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EXECUTIVE SUMMARY

The United States Environmental Protection Agency (U.S. EPA) Region 1 and United States Army Corps
of Engineers (USACE) New England District are conducting a Remedial Investigation and Feasibility
Study (RI/FS) for the Centredale Manor Restoration Project (CMRP) Superfund site located in North
Providence, Rhode Island. The main part of the site is located at 2072 and 2074 Smith Street (Route 44).
The CMRP site formerly was used for chemical manufacturing and drum recycling operations, and
currently is occupied by the Brook Village and Centredale Manor apartment complexes. The study area
also includes the 3-mile reach of the Woonasquatucket River from the Route 44 bridge immediately
upstream of the Brook Village apartment complex, downstream to the former Dyerville Dam. From north
to south, this reach of the river has four dammed impoundments: Allendale Pond, Lyman Mill Pond,
Manton Pond, and Dyerville Pond. The study area includes parts of three Rhode Island towns: North
Providence, Providence, and Johnston. This report presents the results of the Remedial Investigation (RI)
completed for the site. The purpose of the Rl is to determine the sources, nature, and extent of contami-
nation at the site; characterize the fate and transport of contaminants; and evaluate potential human health
and ecological risks resulting from exposure to site-related contaminants. Human health and ecological
risks are evaluated separately in the Baseline Human Health Risk Assessment Report (BHHRA)
(MACTEC, 2004b) and the Baseline Ecological Risk Assessment Report (BERA) (MACTEC, 2004a).

The main part of the CMRP site, referred to as the source area, encompasses approximately nine acres.
Chemical manufacturing activities took place at the source area from approximately 1940 until the early
1970s. Potential historical sources of contamination include improper storage and disposal of chemicals
in drums, stockpiles and surface impoundments. It is believed that hexachlorophene was manufactured at
the site in approximately 1965. Hexachloroxanthene (HCX) and dioxin were byproducts of this process.
Other chemical processes also occurred and could be the source of other contaminants at the site. Chem-
icals that were potentially used on site were identified based on drum labels and included caustics, halo-
genated solvents, polychlorinated biphenyls (PCBs), and inks. The New England Container Company,
Inc. operated an incinerator-based drum reconditioning facility on a portion of the site from 1952 until the
early 1970s. Chemical residues were dumped or burned prior to drum reconditioning. Residues associ-
ated with drum reconditioning operations also may have been a source of dioxin and other chemicals at
the site. Evidence from historical photographs, state report files and geophysical testing suggests that
buried waste material may be present in several areas of the site.

In 1972, a fire destroyed most property structures. Brook Village was constructed in 1977 and Centredale
Manor was constructed in 1982. Dioxin was first identified in the area in 1996 in fish collected from the
Woonasquatucket River by the U.S. EPA. Since that time, elevated levels of contaminants including
dioxin (primarily 2,3,7,8-tetrachlorodibenzo-p-dioxin [TCDD]), PCBs, volatile organic compounds
(VOCs), semivolatile organic compounds (SVOCs), and metals have been detected in various media
including soil, groundwater, sediment, surface water, and biota.

Contamination at the CMRP site is being addressed in two stages: immediate (removal) actions, and long-
term (remedial) actions. A time critical removal action (TCRA) for the source area floodplain soils was
conducted at the site in 1999-2000 to reduce the immediate threat to the health of residents on and near
the site. The major activities conducted under the TCRA included construction of two interim soil caps
and installation of fencing to restrict access to potentially contaminated areas. An Engineering Evalua-
tion/Cost Analysis (EE/CA) was performed in 2000 as the basis for a non-time critical removal action
(NTCRA). The NTCRA included reconstruction of the Allendale Dam and restoration of Allendale Pond,
and excavation of contaminated floodplain soils in eleven action areas on residential properties and recre-
ational access points along Allendale and Lyman Mill Ponds. Another TCRA was performed in 2003-
2004 to cap contaminated soils and sediments in the former tailrace on the east side of the source area.
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Several studies were conducted between 1997 and 2004 to characterize the nature and extent of contami-
nation in soil, groundwater, sediment, surface water and biota at the site. Indoor air screening was also
performed in both housing complexes at the site. Studies also were conducted to address U.S. EPA’s
sediment management principles (U.S. EPA, 2002). A variety of contaminants have been detected in
source area soils, including dioxins, VOCs, PCBs, SVOCs, pesticides, and inorganic constituents. The
majority of the contaminated soils are in areas that are paved or capped. The mean dioxin toxic equiva-
lent (TEQ) concentration in source area soils was approximately 118 nanograms per kilogram (ng/kg).
The highest concentrations are found in surface soils beneath the interim soil caps. Dioxin concentrations
decrease with increasing depth, with only localized contamination found at depths of greater than 5 ft
below ground surface (bgs). Six VOCs have been measured at concentrations exceeding Rhode Island
Department of Environmental Management (RIDEM) direct exposure criteria for residential use soils.
PCB concentrations are highest in the central and southern parts of the source area, and in the upper 2 ft
of soil. The mean total PCB concentration in source area soils is approximately 0.29 milligrams per
kilogram (mg/kg). Aroclor 1254 was the most frequently detected PCB. Other detected contaminants in
soil were measured at lower concentrations or were not as widely distributed as dioxin and PCBs.

Groundwater contamination at the CMRP site 1s not pervasive or widespread. Concentrations of VOCs
were below RIDEM GB groundwater criteria except for trichloroethylene (TCE) and tetrachloroethylene
(PCE) in samples from one well in the Brook Village parking lot and PCE in two other wells. VOC
concentrations generally decreased from 2001 to 2002. Trace levels of other contaminants (e.g., phenols
and dioxin) have been detected in some groundwater samples. Dioxin has been detected at high concen-
trations (>1,000 picograms per liter [pg/L.]) in the well with the elevated PCE and TCE concentrations in
the Brook Village parking lot; the dioxin appears to have been mobilized by the solvents. This plume of
VOC-contaminated groundwater appears to discharge into the Woonasquatucket River along
approximately 50 ft of its east bank. It is not known whether dioxin is discharging to the river in the
VOC plume. Groundwater discharging to Allendale Pond at the south end of the source area contains low
levels of VOCs.

The mean dioxin TEQ concentrations in Allendale and Lyman Mill Pond sediments were approximately
972 ng/kg and 491 ng/kg respectively. Sediment dioxin concentrations decrease in a downstream direc-
tion. In Allendale and Lyman Mill Ponds, mean dioxin concentrations are highest in the uppermost 1 ft
of sediment. Mean concentrations of other chemicals (e.g., PCBs and pesticides) also were highest in
Allendale Pond sediments. Radiometric age-dating results indicate that no significant dioxin
contamination is found in sediments deposited prior to 1940, and maximum concentrations generally
correspond to sediments deposited between about 1950 and 1970. Dioxin concentrations are lowest in
samples with less than 20% silt+clay and less than 3% total organic carbon (TOC). Dioxin and other
hydrophobic organic compounds tend to adsorb to fine-grained sediment particles and organic material. -
Additional data collection is in progress to better define the horizontal and vertical distribution of dioxin
and other contaminants of concern (COCs) in Lyman Mill Pond.

An environmental forensics review of sediment chemistry data for chlorinated organic compounds
suggests that different contaminants may have had different release histories and transport mechanisms.
Dioxin (primarily 2,3,7,8-TCDD) and HCX contamination in sediment extended from the source area
downstream to approximately half of the sampling locations downstream of Manton Dam. 2,3,7,8-TCDD
and HCX concentrations in sediment are significantly higher in the reaches of the river adjacent to and
downstream of the CMRP site relative to upstream background concentrations. The mean dioxin
concentration in Allendale Pond sediment was higher than the mean concentration in source area soils.
Elevated concentrations of PCBs and pesticides in sediment do not appear to extend as far downstream as
dioxin and HCX. PCB and pesticide concentrations in sediment generally were not significantly higher
than upstream background concentrations below Allendale Dam. These differences could arise from
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differences in timing, location, and magnitude of the original releases, and in subsequent transport
mechanisms.

HCX and dioxin are believed to be primarily derived from a hexachlorophene manufacturing process,
which took place on the CMRP site for a relatively short period of time in the mid-1960s. If these
byproducts were contained in waste that was directly discharged to the Woonasquatucket River, then
dioxin and HCX could have been carried downstream in the water column adsorbed to suspended
sediment particles. Source area contaminants (e.g. dioxins, HCX, PCBs, and pesticides) probably mostly
entered the river via surface runoff and erosion and transport of contaminated soils from the source area.
These transport mechanisms would have operated for a longer period of time (throughout the duration of
waste-related activities on the CMRP site, until contaminated source area soils were capped). Persistent
organic contaminants entering the river via surface runoff and erosion from the source area are expected
to be more readily attenuated by sediment particles and organic matter in Allendale Pond.

The most important potential transport mechanism currently affecting the CMRP source area is leaching
of contaminants from soil to groundwater. The soil caps and paved surfaces currently prevent the erosion
and runoff of contaminated soils. A leachability evaluation indicated that except in the vicinity of the
Brook Village parking lot, leaching does not appear to be a major pathway of concern. However, PCE
and TCE in soil and groundwater beneath the Brook Village parking lot adjacent to the Woonasquatucket
River may be mobilizing dioxin. Additional investigation is in progress to determine whether this is a
significant transport pathway for dioxin.

Because of the hydrophobic and persistent nature of the primary COCs (dioxin and PCBs), sediment
resuspension and downstream transport are the most important potential transport pathways in the
Woonasquatucket River. A sediment stability evaluation of Allendale and Lyman Mill Ponds indicated
that during a rare flood (i.e., 100-year retumn period), significant scour (i.e., more than about 1 cm of
erosion) will occur over less than 5 percent of the bed area in Allendale Pond. Erosion will generally
occur in the northern portion of the pond, near the upstream inlet. Significant scour will occur over a
larger area in Lyman Mill Pond, with up to 10 to 15 percent of the Lyman Mill Pond bed experiencing
significant scour. Scour would generally occur in the northern portion of Lyman Mill Pond, with maxi-
mum erosion near the upstream inlet. Sediment eroded in the upstream portion of each pond during a
flood will be transported downstream by river currents. A portion of the eroded sediment is likely to be
redeposited within the pond where current velocities tend to decrease. Additional data collection is in
progress to reduce uncertainty and refine the sediment stability study conclusions.

Analysis of surface water data from 1999 suggests that minimal net export of dioxin from the two ponds
occurs during low-flow, non-resuspending conditions. The water column load of dioxin entering the
study area (i.e., the background load) is approximately equal to the load over Lyman Mill Dam during
low-flow periods. Additional data collection is in progress to verify this hypothesis.

Bioaccumulation is a significant transport pathway for transfer of contaminants from lower trophic level
organisms into upper trophic level organisms. Compounds with a tendency to bioaccumulate are taken up
by plants, invertebrates, and fish, and are transferred through aquatic food webs. Wildlife species that
consume these lower trophic level organisims are also exposed to site-related contaminants. Humans are
also exposed to the contaminants through ingestion of fish and other aquatic organisms.

Vertical dioxin profiles in sediment cores indicate that natural recovery (i.e., burial of contaminated
sediment by cleaner sediment) may be occurring in some areas of the ponds, but not in others. A natural
recovery trend is not expected to be apparent in the ponds at this point in time because contaminated soils
in the source area were not completely capped until 2004 and post-depositional processes (e.g. bioturba-
tion and resuspension) continue to mix surface and subsurface sediment. Radiometric age-dating results
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indicate that the average sediment accumulation rate in Allendale Pond is approximately 0.5-0.8 cm/year.
Results from a single core from Lyman Mill Pond indicate an average sediment accumulation rate of
about 0.3 cm/year.

Overall, findings from the BERA indicate that the greatest ecological risks at the site are associated with
exposure to sediments, which pose a bioaccumulation hazard. Sediments in Allendale and Lyman Mill
Ponds pose a greater risk than those downstream of Lyman Mill Dam. The primary exposure pathway to
ecological receptors is ingestion of contaminated prey. The benthic macroinvertebrate communities that
reside in impoundments upstream of dams and fish populations are at substantial risk of harm due to
exposure to site-related contaminants in surface water, sediment, and tissue. Mammal and bird popula-
tions may be at substantial risk of harm due to exposure to site-related contaminants in surface water,
sediment, floodplain soil (insect-eating mammals and birds only), and prey. Consumption of contami-
nated prey by mammal and bird populations may result in elevated tissue residues in these receptors
resulting in adverse reproductive effects (i.e., bioaccumulation hazard). Chemicals that contribute to
ecological risk include dioxins/furans; coplanar PCBs; Aroclor 1254; total Aroclors; 4,4'-DDD; 4,4'-
DDE; technical chlordane; aluminum,; arsenic, barium; cadmium, selenium; vanadium; and zinc. The
concentrations of the predominant risk contributors (e.g., dioxin) in tissue are directly related to
corresponding sediment concentrations.

Results from the BHHRA indicate that study areas downstream of the CMRP site have higher cumulative
lifetime risks (i.e., cancer risks) and hazards (i.e., non-cancer risks) compared with the background and
reference areas. Human health risks associated with exposure to aquatic biota, surface water and
sediment are higher in Allendale and L'yman Mill Ponds than in areas downstream of Lyman Mill Dam.
Cancer and non-cancer risks from exposure to surface soil at the Fogarty Center on the southeast side of
Lyman Mill Pond are below the U.S. EPA levels of concern.

Incremental cancer risks (i.e., risks above background) for current and future residents and visiting recre-
ational anglers from the consumption of fish are above the U.S. EPA Superfund risk range at Allendale
Pond, Lyman Mill Pond, Manton Pond, and Dyerville Pond (reasonable maximum exposure [RME] and
central tendency exposure [CTE]). Incremental cancer risks from exposure to surface water also
exceeded the U.S. EPA Superfund risk range in all four exposure areas (RME in all areas and CTE for
Allendale residents only). Risk estimates for the surface water direct exposure pathway currently are
being refined. Incremental cancer risks from direct exposure to sediment exceeded the U.S. EPA
Superfund risk range for Allendale residents only (RME only). Incremental non-cancer risks for residents
and visiting recreational anglers from the consumption of fish are above the U.S. EPA Superfund Hazard
Index (HI) benchmark of one at Allendale Pond, Lyman Mill Pond, and Dyerville Pond (RME and CTE).
Non-cancer risks from fish consumption exceeded the U.S. EPA Superfund benchmark value for residents
in the Manton Pond area (CTE only). Non-cancer risks associated with exposure to surface water and
sediment were below the U.S. EPA Superfund benchmark value. Human health contaminants of concern
are dioxins/furans; coplanar PCBs; Aroclor 1254; Aroclor 1268; 4,4"-DDE; dieldrin; technical chlordane;
benzo(a)pyrene; dibenz(a,h)anthracene, n-nitroso-di-n-propylamine; arsenic; and methylmercury.

Preliminary remediation goals will be developed for pathways and contaminants that were found to be
associated with unacceptable ecological and human health risks at the CMRP site. As summarized above,
additional data collection is in progress to address important uncertainties identified in the RI and refine
the conceptual site model. This information will be incorporated into the Feasibility Study (FS) of
remedial alternatives for the CMRP site.
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1.0 INTRODUCTION

The United States Environmental Protection Agency (U.S. EPA) Region I and U.S. Army Corps of
Engineers (USACE) New England District are conducting a Remedial Investigation and Feasibility Study
(RU/FS) for the Centredale Manor Restoration Project (CMRP) Superfund site located in North
Providence, Rhode Island. The main part of the site is located at 2072 and 2074 Smith Street (Route 44)
(Figures 1-1 and 1-2). The CMRP site formerly was used for chemical manufacturing and drum recycling
operations, and is currently occupied by the Brook Village and Centredale Manor apartment complexes.
The site also includes free-flowing reaches and impoundments of the Woonasquatucket River adjacent to
and downstream from the site. This report presents the results of the Remedial Investigation (RI) com-
pleted for the site. The RI was completed following Guidance for Conducting Remedial Investigations
and Feasibility Studies Under CERCLA (U.S. EPA, 1988), and the final RI/F'S Work Plan for the site
(Battelle, 2003b).

1.1 Purpose of Report

The purpose of the Rl is to determine the sources, nature, and extent of contamination at the site; charac-
terize the fate and transport of contaminants; and evaluate potential human health and ecological risks
resulting from exposure to site-related contaminants. Human health and ecological risks are evaluated
separately in the Baseline Human Health Risk Assessment Report (BHHRA) (MACTEC, 2004b) and the
Baseline Ecological Risk Assessment Report (BERA) (MACTEC, 2004a). Results of the BHHRA and
BERA are summarized in this report.

The Feasibility Study (FS) will evaluate risk management strategies and remedial alternatives for
contamination that is found to pose an unacceptable risk to human health or the environment. The FS
also will evaluate the long-term effectiveness of time critical and non-time critical removal actions
(TCRA and NTCRA) previously performed at the CMRP site to determine whether additional action is
needed to achieve a permanent remedy.

The results of the RI/FS will be used to formulate a Proposed Plan for the site. The Proposed Plan will
recommend remedial actions that will result in overall protection of human health and the environment,
fulfill the requirements of CERCLA, be acceptable to all stakeholders, and satisfy the guidelines in U.S.
EPA’s Principles for Managing Contaminated Sediment Risks at Hazardous Waste Sites (U.S. EPA,
2002).

1.2 Report Organization

This report is organized in eight sections and five appendices. Section 1.0 is an introduction and
describes the site history and previous investigations performed at the CMRP site. A summary of activi-
ties conducted to support the RI is presented in Section 2.0. Physical characteristics of the study area are
described in Section 3.0. Contaminant sources and the nature and extent of contamination in soil, ground-
water, sediment, and surface water are discussed in Section 4.0 (contaminant data for biota are presented
in detail in the BHHRA and BERA reports). Contaminant fate and transport are discussed in Section 5.0.
Results from the BHHRA and BERA are summarized in Section 6.0. An integrated conceptual site
model (CSM) is presented in Section 7.0. References are provided in Section 8.0.

Appendices A through E contain information used to support the RI. Appendix A describes data manage-
ment and analysis procedures. Appendix B provides a comprehensive list of samples and associated
analytical parameters used in the RI. Appendix C contains statistical summaries of chemical concentra-
tions in various site media. Appendix D presents graphic logs of sediment cores collected at the site.
Appendix E provides an environmental forensics review of soil and sediment data.
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1.3 Site Background

A general description of the CMRP site and a summary of the site history are provided below.

1.3.1 Site Description

The study area for the CMRP site includes the 3-mile reach of the Woonasquatucket River from the
Route 44 bridge immediately upstream of the Brook Village apartment complex, downstream to the
former Dyerville Dam (Figure 1-1). This area corresponds to the study area evaluated in the BHHRA and
BERA. From north to south, this reach of the river has four dammed impoundments: Allendale Pond,
Lyman Mill Pond, Manton Pond, and Dyerville Pond (only pilings remain of the former Dyerville Dam,
which apparently failed in the 1990s). These impoundments are connected by free-flowing channel
reaches below each dam. Allendale Dam breached in 1991, reducing the surface water level in Allendale
Pond. The dam breached again in 2001, exposing most of the Allendale Pond bottom adjacent to resi-
dential properties along the eastern bank of the pond. In early 2002, Allendale Dam was reconstructed
and Allendale Pond was restored to its pre-1991 elevation as part of a NTCRA (the NTCRA is discussed
further in Section 1.4). Greystone Mill Pond, the reach of the Woonasquatucket River upstream of the
Route 44 bridge, was used as a background area for the RI. Assapumpset Brook, which is a tributary of
the Woonasquatucket River, was used as a reference area.

