and zinc) by EPA Methods 6010B and
7471A (mercury) and polychlorinated biphenyls (PCBs) by EPA Method 8082.

The soil sample collected for metals and PCB analyses was collected from 0-2’ bgs. The
soil sample for VOC analyses was collected from just above the groundwater table at 8 bgs
since there were no obvious signs of contamination or elevated PID readings. Analytical
data are presented in Table 6.1.13.

6.2 Ground Water
6.2.1 Monitoring Well Installation Program

Sixteen monitoring wells were completed as part of the Supplemental RFI Field
Investigation. All drilling was conducted by a State of Massachusetts licensed driller (Dragin
Drilling, of Wareham, Massachusetts) under the supervision of ENVIRON personnel. Six
monitoring wells (MW12A, MW44A, MW45A, MW46A, MW48A and MW49A) were
completed in the unconsolidated overburden, five wells (MW9B, MW12B, MW43B, MW45B
and MW48B) were completed in the underlying shallow bedrock, and five wells (MW9C,
MW20C, MW21C, MW42 and MW43C) were completed in deep bedrock, in general
conformance with methods outlined in the Supplemental RFI Work Plan (ENVIRON, 2005).
Monitoring well locations are shown in Figure 3.1. Monitoring well construction details are
presented in Table 3.1 and in boring logs located in Appendix B.

The locations of several monitoring wells [MW50A/B (now called MWO09B/C) and MW43B/C]
were changed from those specified in the Supplemental RFI Work Plan as described in a
September 7, 2005 letter to USEPA (ENVIRON, 2005). The original locations proposed for
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these wells were subsequently determined to be unsatisfactory because of drill rig access
issues. The original proposed location for MW43B/C would have required some filling of a
wetland area and construction of drainage culverts to gain access; and the original proposed
location of MW50A/B is in the center of a wetland area, which would have required a
significant road-building effort for drill rig access across a wetland. In addition, the discovery
of a second stream east of the original proposed location of the MW43 well pair warranted a
re-positioning of these wells to ensure that these wells were built beyond the principal
ground water discharge zone.

As agreed to by USEPA, the location of monitoring wells MW50A/B was moved to a new
location adjacent to the existing overburden monitoring well MWQ09. Because these two new
wells formed a cluster with existing well MWQ9, the new wells were installed as shallow and
deep bedrock wells and re-designated MW09B and MWO09C. The MW43B/C well pair was
re-located about 250 feet northeast of the original proposed location, in an open area near a
bend in the dirt road that runs east from Route 152 (see Figure 3.1).

The location of MW44A was also repositioned slightly relative to the location specified in the
Work Plan. This move accommodated the landowner’s request to keep the well off his lawn,
and in an area where surficial impacts of drilling would be less visible.

6.2.1.1 Overburden Wells

Borings for the six overburden monitoring wells (MW12A, MW44A, MW45A, MW46A,
MW48A, and MW49A) were advanced by a hollow-stem auger in unconsolidated overburden
to sample soil and monitor groundwater quality in general conformance with methods
outlined in the Supplemental RFI Work Plan (ENVIRON, 2005). Soil samples were collected
for lithologic description and scanned with a PID continuously over the entire drilled interval
using a split spoon sampler (driven by a 140-pound hammer falling approximately 30 inches
following ASTM D 1586-24). Sampling for lithologic logging was not conducted at locations
or through depth intervals where previous drilling at the same location already resulted in
lithologic logging. Samples were logged following the general parameters outlined in the
Supplemental RFI Work Plan.

The overburden monitoring wells were constructed of four-inch diameter, schedule 40 PVC
riser and 10-slot PVC well screen. A clean sand pack was emplaced in the annulus from the
bottom of the boring up to between two and four feet above the top of the well screen. The
annulus above the sand pack was sealed with approximately two feet of bentonite pellets,
and the annulus above the bentonite seal was bentonite-grouted to the surface with a tremie
pipe in most wells. However, in MW46A and MWA49A, bentonite pellets were used to seal
the well to the surface instead of using bentonite grout because of the limited length of
annulus. The wells were completed at the surface with flush-mounted protective casings,
with the exception of MW46A, which was completed with a “stick-up” steel pipe that
extended above the ground surface approximately two feet. A stick-up was used to maintain
the visibility of the well, and prevent burial that could result from its location near a gravel
driveway. Boring logs containing well construction specifications and soil lithologies are
presented in Appendix B.

No variances to the Supplemental RFI Work Plan occurred during overburden monitoring
well installation, except as described below:
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MW49A was completed as a two inch PVC well instead of a four inch well, due to difficult
drilling conditions. The compacted fill layer present under Building 8 contains abundant
cobbles and boulders, which frequently obstructed drilling operations, and sometimes
resulted in refusal. Therefore, as agreed to by USEPA, a smaller augered hole was drilled
and a two-inch well was constructed.

6.2.1.2 Shallow Bedrock Wells

Five monitoring wells were installed in shallow bedrock (MW09B, MW12B, MW43B, MW45B,
and MW48B) in general conformance with methods outlined in the Supplemental RFI Work
Plan. Hollow-stem augers (6 % -inch diameter for shallow bedrock wells) and steel casing
were used to advance the borings through the overburden layer down to the bedrock
surface. Soil samples were collected for lithologic description continuously over the entire
overburden interval (unless a previous boring at the same location has already been logged)
using a split spoon sampler (driven by a 140-pound hammer falling approximately 30 inches
following ASTM D 1586-24). Samples were logged following the general parameters
outlined in the Supplemental RFI Work Plan.

At the locations of shallow bedrock borings, a roller bit was inserted inside the augers to
ream a several-foot “socket” into competent bedrock, into which four-inch steel casing was
grouted, to isolate groundwater in overburden from the bedrock portion of the aquifer. The
grout was generally allowed to set for approximately 48 hours before the commencement of
further drilling. HQ coring then continued through the four-inch casing and grout, to the
anticipated depth of interest, or to the fractured interval nearest to that depth that was likely
to be hydraulically productive. At all but one location, the completed shallow bedrock wells
consist of an open bedrock boring with four-inch steel casing extending upward from the top
of bedrock to the surface. Variances to the Supplemental RFI Work Plan are described
below:

MW48B was converted from a four-inch open bedrock hole with four-inch steel casing to the
surface to a two-inch steel well with slotted screen and sandpack in the screened interval.
This deviation occurred due to the inability to drive the four-inch steel casing to the
appropriate depth and subsequent damage to the original steel casing during attempts to
advance to the full depth. This was likely related to the number of cobbles and boulders in
the fill located beneath the building footprint.

At refusal of overburden drilling in MW48B, a five-foot HQ core was not collected prior to
reaming a five inch “socket” into competent bedrock, into which four-inch steel casing was
grouted. Instead, a roller bit was used to ream several feet of bedrock to create the socket
into which the casing would be grouted, and to confirm the presence of bedrock. This
alternate approach was used because the core bit could not be advanced through heavily-
fractured angular rock at this location, which tended to wedge and bind in the core barrel.

6.2.1.3 Deep Bedrock Wells

Five monitoring wells were installed in the deep bedrock zone (MW09C, MW20C, MW21C,
MW42, and MW43C) in general conformance with methods outlined in the Supplemental RFI
Work Plan. At locations of deep bedrock borings, an approximately five-foot “socket” was
completed into competent bedrock using an 8 ¥%-inch roller bit, into which six-inch casing
was bentonite grouted, in order to isolate overburden groundwater from bedrock. The grout
was allowed to set for at least 48 hours before the commencement of further drilling. The
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bedrock portion of the boring was generally advanced to the proposed start of the 40-foot
interval of HQ or NQ coring (the anticipated screened interval) using a 6-inch air hammer.
Drilling continued with NQ (e.g. MW42) or HQ coring equipment, to allow collection of
fracture density information from the core. This information was used to select the most
highly-fractured 20-foot interval within the 40-foot depth interval where ground water
characterization was required.

Once the screen depth was determined, the hole was reamed using a 5 7/8-inch roller bit to
provide enough annular space in which to construct a sand pack. Deep bedrock wells were
completed with four-inch schedule 40 PVC with a 20-foot well screen at off-site locations,
while stainless steel riser and screen were used in deep wells on-site. The deep bedrock
wells were constructed in the same manner as the overburden wells, with a sandpack
around the screen that extended to a point approximately two to three feet above the top of
the screen, above which a minimum two- to four-foot bentonite pellet seal was emplaced, in
general conformance with methods outlined in the Supplemental RFI Work Plan. The boring
annulus above the seal was either tremie-grouted with bentonite slurry, or bentonite pellets
were added to the borehole to a point approximately 20 to 30 feet below grade (i.e. into the
6-inch steel casing) at each borehole. The wells were then grouted to the surface. A locking
cover was attached to the top of the casing. The wells were completed at the surface with a
“stick-up” protective casing that extended above the ground surface approximately two feet.
Potable water was used and recirculated during all bedrock core drilling, and the amount of
water used during drilling was monitored. An equivalent volume was removed from the
completed well during purging. Variances to the Supplemental RFI Work Plan for deep
bedrock monitoring wells are described below:

At locations of deep bedrock borings, an approximately five-foot “socket” was completed in
competent bedrock using an 8 % inch roller bit, into which six-inch casing was bentonite
grouted, in order to isolate overburden groundwater from bedrock. This represents a
deviation from the Supplemental RFI Work Plan, which stated that 8-inch casing would be
used. This procedure was used because it allowed use of less-expensive casing while still
permitting installation of 4-inch wells, as stipulated in the Supplemental RFI Work Plan.

The bedrock portion of the boring was advanced to the proposed start of the 40-foot coring
interval (of which the most highly fractured 20 feet was screened) using a 6-inch air hammer.
This represents a deviation from the Supplemental RFI Work Plan, which stated that the
boring would be advanced to within approximately 30 feet of the anticipated screen interval
(based on existing data from other wells in the area) using an eight-inch air hammer. In
addition, a six-inch air hammer was used instead of an 8-inch air hammer described in the
Supplemental RFI Work Plan. This approach was used because it was more time efficient,
yet still permitted installation of 4-inch wells, as stipulated in the Supplemental RFI Work
Plan.

Bentonite pellets and/or bentonite slurry were used instead of grout above the bentonite seal
in wells MW20C, MW21C, and MW43C, in order to minimize loss into near vertical fractures
(see Section 7.4.2.3 for more detail), and to avoid migration of grout into the screened
interval of other wells in the cluster adjacent to the newly-installed well. Therefore, bentonite
slurry/bentonite pellets were generally used in the borehole until it reached the upper 6-inch
steel surface casing.
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Potable water was used and recirculated during all bedrock core drilling, and the amount of
water used during drilling was monitored so that a like quantity could be recovered during
later well development. However, at MW42, formation water was recirculated due to the
remote location of the well and the need to minimize traffic on the access road and across a
field on the property where the well was installed.

At MW42, a smaller 2-inch well was installed (compared to the 4-inch well specified in the
work plan) because unstable soil conditions prevented access by the larger drill rig required
for installation of the 4-inch well. This change was approved by USEPA during a January
12, 2006 site visit.

6.2.1.4 Well Development

All newly-installed monitoring wells were developed by removing approximately 10 casing
volumes from the well. At locations where significant drilling water was lost to the formation
during advancement of the boring, development included recovery of a volume of water at
least equal to what was lost into the formation during drilling activities, in addition to the 10
casing volumes. In a deviation from the Supplemental RFI Work Plan, no water quality field
measurements were monitored during well development. Wells were developed, however,
until clean, relatively sediment-free water was being removed. A stainless steel submersible
pump, operated by Dragin Drilling, was used for well development. All pumps and hosing
were decontaminated using a high-pressure rinse before and between use in each well.

6.2.2 Monitoring Well Network

With the installation of these 16 wells and the additional wells described below, the
monitoring well network at the Site now consists of 40 overburden monitoring wells, 31
shallow bedrock monitoring wells, and 8 deep bedrock monitoring wells. Forty-six of the
monitoring wells are located on-site (west of Route 152), and 33 are located east of Route
152. The locations of the monitoring wells are shown on Figure 3.1. Note that the
monitoring well cluster MW24A/B/C and monitoring well MW 39 were removed in 2002 due to
the planned site development by the owner of the property.

The monitoring well network includes two overburden/shallow bedrock monitoring well pairs
(MW40A/B and MW41A/B) installed by Marin Environmental, Inc. in October 2001 to provide
additional information regarding natural attenuation of CVOCs along the centerline of the
plume, and one deep bedrock monitoring well (MW25C located adjacent to the existing
MW25A/B well pair) installed by ECS Marin in June 2003 as part of an investigation into the
hydraulic performance of the GSM. Boring logs for these five wells are provided in Appendix
B. Construction details are presented in Table 3.1.

The piezometer network surrounding the GSM was also expanded by ECS Marin in 2003 to
include ten additional piezometers (consisting of five overburden/shallow bedrock
piezometer pairs — P11/11a, P12/12a, P13/13a, P14/14a and P15/15a) bringing the total
number of piezometers around the GSM to 30. These piezometers are used for collecting
water level information and monitoring performance of the GSM; these data have been
presented in a number of reports (ECS, 2004; ECS, 2005; LFR, 2006a).

In addition, several piezometers/wells were installed in December 2003 and March 2004 by

ECS as part of the Supplemental Design Investigation for the Courtyard Area (AOC 7; ECS,
2004). Forty-six soil borings were advanced in the courtyard and surrounding area with a
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4%s-inch hollow stem auger. Eight of these borings were completed as 2-inch diameter

monitoring wells (MW101, MW102, MW103, MW104, MW106, P16, P21 and P23), one

boring was completed as a 4-inch diameter monitoring well (P20), and two borings were
completed as pairs of 1-inch diameter piezometers (P15-CY/P15a-CY; P17/P17a).

One additional bedrock monitoring well (MW 105) was installed in the Upper Courtyard Area
by ECS in August 2004 in order to better characterize ground water in the vicinity of the dry
well in this area (see Section 8.1.5). The monitoring well was completed as an open
borehole (drilled with an NQ core barrel) from 29 — 42 feet bgs and 4-inch steel casing
grouted into bedrock, which was encountered at 24 feet bgs.

In September 2005, three additional wells (LFR-1, LFR-2 and LFR-3) were installed as part
of the dual-phase vapor extraction system (LFR, 2006a; see Appendix E). These wells are
approximately 40 feet deep and are screened through the overburden and bedrock. Well
locations for all wells are provided in Figure 3.1 and boring logs for these wells/piezometers
are provided in Appendix B.

6.2.2.1 Additional Monitoring Wells Installed After 2006

Drive-In Property Wells. In July-August, 2007 LFR Inc. performed an ASTM Phase
Il Environmental Site Assessment (ESA) on the 21.1 acre former drive-in property located
across the street from the main facility at 43 Taunton Street. Seventeen soil borings were
drilled as part of the subsurface investigation of the property and two of these borings were
completed as overburden monitoring wells (MW51A and MW52) and two of these borings
were completed as bedrock monitoring wells (MW50 and MW51B). Monitoring well
construction details are provided in Table 3.1; boring logs are provided in Appendix B.

Courtyard Replacement Wells. Nine existing monitoring wells (P16, P17, P17a,
P20, P21, P23, LFR1, MW28 and MW 105) were destroyed during the excavation of the
former drywell in the Upper Courtyard in late 2007. In order to assess post-remediation
concentrations in groundwater, five new monitoring wells were installed downgradient of the
former drywell including one shallow overburden well (MW53A), one shallow bedrock well
(MW53B), and three deep bedrock wells (MW53C, MW45C and P12b).

The monitoring wells/piezometers were drilled and installed by Geosearch Inc of Fitchburg,
MA from April 15 to 30, 2009. At each location, the overburden was drilled using hollow
stem augers. At all bedrock monitoring locations, the bedrock was isolated from the
overburden by tremie grouting 4-inch diameter steel casing through the overburden and
approximately five feet into the bedrock using a 5% bentonite/95%cement grout. The
bedrock was then drilled to depth using a 4-inch diameter air hammer (LFR Inc, 2009c).

The shallow overburden well was installed immediately over the surface of the bedrock.
The shallow bedrock monitoring well was installed to penetrate 30 feet into the upper
bedrock to match the construction of existing shallow bedrock monitoring wells and
piezometers. The final installation of the deep bedrock monitoring wells was decided after
completion of test borings to a depth of 200 feet bgs based on field headspace screening of
rock cuttings and field observations.

The well triplet (MW53A/B/C) was installed through the former Building 1 slab approximately
60 feet east of former P17, and the two deep bedrock wells (MW45C and P12b) were
installed adjacent to existing MW45A/B and P12/12a, respectively (see Figure 3.1).
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Monitoring well construction details are summarized in Table 3.1 and boring logs are
provided in Appendix B.

In addition, one bedrock monitoring well (MW17) was decommissioned because geophysical
testing of the well revealed a break in the steel well casing at approximately 30.7 feet bgs at
the location of a well coupling. This well was replaced with a well of similar construction
(MWL17R, see Table 3.1) approximately ten feet north of the original well.

Two additional overburden piezometers (P16 and P18) and one additional shallow bedrock
piezometer (P17a) were installed downgradient of the GSM and HDPE barrier wall to
provide additional information related to performance of the GSM. Construction details are
provided in Table 3.1. Overburden piezometer P16 was installed as a couplet with the deep
bedrock piezometer P16¢c and overburden piezometer P18 was installed approximately 110
north of P17a, immediately east of Taunton Street (see Figure 3.1). The shallow bedrock
piezometer originally planned for P16c was not installed initially due to the presence of
VOCs observed in groundwater at a depth of approximately 300 feet bgs. However, this
piezometer was installed later in order to be consistent with the other shallow bedrock
piezometers surrounding the GSM. Shallow bedrock well P17a was installed approximately
205 feet north of the P16/16a/16c cluster, downgradient of extraction well EWO03.

Very Deep Bedrock Wells. In order to evaluate the groundwater quality in deep
bedrock east of Sawmill Brook, two deep bedrock sentinel wells were installed by LFR Inc. in
August and September 2010 adjacent to existing overburden and shallow bedrock
monitoring wells. The wells were installed to 300 feet bgs adjacent to the MW33 triplet
(MW33D) and adjacent to the MW43 pair (MW43D), as shown on Figure 3.1. In addition, in
order to provide vertical hydraulic gradient data, an overburden well (MW43A) was installed
at the MW43 well cluster. Monitoring well construction details are summarized in Table 3.1
and boring logs are provided in Appendix B.

Southern Perimeter Wells. Two additional monitoring wells (MW54A/B) were
installed in August 2010 to assess the potential for off-site migration of CVOCs in
groundwater south of AOC B. The overburden/shallow bedrock monitoring well pair is
located south of AOC 16 and MWO05. Monitoring well construction details are summarized in
Table 3.1 and boring logs are provided in Appendix B.

All new wells were surveyed by Massachusetts-licensed Hancock Associates of
Marlborough, Massachusetts on August 5, 2009 and on September 28, 2010.

6.2.3 Water Level Monitoring

On February 24, 2006 and April 4, 2006, ENVIRON and LFR measured ground water levels
in the monitoring wells at the Site to the nearest 0.01 foot using Solinst water level
indicators. Water level measurements are reported in Table 4.2.1a. Measurements at each
well were made from the highest point on the casing or a marked survey point.

In order to obtain ground water gauging data for all wells on the same date, the winter
gauging event did not occur until February 24, 2006, after MW42 had been completed.
However, the ground water sampling program began in December (since the other new
wells had been completed by that time). Thus, for all wells but MW42, water level gauging
was completed after purging and sampling. However, since the two events were separated
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by approximately a month, there was ample time for the wells to recover from sampling and
re-achieve static conditions.

Of the on-site wells stipulated to be checked for NAPL, only those installed by ENVIRON in
2005 were tested, since past experience with the pre-existing wells has demonstrated that
none of these wells contain NAPL. Testing for NAPL was accomplished by lowering a bailer
into the water column, and recovering the interval at the water table and from the bottom of
the well.

Additional water level measurements have been made during annual groundwater
monitoring events on 11/9/06, 11/26/07, 10/24/08, 10/22/09, and 11/10/10. These data are
provided in Table 4.2.1a. Water level measurements are also collected from selected wells
as part of the GSM monitoring program. These data are provided in Table 4.2.1b. The
monitoring frequency was approximately monthly beginning in 1999 and then changed to
quarterly beginning in 2006.

6.2.4 Sampling Methodology

6.2.4.1 Well Purging

The work plan called for all wells to be monitored for the presence of non-aqueous phase
liquids (NAPL) prior to purging and sampling. Standing water in each well was then purged
using a bladder pump and low flow techniques. During purging, the pH, temperature,
conductivity, turbidity, oxidation-reduction potential (ORP), and dissolved oxygen (field
parameters) of the extracted ground water were measured at a minimum of 5-minute
intervals. The purged water was discharged to the ground surface.

No variations from the work plan for the well purging occurred except as described below.

Monitoring the stability of the field parameters varied from what was stipulated in the work
plan in that turbidity was considered to be stable if readings were below 5 NTUs. This is
because 5 NTUs is at the lower limit of the instrument’s capabilities, and the inherent
inaccuracy of the instrument near the lower limit resulted in readings from the same sample
that varied by more than 20%.

Purging of MW48A and MW49 in the winter sampling event was completed using a
peristaltic pump, because no power supply (battery pack) could be obtained for a bladder

pump.

Well MW42 could not be purged using a bladder pump because the compressor was
apparently unable to generate sufficient pressure to inflate the bladder at the greater depth
of this well; a submersible Grundfos pump was used for purging the well.

6.2.4.2 Ground Water Sample Collection

Groundwater samples were collected using low-flow sampling techniques and equipment in
an effort to ensure that samples were representative of aquifer conditions. In most
instances, groundwater samples were collected with a bladder pump or other type of positive
displacement pump. Ground water samples were placed directly into laboratory-prepared
containers, labeled, stored on ice in a cooler, and delivered to the laboratory in accordance
with standard chain-of-custody procedures.
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No variations from the work plan for the ground water sample collection occurred except as
described below:

Sampling of MW42 varied from what was stipulated in the workplan in that the dissolved
metals sample was re-collected a day after the initial sample using a disposable bailer. The
initial sample could not be filtered and preserved in the field on February 24, 2006 because
the well was purged with a submersible Grundfos pump, and samples were collected with a
bailer, for which no field filtration equipment was available. Unaware that the sample was
unfiltered, the laboratory added preservative to the sample upon receipt, which would bias
the results high. Therefore, on February 25, 2006 a new sample for dissolved metals was
collected utilizing a disposable bailer.

The sampling of MW48A and MW49A varied from the work plan in that both wells were
sampled utilizing a peristaltic pump (in the winter event only) because they were located
inside the building, and no power supply was available for the bladder pump, which was
intended to be used. In the April sampling event, MW49B was sampled using a bladder
pump, however, the bladder pump malfunctioned during sampling of MW48A, and so the
peristaltic pump was again utilized.

6.2.4.3 Equipment Decontamination Procedures

All equipment used during groundwater sampling was decontaminated prior to operation
using a low-alkaline, low-phosphate detergent solution and rinsed with deionized water.
Steam cleaning was not used to decontaminate the pump or external pump lines. This was
not determined to be necessary because bladder pumps were being used, in which a new
bladder was used on each well, and the pump was disassembled and cleaned with a low
phosphate detergent solution and rinsed with deionized water prior to reuse. In addition,
external pump lines were dedicated to each well.

6.2.5 Chemical Analytical Program

The Supplemental RFI included a comprehensive ground water sampling event conducted
between December 15, 2005 and January 19, 2006. Installation of one deep bedrock
monitoring well (MW42) was not completed until February 7, 2006 due to drill rig access
issues. This well was sampled on February 24, 2006.

Monitoring wells included in the comprehensive ground water monitoring event are identified
in Table 6.2.1. All ground water samples including duplicate QC samples were analyzed for
VOCs by USEPA Method 8260B, and filtered and unfiltered (total and dissolved) metals
using USEPA Method 6020 and 7470A. In addition, ground water samples from selected
wells, as indicated in Table 6.2.1, were analyzed for natural attenuation parameters.®* The
trip blank samples were analyzed for VOCs using USEPA Method 8260B.

All new wells installed as part of the Supplemental RFI were re-sampled in April 2006 to
verify initial sampling results. These wells were analyzed for VOCs and total and dissolved
metals. In addition, a select number of wells were re-sampled in June 2006 and analyzed
for VOCs using EPA Method 8260B to better define the lateral extent of the ground water
plume to the north of Building 8, and investigate potential effects from increased pumping at
extraction well EW02. The shallow bedrock monitoring well MW29, which is located along

34 Natural attenuation parameters include dissolved gases (ethane, ethene, methane, carbon dioxide), total
alkalinity, total organic carbon, and selected anions (nitrate, nitrite, sulfate, sulfide and chloride).
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the northern wall of Building 8, and the monitoring well pair MW32A/B which is located
approximately 170 feet north of MW29, were last sampled in 1997. Although, ground water
flow is to the east in this area, these wells were re-sampled to provide a current assessment
of the plume in this area.

Recent improvements in the operation of the Groundwater Stabilization Measure (GSM)
have resulted in increased pumping of EW02 from about 5 gallons per minute (gpm) to about
18 gpm beginning in 2005-2006 and to about 28 gpm in 2010. The increased pumping rate
could have an effect on source areas previously outside the influence of this pumping well.
Monitoring wells MW04, MW 15, MW17, P13 and P13a are the nearest wells/piezometers
located downgradient of EW2 and were re-sampled in August 2006 to provide a reasonable
assessment of any potential effects in this area.

6.2.6 Summary of Data

VOC analytical results are presented in Table 6.2.2. Total and dissolved metals analyses
are reported in Table 6.2.3 and selected MNA parameters are reported in Table 6.2.4. A
comprehensive evaluation of ground water monitoring data collected to-date is provided in
Section 9.2.

6.3 Soil Gas Investigation

An updated soil gas survey of the vadose zone soils beneath Buildings 8 and 10 was
performed in July/August 2005 as part of the Supplemental RFI field investigation in order to
further characterize the nature and extent of the vapor plume observed in prior soil gas
surveys of this area and identify potential VOC source areas. These data will also be used
to aid in the design of any engineering controls, which may be implemented to mitigate the
migration of VOCs into indoor air. The sampling and analysis was conducted by Pine &
Swallow Associates, Inc. (PSA) of Groton, Massachusetts, under the supervision of
ENVIRON personnel. The soil gas investigation report is provided in Appendix F. The
sampling methodology and analytical results are summarized below.

6.3.1 Soil Gas Sampling Program

The original sampling grid established in the work plan included 85 locations arranged in a
grid pattern on 50-foot centers and a finer grid pattern on 25-foot centers surrounding AOCs
5, 6, and 30. Based on the results of the initial samples, eight additional locations were
tested for a total of 93 locations sampled. The sampling grid extended from Building 10 to
the eastern wall of Building 8 and south of Building 8 to encompass the adjoining building
slabs to the vicinity of AOCs 22, 26, and 30. Sampling locations are shown on Figure 6.3.1.

6.3.2 Sampling Methodology

Soil gas samples were collected for chemical analysis in general conformance with methods
outlined in the Supplemental RFI Work Plan. Ninety-three soil gas sampling locations were
installed by coring through the concrete and driving a half-inch, steam-cleaned, hollow steel
probe below grade by hand-held or drill rig-mounted equipment. The probe was fitted with a
disposable drive point that was advanced to final depth, and then pulled back 6 inches to
create a sampling cavity.

Samples were collected by fitting a tubing adaptor to the top of the sampling probe, and
connecting the probe to a monitoring panel and vacuum pump using disposable silicone
tubing. In the sampling mode, the silicone tubing was fitted with syringe needles and
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samples were collected in sealed autosampler vials after purging the sampling system and
vial with soil gas for approximately 30 seconds. Soil gas samples were delivered
immediately to the on-site mobile laboratory for analysis. Duplicate and equipment blank
samples were collected in general conformance with the work plan.

Although the work plan stipulated that soil gas probes be advanced to approximately two
feet below the concrete slab, actual depths achieved ranged from 15 inches to 44 inches
below the concrete slab due to cobbly subsurface conditions that prevented further probe
penetration. As indicated in the soil gas testing report, refusal was encountered at 17 inches
at SG-G6, 19 inches at SG-E1, 17 inches at SG-E2, 23 inches at SG-G5, 2 inches below
slab at SG-B-3W, and 15 inches at SG-D2. Because of poor seal or reduced probe depth,
the top of the probe was sealed with bentonite at locations SG-17, SG-H5, SG-C4, SG-D1,
SG-A4, and SG-D2 to obtain a proper seal.

6.3.3 Chemical Analytical Program

Soil gas samples were analyzed using a Hewlett Packard Model 5890 gas chromatograph
(GC) fitted with a Tekmar 7000/7050 Autosampler and electron capture detector. The
samples were analyzed for a limited suite of CVOCs (PCE; TCE; TCA, cis-1,2-DCE; trans-
1,2-DCE; 1,1-DCE; 1,2-DCA; 1,1-DCA and vinyl chloride) including the primary CVOCs
previously identified at the site. This reduced the number of standards for which the gas
chromatograph field instrument needed to be calibrated and that needed to be periodically
re-run, and facilitated collection of “real-time” data needed to make on-site decisions about
further sampling. Since the relative soil vapor concentrations were to be used solely as a
screening tool, the approach used fulfilled the requirements of the work plan.

Field quality control samples were collected in conformance with the guidelines of the
Supplemental RFI Work Plan.

6.3.4 Summary of Data

Soil gas analytical results are presented in Table 6.3.1; and PCE and TCA isoconcentration
contours are presented in Figures 9.3.3 and 9.3.4. A comprehensive evaluation of the soil
gas testing results in relation to historical data is provided in Section 9.3.

6.4 Surface Water

The Draft RFI Report (ENVIRON, 1999) included an ecological risk assessment (ERA)
based on site-specific chemical concentrations in surface water, sediment, soil and fish
tissue samples as well as wildlife and habitat surveys of the site and surrounding off-site
areas. The results of the ERA indicated that ecological risks were moderate in the south
embayment of Turnpike Lake adjoining the Site, largely due to the presence of metals in
sediments. In addition, the characterization of ecological impacts in areas east of the Facility
was limited by uncertainties in the data. Therefore, additional surface water and sediment
sampling was conducted in Turnpike Lake and in Sawmill Brook and its tributaries located in
the low-lying area east of the Facility in 2005. These data were incorporated into the 2007
Draft RFI Report. In response to comments received by EPA on the 2007 Draft RFI Report,
additional testing was conducted in 2010.

6.4.1 Surface Water Sampling Program

2005 Sampling Event. A total of 29 surface water samples, including three
duplicates, were collected in May/June 2005 and April 2006 during the Supplemental RFI
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field investigation. Twenty-three surface water samples were collected from Sawmill Brook
and the associated stream system located in the low-lying area east of Route 152; and six
samples were collected from Turnpike Lake. Surface water sample locations were recorded
with a Global Positioning System (GPS) unit and are shown in Figure 6.4.1. The surface
water sampling program is described in Table 6.4.1.

Along Sawmill Brook and in the low-lying wetlands east of Route 152, samples of filtered and
unfiltered surface water were collected at six previous sampling locations (SW-01, SW-02,
SW-03, SW-04, SW-05, and SW-11) and six new locations (SW-14, SW-15, SW-16, SW-17,
SW-18, and SW-19). One of these samples (SW-19) was collected from the private
impoundment immediately downgradient of the southern spillway, and two pairs of samples
(SW-14 and SW-15) were collected in an area suspected to be influenced by ground water
seeps. These latter two sample locations were sampled in June 2005 and again in April
2006 under lower flow conditions. Duplicate samples were collected at SW-03 and SW-04.
Each of these filtered and unfiltered surface water samples were analyzed for metals;
unfiltered samples were also analyzed for VOCs.

In addition to these 12 locations, seven surface water samples (SW-201 through SW-207)
were collected in support of the monitored natural attenuation (MNA) program. The purpose
of this sampling is to provide supplemental data to support an evaluation of the natural
attenuation of chlorinated hydrocarbons in ground water. Unfiltered samples were collected
from all seven locations and analyzed for VOCs. Five of these samples (i.e., SW-201, SW-
202, SW-204, SW-206, and SW-207) were also analyzed for filtered and unfiltered metals.
The surface water sampling locations are presented in Figure 6.4.1.

Six samples (including one duplicate at SW-08) were collected from Turnpike Lake at
locations SW-06, SW-07, SW-08, SW-09A and SW-12. As shown in Figure 6.4.1, sample
SW-06 was collected from the south embayment, SW-07 was collected along the eastern
shoreline due west of the facility, and SW-08 was collected near the northern spillway.
Samples SW-09A and SW-12 were collected from background locations south and west of
the Facility. All five locations were previously sampled during the Phase Il field investigation.

2010 Sampling Event. Five additional surface water samples were collected from
Sawmill Brook (SW-SD-47), Turtle Brook (SW-SD-48, SW-SD-60, and SW-SD-61) and an
upstream background location (SW-SD-TRIB) in June, 2010 to address EPA’s concerns that
metals were not fully delineated in the downstream portion of Sawmill Brook and its
confluence with Turtle Brook and support a sediment quality triad approach associated with
sediment toxicity testing. Surface water sampling locations are shown in Figure 6.4.1.

6.4.2 Sampling Methodology

2005 Sampling Event. Surface water samples were collected using collection
methods and instruments consistent with the Supplemental RFI Workplan (ENVIRON,
2005). Surface water grab samples were collected at each location using peristaltic pumps
in order to minimize potential volatilization of organics and inclusion of suspended sediments
in the sample. Disposable tubing was inserted into the water to a depth of approximately 0.5
feet below the water surface, or halfway between the water surface and the sediment bed,
whichever was shallower. Field filtration was performed with the peristaltic pump and an
inline 0.45 micron disposable cartridge filter. Used tubing was discarded after each
sampling station. Water quality measurements including pH, dissolved oxygen, conductivity,
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total dissolved solids, water temperature, turbidity, and oxidation-reduction potential were
recorded after collection of water samples. Field measured water quality data are reported
in Table 6.4.2 along with stream profile measurements (width, depth and approximate flow
rate), where applicable.

2010 Sampling Event. Surface water samples were collected using collection
methods and instruments consistent with the Supplemental Surface Water and Sediment
Sampling Quality Assurance Project Plan (ENVIRON, 2010). Surface water samples were
collected by lowering a laboratory-supplied sample container into the water, and filling it to
an appropriate level without the loss of preservative. Additional water samples were
collected in unpreserved containers and filtered at the lab to establish dissolved metals
concentrations. Field measured water quality data are reported in Table 6.4.2.

6.4.3 Chemical Analytical Program

Surface water samples were analyzed for VOCs using EPA Method 8260B, except for
samples SW-14 and SW-15 which were collected in April 2006 and analyzed for a shorter
list of VOCs using EPA Method 8260. Total and dissolved metals were analyzed using EPA
Methods 6020 except for mercury which was analyzed using Method 7470A. Samples
collected in 2010 were also analyzed for hardness using Standard Method 2340B.

6.4.4 Summary of Data

VOC concentrations detected in surface water samples are reported in Table 6.4.3. Total
and dissolved metal concentrations are reported in Table 6.4.4 along with hardness data.

6.5 Sediment Sampling

Additional sediment sampling was conducted in Turnpike Lake and Sawmill Brook in 2005
and in 2010 to document any changes in sediment quality conditions that may have occurred
since 1997 when these areas were last sampled, and further characterize potential
ecological risks from exposure to metals, VOCs, PCBs and radionuclides. Sediment
samples were also collected to evaluate the bioavailability of metals in sediments and
determine the potential for migration of particulate-bound or dissolved phase contaminants
from Turnpike Lake.

6.5.1 Sediment Sampling Program

2005 Sampling Event. A total of 49 sediment samples, including three duplicates,
were collected in late May and early June 2005 during the Supplemental RFI field
investigation. Forty-two sediment samples were collected from Sawmill Brook and the
associated stream system located in the low-lying area east of Route 152; and seven
samples were collected from Turnpike Lake. Sample locations were recorded with a Global
Positioning System (GPS) unit and are shown in Figure 6.5.1. The sediment sampling
program is described in Table 6.5.1.

2010 Sampling Event. A total of 33 samples (including three duplicates) were
collected in June and October during the 2010 sampling event. Sixteen samples were
collected from Turnpike Lake and seventeen additional samples were collected from Sawmill
Brook. Sample locations were recorded with a GPS unit and are shown in Figures 6.5.1 and
6.5.2. The sediment sampling program is described in Table 6.5.1.
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6.5.1.1 Turnpike Lake

2005 Sampling Event. Five sediment samples (including one duplicate) were
collected from four locations (SD-41, SD-42, SD-43 and SD-44) in the south embayment of
Turnpike Lake; and two samples (SD-09A and SD-10A) were collected from background
locations in the southwest and northern reaches of the lake (see Figure 6.5.1). All lake
samples were analyzed for priority pollutant metals, SEM/AVS, PCBs and TOC. In addition,
because hydrocarbons were stored in the courtyard area near AOC 7 and have been
detected in soils on the south side of the Facility, additional tests for volatile petroleum
hydrocarbons (VPH) and extractable petroleum hydrocarbons (EPH) were conducted on all
Lake samples to determine if hydrocarbons have accumulated in Lake sediments.

2010 Sampling Event. A total of sixteen additional sediment samples (including two
duplicates) were collected from Turnpike Lake in 2010. Two sediment samples (SD-43 and
SD-44) were collected from the south embayment, and one sediment sample was collected
from a background location (SD-09A), and analyzed for VOCs, metals, SEM/AVS and TOC
as part of a sediment quality triad analysis to support the ERA for the Site (see Figure 6.5.1).
In addition, four samples including one duplicate (SD-308, SD-309, SD-309dup, and SD-
310) were collected to further define the extent of radionuclide presence in the south
embayment, and nine samples including one duplicate (SD-311, SD-312, SD-313, SD-314,
SD-319, SD-319dup, SD-320, SD-321 and SD-322) were collected to further define the
extent of PCB and/or cadmium concentrations in the south embayment (see Figure 6.5.2).

6.5.1.2 Sawmill Brook and Related Streams

2005 Sampling Event. Forty-two sediment samples (including two duplicates) were
collected from Sawmill Brook and the associated stream system located in the low-lying area
east of Route 152. Surface sediment sampling was conducted at five previous sampling
locations (SD-01, SD-02, SD-03, SD-04, and SD-05) and at three new locations along the
previously sampled reach of Sawmill Brook (SD-49, SD-50, and SD-51). Duplicate samples
were collected at locations SD-01 and SD-03. In addition, two surface sediment samples
(SD-45 and SD-46) were collected in the wetland area where ground water intrusion is
suspected; and two surface sediment samples (SD-47 and SD-48) were collected at
downstream locations on Sawmill Brook. SD-47 was collected in the vicinity of SD-40
(sampled during RFI Phase Il) and SD-48 was collected approximately 100 to 200 feet
downstream in a reach of the stream that appears to be an area of sediment deposition.
Sediment samples collected from each of these 12 locations were analyzed for metals,
VOCs, PCBs, and TOC. In addition to reporting total metal concentrations, all locations
were tested for AVS/SEM to evaluate metal bioavailability.

Twenty-eight sediment samples from 14 other locations were collected in 2005 in support of
the monitored natural attenuation (MNA) program. The purpose of that sampling was to
provide supplemental data to support the on-going evaluation of the potential occurrence of
natural attenuation of chlorinated hydrocarbons in ground water. These 28 sediment
samples were collected along Sawmill Brook in and downgradient of the primary ground
water discharge area. Sediments were collected from two depth intervals (0 — 0.5, and 1 — 2
feet bgs) to evaluate the vertical distribution of any constituents detected in the sediment.
The depth intervals were selected based on previous sampling data indicating a total
sediment thickness of approximately two feet. These 28 sediment samples were analyzed
for VOCs and TOC. Samples located on the main branch of Sawmill Brook (i.e., SD-201,
SD-202, SD-204, SD-206, and SD-207 through SD-214) were also analyzed for metals.
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2010 Sampling Event. Seventeen additional sediment samples (including one
duplicate) were collected from Sawmill Brook and the associated stream system located in
the low-lying area east of Route 152 in 2010. Four sediment samples (SD-47, SD-48, SD-60
and SD-61) were collected to further delineate the extent of contamination beyond the
confluence of Sawmill Brook and Turtle Brook; six samples (SD-46, SD-46 DUP, SD-50, SD-
202, SD-214 and SD-TRIB) were collected to support interpretation of the sediment toxicity
testing results (Figure 6.5.1); and seven samples (SD-301 through SD-307) were collected
to evaluate the potential presence of uranium in Sawmill Brook (Figure 6.5.2).

6.5.2 Sampling Methodology

Sediment samples were collected using collection methods and instruments consistent with
the approved RFI Workplan (ENVIRON, 2005) and Supplemental Surface Water and
Sediment Sampling Quality Assurance Project Plan (ENVIRON, 2010). Surface sediment
grab samples from Sawmill Brook were collected in wadeable waters by scooping sediment
from the sediment bed using a large, cleaned, stainless steel serving spoon into stainless
steel bowls. Efforts were made to minimize the loss of fine particle size material associated
with the bottom of the surface water body when the scoop method was used. Excess water
was carefully poured out of the scoop to minimize surface water in the sediment sample.
Where sediments were collected from 1 to 2 feet below the sediment surface, a
polycarbonate tube (used for collecting subsurface core samples) was inserted into the
sediment, and pushed until refusal or two feet deep. The core tube was removed and the
sediment sample was collected by slicing the appropriate sections of core tubing, and
placing the sampled material in stainless steel bowls. The sampling caused some sediment
compression, which was accounted for when samples were collected. Regardless of
sampling method, samples for VOC analysis were collected first and then the remainder of
the sample was homogenized prior to collection of other samples.

Surface samples from Turnpike Lake were sampled using an Eckman dredge and placed in
a stainless steel bowl. Sediment samples collected by Eckman dredge were inspected by
the field team leader to make sure the sample was acceptable (not washed out, desired
sampling depth achieved, etc.). No lake samples were analyzed for VOCs.

6.5.3 Chemical Analytical Program

Total and dissolved metals were analyzed using EPA Methods 6020 except for mercury
which was analyzed using Method 7470A. TOC measurements were determined using the
Lloyd Kahn Method. Sediment samples were analyzed for VOCs using EPA Method 8260B
and PCB analyses were conducted using EPA Method 8082. Determinations of AVS and
SEM were made following EPA’s Draft Analytical Method for Determination of Acid Volatile
Sulfide in Sediment (USEPA, 1991e - EPA-821-R-91-100); VPH/EPH analyses were
conducted using MassDEP Methods for Determination of VPH and EPH (revision 1.1).

6.5.4 Summary of Data

Total metal concentrations are reported along with TOC data in Table 6.5.2. VOC analytical
results are reported in Table 6.5.3; PCB results are reported in Table 6.5.4; SEM/AVS data
are reported in Table 6.5.5, VPH/EPH data are reported in Table 6.5.6, grain size analyses
are summarized in Table 6.5.7 and uranium data are reported in Table 6.5.8. Data
interpretation is provided in Section 9.5.
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6.6 Benthic Macroinvertebrate Surveys
6.6.1 2005 Benthic Survey.

Biological sampling was conducted in 2005 using multi-habitat field sampling procedures
appropriate for the habitat in each location (USEPA, 1999¢). Standard kick-nets and D-
frame dip nets (e.g., 500 micron [um] opening mesh) were used to systematically collect
benthic macroinvertebrates. A total of 20 kicks (riffle habitat), dips (pool, run, and
embayment habitat), and jabs (snag habitat) were used to collect the organisms, though
some adaptation to available habitat was required. The organisms (and other material such
as sand and organic material) were collected and composited into a single sample for each
of the sampling locations. Benthic macroinvertebrates were partially field picked and
preserved in ethanol (i.e., organisms that could be separated from sand and other material
were separated at the time of sampling and preserved for shipment to the lab). Remaining
sampling material (e.g., sand and organic material) was packed on ice. Samples were
shipped to a taxonomic laboratory (Pennington and Associates, Cookeville, TN) for
identification of genus and species. Results and interpretation of the benthic
macroinvertebrate study are provided in the Ecological risk Assessment (Section 11.0).

6.6.2 2010 Benthic Survey

Unlike the 2005 benthic survey, the benthic macroinvertebrate sampling conducted in 2010
focused on collection of organisms from within the upper six inches of sediment or at the
sediment-water interface. Sediment was collected for toxicity testing in accordance with the
the Supplemental Surface Water and Sediment Sampling Quality Assurance Project Plan
(ENVIRON, 2010) Sediment samples were collected using a petite ponar dredge in Turnpike
Lake and collected with a D-Frame macroinvertebrate sampling net in the wetlands. Three
one-foot square samples were collected at the following locations: SD-09A, SD-43, SD-44,
SD-46, SD-214, SD-202, and the Sawmill Brook background location. Samples were
shipped to a taxonomic laboratory (Pennington and Associates, Cookeville, TN) for
identification of genus and species. Results and interpretation of the benthic
macroinvertebrate study are provided in the Ecological Risk Assessment (Section 11.0).

6.7 Sediment Toxicity Testing

Sediment was collected for toxicity testing using a petite ponar dredge in accordance with
the Supplemental Surface Water and Sediment Sampling Quality Assurance Project Plan
(ENVIRON, 2010). Sediment samples were shipped to ENVIRON’s toxicity testing
laboratory in Nasheville TN. Toxicity testing consisted of 28-day tests measuring both
survival and growth of H. azteca exposed to 100% sediment collected from the test and
background locations, as well as a laboratory-provided standard negative control sediment
according to EPA Method 100.4 (USEPA 2000). Eight replicates were performed for each
sample. Laboratory supplied, dechlorinated tap water (pH approximately 7.5, hardness
approximately 100 mg/L) was used in the analyses. Sediment samples were allowed to
equilibrate for a period of at least 24 hours, or when the pH of the overlying water was stable
at pH greater than 6.0 prior to testing.

The first round of toxicity testing was completed in September of 2010, and included the
following samples: SD-09A, SD-43, SD-44, SD-46, SD-50, SD-202, SD-214, and the
reference location SD-TRIB. As planned in the QAPP, initial toxicity testing did not include
locations SD-47 and SD-48 because the suite of samples identified for toxicity testing were
expected to cover a range of detected metals that would include the range detected at SD-
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47 and SD-48. However, because SD-47 and SD-48 had higher concentrations of metals
than most of the other samples in Sawmill Brook that were included in the sediment toxicity
testing, these samples were ultimately included in a second round of toxicity testing, which
included SD-47, SD-48, and a Sawmill Brook background location. The results from both
phases of testing are presented in detail in Appendix K and summarized in Table 11-11.

6.8 Analyzing Data Adequacy

The supplemental data collected for the ground water, surface water, soil and sediment
physical characterization program and the migration/dispersal characterization program were
validated and are judged to be useable. These data are used for the source and waste
characterization study required by Section 1X of the Consent Order and presented in
Sections 8.0 and 9.0 of this report.

6.9 Data Validation

The analytical data verification program was presented in the Quality Assurance Project Plan
(QAPP), Engelhard Corporation (ENVIRON, 2004). Validation of data obtained from field
measurements was performed by checking calibration procedures utilized in the field, and by
comparing the data to previous measurements, if any, at the specific site. Laboratory
analytical data was validated using the criteria specified in the USEPA Region | Tiered
Organic and Inorganic Data Validation Guidelines, July 1, 1993 and EPA New England’s
Data Validation Functional Guidelines for Evaluating Environmental Analyses, December
1996. Tier Il Data Validation was performed for the data collected in this Supplemental RFI
field investigation. The laboratory analytical data summary tables include data qualifiers,
where appropriate, that were the result of the data validation process. The data validation
reports, presented in Appendix G, include the rationale for specific data qualifiers.