The main part of the site, generally referred to as the source area, encompasses approximately nine acres

and comprises parking lots, roadways, and the Centredale Manor and Brook Village apartment complexes

(Figure 1-2). The source area is bounded on the north by Route 44, on the south by Allendale Pond, on

the west by the Woonasquatucket River, and on the east by commercial and residential properties along

Route 44. Three interim soil caps have been constructed over contaminated soils in the source area: one

to the south of the Centredale Manor south parking lot (Cap Area #1), one to the west of the Centredale -’
Manor building (Cap Area #2), and one in the former tailrace (drainage channel) east of the Centredale

Manor building (Cap Area #3). These soil caps are discussed further in Section 1.4.

The land use on the east side of the Woonasquatucket River in the vicinity of the CMRP site in North
Providence, Rl is primarily residential, with some commercial and light industrial properties. The
western side of the river in Johnston, RI is characterized by mixed residential, commercial, and industrial
use. The North Smithfield wastewater treatment plant is located upstream from the site, in the Greystone
Mill Pond area. The Woonasquatucket River was recognized within the larger Blackstone River drainage
as one of fourteen American Heritage Rivers in 1998, and is currently the focus of urban revitalization
and watershed restoration efforts. Future land use in the area is not expected to change significantly.

Groundwater in the vicinity of the site and surface water from the Woonasquatucket River are not used as
drinking water sources. Groundwater is classified as Class GB, which is defined as “may not be suitable
for drinking water use without treatment due to known or presumed degradation” (Rhode Island Depart-
ment of Environmental Management [RIDEM], 1996). RIDEM water quality regulations designate the
reach of the river in the vicinity of the CMRP site as a Class B1 water body, which is defined as follows:

“Designated for primary and secondary contact recreational activities and fish and wildlife
habitat. They shall be suitable for compatible industrial processes and cooling, hydropower,
aquacultural uses, navigation, and irrigation and other agricultural uses. These waters shall
have good aesthetic value. Primary contact recreational activities may be impacted due to
pathogens from approved wastewater discharges.”

A fish consumption advisory was issued by Rhode Island Department of Health (RIDOH) and U.S. EPA N
in 1999 for dioxin and mercury. This advisory was updated in 2003. The reach of the river that includes
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the site is listed as an impaired water body under Section 303(d) of the Clean Water Act. Impairment has
been attributed to pathogens, metals (cadmium, lead, copper, and mercury), polychlorinated biphenyls
(PCBs), dioxins, excess algal growth, and low dissolved oxygen (DO). RIDEM has initiated a Total
Maximum Daily Load (TMDL) study for the river, which will lead to the development of TMDLs for the
watershed.

1.3.2 Site History

A chronology of activities at the CMRP site is provided in Table 1-1. In the 1800s, numerous textile
mills were constructed along the Woonasquatucket River banks to harness the streamflow to drive
machinery. Dams were set in place to pond water near a headrace, a canal that directed water through a
water wheel to power mill machinery. Ponds were formed behind the Allendale and Lyman Mill Dams,
adjacent to the former Allendale and Lymansville Mills.

Prior to 1936, the CMRP site was occupied by Centredale Worsted Mills, a woolens mill, and the
Olneyville Wool Combing Company. The Atlantic Chemical Company began operating on the property
in approximately 1943. Atlantic Chemical Company changed its name to Metro Atlantic, Inc., and
subsequently to Crown-Metro, Inc. Chemical manufacturing operations on the site continued until the
early 1970s. The mill complex buildings were located at the north end of the site, north of the existing
Centredale Manor building and north parking lot (Figure 1-3).

Trichlorophenols were shipped to the site, where it is believed that Metro Atlantic manufactured hexa-
chlorophene in approximately 1965. Hexachloroxanthene (HCX) and dioxin are byproducts of this
process (Archer and Crone, 2000). The building where this process is believed to have taken place was
located on the east bank of the Woonasquatucket River, in what is now the Brook Village parking lot
(Figure 1-3). The New England Container Company, Inc. operated an incinerator-based drum recondi-
tioning facility on a portion of the site from 1952 until the early 1970s. Chemical residues were believed
to have been dumped or burned prior to drum reconditioning. The drum reconditioning facility was
located at the south end of the mill complex, immediately north of the Centredale Manor north parking lot

(Figure 1-3).

Prior to about 1940, the Woonasquatucket River flowed along the east side of the CMRP site, in the loca-
tion of the former tailrace (LEA, 2002c). After about 1940, the majority of the river flow was diverted to
the west side of the site. Between 1939 and 1951, the north end of tailrace was filled and it no longer
flowed continuously, although surface water was present throughout the rest of the tailrace. During the
1960s and ‘70s, the tailrace was vegetated and appeared to receive some surface drainage from the site.

In 1972, a fire destroyed most of the structures on the property. Brook Village was constructed in 1977
and Centredale Manor was constructed in 1982. From 1970 to 1986, RIDEM conducted or supervised
several investigations of the source area. RIDEM representatives observed hundreds of drums at the site,
some of which were visibly smoking. In 1982, RIDEM directed the disposal of approximately 400 drums
and 6,000 cubic yards of contaminated soil, which were removed from the site. Chemicals that were
potentially used on site were identified based on drum labels and included caustics, halogenated solvents,
PCBs, and inks. Evidence from historical photographs, state report files and geophysical testing suggests
that buried waste material still may be present in several areas of the site (results of the geophysical
surveys are discussed further in Section 1.4).

Evidence of improper waste disposal activities at the source area is documented in an analysis of histor-
ical aerial photographs conducted by the U.S. EPA Office of Research and Development (U.S. EPA,
2000). U.S. EPA analyzed thirteen sets of black-and-white historical aerial photographs taken from 1939
to 2000 to assess landscape morphology, patterns of hazardous waste disposal, and other discernible
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activities and conditions of environmental significance at the source area. Results from the study showed
evidence of waste disposal activities dating back to 1951, including presence of drums, stained soils,
grading scars, evidence of solid and liquid waste materials, mixtures of solid waste and drums, and sur-
face impoundments. These features were concentrated in the central and southern parts of the site. The
historical aerial photographs show evidence of drainage leading away from waste disposal areas to the
west into the Woonasquatucket River, and to the east towards the tailrace along the eastern boundary of
the site.

The most significant waste disposal activities, in terms of volume and spatial extent, were observed from
1962 through 1970. Annotated photographs from 1965 and 1970 are provided as Figures 1-4 and 1-5.
Environmentally significant features observed from this time period included possible and probable
drums, staining, solid and liquid wastes, mixtures of solid waste, and drums. In particular, an apparent
waste disposal area is evident at the southwest edge of the site, in the area now occupied by the
Centredale Manor south parking lot and Cap Area #1. The 1970 photo shows an impoundment in the
central part of the site, which appears to drain into the tailrace in the area now occupied by the Centredale
Manor north parking lot.

By 1979, waste-related activities appeared to cease and sparse vegetation was observed across the
previously disturbed areas. Even so, historical photographs from 1981 to 1995 suggest that some waste
material may still be present in the source area, as evidenced by possible seepage, moist soil, one area of
standing liquid, and several areas of sparse vegetation. The U.S. EPA study (2000) also estimated that by
2000 approximately 86% of the areal extent of wetlands in the vicinity of the site had been lost (i.e.,

2.6 hectares) compared to 1951 conditions.

Dioxin was first identified in the Woonasquatucket River in 1996 in fish collected by the U.S. EPA as

part of a water quality investigation (U.S. EPA, 1996 and 1998b). Since that time, elevated levels of con- -’
taminants including dioxins (primarily 2,3,7,8-tetrachlorodibenzo-p-dioxin [TCDD]}), furans, polychlori-

nated biphenyls (PCBs), volatile organic compounds (VOCs), semivolatile organic compounds (SVOCs),

and metals have been detected in various media including soil, groundwater, sediment, surface water, and

biota at the site. In 1999, U.S. EPA constructed two interim soil caps in the source area and fenced con-

taminated areas to reduce the immediate risk from exposure to contaminated soils at the site. The site was

listed on the National Priorities List (NPL) in 2000.

1.4 Previous Investigations and Site Actions

Investigations conducted at the CMRP site prior to the RI are summarized in Table 1-2. This table identi-
fies the types of samples collected at the site and the original use of the data. These studies included the
initial investigations to establish and confirm the presence of contamination at the site, and to support
TCRA and NTCRA activities. Studies conducted to support the development of long term (remedial)
actions in the RI/FS are discussed in Section 2.0. All relevant site data were integrated in the R to
evaluate the nature and extent of contamination.

U.S. EPA conducted a number of investigations at the site, including an initial investigation of the
Woonasquatucket River in 1996 and an expanded site inspection in 1998 (U.S. EPA, 1996; Roy F.
Weston, 1999a). Additional site investigations were performed between 1999 and 2002 to better define
the distribution and concentrations of dioxin and other site-related contaminants in soil at the source area
and residential properties adjacent to the site, and sediment in Allendale Pond. Contaminants detected in
source area soils include dioxins, furans, PCBs, chlorinated and aromatic VOCs, polycyclic aromatic
hydrocarbons (PAHs), and various metals.
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Drinking water samples from several locations and indoor air samples from Brook Village and Centredale
Manor also were collected. Results from these studies indicated that short-term removal actions were
needed to minimize exposure to contaminated soils in some areas, and to prevent erosion and transport of
contaminated soils into the Woonasquatucket River. Drinking water, indoor air, and soils in recreational
use properties adjacent to the site were found to pose no human health risk.

The indoor air survey targeted areas in the Brook Village and Centredale Manor apartment buildings
where VOCs have the greatest potential to migrate from the soil to the indoor air environment, such as
floor drains, utility conduits, and elevator shafts, as well as the breathing zone in living areas (the build-
ings do not have basements). The initial screen used a non-specific organic/inorganic vapor and gas
monitor using both flame ionization and photoionization detectors. VOC concentrations did not exceed
outdoor ambient levels except at three locations in Centredale Manor and two locations in Brook Village.
Air samples were collected from these locations using Summa™ canisters; these samples were analyzed
with gas chromatography/mass spectroscopy (GC/MS) following U.S. EPA standard operating proce-
dures (U.S. EPA, 1999a). The GC/MS sample results indicated that VOC migration into the buildings at
the points where the samples were collected was insignificant.

Geophysical surveys were conducted in the source area in February and April 1999 to determine whether
any buried waste material was present in the source area (Roy F. Weston, 1999b). The initial survey in
February 1999, which relied on electromagnetic (EM) survey techniques, identified 44 anomalies. A
follow-up survey was undertaken in April 1999 using EM methods and ground-penetrating radar (GPR)
to better define the most significant anomalies and complete surveys in areas that had not been covered in
the initial investigation.

Thirteen significant undetermined EM anomalies were identified in the April 1999 survey. In some cases,
these appeared to be buried cultural features such as subsurface utilities. Anomalies beneath the Brook
Village parking lot and Cap Area #2 were interpreted to be stratigraphic features (i.e., paleochannels).
The origin of a dipping structure identified underneath the Centredale Manor north parking lot was
undetermined; it was interpreted as possibly alluvial or anthropogenic (i.e., fill or construction-related).
Anomalies beneath the south end of the Centredale Manor south parking lot were interpreted as having
the highest potential for containing buried bulk metallic materials (Figure 1-3). The approximate lateral
extent of this area is 80 ft in a north-south direction by 120 ft in an east-west direction.

1.4.1 1999-2000 Time Critical Removal Action

A TCRA was conducted at the CMRP site in 1999 and 2000 to reduce the immediate human health threat
to residents on and near the site. Pre-removal and post-removal action maps are provided in Figure 1-6.
The major activities conducted under the TCRA included the following:

¢ Construction of fencing in the source area and in residential areas adjoining Allendale Pond
to restrict access to potentially contaminated areas.

¢ Construction of an interim protective cap (Cap Area #1) in a formerly wooded area immedi-
ately south of the Centredale Manor parking lot. This area was prone to flooding and had
some of the highest concentrations of dioxin and PCBs in surface soil at the site. Contami-
nated soils were capped with intermediate cover material (6 inches minimum thickness), a
geotextile liner, and approximately 12 inches of final cover material. The uppermost layer
consists of 4 inches of loam and a vegetative cover.

¢ Construction of a second interim cap (Cap Area #2) between the Woonasquatucket River and
the Centredale Manor building. This area also was prone to flooding and contained elevated
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concentrations of dioxin in surface soils. Contaminated soils were capped with a geotextile
fabric liner, 6 inches of sand fill, and 12 inches of common fill. The uppermost layer consists
of loam and a vegetative cover. A flood control berm was constructed along the western edge
of the cap to reduce erosion (Figure 1-7).

e Placement of riprap along the eastern bank of the Woonasquatucket River from the Brook
Village apartments to the south end of Cap Area #1 to isolate contaminated bank soils and
reduce erosion (see Figure 1-7).

The rationale for the TCRA is provided in a U.S. EPA Region I Action Memorandum, dated May 4,
1999, as amended September 13, 1999 and June 1, 2000. The purpose of the interim caps is to minimize
human exposure to contaminated soils and prevent soil erosion and runoff into the Woonasquatucket
River. Evaluation of protectiveness from exposure to those contaminated soils and of the integrity of the
interim caps, riprap, and existing pavement at the site will be included in the FS as part of the process of
selecting components of the permanent remedy.

1.4.2 2002 Non-Time Critical Removal Action

An Engineering Evaluation/Cost Analysis (EE/CA) was performed in 2000 as the basis for a NTCRA
(Tetra Tech NUS Inc. [TTNUS], 2000a). The EE/CA included a streamlined human health risk assess-
ment and screening ecological risk assessment (ERA). The streamlined human health risk assessment
identified potential risks to residents and recreational users of the pond banks along the Allendale and
Lyman Mill Ponds from exposure to site-related chemicals. Dioxin (2,3,7,8-TCDD) was identified as the
primary risk driver, and an action level of 1,000 nanograms per kilogram (ng/kg; equivalent to 1 micro-
gram per kilogram [pg/kg] or 1 part per billion [ppb]) dioxin as a toxic equivalency quotient (TEQ) was
selected as the action level for the NTCRA based on the U.S. EPA Office of Solid Waste and Emergency
Response (OSWER) Directive 9200.4-26 (Approaches for Addressing Dioxins in Soil at CERCLA and
RCRA Sites, April 13,1998). This action level represents the recommended starting point for soil
cleanups based on a residential exposure scenario.

The objectives of the NTCRA were to (1) mitigate an unacceptable human health risk from soil contami-
nated with dioxin and other co-located chemicals on residential and recreational use properties on the
Woonasquatucket River floodplain between Route 44 and the Lyman Mill Dam, and (2) minimize further
downstream migration of contaminated river sediment from Allendale Pond. The NTCRA included the
following elements:

e Reconstruction of the Allendale Dam and restoration of Allendale Pond to prevent further
downstream migration of sediment-bound contaminants. This action was largely imple-
mented in early 2002. Waste materials and timber cribbing from the former Allendale Dam
were shipped to Canada and incinerated. The restored dam is shown in Figure 1-8.

¢ Delineation and excavation of contaminated floodplain soils in eleven action areas on
residential properties and recreational access points along Allendale and Lyman Mill Ponds
to minimize exposure to site-related contaminants. Approximately 100 cubic yards of soil
were excavated and transported offsite for disposal. No post-excavation sampling was
conducted. Restoration of the remediated areas was implemented in 2003 by replacing
topsoil and reestablishing the vegetative cover. NTCRA excavation areas are shown in
Figures 1-9 and 1-10.

Details regarding the NTCRA are contained in an Action Memorandum dated January 18, 2001 (U.S.
EPA, 2001c¢) and the Completion of Work Report (LEA, 2005).

Interim Final CMRP Remedial Investigation Report 1-6 June 2005

-’



1.4.3 2003-2004 TCRA

Another TCRA was performed in 2003-2004 to minimize potential erosion and downstream transport of
contaminated soils and sediments in the former tailrace on the east side of the source area (Figure 1-2).
The TCRA activities included soil grading within the tailrace, construction of a permeable protective cap
over contaminated soils and sediments, installation of a precast modular stormwater control structure at
the terminus of a storm drain at the north end of the tailrace, and construction of a drainage swale along
the length of the capped area (LEA, 2003). Some tailrace soils were excavated and placed under the
protective cap. The majority of the tailrace is capped with a cellular confinement system consisting from
the bottom up of approximately 6 inches of sand, a geotextile fabric, and a 6-inch-thick cellular confine-
ment system filled with and covered by 1.5-inch aggregate material. A soil cap consisting of geotextile
fabric covered by 20 inches of bank run gravel and 4 inches of loam was constructed at the north end of
the tailrace. The TCRA did not include collection and analysis of soil samples. Details regarding the
TCRA are provided in a Completion of Work Report (LEA, 2004).
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2.0 REMEDIAL INVESTIGATION ACTIVITIES

This section describes activities conducted to support the RI of the CMRP site. Data have been collected
to characterize the nature and extent of contamination in soil, groundwater, sediment, and surface water at
the site; better understand contaminant fate and transport processes; and support the BHHRA and BERA.
Results from these data collection activities were used in conjunction with previously-collected data to
complete the RI. Table 2-1 summarizes Rl-related investigations. All soil, groundwater, sediment, and
surface water samples that were used to characterize the nature and extent of contamination in the RI are
considered in Section 4.0. The majority of the data from these studies were validated prior to inclusion in
the project database. Sample location maps for each medium showing combined sample locations from
all studies are provided in Section 4.0. RI sample collection and data analysis activities are described
further below.

21 U.S. Geological Survey Vapor-to-Water Diffusion Survey

In the fall of 1999, the U.S. Geological Survey (USGS) conducted a study to characterize the discharge of
VOC-contaminated groundwater from the source area to the Woonasquatucket River, former tailrace, and
cross-channel at the south end of the source area using more than 100 water-to-vapor diffusion samplers
(USGS, 2000a). The samplers consisted of 40-mL, uncapped glass bottles secured inside two poly-
ethylene bags with cable ties. Samplers were manually placed 6 to 10 inches deep in channel sediments
with the bottle opening facing downward. Organic vapors from VOCs in the water or saturated sediments
diffused into the bottle through the polyethylene. The samplers were deployed for two weeks, which was
sufficient time for VOCs inside and outside of the bags to equilibrate. Upon retrieval, the outer bag of
each sampler was removed and the cap was immediately screwed onto the bottle over the inner bag.
Vapor samples were analyzed onsite for VOCs. Target compounds were benzene, chlorobenzene, ethyl-
benzene, tetrachloroethylene (PCE), trichloroethylene (TCE), toluene, and xylenes. Sample results were
used to provide information about potential discharge areas of contaminated groundwater. Study results
are summarized in Section 4.3.

2.2 1999-2000 Woonasquatucket River Investigations

A sampling and analysis program was conducted in the Woonasquatucket River in 1999 and 2000 to
determine the nature and extent of contaminants on residential use properties adjacent to the river, and in
river sediment and water. Details of the Woonasquatucket River investigations are provided in the
Technical Memorandum, Woonasquatucket River Sediment Investigation (TTNUS, 2000b) and Mantorn
and Dyerville Reaches Sediment Sampling (TTNUS, 20()1) and are summarized below. Results of these
studies are incorporated into Section 4.0.

2.2.1 1999 Woonasquatucket River Investigation

Residential soil, sediment (bank and river), and surface water samples were collected between Route 44
and Lyman Mill Dam from October through December 1999 (TTNUS, 2000b). A total of 62 residential
lots abutting the Woonasquatucket River were sampled within the 100-year floodplain. Generally, at each
lot, three surface (0-1 ft) soil samples were collected along a line perpendicular to the pond or river with
the first sample collected nearest the water, and the remaining two samples were collected along the line
and generally upgradient in the direction of the residential property. All samples were analyzed for
dioxins/furans and HCX. One sample from each lot, located closest to the water body, also was analyzed
for PCBs, pesticides, SVOCs, and metals.

Bank sediment samples were collected at eight stations, with three samples at each station. Two of the
stations were located upstream of the Route 44 bridge, and the remaining six stations were located
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downstream of the source area south to Lyman Mill Dam. Surface (0-0.5 ft) sediment samples were
analyzed for dioxin/furans, HCX, PCBs, pesticides, and SVOCs.

River sediment samples were collected from 50 stations located in depositional areas along the study area.
At each of these stations, surface (0-0.5 ft) sediment was collected and analyzed for dioxins/furans, HCX,
PCBs, pesticides, SVOCs, metals, acid volatile sulfides and simultaneously extracted metals (AVS/SEM),
total organic carbon (TOC), and grain size distribution. Subsurface sediment samples (0.5-2 ft and 24 ft
depth intervals) were collected from 15 of the 50 stations and analyzed for dioxin/furans, HCX, PCBs,
pesticides, SVOCs and metals.

Surface water samples were collected at 36 of the 50 sediment stations and analyzed for dioxin/furans,
HCX, PCBs, pesticides, SVOCs, and metals (total and dissolved). Ancillary measurements including pH,
specific conductivity, temperature, turbidity, and dissolved oxygen was recorded on field data sheets at
the time of water collection. '

2.2.2 2000 Woonasquatucket River Investigation

A second investigation of the Woonasquatucket River was conducted in September 2000 to determine if
depositional sediments located downstream of Lyman Mill Dam were impacted by contaminant releases
from the site (TTNUS, 2001). Surface (0-0.5 ft) sediment samples were collected from the Manton and
Dyerville reaches, and from a reference area (Assapumpset Pond and Assapumpset Brook). A total of
15 sediments were collected and analyzed for dioxins/furans, HCX, PCBs, pesticides, SVOCs, metals,
AVS/SEM, TOC, and grain-size distribution.

23 Source Area Investigation
-’

A sampling and analysis program was conducted in the source area in 2001 to determine the nature and
extent of soil and groundwater contamination, and characterize the hydrogeologic setting and ground-
water flow directions and velocities (TTNUS, 2002). Field investigation activities included surface
geophysical surveys, soil and bedrock borings and monitoring well installations (including soil sampling
and borehole geophysics), water level monitoring, groundwater sampling and analysis, and hydraulic
conductivity testing. Details of the source area investigation methods are provided in the Technical
Memorandum, Source Area Investigation (TTNUS, 2002) and are summarized below.

2.3.1 Geophysical Surveys

Surface geophysical surveys used GPR, 2-D resistivity imaging, and seismic refraction. Data from these
surveys were used to characterize overburden materials (i.e., unconsolidated materials present above the
bedrock), estimate the thickness of fill material and depth to bedrock, and determine the bedrock surface
topography. Results were used to characterize the geology of the site (Section 3.5).

2.3.2 Subsurface Data Collection Activities

Subsurface data collection activities included installation of piezometers and surface water gauges,
advancement of soil borings and collection of soil samples, installation of monitoring wells and collection
of groundwater samples, and borehole geophysics.

Twenty-one 1-inch-diameter piezometers were screened over a length of 5 ft in the shallow water table to

provide groundwater table elevation measurements (Figure 2-1). Staff gauges were installed at three

surface water locations, and the USGS Woonasquatucket River gauging station near the Route 44 bridge N
also was used. Recording electronic transducers were installed at selected piezometer and staff gauge
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locations to monitor groundwater and surface water elevation changes at the site. Two long-term
monitoring programs included one high water table event and one low water table event. Water level
monitoring results are presented in Section 3.6.1.

Two soil borings and 26 monitoring wells were installed during the source area investigation. Seven
monitoring wells had been previously installed at the site in the Brook Village parking lot as part of an
underground storage tank (UST) removal project (Goldman Environmental Consultants [GEC], 1999). A
summary of monitoring wells installed by GEC and TTNUS is provided in Table 2-2, and all well
locations are shown in Figure 2-1.

Soil samples collected from subsurface borings were analyzed for VOCs, SVOCs, pesticides, PCBs,
metals, and dioxins (Appendix B). Soil sampling results were integrated with other data sets and are
summarized in Section 4.2.1. Continuous soil samples were collected from each boring and screened for
total VOCs using the jar headspace method. Screening results were used in conjunction with soil char-
acteristics and, if observed, evidence of potential contamination (e.g., staining) to identify the saturated
zone with the greatest likelihood of contamination; wells were screened across these intervals.

Soil borings were advanced and monitoring wells were installed throughout the source area and around
the perimeter of the site to determine the thickness of fill and evaluate the nature and extent of contami-
nation. Five borings were advanced along the centerline of the tailrace, and three of these were converted
to'shallow monitoring wells (MW-01S, MW-02S, and MW-038S) (Figure 2-1). Four soil borings were
advanced in the source area adjacent to suspected contaminant sources based on historical aerial photo-
graphs (U.S. EPA, 2000) and geophysical survey results (Roy F. Weston, 1999b). These were completed
as monitoring wells MW-06S, MW-07S, MW-08S, and MW-09S.

Monitoring well clusters were installed around the perimeter of the source area, and downgradient of
suspected hotspot or discharge areas. Well identification numbers (IDs) with an “S” designation were
screened in the shallow portion of the aquifer. Wells IDs with a “D” designation were screened in deep
overburden materials, and well IDs with a “B” designation were completed as open holes in bedrock.
These well clusters provided information on the depth to bedrock, vertical and horizontal groundwater
gradients, and groundwater quality. Borehole geophysical surveys were conducted within bedrock in
each well cluster to determine the orientation of linear features in the bedrock, identify zones that
produced water under static and stressed conditions, and measure the natural gamma radiation.

Four well clusters were installed around the perimeter of the site (MW-10, MW-11, MW-12, and MW-
13), with two or three wells in each cluster (Figure 2-1). Soil samples for chemical analysis were not
collected from these borings. Five well clusters (MW-04, MW-05, MW-02, MW-14, and MW-15) were
installed downgradient of suspected hot spots or discharge areas within the source area (Figure 2-1). The
rationale for the location of each well or well cluster is summarized in Table 2-2.

2.3.3 Groundwater Sample Collection

Two groundwater sampling events were conducted as part of the source area investigation. Groundwater
samples were collected using low-flow sampling methods, and were analyzed for VOCs, SVOCs, pestici-
des, PCBs, metals (total and dissolved), dioxins, alkalinity, sulfides, and TOC. The first round of ground-
water sampling was conducted in the spring of 2001 after installation of the shallow monitoring wells in
the tailrace and source area (seven new wells). The existing wells installed by GEC in the Brook Village
parking lot also were sampled. The second round of groundwater sampling was conducted in the summer
of 2001 after all drilling activities were completed. All 33 monitoring wells were sampled in this event,
including the seven GEC wells. Groundwater sample results are described in Section 4.3.
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2.3.4 Hydraulic Conductivity Tests

Hydraulic conductivity tests were performed at each overburden monitoring well to evaluate groundwater
flow conditions. The data were used to estimate groundwater velocities for each stratigraphic unit identi-
fied at the site. Constant discharge tests were performed by pumping at a given rate and measuring draw-
down in the well until steady-state conditions were achieved, or for a maximum of 15 minutes. Slug tests
were performed in wells that were screened in soils with lower hydraulic conductivity. Slug tests were
conducted by adding or withdrawing a solid slug from the well, resulting in a near-instantaneous change
in water level. The rate of recovery of the water level to static conditions was measured. Hydraulic con-
ductivity in bedrock was estimated based on Packer tests. Hydraulic conductivity results are discussed in
Section 3.6.1.

24 Interim Data Collection

An interim data collection study was conducted in the fall of 2002 to address data gaps identified in
Summary of Data Needs for the Centredale Manor Restoration Project Superfund Site RI/FS (Battelle,
2002c).

Surface and subsurface soil samples were collected from the tailrace on the east side of the source area to
better define the distribution and extent of dioxin contamination, and screen for the presence of other site-
related contaminants. Nine soil borings were advanced to a depth of 9 ft in the tailrace. Surface and
subsurface soil samples were analyzed for dioxin and HCX, and two samples analyzed for SVOCs,
pesticides, PCBs, and metals, grain size, and TOC. Geologic descriptions of the soil borings were used to
characterize fill material, infer the depositional history in the tailrace, and explain the distribution of
dioxin.

Mui’
Surface soil samples also were collected from the John E. Fogarty Center property on the southeast shore
of Lyman Mill Pond to evaluate potential human health risks to site users. Samples were analyzed for
conventional parameters (grain size and TOC) and chemicals of potential concern including dioxin/fur-
ans, HCX, metals, SVOCs, chlorinated pesticides, and PCBs. Soil sample results were analyzed in the
BHHRA (MACTEC, 2004b).

Groundwater samples were collected from the 33 existing monitoring wells to evaluate temporal trends in
contaminant concentrations. All groundwater samples were analyzed for VOCs, and groundwater
samples from one well (MW-05S) were analyzed for dioxin. Water level measurements were collected
from all wells and piezometers to confirm groundwater flow information collected in the source area
investigation (TTNUS, 2002).

Additional information regarding the interim data collection is provided in Battelle (2003a). An evalua-
tion of the sample data for tailrace soils and groundwater is provided in Sections 4.2 and 4.3.

2.5 2002-2004 Sediment Investigations

In 2002-2004, several sediment-related studies were conducted in the Allendale and Lyman Mill reaches
of the Woonasquatucket River to address Principles for Managing Contaminated Sediment Risks at
Hazardous Waste Sites (U.S. EPA, 2002). This guidance document presents eleven risk management
principles that should be considered when investigating and managing contaminated sediment sites. The
sediment investigations are described below.
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2.5.1 Geomorphology Investigation

In 2002, the USACE Engineer Research and Development Center (ERDC) conducted a geomorphology
investigation of the Woonasquatucket River located in Rhode Island (USACE/ERDC, 2004). This study
evaluated historic aerial photographs, USGS topographic quadrangles, published documents, and field
investigation results to identify morphological features (e.g., floodplains, terraces, abandoned channels)
and changes along the Woonasquatucket River over time. Geomorphic data were used to identify features
and areas where sediment contamination is likely to accumulate. This information was used in conjunc-
tion with geophysical data collected in 2002 (Section 2.5.2) to target areas for sediment coring in May
2003 (Section 2.5.3). The results of the geomorphology investigation are summarized in Section 3.1.

2.5.2 Geophysical Investigation

The U.S. EPA Environmental Response Team Center (ERTC) performed a geophysical investigation of
the Allendale and Lyman Mill ponds in the fall of 2002 (Lockheed Martin, 2003). The purpose of the
study was to map water depth and soft sediment thickness in both of the ponds. Waterborne geophysical
surveys were performed from a low-draft, pontoon-type boat. Two geophysical methods were attempted:
GPR imaging and acoustic sub-bottom profiling. The sub-bottom profiling was unsuccessful due to
heavy vegetation and gas bubbles on the pond bottoms, and was abandoned. GPR was used to map soft
sediment thickness in both of the ponds. Soft sediments were also manually probed to verify GPR data.
Water depth data also were collected and verified using manual measurements.

Maps of water depth and apparent soft sediment thickness were prepared and incorporated into the
Geographic Information System (GIS) for the site. These maps are presented in Section 3.0. Geophysical
cross-sections of the sediments in the ponds were prepared from the GPR data. These are referred to as
“pseudosections” because they do not represent sub-bottom conditions directly, although they can be used
to infer stratigraphic features. Results from the geophysical investigation were used in conjunction with
the results of the geomorphology study to target depositional areas for the May 2003 sediment coring
study (Section 2.5.3). The results of the geophysical survey are presented as part of the sediment and
surface water description in Section 3.7.

2.5.3 2003 Sediment Characterization Study

A sediment characterization study was performed jointly by U.S. EPA/ERTC and USACE/ERDC during
the spring of 2003 (Lockheed Martin, 2002). U.S. EPA/ERTC collected 20 sediment cores from
Allendale Pond and 10 cores from Lyman Mill Pond (six cores also were collected by hand from the
forested wetland southwest of Allendale Dam). Cores were collected using vibracore methods to a depth
of at least 4 ft, unless refusal was encountered at a shallower depth. USACE/ERDC personnel visually
examined the cores, documented sediment lithology, and collected subsamples for laboratory analysis.
Samples from various depth intervals were collected for radiometric age dating, dioxin, TOC, and
geotechnical analyses (water content, specific gravity, Atterberg limits, grain-size distribution, moisture
content, ash content, and organic content). One half of each sediment core was used to obtain dioxin,
TOC, and age-dating samples, and the other half of each core was used to obtain samples for geotechnical
analysis.

Radiometric age dating (i.e., 2'°Pb and '*’Cs) was performed using surface and subsurface samples from
nine Allendale Pond cores and three Lyman Mill Pond cores. Sediment accumulation rates were esti-
mated using the age-dating results. Samples for dioxin analysis were selected based on sediment lithol-
ogy and estimated age based on radiometric dating results. Dioxin analysis was conducted on surface and
subsurface samples from ten Allendale Pond cores and four Lyman Mill Pond cores. In addition, surface
and subsurface samples from 20 cores from Allendale Pond and 10 cores from Lyman Mill Pond were
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also analyzed for TOC. Geotechnical parameters were measured in samples from 18 Allendale Pond
cores and 10 Lyman Mill Pond cores.

Sediment characterization data were used to:

¢ Identify the sediment depth associated with the onset of waste-related activities at the site
through visual inspection of sediment cores and radiometric age dating,.

e Identify any relationships between sediment depth, age, and dioxin concentration.

¢ Estimate the rate of sediment accurnulation in depositional areas and assess the degree to
which natural recovery (i.e., burial) appears to be occurring.

In addition, selected samples from Lyman Mill Pond were analyzed for total petroleum hydrocarbon
(TPH) content, alkanes, isoprenoids, PAHs, and biomarkers to characterize the nature and possible origin
of petroleum hydrocarbons observed in a gelatinous, organic silt layer in Lyman Mill Pond (Battelle,
2003c). Results from the 2003 sediment investigation are presented in Sections 3.7 and 4.4.

2.5.4 Sediment Stability Evaluation

A sediment stability evaluation was performed at the CMRP site to assess the impacts of sediment ero-
sion, transport, and deposition processes on surficial sediment bed and water column concentrations of
dioxin within the Allendale and Lyman Mill reaches of the Woonasquatucket River (Quantitative Envi-
ronmental Analysis [QEA}, 2004a). The sediment stability evaluation considered both the hydrodynamic
forces that induce sediment resuspension and the properties of the sediment bed that influence erosion
rates. The sediment stability study specifically addressed the following questions:

e What is the impact of floods of various magnitudes on surficial dioxin TEQ concentrations in
Allendale and Lyman Mill Ponds?
— Where is scour likely to occur within the ponds?
- What scour depth will be caused by floods of various magnitudes?

o  What effect will different remedial alternatives have on mitigating the impacts of a rare (i.e.,
100-year) flood?

A two-phased approach was used to address these questions as described in the Final Sediment Stability
Work Plan (QEA, 2004b). In Phase I, site data were compiled, analyzed and synthesized to develop an
overall understanding of sediment transport in the study area. The results of the data synthesis task were
used to develop a CSM for sediment transport. A CSM is an important component of a sediment stability
analysis because consistency must be maintained between the CSM and the results of quantitative and
qualitative sediment stability analyses. The sediment transport CSM is a qualitative description of the
processes (e.g., deposition and erosion) and system characteristics (e.g., upstream and tributary sediment
loads, spatial distribution of bed properties) that control sediment dynamics within the study area.

In Phase II, a hydrodynamic model, Environmental Fluid Dynamics Code (EFDC), was developed and
applied. The hydrodynamic model was used to evaluate the potential impacts of a range of floods on bed
stability. Impacts of floods with 5-, 10-, 25-, 50- and 100-year return periods were investigated. For each
flood simulation, two methods were used to analyze the potential impacts on bed stability: (1) comparison
of bottom shear stress and current velocity to critical values for those parameters; and (2) estimation of
scour depth. Results of the sediment stability analysis are provided in the Final Technical Memorandum,
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Sediment Stability Study (QEA, 2004a) and are summarized in Section 5.0 of this report. Additional data
collection activities are planned to refine the sediment transport CSM and reduce uncertainties; revised
results will be incorporated into the FS.

2.6 Baseline Ecological Risk Assessment

A BERA was conducted to assess current and potential future risk to ecological receptors at the CMRP
site. The BERA was conducted in accordance with the U.S. EPA Ecological Risk Assessment Guidance
Jfor Superfund, Process Document for Designing and Conducting Ecological Risk Assessments (U.S. EPA,
1997b), as well as U.S. EPA Region I risk assessment guidance contained in Risk Updates (U.S. EPA,
1994, 1995, 1999b). The detailed scope, methods, and results for the BERA are provided in the Interim
Final Baseline Ecological Risk Assessment (MACTEC, 2004a).

Data collected from several site investigations were used in the BERA. In 2001, soil, surface water,
sediment, and biota samples were collected from areas along the Woonasquatucket River. Specifically,
samples were collected from the source area, four reaches of the river downstream of the site (i.e.,
Allendale, Lyman Mill, Manton, and Dyerville), at an upstream background area (Greystone Mill Pond)
and at a reference area (Assapumpset Brook and Pond, a tributary that flows into the river). Biota
samples (i.e., fish, crayfish, emerging insects, and earthworms) were analyzed for dioxins/furans, HCX,
PCBs, pesticides, metals and lipid content; fish were also analyzed for SVOCs. Aquatic sediment and
floodplain soil samples were analyzed for conventional parameters (grain size, TOC) and contaminants of
potential concern (COPCs) including dioxins/furans, HCX, PCBs, pesticides, metals and SVOCs;
sediments also were analyzed for AVS/SEM. Surface water samples were analyzed for PCBs, pesticides,
SVOCs, VOCs, metals (dissolved and total), hardness, biological oxygen demand (BOD), and nutrients.