According to the QAPP, data generated during this project will be considered adequate if
they are 80% complete in accordance with USEPA's Data Quality Objectives for Remedial
Response, March 1987. The analytical data collected for each media (ground water, surface
water, sediment and soil) were evaluated separately to determine the percent completeness
achieved during the Supplemental RFI field investigation by comparing the number of
unusable data to the total number of data for each analytical suite (for example, volatiles or
semi-volatiles). As shown on Table 6.8.1, the percent completeness achieved was 92% for
sediment (VOCs only) and 100% for all other media. The less than 100% completeness
achieved for the sediment samples was due to the peaty nature of these materials with total
organic carbon contents as high as 48.5%. Due to the high organic carbon content, the
laboratory encountered some difficulty recovering internal standards from some sediment
samples and the corresponding VOC analyses had to be rejected and classified as
unusable.
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7 Environmental Setting

7.1 Physiography and Topography

BASF Facility is situated on the eastern shore of Turnpike Lake and is located within the
Lower New England Physiographic Province (Coastal Hills Subregion). The general
topography of this subregion consists of gently rolling hills with generally low relief (USDA,
1989). Within the study area, Turnpike Lake is at an elevation of approximately 196.5 feet
(59.9 meters) above mean sea level (msl) and the majority of the Facility is at an elevation of
approximately 196.9 feet (60 meters) above msl (USGS, 1987). Elevations drop relatively
quickly to about 177 feet (54 meters) east/northeast of the Facility, remain relatively flat in
the area occupied by the low-lying wetlands and Sawmill Brook, and rise again to the east of
the floodplain. A three-dimensional representation of the topography surrounding the BASF
Facility is shown in Figure 2.5.

7.2 Climatic Conditions

The latitude of the Plainville area is in a region of prevailing west to east atmospheric flow.
Both polar and tropical air masses influence the region. Eastern Massachusetts is situated
on or near several tracks frequently followed by low-pressure storm systems. Coastal
storms, or “northeasters”, generally produce the most severe weather. The weather
fluctuates regularly from fair to cloudy to stormy. The Site’s proximity to Narragansett Bay
and the Atlantic Ocean has a moderating influence on temperature extremes of winter and
summer.

7.2.1 Precipitation

The Providence, Rhode Island weather station is located approximately 15 miles southwest
of the Facility. Monthly average precipitation data from the Providence, Rhode Island
weather station over the thirty-year period of 1971 — 2000 is plotted in Figure 7.2.1. Average
monthly precipitation over this time period varies from about 3.2 to 4.5 inches and totals
about 46 inches on an annual basis. There is usually no definite dry season, but occasional
droughts do occur. May, June and July are typically the driest months when intense, short-
duration thunderstorms are responsible for much of the rainfall. The first measurable
snowfall of winter usually occurs at the end of November, and the last about mid-March.
Most snowfall occurs between January and March. Winters with over 50 inches of snow are
uncommon, and the area generally receives less than 25 inches. It is unusual for the ground
to remain snow-covered for extended periods of time.

7.2.2 Temperature

Monthly average temperatures recorded at the Providence, Rhode Island weather station
over the thirty-year period from 1971 — 2000 are plotted in Figure 7.2.1. The mean annual
temperature is 51 degrees Fahrenheit (°F). In the summer months, temperatures can
average near 80 °F in warmer years and 60 °F in cooler years. Few days (5 — 20 days)
experience temperatures exceeding 90 °F. On average, temperatures reach 32 °F or lower
for 150 days out of the year.

7.2.3 Wind Patterns

Prevailing winds are from the north/northwest during the winter months (December through
March), and mostly south/southwest for the remainder of the year. The average wind speed
for the ten-year period from 1981 to 1990 was 10.4 miles per hour. The wind rose for the
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period of 1981 to 1990 is presented in Figure 7.2.2 and was constructed using hourly wind
records from the Providence, Rhode Island weather station.

7.3 Surface Water and Sediments

This section includes a discussion of the major rivers, streams, drainage patterns, and
sources of infiltration.

7.3.1 Hydrologic Setting

The Facility is located in an area that is characterized by flat to gently rolling or hummocky
terrain with a number of small lakes, ponds and wooded wetland areas. Turnpike Lake,
which is man-made, borders the Facility on the west and south. Sawmill Brook and low-lying
wetland areas are located to the east across Taunton Street (Route 152) and Turtle Brook
runs west to east, north of the Site. Turnpike Lake has two surface outlets, one from the
embayment immediately south of the Facility, and one approximately 0.13 miles to the north
of the Facility. The surface outlet to the north empties into Turtle Brook, and the surface
outlet to the south empties into Sawmill Brook, which eventually merges with Turtle Brook to
the northeast of the former drive-in. The low-lying wetlands surrounding Sawmill Brook also
receive drainage from the south and east, and Turtle Brook receives drainage from the
north. Drainage from the low-lying areas enters Lake Mirimichi, via Turtle Brook,
approximately 0.7 miles to the northeast of the Facility.

Surface elevations in the vicinity of the Facility range from just over 400 feet above msl at
the unnamed hill approximately one mile west of Turnpike Lake, to approximately 196 feet
above msl at Turnpike Lake, and approximately 160 feet above msl at Lake Mirimichi (USGS
Wrentham, MA Quadrangle). The surface water features near the Facility, including surface
water runoff direction and 100-year flood plains, are shown in Figure 7.3.1.

The Facility is located in the upper watershed of the Three Mile River in the Taunton River
Basin (see Figure 7.3.2). The northern portion of the Taunton River Basin is approximately
149 square miles and is bounded by the following cities: West Bridgewater, Easton, Sharon,
Stoughton, Norton, Mansfield, Plainville, Foxboro, and Wrentham (Williams and Wiley,
1967). Figure 7.3.2 shows the surface water drainage patterns in the Taunton River Basin.
Wading River, a tributary of Three Mile River, receives surface water flowing from Lake
Mirimichi. Surface water present in the basin is generally characterized as soft (<60 mg/L
hardness), slightly acidic (an average pH of 6.5), and low in dissolved mineral content
(Williams et. al. 1973a). Description of the geochemistry of Turnpike Lake and Sawmill
Brook are presented in Sections 7.3.3.2 and 7.3.4.2, respectively.

7.3.2 Facility Surface Water Drainage

Surface water runoff across most of ;[pe Facility discharges into Turnpike Lake or into two
on-site storm water retention ponds.  Runoff from the parking lot along the northern portion
of the Facility discharges to an unlined retention pond in the northeast corner of the Facility
and the roof drain from Building 8 discharges to an unlined retention basin to the northwest
of Building 8 (AOC 44). There are no outfall pipes from either retention pond, and discharge
from both ponds is via seepage to ground water.

35A small portion of the Facility property immediately bordering Rt. 152 discharges storm water runoff onto the
right- of-way for this highway, and subsequently into the low-lying area east of Rt. 152. This portion of the
Facility is comprised of landscaped greenbelts bordering the highway and driveway entrances and is not
believed to be environmentally significant.
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Formerly, the majority of the surface water runoff from roof surfaces, the courtyard area and
AOC B entered the south embayment via discrete subsurface drains and direct runoff. Roof
drains from former Buildings Nos. 1, 2, 5, 6, 7, and 9 discharged to the south embayment of
the Lake via three underground discharge pipes terminating in outfall structures (see Figure
7.3.1). Drainage from other buildings (i.e. 3, 4, 12) discharged via exterior drain piping to
adjacently paved areas, depending upon their location, and ultimately discharged via surface
overland flow in a westerly direction (Building 4) or southern direction (Buildings 3, 12) to the
main body of Turnpike Lake.

BASF demolished Buildings 1, 2, 3, 4,5, 6, 7, 9 and 12 in 1996-1997, and removed interior
roof drains that formerly discharged into Turnpike Lake. Subsurface piping still exists and
drains to the outfalls mentioned above, from remaining concrete slabs for former Buildings 1,
2,5, 6, 7and 9. Surface overland flow also runs from remaining concrete slabs for former
Buildings 1, 2, 3, 4, 7 and 12 either to the south to Turnpike Lake (former Buildings 3, 4, 6,
7, 9 and 12) or to the southeast/east (former Building 2) or northeast (former Building 1) to
the retention basin in the northeast portion of the site. Runoff due east of the former
Buildings 1 and 2 flows to a drainage ditch immediately west of Rte. 152, and discharges to
the headwaters of Sawmill Brook below the Turnpike Lake spillway. This pattern of
stormwater flow can be seen from Figure 7.3.1.

Since a large portion of the Site is paved or covered with buildings or the slabs from former
buildings, infiltration over much of the Site is minimal. Unpaved areas consist primarily of
landscaping along Route 152, wooded land bordering Turnpike Lake, and a gravel fire road
bordering former Buildings Nos. 6 and 7 to the south and west.

7.3.3 Turnpike Lake

7.3.3.1 Setting

Turnpike Lake is a shallow artificial lake that is mesotrophic (i.e., having a moderate amount
of nutrients). Because of its shallow depth, it is not stratified into thermal zones (i.e.,
epilimnion, metalimnion, hypolimnion). The lake has an area of 115 acres, a mean depth of
1.5 feet, and volume of 170 acre-feet (Baseline Water Quality Studies of Selected Lakes and
Ponds in the Taunton River Basin Massachusetts Department of Environmental Quality
Engineering (MADEQE), 1982). During the Phase | and Phase Il field investigations, lake
water elevations were recorded at a staff gauge located in the south embayment and lake
water depths were measured at each sediment sampling location. A summary of lake water
elevation measurements is presented in Table 4.4.1 and measured water depths are
presented in Table 4.5.2.

Seasonal fluctuations were observed in lake water levels with the highest levels measured in
the spring and the lowest levels in the fall. The highest lake water elevation of 197.17 feet
above the National Geodetic Vertical Datum of 1929 (NGVD) was recorded on April 17, 1997
(Round 3), and the lowest elevation of 194.77 feet above NGVD was recorded on August 11,
1997 (Round 4). In the northern portion of Turnpike Lake, field personnel observed during
the Round 4 field investigation that the lake water level had dropped to between 0.5t0 1.0
feet below the culvert under Shepherd Street, restricting flow between the northern and
southern portions of the lake.
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The southern outflow from Turnpike Lake is restricted by a rectangular weir and connecting
spillway. Elevation of the top of the weir was measured to be 195.52 feet above NGVD, and
elevation of the wall of the spillway is 197.40 feet. The freeboard height varies with lake
level. During the Phase | and Il field investigations, the lake level ranged from 0.15 to 1.65
feet above the top of the weir (water flowing over the spillway), except during Round 4.
During Round 4, the lake water level dropped below the top of the weir by 0.75 feet, resulting
in no flow other than seepage along the spillway and ground water infiltration exiting the lake

Discharge from Turnpike Lake to Sawmill Brook and the low lying wetlands east of Route
152 was calculated during the Phase | field investigation from measurements of stream
profile and flow rate at a location below the spillway (surface water sample location SW-05).
As presented in Table 4.4.3, discharge rates below the spillway were 10.41 cubic feet
second (cfs) and 4.72 cfs during Rounds 1 and 2, respectively. During Rounds 3 and 4,
insufficient water was present at the sample location beneath the spillway to calculate
discharge. The discharge rate from the lake through the spillway is dependent, in part, on
the manual operation of splash boards in the spillway, and will vary over time. Turnpike
Lake also recharges shallow ground water along its eastern boundary adjacent to the Facility
at an unknown rate. Ground water infiltrated from the lake flows to the east, beneath the
Facility, and upwells into the low-lying areas east of Rt. 152. A ground water model
describing this process is presented in Appendix H.

7.3.3.2 General Chemistry

Surface water samples collected from Turnpike Lake during the RFI field investigations were
analyzed for a variety of general water quality parameters including major cations and
anions, alkalinity, pH, total dissolved solids, and total suspended solids. Results of these
analyses are presented in Tables 4.4.7 and 4.4.8. In addition, field readings of pH,
temperature, specific conductance, and dissolved oxygen were made prior to sample
collection. Summaries of these measurements are presented in Tables 4.4.2 and 6.4.2.

During RFI Phase | and Phase Il sampling, Turnpike Lake surface water chemistry was
characterized by slightly acidic to neutral pH of 5.0 to 7.26, alkalinity of 3.8 to 36.0 milligrams
per liter (mg/L), conductivity of 120 to 311 micromhos per centimeter (umhos/cm), dissolved
oxygen of 6.79 to 12.32 mg/L, and total dissolved solids of 86 to 221 mg/L. With one
exception, total suspended solids ranged from less than the laboratory reporting limit of 5.0
to 20 mg/L. One sample collected during Round 4 at location SW-06, located in the south
embayment, reported total suspended solids of 340 mg/L. This elevated level of total
suspended solids may reflect a disturbance of sediment during sampling and does not
appear to be representative of lake surface water conditions at the time. Five additional
locations were sampled in May 2005 during the Supplemental RFI sampling event.
Conductivity levels in May ranged from 325 to 404 umhos/cm and pH levels ranged slightly
from 6.9 to 7.0. Dissolved oxygen levels ranged from 8.4 to 10.0 mg/L except at one
location in the south embayment where a level of 4.3 mg/L was recorded. Total dissolved
solids ranged from 210 to 290 mg/L. Conductivity levels were lower, near 250 pmhos/cm, in
June 2010 and pH levels ranged from 6.1 to 7.0. Dissolved oxygen levels ranged from 5.6
to 7.2.

Lake temperature variations reflected the season in which the measurements were made,
ranging from a low of 5.0 degrees Celsius (SW-10 measured April 5, 1995) to a high of 22.1
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degrees Celsius (SW-06 measured August 10, 1997). Chemical analysis results are
discussed in Section 9.3.1.

7.3.4 Sawmill Brook and Related Tributaries

Sawmill Brook is classified by the MassDEP as a Zone A surface water protection area (see
Figure 2.6). Under the State stream classification system, this stream has been classified as
Class B High Quality.*®

7.3.41 Setting

Surface water elevation measurements were recorded at staff gauge locations in 1995 and
1997 just downstream from the spillway from the south embayment of Turnpike Lake (SW-
05), at three locations in Sawmill Brook (SW-01, SW-02 and SW-04) and at one location in a
tributary to Sawmill Brook (SW-03) during the Phase | and Il field investigations. Surface
water sampling locations are shown in Figure 4.4.1. Measurements collected from just
downstream of the spillway (SW-05) are discussed in Section 7.3.3. Table 4.4.1 presents a
summary of surface water elevation measurements.

In general, surface water elevations decrease with distance from Turnpike Lake, confirming
that the streams east of the Facility drain water from Turnpike Lake. At each staff gauge, the
highest water elevations were reported in the early spring and the lowest elevations were
reported in the late summer.

At each surface water sampling location, stream profile measurements were made and
discharge rates measured during Rounds 1 through 4 of the Phase | and Il field
investigations. These measurements were used to calculate an approximate discharge at
each sampling location. The measurements and calculated discharges are summarized in
Table 4.4.3, and the stream channel cross sections are presented on Figures 4.4.2, 4.4.3,
5.4.1 and 5.4.2. In Rounds 1 and 2, collected in March — May 1995, discharge rate
measurements in Sawmill Brook were observed to consistently decrease with distance from
Turnpike Lake (SW-05 to SW-04, and SW-04 to SW-02), and then increase between gauges
located on either side of the low-lying areas east of Route 152 (SW-02 and SW-01). This
pattern of flow suggests that surface water in the stream may be draining into ground water
within the reach from the spillway to the low-lying area, beginning just downstream of station
SW-04. Downstream of this station, ground water upwells into the surface streams, as is
further evident by the occurrence of discrete springs in this area. During Rounds 3 and 4,
conducted in April 1997 and August 1997, respectively, the accuracy of the stream profile
and flow rate measurements were affected by the low water conditions and low discharge
rates that prevailed in the basin at the time. Meaningful interpretations of ground
water/surface water interactions from these data are not feasible. The interpretations from
earlier Rounds 1 and 2, as presented alone, however, are consistent with the general
hydrogeologic conditions in the area and consistent with the ground water model presented
in Appendix H. These conditions would be expected to prevail over the vast majority of
time.

36 According to the Code of Massachusetts Regulations Part 314, Chapter 4.05 (314 CMR 4.05), Class B waters
“are designated as a habitat for fish, other aquatic life, and wildlife, and for primary and secondary contact
recreation. Where designated they shall be suitable as a source of public water supply with appropriate
treatment. They shall be suitable for irrigation and other agricultural uses and for compatible industrial cooling
and process uses. These waters shall have consistently good aesthetic value.”
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The increase in stream flow rates on either side of the low-lying area east of Route 152,
combined with observations of ground water and surface water elevations (see Sections
4.2.3,4.4.2,5.2.2, and 5.4.2), ground water modeling results (see Appendix H) and surface
water chemical test results (presented in Section 9.3) suggest that Sawmill Brook acts as a
gaining stream below station SW-04, receiving contribution to flow from ground water. The
decrease in stream flow measurements downstream of the spillway (e.g., between stations
SW-05 to SW-04) likely reflects a portion of the stream discharging to ground water (losing
stream) along this reach.

The staff gauge located at SW-03 is located in a small tributary which feeds into Sawmill
Brook from the southeast. The tributary is separated from the main branch of Sawmill Brook
by a small topographic ridge (see Figure H-9 in Appendix H), and is therefore considered to
drain a different area than the area drained by the main branch. The contribution from this
small tributary, when measurable, ranged from 0.07 to 0.28 cubic feet per second (cfs).
Discharge could not be measured at this location during Round 4 due to insufficient flow in
the area. During the Supplemental RFI field investigation, the estimated flow rate at SW-03
was 0.13 cfs and in the range of previously measured values.*” However, residential
development east of SW-03 has progressed since the RFI Phase | and Phase Il field
investigations and may have altered drainage patterns and surface water flows in this area
since that time.

To evaluate seasonal variations in stream flow, stream flow measurements in the streams
east of the Facility were compared to daily mean discharge measurements made at the
USGS stream gauging station in the Wading River, located near Norton, Massachusetts.
The stream flow measurements for the Wading River near Norton covering the period from
1987 to 1997 are presented in Figure 7.3.3. As shown in this figure, the Round 4 field
investigation was performed during a period when stream flow in nearby Norton River was
particularly low, reflecting the drought conditions experienced over much of the area during
this time.

7.3.4.2 General Chemistry

Surface water samples collected from Sawmill Brook and its tributaries were analyzed for a
variety of general water quality parameters including major cations and anions, alkalinity, pH,
total dissolved solids, and total suspended solids, during the Phase | and Phase Il field
investigations, conducted in 1995 and 1997, respectively. Results of these analyses are
presented in Tables 4.4.7 and 4.4.8. In addition, field readings of pH, temperature, specific
conductance, and dissolved oxygen were made prior to sample collection. A summary of
these measurements is presented in Tables 4.4.2 and 6.4.2.

During the Phase | and Phase Il field investigations, surface water chemistry in Sawmill
Brook was characterized by slightly acidic to neutral pH of 6.0 to 7.55, alkalinity of 8 to 42
mg/L, conductivity of 110 to 261 umhos/cm, dissolved oxygen of 4.91 to 10.95 mg/L, and
total dissolved solids 77 to 254 mg/L. Total suspended solids ranged from less than the
laboratory reporting limit of 5.0 to 27 mg/L, and in general, stream temperature variations
reflected the season in which the measurements were made, ranging from a low of 9.0
degrees Celsius (SW-02 measured April 3, 1995) to a high of 16.5 degrees Celsius (SW-04
measured September 11, 1997).

37 This flow rate assumes a stream channel cross section similar to the one depicted in Figure 5.4.1.
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Similar conditions were observed during more recent sampling conducted during the
Supplemental RFI field investigations in May 2005 and June 2010. Dissolved oxygen levels
ranged from 4.3 to 10.9 mg/L and pH ranged from 5.8 to 7.4. Total dissolved solids and
conductivity levels were somewhat higher ranging from 160 to 340 mg/L and 242 to 530
pmhos/cm, respectively.

7.3.5 Lake Mirimichi

7.3.5.1 Setting

Stream profile measurements were made and flow rates measured at the inlet to Lake
Mirimichi (SW-11, at the terminus of Turtle Brook) during Rounds 1 through 4 of the Phase |
and Il field investigations. These measurements were used to calculate an approximate
discharge for this sampling location. The measurements and calculated discharges are
summarized on Table 4.4.3, and the stream channel cross sections are presented on
Figures 4.4.2, 4.4.3,5.4.1 and 5.4.2. A portion of the surface water flowing into Lake
Mirimichi is comprised of outflows from the north and south spillways of Turnpike Lake and
ground water inflows into the low-lying area east of Rte. 152. Other sources of surface water
contribute to inflow into Lake Mirimichi but are not relevant to this RFI. Discharge
measurements at the inlet to Lake Mirimichi showed a seasonal fluctuation with greater flows
observed during the spring (Rounds 2 and 3) and lower flows in the fall (Rounds 1 and 4).
The seasonal fluctuations are consistent with the regional pattern observed at the USGS
stream gauging station in the Wading River (see Section 7.3.4.1).

7.3.5.2 General Chemistry

Surface water samples collected at the inlet to Lake Mirimichi (SW-11) were analyzed for a
variety of general water quality parameters including major cations and anions, alkalinity, pH,
total dissolved solids, and total suspended solids, during the Phase | and Phase Il field
investigations. Results of these analyses are presented in Tables 4.4.7 and 4.4.8. In
addition, field readings of pH, temperature, specific conductance, and dissolved oxygen
were made prior to sample collection. A summary of these measurements is presented in
Table 4.4.2. Surface water chemistry at the inlet to Lake Mirimichi was characterized by
slightly acidic to neutral pH of 5.92 to 7.05, alkalinity of 13.8 to 17.0 mg/L, conductivity of 120
to 233 umhos/cm, dissolved oxygen of 6.91 to 10.21 mg/L, and total dissolved solids 115 to
194 mg/L. Total suspended solids were near the laboratory reporting limit of 5.0 mg/L.
Temperature variations reflected the season in which the measurements were made,
ranging from a low of 10.0 degrees Celsius (March 31, 1995) to a high of 17.8 degrees
Celsius (September 10, 1997).

7.3.5.3 MassDEP Sampling Results

On April 21, 1997, the Massachusetts Department of Environmental Protection (MassDEP)
collected samples of sediment and surface water from four locations in Lake Mirimichi and a
surface water sample at a location in Turtle Brook, which flows into Lake Mirimichi from the
low-lying area east of the Facility. The samples were analyzed for VOCs (by EPA Method
8260), metals, and various water quality parameters. Methyl tertiary butyl ether (MTBE) was
detected in all surface water samples collected in Lake Mirimichi and likely reflects the use of
motor powered craft in the lake. The surface water sample collected from Turtle Brook,
where it flows into Lake Mirimichi, reportedly also contained PCE and 1,1,1-TCA at
concentrations of 1.9 pug/L and 1.1 pg/L, respectively. PCE was also detected in one lake
surface water sample located closest to where Turtle Brook flows into Lake Mirimichi at a
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concentration of 0.55 pg/L. At a second location near where Turtle Brook flows into Lake
Mirimichi, PCE was detected in a sediment sample at a concentration of 8.1 ug/kg. These
data suggest possible impacts from the Facility on surface water and sediments of Lake
Mirimichi.

In addition, 1,4-dichlorobenzene (1,4-DCB) was detected in one sediment sample collected
near the northern shore of Lake Mirimichi at a concentration of 70 pg/kg. However, this
sample was collected nearly 2,000 feet away from where Turtle Brook flows into Lake
Mirimichi and closer to where other sources of surface water drain into Lake Mirimichi. This
chemical has never been detected at the Facility and its presence in Lake Mirimichi is more
likely related to the Plainville (Laidlaw) Landfill, which is located north of Lake Mirimichi,
across Interstate 495. A plume of ground water contamination extends downgradient from
the landfill towards Lake Mirimichi, and 1,4-DCB along with 1,1-DCA, methylene chloride,
vinyl chloride and 1,4-dioxane are among the list of constituents detected in the plume
(Eckenfelder, 1999). Based on hydrogeological evidence and analytical data, the plume
appears to discharge to Lake Mirimichi.

7.3.6 Sediments

As discussed in Section 7.3.2, storm water runoff from the operational areas of the Facility
has historically entered Turnpike Lake at the south embayment (AOC 13) and west of AOC
A. Sediments at these locations were sampled during the Phase |, Phase Il and
Supplemental RFI field investigations. Storm water runoff also enters unlined storm water
retention basins located near Building 11 (AOC 44) and in the northeast corner of the Facility
parking lot. Sediments from AOC 44 were sampled during the Phase | field investigation.®

7.3.6.1 Sediment Thickness

During Phase I, sediment thickness in the south embayment of Turnpike Lake ranged from
0.03 to 1.97 feet, with the thickest measurements observed at locations toward the center of
the south embayment. Sediment thickness in the lake west of AOC A was somewhat less,
ranging from less than measurable to 1.05 feet thick. In both areas, sediment thickness
increased with distance from the shoreline. The results of the sediment thickness survey in
Turnpike Lake are presented in Table 4.5.2 and in Figure 4.5.2. Measurements of sediment
thickness were not conducted in Sawmill Brook and wetland areas or in the two storm water
retention basins located to the north of the Facility.

7.3.6.2 Deposition Areas and Seasonal Variation in Sediment Transport

Areas of sediment deposition and erosion in Sawmill Brook and its tributaries were evaluated
using field observations and data collected during the Phase | and Phase Il surface water
sampling programs. During the four rounds of testing, velocity measurements were made at
each stream sampling location as described in Sections 4.4 and 5.4 and Appendix C. The
maximum velocity measured during each round of sampling was then compared to
permissible stream flow velocities presented in Open Channel Hydraulics (Chow 1959,
p.166-7). The permissible velocities were developed to assist civil engineers in designing
channels that would not erode for a given channel depth and particle size. For particle sizes
between US Sieve No. 200 (clay and silt) and US Sieve No. 20 (gravel), where the
measured channel velocities exceeded the permissible velocity (corrected for depth) an area

38 No sediment samples were collected from the basin in the northeast corner of the parking lot because this
basin never received roof drain runoff and was not identified as an AOC.
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of erosion was interpreted, and where the measured channel velocities were less than the
permissible velocity an area of deposition was interpreted. Table 7.3.1 provides a summary
of the measured stream velocities, permissible velocities for a given particle size, and the
results of this evaluation. These interpretations were confirmed by field observations and
approximate boundaries were based on field observations. The approximate areas of
sediment deposition and erosion in Sawmill Brook are shown in Figure 7.3.4.

Field observations and flow rate measurements indicate that as water exits the south
embayment of Turnpike Lake through the weir and down the spillway, stream flow achieves
the maximum velocity in the study area. Stream velocity measurements made below the
spillway at surface water sample location SW-05 were the highest measured among the
stream test locations during the four rounds of testing. Measured velocities at SW-05
exceeded the permissible velocity for each sampling round. Therefore, this area is
interpreted as an area of sediment erosion (shown by the red hatching in Figure 7.3.4).

Downstream of SW-05, the water slows as it moves into an impounded area where a
resident has widened and partially dammed a small area of the stream (i.e., private
impoundment). Due to the decrease in velocity and corresponding drop in sediment load
capacity, this area is interpreted as an area of deposition (shown as yellow hatching in
Figure 7.3.4).

Between the impoundment and the former drive-in movie theater, interpreted areas of
deposition and erosion in Sawmill Brook vary as a result of a seasonal fluctuations in water
velocity. These areas are shown with a red and yellow hatch pattern in Figure 7.3.4. Behind
the former drive-in movie theater, the stream slows as it enters an impounded area formed
where the stream flow is restricted by a culvert crossing beneath an earthen road (near SW-
01). Due to the decrease in stream flow velocity and corresponding drop in load capacity,
this area is interpreted as an area of sediment deposition. The approximate boundaries of
this area are shown with yellow hatching in Figure 7.3.4.

In the area of the small tributary which feeds into Sawmill Brook, stream flow rate data
consistently indicated an area of sediment deposition when compared to the permissible
velocities given by Chow. An exception to this is for data collected during Round 4 for which
insufficient water was available in the tributary to measure flow rate. The approximate
boundaries of this area are shown with yellow hatching in Figure 7.3.4.

Although seasonal variations in stream flow rate were observed during the course of the
Phase | and Phase Il field investigations (Section 7.3.4.1), with one possible exception,
seasonal variations in sediment transport were not observed at the test locations in Sawmill
Brook. For surface water sample location SW-02, the comparison with permissible velocities
for materials passing US Sieve No. 200 (silt and clay) indicated erosion during Rounds 1 and
2 (both Spring 1995) and deposition during Rounds 3 and 4 (Spring and Summer 1997). For
grain sizes passing US Sieve No. 20 (sand and gravel), the measured velocities consistently
indicated deposition over all four rounds of sampling. This area was sampled extensively in
2005 (sampling locations are shown in Figure 6.5.1) and at many locations sediments were
greater than two feet thick. Thus, although stream velocities at times might indicate areas of
sediment erosion, field observations indicate that much of the low lying wetlands beyond
SW-04 are characterized by areas of sediment deposition.
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7.4 Physical and Chemical Parameters

Selected sediment samples collected during the Phase | field investigation were analyzed for
grain size distribution, bulk density, total organic carbon content, cation exchange capacity,
and pH. These results are summarized in Table 4.5.8. Grain size distribution in sediment in
the vicinity of the Site is variable, ranging from silty gravel with sand (approximately 50
percent gravel) to silt (approximately 95 percent silt). Bulk density of these sediments varied
between 62 pounds per cubic feet to 130.3 pounds per cubic feet. The organic carbon
content of these sediments was also variable. Total organic carbon (TOC) content in
sediment ranged from 0.36 % to greater than 16 %. Additional TOC analyses were
conducted on samples collected during the Supplemental RFI field investigation in May
2005. The TOC content in these samples ranged from 0.5 to 48.5 %, consistent with the
peaty nature of this material. The cation exchange capacities of the sediments varied
between less than 5.4 to 52.5. The sediment pH values ranged from 5.34 to 7.36.

7.5 Hydrogeology
7.5.1 Regional Geologic Setting
7.5.1.1 Regional Geology

The Site is located near the northwestern margin of the Narragansett Basin Physiographic
Province of Massachusetts. This province is characterized by Pennsylvanian age
consolidated sedimentary rocks, including conglomerates, greywacke, mudstone, siltstone,
shale, and coal deposited in fluvial to deltaic environments. These sedimentary rocks
unconformably overlie Proterozoic age crystalline rocks, which include granites, quartz
monzonites, and gneiss. The sedimentary rocks are overlain by unconsolidated Quaternary
glacial deposits consisting of poorly sorted to stratified sand, gravel, and clay (Lyons 1977;
Zen et al. 1983). The thickness of the unconsolidated glacial deposits range from 0 to 150
feet across the Narragansett Basin (Williams et al. 1973b). The stratigraphy and bedrock
geology of the region near the Facility are illustrated in Figures 7.4.1 and 7.4.2.

The consolidated rocks of the Narragansett Basin have experienced episodes of both
compressional and tensional deformation resulting in a complex arrangement of folds, high
angle normal faults, low angle thrust faults, fractures, and joints. Figure 7.4.2 illustrates the
primary geologic structures in the area of Plainville, Massachusetts, and is based on the
geologic investigation of Lyons (1977). In general, sedimentary bedding and fold axes strike
east to east-northeast. Most fractures, joints and quartz veins are high angle (45° to vertical)
and strike either north or east-northeast. The major faults in the area are high angle normal
faults trending north to south. Horizontal displacement along these faults may be on the
order of 1,000 meters or more. Two major structures, the Mansfield Syncline and the
Mirimichi Fault, may influence the local geology and hydrogeology in the vicinity of the Site.

7.5.1.2 Regional Hydrogeology

The Site is located within the Taunton River Drainage Basin, a small sub-area of the
Narragansett Basin. The principal aquifer system in the basin is the Middle Wading River
aquifer, which is composed of stratified, unconsolidated glacial drift (see Figure 7.4.3a),
which lies above the bedrock surface. The Massachusetts Department of Environmental
Protection has classified the majority of the area surrounding the Site and the low-lying
areas to the east as a potentially productive high yield aquifer (Figure 7.4.3b).*

39 http://www.mass.gov/mgis/mapping.htm
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An underlying bedrock zone also serves as an aquifer in some parts of the basin, and is
used in areas east of the Facility as a source of water supply for private wells near Lake
Mirimichi. Water in the bedrock zone is contained almost entirely in fractures that are within
the upper 200 feet of the bedrock.

Regional surface water and ground water drainage is generally to the south towards
Narragansett Bay; however, local ground water flow patterns can vary significantly and are
principally controlled by topography and localized surficial drainage patterns. In the
immediate area of the Site, surface and ground water generally flow to the east and
northeast from the area of Turnpike Lake towards Lake Mirimichi.

7.5.2 Site Geology

Soil/bedrock borings drilled during pre-RFI, RFI and Supplemental RFI investigations have
consistently identified two principal geologic zones underlying the Site and the immediate
surrounding area: an unconsolidated (glacial-till) overburden zone and a consolidated,
fractured bedrock zone. Within the bedrock zone, field investigations have focused on both
the shallow bedrock, just beneath the contact with the overburden zone, and the deeper
bedrock zone (up to 300 feet bgs); for the purposes of clarity, these two bedrock zones are
referred to in this report as the shallow bedrock zone (generally to depths up to 75 feet bgs)
and the deep bedrock zone (generally at depths greater than 75 feet bgs), respectively. The
overburden zone represents Quaternary glacial deposits and the bedrock zones are
comprised of the Rhode Island Formation (Lyons, 1977). The following discussions are
based on the geologic logs that have been compiled during prior investigations at the Facility
(see Appendix B). Figures 7.4.4,7.4.5, 7.4.6 and 7.4.7 depict geologic cross-sections
constructed from the boring logs. The orientations of the cross-sections are shown on
Figure 7.4.8.

7.5.2.1 Surficial Soils

Site-specific information was developed from the soil borings that were advanced on-site.

As indicated on the soil boring logs (Appendix B), unconsolidated overburden covers the Site
and bedrock does not outcrop at any portion of the Site. Site soils were logged based on the
unified soil classification system (USCS) and, in general, tend to be sandy gravel or gravelly
sand with occasional interbeds of silt. In low-lying areas and in the wetlands east of Route
152, finer-grained, and more organic rich, silts and clays are present. The soils in the area
within the vadose zone are typically permeable and well drained, due to their high
sand/gravel content.

During Phase | of the RFI investigation, select soil samples from the Site were analyzed for
pH, bulk density, and particle size distribution. In general, the pH of the soil on-site varied
between 5.7 and 7.4 and bulk densities varied between 104.9 and 135.8 pounds per cubic
foot (see Table 7.4.1). Particle size (sieve) analyses confirm the visual logging that the Site
soils are predominantly composed of gravel and sand.

North and south of the Facility, soils are composed of Hinckley sandy loam, which are
excessively well drained and are characterized by rapid permeability, low available water
capacity, and moderate to extremely high acidity (USDA, 1989). East of the Facility, are
areas of Hinckley sandy loam, Sudbury fine sandy loam, Freetown muck and Swansea
muck. The two muck soil types are associated with the forested wetland area and are highly
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organic, very deep, nearly level, and very poorly drained with extreme acidity, highly
available water capacity, and moderate permeability (USDA, 1989).

The soil moisture storage at field capacity (“storage capacity”) was determined for a silty
loam soil based on values presented in USEPA (1975). The amount of water available to
plants for evapotranspiration was determined to be 200 milliliters of water per meter of soil
(mm/m). The storage capacity of 125 mm/m was determined by multiplying the available
water by the estimated root zone depth (0.625 meters). The infiltration rate is estimated to
be approximately 12 inches per year (see Table 7.4.6).

7.5.2.2 Overburden

An unconsolidated overburden zone was encountered at every boring location drilled at the
Site and the surrounding area. In general, the overburden consisted of poorly sorted and
poorly stratified, brown gravelly sand, with occasional lenses of gray silty sand found near
the base of the overburden just above bedrock. The gravel fraction ranged in size from
pebbles to large granitic cobbles. The thickness of this unit varied from 18 to 36 feet, with
the thickest sections occurring in the low-lying wetlands area immediately east of the Facility.
The depth to water in the overburden zone at the Site and surrounding vicinity varies from
approximately 13 feet to the west of the Facility to approximately 2 feet in the wetlands to the
east of Rte 152 under GSM non-pumping conditions.

A thin, discontinuous layer of fine-grained silt was encountered in several borings beneath
the Facility and in the wetlands to the northeast. Due to the sandy nature of the soils that
comprise the overburden zone, and the absence of any extensive confining layer at the base
of the overburden zone, ground water in the overburden is expected to be readily drained
into the underlying bedrock when the natural gradient (or gradient induced by ground water
pumping) is downward. This drainage potential was directly observed during the pump
testing of on-site extraction wells when the Groundwater Stabilization Measure (GSM) was
first constructed and tested.*’

Five samples of the unconsolidated material were collected for grain size analyses during
the prior pre-RFI investigation. Two samples (1017-SS01, 1017-SS02) were collected from
surficial material along the southern margin of the Facility near the former guardhouse in
AOC B, and three samples were collected from depths between 3.0 to 5.0 feet in the
boreholes used to construct monitoring wells MW21A, MW22A, and MW23A. The samples
were tested for grain size distribution by Empire Soils Investigations and the results were
provided in the RFI Phase I Interim Deliverable (ENVIRON, 1995a). The sand fraction of the
samples ranged from 50 to 80 percent by weight and the samples generally contained less
than ten percent fines (silt or clay).

The porosity of the overburden was calculated by comparing dry density of the soil to the dry
mass density of quartz (Freeze and Cherry, 1979). The density value for quartz was
obtained from Lambe and Whitman (1969). Based on these calculations, porosity ranges
from 18 to 37 percent in the overburden.

7.5.2.3 Bedrock

Bedrock at the Site unconformably underlies the overburden. Two principal lithologies were
observed in the bedrock borings: a finely laminated black to dark gray shale and a gray to

40 Mapping of the drawdown in the overburden and bedrock during these pump tests is shown in Appendix M.
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green, medium to coarse grained feldspathic sandstone (graywacke). These two lithologies
were interbedded on a scale varying from inches to tens of feet. Based on the regional
mapping of Lyons (1977), the strike of bedding is probably east-northeast, although available
information is not sufficient to confirm this interpretation.

A wide variety of structures were observed in the rock cores collected during the prior drilling
programs, including contorted layering, fractures, slickensides, quartz veins, and vugs
partially filled with quartz. Localized fractures observed in the rock cores were generally one
to two millimeter planes with oxidized surfaces; only minor offsets across the fractures were
observed. The dip of the fractures ranged from 45 degrees to near vertical. Occasional, thin
one- to two-inch clay seams were also observed. The rock core from MW17, located along
Route 152 near the center of the Facility property line, contained a significant amount of
graphitic material and appeared to be slightly metamorphosed.

Although on-site bedrock throughout the Site was found to be fractured to some degree, two
relatively continuous fracture zones were observed in the on-site ground water drawdown
patterns during the pump testing of the extraction wells in the GSM. The largest observed
fracture zone crosses the Site from the west (near the waste water treatment system in
Building 10) to the east, crossing near or beneath AOCs 7, 22, and 26 (including the former
dry well in the upper courtyard area), and between EW01 and EW02 near the eastern
boundary of the Site (see Figure 13 in Appendix M). This fracture is believed to be a
significant conduit for the migration of on-site ground water and contamination to the east.

A second north-south trending fracture is suggested by the drawdown patterns observed
during the pump testing of extraction wells EW03, EW04, and EWO05 (see Figures 14 and 15
in Appendix M). Although potentially less important as a conduit for off-site migration, this
fracture does potentially influence and improve the collection of ground water within the
northern portion of the GSM.

Downhole geophysical logging of extraction wells EW01, EW02 and EWO03; monitoring wells
MW17 and MW45B; and piezometer P12a were conducted from June through September,
2008 in order to further characterize the bedrock zones in the vicinity of the GSM and
provide necessary information to support the proposed placement of an additional extraction
well to improve GSM capture efficiency. Fluid temperature and fluid resistivity logs were
generated to identify hydraulically active water bearing zones; caliper logs were generated to
map borehole diameters and identify fracturing along the borehole wall; acoustic televiewer
logs were used to determine the location, strike and dip of fractures; and heat pulse
flowmeter logs were used to determine the direction and rate of flow in the vicinity of
identified fracture zones. This information was summarized in a report prepared by LFR
Inc. (2009b) and summary figures are provided in Appendix U.

MW17. MW17 is located east-southeast of EW03, downgradient of the GSM. Downhole
geophysical logging of MW17 indicated a break in the steel well casing at approximately
30.7 feet bgs and open planar features near 68 to 70 feet bgs with upward flow originating in
this area. The inferred open fractures dip towards the south and south-southwest at 60 to 70
degrees, striking east to east-southeast, with one fracture dipping toward the east at 20
degrees, striking north. Most of the inflow into the well originated at the well casing break.**

41 This well was decommissioned and replaced with MW17R in May 2008.
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MW45B. Downhole geophysical logging of MW45B, located within the footprint of former
Building 1 midway between EW02 and EWO03, suggests the presence of a hydraulically
active bedrock zone at 36 to 38.5 feet bgs with fractures striking east to east-southeast
dipping towards the south to south-southwest at 10 to 20 degrees and dipping to the north-
northeast at approximately 55 t0 70 degrees, and fractures striking north, dipping west at
approximately 70 degrees.

EWO01. EWOL1 is the southernmost GSM pumping well which is screened through the
overburden and an open hole through the bedrock interval down to 160 feet. Most of the
inflow to the well enters at a depth of 24 to 33 feet bgs. The most hydraulically active
bedrock zones occur at approximately 38 to 45 feet bgs, 80 to 85 feet bgs, and from 92 to 96
feet bgs. Most open planar features dip downward toward the south and south-southwest at
60 to 85 degrees, striking east to east-southeast or downward to the southeast at 50 to 85
degrees, striking generally northeast. The density of open planar features from about 38 to
110 feet bgs was about one planar feature every 4.2 feet.

EWO02. EWO02 is located approximately 100 feet north of EWO01 and consists of a steel
casing down to 27 feet bgs and open hole bedrock interval from 27 to 200 feet bgs.
Downhole geophysical logging suggests EWO02 intersects highly fractured bedrock over its
entire interval. The most hydraulically active zones are located at 28-33, 60, 77, 87-90, 96,
162-166, 177-179, and 185 feet bgs. The majority of open planar features dip downward to
the east from 70 to 80 degrees, striking north; dip downward to the southeast at 35 to 75
degrees, striking northeast; and dip downwards to the south-southwest from 75 to 85
degrees, striking east-southeast. The density of open planar features from about 30 to 180
feet bgs was about one planar feature every 6.3 feet.

EWO03. EWO03 is located approximately 100 feet north of EW02 and consists of a screened
interval through the overburden from 21.5 to 51.5 feet bgs and an open hole bedrock interval
from 51.5 to 180 feet bgs. The most hydraulically active bedrock zones are associated with
planar features concentrated at 58 to 89 and 133 to 164 feet bgs. Most dip downward
toward the east-northeast at 40 to 80 degrees, striking north to southeast. A second group
of open planar features dip downward to the south-southwest at 20 to 80 degrees and
toward the north-northwest at 25 to 85 degrees. The density of open planar features from
about 58 to 164 feet bgs was about one planar feature every 5.9 feet.

Overall, an abundance of high angle fractures was confirmed during the geophysical logging.
The open planar features dip at angles ranging from approximately 10 to 90 degrees from
horizontal with the majority of open planar features (64%) being high angle, dipping at 60 to
90 degrees. The orientation of the majority of the open planar features cluster in three
general groups:

e Dipping towards the east — striking north,
o Dipping towards the south to south-southwest — striking east to east-southeast, and
e Dipping towards the southeast — striking northeast

The downhole geophysical data suggests that the overall fabric of the bedrock changes from
EWO01 to EWO03 with the predominant strike of the fractures rotating from east to east-
southeast at EWO01 to north to southeast at EW03. This change is consistent with the
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previously inferred presence of a hydraulic divide between EW02 and EW03 based on
extraction well pump tests conducted as part of the GSM evaluation (LFR, 2006b).

The information generated from the downhole geophysical logging was augmented by
surface geophysical testing (including seismic refraction profiling, two-dimensional (2D)
multi-electrode resistivity profiling, and VLF [very low frequency] profiling) performed from
July 17, 2008 through September 5 2008. During seismic refraction profiling, two 750-foot
seismic transects were performed parallel to the GSM extraction wells. One transect was
located west of Route 152 and one transect was located east of route 152. Seismic data
were analyzed using Rimrock Geophysics SIPT2 delay-time software and Optim, LLCs
SeisOpt2D software. The 2D multi-electrode resistivity and VLF profiling were conducted
along a 750-foot transect parallel to the GSM, east of Route 152. Neither of these
techniques was employed west of Route 152 due to potential interferences from monitoring
wells and subsurface utilities. The 2D multi-electrode resistivity profiling data were analyzed
using Advanced Geosciences RES2DINV software. The VLF profiling data were collected at
20-foot intervals using an ABEM Wadi digital VLF receiver; signals were generated from the
VLF transmitting station located in Cutler, Maine. This information was summarized in a
report prepared by LFR Inc. (2009b) and summary figures are provided in Appendix U.

The southern fracture zone between EW01 and EWO02 that was originally inferred from
pumping test groundwater elevation data and was further substantiated from the correlation
and trend of anomalies observed in the surface geophysical data, which indicated a
relatively high angle fracture zone in the bedrock trending roughly west-southwest to east-
northeast. This trend is oriented on an axis through piezometers P12a and P13a and likely
extends toward the upper courtyard area in the vicinity of the former drywell.

As illustrated on the four geologic cross-sections (Figures 7.4.4 through 7.4.7) and the
bedrock structural contour map presented in Appendix H (Figure H-10), the bedrock surface
slopes to the east, towards the low lying areas east of Route 152. The Mirimichi Fault
appears to extend into the area east of Sawmill Brook and west of wells MW33C and
MW23A. This interpretation is supported by the disparity in thickness of shales and
sandstones on either side of the fault. On the west side of the fault, the lithology is
dominated by sandstone with interbedded shale units, while on the east side of the fault, the
lithology is dominated by shale with interbedded sandstone. The Mansfield Syncline was not
confirmed to extend through the Site based on the geologic logs available for this
investigation.

The description of bedrock provided above applies equally to the shallow and deep bedrock
zones. There were no significant lithologic differences between these two bedrock zones
observed in the drilling record for the Site. The deepest borings at the Site (up to 300 feet
bgs at P16c¢) revealed highly fractured metasedimentary rocks derived from interbedded fine
to medium grained sandstone, siltstone, and mudstone protolith with the exception of a
metaconglomerate encountered from approximately 222 to 254 feet bgs (LFR Inc., 2009c).
The fractures observed in the bedrock cores ranged from low to high angle with an
abundance of high angle to vertical fractures. Lower angle fractures (< 45°) are also present
along the entire test boring. Secondary mineralization has partially healed/filled some
fractures (LFR Inc., 2009c). Based on water loss during the drilling, a significant fractured
bedrock zone exists at approximately 65 to 70 feet bgs.
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7.5.3 Site Hydrogeology

7.5.3.1 Ground Water Flow Patterns

Water level measurements have been recorded at the Site since the earliest pre-RFI
investigations in the late 1980s. The water levels in the overburden and bedrock zones
observed during the most-recent Supplemental RFI investigations are consistent with the
historic record over the past 20 years, and are mapped in Figures 7.4.9, 7.4.10, and 7.4.11.
Although the water table has been observed to seasonally vary by as much as 8 to 9 feet on-
site, the general ground water flow patterns in the overburden, shallow bedrock, and deep
bedrock zones appear to be primarily topographically controlled; and the direction of ground
water flow remains relatively consistent throughout the year.