Data from other site investigations used to support the BERA included tree swallow studies conducted by
the USGS annually from 2000 to 2003. Samples of tree swallow nestling, egg and diet tissue were ana-
lyzed for dioxins/furans. Tree swallow samples from 2000 and 2001 were analyzed for PCB congeners
and lipid content, and selected tree swallow samples from 2001 were also analyzed for PCB Aroclors,
pesticides and metals. USACE conducted an early life stage (ELS) test in 2001, which included collec-
tion of fish from Allendale and Lyman Mill ponds and analysis of samples for dioxins/furans, HCX, PCB
congeners, and lipid content. Results from the ELS test are presented in Appendix H of the BERA
(MACTEC, 2004a). Additionally, floodplain soil, sediment, and groundwater data collected by TTNUS
(Sections 2.2 and 2.3) were also used in the BERA.

Data from site investigations were used in the BERA to:

¢ Evaluate risk to wildlife receptors associated with the consumption of contaminated prey,
drinking water, and incidental ingestion of surface soil and sediment at the site; and,

e Evaluate risk to other ecological receptors associated with direct contact with and ingestion of
surface water, sediment, and floodplain soil present in the portion of the Woonasquatucket
River that constitutes the site.

Contaminants that are present in the surface water and aquatic sediment may have bioaccumulated in fish
and other biota present in the Woonasquatucket River. Aquatic receptors (including invertebrates and
both demersal and pelagic fish species) are exposed to COPCs in sediment and surface water via direct
contact, direct ingestion, or by consuming prey items that have bioaccumulated contaminants. Semi-
aquatic receptors (including mammals, birds, reptiles, and amphibians) may be exposed as a result of
incidental ingestion of sediment, consumption of water, or ingestion of contaminated prey. Terrestrial
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invertebrates and wildlife that prey on these species may be exposed to contaminants in floodplain soil
directly or by ingesting contaminated prey.

The overall objective of the BERA is to analyze potential adverse ecological effects for both current and
future conditions caused by hazardous substance releases from the site in the absence of any actions to
control or mitigate these releases. The BERA was conducted when the Allendale Dam was breached and
floodplain soils were exposed in the pond. General types of adverse ecological effects include mortality,
growth or reproductive effects, or indirect effects associated with a substantial reduction in abundance of
prey populations.

Results from field population and community studies were evaluated to assess potential population level
effects (e.g., survival, growth, or reproduction) or community-level effects (e.g., species richness and
abundance) associated with exposure to site media. The six assessment endpoint receptor groups selected
for the BERA are as follows:

Aquatic and floodplain invertebrates (crayfish, earthworms);
Demersal and omnivorous fish;

Pelagic, piscivorous, or semi-piscivorous fish;

Piscivorous mammals and birds;

Insectivorous mammals and birds; and

Omnivorous mammals and birds.

Acceptable risks to wildlife and other ecological receptors will be achieved and/or maintained through
risk management procedures that may include development of preliminary remediation goals (PRGs) for
sediment and other media as appropriate. Results and conclusions from the BERA are presented in
Section 6.1.

2.7 Baseline Human Health Risk Assessment

A BHHRA was conducted to assess current and potential future risk to human health from exposure to
contamination from the CMRP site. The BHHRA was conducted in accordance with the U.S. EPA Risk
Assessment Guidance for Superfund (RAGS) Parts 4, D, and E (U.S. EPA, 1989, 2001a, and 2001b), as
well as U.S. EPA Region I risk assessment guidance contained in Risk Updates (U.S. EPA, 1994, 1995,
1999b). The detailed scope, methods and results for the BHHRA are provided in the Interim Final
Baseline Human Health Risk Assessment (MACTEC, 2004b).

Data collected from several site investigations were used in the BHHRA. Soil, surface water, sediment
and fish data collected in the 2001 field investigation (Section 2.6), and floodplain soil and sediment data
collected by TTNUS (Section 2.2) were used to support the BHHRA.

The overall goals of the BHHRA were to:

¢ Evaluate the current and potential future risk to human health associated with the consump-
tion of fish present in the portion of the Woonasquatucket River that constitutes the site; and,

e Evaluate current and potential future risk to human health associated with human contact with

surface water, sediment, and bank soil present in the portion of the Woonasquatucket River
that constitutes the site.
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Contaminants that are present in surface water and aquatic sediments may have bioaccumulated in fish
and other biota present in the Woonasquatucket River. These fish may be consumed by individuals that
catch and/or consume biota from the river. Both neighborhood residents and visitors to the site could
contact surface water, sediment, and bank soils during angling activities or other recreational activities
(e.g., swimming) at or adjacent to the river. Risk to residents and visitors was evaluated at the four
reaches of the river downstream of the site (i.c., Allendale, Lyman Mill, Manton, and Dyerville), the
Fogarty Center (located on eastern shore of Lyman Mill Pond), and at an upstream background area
(Greystone Mill Pond) and at a reference area (Assapumpset Brook and Pond).

The objective of the BHHRA was to analyze potential adverse human health effects for both current and
future conditions caused by hazardous substance releases from the site in the absence of any actions to
control or mitigate these releases (i.e., assuming no action or the absence of the RIDOH health advisories
on fish consumption for this particular site). Anecdotal information provided to the U.S. EPA suggests
that the fish consumption advisory issued by the State of Rhode Island is not preventing exposure to biota
from the Woonasquatucket River in the short-term, although no site-specific data have been collected to
verify the effectiveness of the advisory. Current and potential future exposure to fish and other biota
(including high lipid content biota such as eels) may occur at the river. U.S. EPA’s goal is the return of a
fishable and swimmable condition to the Woonasquatucket River and associated reaches and
impoundments.

Acceptable risks associated with biota consumption and contact with bank soil, surface water and sedi-
ment will be achieved and/or maintained through risk management procedures that may include develop-
ment of PRGs for sediment and other media as appropriate. Results and conclusions from the BHHRA
are presented in Section 6.2.

2.8 2004 Oxbow Area Study

Floodplain sediment samples were collected in June 2004 from the forested wetland (i.e., oxbow area)
located southwest of Allendale Dam to investigate the nature and extent of site-related contamination.
Sample locations excluded areas of artificial fill or gravel, and targeted topographically low areas. Three
surface sediment samples were collected within the abandoned channel within the oxbow area. Two
surface sediment samples were collected north of the channel, and two were collected south of the
channel. All samples were analyzed for dioxins/furans. Samples from three of the stations were also
analyzed for PCBs, pesticides, metals, and TOC. Sample results are presented in Section 4.4.

2.9 Environmental Forensics Review

An environmental forensics review of soil and sediment chemistry data from the source area and the
Woonasquatucket River was conducted to compare the chemical composition of chlorinated organic
compounds (dioxins, PCBs, and chlorinated pesticides) in source area soil; sediments adjacent to and
downstream from the CMRP site; and sediments from upstream (i.e., background) and reference loca-
tions. The purpose of the forensics review was to differentiate if possible chemical contaminant signa-
tures from the CMRP site from those in background or reference samples. The results were used to help
define the nature and extent of site-related contamination. Results are summarized in Section 4.4, and
provided as a letter report in Appendix E.

2.10 Community Relations
A variety of mechanisms have been used to keep the public informed about activities at the site, and to

solicit input from the public and stakeholders on critical issues. These mechanisms include public meet-
ings, open houses, dissemination of numerous site updates and fact sheets (more than ten since 1999),
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press releases, and individual contact with residents near the site on an as-needed basis. Updated site
information is made available to the public on the U.S. EPA Superfund Web site (http://www.epa.gov/
ne/superfund/sites/centredale). These mechanisms appear to be effective.

The “Do’s and Don’ts of the Woonasquatucket River” that address swimming, playing, fishing and other
activities were developed as a fact sheet that was widely disseminated. The “Do’s and Don’ts” also were
developed as curriculum that was presented in North Providence-area schools. Advisory signs summariz-
ing the “Do’s and Don’ts” pictorially and in multiple languages have been posted along the river in
readily accessible locations.

A Management Action Committee (MAC) has met monthly since 2000 to discuss project-specific issues
and progress. The MAC meetings include representatives from local, state and federal agencies, com-
munity leaders, and community-based environmental groups. For example, the community provided
input through the MAC regarding the TCRA of soils and sediments in the tailrace on the east side of the
site, and U.S. EPA responded to community input by minimizing the loss of trees and using a geotextile
membrane to reduce the spread of phragmites in the newly-constructed drainage channel.
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3.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA
Physical characteristics of the CMRP site and surrounding region are described in this section.
3.1 Geomorphology

The area of the site from the Route 44 bridge downstream to the Lyman Mill Dam was studied by
USACE/ERDC to identify geomorphic features and changes along the Woonasquatucket River over time.
The results of the geomorphic assessment were used to identify existing and historic features where con-
tamination from the site is likely to accumulate, and to contribute to the overall understanding of contam-
inant fate and transport. Details of the methods and results of the geomorphic study are provided in
Geomorphic Assessment of the Woonasquatucket River, RI (USACE/ERDC, 2004). A description of the
geomorphology of the site based on this report is provided in following paragraphs.

The Woonasquatucket River was once typical of most New England rivers: narrow, slightly sinuous, and
fast flowing. The man-made alterations of the river channel from the construction of mill dams in the
1800s greatly influenced the river morphology and sedimentation regime. Surficial deposits in the area of
the Woonasquatucket River watershed are predominantly of glacial origin and can be classified broadly as
glacial till or stratified drift (Figure 3-1) (Krinsley, 1949; Smith, 1956). At higher altitudes, glacial till is
exposed as ground moraine. In low-lying areas, stratified drift dominates the morphologic features.
According to Smith (1956), the stratified drift consists of glacial outwash plains and other ice-contact
features. The remainder of the surficial deposits along the Woonasquatucket River is alluvium deposited
when the river overtops its banks. The alluvium, mapped as floodplain or alluvial deposits, is reworked
glacial outwash and river terrace. The bedrock underlying the surficial deposits consists of Pennsylvanian
sandstone, shale, and conglomerate of the Narragansett Basin and older igneous and metamorphic rocks
surrounding the basin (Smith, 1956).

The Woonasquatucket River is entrenched in a valley train, a glacial feature described by Smith (1956) as
a graded outwash that was deposited by glacial streams, which fills a valley bottom from wall to wall.
The valley train is derived primarily from crystalline rock and, because the rock has been transported a
considerable distance, consists of well-rounded grains. The outwash plain extends the length of the
Woonasquatucket River.

Major changes in the Woonasquatucket River channel from 1951 through 2000 as shown by aerial
photography are shown in Figure 3-2. These outlines show that the river channel is well confined by the
valley train, with no significant lateral migration. The orange arrows show the abandonment of a river
channel immediately south of the Allendale Dam between 1970 and 1976. This abandoned meander is
described further later in this section.

Geomorphic features along the Woonasquatucket River are shown in Figure 3-3. The features are typical
of those found in riverine and glacial systems. The valley train limits the movement of Allendale Pond to
the west; as a result, the position of the west bank of the Woonasquatucket River has changed very little
over time. The east bank of the river in this area was developed as a residential area between 1888 and
1935. The former Allendale Mill is situated on the river terrace, an ideal setting for the building because
of the elevated topography. Because the river terrace along the east bank of the Woonasquatucket River
is a former floodplain, it is classified as a depositional feature. The Centredale Manor and Brook Village
Apartments are constructed on artificial fill on the floodplain of the river. Floodplain deposition occurs
when sediment is transported over the riverbanks during periods of high flow.

The Allendale reach has undergone significant changes because of the breaching of Allendale Dam in
1991 and 2001. The breach may have contributed to the transport of contaminated sediment downstream
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of the dam and also altered geomorphic features along the river. As the water level in the pond subsided,
more sediment was exposed along the eastern shore of the river, bordering a residential area. Figure 3-4
shows the configuration of Allendale Pond in 1987 (before the dam breach) and 2000 (after the dam
breach). The river assumed the characteristics of a braided channel in response to the dam breach. In
early 2002, Allendale Dam was reconstructed in order to restore Allendale Pond to its pre-1991 elevation
and minimize the potential for transport of contaminated sediments downstream of the dam.

Anthropogenic influences are evident in the river channel immediately below the Allendale Dam. The
river channel has been straightened at the point where water from the former Allendale Mill entered the
river immediately below the Allendale Dam (Figure 3-3). Dredged material from the channelization was
used to build a levee covered with cobbles from the river channel. Floodplain deposits were observed to
the west of this ridge in a forested wetland (i.e., oxbow area) during a field reconnaissance in 2003.
These deposits indicate that overbank river flow has occurred in this area.

Historical aerial photography and field mapping revealed an abandoned channel in the forested wetland
southwest of Allendale Dam (mapped as floodplain deposits in Figure 3-3; this also is referred to as the
oxbow area). Abandoned channels are segments of a channel abandoned by the river when it shortens its
course. This abandoned meander appears to be the response of the river to the man-made cut-off where
the river was straightened. The area within the meander contains fine-grained sediment deposited as the
river adjusted to its new path and the meander cut-off was filled. Analysis of historic topographic maps
and field mapping revealed evidence of three previous channels near this meander, reflecting channel
migration. During flooding, overbank deposits still may be introduced into the abandoned channel. The
most recent meander loop is still in communication with the river during times of high water (as evident
in the 1995 aerial photography).

Lyman Mill Pond is bordered by valley train on the west bank and by river terrace deposits on the right N’
bank (Figure 3-3). The former Lymansville Mill also is located on a river terrace. Below the Lyman Mill

Dam, the river was diverted almost due east to accommodate the Lymansville Mill. The original path of

the river prior to mill construction is difficult to trace, although two abandoned channels can be seen on

aerial photography in addition to the current river channel.

3.2 Soils

Soils at and near the CMRP site reflect post-glacial development. The Soil Survey of Rhode Island
(U.S. Department of Agriculture, 1977), published prior to the construction of Brook Village and
Centredale Manor and updated in 1996, was used to assess the soil type and conditions surrounding the
sites. Soil types were characterized as part of the geomorphic investigation (USACE/ERDC, 2004) and
are summarized below.

Soil types in the Allendale reach of the river are shown in Figure 3-5. Soils on both sides of the
Woonasquatucket River in this area are primarily classified as Canton-Urban soil complex. These soils
are well drained and composed of fine sandy loam; urban areas are covered by pavement and buildings.
The west bank of Allendale Pond is identified as the Udorthents-Urban soil complex, which is moderately
to excessively drained and disturbed by cutting or filling. An area of Hinckley gravelly sandy loam lies to
the east of the source area. This soil is excessively drained and found on terraces and outwash plains.
The Podunk soil is present to the southwest of Allendale Dam, in a forested wetland area. This series
consists of moderately well-drained fine sandy loam soils that formed in recent alluvium on floodplains.

A variety of soil types characterize the Lyman Mill reach of the river (Figure 3-6). Adrian muck is found

at the north end of the reach, in the southern part of the forested wetland (i.e., oxbow area). This soil is N
very poorly drained and forms in depressions and drainage channels in an outwash plain. It is composed
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of black muck at the surface and fine sand in the subsurface. The west side of the river is covered
primarily by Hinckley gravelly sandy loam. Udorthents-Urban soils and sand and gravel pits also are
found on the west side of the river. A narrow band of Sudbury sandy loam occurs on the west bank of the
south end of Lyman Mill Pond. This soil is moderately drained and forms in depressions in terraces and
outwash plains. The eastemn side of Lyman Mill Pond is covered by Canton-Urban and Merrimac sandy
loam soils. The Merrimac sandy loam is somewhat excessively drained and forms on terraces and
outwash plains.

33 Meteorology

According to National Oceanic and Atmospheric Administration’s (NOAA’s) National Climatic Data
Center (NCDC), the weather in the vicinity of Providence (including Centredale) is influenced by its
proximity to Narragansett Bay and the Atlantic Ocean. Winter temperatures are modified considerably,
and major snowstorms often change to rain before reaching the area. Hot summer days are often cooled
by sea breezes. In early fall, severe coastal storms of tropical origin occasionally bring destructive winds
to the area. Coastal storms usually produce the severest weather. Since 1900, Rhode Island has
experienced five hurricanes, including three major hurricanes (i.e., > Category 3). Hurricanes affecting
New England typically occur in late summer or early fall (http://www.nhc.gov/paststate.html).

Temperatures are generally moderate and average around 50°F on an annual basis. The average temper-
ature between late May and late September is approximately 70°F. During this period, it is not unusual
for several days to reach 90°F; however, it is rare that the temperature exceeds 100°F. Freezing tempera-
tures occur on the average about 125 days per year, and are very common between late November and
March. However, sub-zero weather in winter seldom occurs. Measurable precipitation occurs on about
one day out of every three, and is fairly evenly distributed throughout the year. There is usually no
definite dry season, but occasionally droughts do occur.

Thunderstorms are responsible for much of the rainfall from May through August, and usually produce
heavy rainfall. Over the last 10 years, three floods and one flash flood have been documented in
Providence County, RI. The most recent documented flooding of the Woonasquatucket River occurred
on June 30, 1998. According to the NCDC, the river overflowed its banks flooding low-lying areas after
a slow moving storm system produced several hours of torrential rainfall (3 to 6 inches) across northern
Rhode Island. The Woonasquatucket River overflowed its banks again on September 10, 1999 after a
slow moving cold front, combined with tropical moisture, produced heavy rainfall throughout Rhode
Island and resulted in a flash flood.

34 Surface Water Hydrology

The USGS has monitored streamflow for the Woonasquatucket River at Centredale (USGS gauge station
01114500) since the early 1940s and has a wide range of streamflow statistical data available on the Web
(http://nwis.waterdata.usgs.gov/nwis/), including daily, monthly, annual and peak streamflows. Stream-
flow is from north to south. Annual mean streamflow has ranged from 50 cubic ft per second (cfs) to
100 cfs in most years (Figure 3-7). The lowest annual mean streamflow was observed in 1966, at

35.3 cfs. The highest annual mean streamflows were observed in 1972 and 1983, at 122 cfs and 126 cfs,
respectively.

Peak streamflow data from 1936 to 2002 for the Woonasquatucket River is presented in Figure 3-8. Over
the last 60 years, peak streamflow ranged between 250 cfs and 750 cfs 64% of the time. Between 1942
and 1966, peak streamflow was fairly consistent and fell within this specified range, except in September
1954 and October 1955 when peak streamflow exceeded 950 cfs. Since 1966, peak streamflow has been
somewhat more variable, with values ranging from 190 cfs to 1,520 cfs. The highest measured peak
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streamflow (1,520 cfs) was recorded in June 1998, which corresponds with the last documented flooding
of the Woonasquatucket River.

Historical flowrate data from the USGS gauging station were used by USACE/ERDC to conduct a flood
frequency analysis. Table 3-1 shows the flowrates for floods with return periods ranging from 5 to

100 years. These flowrates were used in the sediment stability study to predict areas and depths of
erosion resulting from flood events (QEA, 2004a).

35 Geology

In 2001, an investigation of the subsurface geology in the source area at the CMRP site was carried out by
TetraTech NUS Inc. According to TTNUS (2002), the overburden at the site largely comprises silty
sands and gravels. These unconsolidated materials are underlain by bedrock. Geophysical data indicate
that the site is situated above a north-south trending bedrock valley. The following stratigraphic units
were identified at the site:

Fill — The majority of the site is covered with a loose to very dense fill composed of unsorted silt,
sand, and gravel with trace amounts of anthropogenic debris. Anthropogenic material included
fragments of wood, metal, brick, glass, plastic, paper, vitrified clay, asphalt, coal or charcoal, and
slag. Fill thickness appears to vary significantly across the site, with a typical thickness of
approximately 6-8 ft.

Silt/Organic Silt/Wetland Deposits — Fine-grained deposits consisting primarily of silt and fine

sand-size particles with variable amounts of organic matter are found underlying the fill at

selected locations at the site. These relatively thin layers of fine grained sediments appear to have

been deposited in former wetland or floodplain areas. In the former tailrace, the organic rich silt | -t
was at the surface prior to the installation of Cap #3. Where found, the thickness of this unit

ranges in thickness from 0.2 ft to 2.7 ft.

Sand and Gravel — The most common soil type present at the site consists of relatively coarse-
grained materials, ranging from fine to coarse gravel and cobbles to poorly-graded, silty, fine to
medium sands. Discontinuous lenses of silty fine sand and sandy silt were encountered in this
unit. Cobbles and boulders occur individually or in layers up to 5 ft thick. This soil type
underlies both the fill and the finer-grained floodplain deposits and overlies the majority of the
glacially-carved bedrock valley throughout the site, and corresponds to the valley train deposits
described in Section 3.1 (Smith, 1956). Thickness of this unit ranges from 12.5 ft to 43 ft, and
appears to extend well beyond the boundaries of the site (Smith, 1956).

Fine Sand and Silt — A dense, fine-grained unit varying from fine sand, some silt to silt with
trace fine sand and trace clay is present either within or beneath the coarse-grained sand and
gravel unit at several locations on the site. This unit has a rhythmic bedding pattern, indicating a
relatively short-term presence of a glacial lake or pond, where seasonal depositional variations
formed varves in the sediment. Where found, this unit ranges in thickness from 2 to 12 ft.

Possible Till — At most locations within the site, a dense to very dense, unsorted mixture of grain
sizes, possibly representing a basal till, is present beneath the coarse-grained sand and gravel unit.
The thickness of the possible till unit ranges from approximately 3 ft to 40 ft. This unit may
represent the ground moraine described in Section 3.1 (Smith, 1956).

Bedrock — Bedrock is located approximately 40 to 60 ft below ground surface (bgs) in the source N
area. Bedrock recovered from five boreholes drilled around the perimeter of the site was
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composed of foliated, gray to green schist or gneiss. Granite was found in one of the boreholes
(MW-10B; Figure 2-1).

During the source area investigation (TTNUS, 2002), seismic refraction and GPR surveys were conducted
to evaluate overburden stratigraphy, depth to bedrock and topography of bedrock. Figure 3-9 is a map of
the bedrock topography based on site boring logs and GPR and seismic refraction data points. The map
indicates that the CMRP site is situated above a north-south trending bedrock valley. From Route 44 to
the south end of the Brook Village parking lot, the deepest part of the valley lies west of the
Woonasquatucket River. South of the Brook Village parking lot, the valley turns to the southeast, and
bifurcates around a bedrock knob under the Centredale Manor south parking lot and Cap #1. The deeper
branch of the valley runs beneath the Centredale Manor building. Geophysical data were sparse south of
Cap #1, but the bedrock valley appears to trend south beneath the river channel south of the site. A
geologic cross-section of the site showing site bedrock and overburden stratigraphy is provided in

Figure 3-10 (the cross-section location is shown in Figure 3-9). Hydraulic conductivity values shown

in the cross section are discussed further in Section 3.6.

3.6 Hydrogeology

TTNUS (2002) characterized groundwater flow at the site based on overburden and bedrock borings,
geophysical surveys, hydraulic conductivity tests, and water level measurements taken during the spring
and fall of 2001.

3.6.1 Groundwater Flow Directions, Gradients, and Surface Water Interactions

Water level measurements were collected from March 21 through May 9, 2001 from the USGS gauge
station 01114500 (shown as SP-4 in Figure 2-1), several other surface water locations in the river and
tailrace, and 21 shallow overburden piezometers installed in the source area (Figure 2-1). On March 30,
2001, water levels in the river and aquifer reached a local maximum from a 3-inch precipitation event.
Figure 3-11 shows the configuration of the water table when the water levels peaked in response to this
event. Under these conditions, groundwater flow is apparently to the east-southeast and the river
recharges the aquifer everywhere except in the immediate vicinity of the small groundwater mound
located beneath the Brook Village parking lot. This local groundwater high may be due to groundwater
perched above a low-permeability silt lens or man-made structure. The fast response to and recovery
from these precipitation events in the shallow piezometers indicate that the shallow subsurface soils are
highly permeable. Figure 3-12 shows the water table on May 4, 2001 after 20 days of no significant
precipitation. Under these conditions, the groundwater flow is to the south. The localized groundwater
mound beneath the Brook Village parking lot was still apparent.

Groundwater-surface water interactions were evaluated by comparing concurrent water level data
collected in the spring of 2001 from each surface water monitoring location and the closest shallow
piezometer. Results from two staff gauge locations in the former tailrace on the east side of the source
area indicated that prior to the installation of Cap #3, groundwater consistently discharged to the tailrace.
At the north end of the site near the USGS gauge station (SP-04), groundwater discharged to the river at
all times except during two heavy precipitation events in March (Figure 3-13). During these events, the
flow direction reversed and the river recharged the aquifer. At the south end of the source area near staff
gauge SP-03, it appears that the river always lost water to the aquifer, even during March 2001 high flow
events (Figure 3-13). Although the staff gauge record did not begin until April 2, 2001, water levels at
the staff gauge were much higher than those in adjacent piezometer P-17 only two days after the March
30, 2001 event, and remained higher until the end of the data recording period.
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Continuous water level measurements were also collected from the river, monitoring wells, and selected

piezometers from October 4 through November 1, 2001. No significant precipitation occurred during this N’
time. The shallow water table map constructed from measurements collected on November 1 indicated

that groundwater flow patterns were similar to those encountered under low flow conditions in the spring

of 2001, although water levels were lower, and the groundwater mound beneath the Brook Village

parking lot was not as pronounced (TTNUS, 2002). Groundwater flow through the deep overburden and

bedrock beneath the northern and central portions of the site was generally to the south-southeast.

Horizontal and vertical hydraulic gradients were estimated from the fall 2001 water level data (TTNUS,
2002). The average horizontal gradient was 0.0032 in the shallow overburden, 0.0033 in the deep
overburden, and 0.0038 in the bedrock. Groundwater elevations in deep overburden and bedrock wells
were similar to those in shallow overburden wells. Small downward vertical gradients were observed in
several well clusters; otherwise the gradients were flat or upwards. These measurements indicate the
absence of a strong, sitewide vertical hydraulic gradient.

Water level measurements were also collected in October 2002. Groundwater elevations were consistent
with those measured in the fall of 2001. The direction of shallow groundwater flow was generally to the
south. The groundwater mound beneath the Brook Village parking lot was not observed. Small differ-
ences in groundwater elevations in collocated shallow, deep, and bedrock wells indicate that there are no
strong vertical hydraulic gradients, which is also consistent with previous groundwater measurements at
the site (TTNUS, 2002).

3.6.2 Hydraulic Conductivity, Hydraulic Gradient, and Groundwater Velocity

Hydraulic conductivity of various stratigraphic units at the site was estimated using single-well pump
tests. Slug tests and packer tests were also conducted on bedrock wells. Details of the aquifer testing are | .
provided in TTNUS (2002) and results are summarized below.

Hydraulic conductivity values are summarized in Table 3-2. Hydraulic conductivities in the shallow
overburden unit ranged from 4 to 55 feet per day (ft/d), with an average of 23 ft/d. Hydraulic conductiv-
ities in the deep overburden unit ranged from 10 to 190 ft/d, with an average of 58 ft/d. The lowest
hydraulic conductivities (i.e., <10 ft/d) in both units were associated with silt- and organic-rich deposits.
The average hydraulic conductivity in the bedrock unit was 7 ft/d based on slug and pump test data
(results for packer test data were lower; however, these data represent deeper bedrock whereas most of
the bedrock flow appears to occur in the uppermost 2-10 ft).

Measurements of horizontal hydraulic gradients, mean hydraulic conductivity, and effective porosity were
used to calculate groundwater velocities in the overburden and bedrock (Table 3-2). The average ground-
water velocity in the shallow overburden is estimated at 0.21 ft/d. The average velocities in the deeper
overburden and bedrock are estimated to be 0.55 ft/d and 27 ft/d, respectively. The difference in average
groundwater velocity between the shallow and deep overburden is primarily due to the difference in mean
hydraulic conductivity. The much higher velocity in the bedrock, despite its relative low hydraulic con-
ductivity, is due to its lower effective porosity. The bedrock estimate has the greatest uncertainty because
the effective porosity can be highly variable, although published values for fractured crystalline rocks are
orders of magnitude lower than those for sands and gravels.

3.7 Sediment and Surface Water
The Woonasquatucket River is approximately 19 miles long, originating in North Smithfield, RI and dis-

charging to Providence Harbor approximately 8.5 miles downstream of the CMRP site. The river drains <
an area of approximately 38.5 square miles. Upstream of Route 44, the river generally has a low current
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velocity. Samples collected from the upstream reach have a silt and clay content ranging from 8% to
97%, with a mean of 58% (Table C-6, Appendix C). Floodplain and wetland areas border parts of the
river channel in this reach. Approximately 200 ft upstream of the Route 44 bridge, the current velocity
increases and the bottom consists of cobbles, boulders, and gravel.

3.7.1 Allendale Reach

The Allendale reach of the Woonasquatucket River encompasses the portion of the river from Route 44
past the CMRP source area to the Allendale Dam. The river channel from the Route 44 bridge to the head
of Allendale pond is straight and approximately 500 ft long. The channel bed is composed of gravel,
cobbles, and sand. The eastern bank of the river along this reach is armored with rip rap that was installed
in 1999 to prevent bank erosion. An abandoned railway bed follows the river bank on the west side of the
channel.

Allendale Pond, which is restored to its pre-1991 level, has an area of about 11 acres. The bathymetry in
Allendale Pond was mapped in October 2002 based on GPR data (Lockheed Martin, 2003) (Figure 3-14).
Water depths also were measured manually in some locations to confirm the GPR measurements; in many
cases, the manually-measured depths were about 0.5 ft deeper than the depths indicated by the GPR.
Water depths range from less than 0.5 ft to a maximum of about 10 ft (the maximum water depth
measured manually was 8.4 ft at southeastern part of the pond). The deepest area in the pond is the recent
flow channel] that trends from northwest to southeast across the southern part of Allendale Pond (this was
the main channel when the dam was breached and the water level in the pond was low). Smaller tributary
channels are also evident. Most of the sediments that were formerly exposed as floodplain soils in the
1990s are now covered by less than 2 ft of water. Depths in the southern part of the pond are generally
4-6 ft.

The apparent soft sediment thickness in Allendale Pond based on GPR data is shown in Figure 3-15
(Lockheed Martin, 2003). Soft sediments were probed in many areas of the pond to confirm the GPR
measurements; measurements were generally in good agreement. The flow channels that were exposed
when the dam was breached contain gravel and sand with little or no soft sediment. Apparent bedrock
was observed on the east side of the pond, approximately halfway between the head of the pond and
Allendale Dam (bedrock outcrops at the surface in this area). The apparent soft sediment thickness
contours indicate areas where the greatest sediment accumulation has occurred. The thickest soft sedi-
ments occur away from the present flow channel, in shallow water depths, although thick sediments also
occur in deeper water in the southern part of the pond.

Two layers of material were apparent in most of the GPR data: soft sediment underlain by relatively hard
sediment or possible bedrock. The hard sediment may represent original gravel and sand river channel
prior to the construction of Allendale Dam. In a few locations, deep layering was apparent beneath the
top of the hard sediment layer. In some areas, the boundary between soft and hard sediment was clearly
identified, although in other areas it was not well-defined or appeared hummocky. Geophysical cross-
section data are currently being integrated with geomorphology and sediment core data to refine the
interpretation of sub-bottom features.

Surface sediment grain size expressed as percent fines (percent silt + percent clay) in Allendale Pond
based on samples collected from 1999 through 2003 is shown in Figure 3-16. In general, sediments are
coarser near the inlet to Allendale Pond and in the flow channel that was exposed when the pond level
was lower. Sediments are finer in the pond sediments on either side of the flow channel.

Twenty sediment cores collected in May 2003 targeted depositional areas in Allendale Pond. Cores
ranged from 1.2 ft to 4.5 ft in length. May 2003 core sample locations are shown in Figure 3-17.
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Detailed core logs are provided in Appendix D. A surface layer of highly organic fine-grained material
(classified as peat) was found in all cores except one (CMS-SD-4214), which had approximately 0.5 ft of
sand on top of the peat. The peat layer as measured in the cores varied from less than 0.5 ft to greater
than 3.4 ft, with the thickest accumulation in an embayment on the east side of the pond (CMS-SD-4210).
The thickness of the peat layer was most variable at the north end of the pond. Sand, silt and clay layers
occurred in the peat at several locations. The peat layer was underlain by sand and gravel.

Sediment samples were collected from selected cores and analyzed for the radioisotopes '°Pb and "*’Cs to
determine the sedimentation rate. Radiometric age dating results are discussed in USACE/ERDC (2004)
and QEA (2004a) and are summarized in Table 3-3. Independent estimates of sedimentation rate are
provided by the '°Pb and '*'Cs analyses. Frequency distributions of upper- and lower-bound estimates of
sedimentation rates based on the *'°Pb and *’Cs analyses in Allendale Pond are presented in Figure 3-18
(results for core CMS-SD-4210 are excluded from the distribution because those results are exceptionally
high, inconsistent with "*’Cs results for the same core, and thus are considered unreliable). Methods for
determining the upper and lower bound estimates are described in QEA (2004a). These results indicate
that, generally, the *'°Pb and '*’Cs analyses produce consistent upper- and lower-bound estimates of
sedimentation rate (QEA, 2004a). Median values of lower- and upper-bound sedimentation rates are
about 0.5 and 0.8 cm/yr, respectively. Although there is variability in sedimentation rate in Allendale
Pond, a reasonable estimate of a representative (or average) range of sedimentation rate for this pond is
0.5 to 0.8 cm/yr.

Core samples also were analyzed for dioxin, TOC, and geotechnical parameters. Dioxin and TOC chem-
istry results are discussed in Section 4.4. Geotechnical data are included on the core logs (Appendix D)
and will be used to support the development of remedial alternatives in the FS.

3.7.2 Lyman Mill Reach

Below the Allendale Dam, the Woonasquatucket River is channelized. As described in Section 3.1, a
forested wetland (i.e., oxbow area) is located on the west side of the channel below the dam. Lyman Mill
Pond has an area of approximately 24 acres. The water level in Lyman Mill Pond probably has remained
relatively constant for many years. Bathymetry in Lyman Mill Pond in October 2002 based on GPR data
is shown in Figure 3-19 (Lockheed Martin, 2003). Water depths range from less than 1 ft to a maximum
of greater than 6 ft (the maximum water depth measured manually was 9 ft in the southeastern part of the
pond). A deep flow channel is apparent along the eastern side of the pond. A prominent ridge divides the
southern part of the pond.

Apparent soft sediment thickness as inferred from the GPR data is shown in Figure 3-20. Shallow water
in the north end of the pond corresponds with thicker soft sediments. A thicker layer of soft sediment is
~ also found at the south end of the pond, behind the dam. As in Allendale Pond, the soft sediments are
underlain by a relatively hard sediment or possibly bedrock. GPR data suggest that bedrock is probably
close to the surface in the central part of the pond (Lockheed Martin, 2003).

Surface sediment grain size expressed as percent fines (percent silt + percent clay) in Lyman Mill Pond
based on samples collected from 1999 through 2003 is shown in Figure 3-21. Surface sediments gener-
ally are coarser in the channel and at the north end of Lyman Mill Pond, and finer in the central and
southern parts of the pond. Coarser surface sediments are also found along the southwestern shore of the
pond.

Ten sediment cores were collected in May 2003 from depositional areas in Lyman Mill Pond. Core

ranged from 2.0 ft to 4.4 ft in length. May 2003 core sample locations are shown in Figure 3-22.
Detailed core logs are provided in Appendix D. A layer of gelatinous, highly organic silt was found at the
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sediment surface at all but one (LPX-SD-4202) of the cores. The gelatinous, organic silt layer ranged in
thickness from 1 to >3.5 ft, with an average thickness of about 2 ft. The organic silt layer was underlain
by peat, clay, and sand in most locations. Gravel was found in four of the cores, three of which appear to
be located in the flow channel (LPX-SD-4206, LPX-SD-4208, and LPX-SD-4209).

One core from Lyman Mill Pond was subsampled for radiometric age dating. The *'°Pb results indicated
a sedimentation rate of approximately 0.3 cm/yr, which is confirmed by the *’Cs results (Table 3-3).

3.7.3 Downstream of Lyman Mill Dam

Below the Lyman Mill Dam, the Woonasquatucket River occupies a well defined channel with a gravel
and sand bottom and short riffle areas (TTNUS, 2001). The current velocity decreases downstream as the
channel turns east and then south (Figure 3-3). Manton Pond is a small shallow impoundment behind the
Manton Dam. The reach between the Manton Dam and the former Dyerville Dam is relatively straight,
with generally steep banks and a cobble bottom.

3.8 Demography and Land Use

The Brook Village and Centredale Manor apartment complexes occupy the northern part of the CMRP
site. This area is currently occupied and covered by buildings, pavement, landscaping, and interim pro-
tective caps, and is expected to remain a multi-family residential use area. The land use on the east side
of the Woonasquatucket River in the vicinity of the CMRP site in North Providence, RI is primarily resi-
dential, with some commercial and light industrial properties. The western side of the river in Johnston,
R1 is characterized by mixed residential, commercial and industrial use. Groundwater in the vicinity of
the site is not used as a drinking water source. The Woonasquatucket River was recognized within the
larger Blackstone River drainage as one of fourteen American Heritage Rivers in 1998, and is currently
the focus of urban revitalization and watershed restoration efforts. Future land use in the area is not
expected to change significantly.

39 Ecology

The following is a summary of the ecological habitat types at the site as described in the Interim Final
BERA (MACTEC, 2004a). The habitats associated with the site are characteristic of fragmented,

disturbed, and developed landscapes in the New England region and include riverine, lacustrine, and
palustrine systems. The following briefly describes the ecological habitats extending from north of the
site (i.e., Greystone) to south (i.e., Dyerville Pond). Wetland classifications follow the system presented
in Cowardin et al. (1978).

Greystone — Riverine and palustrine wetland types dominate the section of the Woonasquatucket
River located upstream of the source area (i.e., Greystone). The river above Greystone Mill Pond
is consistent with a lower perennial riverine system (i.e., slow flow and gradient), with well
developed floodplains, bordered by palustrine scrub shrub and emergent wetlands. The river
below the dam is relatively shallow with sections of higher flow and gradient (i.e., riffle and run).
The bottom substrate varies from rock cobble bottom to unconsolidated sand and muck. Water
depths range from several inches to approximately six ft. The river is bordered by palustrine
forested, and emergent wetland present along the western edge of the river, while the eastern edge
is dominated by palustrine and forested wetlands.