Ground water beneath the Site is principally recharged from Turnpike Lake, located west of
the Facility and, in the absence of any on-site ground water pumping, naturally flows to the
east/northeast in a topographically “downhill” direction, eventually upwelling into the low-
lying wetlands located east of Route 152. The flow direction becomes more northerly in the
overburden and shallow bedrock east of the former drive-in property. Within the deep
bedrock beneath the former drive-in property, the flow direction is to the northeast. This
gradual turn in the direction of ground water flow to the north is the result of the inflow of
additional ground water to the wetlands from the topographically higher land to the east and
south of Sawmill Brook.

Beneath the central and southern portions of the Site there is generally a downward
hydraulic gradient between the overburden zone and the shallow bedrock zone indicating
that ground water is recharged by Turnpike Lake along the Site’s western and southern
boundaries (e.g. near well nests MW01/13, MWO06/27 and MWO05/18), and by local on-site
infiltration. Figure 7.4.12 depicts the direction of vertical hydraulic gradients in selected well
nests measured between December 2001 and February 2006. More recent data are
provided in Table 7.4.7. Along the eastern portion of the Site, the gradient between the
overburden and bedrock is typically downward, although this area is highly influenced by the
operation of the GSM and the direction of flow will be dependent on the recent history of
pumping and rainfall patterns.

Vertical hydraulic gradients between the overburden and bedrock remain downward
immediately east of Route 152 and on the former drive-in property (e.g. near well nests,
MW40A/B, MW41A/B and MW08/19/38) reflecting continued recharge of the overburden and
bedrock from local infiltration, until reaching the border of the low-lying wetlands, where the
vertical gradient generally reverses, with higher water levels in the bedrock zone than in the
overburden zone. The transition from ground water recharge to discharge across the area is
depicted in a cross section extending from the Site to the east, through the wetland area
located immediately south of the former drive-in property (see Figure 7.4.13). Bedrock
ground water levels in the discharge areas are typically higher than surface water elevations.
These results indicate that in the ground water discharge zone, ground water upwells from
the bedrock into the overburden, which in turn upwells into the surface water. As shown in
Table 7.4.7, consistent upward vertical gradients are seen at the MW09, MW20, MW23,
MW31 and MW32 well clusters

Although the bedrock comprises a sequence of shale and sandstone strata that may act as
significant barriers to vertical flow, rock cores reveal mostly high angle fractures that dip at
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angles of 45 to 90 degrees and facilitate vertical flow. The geophysical investigation
conducted on-site in the vicinity of the GSM confirmed the prevalence and abundance of
high angle fractures in the bedrock along the GSM (LFR, 2009). The open planar features
dip at angles ranging from approximately 10 to 90 degrees from horizontal with the majority
of open planar features (64%) being high angle, dipping at 60 to 90 degrees.

In order to confirm the influence of topography and surface water drainage on the interpreted
ground water flow patterns, a computer model of the ground water flow system beneath the
Site and surrounding areas was developed and evaluated. The model was used to simulate
the flow patterns that exist today while the GSM is operating. The model is documented in
Appendix H, which also contains depictions of the simulated ground water flow, with the
GSM operating. The predominance of the regional topography with Turnpike Lake to the
west at a higher elevation, and the lower wetlands to the east, is apparent in controlling the
regional pattern of ground water flow. Ground water crossing Route 152 to the east in the
overburden zone discharges into the surface streams east of the road and along the
southern edge of the former drive-in property. Ground water in both the shallow and deep
bedrock zones also flows to the east, and eventually discharges via the overburden zone
into the wetland areas that generally lie to the south and east of the former drive-in property.
Although the pumping of ground water from the GSM at an approximate rate of 50 gallons
per minute along a 540 foot long line just east of the main Facility does influence localized,
on-site flow patterns, the regional pattern of recharge to the west, and discharge in the
wetlands to the east, are robust regardless of the status/rate of the GSM pumping.

As is discussed more fully in Section 13.0 of this report, the on-site pumping by the GSM is
currently intercepting nearly all of the water that flows across the central portion of the Site
beneath the former and current buildings. The capture of ground water by the GSM extends
to the west edge of Route 152 in the overburden, and to the east of the road in the bedrock
zone. When the GSM is fully operational, the groundwater that is bypassing this system and
flowing to the east is derived from localized recharge in the northern and northeast portions
of the Site and along the shoreline of the south embayment to Turnpike Lake.

7.5.3.2 Ground Water Flow Rates

As described below, estimated ground water flow rates range from about 33 to 75 feet/year
in the overburden aquifer and about 76 to 130 feet/year in the bedrock aquifer. Ground
water flow rates were derived from aquifer properties and estimates of gradient and
hydraulic conductivity, as well as plume characteristics and what is known about the
operating history of the Facility.

Hydraulic Conductivity. Initial estimates of the hydraulic conductivity in the overburden
and shallow bedrock aquifers were based on slug tests performed on six overburden
monitoring wells (MWO01, MW03, MW04, MWO07, MW08 and MW09) and one shallow
bedrock monitoring well (MW13) during the pre-RFI Phase | and Phase Il investigations in
1987 and 1988. Slug tests and/or bail tests were also performed during the pre-RFI Phase
Il investigation in monitoring wells MW03, MW05, MW 14 through MW19, MW20A through
MW24A and MW20B through MW24B. Slug tests (falling water level tests) were only
performed on the bedrock wells where the open section of the well was below the static
water level. Ball tests (rising water level tests) were conducted on the remaining overburden
wells in which the well screen intersected the water table. The pre-RFI Phase Il tests were
conducted between November 28 and December 1, 1989.
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As indicated in Table 7.4.2a, estimated hydraulic conductivities in overburden wells are
highly variable and ranged from 3.6 x 10 to 2.2 x 102 cm/s. Hydraulic conductivities in the
shallow bedrock aquifer also are quite variable, and ranged from 2.4 x 10 to 2.8 x 102 cm/s
in tests conducted during the pre-RFI Phase I, Il and Il investigations. Rising head slug
tests performed in February 2004 on overburden monitoring wells MW101 through MW 104
(located in the courtyard area) ranged from 3.0 x 10 to 6.6 x 10 cm/s (ECS, 2004b).
Duplicate tests were performed for each well. The average of duplicate measurements is
recorded in Table 7.4.2.

Falling head and rising head slug testing was also performed on four overburden/bedrock
piezometer pairs (P1/P1la, P11/P11a, P12/P12a and P14/P14a) located upgradient and
along the southern half of the GSM (ECS, 2005).** Low water levels prevented slug testing
in P14. Hydraulic conductivities measured in the three overburden piezometers (P1, P11
and P12) were much lower than prior estimates for the overburden aquifer, ranging from
1.89 x 10° to 3.45 x 10° cm/s. These lower conductivities are inconsistent with sand and
gravel soils and may reflect either the presence of a finer grained material located just above
the bedrock surface in this area of the Site, or compaction of soils during building
construction activities.

For the four bedrock piezometers, average hydraulic conductivities ranged from 5.2 x 10~ in
Pl1lato 1.9 x 10° cm/s in P1a. The higher conductivity measured in P1a may be due to the
higher fracture density observed in the shallow bedrock and an interpreted fracture zone
running east west through EW02 (ECS, 2004b). Hydraulic conductivities estimated from
packer testing of the pilot boreholes used to construct the six extraction wells are consistent
with a higher fracture density observed in the shallow bedrock. Estimated hydraulic
conductivities in the shallow bedrock layer (~ 20 to 60 ft bgs) tested in the six extraction
wells ranged from 6.9 x 10 to 7.8 x 10™ cm/s compared to values ranging from 3.3 x 107 to
4.7 x 10°® cm/s in deeper areas of the bedrock aquifer (down to 200 ft bgs). Note that some
deeper bedrock zones in extraction wells EW04 (140 to 160 and 180 to 200 feet bgs) and
EWO06 (120 to 200 feet bgs) produced no water during packer testing of the pilot borehole,
reflecting very low hydraulic conductivities in these zones. However, in the area of EW01
through EWO03, certain deeper bedrock zones exhibited higher hydraulic conductivities
reflecting an increased fracture density in these areas.

For the overburden aquifer, the overall geometric mean hydraulic conductivity is 9.2 x 10™
and the median estimate is 1.4 x 10 cm/s. Hydraulic conductivities in the shallow bedrock
are similar with a geometric mean estimate of 1.7 x 10 cm/s and median estimate of 1.4 x
10 cm/s based on pre-RFI Phase |, Il and Ill data, Foster Wheeler packer testing of the
uppermost bedrock layer (~ 20 to 60 feet bgs), and piezometer data.

Hydraulic conductivity measurements in the bedrock aquifer can vary widely depending upon
fracture characteristics. This variability is evident in Foster Wheeler packer testing of the six
GSM extraction wells (see Figure 2 in Appendix M). Hydraulic conductivity estimates
measured in discrete packer test intervals of the six wells varied from essentially zero (i.e. no
water produced) to 6.9 x 102 cm/s. In general, conductivity estimates decreased with depth
in wells EW02, EW04, EW05 and EWO06; but wells EW01 and EW03 exhibited more of a
pattern of alternating zones of high and low conductivity with depth.

42 Note that multiple estimates of hydraulic conductivity were determined for each piezometer and that average
values are presented in Table 7.4.2.
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Step-drawdown tests performed on the six GSM extraction wells (EWO01 through EWO06) in
March 2004 suggest that hydraulic conductivities in the bedrock aquifer range from 9.7 x 107
to 2.7 x 10 cm/s. The six GSM extraction wells are located west of the barrier membrane
and are arranged in order and oriented south to north from EWO01 to EW06. Ranges in
hydraulic conductivity estimated for each well are shown below (USEPA, 2005b). It is noted
that these values represent average estimates for the entire open borehole, and their
purpose was to determine long term, sustainable ground water pumping rates. It is likely
that specific zones in the bedrock have higher hydraulic conductivity, as indicated by the
packer tests described above.

Estimated Hydraulic Conductivity Ranges Based on Step Drawdown
Tests Performed on Six GSM Extraction Wells

Extraction Hydraulic Conductivity Range

Well (cm/s)

EWO01 2.7 x10°t0 1.6 x10™
EWO02 1.4x10*to 3.5 x 10™
EWO03 7.5x10°t0 3.4 x 10°
EWO04 51x10%to1.1x10°
EWO05 8.2x10%t06.2x 10°
EW06 3.0x10%t09.7x 103

The highest conductivity was observed in EWO06 at the northern end of the GSM; estimated
hydraulic conductivities ranged from 3.0 x 10°t0 9.7 x 10 cm/s. These estimates are
slightly higher than the geometric mean estimate from slug test data reported in Table 7.4.2
(1.9 x 10®). However, at the five other extraction wells, hydraulic conductivities ranged from
2.7 x 10°® at EWO01 to 3.5 x 10 at EW02. Over all six extraction wells, the geometric mean
of the upper end of the range for each well is 1.5 x10™ cm/s and the geometric mean of the
lower end of each range is 2.7 x 10 cm/s. It should be noted that extraction wells EW01,
EWO03 and EWO05 are also screened on the overburden aquifer, but wells EW02, EW04 and
EWO06 are not.

The step drawdown tests and packer testing of the six extraction wells suggests that
hydraulic conductivities in the bedrock aquifer at certain locations along the GSM could be
lower by several orders of magnitude than the geometric mean estimate of 1.7 x 10 cm/s
reported in Table 7.4.2a. However, as described below, such low hydraulic conductivities
are inconsistent with the horizontal extent of the existing plume.

More recently, hydraulic conductivity estimates in the very deep aquifer (down to 300 feet
bgs) were obtained by LFR Inc. in boring P16c. Alternative falling head and rising head
hydraulic conductivity tests were conducted at discrete 23.8 foot intervals beginning at the
deepest interval (293 feet bgs) and ending at the bottom of the steel well casing at
approximately 35 feet bgs in soil boring P16c. Each bedrock interval was isolated from
above and below using pneumatic straddle packers to seal the borehole wall. The water
level recovery data was analyzed using AQTESOLYV Pro Software by Hydrosolve. Raw data
are presented in LFR’s Technical Memorandum entitled “Summary of Courtyard Well
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Replacement and GSM Field Activities” (LFR Inc., 2009c). Hydraulic conductivity estimates
are summarized in Table 7.4.2Db.

Hydraulic conductivity estimates ranged from approximately 1.9 x 10 to 6.2 x 10 cm/s at
depth (approximately 125 to 293 feet bgs) compared to higher values ranging from 6.1 x 10
to 9.0 x 10 cm/s in the shallower region from about 35 to 125 feet bgs. The highest
hydraulic conductivity (6.1 x 102 cm/s) was measured at 55 to 79 feet bgs in the highly
fractured zone observed during drilling activities. Overall, based on limited hydraulic
conductivity measurements in the very deep aquifer, and neglecting effects form significant
fracture zones, it appears that groundwater flow generally decreases with depth in the
bedrock aquifer.

Hydraulic Gradients. Hydraulic gradients in the overburden and shallow bedrock zones
were estimated from measured water table elevations along two flow pathways: a northeast
flow pathway originating at the MW03/14/16 well cluster and flowing northeast to the
MW20A/B/C well cluster — a distance of about 1250 feet; and an east flow pathway along the
centerline of the plume, originating at the MWO04/15/17 well cluster and flowing east to the
MW21A/B/C well cluster — a distance of about 650 feet. As shown in Table 7.4.3, prior to
construction of the GSM, median hydraulic gradients in the overburden aquifer along the
east and northeast flow pathways were 0.012 and 0.009 ft/ft, respectively. Post installation
of the GSM, hydraulic gradients along the east and northeast flow pathways decreased to
0.008 and 0.007 ft/ft, respectively.

In the shallow bedrock zone, median hydraulic gradients along the east and northeast flow
pathways were 0.013 and 0.009 ft/ft prior to construction of the GSM, and 0.008 and 0.003
ft/ft, respectively post GSM construction. Note that on several occasions, estimated
gradients along the northeast flow pathway were negative, indicating a gradient reversal
reflecting influence of the GSM on water table elevations, particularly in MW14.

Ground Water Velocity. An average groundwater flow velocity in the overburden aquifer
can be estimated from a median hydraulic gradient of 0.012 ft/ft (see Table 7.4.3) and the
geometric mean hydraulic conductivity estimated from slug test data (9.2 x 10 cm/s; Table
7.4.2). Assuming an effective porosity of 0.2 — 0.35 for a coarse or gravelly sand (USEPA,
2000a), the average groundwater flow velocity in the region from the GSM to the edge of the
wetlands near MW21A is about 33 to 57 feet/year. At this rate, ground water takes about 11
to 20 years to travel from MW4 to MW21A (a distance of about 650 feet). The estimated
travel time from the courtyard area, which is a known source of CVOCs in ground water, to
MW21 (a distance of about 960 feet) would take about 17 to 29 years.

Groundwater transport in the bedrock zone is more difficult to estimate. The step drawdown
tests suggest that groundwater flow in shallow bedrock regions to the northeast of EW6 at
the northern end of the GSM is expected to be faster than other regions of the Site. If the
fractured bedrock is treated as an equivalent porous medium with an effective porosity of
0.3, then under a typical gradient of 0.013 ft/ft, the average groundwater velocity is 76
feet/year assuming a geometric mean hydraulic conductivity of 1.7 x 10 cm/s based on slug
test data reported in Table 7.4.2. Note that this calculation does not take into effect the
influence of individual fractures on travel times. If the hydraulic conductivity in the bedrock
aquifer is actually an order of magnitude less than the geometric mean hydraulic conductivity
of 1.7 x 10 cm/s, then the estimated groundwater velocity is 7.6 feet/year and it would take
126 years for contamination originating in the courtyard area to reach MW21B assuming
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zero retardation. However, contamination in MW21B was first detected in 1989, within 32
years from the start of facility operations. This suggests that a lower hydraulic conductivity
on the order of 10" does not accurately reflect overall conditions in bedrock at the Site. An
alternative estimate of ground water flow rates can be made based on existing monitoring
well data and the history of operations at the Facility. Assuming the source of contamination
observed in MW21 is the newly-discovered dry well located in the courtyard area, a lower
bound groundwater flow velocity can be estimated from the earliest possible release date
(1957), the earliest date CVOCs were detected in MW21B (PCE was detected at a
concentration of 780 pg/L in September 1989 when the well was first installed), and an
assumed retardation coefficient for PCE. The retardation coefficient, R, can be calculated
using equation (7-1).

Vy N p Koc foc

R = —= =1 (7-1)
A n
where:
Vy = average linear groundwater velocity
Vy = average velocity of contaminant
o, = bulk density of soil (g/mL)
Koc = organic carbon/water partition coefficient (mL/g)
foc = fraction of organic carbon in soil
n = total porosity in soll

At an assumed total porosity of 40 percent, the soil bulk density for a sandy soil is about 1.6
g/mL. This value is at the low end of the range of values calculated for Site soils (see
Section 7.4.2). US EPA (1998) gives a range of Koc values for PCE of 209 to 359 mL/g.
Assuming the median Koc estimate 263 and a foc of 0.0014 based on measurements at the
Site, the calculated retardation coefficient for PCE is 2.5. Thus, a lower bound estimate of
groundwater velocity is 75 feet/year as shown in equation (7-2).

Vy = 2.5 (960 feet) = 75 feet/year (7-2)
(1989 — 1957 years)

Assuming zero retardation, the estimated groundwater velocity is 30 feet/year. Note that this
is a conservative lower bound estimate because it assumes an earliest possible release date
and because PCE is likely to have reached MW21B prior to September 1989. If the release
occurred sometime after the opening of the facility, then the ground water flow rate would be
higher than this calculated value. This calculation does not consider potential effects from
longitudinal dispersion. If the first detection of PCE in MW21B in 1989 is due to longitudinal
dispersion, then the estimated groundwater velocity would be less than 75 feet/year.
However, the consistent level of contamination observed in this well between September
1989 and the present, suggests a steady state condition was present in 1989 and potential
effects from longitudinal dispersion do not affect the calculation. A similar calculation
performed for the northeast flow regime suggests that groundwater velocities in the bedrock
average 130 feet/year, with an assumed retardation factor of 2 for TCA, and 65 feet/year
assuming zero retardation. This calculation assumes that TCA concentrations originate from
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the edge of Building 8 near AOC 14 in 1966 and reach MW 20 in 1989 (a distance of about
1500 feet).

7.5.3.3 Seasonal Variations

Like much of the eastern U.S. coastal areas, southeastern Massachusetts experiences
seasonal periods of higher and lower rainfall. Typically the driest period of the year is in the
summer and early fall. During this time ground water levels are typically lower, due to the
higher rates of evapotranspiration and the lower infiltration of rainfall. Ground water levels
typically begin to recover in the later fall through the spring period when evapotranspiration
is low do to the absence of a leaf canopy, and when the rainfall and infiltration are typically
somewhat higher during this period. A recent example of this seasonal ground water
fluctuation occurred at the Site in the Fall of 2005, as can be seen on the water level maps
for the overburden zone included in Appendix N. In September 2005 ground water levels
were seasonally low, particularly on the northeastern portion of the Site. Following a period
of heavy rainfall in mid October, ground water levels in the overburden in this area rose
about 8 to 9 feet over a period of only a few weeks. Within this interval, the Site experienced
rainfall of approximately 12 inches, which had an obvious direct effect in recharging the
water table.

Another significant influence on ground water levels on the Site is the pool level of Turnpike
Lake. The water level in the Lake is controlled by overflow from two splash-board spillways.
One spillway is located in the south embayment and the other is located to the north
adjacent to the land owned by the Natural Resources Trust of Plainville. Although the
spillways are typically operated by the Natural Resources Trust of Plainville to maintain a full
lake pool (typically at an elevation of about 196 feet MSL, the occasional removal of the
spillway splash-boards causes the Lake levels to decrease by up to several feet. This has a
direct effect on ground water levels along the Lake shoreline. The elevation of the Lake is
approximately 20 feet above the wetlands to the east, however, fluctuations of several feet in
Lake level does not affect the long term trend of flow from the Lake to the east.

Ground water levels to the east of Route 152 tend to be more seasonally stable than levels
on-site. In this area, the regional discharge of ground water flowing from Turnpike Lake
tends to support the local water table; although, ground water level fluctuations of several
feet may be experienced between extremely wet and dry periods.

7.5.3.4 Other Man-Made Influences on Groundwater Flow

A number of municipal and private water supply wells are located within a one-mile radius of
the Facility; however, based on a review of site-specific hydrogeologic data, the influences of
these wells on the local ground water conditions beneath and downstream of the Facility are
minimal.

Private and municipal wells are located in the vicinity of the Facility beyond a radius of
approximately 2,500 feet. The following information was developed from communications
and information supplied by the Town of Plainville Board of Health. In March 1989,
approximately 78 private wells were located to the north and east of the Facility, beyond the
area where ground water discharges into the wetland east of Route 152. More recent
communication with the Town of Plainville Board of Health identified eight additional private
wells in the area, installed since October 1998. A list of the private wells is presented on
Table 7.4.4 and the approximate locations are shown on Figure 7.4.14. The depths of the
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private wells are not known, but the wells are believed to be less than 120 feet in depth and
generally produce water from bedrock zones. Information concerning the pumping rates and
schedules was not available.

As shown on Figure 7.4.14, three municipal wells are also located to the southwest of the
Facility on the opposite side of Turnpike Lake. The wells vary in depth from 30 to 52 feet
bgs. According to the Town of Plainville Board of Health, these municipal wells are typically
pumped between 7 and 22 hours per day, although during peak demand periods, the wells
may be pumped 24 hours per day. The screen intervals, depth, and pumping schedules for
these wells are presented on Table 7.4.5. Due to the shallow depth of these wells and the
close proximity to Turnpike lake, it is likely that the primary source of water to these wells is
local recharge to the glacial till and water indirectly drawn from the Lake through the glacial
till by ground water extraction.

In addition the Town of Plainville has constructed a new water supply well field to the east of
the Site on the border of Lake Mirimichi (see Figure 7.4.14). The interbasin transfer
application decision for the Lake Mirimichi Well Field is provided in Appendix R. The well
field consists of three overburden wells located about 20 feet apart from each other and
approximately 250 feet from the shoreline of Lake Mirimichi. The wells are constructed in a
relatively thin sand layer above bedrock and extend to depths of 22.5 to 26 feet bgs. Similar
to the current Town wells, these new wells are designed to draw water from the glacial till
and indirectly from the surface water supply (Lake Mirimichi). The well field was brought
online in May 2007, and typically pumps at rates ranging from 50,000 to of 225,000 gallons
per day based on information provided by the Town of Plainville Water Department. The
well field was approved by the MASSDEP for a combined withdrawal of 0.4 million gallons
per day (Massachusetts Water Resources Commission, 2004).

The well field is located well beyond the area where ground water from the Site discharges
to surface streams and is located hydraulically “cross-gradient” from the regional ground
water flow passing beneath the Site. For these reasons the current presence of
contamination in ground water east of Route 152 is not believed to pose any direct threat to
the quality of water produced by these new wells. It is also known that the Town well
treatment plant includes a tertiary treatment system (carbon filtering) to prevent the
possibility of impact to water quality of these wells from any VOC source (as described in
Section 7.3.5.3, VOCs are entering Lake Mirimichi from the nearby Laidlaw Landfill).

One irrigation well is currently present on the Cacciapaglia property, located east of the
Facility on Route 152. This well is not currently in use for irrigation or as a potable water
source but has not been abandoned.

In addition to the off-site production wells, BASF is currently operating a series of 6 on-site
extraction wells to control the migration of contaminated ground water to the east. Further
discussion of the influence of these extraction wells on local ground water flow is presented
in Section 13.0 of this report.
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8 Waste Characterization

This Source and Waste Characterization section of the draft RFI responds to the
requirement of Section 1X.B of the Consent Order. Section 8.1 presents a description of the
AOCs and sub-AOC:s including locations of these areas, design features, operating
practices, and methods used to close the area to the extent that the information is available.
The information contained in these descriptions is based on information contained in the
Administrative Record completed by the USEPA, Region I, and supplemented by any further
information identified by Engelhard and ENVIRON during its historical records review (see
RCRA Facility Investigation Proposal, (ENVIRON, 1994b). A building floor plan is provided
in Figure 2.9.

BASF was also asked to determine characteristics of the historical waste placed in the AOCs
and Sub-AOCs including hazard classification (if determinable), chemical composition,
guantity, and toxicity. Based on the material reviewed, there is very limited information to
determine these characteristics for the wastes historically disposed of on-site. However, it
is possible to provide most of this information for the primary constituents of concern that
were detected at the Site. Section 8.2 presents information on the physical/chemical
characteristics and transport and fate properties for those chemicals that were detected in at
least five percent of the samples collected during the pre-RFI and RFI field investigations in
at least one medium. These chemicals are identified in Table 8.2.1 along with detection
frequencies for each medium.

8.1 AOC and Sub-AOC Characteristics

This subsection discusses the waste management practices and any releases of hazardous
wastes and/or hazardous constituents at the Facility with respect to the specific AOCs and
Sub-AQOCs that are the subject of the Consent Order. The locations of these AOCs and
Sub-AOCs are shown in Figure 2.1.

The information contained in these descriptions is based on the information contained in the
Administrative Record completed by USEPA, Region | and information identified by
Engelhard and ENVIRON during the historic records review conducted in 1993. This
information was summarized in the RFI Proposal submitted to USEPA on January 7, 1994,

8.11 AOCA

AOC A consists of two separate Sub-AOCs, sub-AOC A-1 and sub-AOC A-12. The history
and description of each is presented in the following sections.

8.1.1.1  Sub-AOC A-1

Name/Type of Unit Dates in Use Waste Type
Land Area containing 1973 to 1981 Cyanide, metal-bearing
former leach pits wastewater

Sub-AOC A-1 consists of a land area located west of Building 8 where untreated process
wastewater, wastewater processed through the water treatment plant (WTP), regenerate
waste (a by-product of the WTP), and cyanide wastewaters were historically released to pits
and to the ground surface. Portions of sub-AOC A-1 are located beneath the 100,000-gallon
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equalization tank and adjacent lined lagoon and Building 10. The tank and lined lagoon,
which provides containment in the case of a spill, were installed in 1981.

Process wastewaters containing acidic wastes, water-soluble oils, cyanide wastes, chromate
wastes, contact and non-contact cooling waters, boiler blowdown and cooling tower bleed-off
were generated by various metal forming, preparation, and treatment processes. From 1973
until 1981, the WTP consisted of an ion-exchange system designed to remove metals from
the metal-processing wastes and return treated wastewater to the manufacturing process for
re-use. Limitations in the design of the WTP system appear to have contributed to operation
and maintenance difficulties that prevented total reuse of wastewater, and reportedly
resulted in releases to the ground.

Two leach pits, also referred to as frog ponds, were located in Sub-AOC A-1 in the area
where an aboveground tank and lined, emergency containment lagoon are now located.

The leach pits appear to have been created in 1975. They were filled with crushed
limestone in 1976, and were taken out of service in 1981. One pit was approximately 20 feet
by 40 feet and received contact and non-contact cooling water, bleed-off from cooling
towers, and treated and untreated wastewaters. The second leach pit was approximately 30
feet by 60 feet in size and received untreated metal-processing wastes and regenerate
waste.

From early 1978 until January 1981, dilute cyanide rinse water from electroplating operations
was stored in an aboveground, steel-walled, plastic-lined tank in Sub-AOC A-1. Upto
20,000 gallons of rinse water were reportedly pumped to the 14,000-gallon tank per week.
When sufficient quantities of wastes accumulated, a waste disposal firm was called to
remove and dispose of the waste. Levels in the tanks were checked and recorded two to
three times daily to prevent overfilling. Two spills of cyanide wastes at this tank are reported
to have occurred: one spill of unknown quantity on February 2, 1980, and a second spill of
approximately 2,000 gallons on January 21, 1981. Soil samples were taken in response to
the January 21, 1981 spill and supplied to the Massachusetts Department of Environmental
Quality Engineering. Soil samples did not indicate that the waste was migrating from the
spill site; therefore, no further monitoring was conducted. As a result of the January 21,
1981 spill, the tank was cleaned and removed from service, and replaced by a smaller tank
located indoors.

Regenerate waste was stored in a 5,600-gallon fiberglass tank that was located inside the
former WTP building in Sub-AOC A-1. Beginning in 1976, this regenerate waste was
pumped to two underground storage tanks located outside the building. These tanks were
removed from service in June 1980 and in the spring of 1981. Wastes in these tanks were
also removed and disposed off-site by a waste disposal firm.

8.1.1.2 Sub-AOC A-12

Name/Type of Unit Dates in Use Waste Type
WASTE STORAGE AREA 1972 to 1980 Spent carbon, resins and filter
sand

AOC A-12 is the site of a former waste storage area located beneath what is now the north
end of current Building 10. The area was used for above ground storage of containerized
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wastes (e.g., spent carbon, spent resins, spent filter sand from the wastewater treatment
plant, waste acids and alkalis, and waste oils). The wastes were generated from a
wastewater treatment system, which was constructed in 1972 and removed in 1981. One
1,000-gallon aboveground storage tank (AST) was used to store fuel oil in this vicinity, and
one 4,000-gallon underground concrete tank was used for storing regenerate wastes from
the previous wastewater treatment facility. The location of the underground tank is shown in
Figure 4.1.1. The tank was removed prior to construction of a northern addition to Building
10in 1981. A third addition to the north end of Building 10 was completed in 1983 bringing it
to its current dimensions. The location of the former underground tank is now covered by an
active above ground wastewater tank.

8.1.2 AOCB

AOC B consists of five separate Sub-AOCs: B-2, B-3, B-4, B-18, and B-35. The history and
description of each is presented in the following sections.

8.1.2.1 Sub-AOC B-2

Name/Type of Unit Dates in Use Waste Type
Land Area 1973 to 1984 Qil, grease, metal sludge and
wastewater

Sub-AOC B-2 consists of a land area located south of former Building 6. This area
reportedly received releases containing metal sludge and wastewater associated with a wet
scrubber system, bleed-off from an evaporative cooling tower, and releases from a closed
wastewater underground storage tank ("UST") (Sub-AOC B-18).

The wet scrubber system was installed in 1973, altered in 1979, and was taken out of
service in 1982. The system was designed to remove metal oxides and other small particles
from fumes generated during melting and casting of metal alloys. Water was continuously
recirculated through the system and collected metal particles in the process. These patrticles
were removed from the liquid and the resulting sludge was placed in drums for reclamation
off-site.

From 1973 until 1976, solids were removed from the water by bleeding a side stream off the
recirculating loop and passing the stream through a filter to remove the solids. The filtered
water was then discharged to the ground surface abutting the scrubber building. Beginning
in 1976, the filtered water was diverted to the WTP. During malfunctions of the system,
water was carried out with the air stream and water leaked from the blowers to the ground
surface. In 1982, the wet scrubber system was replaced by a dry dust collector.

Contact and non-contact cooling water from the melt room and the mill department in former
Building 6 was recirculated through a cooling tower in Sub-AOC B-2. To prevent buildup of
dissolved solids, a small portion of this water was periodically bled from the system and
reportedly was discharged to the ground surface. This water may have contained oil and
grease. From 1976 to 1993, this water was directed to the WTP.
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8.1.2.2 Sub-AOC B-3

Name/Type of Unit Dates in Use Waste Type
Land Area 1966 to 1976 Qil, grease, metal-bearing
wastewater

Sub-AOC B-3 is a land area or leach field located to the south of former Building 6.
Wastewater reportedly was released in this area from the melt room and boiler blowdown.
These waste streams may have contained oils, greases and metals.

8.1.2.3 Sub-AOC B-4

Name/Type of Unit Dates in Use Waste Type
Land Area 1973 to 1984 Metal sludge and wastewater

Sub-AOC B-4 is a land area located south of former Buildings 2 and 3. Wastewater was
reportedly released to the ground surface in this Sub-AOC from two wet scrubbers between
1973 and 1978. These wet scrubbers were used to remove metal oxides and other small
particulates from fumes generated during melting and casting of metal alloys. Solids were
removed from water by bleeding a side stream of the recirculating loop in the system and
passing the water through a series of settling tanks. The water was then discharged to a
paved surface abutting the scrubber building. In 1976, this water was directed to the WTP.
Wastewater was also reportedly released to the ground surface when occasional
malfunctions of the scrubber system caused water to be carried out with the air stream, and
to leak from the blowers. The wet scrubber system was taken out of service in June 1984
and replaced with dry dust collectors.

8.1.24 Sub-AOC B-18

Name/Type of Unit Dates in Use Waste Type
1976 to 1993 Cooling tower/boiler blowdown
wastewater

WASTEWATER UST

Sub-AOC B-18, is a former underground storage tank (UST) located south of former Building
6. This 1,000-gallon tank was used to collect wastewaters for direct pumping to the WTP.
Wastewaters have included cooling tower bleed off, scrubber bleed off, boiler blowdown, and
contact cooling water. Quantities varied from 5 to 20,000 gallons per day. The tank was
reported to have overflowed in the area identified as Sub-AOC B-2. Pumps and pipes
servicing this UST were replaced in 1981 to prevent such releases. The tank was cleaned
and filled in place at the time of building demolition and, for the purpose of this report, is
considered closed.

8.1.2.5 Sub-AOC B-35

Name/Type of Unit Dates in Use Waste Type
Former Dust Collector Operated intermittently Metals dust
sometime between 1969 to
1990
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Sub-AOC B-35 was a former dust collector located outside on a concrete pad at the
southwest corner of former Building 7. This equipment was used to collect metal-bearing
dust from operations within the adjoining building. There is no information indicating whether
any releases occurred from this equipment.

8.1.3 AOCS5

Name/Type of Unit Dates in Use Waste Type

Land area and former 1966 to 1972 Cooling, annealing, acid
pit or pond cleaning, metal-bearing

wastewater

AOC 5 consists of a land area and former pit or pond located under the northwest corner of
what is now Building 8, which was constructed in 1972. Contact and non-contact cooling
waters, and acid cleaning and annealing wastewaters were reportedly discharged directly to
the ground in this AOC. Based on a review of aerial photographs and topographic maps,
there is a depression with possible standing liquid in the general area of the former pit. In
1971, this pit reportedly received approximately 20,000 gallons of metal-bearing wastewater
per day. Later, an above-floor degreaser was once operated in Building 8 over the area
described above.

8.1.4 AOC6
Name/Type of Unit Dates in Use Waste Type
Land Area 1966 to 1972 Metal-bearing wastewater

AOC 6 is an area located under the southwest corner of what is now Building 8.
Wastewaters from metal-cleaning operations were reportedly released to the ground in this
area, prior to the construction of Building 8.

8.1.5 AOC7
Name/Type of Unit Dates in Use Waste Type
Outdoor Waste Storage 1957 to 1983 Waste oils, chlorinated solvents,

corrosive wastes, scrubber and
wastewater treatment sludges

AOC 7, also referred to as the Courtyard Area, is the site of a former outdoor waste storage
area, which was in operation until 1983, when an indoor storage area was established. This
AOC is defined as the area surrounded by former Buildings 1, 2, 5 and 6 and includes the
area beneath former Buildings 3, 9 and 12.

In 1960, cooling water from the Nuclear Division was reportedly disposed of in the courtyard

area. A trench was reportedly also dug to carry this water across the courtyard to Turnpike
Lake.
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At some time during the early 1970's, an oil separator was installed in the storm drain
serving the area. Prior to 1972, the area was graded to allow drainage to Turnpike Lake.
The grade and drain systems in this area were subsequently redesigned, however, to trap
and accumulate any runoff from this area before it reached the Lake, and to pump
accumulated runoff to the WTP for treatment.

The courtyard area has been paved since at least 1976. The courtyard area varied in size
from 1957, when it was limited to a small storage area behind Building Nos. 1 and 2, to the
present, where it now encompasses approximately 40,000 square feet. The former Building
9 and 12 expansions have since covered a portion of the historic courtyard. Wastes were
stored in various types of drums, tanks and containers, including a 6,000-gallon tank trailer
used to store waste oil. Wastes stored in this AOC included waste oils, chlorinated solvents,
corrosive wastes, scrubber sludges, and wastewater treatment plant sludges.

In December 2003, a field evaluation of physical structures (manholes and piping) in the
upper courtyard area (located between former Buildings 9 and 12) identified the presence of
a catch basin and dry well (ECS, 2004b). The catch basin had a concrete bottom and brick
sidewalls and was connected to cast iron drainage pipes, one entering from the north (from
the direction of former Building 9) and one exiting to the south. A second structure located
east of the catch basin was a dry well with a sand-gravel bottom and permeable brick
sidewalls. A 4-inch cast iron pipe enters the dry well from the direction of former Building 9.
The pipe appears to have been sheared off during the construction of Building 9 in 1977,
which suggests that the dry well was in use prior to this time. Based on the location of this
dry well and the concentration of VOCs detected in sediments collected from this well (see
Section 9.1.3.8), it appears that this structure is what has historically been described as AOC
22.

An initial one-week limited dual phase vapor extraction (DPVE) pilot testing program was
conducted in November 2004 and a follow on three-month pilot program was conducted in
the late summer 2005 to evaluate the potential for CVOC remediation in the upper courtyard
area (LFR Levine Fricke, 2005b; LFR, 2006a). However, because sufficient drawdown
levels could not be achieved due to higher than expected hydraulic conductivity in the
bedrock in this area, pilot testing was discontinued. In late 2007 — early 2008 this structure
and surrounding soils were removed as an interim remedial measure to limit the migration of
CVOC:s off-site. This work was summarized in a report prepared by LFR, Inc. in April 2009.
Summary tables and figures are provided in Appendix V.

8.1.6 AOC 13

Name/Type of Unit Dates in Use Waste Type

Turnpike Lake and Unknown to Metal-bearing wastewater and
Shoreline 1996 - 1997 runoff

AOC 13 consists of the surface waters, near shore sediments and shoreline of Turnpike
Lake, which abut the Facility to the south and west. The shoreline south of the Facility
reportedly received non-contact cooling water from furnaces and from the metal melting
operations. In 1972, the total daily discharge of cooling water to the Lake was reported to be
158,500 gallons per day. This source ended sometime prior to 1993 when Facility
operations ceased. In addition, storm runoff containing metals from roof drains from former
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Buildings 1, 2, 5, 6, 7 and 9 also discharged to the south embayment of the Lake until these
buildings were demolished in 1996-1997.

8.1.7 AOC 14
Name/Type of Unit Dates in Use Waste Type
Land Area 1966 to 1972 Metal-bearing wastewater

AOC 14, located under what is now Building 8, is a land area that reportedly received
wastewaters from metal-cleaning operations. At the time of operations, wastewater was
discharged through a neutralization unit into a leach field. Two former aboveground tanks
were also located where Building 8 now exists. Reportedly, the tanks were used for
propane, hydrogen, and nitrogen storage. Because the contents of these former
aboveground tanks were gaseous in nature, the likelihood of a release impacting subsurface
soils and/or ground water is low.

Although there is no historical evidence that AOC 14 ever received chlorinated solvent
waste, PCE and TCA have been detected in soil gas samples collected from beneath the
concrete slab in Building 8 in this area. It is unclear if AOC 14 represents a source of these
constituents or this area merely provides a preferential flow pathway and suitable subsurface
environment for accumulation of chlorinated solvent vapors beneath the building slab. A
detailed assessment of soil gas sampling results is provided in Section 9.3.

8.1.8 AOC 16
Name/Type of Unit Dates in Use Waste Type
Leach Pits 1957 to 1976 Metal, sanitary, laboratory and

radioactive wastewater

AOC 16 consists of a wastewater disposal system comprised of two dry wells and an
associated leachfield. Based on figures included in the Administrative Record, the dry wells
were approximately eight feet deep and twelve feet in diameter. The wastewater discharged
to this AOC reportedly included wastewaters from the wire melt room, personnel cleanup
wastes from a locker room, wastes from an assay laboratory, and from 1957 until 1962
treated wastewaters generated during the fabrication of uranium fuel elements (which
involved the handling of natural, depleted and enriched uranium). During a system
malfunction, liquid wastes disposed in this leachfield reportedly may have overflowed to the
ground surface in this area.

8.1.9 AOC 19
Name/Type of Unit Dates in Use Waste Type
Grease Trap pre-1977 to 1993 Oil and grease

AOC 19 is a small building adjoining Building 7. The floor of this building was set
approximately four feet below ground level and was equipped with concrete walls and floor.
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The building contained a grease trap, which removed oil and grease from the contact cooling
water generated by a rolling mill. The grease trap processed approximately 50 gallons of
cooling water per minute when in use. Oil accumulated in a tub, and was pumped out
periodically and stored in drums. The water was pumped back to a cooling tower. A sump
was located in the floor of this room. In the past, failure of the recirculating pump system
may have resulted in overflow of wastes into the sump. The sump pump discharged to the
ground surface outside the building wall. Water released in this AOC may have contained oll
and, potentially, metals.

8.1.10 AOC 22
Name/Type of Unit Dates in Use Waste Type
Dry Well Mid 1960s to 1977 Steam Condensate from

Degreasers

AOC 22 is a dry well located under the northeast corner of former Building 9. It reportedly
received unknown quantities of steam condensate from a sump containing two steam-
heated vapor degreasers. Chlorinated solvent residues may have been present in this
condensate. The location of AOC 22 is based on a single reference in a 1977 report
describing the presence of a degreaser pit sump pump located in the wire cleaning room
(former Building 1), which discharged hot condensate to a floor drain in old Building 4* that
subsequently drained to an under floor dry well. It is unclear if the recently discovered dry
well in the upper courtyard area (AOC 7) is related to this system, although the fact that the
single connecting drain line was from the direction of old Building 4 and appeared to have
been sheared off when Building 9 was constructed suggests that it may be.

8.1.11 AOC 23

Name/Type of Unit Dates in Use Waste Type

Storm Drain and Leach Unknown Runoff and sump water
Field

AOC 23 consists of a storm drain and a leach field located north of former Building 1. This
AOC formerly received runoff from a parking lot, but it is now buried under a berm that was
constructed with demolition debris in that area. At one time, it reportedly may have received
floor spillage from the lower boiler room in former Building 1. Any floor spillage went through
a concrete-lined, subsurface 200-gallon oil separator prior to entering the storm drain. The
oil-water separator has since been filled with concrete. There is no information indicating
whether any releases occurred from this equipment. No evidence of ground water mounding
has been observed in monitoring wells located in the vicinity of AOC 23.

A former 5,000 gallon UST used for the storage of No. 4 fuel oil was located just north of the
northwest corner of former Building 1. The tank was installed in 1959 and removed in 1986.
This fuel tank was a separately listed SWMU that was not included in the RFI due to lack of
evidence of spills or leaks.

43 Old Building 4 was located on the south side of old Building 3, which was in the northeast corner of former
Building 9 prior to the construction of Building 9.
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8.1.12 AOC 26
Name/Type of Unit Dates in Use Waste Type
Concrete Trench Unknown 50 to 350 gallons/day of

acid/alkali wastewaters
containing metals

AOC 26 consists of an approximately 22-foot long by 2-foot wide concrete trench, which
served as a housing for process piping. The trench was located within former Building 1. In
February 1989, it was discovered that wastewaters had apparently leaked from the piping in
this trench, which connect aqueous acid/alkali cleaning tanks with a drain that leads to the
WTP. These leaking wastewaters had potentially filtered through the concrete trench. At
the time of the discovery, the pipes were estimated to be leaking at a rate of approximately
50 to 350 gallons per day. Approximately 7.5 cubic feet of soils and concrete were
excavated from this area. Metals were detected in soil samples from the trench. The trench
and piping were repaired in 1989.

8.1.13 AOC 29
Name/Type of Unit Dates in Use Waste Type
Former Degreaser 1972 to 1993 Chlorinated solvents

AOC 29 consists of a former above-floor degreaser that was located in Building 8 at the
north central portion of the Facility. The degreaser was removed between 1990 and 1993
concurrent with the cessation of manufacturing operations at the Site. There is no further
information available on the extent or quantity of Hazardous Wastes and/or Hazardous
Constituents, if any, that may have been released from this area.

8.1.14 AOC 30
Name/Type of Unit Dates in Use Waste Type
Former Degreaser Pit Unknown Chlorinated solvents

AOC 30 consists of a former below grade degreaser pit located in former Building 6. At
some point, prior to removal of former Building 6 in the mid-1990s, the pit was filled in and
covered with concrete. In October 2005, the concrete slab covering this pit was removed
revealing two adjacent pits separated by an east-west wall. Both pits were intact and
holding liquid. After removing the entire contents of both pits, the lower slabs of each pit
were removed revealing what appeared to be dry soils beneath the pits. After sampling
subsoils beneath the pits, the excavated areas were backfilled with clean material. Based
on the sample analysis, no further remediation is planned for this AOC.

8.1.15 A0C 44

Name/Type of Unit Dates in Use Waste Type

Storm Water Retention 1972 to present Storm water runoff from Building
Basin 8
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AOC 44 is an unlined storm water retention basin located northwest of Building 10. The
basin receives storm water runoff from the roof of Building 8. Metals were detected in
previous chemical testing of this runoff.

8.2 Constituent Characteristics

This section presents a discussion of the physical and chemical characteristics and fate and
transport properties for the primary constituents detected during the RFI field investigations.
These constituents may be grouped into five main classes of chemicals (VOCs, metals,
radionuclides, PCBs, and PAHSs) along with a few other constituents as indicated in Table
8.2.1. Note that water quality parameters such as dissolved oxygen, chloride ion, nitrate,
sulfate etc. are not included in this table.

8.2.1 Physical and Chemical Characteristics

As required in Section IX of the Consent Order, a description of physical and chemical
characteristics of the hazardous constituents is presented in Table 8.2.2, which includes the
following information: general chemical class, molecular weight, density, boiling point,
viscosity, solubility, and vapor pressure. These physical and chemical characteristics are
omitted for the metals because these properties depend upon the speciation of the metal
(e.g. whether the metal is present as a carbonate, sulfate, sulfide, nitrate etc.) and can vary
widely. Information on the physical form of the waste (e.g., solid, liquid, and oily sludge),
cohesiveness of waste, and pH was not included in this table because they are a function of
the media in which the hazardous constituents are present.

8.2.2 Migration and Dispersal Characteristics

A literature review was conducted to collect information on the migration and dispersal
characteristics of the chemical constituents that were detected on-site. This information, in
conjunction with site-specific parameters, is used in Section 9.0 to assess the fate and
transport of contaminants detected on-site. Table 8.2.3 presents the results of the literature
search and includes information on the following parameters: soil-water partition coefficient
(Kq), organic carbon-water partition coefficient (K,.), octanol-water partition coefficient (Kyy),
potential for biodegradation and photodegradation, and Henry’s Law constants. A brief
discussion of each of these parameters is presented below. With the exception of mercury,
only soil-water partition coefficients are presented for metals in Table 8.2.3 because the
other parameters such as K, and Henry’s Law constants are not meaningful for metals.

Sorption Characteristics

The equilibrium partitioning of a chemical between sediment or soil and the water phase that
is in contact with the solil is described by the soil-water partition coefficient, K,, which is
defined in equation (8-1)

C
Ky = — (8-1)
Cw
where:
Ky = soil-water partition coefficient (mL/g)
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Cs
Cw

concentration of chemical in soil (ug/g)
concentration of chemical in water (ug/mL)

For a given constituent, the higher the K, value, the greater the tendency for the constituent
to adhere strongly to soil or sediment. For metals, K, values can vary depending upon the
geochemical characteristics of the soil and its porewater as well as the speciation of the
metal. Important soil parameters affecting K, include pH, oxidation-reduction conditions,
metal oxide content, organic carbon content and cation exchange capacity. For this reason,
K, values reported in the literature for metals can vary over a wide range. The strongest and
most important sorbents for most metals are humic and fulvic acids and the oxyhydroxides
(Langmuir et al., 2003). The surface charge of these species is strongly pH dependent with
sorptive capacity (negative charge) increasing with increasing pH. Thus, positively charged
metal ions tend to be more mobile in acidic soils.

Because site-specific values are not available, default Ky values are presented for metals in
Table 8.2.3. These default K, values for metals represent median values reported in a
recent literature survey of soil-water partition coefficients conducted for USEPA (Allison and
Allison, 2005). In general, the following patterns of decreasing Ky values were observed for
soils, sediments and suspended particulate matter (SPM) (Allison and Allison, 2005).

SOILS: PB>CR" >HG >AS>2ZN =NI>CD > CU >AG > CO

Sediments: Pb>Hg>Cr'">Cu>Ni>Zn>Cd >Ag>Co > As
SPM: Pb>Hg>Cr"=2Zn>Ag>Cu=Cd=Co>Ni>As

For organic chemicals, researchers have found that K; values remain relatively constant
over various soil types when normalized to the fraction of organic carbon (foc) in the soil.**
This partition coefficient is referred to as the organic carbon-water partition coefficient (Ko)
and defined as

Koc = Kd (8-2)
foc
where:
Koc = organic carbon-water partition coefficient (mL/g)

foc fraction of organic carbon (unitless)

Analogous to Ky, for a given constituent, the higher the K, value, the greater the tendency
for the constituent to adhere strongly to soil or sediment. Log K, values are reported in
Table 8.2.3.

The octanol-water partition coefficient (K,y) is @ measure of the equilibrium partitioning of an
organic compound between octanol and water, and is expressed as follows (Verschueren,
1983):

44 A similar relationship has been reported when Ky values are normalized to the fraction of organic matter (fom)
in soil. This organic matter-water partition coefficient is referred to as Kom. A factor of 1.724 is used to convert
from Koc to Kom Where Koc = 1.724 (Kom).-
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Kw = g—\:’v (8-3)
where:
Kow = octanol-water partition coefficient (unitless)
Co = concentration in octanol (ug/mL)
Cuw = concentration of chemical in water (ug/mL)

The octanol-water partition coefficient is frequently used as a surrogate for estimating
partitioning of organic chemicals between water and natural organic phases such as soil
organic matter and biota (e.g. fish). Compounds with a high K,,, (expressed as log K, in
Table 8.2.3) will tend to partition into fats or lipids in the environment rather than remain in
the aqueous phase.

In the saturated zone, sorption to soil organic carbon reduces the rate of movement of a
chemical in ground water relative to ground water flow. The relative rate of contaminant
transport velocity to ground water flow is described by the retardation coefficient. The
retardation coefficient, R, can be calculated using equation (8-4).

Vy N o Koc foc

R = —= =1 (8-4)
Ve n
where:
R = retardation coefficient (unitless)
Vy = average linear groundwater velocity (cm/s)
Vy = average velocity of contaminant (cm/s)
o, = bulk density of soil (g/mL)
Koc = organic carbon-water partition coefficient (mL/g)
foc = fraction of organic carbon (unitless)
n = total porosity in soil (unitless)

For sandy soils, EPA (2004) provides representative values of 0.375 for total porosity and
1.66 for soil bulk density. Assuming a Koc of 265 mL/g for PCE, and a foc of 0.0014 based
on measurements at the Site, the calculated retardation coefficient for PCE is 2.6. Thus, the
rate of PCE migration in the overburden aquifer is expected to be about 2.6 times slower
than the ground water velocity. Estimated retardation coefficients for other constituents of
potential concern (COPCs) at the Site, under the same conditions, are listed below.

COPC R
PCE 2.6
1,1,1-TCA 1.8
TCE 1.6
1,1-DCA 1.3
1,1-DCE 1.4
cis-1,2-DCE 1.2
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Volatilization

Henry’'s Law predicts the equilibrium partitioning of a compound between an aqueous
solution and the atmosphere and provides an indication of the potential for a chemical to
volatilize from an aqueous solution. The Henry’s law constant, typically designated as H,
has units of atm-m®/ mole and is defined in equation (8-5).

H = —L (8-5)

where;:

H Henry’s Law constant (atm m*/mole)
P; partial pressure (atm)
Cu concentration in water (mole/m®)

The Henry’s Law constant may also be reported in a dimensionless form (H’) where:

H C
H = — = —9 (8-6)
RT Cw
Where:
R = ideal gas constant (8.206 x 10> m*® atm/mole K)
T = temperature (K)
Cq = concentration in the gas phase (mole/m®)
Cw = concentration in water (mole/m?)

The Henry’s Law constant is different from the vapor pressure of a compound, which
indicates the tendency of a compound to evaporate from its pure phase. A high Henry’s Law
constant indicates a compound will readily partition to the atmosphere from the aqueous
phase. A low Henry’s Law constant indicates that a compound will remain in the aqueous
phase. U.S. EPA suggests that chemicals with Henry’s Law constants greater than 1 x 10
atm-m®mole are sufficiently volatile to affect indoor air concentrations in buildings located
above a ground water plume (U.S. EPA, 2004). Henry’s Law constants for COPCs detected
during the RFI are presented in Table 8.1.3.

Dimensionless Henry’s Law constants calculated for CVOCs, assuming an average ground
water temperature of 5 °C, are reported below and can be used to estimate soil gas
concentrations in vadose zone soils located near the water table.

COPC H’
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PCE 0.81
1,1,1-TCA 0.75
TCE 0.45
cis-1,2-DCE 0.18
1,1-DCE 1.14
1,1-DCA 0.25

Thus, for PCE with a dimensionless Henry’s Law constant of 0.81, the expected
concentration of PCE in soil gas at equilibrium with PCE in ground water at a concentration
of 1 mg/L is 0.81 mg/L, which is equivalent to 810,000 pg/m?® or 111,000 ppbv.*

8.2.3 Degradation Processes

Many organic compounds can undergo biological or chemical degradation. The ability of a
compound to undergo degradation is expressed in terms of its half-life (t,), which is the
amount of time required for half of the concentration to be degraded. A short half-life
indicates that the compound readily degrades as compared to a compound with a long half-
life. Several factors can affect the rate of biodegradation including: the availability of
nutrients, the concentration of the compound of interest, the availability of electron acceptors
(e.g., oxygen, nitrate, sulfate, etc.), pH, temperature, and microbial population. Because so
many factors affect the rates of degradation, Table 8.1.3 includes a notation of whether or
not a chemical is susceptible to biodegradation. It should be noted, although it may be
demonstrated that a chemical can undergo degradation under laboratory conditions, it is
possible that degradation may not occur in the environment due to adverse conditions of the
factors described above. An assessment of the site-specific biodegradation rates for the
CVOC:s of concern is included in the Monitored Natural Attenuation Report (LFR, 2005c).

For the chlorinated VOCs, the most important biodegradation process is reductive
dechlorination. In this process, the chlorinated hydrocarbon serves as an electron acceptor,
and a chlorine atom is removed and replaced by a hydrogen atom. Reaction rates are
greatest under highly reducing methanogenic conditions, but can also occur under less
reducing iron-, nitrate- and sulfur-reducing conditions.

Reductive dechlorination can occur in a sequential fashion resulting in the transformation of
PCE to TCE to DCE to VC and eventually ethene. Both 1,1-DCE and cis- and frans-1,2-
DCE may be formed; however, cis-1,2-DCE is typically the more common biodegradation
product. Because PCE is the most oxidized of the chlorinated ethenes, it is the easiest to
reduce and the most susceptible to reductive dechlorination followed by TCE, then DCE and
finally vinyl chloride. DCE and vinyl chloride are the least susceptible to reductive
dechlorination but can also degrade under aerobic conditions where they serve as electron
donors.

TCA can also undergo sequential reductive dechlorination to form 1,1-DCA and then
chloroethane and finally ethane. Similar to the PCE dechlorination scheme, TCA is
transformed more readily than DCA, which in turn is transformed more readily than
chloroethane. TCA can also undergo chemical hydrolysis to form 1,1-DCE and acetic acid.
Hydrolysis is a degradation pathway whereby a water molecule or hydroxide ion is
substituted for an atom or a group of atoms in an organic molecule. For TCA, the rate of

45 To convert PCE air concentrations from pg/m® to ppbv at 5 °C, divide by 7.268.
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reaction depends only on temperature. At an average ground water temperature of about 5
°C, the estimated half-life is about 28 years (Gauthier and Murphy, 2003). However, at a
temperature of 25 °C, hydrolysis is much faster, with an estimated half-life of 0.8 years.
Thus, hydrolysis may be an important loss pathway for TCA in surface waters, particularly
during the summer months, but is not a significant loss pathway in ground water. Hydrolysis
reactions can also be pH dependent and may only occur under acidic or basic conditions.
Constituents capable of undergoing hydrolysis are identified in Table 8.2.3.

Photodegradation or photolysis can occur directly or indirectly. Direct photolysis occurs
when a compound absorbs enough light energy to break internal bonds. Indirect photolysis
occurs when light energy is absorbed by other compounds (typically humic and fulvic acids),
which then form hydroxyl or other radicals that can degrade the constituent of interest.
Direct photolysis can be an important loss pathway for aromatic compounds including
benzene, toluene and the polycyclic aromatic hydrocarbons. Although photolysis can occur
in surface water or in air, photolysis potential is presented for the aqueous phase only
because it is expected that the atmospheric concentration of the chemicals at the site are
negligible. As shown in Table 8.2.3, the majority of compounds are not susceptible to
photolysis in the aqueous phase and, for compounds that do undergo photolysis, indirect
photolysis is the only mechanism observed.

Metals are elements and do not degrade in the environment except by radioactive decay (for
some metals). Reported half-life values for the three uranium isotopes included in Table
8.2.3 are extremely long varying from 245 thousand to 4.47 billion years.
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9 Contamination Characterization

9.1 Soil Contamination

Section 9.1 contains a detailed summary of the nature and extent of chemical constituents
detected in surface and subsurface soil samples collected at and near the Facility during the
pre-RFI and RFI phased field investigations. Because metals are naturally occurring in soils,
several soil samples were collected for determination of site-specific background levels.
These data are presented in Section 9.1.1. Surface soil samples, which were collected in
part to provide data for the human and ecological risk assessments, are evaluated
separately in Section 9.1.2. Subsurface soil samples (and selected surface soil samples)
are discussed by AOC in Section 9.1.3

9.1.1 Determination of Soil Background

Background concentrations of metals were determined separately for surface and
subsurface soil samples. Background surface soil samples were collected at ten locations
west and southwest of Building 11 in an area that is believed to be unaffected by Facility
operations. Background surface soil sampling locations are shown in Figure 5.1.1.
Background concentrations of constituents detected in subsurface soils were established
based on soil samples collected from three soil borings (SB-43, SB-44 and SB-45) located in
the same vicinity, near Building 11, as shown in Figure 4.1.1. The subsurface soil samples
were collected at different depths within the three borings. As subsurface soil samples did
not exhibit significant stratigraphic variability over the intervals sampled, the metals
concentrations are not considered to be stratified by depth.

Metal concentrations detected in background surface and subsurface soil samples are
presented in Tables 5.1.2 and 4.1.6, respectively, and are summarized in Table 9.1.1. Table
9.1.1 includes the detection frequency, the range of concentrations detected and the 95
percent upper confidence limit on the mean (95% UCL). The 95% UCL values were
determined using the USEPA ProUCL calculator (Version 3.0). Also included in Table 9.1.1
are MassDEP background levels for “natural” soils and the range of background levels
reported by USEPA for surface soils on glacial till and drift (USEPA, 1995e).

The MassDEP Technical Update “Background Levels of Polycyclic Aromatic Hydrocarbons

and Metals in Soils (2002) provides background levels of metals in “natural” soils. All of the
samples were selected to represent natural, undisturbed conditions. The background levels
were selected following an analysis of several datasets, including:

e data collected to represent background at c.21E sites located in non-urban
areas,

e natural soil samples collected from depths of 10 to 70 feet,
generic background data published by the Agency for Toxic Substances and
Disease Registry (ATSDR),

e preliminary data compiled by the Massachusetts Licensed Site Professional
Association from background data submitted by its members,

e published data from ENSR, Inc. from three New England locations,
background samples collected during the “big dig,” and

o site-specific background samples collected from Worcester and Watertown.

Except for arsenic and lead, MASSDEP natural soil levels were within the range of
background levels reported by USEPA for surface soils over glacial till and drift (USEPA,
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1995e). Swanson and Monacelli (2010) analyzed the underlying data supporting the
estimates for arsenic and lead and suggest that the 20 mg/kg estimate for arsenic reflects
contributions from the “arsenic belt” west of Boston and reports an upper bound estimate
closer to 10 mg/kg for arsenic in natural soils. The authors concluded that natural levels of
lead in soil are generally less than 20 mg/kg, but the MassDEP estimate of 100 mg/kg
appears to be a reasonable maximum.

In general, background metal concentrations in surface soils were somewhat higher than
concentrations detected in the subsurface soil samples. This is not unexpected given the
increased adsorptive capacity in surface soils due to the higher organic matter content.
Except for nickel and zinc, for which concentrations in surface and subsurface soils were
similar, surface soil background concentrations exceeded subsurface background levels by
a factor of two or more. Beryllium, cadmium, mercury, selenium and silver were detected at
concentrations in surface soils exceeding MassDEP “natural” soil levels in certain samples
(see maximum concentrations in Table 9.1.1), but the 95% UCL for metals showed only
slight exceedances above the MassDEP “natural” soil levels for beryllium (0.43 vs. 0.4) and
cadmium (2.3 vs. 2.0) and larger exceedances for selenium (1.9 vs. 0.5) and silver (7.5 vs.
0.6). All subsurface background metal concentrations were below MassDEP “natural” soil
levels.

9.1.2 Surface Soil Sampling Results

9.1.2.1 Metals

Surface soil samples were collected primarily to provide additional information for the human
health and ecological risk assessments (HERA) and, as a result, were not collected in
specific AOCs. Therefore, individual samples were compared to the maximum detected
concentrations in background samples on a sample-by-sample basis. The results of this
comparison (and the 95% UCL for background provided for reference) are presented in
Table 9.1.2 where concentrations exceeding the maximum background levels are
highlighted in bold typeface. Included in Table 9.1.2 are metal concentrations measured in
six floodplain soil samples collected east of Route 152 including two background locations.
Concentrations of metals in on-site surface soils are also presented in Figures 9.1.1 and
9.1.2.

On-Site Soils. Concentrations of cadmium, chromium (total), copper, nickel, silver,
and zinc exceeded maximum background concentrations in at least one on-site surface soil
sample. Samples with the most metals exceeding background were SS-H-06, which is
located near Taunton Street on the eastern boundary of the Facility, and samples SS-EH-03,
SS-A1-02 and SS-A1-03, which were all collected near sub-AOC A-1. At location SS-H-06,
cadmium, chromium, copper, and zinc exceeded background levels; but only cadmium
exceeded background significantly at a concentration of 24.3 mg/kg compared to a
maximum background concentration of 4.4 mg/kg.

Near sub-AOC A-1, cadmium, copper, silver and zinc were detected above maximum
concentrations detected in background samples. This is an area where wastewater was
formerly discharged into “frog” ponds. Copper and cadmium both exceeded background by
more than a factor of two at concentrations of 44.3 mg/kg and 26.9 J mg/kg compared to
maximum background concentrations of 14.70 mg/kg and 4.40 mg/kg, respectively.
Concentrations of metals in soils near sub-AOC A-1 are further addressed in Section 9.1.3.
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Elevated levels of metals (cadmium, chromium, copper, lead, nickel, silver and zinc) were
also detected in surface soil samples collected from AOC B during the pre-RFI field
investigation. These data are presented in Table A-1 and sampling locations are shown in
Figure A-1. The highest concentrations of cadmium, copper, silver and zinc were detected
in sub-AOC B-4 (at locations SB-20, SB-21 and SB-22), shown in Figure 4.1.1. This is an
area where metal-bearing sludge and/or dust was apparently released to the ground surface
from scrubbers and bag houses that operated nearby to control emissions from the adjoining
metal melting operations in Buildings 1 and 2. Cadmium concentrations in these three
samples ranged from 31,000 to 43,000 mg/kg; copper levels ranged from 1,100 to 2,800
mg/kg; silver concentrations ranged from 150 to 250 mg/kg; and zinc concentrations ranged
from 5,900 to 6,600 mg/kg. Soil sampling results for AOC B are further described in Section
9.1.3.

Floodplain Soils. Floodplain soil sampling locations are shown in Figure 6.1.1. Four
samples (FS-SD-01, FS-SD-50, FS-SD-204 and FS-SD-209) were collected from the banks
of Sawmill Brook, and two samples (FS-TRIB-LB and FS-TRIB-RB) were collected from the
left and right bank of a tributary to Sawmill Brook that was chosen to represent a background
location unaffected by surface water runoff from the Facility. In general, metals
concentrations detected in floodplain soil samples collected near Sawmill Brook were similar
to metals concentrations detected at the background location with the following exceptions:

e Dberyllium levels at FS-SD-204 and FS-SD-209 (1.7 and 1.4 mg/kg, respectively)
were two to three times higher than beryllium levels at the background location
(0.15 and 0.61 mg/kg);

e the concentration of zinc at FS-SD-209 (81 mg/kg) was about two times higher
than zinc levels at the background location (32 and 39 mg/kg); and

e the concentrations of chromium at FS-SD-204 and FS-SD-209 (12 and 25 mg/kg)
was about four times higher than chromium levels at the background location (4.6
and 5.1 mg/kg).

Beryllium, chromium and zinc were detected at sediment sampling location SD-209 at 2.3,
31 and 140 mg/kg respectively (see Table 6.5.2), suggesting that translocation of sediments
could account for the levels observed in floodplain soils. Similar levels of beryllium,
chromium and zinc (detected at 1.6, 27 and 150 mg/kg, respectively) were measured at
sediment sampling location SD-204. It should be noted that levels of cadmium, lead, nickel
and silver at the floodplain soil background location exceeded on-site background levels by
about a factor of two. Specifically, cadmium was detected at 7.9 and 14 mg/kg compared to
a maximum on-site background level of 4.4 mg/kg, lead was detected at 104 and 124 mg/kg
compared to a maximum on-site background level of 78 mg/kg, nickel was detected 11 and
19 mg/kg compared to a maximum on-site background level of 11 mg/kg, and silver was
detected at 21 and 25 mg/kg compared to a maximum on-site background level of 11 mg/kg.

Because this tributary to Sawmill Brook is separated from the facility by a topographic ridge
(visible in Figure 2.5) and fed by a small pond, which receives drainage from a nearby
school (see Figures 2.3 and 2.4), it should be unaffected by surface water runoff from the
Facility. Thus, it is unclear why certain metals are found at somewhat elevated levels at this
location.
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9.1.2.2 Volatile Organic Compounds

Surface soil samples collected in areas that could have been affected by Site activities were
also analyzed for VOCs. Eight VOCs (benzene, toluene, xylenes, 2-butanone, acetone, p-
isopropyl toluene, PCE and TCA) were detected at low levels. Data for benzene, toluene,
xylenes, PCE and TCA are presented in Figure 9.1.3. Benzene was detected in nine of
sixteen samples at concentrations ranging from 5 to 88 pg/kg; while toluene and total
xylenes were detected only once at concentrations of 6 J and 0.9 J pg/kg, respectively.
Benzene, toluene and xylenes are constituents found in gasoline, which is not known to
have been used in significant quantities on-site; although, at one time a gasoline or diesel
pump was located adjacent to the main loading dock in the northeast corner of Building 8.
Nonetheless, these very low levels are well below regulated standards for either USEPA or
MassDEP.

Acetone was detected at low levels (17 J — 26 J pug/kg) in all three samples collected during
the Supplemental RFI field investigation along with 2-butanone (also known as methyl ethyl
ketone or MEK) at levels ranging from 10 J to 14 J ug/kg. In addition, p-isopropyl toluene
was detected in two of the samples, both at a concentration of 2.5 J ug/kg. Acetone and
MEK are common laboratory solvents, and p-isopropyl toluene is a constituent found in
gasoline. Based on a 1973 Air Source Registration form for the Facility, acetone was used
on-site. Itis also reported that acetone can be formed in soil samples preserved with
sodium bisulfate (Clausen et al., 2004).

TCA and PCE were also detected in surface soil samples collected at the Facility (Figure
9.1.3). TCA was detected in one sample (SS-EH-03 near AOC A) at a concentration of 6 J
po/kg. PCE detections were somewhat more widespread, ranging from 7 J pg/kg to 50 J
Ho/kg in six of 16 samples. The low levels of VOCs detected in samples SS-EH-03 and SS-
EH-04 may be associated with the soil gas plume centered near AOC 5 and extending in the
vicinity of sub-AOC A-1 (see Figures 9.3.1, through 9.3.4). Due to equilibrium partitioning, a
migrating soil gas plume can result in low-level detection of VOCs in soils collected from
within the plume area. Similarly, the highest PCE detection in surface soil, at SS-H-06 (near
Taunton Street), appears to be associated with the soil gas plume that is likely related to the
high VOC-containing ground water (10 mg/L range) in this area.

9.1.2.3 Polychlorinated Biphenyls

Surface soil samples were also analyzed for polychlorinated biphenyls (PCBs). Analytical
results are presented in Figure 9.1.3. Aroclors 1248, 1254 and 1260 were detected in one or
more samples. Aroclor 1254 was detected in six samples at low concentrations ranging
from 47 to 800 pg/kg. The highest concentration was detected at SS-H-04, which is located
northeast of former Building 5. It is possible that the PCBs detected at this location are
associated with the leach field or former boiler room runoff at AOC 23. Aroclor 1254 was
also detected at low concentrations of 47, 47.6 and 280 pg/kg at locations SS-EH-03, SS-
A1-02 and SS-E-02, respectively. These samples are located near the former “frog” ponds
in AOC A. These ponds are known to have received treated and untreated wastewaters.
Aroclors 1248 and 1260 were also detected in this area at low concentrations of 59.4 pg/kg
and 130 pg/kg, respectively. Aroclors 1254 and 1260 were also detected at 100 and 41
Mo/kg, respectively in SS-H-03. This sample is located near the retention pond northeast of
Building 8. This is not an area that is known to have been used for wastewater disposal.
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9.1.3 Subsurface Soil

Section 9.1.3 contains a discussion of subsurface soil results grouped by AOC. Constituents
detected in each AOC in subsurface soils are reported, and results are compared to site-
specific background levels and MassDEP “natural” soil background levels. Complete data
tables of laboratory results (i.e. detected and non-detected constituents) for both RFI Phase |
and Phase Il samples were included in the HERA Second Interim Deliverable (ENVIRON,
1997). Summary tables, which include only detected constituents, are included in the body
of this report (Tables 4.1.6 — 4.1.11). Complete data tables of laboratory results for the
samples collected during the Supplemental RFI field investigation are included in Tables
6.1.6 — 6.1.11. Soil boring locations are shown in relation to AOCs in Figure 4.1.1.

9.1.3.1 AOC A; sub-AOC A-1

Sub-AOC A-1 consists of a land area located west of Building 10 where wastewater had
been released to two former “frog” ponds. The ponds were located where an aboveground
tank and lined, emergency containment basin have since been installed in 1981 as part of a
new wastewater treatment system (see Figure 9.1.4). Three soil borings (SB-15, SB-16, and
SB-17) were advanced in this AOC to the water table (five to seven feet bgs) during the RFI
Phase | field investigation. SB-15 was advanced in Building 10 to the east of the frog ponds;
SB-16 was advanced in the southern frog pond; and SB-17 was advanced to the east of the
northern frog pond.*®

As part of the 2005 Supplemental RFI field investigation, two additional soil borings (SB-50
and SB-51) were drilled to the north and west of the northernmost frog pond to address any
potential effects from spillover from this pond. In addition, soil boring SB-52 was installed
west of SB-16 and within the footprint of the southern frog pond to further delineate soils in
this area.

Metals. Metal concentrations detected in soil samples collected from AOC A-1 are
presented in Figure 9.1.4; these data are summarized and compared to background levels in
Table 9.1.3. As indicated in Table 9.1.3, concentrations of antimony, arsenic, beryllium,
cadmium, chromium, copper, lead, nickel, selenium, silver and zinc were detected above site
background levels in AOC A-1. The highest concentrations of these metals were detected at
a depth of 5 to 9 feet bgs in soil borings SB-16 and SB-52, which are located within the
perimeter of the southern frog pond. Outside the southern frog pond, only cadmium, copper
and silver exceed MassDEP “natural” soil levels and USEPA background levels if available.
Cyanide was also detected in two samples from SB-16 at concentrations of 5.9 and 6.6
mg/kg. Antimony, beryllium and selenium were infrequently detected in only one or two of
sixteen samples collected from AOC A-1.

The contents of the northern frog pond could not be sampled directly because it is currently
covered by an emergency containment basin. This is not deemed to be a significant data
gap because it is likely that the contents of the northern frog pond contain elevated
concentrations of metals, similar to the southern frog pond, which has been sampled. As
described in Section 9.1.2, cadmium, copper, silver and zinc were detected above maximum
background concentrations in surface soil samples collected west of the northern frog pond.
These same metals were detected at comparable levels at depth. These data suggest that
some spillover from the northern frog pond has resulted in an increase in concentrations of

46 Because of a present-day emergency containment basin, it was not possible to advance SB-17 directly into
the northern Frog Pond.
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some metals in this area. However, except for cadmium and silver, metal concentrations are
within a factor of two of MassDEP “natural” soil levels. The lack of sampling in the northern
frog pond does not substantially change the conclusions regarding the characterization of
this area.

VOCs. Samples collected from SB-16 at 2 and 5 feet bgs contained concentrations
of PCE at 120 and 28 ug/kg, and TCE at 110 and 14 ug/kg, respectively. Low
concentrations of TCA and 1,1-DCA were also detected in SB-16, and toluene was detected
at very low concentrations in samples from SB-16 and SB-17. No VOCs were detected in
samples collected from SB-15. These data were collected in January 1995 and are reported
in Table 4.1.8.

As part of the Supplemental RFI field investigation, additional subsurface soil samples were
collected in October 2005. PCE was detected at 18, 6.4 and 1.1 pg/kg in soil samples
collected at 1, 7 and 9 feet bgs from boring SB-52, which was advanced in the southern frog
pond (see Table 6.1.7). Acetone was the only other VOC detected in soil samples collected
from this boring. This most recent sampling in the southern frog pond indicates that VOC
concentrations have decreased over the past ten years and TCE, TCA and 1,1-DCA are no
longer detected.

In soil borings advanced north (SB-50) and west (SB-51) of the northern frog pond, PCE was
only detected at low concentrations (1.5 and 1.9 pg/kg) at a depth of 1 foot bgs. No PCE
was detected at 5, 7 and 9 feet bgs (see Table 6.1.7). The low concentrations detected near
the surface suggest that these soils may be affected by soil gas migrating from the hot spot
near AOC 5 (see Figure 9.3.3). As indicated in Section 9.1.2, PCE and TCA were also
detected at low levels in surface soils collected in this area. Because it is unlikely that any
VOCs associated with spillover from these ponds would persist in surface soils this long after
the pits were closed in 1981, the source of these low levels is most likely migrating soil gas
from nearby AOC 5.

PCBs. No PCBs were detected in subsurface soil samples collected from AOC A-1
during the Supplemental RFI field investigation (see Table 6.1.10). However, as indicated in
Section 9.1.2, low concentrations of PCBs were detected in surface soil samples collected
near the northern frog pond. Thus, any PCB contamination in this area appears to be
restricted to surface soils.

9.1.3.2 AOC A; Sub AOC A-12

Sub-AOC A-12 is the site of a former waste storage area located beneath what is now the
north end of current Building 10. The area was used for above-ground storage of
containerized wastes (e.g., spent carbon, spent resins, spent filter sand from the wastewater
treatment plant, waste acids and alkalis, and waste oils). The wastes were generated from a
wastewater treatment system, which was constructed in 1972 and removed in 1981. One
1,000-gallon above-ground storage tank (AST) was used to store fuel oil in this vicinity, and
one 4,000-gallon underground concrete storage tank was used for storing regenerate wastes
from the previous wastewater treatment facility. The location of the underground storage
tank (UST) is indicated in Figure 9.1.4. The UST was removed prior to construction of a
northern addition to Building 10 in 1981. A third addition to the north end of Building 10 was
completed in 1983 bringing it to its current dimensions. The location of the former UST is
now covered by an active above-ground wastewater tank in Building 10.
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One soil boring, SB-18, was advanced approximately fifteen feet to the east of the UST in

February 1995. Two soil samples, collected from this boring at a depth of 2-4 and 5-7 feet
bgs, were analyzed for metals, VOCs, and cyanide. Data are reported in Tables 4.1.6 and
4.1.8.

In order to further delineate this area, one additional boring (SB-53) was advanced within the
footprint of AOC A-12, just south of the UST (see Fig 9.1.4) as part of the Supplemental RFI
in November 2005. Soil samples were collected at 0-2, 4-6 and 8-10 feet bgs and analyzed
for VOCs, SVOCs and metals. Data are presented in Tables 6.1.7, 6.1.8 and 6.1.9.

Metals. Several metals were detected at SB-18 at a depth of 5-7 feet bgs with
concentrations just above maximum background concentrations including: chromium (at
11.0 J mg/kg), silver (at 0.83 mg/kg), and zinc (at 29.1 mg/kg); but only silver exceeded the
MassDEP “natural” background level (0.6 mg/kg).

At SB-53, concentrations of cadmium, chromium, copper, nickel, silver and zinc exceeded
maximum background levels at the 0 — 2 foot depth interval. However, at 4 —6 and 8 — 10
feet bgs, metal concentrations decreased significantly and were only slightly above
background and generally below MassDEP “natural” soil background levels (see Table
6.1.9). For example, cadmium levels decreased from 1,200 to 15 mg/kg; chromium levels
decreased from 110 to 14 mg/kg; copper levels decreased from 290 to 8 mg/kg; silver levels
decreased from 110 to 6.2 mg/kg; and zinc levels decreased from 440 to 20 mg/kg between
the 0 — 2 and 4 — 6 foot depth intervals. This concentration profile is consistent with a
release to surface soils.

VOCs. In soil samples collected from SB-18, toluene was detected at a
concentration of 2 J ug/kg at a depth of 2-4 feet bgs and was the only VOC detected. In soil
samples collected from SB-53, PCE was detected at a concentration of 3,200 pg/kg in the
surface soil (0 — 2 feet bgs). Lower concentrations (2.5 and 14 pg/kg) were detected at 4 — 6
and 8 — 10 feet bgs, respectively. Acetone (at 13 and 31 ug/kg) and a trace level of TCA (at
0.84 pg/kg) were the only other VOCs detected in this boring.

SVOCs. Fluoranthene (at 0.46 mg/kg) and pyrene (at 0.39 mg/kg) were detected in
soil samples collected from SB-53 at a depth of 0-2 feet bgs. These were the only SVOCs
detected in this boring.

Other Constituents. No Cyanide was detected in soil samples collected from SB-
18.

These data indicate that the elevated levels of metals and PCE observed in surface soils in
sub-AOC A-12 are generally confined to the surface and do not extend to deeper soil
horizons. The relatively high concentration of PCE detected in the soil sample collected
from just beneath the concrete slab could act as a source of soil gas in this area. Ata
concentration of 3,200 pg/kg PCE in soil, the calculated equilibrium soil gas concentration is
about 963,000 ppbv.47 Thus, PCE in soil at these concentrations could be one source of the
soil vapor plume observed beneath Building 8. However, as described in Section 9.3, the

47 Equilibrium calculations assume a dimensionless Henry’s Law constant of 0.81, a Koc value of 265 mL/g and
a fraction of organic carbon in soil of 0.14% (see Section 8.2) at a temperature of 5 °C.

Contamination Characterization 141 ENVIRON



Revised DRAFT RFI Report
BASF Facility, Plainville, Massachusetts

DRAFT

nearest soil gas samples collected from beneath the building slab in this area contained only
1,000 ppbv PCE and much higher levels were observed near AOC 5.

9.1.3.3 AOC B; sub-AOCs B-2, B-3 and B-18

Sub-AQOCs B-2, B-3 and B-18 are located within the AOC B/7 Stabilization study area south
of former Buildings 3, 6, and 7. Sub-AOC B-2 reportedly received releases containing metal
sludge and wastewater associated with a wet scrubber system, bleed-off from an
evaporative cooling tower, and releases from a closed wastewater UST located in sub-AOC
B-18. Sub-AOC B-3 is a land area that reportedly received wastewater from the melt room
and boiler blowdown, and sub-AOC B-18 is the location of a UST used to collect wastewater
for direct pumping to the Facility's water treatment plant (WTP).

Metals. Three soil borings (SB-19, SB-20 and SB-22) were advanced in this area in
December 1994, one in each sub-AOC, as part of the RFI Phase | field investigation.
Detected metal concentrations are reported in Table 4.1.6 and summarized in Table 9.1.4.
As indicated in Table 9.1.4, concentrations of all the metals detected in these three borings
(arsenic, cadmium, chromium, copper, lead, nickel, silver and zinc) exceeded maximum
background concentrations in at least one sample. Selenium was also detected at low
levels; but was not detected in subsurface background samples.*® However, only cadmium
and silver exceeded MassDEP “natural” soil background levels.

A number of surface and subsurface soil samples were collected from sub-AOCs B-2, B-3
and B-18 during the pre-RFI Phased field investigations conducted in 1987 and 1988 when
the Facility was still operating and all buildings were still present. Soil sampling locations are
shown in Figure A-1; metals concentration data are reported in Table A-1b (Appendix A).
Cadmium, chromium, copper, lead, nickel, silver and zinc were detected in surface soils at
maximum concentrations of 3400, 32, 1300, 230, 44, 166 and 1120 mg/kg, respectively.
Maximum concentrations in subsurface soils were lower by about an order of magnitude for
cadmium, copper and zinc and lesser amounts for other metals.

VOCs. Only samples from soil boring SB-22 (drilled in December 1994 in sub-AOC
B-18, located adjacent to a closed UST) contained VOCs above detection limits. Samples
collected at 2, 5, and 7 feet bgs contained PCE at concentrations of 4,900, 84, and 98 ug/kg,
respectively (see Table 4.1.8). The high, near surface PCE concentration may have been a
moderate VOC source area in soil at the time; however, some decrease in concentration
near the surface would be expected due to volatilization and leaching since then.

In pre-RFI sampling activities, several chlorinated solvents (PCE, TCE, methylene chloride
and chloroethane) were detected at concentrations as high as 620 pg/kg in surface soils
collected from these sub-AOCs (see Table A-1a in Appendix A).

Radionuclides. Samples collected during the pre-RFlI field investigations were also
analyzed for gross alpha and gross beta. Levels detected in surface and subsurface soll
samples collected from sub-AOCs B-2, B-3 and B-18 are reported in Table A-1b (Appendix
A; see figure A-1 for sampling locations). In surface soils, gross alpha and gross beta levels
ranged as high as 66 and 136 pCi/g, respectively. In subsurface soils, maximum detected
concentrations of gross alpha and gross beta were about a factor of three lower at 19 and 50

48 However, as shown in Table 9.1.1, selenium was detected in all background surface soil samples at
concentrations ranging from 1.2 to 2.4 mg/kg.
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pCi/g, respectively. A more detailed radiological survey of these sub-AOCs and surrounding
areas was presented by Berlin and Duggan (1995) as part of the radiological
characterization of the Site. This study is described in Section 4.7. Summary figures
indicating the horizontal and vertical extent of radiological contamination are provided in
Appendix O.

9.1.3.4 AOC B; sub-AOC B-4

Sub-AOC B-4 is a land area located south of former Building 3. Wastewater from two wet
scrubbers, and dust from a later bag house, which were used to remove metal oxides and
other small particulates from fumes generated during melting and casting of metal alloys,
was reportedly released in this area. As part of the RFI Phase | investigation, soil boring SB-
21 was advanced in this area and soil samples were collected at 2, 5 and 9 feet bgs.

Surface soil samples were also collected during pre-RFl field investigations.

Metals. Metal concentrations detected in SB-21 are reported in Table 4.1.6.
Concentrations of cadmium, chromium, lead, nickel, silver, and zinc exceeded maximum
background levels in at least one sample. However, only cadmium and silver exceeded
MassDEP “natural” soil background levels.

As indicated in Section 9.1.2, three surface soil samples were also collected in this area as
part of the pre-RFI field investigation. Cadmium concentrations in these three samples
ranged from 31,000 to 43,000 mg/kg; copper levels ranged from 1,100 to 2,800 mg/kg; silver
concentrations ranged from 150 to 250 mg/kg; and zinc concentrations ranged from 5,900 to
6,600 mg/kg. These samples contained some of the highest concentrations of these metals
detected in soils during the pre-RFI Phase l/ll field investigation.

Radionuclides. Gross alpha and gross beta levels detected in this area during pre-
RFI sampling activities ranged from 10 — 19 pCi/g and 3.2 — 4.2 pCi/g, respectively. A more
detailed radiological survey of these sub-AOCs and surrounding areas was presented by
Berlin and Duggan (1995) as part of the radiological characterization of the Site. This study
is described in Section 4.7. Summary figures indicating the horizontal and vertical extent of
radiological contamination are provided in Appendix O.

9.1.3.5 AOC B; sub-AOC B-35

Sub-AQOC B-35 is a former dust collector, which was located outdoors on a concrete pad at
the southwest corner of former Building 7. This equipment was used to collect metal-bearing
dust from operations within the adjoining building. There is no information indicating whether
any releases occurred from this equipment. Soil boring SB-23 was drilled adjacent to the
concrete pad during the RFI Phase | field investigation in December 1994.

Metals. Concentrations of metals detected in subsurface soils collected from SB-23
were comparable to background levels and below MassDEP “natural” soil levels except for
cadmium and silver, which were detected at 7.6 and 3.2 mg/kg, respectively in the sample
collected from 2 — 4 feet bgs. Concentrations of these two metals decreased significantly
with depth in boring SB-23.

In the one surface soil sample collected near sub-AOC B-35 in 1988 during the pre-RFI

Phase Il field investigation (SB-25 located in Figure A-1), cadmium and silver were detected
at concentrations of 1,600 and 140 mg/kg, respectively. Other metals detected at elevated
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levels in this sample included copper at 1,380 mg/kg, chromium at 18 mg/kg, and zinc at 400
mg/kg (Table A-1b).

VOCs. No VOCs were detected in soil samples collected from this boring.

Radionuclides. Gross alpha and gross beta were detected at 3.8 and 2.7 pCi/g,
respectively in surface soil collected at SB-25 in 1988 (Table A-1b). A more detailed
radiological survey of these sub-AOCs and surrounding areas was presented by Berlin and
Duggan (1995) as part of the radiological characterization of the Site. This study is
described in Section 4.7. Summary figures indicating the horizontal and vertical extent of
radiological contamination are provided in Appendix O.

9.1.3.6 AOCS5

AOC 5 consists of a land area and former pit or pond located under the northwest corner of
what is now Building 8, which was constructed in 1972. Contact and non-contact cooling
waters, and acid cleaning and annealing wastewaters were reportedly discharged directly to
the ground in this AOC prior to 1972. Later, an above-floor degreaser was once operated in
Building 8 over the area described above.

As described in Section 9.3, some of the highest soil vapor concentrations of PCE at the
Facility have been detected from just below the concrete floor in Building 8 in the area of
AOC 5. In January 1995, soil boring SB-24 was drilled in AOC 5 and samples were
collected at 2 and 8 feet bgs for analysis of metals and VOCs. Analytical data are presented
in Tables 4.1.6 and 4.1.8. One additional boring (SB-54) was drilled in November 2005 at
the location of the highest soil gas readings detected during an updated soil gas survey of
the vadose zone beneath Building 8. Soil samples were collected at the surface (0-2 feet),
mid depth (3-5 feet) and just above the water table (7.5-9.5 feet bgs). A duplicate sample
was collected at the 7.5-9.5 feet depth interval. All samples were analyzed for VOCs,
SVOCs and metals. Analytical data are presented in Tables 6.1.7 through 6.1.9.

Metals. In soil samples collected from SB-24, concentrations of cadmium, copper,
lead, nickel, silver and zinc were each detected above maximum background concentrations
in AOC 5. However, only copper and silver were detected above MassDEP “natural” soil
levels at concentrations of 112 and 12.9 mg/kg, respectively. In SB-54, metal concentrations
were highest in the deepest sample (at 7.5 — 9.5 feet bgs) and lowest in the surface sample,
suggesting that the shallow soils sampled from SB-54 consisted of cleaner fill material from
within the former pit. As in SB-24, only concentrations of copper and silver exceed
MassDEP “natural” soil background levels.

VOCs. PCE was the primary VOC detected in SB-24. Samples collected at 2 and 8
feet bgs contained PCE at concentrations of 5,200 and 6 pg/kg, respectively (see Table
4.1.8). A duplicate analysis performed on the 2-foot sample, however, reported a PCE
concentration of 470 pg/kg. This difference in the results of duplicate analyses may reflect
soil heterogeneity. Concentrations of PCE detected in SB-54 ranged from 910 pg/kg at the
surface to 2,500 ug/kg at a depth of 7.5 to 9.5 feet bgs.

At a PCE concentration of 1,000 to 5,000 pg/kg in soil, equilibrium soil vapor levels are
estimated to be in the range of 300,000 to 1,500,000 ppbv.*® As indicated in Section 9.3,

49 Equilibrium calculations assume a dimensionless Henry’s Law constant of 0.81, a Koc value of 265 mL/g and
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soil vapor concentrations of PCE have been detected at levels as high as 870,000 ppbv in
July 1989. More recently, PCE concentrations detected in soil gas during the Supplemental
RFI investigation ranged as high as 66,000 ppbv in July-August 2005. These data indicate
that PCE concentrations in soil at AOC 5 could be a source of PCE in soil gas beneath
Building 8. It should be noted that soil gas concentrations in this area have decreased by
about an order of magnitude since the late 1980s.

Ground water samples collected from the overburden well (MW48A) installed inside Building
8 at AOC 5 during the Supplemental RFI field investigation contained PCE at relatively low
levels (~50 — 100 pg/L). No PCE was detected in the shallow bedrock well (MW48B)
installed in the same area. Using Henry’s Law, estimated soil gas concentrations at the
water table would be expected in the range of 5,500 — 11,000 ppbv. These data suggest
that the source of PCE more likely originates in the vadose zone soils beneath the concrete
slab in Building 8 rather than ground water because ground water concentrations cannot
explain the high soil gas readings in this area.

9.1.3.7 AOC6G6

AOC 6 is an area located under the southwest corner of what is now Building 8, where
wastewaters from metal-cleaning operations were reportedly released. Soil boring SB-25
was drilled in December 1994, approximately 120 feet south of SB-24 in Building 8, in an
area where previous soil gas data suggested the presence of VOCs (see Figure 9.3.2). Soil
samples were analyzed for metals and VOCs; analytical data are summarized in Tables
4.1.6 and 4.1.8.

Metals. Chromium, copper, silver, and zinc were each detected at concentrations
above maximum background levels at a depth of 6 feet bgs in SB-25; however, only copper
and silver were detected above MassDEP “natural” soil levels. Only the deeper sample was
analyzed for metals because soil boring SB-25 was installed in AOC 6, a pit where
wastewaters from metal-cleaning operations were reportedly released. This area and much
of the area north of Building 5 was graded and filled prior to construction of Building 8.
Therefore it is unlikely that shallow soil samples in this area represent soil conditions
associated with the use of AOC 6 as a pit for wastewater discharge. VOCs. Samples
collected from SB-25 at 2 and 6 feet bgs contained PCE at concentrations of 3 J and 220
ng/kg, respectively. PCE was not detected in the 14-foot samples, but the detection limit
was elevated (1,300U) due to the necessary dilution for detection of TCA. TCA was
detected at a concentration of 6,800 pg/kg at a depth of 14 feet along with 1,1-DCA at 470 J
png/kg and 1,1-DCE at 500 J ug/kg (see Table 4.1.8). TCA was detected at 16 ug/kg at a
depth of six feet bgs and not detected at the surface. No evidence of free product was noted
in the boring. The presence of relatively high concentrations of TCA, 1,1-DCA and 1,1-DCE,
at or near the water table, yet in much lower concentrations in the upper soil profile suggests
that these compounds migrated laterally in soil or ground water from an upgradient source
area. An alternative explanation is that deeper contaminated soils were covered by a
relatively clean fill layer prior to construction of Building 8, although there is no record of how
the footprint of Building 8 was filled and graded.

No other VOCs were detected, and no additional constituents of concern were tested for in
this area.

a fraction of organic carbon in soil of 0.14% (see Section 8.2) at a temperature of 5 °C.
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9.1.3.8 AOC 7 (Courtyard Area)

AOC 7, also referred to as the Courtyard Area, is defined as the area surrounded by former
Buildings 1, 2, 5 and 6 and includes the area beneath former Buildings 3, 9 and 12. The
courtyard area varied in size from 1957, when it was limited to a small storage area behind
Building Nos. 1 and 2, to the present, where it now encompasses approximately 56,400
square feet. The former Building 9 and 12 expansions, and the relocation of Building 3,
have since covered a portion of the historic courtyard. Portions of the courtyard area has
been paved since at least 1969.

This area was used as an outdoor waste storage area until 1983, when an indoor storage
area was established. Wastes were stored in various types of drums, tanks and containers,
including a 6,000-gallon tank trailer used to store waste oil. Wastes stored in this AOC
included waste oils, chlorinated solvents, corrosive wastes, scrubber sludges, and
wastewater treatment plant sludges. In December 2003, a field evaluation of physical
structures (manholes and piping) in the upper courtyard area (located between former
Buildings 9 and 12) identified the presence of a catch basin and dry well (ECS, 2004). As
suggested in Section 8, this dry well may be what has been described as AOC 22.

Six soil borings (SB-26, SB-37 to SB-41) were advanced within AOC 7 as part of the RFI
Phase | soil investigation. Soil boring locations are shown in Figure 4.1.1 and analytical data
are presented in Tables 4.1.6 through 4.1.11 and summarized below. Because the
Courtyard Area has been proposed as the location of an on-site disposal cell for
contaminated soils from AOCs B, 7 and 16, a separate investigation of the Courtyard Area
was conducted by ECS in December 2003 and March 2004. The results of this investigation
are presented in the Supplemental Design Investigation Report (ECS, 2004b) and are
summarized briefly below following the discussion of RFI sampling results.

RFI Field Investigation

Metals. Metal concentrations detected in soil borings drilled within AOC 7 in 1994
during the RFI Phase | soil investigation are provided in Table 4.1.6 and summarized in
Table 9.1.5. Concentrations of most metals generally exceeded site-specific background;
however, only cadmium, copper and silver were detected at concentrations exceeding
MassDEP “natural” soil levels. The highest concentrations of all metals (except lead) were
detected in soil boring SB-37, which is located at the southern end of the courtyard area
near AOC B. The highest concentration of lead was detected in soils collected from SB-41,
located between former Buildings 3 and 12. Beryllium, mercury, selenium and thallium were
also detected sporadically and at low levels.

VOCs. VOC data are presented in Table 4.1.8. No VOCs were detected in sall
boring SB-26, while very low concentrations of PCE, TCE, and toluene were detected in
borings SB-38, SB-39, SB-40, and SB-41. PCE was detected at 3 J and 170 J pg/kg in soils
collected from SB-37 at depths of 1 and 5 feet bgs, respectively. Samples collected from
soil boring SB-37 also contained very low levels of TCE, TCA, and toluene.

PCBs. Selected soil samples from borings SB-38 and SB-41 in this AOC were also
analyzed for PCBs (see Table 4.1.11). SB-38 was advanced in what is referred to as the
Upper Courtyard area and SB-41 was advanced in the area between former Buildings 3 and
12. Aroclor 1248 was detected at concentrations of 37 J and 82 J pg/kg in samples
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collected from SB-38 at depths of 1 and 5 feet bgs, respectively. Higher concentrations
were detected in samples collected from SB-41. Aroclor 1248 was detected at 84,000 J and
2,500 J pg/kg; and Aroclor 1254 was detected at 160,000 J and 4,300 J pg/kg, at depths of 1
and 5 feet bgs, respectively.