The Greystone Mill Pond is characterized as palustrine unconsolidated bottom and aquatic bed

wetland. Dense rooted submergent vegetation (i.e., water milfoil [Myriophyllum sp.]) dominates
the bottom of the pond; however, there are large areas of unvegetated muck, mostly in front of the
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dam. Aquatic vegetation above the dam includes rooted submergent, emergent and floating
leafed plants including water milfoil, water lilies (Nuphar and Nymphaea spp.), and duck weed
(Lemna sp.). The palustrine scrub shrub wetlands bordering the upper reaches of the river and
Pond are dominated by water willow (Decodon verticlatus), alders (Alnus sp.), sweet pepper bush
(Clethra alnifolia), willows (Salix spp.), birches (Betula sp.) and red maples (4cer rubrum).
Avian wildlife observed in the upper sections of the river and Pond included tree swallow
(Tachycineta bicolor), mallard duck (4nas platyrhynchos), black duck (4. rubripes), wood duck
(Aix sponsa), mute swan (Cygnus olor), Canada goose (Branta canadensis), belted kingfisher
(Ceryle alcyon), green heron (Butroidies striatus), great blue heron (4rdea herodias). Other
wildlife observed using these areas included muskrat (Ondatra zibethica) and raccoon (Procyon
lotor). Reptiles and amphibians observed in the lacustrine and riverine sections included painted
and snapping turtles (Chrysemys picta and Chelydra serpentina, respectively) and frogs (Rana
spp.). Chorusing male wood frogs (R. sylvatica) were heard in 2001 and 2002 upstream of
Greystone by a U.S. Fish and Wildlife Service census team, which suggests that habitat is
available for wood frogs, spotted salamanders (Ambystoma spp.) and other obligate vernal pool
species. Fish species observed included chain pickerel (Esox niger), brown and yellow bullthead
(Ameiurus nebulosus and Ameiurus natalis), white sucker (Catostomus commerson), tessellated
darter (Etheostoma olmstedi), and American eel (dnguilla rostrata).

Allendale — This section encompasses the river section between the Route 44 bridge and

Allendale dam, and is considered the source area. The upper portion of this reach is characterized

as upper perennial riverine habitat dominated by cobble bottom. There is very little emergent or

submergent vegetation associated with this section of the river. The western bank of the river is

relatively steep and undercut and dominated by trees and scrub shrub vegetation. The eastern

bank of the river is mostly developed (i.e., Brook Village and Centredale Manor) and included rip

rap along two capped areas. Several muskrats and mallard ducks were observed in this section of ‘-’
the river.

The lower portion of the reach is characterized as riverine wetland habitat dominated by uncon-
solidated bottom (e.g., sand and muck) bordered by palustrine emergent and scrub shrub wetland
habitat. Vegetation includes yellow birch (Betula alleghaniensis), gray birch (Betula populifolia),
dogwood (Cornus amomum), black willow (Salix nigra), and red maple. The palustrine emergent
wetland is dominated by jewel weed (Impatiens capensis), smart weed (Polygonum spp.), nettle
(Laportea sp.), cattails (Typha sp.), woolgrass (Scirpus cyperinus), and purple loosestrife
(Lythrum salicaria). Wildlife observed in these areas includes tree swallow, killdeer (Charadrius
vociferous), Canada goose, mourning doves (Zenaida macroura), muskrat, and mink (Mustela
vision). Reptiles and amphibians including snapping turtles and green frogs (Rana clamitans),
pickerel frogs (R. palustris), bullfrogs (R. catesbiana), spring peepers (Pseudacris crucifer), and
gray tree frogs (Hyla versicolor) also were observed. Fish observed in this reach included
American eel, brown bullhead, tessellated darter, and white sucker.

Lyman Mill — This river reach is located immediately downstream of the source area and is
bounded by the Allendale dam to the north and the Lyman Mill Pond Dam to the south. This area
includes riverine, palustrine, and lacustrine wetland habitats. Immediately below the Allendale
Dam, the river flow is channelized with a section of riffle/run habitat before the impact of the
Lyman Mill Dam is encountered. Palustrine forested, scrub shrub, and emergent wetland habitats
are associated with the riverine section, as well as the upper portion and borders of Lyman Mill
Pond. The pond itself is classified as lacustrine wetland habitat based on its size (>20 acres).

The section of river below the Allendale Dam is classified as upper perennial with a rock cobble -
bottom. The banks are steep and undercut for most of the section. The banks are vegetated with
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overhanging shrubs and trees including dogwood, witch hazel (Hamamelis virginiana), birch, red
maples, and oaks (Quercus sp.), tree of heaven (dilanthus altissima), catalpa (Catalpa specios),
ash (Fraxinus sp.), and sweet gum (Nyssa sylvatica). A large forest borders the western bank,
while a thin strip of scrub shrub habitat and residential properties as well as a ball field and
recreational complex border the eastern bank. The riverine habitat transitions into a palustrine
scrub shrub and emergent wetland at the upper end of Lyman Mill Pond. Button bush (Cepha-
lanthus occidentalis) dominates the palustrine scrub shrub wetland north of Lyman Mill Pond.
Subordinate species identified in this habitat included alders, dogwood, purple loosestrife, poison
ivy (Rhus radicans), cattails, and red maple saplings. Water willow dominates along the upper
borders of the Lyman Mill Pond, between the palustrine and littoral lacustrine wetland habitat.

Lyman Mill Pond is characterized as a lacustrine wetland habitat. The majority of the pond is
classified as littoral (i.e., less than 3 m deep). Aquatic beds of water milfoil and pond weed
(Potamogeton spp.) dominate the pond bottom and water column. Approximately 10 to 20 per-
cent of the bottom is unvegetated; unvegetated areas are generally limited to confluences with
tributaries (e.g., Assapumpset Brook) and immediately upstream of the Lyman Mill Dam.
Osprey were observed feeding frequently in Lyman Mill Pond in 2001 and fish observed in this
reach include American eel, brown bullhead, tessellated darter, golden shiner (Notemigonus
crysoleucas), bluegill sunfish (Lepomis macrochirus), chain pickerel, white sucker, and
largemouth bass (Micropterus salmoides).

Manton — This section of the site is located downstream of Lyman Mill, and habitat and river
morphology is very similar to the Lyman Mill Pond reach although the impounded portion of the
river area behind the Manton Dam is approximately a tenth of the area.

Dyerville - This section of the site is located downstream of the Manton Pond Reach. Only
pilings remain of the former Dyerville Dam, and the area is primarily riverine in nature and
classified as upper perennial with a rock cobble bottom. The banks are generally steep and
undercut for most of the reach although scrub shrub habitat occurs along terraces. The upland
forest and palustrine scrub shrub wetland/floodplain habitat that occurs between Manton Pond
and the former Dyerville Dam pilings is similar to that described for upstream areas. Elms, green
ash, red maple, and birch are found along the bank side slopes and abut scrub shrub species such
as alders, sweet pepper bush and willow species.

Assapumpset — This section is the off-site reference area for the source area. Assapumpset Pond
is approximately four acres and primarily provides lacustrine wetland habitat although fringing
scrub shrub wetland occurs along the western portion of the pond. The pond discharges to
Assapumpset Brook at a spillway located to the southeast, which flows in a generally easterly
direction before discharging to Lyman Mill Pond. The brook is narrow (approximately 3-4 ft
wide) with a rocky bottom and is heavily shaded as it flows through upland forest habitat.
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4.0 NATURE AND EXTENT OF CONTAMINATION

An evaluation of the nature and extent of contamination based on all relevant and existing site data is
provided in this section. All existing data for the site are compiled in a project database and GIS. Data
for soils excavated as part of the NTCRA are archived in a separate table in the database and are not
included in the RI data analyses. Table 4-1 lists the number of samples currently in the database for each
class of contaminants for various media in the source area, area upstream (background) of the Route 44
bridge, Allendale reach excluding the source area, Lyman Mill reach, Manton reach, and area downstream
of the Manton Dam. Assapumpset Brook, the reference area for the BERA and BHHRA, is summarized
separately.

Data management and analysis procedures are described in Appendix A, and a complete list of samples
used in the Rl is provided in Appendix B. A source characterization is presented below in Section 4.1,
followed by an evaluation of the nature and extent of contamination in soil, groundwater, sediment, and
surface water at the site (Sections 4.2 through 4.5). Contaminant concentrations in biota and their
significance are evaluated in the BERA and BHHRA (MACTEC, 2004b and 2004a). Section 4.4.5
presents the results of an environmental forensics review of data for persistent chlorinated organic
compounds (dioxins, furans, PCBs and chlorinated pesticides) in soil and sediment. The objective of the
environmental forensics review was to help characterize the nature of sediment contamination based on
concentration gradients and compositional relationships.

4.1 Source Characterization

As described in Section 1.3.2, potential historical sources of contamination at the CMRP site include
improper storage and disposal of chemicals in drums, stockpiles and surface impoundments. These
activities appear to have been concentrated in the central and southern parts of the source area. Chemicals
apparently were released directly to the ground, buried, and discharged directly to the Woonasquatucket
River. Chemical residues from the drum recycling operation were apparently dumped or burned prior to
reconditioning. Other materials related to site operations also were apparently buried on the site (e.g.
metal and construction debris such as bricks and asphalt).

Because a variety of chemical manufacturing processes took place in the source area and drums for
reconditioning were received from a variety of sources, contamination by a diverse mixture of chemicals
would be expected. The Agency for Toxic Substances and Disease Registry (ATDSR) Health Consulta-
tion for the site identified dioxin as the primary contaminant of concern in soil (ATDSR, 1999). VOCs,
SVOCs, PCBs, pesticides and inorganic constituents have also been detected in various media at the site.
Dioxin (primarily 2,3,7,8-TCDD) and HCX are byproducts of the hexachlorophene manufacturing
process (Archer and Crone, 2000), which is known to have taken place at the CMRP site. Dioxins and
furans also may have been produced by incineration of waste material at the site.

Geophysical surveys indicate that the largest concentration of buried bulk metallic materials appears to be
at the south end of the Centredale Manor south parking lot and northwest part of Cap #1 (Figure 1-3)
(Roy F. Weston, 1999b). This area has the greatest potential for containing residual waste material from
former site operations. However, the primary sources of contamination to the site are no longer active.

Non-site related contaminants may enter the Woonasquatucket River upstream and downstream of the
CMRP site. Any current or historic releases from sources upstream of Centredale are expected to be
reflected in the background chemical signature measured in sediment and water samples from the
upstream background area. Other possible sources of contaminants to the river are briefly described
below; however, the types and volumes of chemicals that could be attributed to these sources were not
characterized in detail.
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Table 4-2 lists permitted upstream discharges to the river north of the CMRP site as identified by the RI
Pollution Discharge Elimination System (RIPDES) program (RIDEM, 2004). This list includes all types
of point discharges (i.e., from a discharge pipe) located within the Woonasquatucket River basin upstream
of the site. No combined sewer outfalls (CSOs) are located upstream of Centredale (RIDEM, 2004).
Fifteen active CSOs discharge into the river downstream of the CMRP site (Louis Berger Group, 2000).
Stormwater outfalls discharge to the river along its entire length. The watershed is less urbanized and
developed upstream of the Centredale Manor site than downstream of it; therefore, impacts from storm-
water runoff would be expected to be greater in the downstream reaches. The North Smithfield Waste-
water Treatment Plant (WWTP) located upstream of the CMRP site has a design capacity of 3.5 million
gallons per day (MGD), with an average daily flow of 1.75 MGD (Louis Berger Group, 2000). Treatment
consists of conventional activated sludge, and disinfection using sodium hypochlorite and dechlorination
using sodium bisulfite. The North Smithfield WWTP is under a Consent Decree to plan, design and build
an advanced wastewater treatment facility capable of phosphorus removal.

The Water Quality Characterization for the Woonasquatucket River Basin was performed to support
development of TMDLs for the Woonasquatucket River (Louis Berger Group, 2000). This report identi-
fies pollutant sources to the river, including historic point sources, minor permitted dischargers, the North
Smithfield WWTP and CSOs. In 1976 there were approximately 26 known dischargers, with discharges
consisting of cooling water, industrial wastewater, and sanitary wastewater. The majority of these dis-
charges terminated following construction of the Smithfield WWTP (the currently permitted discharges
are listed in Table 4-2). The Woonasquatucket River watershed contains fourteen RIDEM State Hazard-
ous Waste Sites and CERCLA sites, including the CMRP site (Louis Berger Group, 2000). Four of these
sites are inactive, including one adjacent to Lyman Mill Pond and two downstream of Lyman Mill Dam.
All of the active hazardous waste sites are located upstream of Centredale, and any impacts from these
sites are expected to be reflected in the upstream (background area) sediment and surface water.

4.2 Soil

This section describes the nature and extent of contamination in soil within the source area, along the east
shore of the Woonasquatucket River between the source area and Allendale Dam, and on the east shore of
the river between Allendale Dam and Lyman Mill Dam. A list of soil samples used in the RI and associ-
ated analytical parameters is provided in Table B-1 (Appendix B).

4.2.1 Source Area Soil

Soil sampling efforts in the source area have focused on characterizing the distribution of dioxin
(primarily 2,3,7,8-TCDD), which was identified as the primary contaminant of concern in the Health
Consultation for the site (ATSDR, 1999). A subset of soil samples also was analyzed for other site-
related chemicals. Sample locations and station IDs are shown in Figure 4-1, including stations located
on the west bank of the Woonasquatucket River across from the source area. Statistical summaries of the
source area soil data are provided in Table C-1 (Appendix C). Methods used to calculate summary
statistics are described in Appendix A. The statistical summaries include the following information for
each analyte: number of samples, detection frequency, minimum concentration, maximum concentration,
central tendency (either geometric mean, arithmetic mean, or median, depending on the distribution of the
data), standard deviation, and location of the maximum detected value. A value of one-half the method
detection limit was used to represent non-detected sample results in the determination of summary
statistics. For analytes with less than 50% detected sample results, only the minimum, maximum and
median concentrations were determined.

The horizontal and vertical distributions of various chemicals in source area soils are described below.
Dioxin results are evaluated relative to an action level of 1,000 ng/kg dioxin (TEQ), which is the
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recommended preliminary cleanup level for residential properties (U.S. EPA, 1998a). This action level
was used as the basis for the first TCRA and the NTCRA (Sections 1.4.1 and 1.4.2, respectively).

Results for other contaminants are compared to residential direct exposure and leachability criteria
promulgated in the RIDEM Remediation Regulations (RIDEM, 1993). Section 8.02 of the RIDEM
Remediation Regulations states that soil contaminated as a result of a release of hazardous materials must
be remediated in 2 manner that meets the direct exposure and leachability criteria for each hazardous
substance present. Because the CMRP site is used for residential purposes, the residential direct exposure
criteria are potential applicable or relevant and appropriate requirements (ARARs) for the site. These
criteria must be applied to soils throughout the vadose zone in accordance with Rule 8.02.A. Leachability
criteria also apply to vadose zone soils. The average thickness of the vadose zone at the CMRP site is
approximately 5 ft. The leachability criteria are intended to ensure protection of the designated ground-
water classification. The groundwater underlying and downgradient of the CMRRP site is classified by
RIDEM as GB (Section 1.3.1); therefore, the GB leachability criteria apply to site soils as long as
application of these criteria does not contribute to actual or potential adverse impacts to surface water
and/or sediment. GB leachability criteria are established for VOCs and PCBs only.

Table 4-3 summarizes chemical concentrations in source area soil samples and the number of vadose zone
soil samples with concentrations exceeding the RIDEM residential direct exposure criteria. Table 4-4
summarizes detections above the GB leachability criteria for VOCs (the leachability criterion for PCBs is
10 milligrams per kilogram (mg/kg), which is the same as the RIDEM residential direct exposure
criteria). Non-detected results with detection limits that were higher than the direct exposure or leach-
ability criteria were excluded from the analysis. In some samples, the detection limits for some param-
eters (primarily VOCs and SVOCs) were higher than the RIDEM residential direct exposure criteria.
While these parameters were not detected, it is possible that they are present at concentrations above the
direct exposure criteria.

The contaminants most frequently detected at concentrations exceeding the direct exposure criteria are
dioxin, medium to high molecular weight PAHs, PCBs, and several inorganics. VOCs exceeded the
direct exposure criteria in some samples, but at a lower frequency than the analytes noted above.
Leachability criteria for VOCs were exceeded in samples from six locations. The results for each
contaminant type are discussed further below.

4.2.1.1 Dioxins and Furans

Dioxin and furan concentration data typically were reported on an individual congener basis and as
2,3,7,8-TCDD TEQ concentrations. In cases where TEQ values were not reported in the database, they
were calculated according to a toxicity weighting scale. 2,3,7,8-TCDD is considered the most toxic
compound and is assigned a weighting factor of 1.0. The remaining 16 dioxin and furan congeners were
assigned weighting factors (toxicity equivalency factors [TEFs]) according to Van den Berg et al. (1998),
ranging from 0.001 to 0.5 (the list of TEFs is provided in Appendix A). The observed concentrations of
these seventeen dioxin and furan congeners are multiplied by the corresponding weighting factors (TEFs),
and the products are summed to determine the 2,3,7,8-TCDD TEQ concentration.

Table 4-3 indicates that 155 out of 690 vadose zone samples from the source area had dioxin TEQ
concentrations exceeding 1,000 ng/kg. The mean dioxin TEQ concentration in the all source area soil
samples is 118 ng/kg.

Figure 4-2 shows the distribution of dioxin in surface soils ‘(0—0.25 ft) across the source area (fewer

samples were collected from the 0-1 ft interval than the 0-0.25 ft interval; although these sample results
are not shown, the dioxin distribution in the upper 1 ft is similar to the 0-0.25 ft interval). It should be
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noted that sample results for soils in the former tailrace on the east side of the site no longer may be
representative because the soils were graded during the TCRA conducted in 2003-2004 (Section 1.4.3).
Dioxin TEQ concentrations in surface soils are below 1,000 ng/kg at the north end of the site, except at a
few locations along the bank of the Woonasquatucket River by the Brook Village parking lot. Dioxin is
most widespread and present at the highest concentrations under Cap Area #1, and numerous locations
with a dioxin TEQ above 1,000 ng/kg also were found beneath Cap Area #2. This distribution pattern is
consistent with the analysis of historical activities on the site. The north end of the site was primarily
occupied by former facility buildings, whereas waste-related activities were concentrated in the central
and southern parts of the site. A former waste disposal area was identified at the southwestern part of the
site, under Cap Area #1. A former chemical manufacturing building was located on the east bank of the
Woonasquatucket River in what is now the Brook Village parking lot adjacent to where high dioxin
concentrations were found in bank soils (these soils are now covered with riprap).