Other Constituents. Cyanide was not detected in samples from any borings in AOC
7. TPHD was analyzed for, but also not detected, in samples from all six borings. Samples
from borings SB-26, SB-39, and SB-41 were analyzed for SVOCs. The 2-foot sample from
SB-26 contained low concentrations of several SVOC compounds (Table 4.1.9). Benzoic
acid was detected in SB-41 at a concentration of 10 J ug/kg.

Radionuclides. AOC 7 was included in the Radiological Site Characterization
Survey conducted by Berlin and Duggan (1995). This study is described in Section 4.7.
Summary figures indicating the horizontal and vertical extent of radiological contamination
are provided in Appendix O. The only area of the courtyard exceeding the screening level of
27 pCilg was an area west of Building 2 and between former Buildings 3 and 12.

Supplemental Design Investigation

In December 2003, twenty-one soil borings were advanced in and around the Courtyard
Area as part of the Supplemental Design Investigation (SDI). Five of the soil borings were
completed as 2-inch diameter monitoring wells/piezometers (MW101, MW102, MW103,
MW104 and P16) and two borings were completed as pairs of 1-inch diameter piezometers
(P15-CY and P17). In addition four shallow soil borings (SS-101 through SS-104) were
advanced and one surficial soil sample (SS-106) was collected as part of the SDI.

In March 2004, nineteen additional soil borings were advanced in the Courtyard Area. Three
of these borings were completed as 2-inch diameter monitoring wells (P21, P23 and
MW106) and one boring was completed as a 4-inch diameter monitoring well (P20). In
addition, one shallow soil boring (SS-105) was advanced through the former dry well as part
of the SDI. Monitoring well, boring and surface soil sampling locations are shown in Figure
9.1.5. Boring logs for all soil borings and monitoring wells completed as part of the SDI are
included in Appendix B.

VOCs. Soil samples were collected at two-foot intervals from the surface to the total
depth of each boring and screened in the field for the presence of VOCs. Samples
submitted for laboratory analysis of VOCs were selected from the surface soil layer and/or
the layer with the highest VOC screening level or the soil layer located just above the water
table. Concentrations of VOCs are reported in Table 9.1.6.

PCE was the constituent detected most frequently (in 55 of 62 samples) followed by acetone
(detected in 34 of 62 samples), TCA (detected in 29 of 62 samples), and TCE, which was
detected in 26 of 62 samples. The highest concentration of PCE was detected in the vicinity
of the discovered dry well in this area. One sample collected at a depth of 10-12 feet bgs
from boring P16 contained 5,000,000 pg/kg PCE. Even for a moist, rich soil sample with
20% moisture and 1% organic carbon, a concentration of 5,000,000 pg/kg PCE indicates the
presence of non-aqueous phase liquid (NAPL) in the soil sample.*® A sludge sample

50 Soil concentrations greater than about 430,000 pg/kg indicate the presence of NAPL in soil assuming a water
solubility of 150 mg/L, Koc value of 265 mL/g, a dimensionless Henry’s Law constant of 0.81 and equilibrium
partitioning in soil with a bulk density of 1.6 mL/g, fraction of organic carbon of 1.0 % and volumetric water
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collected from within the dry well (SS-105) contained 11,000,000 pg/kg PCE. The high
concentrations of PCE suggest that this dry well may be the dry well described as AOC 22,
which reportedly received steam condensate from a sump containing two steam-heated
vapor degreasers (see Section 8.1.10), and is likely one of the primary sources of the ground
water plume extending east of Route 152.

The soil data suggest that the dry well is primarily a source of PCE. TCA was detected at
only low concentrations in the vicinity of the dry well; and the highest concentration of TCA
(1,200 pg/kg) was detected west of Building 12 in surface soils collected from B-109.
However, a ground water sample collected in April 2004 from monitoring well P21, which is
located within about ten feet of the dry well, contained 16,000 pug/L TCA. In addition, the
ground water plume extending east of this area contains high levels of TCA, patrticularly in
the deep bedrock layer. Thus, the low levels of TCA found in vadose zone soils may reflect
historical usage patterns (PCE usage as a replacement for TCA) rather than evidence that
the dry well was not a source of TCA. PCE and TCA breakdown products (cis-1,2-DCE, 1,1-
DCE and 1,1-DCA) were detected infrequently in soils.

Although acetone was detected frequently (in more than half of the samples collected),
detected concentrations were low (generally less than 50 pg/kg) and randomly distributed
throughout the Courtyard Area. Although acetone often appears as a laboratory
contaminant, there is also evidence that acetone was used as a cleaning solvent at the Site
(source: 1973 air source registration document). Other volatile constituents detected in soils
included the BTEX chemicals (benzene, toluene, ethylbenzene and xylenes) and other
ketones (methyl ethyl ketone and methyl isobutyl ketone); but these chemicals were
infrequently detected (in only 1 or 2 samples®') and at low levels (less than 10 ug/kg for
BTEX chemicals and less than 45 pg/kg for ketones). These chemicals are unlikely related
to facility operations.

Metals. Soil samples collected from the top two feet of soil were analyzed for RCRA
8 metals. These data are presented in Table 9.1.7 and compared to site-specific
background levels in Table 9.1.8. Cadmium, chromium, lead and silver were detected above
site-specific background concentrations and Mass DEP “natural” soil levels. However levels
of chromium were within the range of USEPA background levels. As indicated in Table
9.1.8, maximum concentrations of cadmium, chromium, lead and silver detected in surface
soils collected from the Courtyard Area were 97, 39, 150 and 51 mg/kg, respectively. Note
that barium was detected at a maximum concentration of 59 mg/kg, compared to the
MassDEP “natural” soil level of 50 mg/kg and much higher background range of 300 to 1500
mg/kg reported by USEPA. Barium was not analyzed for in background soils at the Site.

PCBs. Soil samples were collected at the surface and at depth (composited over
six-foot intervals from the 0 to 6, 6 to 12 and 12 to 18 foot soil layers, if applicable), and
analyzed for PCBs. A total of 136 soil samples were analyzed for Aroclors 1248, 1254 and
1260. Analytical results are reported in Table 9.1.9. Aroclor 1248 was detected in 90 of 136
samples at a maximum concentration of 1,810 mg/kg; Aroclor 1254 was detected in 69 of
136 samples at a maximum concentration of 483 mg/kg; and Aroclor 1260 was detected in 3
samples at less than 0.2 mg/kg.

content of 20%.
51 Toluene, which was detected in 13 of 62 samples, is an exception.
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The distribution of total PCB concentrations detected in Courtyard Area soils by depth
interval (i.e. 0 — 6 feet, 6 — 12 feet, and 12 — 18 feet bgs) is shown in Figure 9.1.6. Total
PCB concentrations detected at the 0 — 6 foot depth interval range from nondetect to 135
mg/kg; concentrations in only three samples (B-104, B-119 and B-121) exceed 50 mg/kg.
All three samples with total PCB concentrations exceeding 50 mg/kg were collected from
beneath the slab of former Building 12. PCB concentrations in about 60 % of the samples
exceeded a value of 1 mg/kg; these samples were located throughout the Courtyard Area.

As shown in Figure 9.1.6, concentrations are generally lower (less than 20 mg/kg) at the 6 to
12 foot depth interval except for six samples, which were collected from soil borings B-109,
B-121 and B-105, where concentrations exceeded 50 mg/kg. The three highest
concentrations of total PCBs (2293, 717 and 171 mg/kg) were detected at a depth of 6 to 8,
8 to 10 and 6 to 12 feet in boring B-109, which is located just west of former Building 12.
Soil borings B-121 and B-105 are located below the slab of former Building 12. Total PCBs
in soil samples collected deeper than 12 feet bgs did not exceed a concentration of 1 mg/kg.

EPH. Soil samples collected from the top two feet of soil were analyzed for
Extractable Petroleum Hydrocarbons (EPH); concentrations are reported in Table 9.1.10.
C11 — Cy, aromatic hydrocarbons were detected in 17 of 27 soil samples at concentrations
ranging from 14 to 964 mg/kg. Concentrations in only five samples exceeded 200 mg/kg.
These areas likely reflect past historical practices of storing waste oils at various locations
within the Courtyard Area.

Radionuclides. Because low-level uranium radioactivity was detected during prior
investigations of the Courtyard Area, a radiation survey was conducted during the SDI
investigation. A report of this investigation is presented in Appendix D of the Supplemental
Design Investigation Report (ECS, 2004b). The authors noted that slightly elevated soil
radioactivity (2 to 3 times background) was detected in a distinct thin (1 to 3 inches thick)
lens of soil, generally ranging from 1 to 2 feet below the paved courtyard surface and was
determined to not exceed current Massachusetts Department of Public Health (MADPH)
cleanup standards for radiological constituents. The approximate area of elevated soil
measurements was a relatively small area in the upper courtyard, representing an area
conservatively estimated at 160 feet by 50 feet and up to 4 feet deep (ECS, 2004b).

Upper Courtyard Remediation

The former drywell located in the Upper Courtyard area was excavated and removed along
with surrounding soils in late 2007 — early 2008. This work was summarized in a report
prepared by LFR, Inc. in April 2009. Summary tables and figures are provided in Appendix
V.

Excavation of the area (approximately 65 feet long by 30 feet wide) down to the bedrock
surface (approximately 20 to 27 feet bgs) began on October 25, 2007 and continued until
December 18, 2007. The area of excavation is depicted in Figures 2 and 3 of Appendix V.
The remains of a former transformer pad including a concrete slab, metal strapping, and
pieces of a utility pole were uncovered along the eastern edge of the excavation and testing
of excavated soils revealed the presence of PCBs. Excavated soils were stockpiled by
depth and sampled for PCB analysis. PCB concentrations in soils excavated from O to 4 feet
bgs ranged from 0.39 to 93 mg/kg, with two samples containing greater than 50 mg/kg
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PCBs. PCB concentrations in soils excavated from 4 to 8 feet bgs ranged from 1.46 to 6.55
mg/kg, and PCB concentrations in soils excavated from 8 to 20 feet bgs ranged from about
0.3to 1.2 mg/kg (see Table 1 of Appendix V). In total, approximately 1,695 tons (57 truck
loads) of soil were transported off-site to an appropriate waste management facility based on
the levels of PCBs in the soil.

9.1.39 AOC13

AOC 13 consists of the surface waters and near shore sediments of Turnpike Lake to the
west and south of the Facility. Characterization of the surface waters and sediments are
addressed in Sections 9.4 and 9.5, respectively.

9.1.3.10 AOC 14

AOC 14 is a land area located under what is now Building 8 that reportedly received
wastewaters from metal-cleaning operations. At the time of operations, wastewater was
discharged through a neutralization unit into a leach field. Although there is no historical
evidence that AOC 14 ever received chlorinated solvent waste, PCE and TCA have been
detected in soil gas samples collected from beneath the concrete slab in Building 8 in this
area. Itis unclear if AOC 14 represents a source of these constituents or if the former leach
field merely provides a preferential flow pathway and suitable subsurface environment for
accumulation of chlorinated solvent vapors. When Building 8 was constructed, as much as
ten feet of fill was required at the east end of the building to raise the building floor to the
level of adjacent buildings.>* A detailed assessment of soil gas sampling results is provided
in Section 9.3.

Soil boring SB-27 was advanced within AOC 14 in February 1995 as part of the RFI Phase |
field investigation to characterize metal concentrations in this area. Soil samples were
collected at 6 and 18 feet bgs from this boring. Two additional borings (SB-55 and SB-56)
were advanced through the concrete floor in Building 8 between AOCs 14 and 29 as part of
the Supplemental RFI field investigation in October 2005. The locations of these two borings
(shown in Figure 4.1.1) were selected based on the results of the updated soil gas survey
described in Section 9.3, and coincide with the highest VOC concentrations detected in this
area. Samples were collected from below the fill layer at 10 and 16 feet bgs in SB-55 and at
9 and 15 feet bgs in SB-56 and analyzed for VOCs and metals.

Metals. Concentrations of metals detected in soil samples collected from SB-27 are
presented in Table 4.1.6. Chromium, copper, lead, nickel, silver and zinc were each
detected at concentrations just above site-specific background. Beryllium and selenium
were also detected at low levels. However, only concentrations of selenium (at 0.79 mg/kg)
and silver (at 1.9 mg/kg) exceeded MassDEP “natural” soil background levels.
Concentrations were slightly higher (within about a factor of two for most metals) in the
sample collected at 18 feet bgs than in the sample collected at 6 feet bgs, which is clearly in
the fill layer.

In soil samples collected from SB-55 and SB-56, metal concentrations (shown in Table
6.1.9) were comparable to site-specific background levels and below MassDEP “natural” soil

52 The amount of fill required ranged from as much as ten feet in the northeast corner of Building 8 to a foot or
less at the western end. Assuming an average fill depth of five feet, the total volume of fill is approximately
15,000 cubic yards.
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levels. The low levels of metals detected in these borings suggest that this area has not
been affected by the discharge of wastewaters from metal cleaning operations.

VOCs. Only low levels of PCE were detected in soil samples collected from soil
borings SB-55 and SB-56 (see Table 6.1.7). PCE was detected at 240 and 270 pg/kg at a
depth of 9 — 10 feet bgs in SB-55 and SB-56, respectively. In deeper samples collected at
15 — 16 feet bgs, PCE was detected at 1.8 and 44 ug/kg. Benzene (at 1.1 pg/kg), toluene
(at 1.9 pg/kg) and acetone (at 26 pg/kg) were also detected in the deeper sample collected
from SB-55. However, no TCA was detected in either soil boring despite TCA being the
predominant VOC detected in soil gas in this area. The low levels of PCE in soils collected
at a depth of 9 — 10 feet bgs between AOCs 14 and 29 may be contributing to the PCE
concentrations in soil gas near AOC 14; however, vadose zone soils do not appear to be a
source of TCA in soil gas at AOC 14. Soil gas data are discussed in more detail in Section
9.3.

Overburden monitoring well MW49A was installed upgradient (west) of AOC 14 as part of
the Supplemental RFI field investigation in 2005. The location of this well is shown in Figure
3.1. This well was sampled twice, in December 2005 and April 2006, and TCA was detected
at a concentration of 690 and 400 pg/L. Because no TCA was detected in soils above the
ground water zone, it appears that the source of TCA in soil gas collected from AOC 14
originates from an upgradient source area (such as AOC 5/6) and not AOC 14. PCE was
not detected in the December sample and detected at 6.9 ug/L in the April sample collected
from MW49A. Only low levels of TCE, cis-1,2-DCE and 1,1-DCA have been detected in this
well.

Located downgradient to the east of AOC 14 is overburden monitoring well MW12. This well
was first sampled in August 1988, and PCE and TCA were detected at concentrations of
3,650 and 13,000 pg/L, respectively. TCA degradation products 1,1-DCE and 1,1-DCA were
also detected at 500 and 600 pg/L, respectively. Concentrations have steadily decreased
since August 1988. In September 2005, MW12 was replaced by a new well pair (MW12A/B)
because MW12 was often dry under GSM pumping conditions. In April 2006, concentrations
of PCE and TCA were 410 and 160 pg/L, respectively in MW12A and 4,000 and 1,100 pg/L,
respectively in MW12B. Because no TCA was detected in subsurface soil samples collected
near AOC 14, these data suggest that this AOC is not a source of the high VOC levels
detected in MW12 in August 1988.

9.1.3.11 AOC 16

AOC 16 consists of a wastewater disposal system comprised of two dry wells and an
associated leachfield. The wastewater discharged to this AOC reportedly included
wastewaters from the wire melt room, personnel cleanup wastes from a locker room, and
wastes from an assay laboratory. In addition, from 1957 until 1962, treated wastewaters
generated during the fabrication of uranium fuel elements (which involved the handling of
natural, depleted and enriched uranium) were also discharged to this AOC. During a system
malfunction, liquid wastes disposed in this leach field reportedly may have overflowed to the
ground surface in this area. The area of the former dry well at AOC 16 will be addressed in
future work under the jurisdiction of the Massachusetts Department of Public Health.

Subsurface soil samples were collected from three soil borings drilled in this area (SB-28,
SB-29 and SB-30) and analyzed for metals and VOCs (see Tables 4.1.6 and 4.1.8). In
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addition, as part of a separate radionuclide investigation within the affected area, a soil
boring (SBRD33) was advanced inside the former dry well located in this area. Refusal was
encountered in SBRD33 at 12 feet bgs, which indicates the depth of the dry well and
suggests that the bottom was not porous. A second boring (SBRD33A) was subsequently
drilled immediately outside the dry well. Soil samples were collected from both borings at a
depth of 10 feet bgs.

Metals. Concentrations of arsenic, cadmium, chromium, copper, lead, nickel, and
zinc in subsurface soils collected from AOC 16 were comparable or slightly above maximum
concentrations detected in site-specific background samples; only copper, which was
detected at a concentration of 128 mg/kg, and beryllium (detected in one sample at a
concentration of 0.78 mg/kg) exceeded MassDEP “natural” soil levels.

Several metals were detected significantly above background in the soil sample collected
from within the dry well (SBRD33, Table 4.1.6), including arsenic, cadmium, chromium,
copper, lead, nickel, silver, and zinc. Beryllium, mercury, and selenium were also detected
in this sample as well as cyanide at a level of 94.5 mg/kg. The exterior sample (SBRD33A)
was not analyzed for metals.

VOCs. PCE and TCE were each detected at a depth of 15 feet bgs in samples
collected from borings SB-29 and SB-30 at low concentrations of 2 J and 2J ug/kg, and 220
and 10 pg/kg, respectively. Low concentrations of TCA, 1,1-DCA, and vinyl acetate were
also detected.

Low levels of VOCs (PCE, TCE, TCA and toluene) were also detected in samples collected
from SBRD33 and SBRD33A. SBRD33 also had detected VOC concentrations of TCA at 4J
po/kg, PCE at 63 pg/kg, toluene at 2J pg/kg, and TCE at 27 ug/kg. For comparison, the
exterior sample from SBRD33A had concentrations of PCE at 10 pg/kg, and TCE at 9 pg/kg.

PCBs. The sample collected from within the dry well was also analyzed for PCBs
(Table 4.1.11). Aroclor 1248 was detected at 74,000 J ug/kg, Aroclor 1254 was detected at
80,000 J pg/kg, and Aroclor 1260 was detected at 25,000 pg/kg.

Other Constituents. Samples collected from both within and just outside the dry
well were also analyzed for SVOCs and TPH (Tables 4.1.9 and 4.1.10). Fluoranthene and
bis (2-ethylhexyl) phthalate were detected in the interior sample at concentrations of 5,900 J
and 15,000 J pg/kg, respectively. Neither of these two compounds were detected in soll
collected from just outside the dry well; however, pyrene was detected at a concentration of
62 J ug/kg. TPHD was only detected in the interior sample at a concentration of 160 ug/kg.

Radionuclides. Because AOC 16 was used to dispose treated wastewaters
generated during the fabrication of uranium fuel elements, this is one of the areas targeted
for investigation during the Radiological Site Characterization Survey (described in Section
4.7). As displayed in the series of figures contained in Appendix O, the highest uranium
concentrations in soil were detected in AOC 16 and elevated levels were detected as deep
as 18 feet bgs. BASF has proposed that soils in AOC 16 (as well as other very localized,
limited volume of soils within AOCs B and 7, and sediments within the adjacent south
embayment of Turnpike Lake, which exceed MADPH cleanup standards) be removed and
disposed of at a licensed off-site disposal facility.
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9.1.3.12 AOC 19

AOC 19 is a former small building adjoining former Building 7. The building was constructed
with a concrete floor and walls and the floor was set approximately four feet below the
adjacent former Building 7 floor level. The former building contained a grease trap, which
removed oil and grease from the recirculating contact cooling water generated by a rolling
mill. A sump pump located in the former building discharged water (potentially containing oil
and metals) to the ground surface outside the building wall.

Boring SB-31 was drilled adjacent to the grease trap, and samples were collected at 2 and 4
feet bgs. Both samples were analyzed for TPH, with no detections reported.

9.1.3.13 AOC 22

AOC 22 is a dry well believed to have been located under the northeast corner of former
Building 9. It reportedly received unknown quantities of steam condensate from a sump
containing two steam-heated vapor degreasers. The location of AOC 22 is based on a
single reference in a 1977 report describing the presence of a degreaser pit sump pump
located in the wire cleaning room (former Building 1), which discharged hot condensate to a
floor drain in old Building 4°®that subsequently drained to an under floor dry well. It is
unclear if the recently discovered dry well in the upper courtyard area (AOC 7) is related to
this system, although the fact that the single connecting drain line was from the direction of
old Building 4 and appeared to have been sheared off when Building 9 was constructed
suggests that it may be.

VOCs. Soil boring SB-32 was drilled in 1995 at a location where previous soil gas data
indicated a potential release of VOCs in the area. The boring was located downgradient
from the previously suspected location of the former dry well. Samples collected at 2 and 8
feet bgs contained PCE at concentrations of 14 and 140 pg/kg,respectively. The soil sample
collected at a depth of 8 feet bgs also contained TCA at a concentration of 4 J pg/kg (Table
4.1.8). No evidence of free product was noted in the boring. As described in Section 9.3,
soil gas survey data indicated low to moderate levels of VOCs in vapor in both this area and
in adjacent AOC 26. The low concentrations of VOCs in soil in this area lend credence to
the idea that what has been described as AOC 22 is actually the dry well discovered in 2003
in the upper courtyard area in AOC 7.

9.1.3.14 AOC 23

AOC 23 consisted of a storm drain and a leach field. It was located north of former Building
1 and, at one time, it reportedly may have received floor spillage from the lower boiler room
in former Building 1. Any floor spillage went through a concrete-lined, subsurface 200-gallon
oil separator prior to entering the storm drain. The oil-water separator has since been filled
with concrete and the storm drain is believed to be buried under the berm that was
constructed with demolition debris in this area when Building 1 was demolished in 1996. A
former 5,000 gallon UST used for the storage of No. 4 fuel oil was also located just north of
the northwest corner of former Building 1. The tank was installed in 1959 and removed in
1986.

53 Old Building 4 was located on the south side of old Building 3, which was in the northeast corner of former
Building 9 prior to the construction of Building 9.

Contamination Characterization 153 ENVIRON



Revised DRAFT RFI Report
BASF Facility, Plainville, Massachusetts

DRAFT

Two soil borings were advanced in this area in 1995 as part of the RFI Phase | soil
investigation. Soil boring SB-33 was drilled to evaluate the potential impact of spillage on
the former boiler room floor and soil boring SB-42 was drilled to evaluate the potential impact
of the UST.

Metals. Concentrations of metals detected in soil samples collected from SB-33
were comparable to site-specific background levels and below MassDEP “natural” soil
levels. Concentrations detected at a depth of 14 feet bgs were slightly higher (by less than a
factor of two) than levels detected at 10 feet bgs (Table 4.1.6).

Other Constituents. Soil samples collected from SB-33 and SB-42 (at depths of 12
and 18 feet bgs) were also analyzed for total petroleum hydrocarbons (TPH); however, none
were detected.

9.1.3.15 AOC 26

AOC 26 consists of an approximately 22-foot long by 2-foot wide concrete trench, which
served as a housing for process piping. The trench was located within former Building 1. In
February 1989, it was discovered that wastewaters had apparently leaked from the piping in
this trench, which connects aqueous acid/alkali cleaning tanks with a drain that leads to the
WTP, and contaminated subsurface soils. Approximately 7.5 cubic feet of soils and concrete
were excavated from this area. Metals were detected in soil samples from the trench. The
trench and piping were repaired in 1989.

As part of the RFI phase | soil investigation, one soil boring (SB-34) was advanced through
the trench in 1995, and samples were collected at 2 and 6 feet bgs for analysis of metals
and VOCs. Results are summarized in Tables 4.1.6 and 4.1.8.

Metals. Cadmium, chromium, copper, lead, nickel, silver, and zinc were all detected
at concentrations above maximum background levels; and cadmium, copper and silver were
detected above MassDEP “natural” soil levels at concentrations of 29.8, 297 and 2.8 mg/kg,
respectively. Concentrations of all metals were typically highest in the 2-foot deep sample
and decreased or stabilized with depth.

VOCs. PCE was detected at 8 ug/kg in samples collected from 2 and 6 feet bgs.
Low concentrations of vinyl acetate were also detected in the sample collected at 2 feet bgs.
No other VOCs were detected. Samples were also analyzed for cyanide; however, none
was detected.

9.1.3.16 AOC 29

AOC 29 consists of a former above-floor degreaser that was located in Building 8 at the
north central portion of the Facility. The degreaser may have operated from the time
Building 8 was constructed in 1972 and until it was removed between 1990-1993, concurrent
with the cessation of manufacturing activities at the Site. VOCs have been detected in soil
gas samples collected from beneath the building slab in the vicinity of AOC 29 (see Section
9.3) and in ground water samples collected from the nearest monitoring well cluster
(MWO02/MW29).

VOCs. Soil boring SB-35 was drilled downgradient of the former degreaser in
February 1995 to investigate potential VOC concentrations in the vadose zone soils.
Samples were collected at 2, 9, 16 and 25 feet bgs. VOCs were only detected in the sample
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collected at 25 feet bgs. In this sample, the only VOCs detected were PCE and TCE, at
concentrations of 7 and 8 ug/kg, respectively (Table 4.1.8).

Ground water samples collected in May 1995 from the overburden monitoring well MW02,
which is located slightly upgradient (west) of AOC 9, contained PCE and TCE at 1,100 and
45 ug/L, respectively (Table 4.2.10). Thus, it appears that the low levels of these
constituents observed in vadose zone soils at 25 feet bgs are likely attributed to volatilization
from ground water rather than sources associated with AOC 29. Note that the most recent
sample collected from MWO02 in December 2005 contained no VOCs, which suggests that
the GSM is having an effect on ground water concentrations in the overburden zone in this
area.”

Note that ground water samples collected in May 1995 from the shallow bedrock well
(MW29) contained TCA and 1,1-DCA at 4,100 and 130 pg/L, respectively — and no PCE or
TCE (Table 4.2.10). In August 2006, ground water collected from MW29 contained TCA,
1,1-DCA and 1,1-DCE at 720, 35 and 10 ug/L, respectively and again no PCE or TCE.
Thus, the source of TCA in ground water and soil gas in the area of AOC 29 appears to be
originating from an upgradient source (such as AOC 5/6) rather than operation of the above
floor degreaser at this location.

9.1.3.17 AOC 30

AOC 30 consists of a former below grade degreaser pit located in former Building 6. At
some point, prior to demolition of former Building 6 in the mid-1990s, the pit was filled in and
covered with concrete. During Phase I, Boring SB-36 was drilled within the footprint of the
former degreaser pit. The boring hit a buried concrete slab a few feet bgs, and the rig was
relocated approximately 20 feet north to drill boring SB-36B. During Phase Il, another
attempt was made to further characterize the VOCs at AOC 30. A boring (SB-36C) was
attempted adjacent to SB-36. Again, refusal occurred on the buried concrete slab, and
elevated VOC concentrations were detected in soil and water above the slab. Due to
concern of cross-contamination, which would result from penetrating the slab, the rig was
relocated and a second boring (referred to as SB-36CR) was drilled four feet east of SB-36.

In October 2005, the concrete slab covering this pit was removed revealing two adjacent pits
separated by an east-west wall. The northern pit reportedly contained the degreaser and the
southern pit contained related pumps and piping. Both pits were intact, containing fill
materials and holding liquid.>® After removing the entire contents of both pits, the lower
slabs of each pit were removed revealing what appeared to be dry soils beneath the pits.
One soil sample was collected from below the center of the slab in the southern pit (AOC30-
1) and two samples were collected from below the southern and northern edges of the
northern pit (AOC30-2S and AOC30-2N, respectively). All three samples were analyzed for
VOCs. After sampling, the excavated areas were backfilled with clean material.

Two additional subsurface soil samples were collected from soil borings (SB-58 and SB-59)
advanced through the clean fill material to native soils beneath the pits and analyzed for
PCBs after low levels of PCBs were detected in one of the composite samples used to
characterize the excavated material for disposal purposes.

54 A complete summary of ground water monitoring results by well is provided in Appendix Q.
55 A photo log is provided in Appendix P.
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VOCs. The boring samples collected from SB-36 at one foot bgs (above the slab)
contained PCE at concentration of 2,200 J pg/kg, 1,1-DCA at 12,000 J pg/kg, and
chloroethane at 2,900 J pg/kg, respectively. The sample collected immediately below the
depth of the buried slab (approximately 3 feet bgs) in SB-36B had concentrations of TCA at
6 ug/kg, PCE at 6 pg/kg, and toluene at 2J ug/kg (Table 4.1.8).

Soil collected from SB-36C (also located within the pit, above the slab), contained TCA at
410 J pg/kg, 1,1-DCA at 53,000 pg/kg, methylene chloride at 440 J pg/kg, and PCE at 1,200
J ug/kg. After the rig was relocated, two soil samples were collected below the base of this
slab from SB-36CR. No VOCs were detected above detection limits for samples collected at
5.5 or 9 feet bgs. These data were consistent with the presence of an intact concrete pit,
which effectively prevented leakage into the underlying soil.

Soil samples collected from directly below the concrete pit during the Supplemental RFI field
investigation (AOC 30-1, AOC 30-2N and AOC 30-2S) contained low to moderate levels of
chlorinated solvents (TCE, TCA, 1,1-DCE and 1,1-DCA). For example, TCA was detected at
570, 74 and 2,300 ug/kg; and TCE was detected at 180, 0.8 and 18 pg/kg in samples AOC
30-1, AOC 30-2N and AOC 30-2S, respectively (Tables 6.1.6, 6.1.7). While no significant
leakage from the pits was evident from visual observations and prior sampling, it appears
that some minor leakage has occurred. This leakage may be responsible for the low levels
of VOCs detected in soil gas in this area (see Figures 9.3.3 and 9.3.4).

PCBs. No PCBs were detected in the two additional subsurface soil samples
collected from native soils beneath the pits.

9.1.4 Estimation of Hazardous Constituent Mass in Each AOC

For the limited purpose of fulfilling the requirements of Section IX.B.2.ii of the ACO, an
evaluation was made of the estimated quantities of hazardous constituents within each AOC
and sub-AOC. These calculations are not intended to be definitive, and should serve no
other purpose than acting as an estimation as required by the Consent Order. For soil, each
AOC and sub-AOC was divided into a hypothetical box or cylinder based on the dimensions
of the area, the depth to ground water (DTW) or depth of deepest sample collected, and
number of vadose zone samples collected from within it. The assumed dimensions of each
area were estimated using information obtained from available aerial photographs, text
descriptions and figures. Each area was then subdivided into three layers including a
surface layer from 0 — 2 feet and two equal subsurface layers extending to ground water or
the depth of the deepest sample. The DTW was obtained from boring logs when the
information was available. In several cases, the boring log did not note DTW, or the water
table was not encountered in the boring, and DTW was estimated from nearby borings.

The mass of soil in each AOC was obtained using an average soil dry density of 55.5 kg/ft®
and the dimensions of each area as discussed above. The average soil dry density was
calculated from four samples collected near the Facility, which were averaged and used for
all soil calculations. For sediments in AOC 13, an average dry density of 21.2 kg/ft* was
assumed based measured values for Turnpike Lake sediments.

The average constituent concentration in each layer was calculated assuming a value of
zero for non-detects. A volume-weighted average concentration of a contaminant across an
AOC was then calculated and used to determine the absolute mass of contaminant in each
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AOC. Weighted average concentrations and total mass were calculated for VOCs, SVOCs,
PCBs, and individual metals for each AOC. Results of these calculations are summarized in
Table 9.1.11. Note that these calculations do not reflect the soil removal conducted in the
Upper Courtyard Area, which extended below the water table. As the mass estimates are
based on a weighted average concentration, the reduction in mass above the water table is
proportional to the relative area excavated, which is approximately 5% of the total area of
AOC 7.

9.2 Ground Water Contamination

9.2.1 Background Ground Water

Two monitoring wells were installed to characterize background ground water quality at the
Facility. MWO7 was installed in the overburden and MW37 was installed in bedrock. The
background wells are located in a wooded area outside the perimeter security fence on a
portion of the Facility that has not been used for manufacturing or chemical/waste storage
(see Figure 3.1). This location is also on the upgradient side of the Facility in a zone of
ground water recharge from Turnpike Lake. Both wells are constructed with stainless steel
casings/screens. A discussion of the results of chemical tests of ground water from these
wells is provided below.

9.2.1.1 Chlorinated Volatile Organic Compounds

Chlorinated volatile organic compounds (CVOCs) were analyzed for in the background
ground water samples during all five rounds of RFI sampling including the Appendix IX
sampling event. In general, CVOCs have not been detected, however, PCE was detected in
the overburden background monitoring well MWO7 at 3 pg/L and 8 pg/L in Rounds 1 and 2
respectively and in bedrock background monitoring well MW37 at 25 ug/L in Round 2 (Table
4.2.10)*°. Review of the field records for the initial three rounds of testing (Appendix IX,
Round 1, Round 2) conducted during the Phase I investigation indicates that sampling-
induced cross contamination is the likely explanation for the anomalous detections of PCE in
the background monitoring wells MWO07 and MW37.

To minimize cross contamination, the sampling program was designed so that monitoring
wells would be sampled in the order of expected concentrations of total CVOCs, i.e., clean
wells would be sampled first and wells with increasing concentrations would follow. This
sampling order was followed during the Appendix IX sampling event, and no CVOCs were
detected in the background monitoring wells MWO0O7 and MW37. However, in Rounds 1 and
2, monitoring well MW28 was sampled out of order and before the sampling of MW07 and
MW37. PCE was detected in MW28 at 1,600 micrograms per liter (ug/L) in Round 1 and at
1700 pg/L in Round 2. Although the sampling pump and equipment were decontaminated
between each well following standard procedures, it appears that cross contamination
between MW28 and the background wells may have occurred during Rounds 1 and 2. In
addition, as discussed above, the location of the background wells indicates that impact from
the Facility or other sources is extremely unlikely.

Following communications with the USEPA, it was agreed that MW07 and MW37 would be
re-sampled to resolve the issue of cross contamination. On July 26, 1996, both wells were
purged and sampled for CVOCs (EPA Method 8240). Equipment blanks were collected

56 A well-by-well summary of VOC concentrations detected in ground water is provided in Appendix Q.
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before each well was sampled, and one duplicate sample was collected concurrent with
each primary sample. The chemical analytical data was validated according to Region | Tier
Il guidelines, and PCE was not detected in any of the samples (in fact, no CVOCs were
detected in these samples). A complete description of the field procedures, sampling
program and results is presented with the Phase Il data in Section 5.0 of this report.

Based on the review of the entire sampling record, it is concluded that the detections of PCE
in MWO07 and MW37 in Rounds 1 and 2 were anomalous data and were likely the result of
cross contamination. It is therefore concluded that MWO07 and MW 37 remain suitable as
background ground water monitoring locations. The expected concentrations of CVOCs in
background ground water are non-detect.

Further discussion of CVOCs results for other wells is presented in Section 9.2.2.

9.2.1.2 Metals

Numerous metals were detected in ground water samples collected from MWO07 and MW37
during the RFI and the Supplemental RFI field investigations. The frequency of metals
detection was particularly higher in the total metals analyses, as compared to the dissolved
(filtered) analyses, suggesting that many of the detections may be associated with
particulate material in the wells that was not removed by the low-flow sampling technique.
Based on the five rounds of sampling for the two background wells, no metal was detected in
50 percent or more of the samples. Therefore, background cannot be characterized by
statistical representation using the 95% UCL. Concentrations of metals detected in
background ground water samples collected during the RFI are presented in Table 9.2.1.

Three metals occur in the background samples with notable frequency, albeit at relatively
low concentrations: chromium, nickel, and lead. It is unknown whether these metals are
naturally occurring in the soils and bedrock, or are the result of slow corrosion of the
stainless steel used in constructing these wells, coupled with incomplete purging of borehole
water with the low-flow sampling technique employed in the RFI.

For the purpose of evaluating ground water, analytical results for ground water samples
were compared to the Maximum Contaminant Levels (MCLSs) established under the Safe
Drinking Water Act. The concentrations of metals measured during the RFI in background
wells are below the MCL with one exception. The results in both background monitoring
wells exceeded the MCL for antimony in the Round 3 sampling event. Because antimony
was not detected before or after Round 3, the Round 3 antimony results are considered
anomalous, and background likely does not exceed the MCL for any metals.

Concentrations of the five metals most frequently detected above MCLs in ground water at
the Facility (antimony, cadmium, chromium, lead, and nickel) are displayed for the entire
monitoring network, including the background wells, for the five rounds of testing in the RFI
Phase I/l and Supplemental investigations on Figures 9.2.10 through 9.2.14. Further
discussion of metals results in ground water is presented in Section 9.2.3.

9.2.1.3 Other Constituents

Dioxins and furans were not detected in any of the samples collected and analyzed during
the Appendix IX sampling event. These compounds were, therefore, not included in the later
RFI sampling programs. Likewise, polychlorinated biphenyls were also not included in the
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routine tests for the background wells due to lack of finding PCBs in the Appendix I1X
sampling event. Background concentrations for all of these other chemicals are assumed to
be non-detect.

9.2.2 Volatile Organic Compounds

Ground water samples collected during the Appendix IX, and the RFI Phases I/l and
Supplemental investigations along with the annual groundwater monitoring events were
analyzed for VOCs. Based on a review of this data, the following VOCs were detected with
the greatest frequency: PCE, TCE, TCA, cis-1,2-DCE, 1,1-DCE, and 1,1-DCA. In addition,
these constituents were detected at levels above their respective MCLs, with the exception
of 1,1-DCA for which a MCL does not exist. Vinyl chloride was also detected at levels above
its MCL of 2 pg/L but only at a very low frequency. This constituent is likely a degradation
byproduct of DCE. No other CVOCs were detected above their MCLSs.

The distribution of CVOCs in ground water at the Facility is widespread, reflecting multiple
likely source areas from which CVOCs have migrated and formed a more-or-less continuous
plume which extends to the east of Route 152. For efficiency of presentation of this data,
isoconcentration contour maps are presented for total CVOCs detected during the most
recent round of sampling conducted in November 2010 in the overburden and the shallow
and deep bedrock units on Figures 9.2.1 through 9.2.3, respectively. Complete data
summary tables showing all validated results for the RFI Phase I, Il and Supplemental
investigations are shown in Sections 4.0, 5.0 and 6.0, respectively and in Appendix Q.
Further discussion of the current distribution and the temporal trends for concentrations of
CVOCs in the overburden and bedrock are provided below.

9.2.21 Volatile Organic Compounds - Geographic Distribution/Temporal Trends

The spatial patterns of CVOC concentrations observed in ground water monitoring wells and
in soil gas (see Section 9.3) indicate that a number of the identified AOCs are contributing to
the occurrence of CVOCs in ground water; however, the majority of the on-site ground water
CVOC contamination appears to originate in two principal areas of the Facility:

e AOCs 5 and 6 and potentially AOC 29 beneath Building 8, and
e the area including AOC 7 in the upper courtyard area, and AOC 22/26
beneath Building 1.

AOC 5 is a former land disposal area/pit located beneath the northwest corner of Building 8
that reportedly received contact and non-contact cooling waters and acid cleaning and
annealing wastewaters. An above-floor degreaser was also operated in this area within
Building 8. AOC 6 is an area located in the southwest corner of what is now Building 8
where wastewaters from metal cleaning operations were reportedly released to the ground;
and AOC 29 is the location of a second above-floor degreaser operating within Building 8.

The pattern of soil gas concentrations detected in samples collected from beneath Building 8
suggests that CVOC sources may be present in the vadose zone beneath Building 8. The
highest groundwater concentrations in this area have historically been observed in MW12
(downgradient of Building 8) and MW29 (slightly upgradient of AOC 29). The predominant
CVOC detected in ground water beneath Building 8 has been TCA, although PCE and other
degradation byproduct have also been detected. Concentrations of TCA in bedrock
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monitoring wells northeast of Building 8 (MW03/14/16) in the northern portion of the CVOC
plume, and upgradient of the GSM barrier wall and line of extraction wells, were in excess of
4 mg/L in the early 1990s, but have declined by about an order of magnitude to less than 0.4
mg/L since then, with cessation of degreaser operations at the Facility in 1993 and startup of
the GSM in 1998 (see Figure 9.2.4).

The concentration of PCE in this same well nest (MWO03/14/16) has historically been less
than 1 mg/L; however, upon the startup of the GSM in early 1998, PCE concentrations
increased in the bedrock to over 2 mg/L (see Figure 9.2.4). Itis likely this increase in PCE is
the result of migration from areas to the south of Building 8, which was triggered by the
change in bedrock flow patterns, and/or the flushing of highly concentrated VOCs from
bedrock microfractures induced by the pumping of extraction well EWO06 at the north end of
the GSM. Over time, with the operation of the GSM, concentrations of total CVOCs on the
northern portion of the CVOC plume in this area have declined to less than 1 mg/L.

Recent testing of the shallow bedrock zone indicates that the concentration of total CVOCs
is approximately 5 mg/L in MW12B, immediately downgradient of Building 8 (see Figure
9.2.2). Based on ground water flow direction, enhanced by GSM pumping effects, it seems
that CVOCs were released in the vicinity of Building 8 and/or migrated from beneath former
Building 1 from a variety of upgradient sources. The concentrations of total CVOCs in
overburden monitoring wells beneath Building 8 (i.e. MW48A and MW49) are less than those
observed in MW12B (last sampled in 2006).

AOC 22/26 is the location of a former dry well that reportedly received steam condensate
from a sump containing two steam-heated vapor degreasers, and a nearby concrete trench
beneath former Building 1. Although significantly elevated concentrations of PCE and its
degradation products and lesser amounts of TCA have been found in soil gas and ground
water in this area, the former dry well may actually be located in the upper Courtyard Area of
AOC 7 as described below. Historically, concentrations of PCE in excess of 40 mg/L have
been detected in the overburden zone (MWO04), and in excess of 20 mg/L in shallow bedrock
(MW15) immediately downgradient of this area in the early 1990s while the Facility was still
operating (see Figure 9.2.5). Since then, total CVOC concentrations in shallow bedrock
have declined somewhat from a range of 20 to 30 mg/L in the early 1990s to a range of 10 to
20 mg/L in MW45B in the 2004-2006 timeframe (see Figure 9.2.2). A deep bedrock
monitoring well (MW45C) screened from 180 to 200 feet bgs was installed in April 2009 and
sampled in May and November 2009. Total CVOC concentrations were in the 10 to 14 mg/L
range. However, whereas groundwater collected from MW45A and MW45B contained
almost entirely PCE and TCE and no TCA, groundwater collected from MW45C contained
about 8 to 10 mg/L TCA and lesser amounts of PCE and TCE.

Although no DNAPL layers have been directly observed beneath AOCs 22/26, the
consistently high concentration of CVOCs in this area since the Facility was closed indicates
the likely presence of source material (DNAPL) in the overburden and bedrock zones.
CVOCs have been found at concentrations in excess of 10 mg/L deep into the shallow and
deep bedrock zones, indicating significant vertical migration has occurred through high
angle, nearly vertical fractures, creating an area that will likely remain a significant source of
CVOC:s for the foreseeable future. A significant bedrock fracture zone has also been
mapped to cross this area from west to east, which provides a zone of preferential migration
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that facilitates the movement of CVOCs off-site to the east in bedrock. This area is regarded
to be a significant source of the CVOC contamination found in downgradient ground water.

As mentioned above, and previously described in Section 8.0, the northeast corner of AOC 7
contained a dry well that was apparently used for the disposal of PCE and TCA solvents.
Based on the location of this dry well and the concentration of VOCs detected in sediments
collected from this well (see Section 9.1.3.8), it appears that this structure is what has
historically been described as AOC 22. Concentrations of total CVOCs have been
measured in ground water at over 100 mg/L near the dry well indicating the likely presence
of source material (DNAPL) in the overburden and/or bedrock zones. For example, PCE
and TCA were detected at 150 mg/L and 16 mg/L, respectively in PW-21. PCE was also
detected at 65 mg/L in PW-20 and 38 mg/L in PW-23 (see Table 9.2.2). This area is
regarded to be a significant source of the CVYOC contamination found in downgradient
monitoring wells. Like AOC 22/26, this dry well overlies the fracture zone that conveys
ground water to the east. As indicated in Section 9.1.3.8, the former drywell and
surrounding soils were excavated in late 2007.

Elsewhere on the facility other less significant sources of CVOCs have been identified in the
vicinity of AOCs A-1 and 30, although concentrations in ground water are typically well below
those found in the areas discussed above.

Although the on-site plume of detectable CVOCs spans much of the frontage of the Facility
property along Route 152, the most concentrated portion of the plume leaving the Site is
found near extraction wells EW02 and EW03, monitoring wells MW04/15/17, MW53A/B/C,
and piezometers P12, P12a, P12b and P13, which are downgradient of AOCs 22/26 and 7.
For example, the newly installed deep monitoring well MW53C, located east of the Upper
Courtyard Area, contained total CVOCs in the 70 to 80 mg/L range at 180 to 200 feet bgs.
Further downgradient, total CVOC concentrations were detected at 20 to 30 mg/L in
piezometer P12b.

The migration of CVOCs from this area extends downgradient to the east to well nests
MW40A/B, MW41A/B and MW21A/B/C. This migration pathway corresponds approximately
with the alignment of a fracture zone in the bedrock that was identified during the pump
testing of extraction well EWO02 (associated with the GSM) and during subsequent
geophysical testing of this well and nearby wells in 2008.%" This fracture zone may have
contributed to the off-site migration in this area. Historically, along this flow path,
concentrations of total CVOCs have been detected off-site in the range of 1 to 10 mg/L in
both the overburden and bedrock zones.

CVOCs in the overburden historically migrated off-site to the east of Route 152, where
ground water is drained into Sawmill Brook (see Figure 9.2.1). Overburden concentrations
of total CVOC:s in this area in the late 1980s and early 1990s exceeded 5 mg/L, but have
significantly declined since the early 1990s, particularly since the startup of the GSM in
1998, with concentrations recently reported to be less than 0.1 mg/L at MW21A. This
significant improvement in water quality is likely the result of better interception of
contaminated ground water in the overburden at the upgradient GSM, and the natural
flushing of the overburden by the infiltration of clean rain water on the unpaved properties

57 A more detailed discussion of the conditions in the area of the GSM and the significance of this fracture on
ground water migration and capture is provided in Section 13 of this report.
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downgradient of the GSM and east of Route 152. Further to the north, concentrations of
CVOCs migrating in the overburden from beneath Building 8 also are observed to rapidly
decline as ground water reaches the area of discharge along the southern boundary of the
drive-in property (see Figures 9.2.1 and 9.2.4).

Concentrations of CVOCs in sediment and surface water (described in Sections 9.4 and 9.5)
also suggest that CVOCs in ground water are transported east of Route 152 and discharge
in the low lying wetlands due to ground water upwelling in this area. In particular, CVOCs
were not detected in sediment or surface water samples collected from locations upstream
of the low-lying area east of Route 152 but were detected at elevated concentrations in
samples collected from within the ground water upwelling zone in this area. The highest
CVOC concentrations were detected in sediment and surface water samples collected near
overburden monitoring well MW21A where the highest levels of VOCs were detected in off-
site ground water.

In the bedrock zone, migration of CVOCs has also occurred historically towards the wetlands
east of Route 152. Similar to what was observed in the overburden, total CVOC
concentrations declined with the shutdown of the Facility in 1993 and later, with the startup
of the GSM in 1998. The improvement in water quality in the bedrock has been less than
observed in the overburden, however, and recent total CVOC concentrations in off-site wells
bordering the wetlands continue to exhibit concentrations in the range of approximately 2
mg/L (see Figure 9.2.2). The slower improvement in bedrock water quality is likely the result
of a slower rate of flushing of the bedrock zone from upgradient ground water, as the
operation of the GSM has significantly intercepted the natural flow of ground water through
the bedrock zone from Turnpike Lake. A more complete discussion of the performance of
the GSM is provided in Section 13.5. The long-term trend for CVOC concentrations in
bedrock in this area, however, should continue downward due to operation of the GSM.