Figures 4-3 through 4-6 show the distribution of dioxin in subsurface soils. Although there are fewer
samples with increasing depth, concentrations generally decrease with increasing depth beneath Cap
Areas #1 and #2. In other areas, the peak dioxin concentration is found at the surface in some locations
and at depth in others (e.g. CMS-420 in the Centredale Manor north parking lot; MW-15D in the Brook
Village parking lot). At a depth of 4-5 ft bgs, dioxin TEQ concentrations exceed 1,000 ng/kg in five
borings, three in the Brook Village parking lot (MW-05S, CMS-451, and MW-15D), one in the
Centredale Manor north parking lot (CMS-425), and one under Cap Area #1 (MW-09S) (Figure 4-6).
The variable distribution of dioxin with depth suggests that different mechanisms were responsible for its
deposition in different areas. Under Caps #1 and #2, the higher surface concentrations indicate discharge
to the ground surface. In other areas, burial of waste material or use of contaminated fill may have
resulted in higher subsurface concentrations.

4.2.1.2 Volatile Organic Compounds -’

VOCs were detected in less than 50% of the source area soil samples. Six VOCs exceeded the RIDEM
residential direct exposure criteria in more than one vadose zone soil sample: benzene, chlorobenzene,
PCE, TCE, vinyl chloride, and xylenes (Table 4-3). These VOCs are solvents, solvent breakdown
products, or fuel-related compounds. The majority of the exceedances occurred in samples from boring
locations CMS-417 (north end of Cap Area #2), CMS-419 (Centredale Manor north parking lot), and
MW-05S (Brook Village parking lot) (Figure 4-1). All of the benzene exceedances were found in two
borings from the Centredale Manor south parking lot (CMS-405 and CMS-408). These boring locations
are in areas that are currently capped or paved. In general, the elevated VOC concentrations appear to
have resulted from localized releases because the contamination is not laterally extensive.

The highest VOC concentrations found in source area soils were in samples from borings CMS-417,
CMS-419, and MW-05S. The vertical distribution of selected VOCs in these borings is shown in

Table 4-5. The highest concentrations were found in the 1-2 ft interval at CMS-417 and CMS-419, and in
the 4-6 ft interval at MW-05S. These results suggest that the contaminants at CMS-417 and CMS-419
originated from surface spills or discharges, whereas the contamination near MW-05S appears to be due
to a subsurface release, or lateral migration from a nearby surface source, perhaps on top of a low-
permeability soil horizon. Although low-permeability soils were not noted on the boring log for Well
MW-058, the logs for nearby wells GEC-4 and GEC-5 noted a silt layer underlying the fill from 5-13.5 ft
(GEC-4) and 7.5-22 ft (GEC-5).

GB leachability criteria for VOCs were exceeded in vadose samples from the Brook Village parking lot,

Cap Area #2, the Centredale Manor north parking lot, and the Centredale Manor south parking lot

(Table 4-4). Figure 4-7 shows the boring locations where leachability criteria are exceeded, and the -y
associated chemicals. Solvent-related VOCs (PCE and TCE) exceed leachability criteria on the west side
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of the Brook Village parking lot (CMS-060 and MW-058S). A variety of solvent- and fuel-related VOCs
exceed criteria at the northern ends of Cap Area #2 and the Centredale Manor north parking lot (CMS-
417 and CMS-419), and benzene exceeds the criteria at the south end of the Centredale Manor south
parking lot (CMS-405 and CMS-408). As noted above, these areas appear to have been contaminated by
separate, localized releases.

Figure 4-8 shows the distribution of PCE in vadose zone samples from the source area. PCE was chosen
as a representative VOC because it is one of the most frequently detected compounds, and is the only
VOC in groundwater (except for TCE in one well) that exceeds the GB groundwater objective (see Sec-
tion 4.3). PCE exceeds the residential direct exposure and GB leachability criteria in the Brook Village
parking lot, Cap Area #2, and the Centredale Manor north parking lot. PCE exceeds the leachability
criterion only in the Centredale Manor south parking lot.

4.2.1.3 Semivolatile Organic Compounds

Six PAHs were detected in more than 50% of the source area soil samples. Concentrations of medium to
high molecular weight PAHs exceeded the RIDEM residential direct exposure criteria in numerous
vadose zone soil samples across the site (Table 4-3). Chrysene and benzo(a)pyrene were the most
frequently detected PAHs. The PAHs could have been derived from the asphalt pavement that covers
much of the source area. Several other SVOC:s (i.e., chlorinated benzenes) also exceeded the criteria in
several samples. The elevated levels of chlorinated benzenes were found in samples from borings CMS-
417 and CMS-419 (Figure 4-1), which also contained elevated levels of various VOCs (Section 4.2.1.2).

4.2.1.4 Pesticides and PCBs

Dieldrin exceeded the direct exposure criteria in 4 out of 122 vadose zone soil samples (Table 4-3). Total
PCBs exceeded the residential direct exposure and GB leachability criteria of 10 mg/kg in 56 out of

313 vadose zone soil samples (Table 4-3). Figures 4-9 through 4-13 show the distribution of PCBs with
increasing depth in the source area. PCB concentrations exceed 10 mg/kg at numerous locations in the
central and southern part of the source area (but not in the Brook Village parking lot). The highest PCB
concentrations generally occur within the upper 2 ft of soil. At depths of greater than 4 ft, PCB concen-
trations exceeded 10 mg/kg at only two locations: CMS-410 under Cap Area #1, and CMS-427 in the
Centredale Manor north parking lot.

Table 4-6 summarizes the Aroclor distribution of PCBs detected in source area soils. All Aroclors except
Aroclor 1221 were detected. Aroclor 1254 was detected the most frequently and at the highest concentra-
tions. The locations of the highest concentrations of Aroclors 1242, 1248, and 1254 (CMS-410, CMS-
402, and CMS-147, respectively) are all adjacent to the border between the Centredale Manor south
parking lot and Cap Area #1 (Figure 4-9). This area was identified as having a significant geophysical
anomaly possibly related to the presence of bulk metallic material (Figure 1-3). High levels of PCBs in
this area may be related to the disposal of the material responsible for the geophysical anomaly. Aroclor
1268 was detected in two samples collected from the former tailrace on the east side of the source area.

4.2.1.5 Inorganics

Beryllium and lead exceeded the RIDEM residential direct exposure criteria in numerous source area
vadose zone samples (Table 4-3). The mean beryllium concentration of 0.41 mg/kg is approximately
equal to the residential direct exposure criterion. Lead exceeded the direct exposure criterion in 40 out of
116 vadose zone soil samples south of the Brook Village parking lot (Figure 4-14). Other metals, includ-
ing antimony, arsenic, cadmium, manganese and thallium also exceeded the direct exposure criteria, but
at a lower frequency compared to beryllium and lead (Table 4-3). It should be noted that the direct
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exposure criteria for metals represent background concentrations for Rhode Island soils. Site-specific
background soil data are not available for the CMRP site.

4.2.2 Allendale and Lyman Mill Soil

Soil samples were collected from residential and recreational use properties along the east bank of the
Woonasquatucket River between the source area and Allendale Dam, and between Allendale Dam and
Lyman Mill Dam. Sample locations and station IDs are shown in Figures 4-15 and 4-16. Statistical sum-
maries of the Allendale and Lyman Mill area soil data are provided in Tables C-2 and C-3 (Appendix C).
Samples collected from areas that were excavated as part of the NTCRA (Section 1.4.2) are not included
on the maps or in the statistical summaries. Residential and recreational use soils along Allendale and
Lyman Mill Ponds were evaluated as part of the EE/CA (TTNUS, 2000a), and areas that were found to
pose an unacceptable human health risk were excavated.

4.3 Groundwater

A list of all groundwater samples used in the Rl is provided in Table B-2 (Appendix B). Groundwater
monitoring well locations at the CMRP site are shown in Figure 2-1. Groundwater samples were
collected at the site in 2001 and 2002 (Sections 2.3.3 and 2.4). Statistical summaries of all groundwater
sample results are provided in Table C-4. The source area investigation conducted in 2001 (TTNUS,
2002) indicated that the most significant groundwater contamination at the site was found in the vicinity
of Well MW-05S on the east bank of the Woonasquatucket River, adjacent to the Brook Village parking
lot. A small building formerly located in this area (Figure 1-3) is believed to be where hexachlorophene
was manufactured. High levels of chlorinated solvents and dioxin were detected in groundwater samples
from this well, and a small quantity of a nonaqueous-phase liquid (NAPL) was found in subsurface soil
samples (NAPL has not been found in groundwater from MW-05S). These contaminants may be residual
waste material from the hexachlorophene manufacturing process. PCE was detected in some of the
deeper monitoring wells elsewhere on the site at concentrations in the hundreds of micrograms per liter
(ug/L) , and lower concentrations of VOCs were detected in samples from some of the shallow
monitoring wells. Trace levels of several other contaminants (e.g., phenols and dioxin) were also
detected in some samples.

An additional round of groundwater samples from all monitoring wells was collected in October and
November 2002 as part of the interim data collection effort (Section 2.4). All samples were analyzed for
VOCs, and the sample from MW-05S also was analyzed for dioxin. Table 4-7 presents VOC concentra-
tions measured in groundwater samples collected in 2001 and 2002 and compares them to GB ground-
water objectives. Rule 8.03 of the Rhode Island Remediation Regulations states that groundwater
contaminated as a result of a release of hazardous materials located in a GB area shall be remediated to a
concentration that meets the GB groundwater objectives. GB groundwater objectives are established for
VOCs only.

These results indicate that VOC concentrations generally decreased or remained consistent from 2001 to
2002. All VOC concentrations detected in 2002 were below the GB groundwater objectives except for
PCE and TCE in the sample from Well MW-058S, and PCE in the samples from Wells MW-13D and
MW-14M. PCE concentrations in 2002 groundwater samples are shown in Figure 4-17. The PCE con-
centrations in Wells MW-05S and MS-13D have decreased since 2001. However, the PCE concentration
in Well MW-14M increased from below detection in 2001 to 1,900 pg/L in 2002. This well is in the
Brook Village parking lot, south-southeast (downgradient) of Well MW-05S, which has the highest PCE
concentration on site. These results suggest that the PCE plume has migrated downgradient from the
vicinity of Well MW-05S to Well MW-14M. The lateral extent of this PCE plume is well-defined in
shallow groundwater, but is not defined at depth. The origin of the PCE detected in deep overburden
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wells on the southeast edge of the site (MW-02M and MW-13D) is not clear. Drums and contaminated
soil were removed from the vicinity of the Centredale Manor apartment complex when it was under
construction; these materials may have been the source of this contamination.

Dioxin (2,3,7,8-TCDD) concentrations measured in groundwater samples from Well MW-05S were
4,180 picograms per liter (pg/L) in 2001, and 1,030 pg/L (1,460 pg/L in a field duplicate sample) in 2002
(Battelle, 2003a). Dioxin was detected in groundwater samples from eleven other monitoring wells in
2001 at concentrations that were two to three orders of magnitude lower than the concentration measured
in the sample from Well MW-05S (TTNUS, 2002).

The nature and extent of VOC contamination in groundwater as determined by laboratory analysis of
groundwater samples is consistent with the results of a USGS study using vapor-to-water diffusion
samplers deployed in the Woonasquatucket River, tailrace and Allendale Pond (USGS, 2000a). The
scope of this study is summarized in Section 2.1. VOCs were detected at 84 of the 104 sites where sam-
plers were retrieved. PCE and TCE were the principal VOCs that were detected. Results for PCE, which
was detected at the highest concentrations, are presented in Figure 4-18. Results are presented as concen-
tration per unit volume (i.e., parts per billion per unit volume, or ppbv). Sampler results are higher than
concentrations in surface water or groundwater, and should be interpreted qualitatively as relative values
to identify VOC discharge areas. This survey identified the seepage of VOC-contaminated groundwater
along a 500-ft stretch of the Woonasquatucket River immediately downstream of Well MW-05S. Lower
concentrations of VOCs appear to be discharging to the river at the south end of the source area.

The BERA (MACTEC, 2004a) indicated that VOCs are not having an adverse impact on surface water
and sediment quality in the river. However, it is possible that VOC contamination in the vicinity of Well
MW-05S has increased dissolved concentrations of dioxin in groundwater, which may be subsequently
discharging to river. A qualitative assessment of groundwater data indicates no apparent correlation
between dissolved dioxin and elevated VOC concentrations in groundwater except at well MW-05S.
Additional investigation is planned to confirm whether dioxin is discharging to the river near

Well MW-05S.

4.4 Sediment

Table B-3 (Appendix B) lists all sediment sample data that were used in the RI. Figures 4-19 through
4-23 show sediment sample locations in the upstream, Allendale, Lyman Mill, Manton, and downstream
of Manton reaches of the river. Sediment sample locations in Assapumpset Brook are shown in Fig-

ure 4-24. Nine floodplain soil samples (including two field duplicates) were collected from the forested
wetland (oxbow area) southwest of the Allendale Dam in June 2004. Sample locations are shown in
Figure 4-25. Statistical summaries for all analytical parameters in each reach of the river and in
Assapumpset Brook are provided in Tables C-5 through C-11 (Appendix C). Statistical analysis methods
are described in Appendix A. In addition to calculating summary statistics (i.e., frequency of detection,
minimum and maximum values, central tendency, standard deviation and location of maximum value),
groups of samples from different reaches of the river were statistically compared to upstream (back-
ground) samples to determine whether or not chemical concentrations were significantly different than
background.

The horizontal and vertical distributions of various contaminants in sediment are described below in
Sections 4.4.1 through 4.4.4. This discussion focuses on parameters that were determined to contribute to
ecological and human health risk (MACTEC, 2004a and 2004b; summarized in Sections 6.1.5 and 6.2.5,
respectively). The chemicals of concern identified in the BERA and BHHRA are listed in Table 4-8.
Section 4.4.5 summarizes an environmental forensics review of dioxin/furan, PCB, and chlorinated
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pesticide data that further investigates the possible sources of persistent chlorinated organic chemicals
detected in site sediments.

4.4.1 Dioxins and Furans

The nature and extent of dioxin and furan contamination in Woonasquatucket River sediments and the
forested wetland southwest of the Allendale Dam (i.e., oxbow area) are described below. Dioxin and
furan congener data are summarized below as dioxin TEQ concentrations. Distribution patterns for
specific dioxin/furan congeners and HCX are discussed in Section 4.4.5.

A statistical summary of dioxin TEQ concentrations in sediment from various reaches of the
Woonasquatucket River is provided in Table 4-9, and sample results are shown graphically as side-by-
side boxplots in Figure 4-26 (note the logarithmic scale). Each boxplot shows the data distribution. The
ends of the box represent the 25th and 75th quartiles, and the line across the middle represents the median
value. The solid lines are “whiskers” that extend to the minimum and maximum values. The dioxin TEQ
data indicate that concentrations are lowest in the Assapumpset (reference) and upstream (background)
areas (mean concentrations of 3.29 and 21.0 ng/kg, respectively). Sediment dioxin concentrations are
highest in Allendale Pond, with a mean TEQ concentration of 972 ng/kg. The maximum concentration
measured in a sediment sample was 110,000 ng/kg in Allendale Pond. Mean dioxin concentrations in
sediment decrease in a downstream direction. TEQ concentrations are significantly higher than upstream
background concentrations in all reaches of the river adjacent to and downstream of the source area
(oxbow area floodplain soil data were not statistically compared to background). Dioxin TEQ
concentrations in the oxbow area floodplain soils southwest of Allendale Dam were within the range
measured in sediment samples from Allendale and Lyman Mill Ponds (Table 4-9), indicating that low-
lying areas in the forested wetland have been affected by contamination from the CMRP site.

Figures 4-27 through 4-30 show the dioxin TEQ distribution with increasing depth in Allendale Pond.
These maps include data collected from 1999 through 2003. Dioxin concentrations in surface sediment in
many areas of the pond are between 1,000 and 10,000 ng/kg. Localized hotspots of higher concentrations
(i.e., >10,000 ng/kg) are found throughout the pond. Relatively lower concentrations (i.e., >1,000 ng/kg)
tend to occur in the shallower area on the northern edge of the central part of the pond. Comparison of
the surface dioxin distribution patterns with apparent soft sediment thickness in Allendale Pond (Fig-

ure 3-15) indicates that higher surface concentrations generally correspond to areas with thicker accumu-
lations of soft sediment (i.e., depositional areas). Dioxin concentrations are generally below 1,000 ng/kg
from 1-2 ft below the sediment surface, and continue to decrease with increasing depth. Additional
analysis of geophysical, geomorphic, and chemical data is in progress to identify features and areas that
are likely to enhance the accumulation of contaminated sediments.

The dioxin TEQ distribution in surface and subsurface sediments in Lyman Mill Pond is shown in
Figures 4-31 and 4-32. Dioxin concentrations in surface sediment (0-1 ft) are generally between 100 and
8,000 ng/kg. The maximum concentration measured in Lyman Mill Pond is 8,030 ng/kg. Surface con-
centrations are lower in the shallow embayment on the east side of the pond. Little subsurface sediment
sample data (i.e., for samples from >1 ft depth) are currently available for Lyman Mill Pond; additional
samples in Lyman Mill Pond were collected in March 2005 and will be included in the FS.

Figures 4-33 and 4-34 show the vertical distribution of dioxin TEQ concentrations in samples from the
May 2003 sediment cores collected in Allendale and Lyman Mill Ponds, respectively. In Allendale Pond,
dioxin concentrations are higher in the 0-1 ft interval than below 1 ft. The highest dioxin concentrations
are found at the surface in some cores, and in the subsurface in others. In one core from Lyman Mill
Pond, higher concentrations are found in samples below 1 ft. Again, the dioxin concentration peak is near
the surface in some cores, and in the subsurface in others.
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Figure 4-35 shows the relationship of dioxin TEQ concentration with TOC content in sediment samples
from Allendale and Lyman Mill Ponds. The top panel in Figure 4-35 includes all samples with paired
dioxin-TOC data, and the bottom panel includes only the sediment core samples collected in May 2003.
Dioxin TEQ concentration and TOC content are not well correlated (i.e., correlation coefficient <0.3),
although samples with less than 3% TOC generally have lower TEQ concentrations. Additional investi-
gation of possible lognormal relationships between TEQ and TOC did not substantially improve the
correlation (i.e., correlation coefficient <0.35). The lack of a strong correlation is probably due to the
abundance of organic matter in most of the sediment that has accumulated in the ponds since the dams
were built. Although dioxins and furans have a strong tendency to adsorb to organic material, other
factors such as time of release and depositional processes also influence their distribution. Some high
TOC sediments were deposited before and after the discharge of dioxin from the CMRP site, yielding
samples with high TOC and low TEQ concentrations. Additionally, depositional areas of the river appear
to have accumulated dioxin-contaminated sediments; sediments in other parts of the river may have
abundant organic material but lower TEQ concentrations.

Figure 4-36 shows the relationship of grain size (expressed as percent fines) and dioxin TEQ concentra-
tion. Dioxin and other hydrophobic organic compounds have a strong tendency to adsorb to fine-grained
sediment particles. As expected, dioxin TEQ concentrations are lowest in samples with less than 20%
silt+clay (with the exception of one sample), although overall the correlation between percent fines and
TEQ is not strong (i.e., correlation coefficient <0.3).