As the CVOCs have migrated to the east of Route 152, the direction and extent of migration
is controlled by the discharge of ground water into the low-lying wetlands east of the road
and southeast of the drive-in property. Evidence of this discharge has included the historic
presence of springs or “seeps” along the boundary of the upland areas and the wetland
immediately east of the Facility, and the presence of CVOCs in surface water and sediment
in the wetlands. This natural discharge process is the result of the location and relative
elevation differences between the principal source of water (Turnpike Lake) and the
wetlands. Because Turnpike Lake is perennial, and always contains some amount of
surface water, this discharge process will persist to a greater or less degree throughout the
year and during periods of both high rain (and high water table) and drought. The historical
ground water quality data also supports a conclusion that the wetlands form an effective sink
that prevents the migration of CVOCs farther to the east towards Lake Mirimichi, even in the
deeper bedrock zones. A number of years of monitoring data from sentinel bedrock
monitoring wells located along the eastern and southern boundaries of the wetland have
consistently shown no detection of CVOCs beyond the principal discharge area south of the
drive-in property (see Figures 9.2.1, 9.2.2, and 9.2.3). Two new very deep (> 200 feet bgs)
sentinel wells (MW33D and MW43D) were installed in August 2010 to determine whether
CVOCs are migrating beyond the wetlands to the north and east. No chlorinated VOCs
were detected in either well during the annual groundwater monitoring event in November
2010 (see Figure 9.2.3).

ENVIRON 162 Contamination Characterization



Revised DRAFT RFI Report
BASF Facility Plainville, MA

DRAFT

As discussed in Section 7.0, approximately 78 private wells located to the northeast of the
Facility were sampled in March 1989 for VOCs. These samples were intended to determine
if contaminated ground water in the shallow and deep bedrock had affected ground water
guality in the existing private wells. At that time, none of the chemicals detected in the
private wells had been detected at the Facility with the exception of TCA. TCA was detected
in one well located approximately 3,000 feet north of the Facility at a concentration of 6 ug/L.
Other private wells north of the Facility including some in closer proximity to the Facility and
several wells in the immediate vicinity of the contaminated well had no detectable
concentrations of VOCs suggesting that the detection of TCA in one private well is
anomalous and not indicative of contamination from the Facility.

9.2.2.2 Uncertainties in Groundwater Transport Analysis

As discussed above, several lines of evidence support the Conceptual Site Model (see
Section 2.0) that contaminants in groundwater naturally discharge to the low lying wetlands
east of Route 152. Evidence of this discharge has included the historic presence of springs
or “seeps”, and the presence of CVOCs in surface water and sediment in the wetlands. The
historical ground water quality data also supports a conclusion that the wetlands form an
effective sink that prevents the migration of CVOCs farther to the east towards Lake
Mirimichi. Aside from a few transient low-level hits detected in 1995 and 1997, no CVOC
contamination has been detected beyond the wetlands even after many years of
monitoring.”® The groundwater flow model presented in Appendix H also supports this
conceptual model. However some uncertainties remain. For example, there currently exist
no bedrock monitoring wells located east-northeast of MW21B/C to confirm the direction of
groundwater flow in this areas and demonstrate that no CVOCS are migrating beyond the
wetlands in this direction. In addition, the recent installation of several new “very deep”
monitoring wells (i.e. MW53C, P12b, P16c), and extension of the EWO02 extraction well
borehole from 200 feet to approximately 300 feet bgs, show that CVOC contamination
extends as deep as 290 feet bgs in areas on-site and east of Route 152, beyond the GSM.
There are no very deep wells further east of P16c to evaluate the off-site migration of
contaminants at these depths. The installation of additional well nests east of the wetlands
would serve to reduce the uncertainty associated with this conceptual flow model.

9.2.2.3 Volatile Organic Compounds- Natural Attenuation Processes

An evaluation of natural attenuation of CVOCs has been ongoing at the Site since 1999 and
the results have been summarized in two reports (ECS, 2004c; LFR, 2005c). Based on data
presented in the two reports, and the more extensive ground water monitoring record over
the past nearly 20 years, there is evidence that a moderate level of natural degradation of
PCE, TCE, and TCA in ground water is occurring at the Site.

PCE, TCE, and TCA will biodegrade in a low oxygen environment by reductive
dechlorination, forming TCE, cis-1,2-DCE and 1,1-DCA as the principal degradation
byproducts. TCA will also chemically degrade (hydrolyze) in water to form 1,1-DCE. All of
these byproducts as well as ethene and ethane have been found in ground water
downgradient of the Facility, demonstrating that some level of degradation is in fact
occurring®. The potential significance of this degradation in limiting the downgradient

58 CVOCs were detected at low levels in MW33B in 1995 and MW39, MW24A/B and MW34 in 1997 see Table
4.2.10. However, since that time, no CVOCS have been detected beyond the wetlands.

59 It should be noted that the assumed degradation byproducts TCE, cis-1,2-DCE, 1,1-DCA and 1,1-DCE may
also occur as impurities in PCE and TCA. In addition, TCE was used as a degreasing solvent at the Facility
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movement of CVOCs, however, must be evaluated within the context of the rate of flow in
ground water and the proximity to downgradient receptors/discharge zones.

To understand the potential significance of degradation in controlling the downgradient
migration of CVOCs, a series of plots have been prepared that demonstrate the relative
molecular (molar) fraction of TCA and PCE vs. their principal degradation byproducts (TCA
to 1,1-DCA and 1,1-DCE; and PCE to TCE and cis-1,2-DCE) across the ground water
monitoring network downgradient of the Facility (see Figures 9.2.6 through 9.2.9). As
indicated in Figures 9.2.6 and 9.2.7, there is extensive conversion of PCE to TCE and cis-
1,2-DCE at the edges of the overburden plume, most notably along the southern edge of the
plume; however, biodegradation of PCE is less extensive in the shallow bedrock zone and
there is little change in the degree of PCE biodegradation along the centerline of the plume,
where CVOC concentrations are highest, east of Route 152 before it discharges into the
wetlands. Also as seen in Figures 9.2.8 and 9.2.9, only the southern edge of the TCA plume
in both the overburden and shallow bedrock zones shows relative concentrations of 1,1-DCE
and 1,1-DCA that indicate any noteworthy chemical and biological degradation is occurring.
Thus, overall, chemical and biological degradation does not appear to be a significant loss
pathway for TCA.

It is apparent from these plots that although some degradation is occurring, the relative
molar fractions of PCE and TCA are not being materially reduced by degradation as these
CVOCs are migrating across Route 152 to the area of the wetlands near well cluster MW21.
At the point that these CVOCs ultimately discharge into the shallow surface waters in the
wetland area via upwelling from shallow bedrock, a significant fraction of the CVOCs are still
present as the original parent compounds (PCE and TCA).

This analysis indicates that while natural degradation is causing some reduction of TCA and
PCE in ground water, the effect is most significant at the edge of the plume where it reaches
the natural discharge zone east of Route 152.

9.2.3 Metals

Thirteen metals were analyzed for in ground water samples collected from all overburden
and bedrock wells in the RFI Phase I/ll and Supplemental investigations. The deep bedrock
wells were sampled after their installation in October 1996 and again during the RFI Phase
I/ll and Supplemental investigations. The complete analytical results of the metals analyses
for each well are presented in summary tables in Sections 3.0, 4.0, 5.0, and 6.0 of this
report. For efficiency of presentation, the RFI results for the five metals (antimony,
cadmium, chromium, lead, and nickel) that were detected at levels that exceeded their
respective MCLs at least once during the two phases of the investigation have been
presented on maps (see Figures 9.2.10 through 9.2.15). All of the metals were detected at
least once during the RFI sampling events. Including all five rounds of RFI sampling, the
most commonly detected metals were antimony, arsenic, cadmium, chromium, copper, lead,
nickel, and zinc. However, the relative frequencies of detection of these metals varied
significantly among the rounds. Beryllium, mercury, silver, and thallium were rarely
detected.

The analytical method used in Phase | for antimony was EPA Test Method 3010A/6010,
which has a contract reporting limit of 60 pg/L. However, actual instrument detection limits

and may itself be a source of cis-1,2-DCE.
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reported by the laboratory varied from 2 to 26 pg/L. In Phase Il, the analytical method for
this metal was changed to EPA Test Method 3015/6010A, which has a contract reporting
limit of 9 pug/L. However, actual instrument detection limits reported by the laboratory varied
from 1.1 to 3.3 pg/L. For these reasons, it is difficult to make strict comparisons between the
Phase I/ll and Supplemental investigation antimony data. The only time that antimony was
detected above its MCL during the five RFI rounds was in Round 3. During this round,
however, antimony was also detected in the background wells above its MCL and at levels
comparable to those noted in the monitoring wells. Note that although arsenic and beryllium
each had one instance of exceeding their MCLs, they were not included on the figures. The
rationale for excluding these metals from the figures is that the only instance that they
exceeded their MCL was at MW30A in Round 1. The concentrations of most metals in this
particular sample were 5 to 10 times higher than those that were reported at this well in the
other sampling rounds and were thus considered anomalously high.

Figures 9.2.10 through 9.2.14 are box maps showing the concentrations of the five metals
(antimony, cadmium, chromium, lead, and nickel) that were detected at levels above their
respective MCLs most often over the period of the RFI. Overall, metals were detected more
frequently and at higher levels in the overburden as compared to the bedrock. Even within
the overburden though, the pattern of detection was sporadic and often varied greatly at a
particular well. Within the overburden, the concentrations of detected metals were highest in
on-site wells west of Route 152. In particular, elevated concentrations of cadmium were
detected downgradient of the former frog ponds in monitoring wells MW01 and MW46A,
located south and west of Building 10, and in monitoring wells MW04 and MW12
downgradient of AOC 26 and AOC 14, respectively. These areas appear to represent
localized areas of contamination, however, and the metals data do not exhibit the
characteristics of a widespread plume of contamination that extends across the Facility into
off-site areas. Cadmium exceedances of MCLs were generally not observed on-site in the
bedrock zone.

Chromium, lead and nickel were also sporadically detected and, in a few instances,
exceeded MCLs in on-site overburden wells, but were generally not found in the bedrock
zone. The presence of these metals in ground water may be related to the historic
discharge of waste water, but at low concentrations may also be related to the slow
corrosion of the stainless steel well casings/screens, as was noted in the background wells.

The elevated concentration of metals detected during Phase | of the RFI in MW30A (see
Figure 9.2.10) unlikely reflects an off-site metals plume. The elevated metals that were
detected in 1995 included chromium, lead and nickel in MW30A and lead in MW22A. Note
that concentrations of these metals decreased significantly in later rounds of sampling. The
source of these metals is unclear; however, the owner of the private property east of Route
52 operates a landscaping and contracting business, and an equipment maintenance shed
is located there also. On-site metals contamination found in AOC B originates primarily from
baghouse dusts containing cadmium oxide, but only low levels of cadmium were detected in
MWO05 and no cadmium was detected in MW30A. Note that more recent sampling results
conducted during Phase Il in 1997 and during the Supplemental investigation in 2005 also
show very low or non-detect levels of cadmium in MWO05 and MW30A.As requested by
USEPA, a new overburden/shallow bedrock monitoring well pair MW54A/B was installed on-
site south of MWO5 in August 2010 to test for the presence of a dissolved metals plume in
this area. Groundwater samples were collected in November 2010 and analyzed for total
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and dissolved metals (see Table 6.2.3). No metals were detected above MCLs. Cadmium,
chromium, copper and nickel were detected in the overburden well MW54A at total
concentrations ranging from 0.7 to 3.8 pg/L, but only chromium was detected in the
dissolved phase at 0.5 pg/L. Arsenic, chromium and nickel were detected in the shallow
bedrock well MW54B at 1.3 ug/L or less. These data indicate that there is no dissolved
metals plume in this area.

East of Route 152, metals were only detected sporadically in overburden wells and then at
levels that were generally lower than in wells west of Route 152. One overburden
monitoring well near Sawmill Brook (MW22A) exhibited cadmium at slightly above the MCL
in Round 3 and Supplemental RFI sampling rounds, however no pattern of cadmium
contamination in upgradient and nearby wells consistent with a more expansive plume from
the Facility is exhibited in the data. Within the bedrock, samples from wells east of Route
152 did not yield any detection greater than the MCLs for the metals analyzed. These data
indicate that metal contamination has not migrated in the overburden or bedrock east of
Route 152.

9.2.4 Dioxins, Furans, Pesticides, and PCBs

No dioxins or furans were detected in any of the samples collected and analyzed during the
Appendix IX sampling event. One pesticide, 4,4'-DDT, was detected at an estimated
concentration of 0.03 J ug/L in ground water monitoring well MW28. These compounds
were not included in the analytical program for the Phase | and Il or Supplemental Field
Investigations.

Up to 13 wells have been tested for PCBs over the period of the RFI and detects have been
noted only at wells located in the courtyard area (MW06, MW27, and MW28) or in wells
located down-gradient of the former dry well at AOC 16 (MWO05 and MW18). PCBs were not
detected in wells downgradient of these areas, which indicates that migration of PCBs from
the source areas is not occurring.

9.3 Soil Gas

Five separate soil gas investigations have been conducted at the Facility during pre-RFI and
RFI field investigations. Soil gas hot spots have been identified near AOCs A-1, 5, 6, 7, 14
and 22/26. PCE and TCA were the primary VOCs detected in soil gas. PCE concentrations
were generally higher in samples collected near AOCs A-1, 5, 7 and 22/26; whereas, TCA
concentrations were generally higher in soil gas samples collected near AOC 6 (in 1989),
AOC 14 and in outdoor areas sampled east and northeast of Building 8. Soil gas
concentrations of PCE and TCA were generally about an order of magnitude higher during
pre-RFI soil gas surveys (conducted in 1988 and 1989) when all buildings were intact and
the Facility was still operating, compared to RFI surveys (conducted in 1995, 1997 and
2005), which were conducted after Facility operations had ceased and, for the latter two
surveys, after many of the buildings were demolished.

It should be noted that the presence of a concrete slab over vadose zone soils complicates
interpretation of the spatial distribution of soil gas concentrations. Under building slabs,
migration of soil gas is dominated by advective flow caused by building underpressurization.
Soil gas will tend to migrate along preferential flow pathways and enter buildings through
cracks and utility openings. Soil gas can also accumulate beneath areas where the building
slab is intact. Thus, soil gas hot spots beneath a building slab may reflect subsurface
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features such as preferential flow pathways and high permeability layers rather than source
areas. This may explain the TCA hot spot near AOC 14 despite detecting no TCA in
subsurface soils. Where soils are not covered by former Building slabs and any pavement is
deteriorated, such as in the upper courtyard area (AOC 7), volatilization to the atmosphere
limits accumulation and spreading of soil gas.

9.3.1 August 1988 Soil Gas Survey

The first soil gas investigation at the Site was conducted in August 1988. Seventy-eight soil
gas samples were collected on-site at the Facility and off-site at the former drive-in property
located across Route 152. Temporary probes were installed to a depth of approximately 2.5
feet bgs and soil gas samples were analyzed for PCE, TCE, TCA and trans-1,2-
dichlorethylene (trans-1,2-DCE) using a portable GC. Sampling locations are indicated in
Figure A-3 and analytical results are provided in Table A-5 in Appendix A.

As indicated in Figure A-3, most of the on-site soil gas sampling points were located in the
open area between the eastern edge of Buildings 1, 2 and 8 and Taunton Street (Route
152). In addition, four samples were collected near AOC 6 and a background location was
sampled behind Building 11. Locations where detected VOC concentrations (sum of PCE,
TCE, TCA and trans-1,2-DCE) exceeded 100 ppbv are shown in Figure 9.3.1 along with an
indication of the primary VOC detected at each location.

The highest PCE concentration (215,000 ppbv) was detected at SG-71 near AOC 6; the
second highest PCE concentration (27,000 ppbv) was detected at SG-75 located east of
AOC 22. PCE was also detected in soil gas collected from AOC 16 at concentrations in the
1000 — 2000 ppbv range. These are the three main PCE source areas detected during this
sampling event. In contrast, the highest TCA concentrations (up to 224,000 ppbv) were
detected northeast of Building 8 near the edge of Taunton Street. The only other area where
TCA was detected at a concentration much higher than PCE was at SG-16; however,
surrounding soil gas locations contained primarily PCE. Only low levels (2 — 14 ppbv) of
trans-1,2-DCE were detected at the former drive-in property along with a single hit of PCE at
1,100 ppbv.

9.3.2 July 1989 Soil Gas Survey

A second shallow soil gas investigation was conducted at the Facility and in an area to the
east of the Facility in July 1989, to further delineate the occurrence of CVOCs. Eight areas
were targeted for investigation including the locations of four former solvent degreasers at
AOCs 5, 22, 29 and 30, two former bulk solvent storage areas near Buildings 10 and 12, two
former waste disposal areas (AOCs 5 and 6) and a then active wastewater treatment pit
(AOC A). In addition, three transects were sampled to delineate the edge of the plume of
contamination to the north and south of the Facility.

A total of 66 samples were collected using 7-foot long, 3/4 inch diameter steel probes driven
2 to 6 feet into the ground with a truck-mounted hydraulic hammer. Soil gas sampling
locations are shown in Figure 9.3.2. Based on the results of the pre-RFI Phase |
investigation, soil gas samples were analyzed for PCE, TCE, TCA and trans-1,2-DCE.®°
Analytical data are presented in Table A-11.

60 After the first 15 samples were analyzed, trans-1,2-DCE was dropped from the target compound list because
it did not appear to be a significant contaminant and analysis time was significantly longer than for the other
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As shown in Figure 9.3.2, the highest concentrations of VOCs in soil gas were detected in
the western half of Building 8/10 near AOCs A-1, 5 and 6 and an area near the former
degreaser pit and trench in the wire department (AOCs 22/26). PCE concentrations were
generally one to two orders of magnitude higher than concentrations of TCE and TCA near
AOC’s A-1, 5 and 22/26. Higher TCA concentrations were detected in three areas: near
AOC 6, beneath the eastern half of Building 8, and northeast of Building 8. TCA was also
the primary VOC detected along the north-south oriented transect in the southeast corner of
the Facility. Compared to the August 1988 sampling event, VOC concentrations detected in
July 1989 were higher near AOCs A-1 and 22/26 and lower in samples collected in the area
northeast of Building 8.

9.3.3 April 1995 Soil Gas Survey

The third soil gas survey at the Site was conducted during the RFI Phase | field
investigation. Soil gas samples were collected from 26 locations in AOCs A-1, 5, 6, 14, 22,
29, and 30 by Foster Wheeler Environmental Corporation on April 25 to 27, 1995 to further
delineate the horizontal extent of VOCs in the subsurface. Most of the samples were
collected within the current and former buildings; six of the soil gas samples were collected
outside the current and former buildings. All samples were analyzed for TCE and PCE.
Quantitative analysis of TCA could not be performed using the Photovac instrument used in
the survey. The locations of the 26 soil gas survey points (SG-67 through SG-93) are
presented in Figure 4.3.1. The survey chemical data are plotted in Figure 4.3.2.

Consistent with previous soil gas sampling results, the highest PCE concentrations were
detected near AOC 5 (SG-92) and AOC 22/26 (SG-93). However, compared to earlier
results (collected in 1988 and 1989 when the Facility was still operating), PCE
concentrations were about an order of magnitude lower in 1995. For example, the highest
PCE concentration detected in 1995 was 45,000 ppbv compared to >855,000 ppbv detected
from the same area (AOC 5) in 1989.

9.3.4 November 1997 Soil Gas Survey

A fourth soil gas survey was conducted in November 1997 as part of the RFI Phase Il field
investigation to evaluate whether a source of VOCs existed in the courtyard area (AOC 7)
near former Building 12. Soil gas samples were collected from 19 locations at a depth of
approximately 2 feet bgs and analyzed for chlorinated VOCs (PCE, TCE, TCA, 1,1-DCE, cis-
1,2-DCE and Trans-1,2-DCE). Sample locations and analytical results are presented in
Figures 5.3.1 through 5.3.4.

No 1,1-DCE, cis-1,2-DCE or trans-1,2-DCE were detected. PCE was detected at
concentrations as high as 460,000 ppbv; whereas, the highest TCE and TCA concentrations
detected were 1,800 and 1,700 ppbv, respectively. As shown in Figure 5.3.4, the highest
PCE concentrations were detected at three locations (SG-106, SG-103 and SG-111)
separated by areas with much lower PCE concentrations. The elevated PCE concentrations
near SG-103 likely reflect the dry well later discovered in 2003 in this area. It is unclear if the
elevated soil gas concentrations detected at SG-106 (beneath former Building 12) and SG-
111 (beneath former Building 9) reflect preferential subsurface migration pathways away
from the dry well area or represent separate source areas.

target compounds.
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9.3.5 July-August 2005

A more comprehensive soil gas survey of the vadose zone soils beneath Buildings 8 and 10
and adjacent building slabs to the south was performed as part of the Supplemental RFI field
investigation in July/August 2005. Soil gas samples were collected from 93 locations
arranged in a grid pattern on 50-foot centers with a finer grid pattern on 25-foot centers
surrounding AOCs 5, 6, and 30. The sampling grid extended from Building 10 to the eastern
wall of Building 8 and south of Building 8 to include the adjoining building slabs of former
Buildings 5 and 9 and part of 6. Sampling locations are shown in Figure 6.3.1.

Soil gas samples were analyzed for a limited suite of CVOCs (PCE; TCE; TCA, cis-1,2-DCE;
trans-1,2-DCE; 1,1-DCE; 1,2-DCA,; 1,1-DCA and vinyl chloride). Analytical results are
reported in Table 6.3.1. PCE and TCA were the primary VOCs detected. Isoconcentration
contours of PCE and TCA are shown in Figures 9.3.3 and 9.3.4.

PCE concentrations in soil gas show two hot spots beneath Building 8 in the vicinity of AOCs
5/6 and 14. In addition, the edge of what appears to be a third hot spot is visible near AOC
22/26. Asindicated in Table 6.3.1, the highest concentrations of PCE detected in these two
areas are 66,000 parts per billion by volume (ppbv) near AOC 5/6 and 14,000 ppbv near
AOC 14. Compared to prior soil gas sampling events, PCE concentrations in soil gas near
AOC 5/6 are similar to levels detected in 1995 and have decreased by more than an order of
magnitude since 1989. Too few samples were collected in the vicinity of AOC 14 during
prior sampling events to make a valid comparison of levels in this area. PCE concentrations
in soil gas near AOC 22/26 have exceeded 440,000 ppbv in the past (detected in 1989 at
SG-49 — see Section 3.2.5); however, the highest concentration detected near the edge of
this AOC in 2005 was 12,000 ppbv.

As indicated in Figure 9.3.4, the highest TCA concentrations in soil gas were located in the
vicinity of AOC 14 at levels ranging from 10,000 to 14,000 ppbv. Only one other soil gas
sample was collected near this area and analyzed for TCA in prior sampling events. The
concentration of TCA in this sample (SG-30 collected in July 1989) was 6,500 ppbv.
However, TCA has been detected in prior soil gas surveys at concentrations ranging from
50,000 to 220,000 ppbv at locations east and northeast of AOC 14 (see Figure 9.3.1).

As discussed in Section 9.1.3.10, no TCA was detected in subsurface soils collected near
the soil gas hot spot at AOC 14. However, MW12 is located east of AOC 14 and this well
historically contained high levels (~ 13,000 pg/L) of TCA. Relatively high concentrations of
TCA (~ 4000 pg/L) have also been detected in the shallow bedrock well MW29 located near
AOC 29; but no TCA has been detected in the overburden well near AOC 29. Due to the
proximity of MW12 and MW29 to AOC 14, it is likely that the source of TCA in soil gas near
AOC 14 is related to the relatively high levels of TCA in ground water in this area.

9.4 Surface Water

The two nearest surface water bodies to the Facility are Turnpike Lake to the south and
west, and Sawmill Brook, which originates at the southern outfall of Turnpike Lake and runs
south to north through the low-lying wetlands east of Route 152. Sawmill Brook eventually
merges with Turtle Brook just north of the former drive-in property and empties into Lake
Mirimichi. Turnpike Lake and Sawmill Brook have been sampled since August 1986, when
the Facility was still operating and all the buildings were still present. At that time,
concentrations of metals and VOCs in surface water were significant due to discharge of
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metals to Turnpike Lake from roof drains and surface water runoff, and discharge of VOCs to
Sawmill Brook via ground water seeps east of Route 152.

Since that time, concentrations of VOCs and metals in surface water have decreased
significantly due in part to cessation of manufacturing operations in 1993, building demolition
and termination of all roof drain discharge to Turnpike Lake in 1996/1997, and the start-up of
the GSM in 1998. VOC concentrations in surface water samples collected from Sawmill
Brook near the suspected ground water seep area have decreased by more than an order of
magnitude, and outside of the south embayment area, metal concentrations in surface water
are comparable to background levels.

9.4.1 Pre-RFl Sampling Results

Twenty-two surface water samples (SW-01 — SW22) were collected from Turnpike Lake, the
northern and southern spillways from Turnpike Lake, Sawmill Brook, Turtle Brook and the
inlet to Lake Mirimichi between August 1986 and August 1988 during pre-RFI Phase I/l
sampling events. Five additional surface water samples were collected from Turnpike Lake
(LKO1 — LKO05), and eight additional samples were collected from Sawmill Brook and its
tributaries in August 1989 during the pre-RFI Phase Il sampling event. Surface water
sampling locations are shown in Figure A-2. Pre-RFI Phase I/ll analytical data are provided
in Tables A-4a and A-4b; Phase Il data are provided in Table A-9.

In addition to the 13 surface water samples, storm water samples were collected from each
of the four major roof drain outfalls at the Site immediately following a short, intense rainfall
event. Three roof drain samples (RD02 — RD04) were collected at outfalls to Turnpike Lake,
and one roof drain sample (RD01) was collected at the outfall to a storm water management
basin located northwest of Building 8. The roof drain sample locations are depicted in Figure
A-2; analytical data are presented in Table A-10.

Storm event sampling of roof drain outfalls in 1988 indicated that particulate accumulations
on building roofs were a major source of metals to Turnpike Lake. As indicated in Section
7.3.2, these buildings were demolished in 1996 and 1997 to eliminate this source. Since
that time, one additional surface water sample (SW-06), and five additional sediment
samples (SD-41, SD-41DUP, SD-42, SD-43 and SD-44) were collected from the south
embayment of Turnpike Lake in May/June 2005, approximately eight years following building
demolition activities. Two of these locations (SD-43 and SD-44) were re-sampled in June
2010.

Maximum concentrations of metals detected in the south embayment during the
Supplemental RFI Investigation in 2005 were generally within a factor of two of levels
detected during Phase /1l sampling events. For example, cadmium was detected at a
maximum concentration of 248 mg/kg prior to building demolition and 400 mg/kg post
building demolition, chromium was detected at maximum concentrations of 97 and 61 mg/kg
pre- and post-building demolition respectively, and nickel was detected at 76 and 37 mg/kg
pre- and post-building demolition, respectively. Arsenic and silver were exceptions with
maximum concentrations detected at 3.2 and 41 mg/kg, respectively prior to building
demolition and maximum concentrations of 8.3 and 170 mg/kg post building demolition.

Locations SD-43 and SD-44 were re-sampled in June 2010. In general, metal
concentrations were about a factor of two higher compared to 2005 levels and may suggest
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a continuing release of metals to the South Embayment. These results are described further
in Section 9.5.3.1.

9.4.1.1 Turnpike Lake

VOCs. No VOCs were detected in surface water samples collected from Turnpike
Lake during pre-RFI sampling events.

Metals. Cadmium, copper, lead and zinc were detected at maximum concentrations
of 1930, 445, 780 and 2567 ug/L in roof drain samples collected at the three outfalls to
Turnpike Lake (see Table A-10). The outfalls empty into the south embayment of Turnpike
Lake, which is where the highest concentrations of these three metals were detected in
surface water samples. During pre-RFI Phase I/ll sampling events, maximum
concentrations of cadmium and zinc were 350 and 910 ug/L, respectively; copper was
detected at a maximum concentration of 32 pg/L and lead was not detected. Antimony was
also detected in one sample at a concentration of 30 pg/L.

During the pre-RFI Phase Il sampling event, low levels of zinc (21 — 84 pg/L) and lead (6 —
13 ug/L) were detected in all lake water samples including the sample collected from the
background station (LKO1). Mercury, lead and zinc were detected in surface water collected
from the background location at 0.2, 6 and 84 ug/L, respectively. Trace levels of mercury
(0.2 — 0.5 ug/L) were also detected at three of the other four sampling locations. Cadmium
(at 5 and 12 ug/L) and copper (at 12 and 18 pg/L) were the only metals detected in the lake
that were not also detected at the background location.

9.4.1.2 Sawmill Brook

VOCs. In surface water samples collected during pre-RFI events from Sawmill
Brook and its tributaries located east of Route 152, total VOC concentrations ranged as high
as 3,610 ug/L. The two samples collected from the apparent ground water seeps (SW25
and SW26 — see Figure A-2) contained 734 and 3,610 pg/L total VOCs. PCE, TCE, TCA
and 1,2-DCE (total) were detected at maximum concentrations of 2400, 240, 440 and 530
pg/L, respectively. The surface water samples collected from tributary receiving primarily
ground water inflow also contained significant levels of VOCs. At SW24, PCE was the
primary VOC detected (1,500 pg/L); while further downstream at SW-05, both PCE and TCA
were detected at similar levels (990 and 850 pg/L, respectively). PCE and TCA
concentrations detected at the furthest downstream sampling location near the confluence
with Turtle Brook (SW-08), which receives both surface water from Turnpike Lake and
ground water, were much lower at 15 and 18 ug/L, suggesting that upwelling groundwater is
diluted to a significant extent by local runoff and overflow from Turnpike Lake by the time it
reaches this area. Some volatilization from surface water may also be occurring.

Metals. Maximum concentrations of lead and antimony detected in surface water
samples collected during pre-RFI sampling from Sawmill Brook and its tributaries (100 and
130 pg/L, respectively) were higher than maximum concentrations detected from Turnpike
Lake samples. Chromium and nickel were also detected in surface water samples collected
from Sawmill Brook along with low levels of cadmium, copper, mercury and zinc.

Radionuclides. Maximum concentrations of gross alpha and gross beta detected in
Turnpike Lake and Sawmill Brook were similar at 2.2 and 2.7 pCi/L in Turnpike Lake and 1.0
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and 2.8 pCi/L in Sawmill Brook. All were well below the US EPA drinking water standard of
15 pCi/L.

9.4.2 RFI Phase l/ll Sampling Events

Two rounds of surface water sampling were conducted during the RFI Phase | investigation
of Turnpike Lake and the stream system east of the Facility. Round 1 was conducted
between March 31, 1995 and April 10, 1995; and Round 2 was conducted between May 15
and May 18, 1995. Two additional rounds of sampling (Rounds 3 and 4) were conducted
during RFI Phase Il activities: Round 3 was conducted between May 18 and June 5, 1997;
and Round 4 was conducted September 10-11, 1997. The locations of surface water
samples are shown on Figure 4.4.1. Analytical results are summarized in Tables 4.4.6
through 4.4.8.

9.4.21 Turnpike Lake

VOCs. No surface water samples collected from Turnpike Lake were analyzed for
VOCs.

Background Metals. During Phase I, two locations were selected to collect
background surface water samples in Turnpike Lake: one north of Shepard Street and south
of Route 1 (SW-10), and the other near the inlet at the southwest portion of the Lake (SW-
09). Elevated levels of silver, lead, and zinc at SW-09 and zinc at SW-10 suggested that
these areas had been impacted by off-site sources of contamination (e.g., runoff from road
surfaces). To better define background surface water conditions, the Phase | background
locations SW-09 and SW-10 were re-located during Phase Il and re-named SW-09A and
SW-10A. Two additional background surface water samples were collected in the
northwestern and southern portions of Turnpike Lake (SW-12 and SW-13, respectively).
Overall, metal concentrations were lower at locations SW-09A, SW-10A, SW-12 and SW-13
compared to locations SW-09 and SW-10. Detected concentrations of metals in background
surface water samples are shown in Figure 9.4.3.

Metals. During all four rounds of sampling, surface water samples were collected in
Turnpike Lake just west of AOC A (SW-07); towards the center of the south embayment
(SW-06); and near the northern spillway (SW-08). Concentrations of metals detected in
Turnpike Lake are shown in Figure 9.4.2. The highest concentrations of metals in surface
water samples were detected during Rounds 1 and 4 at location SW-06 in the south
embayment. The elevated concentrations are believed to be a result of the inadvertent
entrainment of sediment in the surface water samples. For example, the suspended solids
concentration in the sample collected during Round 4, was 340 pg/L compared to low to
non-detectable levels in the three prior sampling events. Thus, it is believed that the high
metal results during Round 1 and 4 are therefore artifacts of the sampling method and not
representative of Site conditions.

In the area west of AOC A (SW-07), cadmium, lead, and nickel were detected above
background concentrations in Round 2. However, concentrations of metals in samples
collected during Rounds 1, 3 and 4 were comparable to background levels. Metal
concentrations detected in surface water samples collected at the northern outlet of Turnpike
Lake (SW-08) were comparable to background levels and suggest that this area is not
impacted by Facility operations.
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VOCs. Surface water samples were collected at the southern outlet of Turnpike
Lake (SW-05), at three locations in Sawmill Brook (SW-01, SW-02 and SW-04), at the inlet
to Lake Mirimichi (SW-11) and at one background location (SW-03) for analysis of VOCs.
The background sample (SW-03) was collected in a small tributary, which feeds into Sawmill
Brook from the southeast. The tributary is separated from the main branch of Sawmill Brook
by a small topographic ridge (see Figure H-9), and is therefore considered to drain a
different area than the area drained by the main branch. VOCs detected in surface water
samples are shown in Figure 9.4.3.

As shown on Table 4.4.6 and Figure 9.4.3, nine VOCs were detected in Sawmill Brook and
its tributaries. Two of these VOCs, methylene chloride and 1,1,2,2-tetrachloroethane, were
only detected at low concentrations during Phase I. These were the only two VOCs
detected at the background location SW-03. Because these constituents are not associated
with the Facility and were only detected during Phase |, it is believed that the presence of
these constituents is the result of laboratory-induced contamination.

The remaining VOCs were only detected above detection limits at two locations located in
Sawmill Brook, SW-01 and SW-02. 1,1,1-TCA and PCE were detected during all four
sampling rounds at both locations. TCE was detected in all but two samples. 1,1-
Dichloroethane, 1,1-dichloroethene, 4-methyl-2-pentanone, and carbon tetrachloride were
detected infrequently during Phase | and II.

With the exception of one detection of methylene chloride at an estimated concentration
below the detection limit, VOCs were not detected in any of the samples collected near the
Facility below the Turnpike Lake southern spillway (SW-05) and directly downstream of the
southern spillway (SW-04). VOCs were, however, detected further downstream at sample
locations (SW-02 and SW-01). The absence of VOCs in the stream directly downstream of
the Facility and the appearance of VOCs further downstream (i.e., in the low lying area to the
east of Route 152) suggest that VOC impacted ground water upwelling to the stream is the
source of VOCs in this area.

Low concentrations (at estimated levels below the detection limits) of seven VOCs were
detected further downstream at SW-11, near the point where Turtle Brook flows into Lake
Mirimichi (see Figure 9.4.3). Of the four VOCs detected, PCE was the only chemical
consistently detected in all four sampling rounds.

MassDEP collected five surface water samples on April 27, 1997, which were analyzed for
VOCs. Four of these samples were collected from Lake Mirimichi; one was collected from
Turtle Brook. Detected VOCs are presented on Figure 9.4.4. In the sample collected from
Turtle Brook, TCE and PCE were detected at concentrations similar to those observed at
SW-11 (1.1 and 1.9 pg/L, respectively).

The only VOCs detected in Lake Mirimichi were the gasoline additive, methyl tert butyl-ether,
and PCE. PCE was only detected in one sample at a concentration of 0.55 pg/L. This
sample was located in close proximity to the discharge of Turtle Brook into Lake Mirimichi.
These results suggest that the presence of VOCs in Sawmill Brook is having minimal impact
on Lake Mirimichi. It is also noted above how other sources, such as the Laidlaw Landfill,
are discharging significant concentrations of CVOCs to the Lake.
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Metals. Background conditions in Sawmill Brook are characterized by samples
collected at one location (SW-03) during Rounds 1, 2, and 3. SW-03 was not sampled in the
Round 4 sampling event due to low flow at the SW-03 location. The levels of constituents
detected at SW-03 are comparable to the levels detected in surface water samples collected
at SW-08 and background locations in Turnpike Lake (i.e. areas which otherwise do not
show an influence by the Site).

Cadmium, copper, nickel, silver and zinc were detected in several samples at concentrations
above background in surface water samples collected from Sawmill Brook and at the inlet to
Lake Mirimichi. In general, the highest concentrations of metals were observed in the
sampling location closest to the Facility (SW-05). Only copper, lead, silver, and zinc were
detected at the inlet to Lake Mirimichi (SW-11). Metal concentrations detected at SW-11
were generally low with the exception of silver, which was detected once (during Round 1) at
a concentration of 29.7 pg/L. Other metals were detected at concentrations comparable to
background levels and indicate that migration of metals from the Facility beyond the low-
lying area east of the Facility is limited.

PCBs. PCBs were not detected in any surface water sample above the respective
detection limit.

Water Quality Parameters. Surface water samples were analyzed for a variety of
water quality parameters including major cations and anions, alkalinity, pH, total dissolved
solids and total suspended solids. Based on a review of the data that is presented in Tables
4.4.7 and 4.4.8, no significant differences were observed in water quality parameters
between the background samples and the samples collected from Sawmill Brook and
Turnpike Lake.

9.4.3 Supplemental RFI Sampling Results

A total of 29 surface water samples were collected in late May and early June 2005 during
the Supplemental RFI field investigation. Twenty-three surface water samples were
collected from Sawmill Brook and its tributaries east of Route 152; and six samples were
collected from Turnpike Lake. An additional four samples were collected near the
confluence of Sawmill Brook and Turtle Brook (SD-47, SD-48, SD-60 and SD-61), and one
additional sample was collected from a tributary to Sawmill Brook (SD-TRIB) that was
chosen to represent a background location unaffected by surface water runoff from the
Facility, to support the ecological risk assessment and further assess the downstream extent
of metals contamination in the Brook. Surface water sample locations are shown in Figure
6.4.1.

9.4.31 Turnpike Lake
VOCs. None of the samples collected from Turnpike Lake were analyzed for VOCs.

Metals. Six samples (including one duplicate at SW-08) were collected from
Turnpike Lake at five previously sampled locations (SW-06, SW-07, SW-08, SW-09A and
SW-12). Analytical results are reported in Tables 6.4.2 — 6.4.4. Surface water samples
were collected at locations SW-09A and SW-12 to characterize background conditions in
Turnpike Lake. Low levels of chromium (1.5 pg/L), copper (1.5 pg/L) and lead (0.8 pg/L)
were detected in the unfiltered sample collected from station SW-09A; copper and zinc were
detected at 1.1 and 12.5 ug/L, respectively in the filtered sample collected from this location.
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Only low levels of chromium (1.1 pg/L) and copper (1.0 pg/L) were detected at SW-12.
These concentrations are at or below concentrations detected at the same locations during
Rounds 3 and 4. While we could not locate suitable background levels detected elsewhere
for comparison purposes, these levels are below USEPA Region V Ecological Screening
Levels for chromium, copper, lead and zinc which are 42, 1.58, 1.17 and 65.7 ug/L,
respectively.

As shown in Table 6.4.4, concentrations of metals detected in Turnpike Lake samples (SW-
06, SW-07 and SW-08) were similar to or below background levels. No lead was detected in
these samples, and chromium and copper concentrations were below background levels.
Dissolved zinc was detected at 12.9 pg/L, which is similar to the level detected in SW-09A.

9.4.3.2 Sawmill Brook

VOCs. Along Sawmill Brook and its tributaries, samples of filtered and unfiltered
surface water were collected at six previous sampling locations (SW-01, SW-02, SW-03,
SW-04, SW-05, and SW-11) and six new locations (SW-14, SW-15, SW-16, SW-17, SW-18,
and SW-19) shown in Figure 6.4.1. One of these samples (SW-19) was collected from the
private impoundment immediately downgradient of the southern spillway from Turnpike
Lake, and two pairs of samples (SW-14 and SW-15) were collected in an area suspected to
be influenced by ground water seeps. These latter two sample locations were sampled in
June 2005 and again in April 2006 under lower flow conditions. Duplicate samples were
collected at SW-03 and SW-04. Each of these filtered and unfiltered surface water samples
were analyzed for metals; unfiltered samples were also analyzed for VOCs.

In addition to these 12 locations, seven surface water samples (SW-201 through SW-207)
were collected in support of the monitored natural attenuation (MNA) program. The purpose
of this sampling was to provide supplemental data to support the on-going evaluation of the
natural attenuation of chlorinated hydrocarbons in ground water. Unfiltered samples were
collected from all seven locations and analyzed for VOCs. Five of these samples (SW-201,
SW-202, SW-204, SW-206, and SW-207) were also analyzed for filtered and unfiltered
metals. The surface water sampling locations are presented in Figure 6.4.1.

No VOCs were detected in the background sample collected at SW-03. The highest
concentrations of CVOCs were detected at the location of the suspected ground water seep
area (SW-15) in samples collected during the second round of sampling in April 2006.
Concentrations of PCE, TCA and TCE detected in unfiltered ground water samples collected
from this location were 100, 37 and 18 ug/L, respectively. The second highest
concentrations of these three VOCs (61, 20 and 17 ug/L, respectively) were detected at SW-
202, located downstream from SW-15. Because no VOCs were detected at SW-201, which
is located between SW-15 and SW-202, the VOCs detected at SW-202 may reflect a minor,
secondary seep area.

Concentrations detected in surface water samples collected from the seep area under high
flow and low flow conditions differed by less than a factor of two, with higher concentrations
observed under lower flow conditions at SW-15 but higher concentrations observed under
higher flow conditions at SW-14. Flow rates varied from 0.5 to 1.0 feet/sec in June 2005 and
0.03 to 0.08 feet/sec in April, 2006. Overall, VOC concentrations have decreased
significantly compared to the levels detected during pre-RFI sampling activities. For
example, PCE, TCE and TCA were detected at maximum concentrations of 2400, 240 and
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440 pg/L, respectively in August 1989 compared to concentrations of 100, 18 and 37 pg/L
detected in April 2006. These lower concentrations likely reflect both the cessation of facility
operations in 1993 and the significant beneficial effect that the GSM is having on ground
water concentrations of VOCs in this area.

At sampling location SW-18 where Sawmill Brook merges with Turtle Brook, PCE and TCA
were detected at concentrations of 1.1 and 0.95 ug/L, respectively. No VOCs were detected
further downstream at the inlet to Lake Mirimichi (SW-11). Thus, ground water discharge to
Sawmill Brook and the low-lying wetlands east of Route 152 appears to be having a
negligible effect on water quality in Lake Mirimichi.

Metals. Station SW-03 is located on a tributary that flows into Sawmill Brook from
the southeast and was selected to represent background conditions in the low-lying wetlands
to the east of Route 152. Low levels of arsenic (0.6 pg/L), chromium (1.3 J ug/L), copper
(0.8 ug/L), nickel (1.5 J pg/L), selenium (1.0 pg/L) and zinc (20.8 J pg/L) were detected in
unfiltered surface water collected at this location in 2005. Based on comments received
from USEPA, and in consultation with a representative from USEPA, an alternative
reference location (SW-TRIB) was chosen in 2010. Low levels of barium (42,7 pg/L) and
nickel (2.0 pg/L) were detected in unfiltered surface water collected at this location. Once
again, while suitable background levels could not be located for comparison purposes, these
levels are below USEPA Region V Ecological Screening Levels for arsenic, barium,
chromium, copper, nickel, selenium and zinc which are 148, 220, 42, 1.58, 28.9, 5 and 65.7
Mg/L, respectively.

Metals concentrations detected in Sawmill Brook in 2005 were similar to background levels
detected at SW-03 with average concentrations of most metals at or below 1.0 ug/L. For
example, arsenic was detected in 10 of 20 samples at a maximum concentration of 0.8 pg/L;
chromium was detected in 19 of 20 samples at an average concentration of 1.0 pg/L
(maximum of 2.3 pg/L); and cadmium was detected in 14 of 20 at an average concentration
of 0.8 pg/L (maximum of 1.4 pg/L). Average concentrations of copper (which was detected
in all 20 samples) and nickel (detected in 17 of 20 samples) were only slightly greater than
1.0 pg/L at 1.2 pg/L and 1.4 ug/L, respectively (with maximum values of 2.1 and 2.0 ug/L,
respectively) . The average concentration of zinc in the 17 samples where it was detected
was 15 pg/L; the maximum concentration of zinc detected was 27.3 pg/L.

Metals concentrations detected in 2010 at the confluence of Sawmill Brook and Turtle Brook
were similar to levels detected in 2005. For example, arsenic was detected at an average
concentration of 0.6 pg/L, cadmium was detected at an average concentration of 0.8 pg/L,
and nickel was detected at an average concentration of 1.6 pg/L. All are below USEPA
ecological screening levels.

9.5 Sediment Contamination

The extent of contamination is determined based on an examination of chemical analytical
data, field observations, and the findings presented in this section. Sediment data were
collected in several rounds of sampling including samples collected from:

e 4 locations in Turnpike Lake during pre-RFI sampling activities conducted between
August 1986 and September 1988.
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e 30 locations in Turnpike Lake, 5 locations in Sawmill Brook and at AOC 44 during
RFI Phase | sampling activities conducted in May 1995.

e 6 locations in Turnpike Lake and 3 locations in Sawmill Brook during RFI Phase Il
activities in April 1997.

e 7 locations in Turnpike Lake and 42 locations in Sawmill Brook in late May and early
June 2005 during the Supplemental RFI field investigation.

e 3locations in Turnpike Lake and 9 locations in Sawmill Brook in June 2010 to further
delineate the extent of contamination beyond the confluence of Sawmill Brook and
Turtle Brook and to support interpretation of the sediment toxicity testing results.

e 11 locations in Turnpike Lake and 7 location in Sawmill Brook in October 2010 to
characterize the levels of cadmium, PCBs and uranium in Turnpike Lake and
uranium in Sawmill Brook.

The results of the chemical analyses of sediment in the south embayment and west of AOC
A in Turnpike Lake indicate that to the extent that metals in sediment are migrating,
migration is toward the southeast outlet of Turnpike Lake. Elevated levels of copper, lead
and zinc detected in sediments collected from “background” locations suggest that roadway
runoff is also a source of metals in Turnpike Lake and potentially Sawmill Brook sediments.

PCBs are present in sediment samples collected closest to the shore in the south
embayment. Because the concentrations decrease to below the detection limit within tens of
feet from shore, it appears that PCBs are not migrating beyond the near shore area in the
south embayment. As discussed in Section 8.0, PCBs that were detected on-site generally
have high Koc values and, therefore, would not be expected to migrate in an aqueous
phase.

In Sawmill Brook, it is likely that metals are transported while adsorbed to sediment. Higher
concentrations of metals in sediment are associated with regions of deposition and several
areas along Sawmill Brook exhibit this deposition pattern. The most significant appears to
be near the southeast corner of the former drive-in property. The furthest extent of
downstream migration for most metals is location SD-61 in Turtle Brook (approximately 400
feet downstream from the confluence with Sawmill Brook) where levels of metals approach
background levels. This observation suggests that low flow velocity in the upstream
impounded area prevents most sediment from migrating beyond the wetland bordering the
former drive-in property.

In contrast with metals, VOCs detected in Sawmill Brook are primarily associated with the
aqueous phase and controlled by ground water upwelling in the area near MW21.

9.5.1 Pre-RFlI Sampling Results

Two sediment samples (SW-01 and SW-02) were collected from the south embayment of
Turnpike Lake, one sediment sample (SW-03) was collected from Turnpike Lake west of
Building 7, and one sediment sample (SW-04) was collected from a background location
along the northeast shore of Turnpike Lake between August 1986 and September 1988. All
four sediment samples were analyzed for VOCs, priority pollutant metals, cyanide, and gross
alpha and beta. Sediment sampling locations are depicted in Figure A-1. Analytical data are
provided in Tables A-3a and A-3b.
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VOCs. The only VOC detected in Turnpike Lake sediment was PCE which was
detected west of AOC A at the detection limit.

Metals. Concentrations of cadmium, copper, silver, lead and zinc were detected in
sediments located at SW-01 and SW-02 (in the south embayment near outfalls from plant
roof drains) at concentrations in the range of 200 to 400 mg/kg. Nickel and chromium were
detected at concentrations near 30 mg/kg. In contrast, at the one location selected as
background (SW-04), lead and zinc were detected at 60 to 80 mg/kg; chromium, copper and
nickel were detected in the range of 5 to 10 mg/kg; and other metals were present at less
than 5 mg/kg. Concentrations of metals detected at SW-03 were generally within a factor of
two of background levels.

Cyanide. No cyanide was detected at any of the four locations.

Radionuclides. The highest gross alpha and gross beta concentrations were
detected at SW-01 at 126 and 27.5 pCi/g, respectively. However, concentrations at SW-02
were in the range of 2 — 3 pCi/L and even lower at 1.2 pCi/L or less at SW-03 and SW-04.

9.5.2 RFI Phase l/ll Sampling Results

During RFI Phase | sampling activities, sediment samples were collected at 30 locations in
Turnpike Lake and 5 locations in Sawmill Brook. In addition, one sediment sample was also
collected from the storm water retention basin at AOC 44. During the RFI Phase Il field
investigation, a limited sediment sampling program was conducted to confirm the results of
the Phase | sampling program. Six samples were collected from Turnpike Lake (including
two background locations) and three samples were collected from Sawmill Brook. The
sediment sample locations are shown on Figure 4.5.1.

9.5.2.1 Turnpike Lake

During RFI Phase I/ll sampling activities, sediment samples were collected in Turnpike Lake
from 20 locations in the south embayment, eight locations west of AOC A, and from one
location at the northeast outlet of the lake. In addition, four sediment samples were collected
from background locations.

VOCs. Sediment samples collected from Turnpike Lake were not analyzed for the
presence of VOCs.

Metals. All sediment samples collected from Turnpike Lake were analyzed for
metals in Phase | and Phase Il. The results of these analyses are presented in Table 4.5.3.
Analytical test results for six metals detected in sediments (lead, cadmium, chromium,
copper, silver, and zinc) are shown on Figure 9.5.1. Analytical test results for the remaining
seven metals (antimony, arsenic, beryllium, mercury, nickel, selenium and thallium) are
shown on Figure 9.5.2.

During the Phase | RFI, elevated detection limits for antimony and mercury were reported in
the background sample SD-10. A new sample (designated SD-10A) was collected further
off shore for analysis in Phase Il. The sediment background sample SD-09 was also
collected near the shore in Phase | (20 feet) and contained an elevated concentration of
lead. A new location, SD-09A, was selected approximately 100 feet from the shore. The
maximum analytical result from Phase 1l samples SD-09A and SD-10A was used to
characterize background conditions for each analyte in Turnpike Lake.
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Maximum concentrations of metals detected in background samples SD-09A and SD-10A
included arsenic at 3.2 mg/kg, beryllium at 2.0 mg/kg, chromium at 9.3 mg/kg, copper at 16.8
mg/kg, lead at 25.2 J mg/kg, nickel at 5.1 mg/kg, selenium at 2.9 mg/kg, and zinc at 15.5 J
mg/kg. Cadmium was also detected at low levels 0.41 and 0.51 mg/kg but detected in the
blank as well.

The highest concentrations of metals in Turnpike Lake were detected in sediments collected
from the south embayment. Cadmium, chromium, copper, lead, nickel, selenium, silver and
zinc exceeded background levels in at least one sample. Maximum concentrations of
cadmium, copper and lead were in the range of 200 to 250 mg/kg at 260, 248 and 208
mg/kg, respectively. Chromium and nickel were detected at maximum concentrations of 97
and 76 mg/kg; and selenium, silver and zinc were detected at 13, 41 and 25 mg/kg.
Cadmium was the most frequently detected metal above background concentrations in the
south embayment. In general, concentrations of metals decreased with distance from shore.
Chromium and copper were also detected at concentrations of approximately ten times
background near the shore and at lower concentrations throughout the rest of the
embayment.

Several metals were affected by anomalously high detection limits during Phase | resulting
from method and field blank contamination. Of these five metals (antimony, lead, nickel,
silver, and zinc), most were concentrated near the shore and outlet to Sawmill Brook.
Selenium was detected at levels slightly higher than background in several samples in the
south embayment at scattered locations that are not indicative of any pattern. Mercury,
beryllium, arsenic, and thallium were not detected in the south embayment but elevated
detection limits were reported for these metals.

In sediment samples collected west of AOC A, concentrations of cadmium, chromium and
nickel exceeded background levels in at least one sample with maximum detected
concentrations of 4.2, 23.2 and 15.4 mg/kg, respectively. In addition, antimony was detected
in one sample at a concentration of 7.4 mg/kg. Other metals were detected at
concentrations comparable to background levels. The one sample collected near the
northeast spillway contained elevated levels of chromium, lead and nickel at concentrations
of 12.1, 130 J and 16.6 mg/kg, respectively.

The elevated lead concentrations are likely attributed to anthropogenic emissions from
automobiles and runoff from nearby roadways rather than from Facility operations. The
values for chromium and nickel were within the range of concentrations characterizing
background for Sawmill Brook (SD-03). These results suggest that operations at the Site
have not impacted Turnpike Lake north of the Facility, and that sediment transport from the
Facility within the lake is directed to the southern outlet at the eastern extent of the south
embayment.

SEM/AVS. SEM/AVS analysis was conducted on sediment samples collected from
three locations in the south embayment (SD-19, SD-24 and SD-28) and two locations in the
lake area west of AOC A (SD-34 and SD-35). Strong metal-sulfide complexing of certain
metals (cadmium, copper, lead, nickel, and zinc) can reduce bioavailability of those metals if
sufficient acid volatile sulfides (AVS) are present in the sediment to form metal sulfides. If
the amount of simultaneously extracted metals (SEM, on a molar basis) is greater than the
amount of acid volatile sulfides (AVS) in the sediments (also on a molar basis), then the
metals are expected to be bioavailable. This is normally expressed as the ratio SEM/AVS,
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where ratios above one indicate that the metals are bioavailable. If the ratios are less than
one, the metals are not likely to be bioavailable. Table 4.5.4 presents the results of these
analyses and summarizes the SEM/AVS ratios individually and as a sum for the above listed
suite of metals. The individual ratios are also presented to provide a qualitative
understanding of which metals are more likely to be free if the others are bound in metal-
sulfide compounds.

The SEM-AVS ratios exceeded one in all samples (indicating bioavailability), with the highest
ratio of 58.8 detected in sample SD-19 in the south embayment. The metal with the highest
concentration in this sample was zinc, which suggests that zinc is more likely to be
bioavailable than the other metals. As SEM metals were not detected in samples collected
west of AOC A, the potential bioavailability of sediment metals detected west of AOC A (i.e.
in Turnpike Lake outside the south embayment) cannot be estimated. Metals bioavailability
is discussed further in Section 11.0.

SVOCs and PCBs. Three of the near-shore samples collected from the south
embayment (SD-06, SD-20, and SD-21) in April 1995 were analyzed for SVOCs and PCBs.
These data were used to reevaluate the analytical program for the fish tissue testing
program and to confirm the analytical program for the remaining sediment samples.

Ten polycyclic aromatic hydrocarbons (PAHs) were detected in the sediment sample
collected at SD-21, and two PAHs were detected in the sediment sample collected at SD-20.
Four PAHs were detected in the duplicate sample collected at SD-06, and no PAHs were
detected in the primary sample collected at SD-06. The PAHSs ranged in concentration from
16J to 230J pg/kg.

All three sediment samples contained benzoic acid at concentrations ranging between 68 J
and 400 J ug/kg. Phthalates were detected in samples collected from locations SD-06 and
SD-21. There are no known uses of phthalates at the site. Bis(2-ethylhexyl)phthalate was
detected in the sediment sample collected at SD-21, and the primary and duplicate sediment
samples collected at SD-06, at concentrations ranging from 120 J to 350 J pg/kg. Di-n-
octylphthalate was detected in the sediment sample collected from SD-21 at a concentration
of 48 J ug/kg. Phthalates are typically used in plasticizers and, therefore, are present in
such materials as laboratory equipment, sampling devices, and surgical gloves. These
phthalate detections may be related to sampling or laboratory-induced contamination.

The same sediment samples were also analyzed for PCBs. Three PCB Aroclors were
detected: Aroclor 1242, Aroclor 1248, and Aroclor 1254. Total PCBs detected in the primary
and duplicate samples collected at SD-06 and SD-20, ranged in concentration from 196 J to
300 J pg/kg. For the sediment sample collected at SD-21 (near the outfalls associated with
former roof drains), total PCBs were detected at a concentration of 96,000 ug/kg. The
results of the PCB analyses are summarized in Table 4.5.7.

9.5.2.2 Sawmill Brook

Sediment samples were collected at six locations in Sawmill Brook including one location
from below the southeast spillway from Turnpike Lake (SD-05) and five locations
downstream from this area. One sediment sample (SD-03) was collected from a tributary to
Sawmill Brook, which is not believed to receive surface water flow from Turnpike Lake or any
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runoff from the Facility and therefore is considered to be representative of background
conditions for downstream areas.

VOCs. All sediment samples collected from Sawmill Brook and from below the
spillway at the south embayment were analyzed for VOCs. The results of these analyses
are presented in Table 4.5.5 and shown in Figure 9.5.3. No VOCs were detected in
sediment samples collected from SD-03, SD-04 and SD-05 except for methylene chloride,
which is a known laboratory contaminant and was also detected in the blank. VOCs were
detected in the sediment samples collected from SD-01, SD-02, SD-39 and SD-40. The
highest results were detected in SD-02, which is located within the area where ground water
upwells into Sawmill Brook. TCA was detected at a concentration of 3,100 pg/kg along with
1,1-DCA at 1,700 pg/kg and cis-1,2-DCE at 1,900 ug/kg. No PCE was detected at this
location or in any sediment samples collected during the RFI Phase I/l sampling events.

None of the VOCs detected at SD-02 were detected upstream from this location; and VOC
concentrations were observed to decrease in the downstream samples. These observations
suggest that ground water is the source of the VOCs in sediment and that transport of VOCs
in the streams is limited. The presence of benzene and toluene in downstream samples
collected east of the drive-in property are likely attributed to automobile-related sources.

Metals. Chromium, copper, lead, and nickel were detected in sediment collected
from the background location SD-03. Zinc was also detected in this sample but in the blank
as well. Concentrations of chromium, lead and nickel (21, 42 and 24 mg/kg, respectively)
were higher than concentrations of the same metals detected at background locations in
Turnpike Lake.

Most of the metals detected in sediment samples collected from Sawmill Brook (cadmium,
chromium, copper, lead, nickel, selenium, silver and zinc) exceeded background levels. The
highest concentrations of chromium, copper, silver and lead were detected at location SD-
02. However, when this location was re-sampled two years later in April 1997,
concentrations of most metals decreased significantly. For example, lead concentrations
decreased from 263 mg/kg to 3.8 J mg/kg and chromium concentrations decreased from
38.9 to 12.3 mg/kg.

9.5.2.3 AOC 44 (Retention Basin)

The sediment sample (SD-36) collected from the storm water infiltration basin (AOC 44)
contained arsenic (4.1 mg/kg), cadmium (2.1 mg/kg), chromium (72 mg/kg), copper (176 J
mg/kg), lead (250 mg/kg), mercury (5.0 mg/kg), nickel (34.6 mg/kg), and silver (25.4 J
mg/kg). Because this storm water retention basin does not discharge to Turnpike Lake or
any other water body, it does not affect surface water quality, and therefore, comparison to
background concentrations in sediment in Turnpike Lake is not meaningful.

9.5.3 Supplemental RFI Sampling Results

A total of 49 sediment samples, including three duplicates, were collected in late May and
early June 2005, and an additional 33 sediment samples were collected in June and October
2010 during the Supplemental RFI field investigation. A total of 23 sediment samples were
collected from Turnpike Lake and 59 sediment samples were collected from Sawmill Brook
and its tributaries. Sample locations are shown in Figure 6.5.1. Analytical results are
reported in Tables 6.5.2 through 6.5.6 and summarized below.
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9.5.3.1 Turnpike Lake

Five sediment samples (including one duplicate) were collected from four locations (SD-41,
SD-42, SD-43 and SD-44) in the south embayment of Turnpike Lake in 2005; and two
samples (SD-09A and SD-10A) were collected from background locations in the southwest
and northern reaches of the lake in 2005 (see Figure 6.5.1). All Lake samples collected in
2005 were analyzed for priority pollutant metals, SEM-AVS, PCBs and total organic carbon
(TOC). In addition, because hydrocarbons were stored in the courtyard area near AOC 7
and have been detected in soils on the south side of the Facility, additional tests for volatile
petroleum hydrocarbons (VPH) and extractable petroleum hydrocarbons (EPH) were
conducted on all Lake samples to determine if hydrocarbons have accumulated in Lake
sediments. Two locations in Turnpike Lake (SD-43 and SD-44) and one background
location (SD-09A) were re-sampled in June 2010 to support the sediment toxicity testing
results for those locations. These three samples were analyzed for VOCs, metals, SEM-
AVS and TOC. Five additional samples, including one duplicate (SD-319, SD-319DUP, SD-
320, SD-321 and SD-322) were collected in October 2010 for analysis of PCBs; six
additional samples were analyzed for cadmium (SD-311, SD-312, SD-313, SD-314, SD-319
and SD-319DUP); and four samples (SD-308, SD-309, SD-309DUP and SD-310) were
analyzed for uranium.

VOCs. Three of the sediment samples collected in 2010 were analyzed for VOCs.
Only 2-butanone was detected in Turnpike Lake at 0.28 and 0.36 mg/kg in SD-43 and SD-
44, respectively. No VOCs were detected at the background location SD-09A.

Metals. Cadmium, chromium, copper, lead, nickel and zinc were detected in
sediments collected from background locations (SD-09A and SD-10A) in 2005 at
concentrations exceeding background levels detected previously in these areas. As shown
in Table 9.5.1, maximum concentrations of copper, lead and zinc at 54, 320 and 380 mg/kg,
respectively were notably higher than levels detected previously. Concentrations of
chromium and nickel were about 2 to 4 times higher. Cadmium was detected at location SD-
09A at 13 mg/kg but not SD-10A. Location SD-09A was re-sampled in 2010. Cadmium,
chromium and nickel were detected at 26, 22 and 28 mg/kg, which is about 1.5 to 2 times
higher than 2005 levels.

Included in Table 9.5.1 are MassDEP and USEPA background levels in soils as well as
MassDEP sediment screening values. The levels of cadmium detected at SD-09A exceed
both MassDEP natural soil levels and MassDEP sediment screening values; however, levels
of chromium and nickel detected at SD-09A are within the range of USEPA and MassDEP
background soil and sediment screening values. Although zinc levels at SD-09A exceed
background soil values, they are below USEPA sediment screening values.

Because operations at the Facility ceased in 1993, prior to the RFI Phase /1l sampling
events, the higher levels detected during the Supplemental RFI sampling are not likely
attributed to Facility operations. In fact the highest levels of lead and zinc detected in
sediments during the Phase |, Phase Il and Supplemental RFI investigations were detected
at “background” location SD-09A. During Phase Il, sediments were collected by boat,
approximately 100 feet from shore. However, during the Supplemental RFI, sediments were
collected approximately forty feet from shore. Sediments collected at both background
locations may be affected by surface water runoff from nearby roads
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Antimony, arsenic, barium, beryllium, cadmium, chromium, copper, lead, nickel, silver,
vanadium and zinc were detected in sediments collected from the south embayment of
Turnpike Lake. The highest concentrations were detected at the location nearest to the
Facility at SD-43 consistent with surface water runoff as the source of these metals.
Maximum concentrations detected in 2005 were generally within a factor of two of maximum
concentrations detected during Phase /1l sampling events with the exceptions of arsenic and
silver which were detected at maximum concentrations of 8.3 and 170 mg/kg in 2005
compared to maximum concentrations of 3.2 and 41 mg/kg detected previously.

Locations SD-43 and SD-44 were re-sampled in June 2010. In general, metal
concentrations were about a factor of two higher compared to 2005 levels. For example,
cadmium was detected at 781 mg/kg at SD-43 in 2010 compared to a concentration of 400
mg/kg detected previously. Similarly, chromium was detected at 112 mg/kg in 2010 and 50
mg/kg previously, and silver was detected at 326 mg/kg in 2010 and 170 mg/kg in 2005.
This same pattern is observed at sediment sampling location SD-44 where cadmium was
detected at 170 mg/kg in 2010 and 57 mg/kg in 2005. The distribution of cadmium levels in
the South Embayment of Turnpike Lake based on maximum concentrations observed at
each location is shown in Figure 9.5.4. The pattern of contamination is consistent with
surface water discharge from AOC B. Maximum concentrations of metals detected in the
South Embayment of Turnpike Lake during the Supplemental RFI Investigation are
presented below:

Metal Max Concentration
(mg/kg)

Antimony 1.68
Arsenic 8.6
Barium 76
Beryllium 1.3
Cadmium 781
Chromium 112
Copper 300
Lead 240

Mercury 0.832
Nickel 45.6
Selenium 4.04
Silver 326
Vanadium 98.1
Zinc 550

Because this same pattern of higher metals concentrations observed in 2010 compared to
2005 was also observed in samples collected from the background location, it is unclear if
this difference reflects an actual increase in metals concentration, or differences in sampling
and analysis (e.g. higher extraction efficiency in 2010). Examination of total organic carbon
(TOC) levels reported in Table 6.5.2 show that levels were significantly higher in samples
collected in 2005 compared to 2010. For example, the level of TOC measured at
background location SD-09A was 25.9% in 2005 and 10.2/11.4% in 2010, and the level of
TOC measured at SD-43 was 19.6% in 2005 and 13.1% in 2010. Over all sediment
locations re-sampled in 2010 (i.e. SD-09A, SD-43, SD-44, SD-47, SD-48, SD-50, SD-202
and SD-214) TOC levels averaged 26% in 2005 compared to 13% in 2010. Because metals
can bind strongly to some forms of organic carbon (e.g. humic and fulvic acids), the lower
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levels of TOC observed in 2010 might account for the generally higher metals concentrations
in 2010.

SEM/AVS. SEM/AVS analyses were performed on sediments collected from the two
background locations and four south embayment locations in 2005 and from one
background location and two south embayment locations in 2010. Results are presented in
Table 6.5.5. These data were used to assess the bioavailability of metals in sediments and
are discussed in further detail in the Ecological Risk Assessment (Section 11.0). SEM/AVS
ratios in the two background sediment samples collected in 2005 were 0.76 at SD-09A and
1.61 at SD-10A. No ratio could be calculated for the background sample collected in 2010.
In sediments collected from the south embayment, SEM/AVS ratios ranged from 0.74 to 1.24
with SEM/AVS ratios at two locations exceeding a value of 1.0.

Polychlorinated Biphenyls (PCBs). PCBs were detected in 2 of the 4 sediment
samples collected from the south embayment in 2005. Aroclor 1254 was detected at a
concentration of 490 pg/kg at SD-42 and 20,000 pg/kg at SD-43. Aroclor 1248 was also
detected at SD-43 at a concentration of 27,100 ug/kg. These data are consistent with RFI
Phase Il sampling of south embayment sediments when the highest concentration of total
PCBs detected was 96,000 pg/kg. Five additional samples including one duplicate (SD-319,
SD-319DUP, SD-320, SD-321 and SD-322) were collected in October 2010 to further
characterize the spatial extent of PCBs in the south embayment. Aroclor 1254 was detected
at a concentration of 0.0789 mg/kg at SD-319 but not detected in the duplicate sample
collected at this location. No PCBs were detected at the other three locations. The
distribution of PCBs in the south embayment of Turnpike Lake is shown in Figure 9.5.5.
These data indicate that PCB contamination is limited to the near shore area of the south
embayment.

Total Uranium. Four additional samples including one duplicate (SD-308, SD-309,
SD-309DUP and SD-310) were collected near the spillway in the south embayment to
further characterize the spatial extent of uranium levels in the south embayment of Turnpike
Lake. Total uranium levels in these four samples ranged from 1.48 to 2.57 pCi/g. The
distribution of total uranium in the south embayment of Turnpike Lake is shown in Figure
9.5.6. Similar to the pattern of PCB contamination, the highest total uranium concentrations
are limited to the near shore area of the south embayment.

Volatile and Extractable Petroleum Hydrocarbons (VPH/EPH). VPH and EPH
analyses were conducted on all six sediment samples collected from Turnpike Lake in 2005.
Background location SD-09A was clean; however, the highest concentrations of extractable
petroleum hydrocarbons (C11 — C22 aromatics and C19 — C36 aliphatics) were detected at
the second background location at SD-10A. As indicated in Figure 6.5.1, SD-10A is located
in Turnpike Lake just north of where Shepard Street crosses the lake. Extractable petroleum
hydrocarbons were also detected at all four south embayment locations. Ethylbenzene (at a
concentration of 1.13 mg/kg in sample SD-44) was the only volatile hydrocarbon detected in
lake sediments.

9.5.3.2 Sawmill Brook

Forty-two sediment samples (including two duplicates) were collected in 2005 and 17
sediment samples were collected in 2010 from Sawmill Brook and the associated stream
system located in the low-lying area east of Route 152. Sediment sampling locations are
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shown in Figures 6.5.1 and 6.5.2. Surface sediment sampling was conducted at five
previous sampling locations (SD-01, SD-02, SD-03, SD-04, and SD-05) and at three new
locations along the previously sampled reach of Sawmill Brook (SD-49, SD-50, and SD-51)
in 2005. In addition, two surface sediment samples (SD-45 and SD-46) were collected in the
wetland area where ground water upwelling is suspected; and two surface sediment
samples (SD-47 and SD-48) were collected at downstream locations on Sawmill Brook. SD-
47 was collected in the vicinity of SD-40 (sampled during RFI Phase Il) and SD-48 was
collected approximately 100 to 200 feet downstream in a reach of the stream that appears to
be an area of sediment deposition. These 14 surface sediment samples were analyzed for
metals, VOCs, PCBs, and TOC. In addition to reporting total metal concentrations, all
samples were analyzed for SEM-AVS to evaluate metal bioavailability. Twenty-eight
sediment samples from 14 other locations were collected in 2005 in support of the monitored
natural attenuation (MNA) program. The purpose of this sampling was to provide
supplemental data to support the on-going evaluation of the potential occurrence of natural
attenuation of chlorinated hydrocarbons in ground water. These 28 sediment samples were
collected along Sawmill Brook in and downgradient of the primary ground water discharge
area. Sediments were collected from two depth intervals (0 — 0.5, and 1 — 2 feet bgs) to
evaluate the vertical distribution of any constituents detected in the sediment. The depth
intervals were selected based on previous sampling data indicating a total sediment
thickness of approximately two feet. These 28 sediment samples were analyzed for VOCs
and TOC. Samples located on the main branch of Sawmill Brook (i.e., SD-201, SD-202, SD-
204, SD-206, and SD-207 through SD-214) were also analyzed for metals.

Seventeen additional samples were collected in 2010 to support interpretation of the
sediment toxicity testing results, to further delineate the extent of metals contamination
beyond the confluence of Sawmill Brook and Turtle Brook, and to characterize the levels of
uranium in Sawmill Brook.

VOCs. The list of VOCs detected in sediments collected from Sawmill Brook and the
low-lying wetlands in 2005 includes PCE, TCE and TCA and their biodegradation products
(cis-1,2-DCE, 1,1-DCE, 1,1-DCA, chloroethane and vinyl chloride). Detected concentrations
are reported in Table 6.5.3. The highest concentrations of chlorinated VOCs were detected
between locations SD-201 and SD-204 with maximum concentrations of TCA and PCE at
2.9 and 19 mg/kg, respectively. Concentrations of TCA and PCE detected elsewhere were
generally below 0.1 mg/kg. Deeper sediments (collected at a depth of 1 — 2 feet bgs)
generally contained higher concentrations of VOCs, likely reflecting a loss of VOCs in the
surface sediment layer.

These data suggest that the primary ground water contaminant plume discharges in the area
between SD-201 and SD-204. The nearest monitoring well cluster to this area is
MW21A/B/C. PCE concentrations in ground water samples collected in January 2006 from
this overburden, bedrock and deep bedrock well cluster were 27, 780, and 170 pg/L,
respectively. With a Koc value of 265 mL/g for PCE, and a measured organic carbon
content of 40% (at SD-202 where a PCE concentration of 19 mg/kg was detected), the
sediment-water partition coefficient for PCE is 106 mL/g. Thus, the equilibrium pore water
concentration at SD-202 is estimated to be around 180 pg/L, which is in the range of
concentrations detected at the MW21 well nest and is consistent with ground water
upwelling from the bedrock aquifer in this area.
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In general lower levels of CVOCs were detected in 2010. For example, concentration of
TCA decreased from 2.9 mg/kg in 2005 to 0.44 mg/kg in 2010, and PCE was detected at a
concentration of 19 mg/kg in 2005 and not detected in 2010, at location SD-202. Similarly,
at SD-46, TCA decreased from a concentration of 0.29 mg/kg in 2005 to a concentration of
0.029 mg/kg in 2010. These lower levels likely reflect the effectiveness of the GSM at
reducing off-site concentrations of CVOCs in the overburden aquifer. PCE was not detected
in MW21A in 2010 and detected at 870 and 220 pg/L in MW21B and MW21C, respectively.

Carbon disulfide was detected in 15 of 43 samples in 2005; but this constituent was also
detected in two of the trip blanks and no concentration was greater than ten times the blank
level. Acetone and 2-butanone were frequently detected in sediment samples; acetone was
detected in 36 of 43 samples and 2-butanone was detected in 23 of 43 samples in 2005.
Acetone concentrations ranged as high as 0.81 mg/kg and 2-butanone was detected at a
maximum concentration of 0.27 mg/kg. Both of these chemicals are common laboratory
contaminants and both are natural biodegradation products. Although acetone is reported to
have been used at the Facility, it has only been consistently detected in groundwater in one
monitoring well (MW40B), which is located off-site upstream of Sawmill Brook. This well was
sampled in November 2001, December 2002, October 2003, November 2004 and January
2006. The highest concentration of acetone detected in this well was 2.0 mg/kg in October
2003. The level of acetone detected in this well, and the fact that acetone has never been
consistently detected at elevated concentrations on-site, suggests an off-site source of this
constituent.

Benzene, toluene and isopropyl toluene are common constituents of gasoline and were
detected at low levels in 5, 21 and 13 of the 43 sediment samples collected in 2005.
Benzene and isopropyl toluene have never been detected in ground water on-site and
toluene has only been detected sporadically and at low levels (less than 5 pg/L). These data
suggest an off-site source for these chemicals, such as roadway runoff from Rte. 152. In
2010, tert-butylbenzene was detected at a concentration of 0.92 mg/kg at sediment sampling
location SD-202.

Metals. Concentrations of metals detected in Sawmill Brook sediments are reported
in Table 6.5.2. Two samples (including one duplicate) were collected at location SD-03,
which was selected as a background location in 2005. Arsenic, beryllium, cadmium,
chromium, copper, lead, nickel and zinc were detected at low levels in sediment collected at
SD-03. Arsenic and beryllium were detected at estimated concentrations of 3.0 and 3.9
mg/kg but not detected in earlier sampling rounds. Concentrations of other metals including
copper, lead and zinc at 24, 41 and 24 mg/kg, respectively were comparable (within a factor
of two) to levels previously detected at this location.

At USEPA'’s request, an alternate background location (SD-TRIB) was selected in 2010.
SD-TRIB is located on a tributary to Sawmill Brook that was chosen to represent a
background location unaffected by surface water runoff from the Facility. Levels of arsenic,
beryllium, chromium and lead were similar to levels detected at SD-03 in 2005; however,
cadmium was detected at a concentration of 26.7 mg/kg at SD-TRIB in 2010 compared to a
level of 2.4 at SD-03 in 2005, and zinc was detected at a concentration of 72.6 mg/kg at SD-
TRIB in 2010 compared to levels of 24 and 29 mg/kg at SD-03 in 2005. Because SD-TRIB
is located on a tributary to Sawmill Brook and is unaffected by runoff from Turnpike Lake, the
source of higher levels of cadmium and zinc in this sample compared to SD-03 is unclear.
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Metal concentrations are compared to background soil levels and sediment screening values
in Table 9.5.1. Levels of cadmium at SD-TRIB exceed MassDEP natural soil levels and
sediment screening values; however, zinc levels are below MassDEP natural soil levels and
sediment screening values. Beryllium levels at SD-03 and SD-TRIB ranged from 3.9 to 6.8
mg/kg, which is above the MassDEP natural soil level of 0.4 mg/kg. Nickel and selenium
were also detected above MassDEP natural soil levels at SD-TRIB.

No antimony, mercury, selenium or thallium were detected in any of the sediment samples
collected from Sawmill Brook in 2005 due to elevated detection limits. In 2010 sampling,
antimony, mercury and selenium were detected at low levels in 9 of 9 samples with
maximum detected concentrations of 0.8, 0.2 and 4.4 mg/kg, respectively. Thalium was
detected in 1 of 9 samples at a concentration of 0.2 mg/kg. Barium was analyzed for in 2010
and detected in 9 of 9 samples at concentrations ranging from 48 to 161 mg/kg. Arsenic
was detected in 45 of 47 samples at concentrations ranging from 1.3 to 17 mg/kg; most
concentrations were less than 10 mg/kg. The highest concentration was detected at a depth
of 1 — 2 feet bgs in Sawmill Brook (SD-214-1-2). Beryllium was detected in 34 of 47 samples
at concentrations ranging from 0.52 to 3.3 mg/kg with a median value of 2.1 mg/kg.

Beryllium was also detected at the background locations (SD-03 and SD-TRIB) at 3.9to 7.8
mg/kg, which suggests that the beryllium detected in Sawmill Brook sediments may be
unrelated to Facility operations.

Concentrations of lead and zinc detected in Sawmill Brook sediments in 2005 are plotted in
Figure 9.5.4. The sampling locations are arranged in order from left to right proceeding
upstream to downstream in Sawmill Brook. Note that concentrations show a peak in surface
sediments and also at depth in the vicinity of sampling locations SD-209, SD-210, and SD-
211. Peaks are also observed at SD-202 and SD-204/SD-206. The peak at SD-202 is only
observed in surface sediments. The peaks are likely related to sedimentation areas along
the brook. Because lead and zinc are commonly associated with roadway runoff, one
possible source of these metals, particularly in the area of SD-209, SD-210, and SD-211, is
surface water runoff from the former drive-in when it was operating.

Relative concentrations of copper, lead and zinc as a function of distance downgradient and
depth are plotted in Figure 9.5.5. As shown in this figure, copper concentrations follow the
same trends observed for lead and zinc, particularly at depth. In contrast, trends in
cadmium, chromium and nickel concentrations with downgradient sampling locations are
somewhat more variable (Figure 9.5.6). In surface sediments, concentrations appear to
decrease with distance downgradient except near SD-210 where concentrations tend to
increase, particularly for cadmium and chromium. This concentration pattern would be
consistent with sediment transport from the south embayment of Turnpike Lake and a
secondary source, perhaps surface water runoff from the former drive-in, originating near
SD-210. Overall, cadmium was detected in 44 of 47 samples collected from Sawmill Brook
at concentrations ranging from 0.84 to 120 mg/kg with a median concentration of 26 mg/kg.
Chromium was detected in all samples at concentrations ranging from 3.0 to 63 mg/kg with a
median value of 21 mg/kg.

At locations where samples were collected at the surface (0 — 0.5 feet) and at depth (1 — 2
feet), only lead and zinc show a statistically significant difference in sediment concentrations
with higher concentrations observed in samples collected at the surface compared to at
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depth.®® The median zinc concentration detected at the surface was 88 mg/kg compared to
a median concentration of 46 mg/kg detected at depth. For lead, the median concentrations
detected at the surface and at depth were 88 and 57 mg/kg, respectively.

Copper was detected in all the Sawmill Brook sediment samples at concentrations ranging
from 3.2 to 64 mg/kg; the median concentration detected was 25.5 mg/kg, which is similar to
the concentration detected at the background location SD-03. Copper concentrations
detected at background locations SD-09A and SD-10A were 51 and 54 mg/kg; although,
these samples have likely been affected by roadway runoff.

Four sediment samples were collected prior to and just beyond the confluence of Sawmill
Brook and Turtle Brook (SD-47, SD-60, SD-48 and SD-61; see Figure 6.5.1) to further
characterize the downstream extent of metals contamination in Sawmill Brook. Locations
SD-47 and SD-48 were also sampled in 2005. As previously noted, TOC levels in SD-47
and SD-48 measured in 2005 (39.8% and 30.4%, respectively) were about two times higher
than levels detected in 2010 (19.2% and 17.7%, respectively). For most metals (i.e.
antimony, beryllium, chromium, lead, mercury, silver, vanadium and zinc) there was no
discernable trend in concentration with distance downstream. However arsenic
concentrations decreased from 7.2 to 5.4, barium concentrations decreased from 157 to 127
mg/kg, cadmium concentrations decreased from 58 to 29 mg/kg, and nickel concentrations
decreased from 31.8 to 24.6 mg/kg. The levels of arsenic, barium, cadmium and nickel at
the sampling location furthest downstream in Turtle Brook are at or below background levels
measured at SD-03 and/or SD-TRIB suggesting that low flow velocity in the upstream
impounded area prevents most sediment from migrating beyond the wetland bordering the
former drive-In property.

SEM-AVS. SEM-AVS analyses were performed on 12 Sawmill Brook samples in
2005 and 9 Sawmill Brook/Turtle Brook samples in 2010. SEM/AVS ratios ranged from 0.07
to 11.5; ratios exceeded 1.0 in 7 of 21 samples. These data are discussed in further detail in
the Ecological Risk Assessment (Section 11.0).

PCBs. No PCBs were detected in 14 Sawmill Brook sediment samples collected in
2005.

Total Uranium. Seven additional samples (SD-301 through SD-307) were collected
along Sawmill Brook (see Figure 6.5.2) to determine if uranium detected in Turnpike Lake
has migrated off-site via the southern spillway in the south embayment. Total uranium levels
measured in Sawmill Brook ranged from 0.615 to 2.42 pCi/g with an average value of 1.36
pCi/g. In comparison, background levels of total uranium measured in soil ranged from 0.3
to 4.6 with an average value of 1.64 pCi/g (n = 30; see Table 4.7.1e). These data indicate
that uranium found in Turnpike Lake has not migrated to any significant extent beyond the
near shore area in the south embayment (see Figure 9.5.6).

9.5.4 Sediment Characteristics

9.5.4.1 Deposition Areas and Seasonal Variation in Sediment Transport

Areas of deposition and erosion were presented in Section 7.3 and are discussed below.
Field observations indicate that the discharge channel immediately east of the south

61 Wilcoxon paired sampled test, p = 0.05
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embayment in Turnpike Lake is a flume, which is an area of erosion. This is immediately
followed by an impoundment, which is an area of deposition. Areas of deposition and
erosion along the unnamed streams between the impoundment and the former drive-in
movie theater vary depending on the seasonal variation in water velocities in the streambed.
In the area immediately east of the former drive-in movie theater, surface water in Sawmill
Brook slows due to a culvert under an earthen road, which crosses the stream, creating an
impounded area. The approximate boundaries of this impounded area are indicated on
Figure 7.3.4.

Chemical data discussed above support this interpretation of deposition/erosion patterns
with the greatest apparent accumulation observed at the beginning of the impounded area
near SD-210. Concentrations are somewhat higher in depositional areas, and are lower in
erosional areas.

9.5.4.2 Estimation of Hazardous Constituent Mass in Turnpike Lake Sediments

Results from the RFI Phase |, Phase Il and 2005 sediment sampling programs were used to
estimate the mass of constituents in sediments in Turnpike Lake (AOC 13). To prepare the
mass estimate, AOC 13 was subdivided into two areas; 1) west of AOC A, and 2) the south
embayment. Average concentrations in sediments were calculated on a dry weight basis
assuming a value of zero for non-detects. Estimation of mass was calculated following the
same method as was employed for soil in the other AOCs. This generic methodology is
discussed further in Section 9.1.4 and the mass estimates for sediments are presented in
Table 9.1.11.

9.6 Fish

The purpose of the Phase | and Il fish sampling program was to assess the impact of Facility
operations on neighboring water bodies and to provide information for use in the HERA. In
this section, a comparison is made between the fish collected from the background sampling
location (the Old Mill Pond), and those collected from Turnpike Lake and the private
impoundment. Discussion of the human health and ecological risk of ingestion of these fish
is presented in Sections 10 and 11, respectively.

9.6.1 Development of Background Concentrations

As discussed in Section 4.6 and 5.6, several metals and PCBs were detected in fish
collected from the south embayment and the private impoundment. To determine whether
these detections were significant, the detected constituents were compared to background
concentrations of fish collected from the Old Mill Pond.

Background concentrations for each class of fish (i.e., bottom feeder, game, and prey) and
each type of sample (muscle, offal, or whole body) were determined using the following
method. In cases where three or more samples were collected, and more than 50 percent of
the samples contained detectable concentrations, 95% UCL concentration of constituents in
fish from the Old Mill Pond was calculated. 95% UCL values were not calculated for less
than three samples in accordance with comments provided by USEPA. In addition, the
maximum detected concentration was presented for all chemicals regardless of frequency of
detection.

Summary values (95% UCL and maximum detection) for each class and type of fish from the
south embayment of Turnpike Lake and the private impoundment were, separately,

Contamination Characterization 189 ENVIRON



Revised DRAFT RFI Report
BASF Facility, Plainville, Massachusetts

DRAFT

compared to the appropriate value in background to determine whether, in general, fish in
the reference area had been impacted by Facility operations. If a 95% UCL was calculated
in both the reference area and in background, these values were compared. If the 95% UCL
was not calculated, the maximum concentration from the fish class was compared to the
maximum detection in background.

Discrete fish sampling analytical results are presented in Table 4.6.3. The background
concentrations (95% UCL and maximum detected concentration) are presented on Table
9.6.1. Results exceeding background concentrations are shown in bold type on Table 9.6.1.

9.6.2 South Embayment of Turnpike Lake

A total of fifteen fish (five of each class of fish) were collected from the south embayment
and analyzed for metals and PCBs. Bottom feeders and game species were filleted and the
muscle and offal samples were analyzed separately for these constituents.

Bottom Feeders. Aroclors 1242, 1254 and 1260 were detected in muscle and offal
samples at concentrations above background levels. Aroclors were more frequently
detected, and detected in higher concentrations, in the offal samples. Aluminum and copper
were detected above background concentrations in muscle samples. No other metals were
detected in muscle tissue above background concentrations. The following metals were
sporadically detected in the offal samples above background concentrations: arsenic,
cadmium, cobalt, copper, and silver. Only silver was detected in all of the offal samples
analyzed in elevated concentrations above background.

Game Species. Aroclor 1242, 1254, and 1260 were detected in muscle and offal
samples at concentrations above background levels. Mercury, nickel, and silver were
detected in muscle samples above background concentrations. No other metals were
detected above background concentrations in the muscle samples analyzed. Cadmium,
chromium, copper, mercury and silver were detected above background in offal samples.

Prey Species. Aroclors 1242, 1254, and 1260 were detected above background
concentrations. Five metals were detected above background concentrations: cadmium,
chromium, mercury, silver, and vanadium. With the exception of cadmium, these metals
were detected at concentrations at or near background concentrations.

9.6.3 Private Impoundment

A total of eight fish (two bottom feeders, one game species, and five prey species) were
collected from the private impoundment and analyzed for metals and PCBs.

Bottom Feeders. Aroclor 1254 was detected in concentrations that exceeded
background in all the muscle and offal samples analyzed. Aroclor 1260 was detected in one
muscle and one offal sample at a concentration above background. Cadmium and
vanadium were the only metals detected above background concentrations in the muscle
sample analyzed. Cadmium, lead, nickel, silver and zinc were detected in the offal samples
just above background concentrations. Cadmium was detected in elevated concentrations
in the two offal samples analyzed.

Game Species. Aroclors 1242 and 1254 were detected above background in both
the muscle and offal samples. Selenium was the only metal detected above background
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concentrations in the muscle sample analyzed. Cadmium was the only metal detected
above background in the offal sample analyzed.

Prey Species. Aroclor 1260 was detected above background concentrations in all of
the samples analyzed. Aroclor 1254 was detected in two of the samples analyzed in
concentrations exceeding background. Seven metals were detected above background
concentrations: aluminum, cadmium, copper, lead, selenium, silver, and vanadium.
Cadmium was the only metal detected in elevated concentrations.

9.6.4 Conclusions

Several metals and PCBs were detected in fish. As stated previously, the purpose of the
development of a table of background concentrations in fish was to obtain data for the HERA
and to evaluate whether Facility operations have impacted fish. Because the sample size
used in this statistical analysis was relatively small (i.e., five samples or less), the 95% UCL
should not be viewed as an absolute number. Most metals were infrequently detected in fish
samples (e.g., present in one or two samples) and detected at concentrations just above
background. Because these metals were detected at low concentrations in only a few
samples, these detections may still be within the range of background concentrations.

Cadmium and Aroclors 1242, 1254, and 1260 were consistently detected above background
concentrations in fish from both the private impoundment and in the south embayment.
Based on a review of the literature, the concentrations of cadmium and PCBs detected in
fish are not expected to adversely impact the fish present in Turnpike Lake or the private
impoundment; however, there may be some risk in the ingestion of fish containing PCBs.
Further discussion of the human and ecological risk of these constituents is presented in
Sections 10 and 11.

9.7 Indoor Air

Indoor air has been tested at the Facility on a number of occasions and is summarized in
Section 9.7.

9.7.1 Prior Indoor Air Sampling Events.

Indoor air sampling was initially conducted at the Facility in September of 2001 (ENVIRON,
2001). Four indoor air samples (AS-1A through AS-4A) were collected from within Building 8
and Building10 along with three background ambient air samples collected from the nearby
Nature Conservancy property. Indoor air sampling locations are shown in Figure 9.7.1.
Sample locations AS-1A and AS-2A were chosen based on historic areas of concern (AOCs
5, 6 and 29) located within Building 8; sample AS-3A was collected from within the occupied
office portion of Building 8; and sample AS-4A was collected in the wastewater treatment
area of Building 10. At that time, low concentrations of several VOCs were detected. At the
request of the United States Environmental Protection Agency (USEPA), the air sampling
program was expanded to include additional indoor air sampling in Winter 2002-03 and
Spring 2003 to evaluate the extent of seasonal variation in indoor air levels.

The Winter 2002-03 event was conducted on March 6, 2003 and included a total of eight
indoor air samples collected from the original four locations (AS-1A through AS-4A) and four
additional locations: AS-9A located along the southern portion of Building 10; AS-10A
located near AOC-6; and duplicate samples AS-11A/AS-11B located in an unoccupied office
area in the southeast corner of Building 8. The Spring 2003 sampling event was conducted
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on May 22, 2003 and included 10 indoor air samples collected from the eight locations
sampled on March 6, 2003 along with two additional locations (AS-12A and AS-13A)
identified based on an inspection of the concrete foundation for possible soil vapor intrusion
pathways. A copy of the Winter 2002-03 and Spring 2003 Air Sampling Report is provided in
Appendix | and results are summarized in Tables 9.7.1.

A fourth indoor air sampling event was conducted on December 18, 2007. A total of six
indoor air samples were collected at locations AS-1A, AS-3A, AS-8A, AS-11A, AS-11B% and
AS-13A. The sampling locations were chosen to provide updated sampling results in areas
where:

e elevated concentrations of CVOCs were previously detected (AS-11A and AS-11B),
o where employees of FSP-One, Inc. spend the majority of their time (AS-3A), and

e at representative locations within the warehouse portion of Building 8 (AS-1A, AS-8A
and AS-13A) where workers may be present.

Samples were collected using 6-liter, individually-certified, stainless steel SUMMA®
canisters equipped with 24-hour airflow controllers. The canisters were set at a breathing
height of approximately four to six feet and the samples were collected over a period of
approximately 24 hours. The SUMMA® canister samples were analyzed by Alpha Analytical
Labs in Mansfield, MA using EPA Method TO-15. Laboratory reports are provided in
Appendix | and results are summarized in Tables 9.7.1.

A fifth sampling event was conducted on November 9, 2009. A total of six indoor air
samples were collected at locations previously sampled in December 2007 with the
exception that AS-11A and AS-11B were co-located samples. As in the December 2007
event, the sampling locations were chosen to provide updated sampling results in areas
where employees of FSP-One, Inc. spend the majority of their time (AS-3A); at
representative locations within the warehouse portion of Building 8 (AS-1A, AS-8A and AS-
13A) where workers may be present; and where the highest indoor air concentrations were
previously detected (AS-11A/AS-11B). Samples were collected using 6-liter, individually-
certified, stainless steel SUMMA® canisters equipped with eight-hour airflow controllers.
The canisters were set at a breathing height of approximately four to six feet and the
samples were collected over a period of eight hours. The SUMMA® canister samples were
analyzed for eight CVOCs (PCE, TCE, vinyl chloride, TCA, 1,1-DCA and 1,1-DCE) by Alpha
Analytical Labs in Mansfield, MA using EPA Method TO-15. Laboratory reports are provided
in Appendix | and results are summarized in Table 9.7.1.

9.7.2 Current Indoor Air Sampling Program

In order to further assess the building spaces currently in use by the Site tenant, FSP One,
Inc. (FSP), additional indoor air sampling events were performed on July 27, 2010 and
October 13, 2010. Samples were collected at five locations:

e an outdoor air sample (Ambient Outside) placed upwind (west) of Building 10;

62 Note that sample location AS-11B was collected from the southeast corner of Building 8, within the same
office cubicle area, but far enough apart from AS-11A (approximately 30 feet) to not be considered a co-
located sample.
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e two samples from the two currently occupied FSP office spaces (Sales Office and
Corner Office);

o one sample from the AS-2A location (Former Maintenance Area); and

e one sample from between the AS-8A and AS-13A locations (Former Production
Area).

Sample locations are shown on Figure 9.7.1. Samples were collected using 6-liter,
individually-certified, stainless steel SUMMA® canisters equipped with 24-hour airflow
controllers. The samples were collected over a period of approximately 22 hours and
analyzed by Alpha Analytical of Mansfield, MA using EPA Method TO-15. Laboratory
reports are provided in Appendix | and results are summarized in Table 9.7.2.

9.7.3 Indoor Air Testing Results
9.7.3.1 Prior Sampling Events.

Concentrations of constituents detected in indoor air during the November 2009 and earlier
sampling events are provided in Table 9.7.1. All eight CVOCs targeted for testing were
detected in at least one of the samples in 2009. As in previous sampling events, the highest
concentrations of CVOCs were detected in the unoccupied office area in the southeast
corner of Building 8 at sampling locations AS-11A/AS-11B. In this area, PCE, TCE and TCA
were detected at maximum concentrations of 11, 28 and 4.9 parts per billion by volume
(ppbv). Average concentrations of PCE and TCA detected elsewhere in the building were
generally lower by about a factor of five; TCE concentrations detected elsewhere were about
25 to 30 times lower.

In general, CVOC concentrations detected in November 2009 are about two times lower
than levels detected during the prior winter sampling event conducted in December 2007,
except at location AS-11A/AS-11B where concentrations are similar. The two winter
sampling events are being compared because soil vapor intrusion potential is expected to be
highest during the winter heating months when indoor air ventilation is expected to be
lowest. Summertime levels detected in May 2003 were generally lower than levels detected
during the November 2009 wintertime sampling event.

9.7.3.2 Current Sampling Program

Constituents detected in indoor air during the most recent sampling events conducted in July
and October, 2010 are summarized and compared to USEPA Region 3 Screening Levels in
Table 9.7.2. Benzene and PCE were detected in indoor air at levels exceeding Region 3
Screening Levels. Vinyl chloride was not detected above the laboratory reported detection
limits at any of the sampling locations. Exceedances of the EPA screening criteria indicates
that further investigation and assessment of these VOCs is warranted. An indoor air risk
characterization would be required to further quantify both the threshold Hazard Index (HI)
and Excess Lifetime Cancer Risk (ELCR), consistent with MassDEP and EPA guidance
documents and it is that determination which will define if an actual impact is occurring to
occupants of Building 8.

In order to fulfill MassDEP requirements, an additional two consecutive rounds of quarterly

indoor air sampling are planned for January 2011 and April 2011. At the conclusion of four
quarters of indoor air sampling, a technical memorandum will be prepared, comparing
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measured concentrations to both EPA and MassDEP standards. In addition, an evaluation
of the Building 8 HVAC system will also be provided in this memo.
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10 Human Health Risk Assessment — (to be completed)

Section 10.0 will be completed following a decision on the Future Land Use Proposal
Application.
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11 Ecological Risk Assessment

The objective of this ecological risk assessment (ERA) is to characterize the potential risks
to ecological resources from constituents present in environmental media at the Site and in
adjacent areas including Turnpike Lake and Sawmill Brook (including the private
impoundment) and the forested wetlands east of the Site.

This ERA is updated with recently obtained supplemental data and revisions that address
USEPA’s draft comments issued in December 2008 on the revised DRAFT RFI Report
submitted in April, 2007. Many of USEPA’s comments related to the ERA for the Site. In
response to these comments, and following a Site visit and consultation with a
representative from USEPA in October 2009, additional testing of surface water and
sediment was implemented in accordance with an approved QAPP dated April 14, 2010.
The additional testing included chemical analysis of floodplain soils, surface water and
sediments, biological community assessment and sediment toxicity testing.

This ERA is consistent with national and regional USEPA guidance for conducting ERAs
including:

o Ecological Risk Assessment Guidance for Superfund: Process for Designing and
Conducting Ecological Risk Assessments (USEPA, 1997¢);

e Guidelines for Ecological Risk Assessment (USEPA, 1998);

o Estimating Exposure of Terrestrial Wildlife to Contaminants (USEPA, 1994);

¢ Toxicological Benchmarks for Wildlife: 1996 Revision (USEPA, 1996);

e ECO-Update: Role of Screening-level Risk Assessments and Refining Contaminants of
Concern in Baseline Ecological Risk Assessments (USEPA, 2001);

e Generic Ecological Assessment Endpoints (GEAES) for Ecological Risk Assessment
(USEPA, 2003);

e Assessing Risks To Populations At Superfund And RCRA Sites - Characterizing Effects
On Populations (USEPA, 2006b);

e Framework for Metals Risk Assessment (USEPA, 2007);
¢ Risk Updates #4, (USEPA, Region 1, 1996b); and
¢ Risk Updates #5, (USEPA, Region 1, 1999).

This ERA follows USEPA’s (1997c¢) eight-step process that is comprised of two tiers: a
screening-level ecological risk assessment (SLERA) followed by a baseline ecological risk
assessment (BERA) as shown on Figure 11.1. The purpose of the BERA is to determine
whether concentrations of constituents of potential ecological concern (COPECS) currently
existing in soil, sediment, surface water, or biota have the potential to adversely affect
ecological receptors that may forage within the area. The remainder of this section provides
the following components of the ERA:

e Section 11.1 SLERA - is a screening level conservative evaluation determining need
for more in depth evaluation and in this case was used to identify the COPECs that
are evaluated in detail in the BERA;
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e Section 11.2 Baseline Problem Formulation — This section establishes the scope and
goals of the BERA, culminating in the selection of assessment and measurement
endpoints and presentation of the ecological conceptual Site model (CSM);

e Section 11.3 Baseline Exposure Assessment — This section describes the data used
in the ecological risk assessment, and reports on the magnitude and frequency of
exposure of the receptors of interest to the COPECS;

e Section 11.4 Baseline Effects Assessment — The effects assessment evaluates the
potential for COPECSs to cause adverse effects in ecological receptors of interest
(ROIs) and estimates the relationship between the extent of exposure and severity of
effects;

e Section 11.5 Baseline Risk Characterization - Risk characterization involves the
integration of the exposure assessment and effects assessment to determine the
likelihood, severity, spatial distribution and certainty of adverse effects with
consideration of uncertainties within the ERA process; and

e Section 11.6 Scientific Management Decision Point — The Scientific Management
Decision Point summarizes the results of the risk assessment and determines if the
information is adequate to characterize risk.

11.1 Screening Level Ecological Risk Assessment

A SLERA is a conservative assessment intended to rapidly screen out those sites, portions
of sites, receptors, chemicals, and/or pathways that clearly do not pose unacceptable risks
to ecological receptors. The findings of this SLERA inform the problem formulation that is
presented in Section 11.2, and form the basis for the BERA. This SLERA is streamlined, in
that it consolidates USEPA’s (1997c) Step 1 Screening-Level Problem Formulation and
Ecological Effects Evaluation and Step 2 Exposure Estimate and Risk Calculation. This
streamlined SLERA was judged appropriate because exceedances of screening values were
obvious, and ecological investigations conducted in 2005 and 2010 are considered to be
elements of a BERA. In addition, USEPA comments on the 2007 Draft RFI indicated that
elements of a BERA were already included in the SLERA.

11.1.1 Environmental Setting

This section provides a brief summary of the land use, habitat and native species in and
near the Study Area, and the sensitive ecological habitats and receptors that may be
exposed to Site constituents. A full characterization of the Site use and historic industrial
operations is provided in Section 2 of the RFI.

11.1.1.1 Land Use and Layout

The BASF property is a 45 acre parcel located in an area of mixed commercial, residential,
and natural resource preservation land uses (Figure 2.5). It is bordered by Turnpike Lake to
the west and south, and a forest/wetland area owned by the Natural Resources Trust of
Plainville to the north (see Figures 2.3 and 2.4). The Site is located within the Taunton River
Drainage Basin, a small sub-area of the Narragansett Basin. For purposes of the ERA, the
term “Site” refers only to the portion of the property located west of Route 152 that is or was
covered by buildings, hardscape (pavement or former building foundations), or landscaping
(Figure 2.5). The Site and surrounding area including Turnpike Lake and the forested
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wetlands and associated streams located east of Route 152 are defined as the Study Area
(Figure 6.5.1) for the purposes of this ERA. The wetlands are abutted to the immediate west
by upland industrially-zoned parcels owned either by BASF (former Drive-In property and
former house lots) or a business-residence grandfathered under town planning ordinance.
Other residences abut the wetlands to the east (Figure 2.4).

Turnpike Lake is a constructed impoundment that has two surface outlets, one of which
flows from the embayment immediately south of the Site (the South Embayment), and one of
which is located approximately 0.13 miles to the north of the South Embayment. The
surface outlet to the north empties into Turtle Brook and the surface outlet to the south
empties into Sawmill Brook. Sawmill Brook eventually merges with Turtle Brook to the
northeast of the former Drive-In theater (east of Route 152) (see Figure 2.5). The low-lying
wetlands surrounding Sawmill Brook also receive drainage from the south and east, and
Turtle Brook receives drainage from the north. . Drainage from the low-lying areas
eventually enters Lake Mirimichi, approximately one mile to the northeast of the Site, via
Turtle Brook.

11.1.1.2 Habitat in the Study Area

The identification of habitats within the study area is based on field surveys conducted by
ENVIRON biologists and Certified Ecologists in 1995, 2005, and 2010. The Site currently
consists of one main structure (consisting of Buildings 8 and 10). A second building
(Building 11), is located northwest of the main structure. The Site property provides only
limited habitat for terrestrial mammals and birds, because the landscape is dominated by
concrete floor slabs from nine former buildings that were demolished in 1996 and 1997. The
areas north and east of the main building consist of paved parking lots. Access to the Site is
limited by a 6-foot chain-link fence topped with barbed wire. South and west of the Site, a
relatively narrow (20 to 100 feet in width) strip margin of trees and other vegetation occurs
between the Site and Turnpike Lake. Dominant tree species include oak, maple, and white
pine. The understory is relatively sparse, with brambles and blueberry dominating. There is
no wetland fringe along the lake; the boundary between aquatic and terrestrial habitats is
abrupt and well defined. No wetland areas occur on the Site.

The aquatic features associated with the Study Area are Turnpike Lake, a private pond,
Sawmill Brook, Turtle Brook, and the associated wetlands surrounding Sawmill Brook.

e Turnpike Lake is a relatively large and shallow eutrophic lake and much of its shoreline
is undeveloped. It is classified by the National Wetland Inventory (NWI) as lacustrine,
limnetic, unconsolidated bottom, permanently flooded, diked impoundment (Appendix
K; USFWS, 2010).

e The lake discharges to two streams, Sawmill Brook to the south and east of the Site
and Turtle Brook north of the Site (on the Natural Resources Trust land), which flow
west to east from Turnpike Lake (Figure 2.5).

e Sawmill Brook originates from the south embayment of Turnpike Lake and flows east
under Route 152. Several hundred feet east of Route 152, this stream enters a small
pond located adjacent to a private residence (Figure 2.5). Sawmill Brook is classified
by the Massachusetts Department of Environmental Protection (DEP) as a Zone A
surface water protection area (see Figure 2.6 ).
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« Sawmill Brook, Turtle Brook, and the braided channels within a broad wetland are
classified by the NWI as palustrine, forested with broad-leaved deciduous trees, and
seasonally flooded (USFWS, 2010; Appendix K). The dominant tree species is red
maple, with some white pine also occurring on drier hummocks. Various woody
species occur in the understory, especially blueberry. The herbaceous layer is
dominated in most places by skunk cabbage.

e Under the State stream classification system, Sawmill Brook and Turtle Brook have
been classified as Class B High Quality. According to the Code of Massachusetts
Regulations Part 314, Chapter 4.05 (314 CMR 4.05), Class B waters “are designated
as a habitat for fish, other aquatic life, and wildlife, and for primary and secondary
contact recreation. Where designated they shall be suitable as a source of public water
supply with appropriate treatment. They shall be suitable for irrigation and other
agricultural uses and for compatible industrial cooling and process uses. These waters
shall have consistently good aesthetic value.”

« Sawmill Brook flows into Turtle Brook near the extreme northeastern corner of the
study area and ultimately flow approximately one mile into Lake Mirimichi.

11.1.1.3 Natural Heritage Resources in the Study Area

The Massachusetts Division of Fisheries & Wildlife (MDFW) has developed online mapping
capabilities “designed to guide strategic biodiversity conservation in Massachusetts over the
next decade by focusing land protection and stewardship on the areas that are most critical
for ensuring the long-term persistence of rare and other native species and their habitats,
exemplary natural communities, and a diversity of ecosystems. MDFW BioMap2 is also
designed to include the habitats and species of conservation concern identified in the State
Wildlife Action Plan” (MDFW, 2010). Additionally, the Massachusetts Natural Heritage and
Endangered Species program (NHESP, which is under the MDFW) offers a GIS viewer that
shows the results of the 2008 Priority Habitats of Rare Species and Estimated Habitats of
Rare Wildlife mapping efforts.

The BioMap2 maps (provided in Appendix K) indicate that the Study Area, in particular
Turnpike Lake and the wetlands, are not considered NHESP Priority Habitats of Rare
Species, NHESP Natural Communities, NHESP Estimated Habitats of Rare Wildlife, or
Areas of Critical Environmental Concern, or core habitat or critical natural landscape.

11.1.1.4 Wildlife in the Study Area

The wildlife known or expected to occur in the Study Area are those typical of the geographic
region, including terrestrial, aquatic, and aquatic-oriented mammals, birds, amphibians, fish,
and invertebrates. These are generally discussed by major taxonomic group below. The
characterization of wildlife in the study area is based on observational data obtained during
multiple visits and records compiled by the Natural Resource Trust. Supporting information
about wildlife is provided in Appendix K.

A broad range of birds, mammals, and herpetofauna characteristic of the geographic region
are known to occur at or near the Study Area. A total of 38 bird species were observed
during surveys of the Site. An additional 19 species of birds are known to occur in the study
area based on records compiled by the Natural Resource Trust. A total of 8 mammalian
species were observed either visually or by sign (e.g., tracks) during surveys of the Site
and/or Study Area. An additional 7 species of mammals are known to occur in the study

ENVIRON 200 Ecological Risk Assessment



Revised DRAFT RFI Report
BASF Facility Plainville, MA

DRAFT

area based on records compiled by the Natural Resource Trust. Seven species of
amphibians and six species of reptiles are known to occur in the study area based on
records compiled by the Natural Resource Trust.

The aquatic habitats of Turnpike Lake, Sawmill Brook, and Turtle Brook also provide habitat
for a variety of aquatic wildlife . Although fish were sampled from Turnpike Lake and the
small impoundment on Sawmill Brook as part of fish tissue sampling, fish population data
were not collected. Fourteen fish species observed during tissue sampling or expected
based on the Natural Resource Trust evaluations are listed in Appendix K.

Invertebrate surveys indicate that Turnpike Lake hosts populations of true flies
(chironomids), worms (oligochaetes), amphipods, water fleas (ceriodapnia), isopods,
mayflies (ephemeroptera), and dragonflies (odonates). Sawmill brook and the wetlands
generally host the same types of invertebrates as Turnpike Lake (with the exception of water
fleas), and also contain beetle larvae (coleoptera), bivalves, and stoneflies (plecoptera).
More quantitative information about invertebrate populations is presented as part of the
BERA.

11.1.1.4.1 Threatened and Endangered Species

Based on consultations with the U.S. Fish and Wildlife Service (USFWS), no federally-listed
or proposed threatened or endangered species are known to occur within the study area
vicinity with the exception of occasional transient bald eagles (Haliaeetus leucocephalus)
and peregrine falcons (Falco peregrinus) (USFWS 1995). Both of these species have been
proposed for removal from the federal list of threatened and endangered wildlife for some
time (Federal Register - July 6, 1999 and August 26, 1998).

Based on consultations with the MADFW Natural Heritage & Endangered Species Program
(MADFW 1995b), there are no records of state-listed threatened, endangered, or special
concern species occurring in the study area. However, three bird species listed as occurring
on Natural Resource Trust lands in the study area are on the state list (Appendix K). These
include the American bittern (Botaurus lentiginosus), listed as endangered, the northern
harrier (Circus cyaneus), listed as threatened, and the sharp-shinned hawk (Accipiter
striatus), listed as special concern. Suitable habitats for the American bittern (large, densely
vegetated emergent wetlands) and the northern harrier (large areas of emergent wetlands or
open fields) do not occur in the study area vicinity. Potentially suitable habitat for the sharp-
shinned hawk (relatively mature forest) does occur in the study area.

The USFWS Information, Planning, and Conservation System (IPCS) indicates that there
are no listed species or national wildlife refuges in the Study Area (USFWS, 2010, Appendix
K). Of the state listed species that may occur in Massachusetts, MDFW indicates that only
marbled salamander, bridle shiner (fish), eastern box turtle, lion's foot (plant) are found in the
Plainville area (MDFW, 2010, Appendix K). Habitat for the marbled salamander, bridle
shiner, and eastern box turtle are present in Turnpike Lake and in the wetlands (MDFW,
2010, Appendix K). Habitat for lion’s foot is not present in the study area (Everett and
Lepley, 2002).
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11.1.2 Screening-Level Effects Evaluation, Exposure Estimates and Risk
Calculation

A SLERA includes a screening-level ecological effects evaluation, the derivation of
screening-level exposure estimates and, finally, screening-level risk calculations (USEPA
1997c). This combined evaluation identifies the COPECs that should be retained and
carried forward in the BERA. For the purposes of this streamlined SLERA, these three steps
are presented concurrently in this subsection.

The ecological effects evaluation identifies the conservative ecological screening
benchmarks (ESBs) that are used for each medium of interest (i.e., surface water, sediment,
and soil). Because USEPA Region 1 has not issued guidance recommending specific
screening values for use in SLERAS, screening values developed by other USEPA regions
are used here. The preferential hierarchy reflects the robustness of the datasets and the
breadth of coverage of different chemicals.

e Surface water screening benchmarks are summarized in Tables 11.1a and 11.1b.
Surface water benchmarks are adjusted for hardness using a Site-average hardness
of approximately 25 mg/L based on 2005 and 2010 supplemental data.

e Sediment screening benchmarks are summarized in Tables 11.1c. These are based
on the preferential hierarchy from USEPA Region 3 Freshwater Screening
Benchmarks (2010), USEPA Region 5 (2003a), and finally USEPA Region 4 (2001b).

e Surface soil screening benchmarks are summarized in Table 11.1d. The USEPA
Ecological Soil Screening Levels (EcoSSLs) were used as the primary criterion. The
lowest published benchmark for birds, mammals, plants, and invertebrates is used
when multiple benchmarks are available. If no EcoSSL benchmark was available,
then the selected benchmark is based on preferential selection from USEPA Region
5 (2003a) or USEPA Region 4 (2001b).

Maximum constituent concentrations are used as exposure estimates for the SLERA, as
indicated for surface water (Table 11.2a), sediment (11.2b), floodplain soils (11.2c) and
surface soil (11.2d). Data collected during sampling events conducted during the RFI
process, from 1995-2010, are used to identify chemicals that should be carried forward in
the BERA. For sediments and soils, only samples collected in the biologically active zone
(i.e. top one foot of sediment or soil) were considered in the SLERA. Potential issues related
to burrowing mammals and deeper sediments are addressed in the BERA.

The screening-level risk characterization is based on the comparisons of maximum detected
concentrations with ecotoxicity screening values. Chemicals with maximum detected
concentrations that exceed the designated ESBs are retained as COPECSs for further
evaluation in the BERA. Chemicals lacking ESBs are also retained for further evaluation in
the BERA.

11.1.3 SLERA Conclusions

The SLERA provides a conservative evaluation of potential risks to wildlife through the
comparison of maximum detected chemical concentrations in surface water, sediment,
floodplain soil, and on-site surface soil to media-specific ESBs considered protective of
wildlife. In this evaluation, a variety of metals, volatile organic compounds, polycyclic
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aromatic hydrocarbons (PAHSs), and polychlorinated biphenyls (PCBs) are identified as
COPEC:s for consideration in the BERA because the maximum detected concentrations
exceeded benchmarks or the benchmarks are not available. A summary of chemicals
retained as COPECs in surface water, sediment, floodplain soil and on-Site soil for
consideration in the BERA is provided in Table 11.3.

11.2 Baseline Problem Formulation

The third step of the eight-step ERA process is the baseline problem formulation. It builds
upon the findings of the SLERA and establishes the breadth, focus, and goals of the BERA,
as well as the specific ecological values to be protected. The main goal of problem
formulation is to present the basis for decisions related to the scope of the BERA.

11.2.1 Conceptual Site Model

A conceptual Site model (CSM) is a written description and visual representation of
predicted relationships between ecological entities and the stressors to which they may be
exposed. This subsection provides a narrative description of the ecological CSM for the
study area, and Figure 11.2 provides a visual depiction of the ecological CSM. This CSM
builds upon the information presented in the environmental setting of the SLERA by
providing discussion of the sources, ecological receptors (i.e., exposed wildlife), and the
routes of exposures considered in the BERA.

11.2.1.1 Sources and Remedial Actions

Historical industrial operations at the BASF Site have resulted in the release of chemicals to
groundwater, surface water, sediment, and surface soil, as indicated on Figure 11.2. The
SLERA showed that VOCs, metals, PAHs, and PCBs, were detected at concentrations
exceeding ecological benchmarks. The SLERA considered the maximum chemical
concentrations from Phase | and Phase |l sampling efforts (1995 and 1997), and
supplemental sampling efforts (2005 and 2010). However, onsite activities (e.g. facility
closure in 1993) and certain remedial measures implemented at the Site have diminished or
eliminated some of the chemical transport pathways. Therefore, this BERA must take into
account current (i.e., “baseline”) conditions so that these BERA results can inform further
remedial management decisions for the Site. The following remedial measures were taken:

e agroundwater pumping and treatment system and barrier wall was installed along
the eastern boundary of the Site to control the migration of VOCs in groundwater
from the Site to the Sawmill Brook wetlands area in 1997. This has resulted in the
reduction of VOCs in the wetlands;

e nine on-Site buildings were demolished in 1996, removing a significant source of
metals to Turnpike Lake via runoff from roof drains; and

¢ the highest concentrations of metals in Site soils are known to exist in AOC B, and
this area is designated for Stabilization per the Consent Decree.

This BERA considers data collected at the Site and in the surrounding area from a spatial
and temporal perspective. Data are divided into aquatic and terrestrial exposure units
(Turnpike Lake, Sawmill Brook wetlands, on-Site soils, wetland floodplain soils, and
representative references for each habitat type) so that potential exposures within each unit
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can be evaluated independently. Data are also considered over time to ensure that the
consideration of current conditions is used for management decision-making.

11.2.1.2 Refinement of Chemicals of Potential Ecological Concern

The initial list of COPECs from the SLERA identifies those constituents that were detected in
any medium at concentrations greater than the ESBs and also constituents lacking ESBs.
The BERA serves to refine the list of COPECs in order to focus the assessment on those
constituents most likely to pose ecological risk. The refinement of COPECSs provided herein
is consistent with USEPA guidance (USEPA 1989g, 1997c, 2001), including consideration of
background concentrations, essential nutrients and electrolytes, and the frequency of
detection as described in this section. The refinement of COPECs is provided in Tables
11.4a, 11.4b, 11.4c, and 11.4d for surface water, sediment, floodplain soil, and on-Site
surface soil, respectively. The remainder of this section describes the elements of the
refined screening for these media.

Fish tissue data were not evaluated in the SLERA, but these data reflect a critical
component of the BERA evaluation of food web exposures. Therefore, Table 11.4e presents
the identification of COPECs in fish tissues. Fish tissue data are presented on a whole
body, wet weight basis, as calculated using data for fillet and remaining carcass (i.e., offal)
tissue data. The fish whole body calculation method and supporting data are provided in
Appendix K.

11.2.1.2.1 Comparison to Background Concentrations

USEPA (2001) identifies the refinement of COPECs based on consideration of background
concentrations. The determination of whether or not a concentration is consistent with
background follows the methodology of the Massachusetts Department of Environmental
Protection (MADEP 1996), as follows:

e The chemical is retained as a COPEC if both the median and maximum concentrations
in the Site dataset exceed those in the background dataset.

e The chemical is not retained as a COPEC if any of the following are noted:

o both the median and maximum concentrations from the Site dataset are less than
those in the background dataset, or

o the median Site concentration is less than the background median concentration,
and the Site maximum concentration is less than 50% higher than the background
maximum concentration, or

o the maximum Site concentration is less than the background maximum
concentration, and the Site median concentration is less than 50% higher than the
background median concentration.

The following chemicals were not retained as COPECSs for further evaluation in the BERA
based on the background screening for each medium:
o Surface water: barium, manganese, potassium, and nitrate

e Sediment: barium, beryllium, lead, p-cymene, and hydrocarbons (C11.C22) and
hydrocarbons (C19-C36)

e Floodplain soils: antimony, lead, mercury, and selenium
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e On-Site soil: iron, mercury, and selenium

e Fish tissue: barium, cobalt, selenium, and zinc

11.2.1.2.2 Essential Nutrients and Electrolytes

Calcium, iron, magnesium, sodium, potassium, and nitrates are the essential nutrients that
are not retained as COPECs for further evaluation in the BERA (11.4a and 11.4b). Essential
nutrients were not analyzed in floodplain soil, on-Site soil, or in fish tissues, so these
nutrients are not considered further in the BERA for these media. Essential trace minerals,
such as chromium, copper, iron, manganese, selenium, and zinc are not screened out based
on nutrient status and are considered further in the BERA where detected greater than
background and ESBs.

11.2.1.2.3 Frequency of Detection

Constituents that are rarely detected (less than 10%) are considered in the refinement of
COPECs (USEPA 2001). Populations of ecological receptors will have relatively low
exposures to these constituents. The following chemicals were not retained as COPECs for
further evaluation in the BERA based on the frequency of detection screening for each
medium:

o Surface water: mercury (detected in 1.5% of samples), selenium (detected in 7.9% of
samples and the maximum detection was less than the ESB), silver (detected in 7.9%
of surface water samples), carbon tetrachloride (detected in 2.4% of samples), and
cyanide (detected in 4.5% of samples). Note that all metals in dissolved phase are
considered further in the BERA. This COPEC refinement focuses exclusively on total
metals screening.

e Sediment: thallium (detected in 2% of the samples), vinyl chloride (detected in 9.5% of
the samples), and xylenes (detected in 2.4% of the samples)

No COPECs were excluded from further evaluation in the BERA based on the frequency of
detection for floodplain soils, on-Site soils, or fish tissues.

11.2.1.2.4 Refined Effects Evaluation

The COPECs identified in Tables 11.4a, 11.4b, 11.4c, and 11.4d are evaluated further in
Step 5 of the BERA on a case-by-case basis to determine whether there appears to be a low
likelihood of adverse effects or other reasons to exclude or retain a detected chemical. This
acknowledges that identification of COPECs to this point (Step 3) is based on conservative
ESBs that may not take into account a greater understanding of potential toxicity based on
Site-specific conditions. This evaluation may be considered to address those chemicals that
are retained due to a lack of effects-based screening values, despite the availability of high
guality studies that indicate low toxicity. For other chemicals, the refined evaluation may
consider chemical form, bioavailability, partitioning behavior, or alternate analytical methods.

11.2.1.3 Transport Pathways

Historic transport pathways that potentially contribute to the distribution of COPECs detected
in Site media are as follows:
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e leaching of chemicals in soil to groundwater and subsequent discharge of groundwater
to the wetlands;

e erosion of soil with deposition to sediment;
e partitioning of chemicals in porewater to sediment and surface water;
o uptake of chemicals in porewater, sediment, and surface water by biota; and,.

o direct discharge (e.g., via roof drain outfalls) to sediment and surface water.

11.2.1.4 Receptors and Exposure Pathways

Once COPECs are present in soil, sediment, and surface water, a variety of organisms may
be exposed to them via different exposure pathways. Exposed organisms are commonly
referred to as receptors.

A complete exposure pathway has five parts:

e a source of constituents (such as the original facility operations);

e an environmental medium and transport mechanism (such as particulates from the roof
drains emptying into Turnpike Lake);

e a point of exposure (such as the wetlands);

e aroute of exposure (such as a receptor touching, drinking, or eating contaminated
sediment particles); and

e a population of receptors (such as a community of benthic invertebrates).
The exposure pathway is complete and potentially capable of causing unacceptable risks
only when all five parts are present.

Identification of receptors initially relies on the identification of functional groups or feeding
“guilds” that are representative of, or essential to, habitat function. Based on the
environmental setting, the feeding guilds potentially exposed to Site-related constituents via
complete exposure pathways and their dominant exposure routes are:

e aquatic and sediment dwelling invertebrates (direct contact with surface water or
sediment);

o fish (gill exchange with surface water and diet);

o terrestrial plants and invertebrates (direct contact with soil or floodplain soil);

e omnivorous birds and mammals (diet, incidental ingestion); and

e piscivorous (i.e., fish eating) birds and mammals (diet).

Although populations of herpetofauna (reptiles and amphibians) are valued ecological
entities, the current state of the art techniques for risk assessment are insufficient to
adequately incorporate herpetofauna in risk analysis with acceptable levels of uncertainty
(Sparling, Linder, and Bishop 2000, ESTCP 2009). Generalizations from fish (and benthic
invertebrates) are somewhat applicable to the herpetofauna receptor group, so that the risks
to herpetofauna are estimated by using other receptors as surrogates.
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The evaluation of potential risks to burrowing mammals from VOCs via on-Site ingestion
exposures is considered in the BERA through the use of a shrew as a surrogate. The
evaluation of potential risks to burrowing mammals from VOC exposure via inhalation
exposures is not considered in the BERA because the wetlands where the majority of VOCs
have been detected is inundated so often that significant burrowing activity would be limited.
Burrowing on-Site is also limited due to the disturbance and compaction of on-Site soils over
areas where VOCs are present in groundwater. For example, most of the on-Site areas
where VOCs are present in groundwater are covered with concrete foundations or asphalt
paving. Finally, a groundwater treatment system was implemented in 1997 in efforts to
control VOCs migration off-Site. Therefore, consideration of VOC exposure via inhalation
will not lead to changes in risk management decisions.

11.2.2 Selection of Ecological Receptors of Interest

Most healthy ecosystems support a large number of individual species representing a variety
of feeding guilds. However, it is not feasible to complete risk calculations for all potentially
exposed species. Moreover, such an effort would be duplicative because of the similarity of
exposure patterns among closely related species and among those with similar feeding
guilds. For these reasons, receptors of interest (ROIs) are selected in this work plan to
represent the different feeding guilds.

ROls are selected based on six characteristics:

e economic and/or other value to humans;

e ecological relevance;

e potential for high exposure;

e toxicological sensitivity;

e expected presence at the study area; and

o availability of life history information and toxicological data.
Based on the ecological CSM (Figure 3-1) and the above considerations, ROIs pertinent to
the study area are:

e benthic/epibenthic invertebrate community;

e bullhead catfish (Ameiurus melas), representing bottom-dwelling fish populations;

e Dbluegill sunfish (Lepomis macrochirus), representing water column dwelling fish
populations;

e largemouth bass (Micropterus salmoides), representing piscivorous fish populations;
o terrestrial plant and invertebrate community;

e white-footed mouse (Peromyscus leucopus), short-tailed shrew (Blarina brevicauda)
and red fox (Vulpes vulpes) representing herbivorous, carnivorous, and omnivorous
mammals;

e mink (Mustela vison), representing piscivorous mammals;

e great blue heron (Ardea herodias) and belted kingfisher (Ceryle alcyon) representing
piscivorous birds; and
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e American robin (Turdus migratorius), representing omnivorous birds.

These ROIs are among the most highly exposed and ecotoxicologically sensitive (i.e.,
susceptible) of the species likely to inhabit or forage within the study area, so extrapolation
of conclusions regarding these ROIs will be protective of other, less susceptible species.
Catfish and sunfish serve as conservative surrogates for other fish species (eels, crappies,
pickerel, sunfish, shiners, bass, pumpkinseed, suckers, and perch) and also reptiles and
amphibians like frogs, toads, newts, salamanders, snakes and turtles. White footed mice,
short-tailed shrew, and red fox serve as conservative surrogates for a variety of mammals
that may be in the study area such as other mice, shrews, and foxes, but also chipmunks,
rabbits, squirrels, weasels, raccoons, moles, skunks, opossums, voles, deer, and
woodchucks. Robins serve as conservative surrogates for other small birds such as crows,
finches, swallows, warblers, chickadees, and jays. Great blue heron and belted kingfisher
serve as conservative surrogates for fishing and wading birds. Mink serve as conservative
surrogates for other piscivorous and/or carnivorous mammals, such as otters, weasels,
raccoons, and fishers.

11.2.3 Selection of Assessment Endpoints

Assessment endpoints are the explicit expression of ecological entities (e.g., mammal
populations) and attributes (e.g., reproductive ability) to be protected (USEPA 1992¢, 1997c,
2003b). The selection of assessment endpoints depends on knowledge about the receiving
environment, chemicals released (including ecotoxicological properties and concentrations
that cause adverse impacts), and the values that will drive risk management decision making
(Suter et al., 1995). Assessment endpoints selected for evaluation in the BERA are:

e aquatic and sediment dwelling invertebrate community structure, survival and growth;
e survival and reproduction of fish populations;

o terrestrial plant and invertebrate community structure, survival and growth;

e survival and reproduction of bird populations; and

e survival and reproduction of mammal populations.

As described by Barnthouse et al. (2008), “regulations, policies, directives, and guidance
documents frequently discuss the need for ecological risk assessments to consider risks to
populations, not simply to individual organisms or organism-level attributes. The reason for
this [need] is that, from a management perspective, the population-level attributes such as
abundance, persistence, age composition, and genetic diversity are usually more relevant
than are the health or persistence of individual organisms.”

The assessment endpoints listed above consider attributes that are tied to the population-
level attributes of abundance and persistence, in that they consider both survival and
reproduction. Decreased survival will result in smaller numbers of individuals, decreasing
the population of that receptor. Similarly, decreased reproduction can result in smaller
numbers of individuals over time, also decreasing the population of that receptor.
Decreased growth of individuals, on the other hand, is not directly related to population-level
effects. Consequently, ecotoxicological studies on growth endpoints cannot be tied to
population-level impacts.
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11.2.4 Selection of Measurement Endpoints

Measurement endpoints are measurable ecological characteristics that are related to the
valued characteristics chosen as the assessment endpoints and are measures of biological
effects. The measurement endpoints become lines of evidence that indicate the potential for
risk to the ROIs. The selected measurement endpoints associated with each assessment
endpoint are listed below.

Aquatic and sediment dwelling invertebrate communities are evaluated based on three
measurement endpoints:

e abundance, richness, and composition of invertebrate assemblages, relative to
reference stations of comparable habitat (“community structure”);

o sediment toxicity as measured in laboratory toxicity tests (“toxicity”); and

e measured concentrations of COPECs in surface water and sediment soil in relation to
appropriate benchmarks and concentrations reported in the literature to be protective of
invertebrates (“chemistry”).

Fish populations and community are evaluated based on two measurement endpoints:

e measured concentrations of dissolved COPECSs in surface water in relation to
appropriate surface water benchmarks and concentrations reported in literature to be
protective of aquatic life (“water chemistry”); and

e measured concentrations of COPECs in whole body fish tissue in relation to critical
body residue (CBR) concentrations reported in literature to be protective of fish (“fish
tissue chemistry”).

Terrestrial plants and invertebrate communities are evaluated based on one measurement
endpoint:

e measured concentrations of COPECs in surface soil in relation to effects-based
benchmarks and concentrations reported in the literature for plants and invertebrates
(“chemistry”).

Bird populations are evaluated based on one measurement endpoint:

e Comparison of modeled dietary intake of COPECs by three representative avian
species (great blue heron, kingfisher, robin) to doses reported in the literature as
toxicity reference value (TRV) thresholds for adverse effects on survival or reproduction
(“bird hazard quotients”).

Mammal populations are evaluated based on one measurement endpoint:

e Comparison of modeled dietary intake of COPECs by four representative mammalian
species (white-footed mouse, short-tailed shrew, mink, red fox) to doses reported in the
literature as TRV thresholds for adverse effects on survival or reproduction (“mammal
dose-based hazard quotients”).
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11.3 Baseline Exposure Assessment

Exposure assessment is the process of measuring or estimating the magnitude, frequency,
and duration of ROI exposures to COPECs (USEPA 1992e). The exposure assessment
builds upon qualitative descriptions presented in the CSM in order to quantitatively estimate
COPEC exposures for each ROI. The exposure assessment reflects the exposures likely to
occur in the ROIs evaluated, exposure routes specific to the Site, and the selected
measurement endpoints. The methods of estimating exposure for each ROI differ, as
detailed in the following subsections.

11.3.1 Exposure Assessment for Aquatic and Sediment Dwelling Invertebrate
Community

Exposure of aquatic and sediment dwelling invertebrates to COPECs is evaluated based on
several lines of evidence (LOES): site-specific benthic community assessment and sediment
toxicity testing, and consideration of COPECs in surface water and sediment using bulk
chemistry. This section describes the methods of estimating exposure for each LOE and
presents the exposure data considered in the BERA.

11.3.1.1 Benthic Community Assessment

Site-specific benthic community assessment is one LOE for estimating exposure to sediment
dwelling invertebrates. The data used in this evaluation are those collected as part of the
2005 and 2010 Supplemental Investigations for locations in Turnpike Lake and the wetlands,
as described in Section 6 and illustrated on Figures 6.4.1 and 6.5.1. The exposure
associated with this LOE as determined from biological samples is considered in conjunction
with the results of toxicity testing and measured sediment concentrations from co-located
sediment samples collected concurrently. The evaluation of exposure using these LOEs also
involves a comparison to reference conditions.

11.3.1.1.1 Benthic Community Habitat Assessments — 2005 and 2010

The habitats available in Turnpike Lake and Sawmill Brook are significantly different enough
from one another that two reference locations were warranted. Turnpike Lake provides deep
pooled water habitat; whereas, the braided channels within the wetlands provide relatively
shallow slow moving densely shaded habitat with some deeper pools intermittently located
along the channels. The two reference locations were selected to characterize background
conditions for the benthic macroinvertebrates (Figure 11.4). Location SD-09A was included
in the benthic macroinvertebrate community assessment to represent the lake habitats
(noted as benthic macroinvertebrate survey area A in 2005; see Figure 6.5.1). An unnamed
tributary to Sawmill Brook was selected as the reference location for Sawmill Brook (noted
as benthic macroinvertebrate survey area B in 2005). The unnamed tributary to Sawmill
Brook was selected because this tributary flows into Sawmill Brook from a portion of the
watershed that is not impacted by flow from Turnpike Lake. Aerial photographs were
reviewed and a reconnaissance was performed to determine land use and development
upgradient from this unnamed tributary. There are three land uses within the influence of the
tributary. The tributary flows through woodlands and wetlands, similar to the Sawmill Brook.
Adjacent to the woodlands is a residential area. An elementary school is also present in the
watershed, located within a mile upgradient from the reference location.

The habitat assessments conducted as part of the 2005 and 2010 benthic community
assessments are provided in Appendix K. The results of these habitat assessments show
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that the habitats at the reference location in Turnpike Lake (SD-09A) are comparable to the
Turnpike Lake locations, and the reference location in the unnamed tributary to Sawmill
Brook (SD-TRIB) is comparable to the Sawmill Brook locations. As part of the 2010
sampling effort, sediment samples from the reference location and adjacent floodplains were
collected for chemical analysis. Those data were discussed in Section 9 of the RFI.

11.3.1.1.2 Benthic Community Assessment — 2005

The biological sampling was conducted using multi-habitat field sampling procedures
(USEPA, 1999¢). Standard kick and D-frame dip nets with 500 micron [u] opening mesh
were used to systematically collect benthic macroinvertebrates. A total of 10 subsamples
comprised each single composite sample for each location. Subsamples were based on
habitat types, and generally included the following, as habitat permitted (and substitutions
were made to sample more frequently the dominant habitat if a habitat was not available):
The samples collected at the Turnpike Lake locations consisted of a composite sample
comprised of 5 net “sweeps” in narrowleaf submerged aquatic vegetation (SAV), 2 sweeps in
broad leaf submerged aquatic vegetation, 1 leaf pack, and 1 cobble area. The samples
collected at the Sawmill Brook locations consisted of a composite sample comprised of 1
riffle, 2 leaf packs, 2 vegetative sweeps, 2 undercut bank sweeps, and 3 coarse woody
debris sweeps.

Benthic macroinvertebrates were partially field-picked and preserved in ethanol (i.e.,
organisms that could be separated from sand and other material were separated at the time
of sampling and preserved for shipment to the lab). Remaining sampling material (e.qg.,
sediment and organic material) was packed on ice. Samples were shipped to a taxonomic
laboratory for identification to genus and species. Pennington and Associates, Inc., located
in Cookeville, Tennessee, performed the taxonomic identification services for this effort.

11.3.1.1.3 Benthic Community Assessment — 2010

The 2010 benthic macroinvertebrate study focused on specific locations where 2005
chemistry data indicated elevated concentrations of constituents. Samples were collected to
capture organisms in contact with the sediment so that the results of the benthic survey
would capture potential effects on the benthos. The benthic macroinvertebrate community
assessment was conducted at three locations in Turnpike Lake and four locations in Sawmill
Brook using a petite ponar dredge to capture organisms at the sediment surface and in the
upper few inches of sediment. The same two reference locations identified in 2005 were
sampled again in 2010. The two lake samples collected at locations SD-43 and SD-44 in the
South Embayment were selected to represent worst-case conditions. The Sawmill Brook
samples were collected at locations SD-46, SD-214, and SD-202.

11.3.1.2 Toxicity Testing — 2010

Sediment samples collected for toxicity testing were evaluated against three different
reference sample types: a laboratory control, a sediment control from Bearskin Lake,
Minnesota and site-specific controls from both Turnpike Lake and the wetlands. The sample
locations for toxicity testing were selected to reflect a range of chemical concentrations in
sediment that captured peak concentrations from the Study Area as well as areas
characterized by low levels of AVS based on data collected in 2005 (see Section 6). This
pairing of conditions was intended to reflect areas where the bioavailability of metals would
be highest.
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11.3.1.3 Bulk Chemistry Exposure Assessment

Exposure of aquatic and sediment dwelling invertebrates to COPECs is evaluated based on
consideration of COPEC concentrations in surface water and sediment. Chemistry is widely
used to characterize invertebrate exposures, generally due to the ease of comparison of
such data to soil, sediment and surface water quality screening benchmarks. However,
chemistry data often provide only limited information regarding the proportion of the total
chemical measured that is bioavailable (i.e., able to be taken up by invertebrates).
Therefore, the effects assessment considers bulk chemistry and bioavailable fractions of
chemicals in surface water and sediment as part of the analysis. Evaluation of exposure of
inorganics in surface water relies on dissolved (filtered) surface water data, since exposure
via gill transfer is only possible for the dissolved fraction of inorganic analytes. This is
acknowledged by USEPA, as the National Recommended Water Quality Criteria are based
on dissolved phase data (USEPA 2009).

In considering chemistry data relative to potential effects on invertebrates, measurements at
each sampling station are evaluated individually. That is, each sampling station is treated as
a discrete exposure area or exposure unit. This practice reflects the relative immobility of
invertebrates and facilitates the spatial analysis of sediment exposures. Surface water and
sediment analytical results included in this BERA are provided on Tables 11.5a (total metals
and other detected constituents), 11.5b (dissolved metals), and 11.5¢ (COPECs in
sediment). Chemicals detected in sediment are also considered in terms of USEPA’s
equilibrium partitioning (EqP) approach on a location by location basis. Those exposure
point concentrations are identified on Tables 11.5d and 11.5¢, for divalent metals and PAHSs,
respectively. The application of the EqP approach for PAH is based on 17 PAHSs.

11.3.2 Exposure Assessment for Fish Populations and Community

Exposure of fish to COPECs is evaluated based on concentrations of COPECs in fish tissue
and in surface water. COPEC concentrations in fish tissue are considered on an individual
basis so that the proportion of fish with tissue concentrations greater than a critical value can
be evaluated to evaluate potential population- and community-level effects. Fish were
sampled from the south embayment of Turnpike Lake, from the small impoundment along
Sawmill Brook, and in a reference area (Old Mill Pond) during Phases | and Il of the RFI.
Three trophic levels of fish were sampled: (1) bottom-feeding species (bullhead); (2) game
species (largemouth bass, pickerel, or yellow perch); and (3) prey species (bluegill). Prey
species were analyzed as whole-body samples. Bottom-feeding and game species were
filleted and submitted as two sets of samples (the fillet and the remainder of the fish [offal]).
COPEC concentrations in fish tissue samples are compared to CBRs (define here and in list
of acronyms) for each fish and the proportion of fish tissue sample concentrations greater
than the CBRs is considered. Reporting the proportion of tissue samples that exceed
CBRs allows a determination of whether a significant proportion of the populations (e.g.,
20% or more) of each of the fish species that were sampled is predicted to be adversely
impacted by COPECs, and among all species, whether the fish community as a whole may
be adversely impacted. Because no threatened or endangered species are present in
Turnpike Lake, Sawmill Brook, or Turtle Brook, protection goals that focus on population and
community level impacts are appropriate.

Fish tissue data on a whole-body, wet weight basis is provided in Table 11.6. As noted
above, the evaluation of exposure of inorganics in surface water relies on dissolved (filtered)
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surface water data, since exposure via gill transfer is only possible for the dissolved fraction
of inorganic analytes (dissolved surface water data are provided in Tables 11.5a and 11.5b).

11.3.3 Exposure Assessment for Terrestrial Plants and Invertebrate
Community

Exposures for the terrestrial plant and invertebrate community are evaluated based on
concentrations of COPECs in soil. Measurements at each sampling station are evaluated
individually, similar to that described for aquatic and sediment dwelling invertebrates. That
is, each soil sampling station is treated as a discrete exposure area or exposure unit. This
practice reflects the relative immobility of invertebrates and facilitates the spatial analysis of
soil exposures. On-site soil exposure data are provided in Tables 11.7a and 11.7b for the
evaluation plants and invertebrates, respectively. Floodplain soil exposure data are
provided in Tables 11.7c and 11.7d for the evaluation of plants and invertebrates,
respectively.

11.3.4 Exposure Assessment for Bird and Mammal Populations

Exposures for birds and mammals are estimated from concentrations of COPECs in
sediment and fish. For most wildlife ROIs, measurement endpoints focus on the comparison
of estimates of dose (in units of mg/kg-day) to literature-derived dose-based TRVSs.

11.3.4.1 Exposure Scenarios

Two exposure scenarios are considered — a realistic exposure scenario, and a reasonable
worst case (RWC) exposure scenario. The realistic exposure scenario describes the more
population-focused perspective for risk management decision making, while the RWC
exposure scenarios help characterize the uncertainty in the overall analysis and risks posed
to the most highly exposed individual organisms.

The exposure point concentrations (EPCs) reflect the long-term concentration of COPECs
that the populations of wildlife ROIs contact throughout their lives as they live and forage
within the study area. The typical concept of ecological exposure is that wildlife contact
impacted media on a periodic and random basis. Because of the nature of such contact,
wildlife exposures do not occur at a particular fixed location. Contact occurs at a variety of
points throughout the ROIs’ home range. Therefore, there is equal likelihood that contact
with COPECSs occurs at any given point within the exposure area on any given day.

Both realistic and RWC scenario exposure scenarios are presented for each receptor. The
EPC for the RWC scenario is the maximum detected concentration of each analyte or the
95% upper confidence limit (UCL) of the mean, whichever is lower. The EPC for the realistic
scenario is the average concentration, which more accurately represents receptors feeding
throughout the study area.

Scenario Chemistry Value EPC

Realistic Exposure Average concentration

The lesser of the maximum value or the

Reasonable Worst Case . o
95% upper confidence limit of the mean
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11.3.4.2 Modeling Exposure Units

Two exposure units are considered for the terrestrial and the aquatic receptors — exposure
on or near the Site and exposure in the rest of the Study Area (i.e., the Sawmill Brook
“Wetland” exposure). Exposure values for the Site scenario are calculated using the water
chemistry data from Turnpike Lake and the soil chemistry data for the Site. Exposure values
for the Wetland scenario are calculated using water chemistry data from Sawmill and Turtle
Brooks, and the private pond, and soil chemistry data for the floodplain soil.

Receptor Model Exposure Units Soil Water
Mouse . . . . .
Exposure in or near the Site Site Sall Turnpike Lake Water
Shrew
Fox . . . .
Robin Exposure in or near the wetlands Floodplain Soil Sawmill Brook Water

The aquatic food web receptors are assessed assuming that they spend their time either
near the Site in the South Embayment or within the “Wetland” (Sawmill Brook and private
pond), with data from those units evaluated accordingly.

Receptor Mode