The May 2003 core logs provided in Appendix D show the sediment type, dioxin and TOC concentra-
tions, location of the 1940 time horizon based on radiometric age dating results, and geotechnical charac-
teristics of selected sediment samples (the 1940 time horizon incorporates uncertainty associated with the
sediment age estimates, and represents the segment of the core that corresponds to the onset of CMRP
site-related activities). Radiometric age dating results show a good correlation with dioxin concentra-
tions, with no significant contamination found in sediments deposited prior to 1940, and maximum con-
centrations generally corresponding to samples dated from about 1950 to 1970 (Figure 4-37). These dates
encompass the period when hexachlorophene was manufactured on the site (around 1965). The most
recently deposited sediments still show evidence of dioxin contamination, which may reflect the fact that
the major upland sources were not controlled (i.e., contaminated soils in the source area were not capped)
until approximately 2000. Additionally, post-depositional processes including bioturbation and sediment
resuspension mix surface and subsurface sediments, resulting in the distribution of dioxin throughout the
active layer. Assuming an average sedimentation rate in Allendale Pond of 0.5 to 0.8 cm/year (Section
3.7.1), a1 ft depth corresponds to an age of 40 to 60 years (i.e., 1943-1963).

4.4.2 Semivolatile Organic Compounds

Statistical summaries of SVOC concentrations in sediment are provided in Tables C-5 though C-11
(Appendix C). Benzo(a)pyrene and dibenz(a,h)anthracene were found to contribute to human health risk
at the CMRP site (Table 4-8). Concentration data for these two PAH compounds are summarized in
Table 4-9 (samples from the oxbow area were not analyzed for SVOCs), and boxplots are provided in
Appendix C. Benzo(a)pyrene was detected in more than 50% of the samples from all reaches of the river.
Dibenz(a,h)anthracene was detected in less than 50% of the samples collected in the Allendale and
Lyman Mill reaches. The mean concentration of benzo(a)pyrene is highest in the upstream background
sediments and lowest in the Assapumpset (reference) sediment. Concentrations in the reaches adjacent to
and downstream of the CMRP site are not significantly higher than those in background sediments.
N-nitroso-di-n-propylamine was also identified as a human health chemical of concern. This SVOC was
only detected in one sediment sample from the Manton reach of the river.
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A petroleum hydrocarbon assessment, including fingerprinting analysis of PAH composition, was
performed in 2003 using five sediment core samples from Allendale and Lyman Mill Ponds (Battelle,
2003c¢). The results indicate that the gelatinous organic silt layer observed at the sediment surface over
much of Lyman Mill Pond likely contains combustion byproducts (soot) and residual petroleum (asphalt,
motor oil, and possibly other residual petroleum products) consistent with an urban background signature.
The signature of urban runoff was more pronounced in samples from the central part of Lyman Mill Pond,
possibly due to the greater density of human activity, incidental hydrocarbon releases from vehicular
traffic, and commercial activity in adjacent upland locations. No pronounced localized signatures of
petroleum and tar products were detected in the samples.

A\ g

4.4.3 PCBs and Pesticides

Statistical summaries of PCB and pesticide concentrations in sediments are provided in Tables C-5
though C-11 (Appendix C). As previously noted, the PCBs and pesticides that contribute to ecological
and human health risk are coplanar PCB congeners, Aroclor 1254, Aroclor 1268, total Aroclors,
4,4'-DDD, 4,4'-DDE, dieldrin, and technical chlordane. Table 4-9 includes summary statistics for these
chemicals, and boxplots are provided in Appendix C (results for 4,4'-DDT are included in Table 4-9
because it is the parent compound of 4,4'-DDD and 4,4'-DDE).

The procedure used to convert PCB congener concentrations into PCB TEQ concentrations is described in
Appendix A. Only a small number of sediment samples were analyzed for coplanar PCB congeners (two
in the upstream reach, one in the Allendale reach, and three in the Lyman Mill reach). Sample results
suggest that PCB TEQ concentrations are higher in the Allendale Reach than in the upstream or Lyman
Mill reaches (Table 4-9). The highest detection frequencies for Aroclor 1254 were in samples from the
Allendale, Lyman Mill, and upstream reaches of the river. A boxplot of Aroclor 1254 concentrations is
provided in Figure 4-38. Aroclor 1254 was detected in less than 50% of the samples from the Manton -
and downstream of Manton reaches of the river, and from Assapumpset Brook. Aroclor 1254
concentrations in the Allendale reach only are significantly higher than concentrations in the upstream
(background) reach. The maximum detected Aroclor 1254 concentrations in floodplain soil samples from
the oxbow area is similar to the maximum detected concentration in Lyman Mill Pond (Table 4-9).
Aroclor 1268 and total Aroclor concentrations in reaches of the river adjacent to and downstream of the
CMREP site are not significantly higher than background concentrations (Table 4-9).

Concentrations of the pesticides in sediment adjacent to and downstream of the CMRP site are not
significantly higher than background concentrations (Table 4-9). A boxplot of dieldrin sample results is
provided in Figure 4-39; this pesticide was detected in less than 50% of the samples collected from all
reaches of the river except the oxbow area floodplain soil samples. Dieldrin concentrations in oxbow area
soil samples are similar to those in Allendale and Lyman Mill Ponds.

4.4.4 Metals and Inorganics

Statistical summaries of metal and inorganic constituent concentrations in sediments are provided in

Tables C-5 though C-11 (Appendix C). Metal and inorganic chemicals contributing to risk at the CMRP

site are aluminum, arsenic, barium, cadmium, methylmercury, selenium, vanadium, and zinc (Table 4-8).

Summary statistics for these chemicals are presented in Table 4-9, and boxplots are provided in Appendix

C (results for total mercury are included in Table 4-9 because it is the source of methylmercury). None of

the metal or inorganic chemicals of concem are significantly higher in sediments adjacent to and

downstream of the CMRP than in upstream (background) sediment. Methylmercury is produced from

inorganic mercury by microbial activity. Total mercury concentrations adjacent to and downstream of the

CMRP site were not significantly higher than background concentrations. <’
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4.4.5 Environmental Forensic Review of Chlorinated
Organic Compounds in Sediment

An environmental forensics review of persistent chlorinated organic compounds at the CMRP site was
performed to characterize compositional relationships among analytes detected in the study area and to
differentiate, if possible, between assemblages of contaminants associated with the CMRP source area
from those associated with current or historic activities that are not site-related. The complete review is
presented in NewFields (2005) (provided as Appendix E) and is summarized below. The forensics review
relied upon three data analysis methods: (1) statistical analysis of chemical concentration data for various
RI sample groups, (2) examination of correlation relationships between various classes of compounds,
and (3) principal components analysis (PCA) to characterize compositional patterns on a sample-specific
basis. Analyte concentration data and compositional trends were used to infer likely sources of contami-
nation to the study area. Major findings of this review are summarized below, and the full analysis is
provided in Appendix E.

Patterns of PCDDs and PCDFs (i.e., fingerprints) are commonly indicative of the process that generated
them. Consequently, the PCDD/DF fingerprints between candidate source and release areas can be com-
pared to determine the origin of these compounds in the environment. Hexachlorophene was reportedly
manufactured within the source area in the mid-1960s. Hexachlorophene was produced by reaction of
raw materials such as 2,4,5-trichlorophenol and 2,4,5-trichloroaninsole and used as an additive for anti-
bacterial soap and cosmetics (Archer and Crone, 2000). In addition to the co-generation of 2,3,7,8-
TCDD, the manufacture of hexachlorophene produced HCX in widely varying amounts depending on the
reaction conditions of the manufacturing process (Archer and Crone, 2000). Previous investigators
recommended the use of detected levels of HCX to identify residues of the hexachlorophene manufactur-
ing process; however, the high variability of the process prevents the use of source ratios, such as
HCX:2,3,7,8-TCDD, for the reliable identification of hexachlorophene byproducts (Archer and Crone,
2000).

Table 4-10 summarizes concentrations of various chlorinated organic analyte concentrations by area.
Chemical concentrations in upstream (background) sediment samples were statistically compared with
data for reaches of the Woonasquatucket River adjacent to and downstream from the CMRP site (i.e.,
Allendale, Lyman Mill, Manton, and downstream of Manton reaches). Chemicals with concentrations
that were significantly higher than upstream background concentrations were considered to be potentially
influenced by CMRP site activities or other local sources not reflected in the upstream background
concentrations.

Dioxin (2,3,7,8-TCDD) concentrations were highest in Allendale Pond sediments and decreased in a
downstream direction. 2,3,7,8-TCDD concentrations were significantly higher than upstream background
concentrations in sediments from all reaches of the river downstream of the CMRP site. Concentrations
in Allendale Pond sediments were higher than source area soil concentrations. Dioxin congeners other
than 2,3,7,8-TCDD were not significantly higher than upstream background concentrations. HCX was
found throughout the study area, with highest concentrations found in Allendale Pond, Lyman Mill Pond,
downstream of Manton, and source area samples. HCX concentrations in Allendale Pond were higher
than source area soil concentrations. The HCX concentration fluctuated independently relative to the
2,3,7,8-TCDD concentration, presumably because of variable manufacturing processes for
hexachlorophene. HCX also was detected in many upstream background samples. The presence of HCX
in the upstream background samples may be due to discharge of soaps or cosmetics containing hexa-
chlorophene into the river, possibly from the North Smithfield WWTP. However, HCX concentrations
were significantly higher than upstream background concentrations in all reaches of the river downstream
of the CMRP site, and residues of the historical manufacturing of hexachlorophene at the CMRP site
appeared to extend downstream from the source area to approximately half of the sampling locations
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downstream of Manton Dam. The long downstream migration path for 2,3,7,8-TCDD and HCX is
consistent with a manufacturing discharge in which the chemicals were not adsorbed to heavy soil
particles capable of retarding movement.

Furan concentrations in Woonasquatucket River sediments were not significantly higher than upstream
background concentrations except for two HXCDF congeners in Manton Pond. These furans are believed
to be from a local, non-CMRP related source. Furan concentrations were higher in Allendale Pond
sediments than in source area soils. A high degree of variability in the furan pattern may be the result of
variable manufacturing processes for hexachlorophene, or of multiple PCDF sources.

The highest concentrations and greatest compositional diversity of dioxins and furans were observed in
Allendale Pond sediments. The PCDD/DF fingerprint that was evident in source area samples could be
seen in samples from Allendale Pond, Lyman Mill Pond, Manton Pond, and downstream sediments
largely based on the higher levels of TCDD relative to other congeners. This signature was most evident
in the top 2 ft of sediment. These results were consistent with the tracking of the source area signature
based on HCX distribution.

Diverse mixtures of high-concentration PCBs and pesticides were largely confined to the source area.
Aroclor 1254 was the dominant PCB; other Aroclors were spatially limited in the source area. Detection
frequencies for Aroclors in Allendale Pond were similar to those in the source area. Aroclor concentra-
tions in Woonsquatucket River sediments downstream of the CMRP site were not significantly higher
than upstream background concentrations with the exception of Aroclor 1254 in Allendale Pond, Aroclor
1248 in Allendale and Lyman Mill Ponds, and Aroclor 1242 in the downstream of Manton reach. PCBs
most likely migrated on soil particles into Allendale Pond; below Allendale Pond, PCB mixtures are
indistinguishable from background.

The chlorinated pesticide signature in upstream background area samples contained a mixture of chlor-
dane, endosulfan, and DDT-related compounds. The source area samples shared this basic fingerprint
with variations in the relative abundances of dieldrin, endrin, benzene hexachloride (BHC), and other
pesticides. This chemical diversity is consistent with the drum reconditioning operation that received
used drums from various sources. Pesticide assemblages in many samples from Allendale Pond resem-
bled source area mixed with background signatures. Although it is possible that pesticides from the
source area reached Lyman Mill Pond, upland soils adjacent to Lyman Mill Pond more closely matched
the pattern in these sediments. Below Lyman Mill Pond, the sediment pesticide patterns were consistent
with background conditions. Sediment samples from Assapumpset Pond and Brook exhibited no
chemical influence from historical activities at the CMRP site based on concentration and compositional
data.

Total PCB and dioxin TEQ concentrations were poorly correlated (i.e., correlation coefficients <0.3),
which suggests that these contaminants have different release histories. High-concentration Aroclors
were largely confined to the source area. The former drum reconditioning facility probably received
chemical shipping and storage containers from numerous sources and may be the original source of the
PCBs. As previously noted, dioxin distribution patterns suggest that it may have been contained in
manufacturing discharge from the hexachlorophene production process. Total PCB and total pesticide
concentrations were moderately correlated (i.e., correlation coefficients >0.5), indicating that high
concentrations of PCBs tended to occur with high concentrations of pesticides.

The following conceptual model is consistent with the findings of the environmental forensics analysis:
e Dioxins (primarily 2,3,7,8-TCDD), furans, and HCX were generated as hexachlorophene
byproducts that were discharged directly into the Woonasquatucket River. 2,3,7,8-TCDD
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and HCX ratios are not constant because of variations in the hexachlorophene production
process; however, the co-occurrence of HCX and 2,3,7,8-TCDD above background levels in
sediments from Allendale Pond to downstream of Manton Dam indicates that the
contaminants came from the manufacture of hexachlorophene on the CMRP site.

¢ The former drum reconditioning operation in the source area likely washed pesticide and
PCB residues into the source area soils. Surface soil erosion and transport transported some
of these residues to downgradient locations. Localized soil erosion and inputs from upstream
background locations altered and diluted the source area signature. Aroclor and pesticide
contributions to river sediments are generally indistinguishable from background below
Lyman Mill Pond.

4.5 Surface Water

Table B-4 (Appendix B) lists all surface water samples collected at the CMRP site and the associated
analytical parameters. Surface water sample locations from north to south are shown in Figures 4-19,
4-40, 4-41, 4-22, and 4-23. Reference surface water sample locations are shown in Figure 4-24. Statis-
tical summaries for all analytical parameters in surface water samples from the source area and each reach
of the river are provided in Tables C-12 through C-18. Source area surface water samples were collected
from the former tailrace prior to capping in 2003-2004. Therefore, data for these samples no longer
represent current conditions on the site. The discussion below focuses on dioxin, which is the only
parameter that was found to potentially contribute to unacceptable risk. The BHHRA found that potential
risks from direct exposure to dioxin in surface water exceeded the risk management range for Superfund,
although this finding is based on total dioxin concentration data rather than dissolved-phase data
(MACTEC, 2004b). Uncertainties associated with the direct exposure pathway are currently being
evaluated in greater detail. The BERA found that potential risks to ecological receptors from ingestion of
or direct contact with surface water were not significant compared with potential risks from
bioaccumulation and trophic transfer (MACTEC, 2004a).

A statistical summary of dioxin TEQ results for surface water is provided in Table 4-11, and a boxplot is
shown in Figure 4-42. Few samples were collected in the background and reference areas, and none were
collected downstream from Lyman Mill Dam. Dioxins were not detected in the Assapumpset Brook
reference sample, and at trace levels in one of the background area samples from Greystone Mill Pond.
Median dioxin TEQ concentrations in surface water samples from the Allendale and Lyman Mill reaches
of the river were similar, although the maximum concentration was measured in a sample from Allendale
Pond.
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5.0 CONTAMINANT FATE AND TRANSPORT

This section describes the most significant fate and transport processes that currently influence the move-
ment of contaminants at the CMRP site (historical release and transport mechanisms are summarized as
part of the CSM in Section 7.0). These processes control how site-related contaminants migrate from the
source area into various media (soil, groundwater, sediment, and surface water) and ultimately to human
and ecological receptors. The following discussion focuses on the COCs identified in the BERA and
BHHRA that were found to be significantly higher in sediments adjacent and downstream from the
CMRP site than in upstream (background) sediments: dioxins (particularly 2,3,7,8-TCDD), Aroclor 1254,
dieldrin, and methylmercury. Coplanar PCBs also are included, although insufficient data were available
for statistical comparisons to upstream (background) concentrations.

Potentially important fate and transport processes in the CMRP source area include the erosion and runoff
of contaminated soils, volatilization of VOCs from vadose zone soils, and leaching of contaminants from
soils into groundwater. Potential fate and transport pathways in the Woonasquatucket River are resus-
pension and downstream transport of contaminated sediment particles, partitioning of contaminants from
sediment to water and transport via diffusion and advection, transformation and/or biodegradation of
contaminants in the sediment bed, and bioaccumulation (transfer of contaminants into the tissues of
organisms from direct contact with or ingestion of sediments and water). The environmental behavior of
various contaminants is controlled by their physical and chemical properties. These properties are
described below, followed by an evaluation of fate and transport processes in the CMRP source area and
Woonasquatucket River.

51 Physical and Chemical Properties of Primary COCs

Important physical and chemical properties that control the fate and transport of contaminants at the
CMREP site are water solubility, organic carbon partition coefficient (K,.), octanol-water partition coeffi-
cient (K,y), and the Henry’s Law constant (H.). These parameters control the partitioning of chemicals
between various phases. Water solubility influences the movement of a compound from solid to liquid
phases (i.e., from soil to groundwater and sediments to porewater and surface water). The organic carbon
partition coefficient is a measure of the equilibrium concentration of a compound between organic carbon
and water. Log K, increases as the tendency for a compound to adsorb to organic carbon increases. The
octanol-water partition coefficient is a measure of the equilibrium concentration of a compound between
octanol and water. The log K, increases as the tendency for the compound to partition from water into
lipids increases. A high Log K, value indicates a tendency for the compound to bioaccumulate into plant
and animal tissue. Henry’s Law constant is a vapor-water partition coefficient. Vapor pressure is a
measure of the tendency for a chemical to volatilize.

Table 5-1 presents typical values of these parameters for the chlorinated organic COCs that are driving
risk at the CMRP site. 2,3,7,8-TCDD is one of the most toxic dioxin congeners, and is detected at high
concentrations in many samples from the CMRP site relative to other congeners (Figure 5-1). 2,3,7.8-
TCDD can cause chloracne and cancer in humans, and a variety of effects in animals including repro-
ductive damage and disruption of the endocrine system (ATSDR, 1998). Other PCDDs, PCDFs, and
coplanar PCBs have similar physical properties and environmental behavior as 2,3,7,8-TCDD. Dioxins
and furans are highly hydrophobic, lipophilic, and very stable under most environmental conditions.
They have very low vapor pressures and do not tend to volatilize. Binding to particulates and sediment
and bioaccumulation by aquatic organisms are the most significant fate and transport processes (ATSDR,
1998). In most environments, dioxins and furans are strongly adsorbed to particulate and organic matter
and are relatively immobile. Therefore, the primary transport mechanism for dioxins and furans at the
CMREP site is expected to be transport on soil or sediment particles.
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Dioxins adsorb more strongly to soils with a higher organic carbon content than those with a lower
organic carbon content (Yousefi and Walters, 1987). However, the vertical mobility of dioxin in soil will
increase if organic solvents are present in the soil (Podoll et al., 1986). Dioxins resist degradation by
oxidation, hydrolysis, or biological activity (Arthur and Frea, 1989). Aroclor 1254 and dieldrin also have
low solubilities and a tendency to adsorb to particles and organic matter and bioaccumulate in aquatic
organisms.

The BHHRA found that methylmercury contributed to risk from fish consumption (MACTEC, 2004a).
Mercury was not identified as a COC in the source area (i.¢., mercury concentrations did not exceed the
RIDEM direct exposure criterion for residential use soils), and total mercury concentrations in sediment
adjacent to and downstream from the source area were not significantly higher than upstream (back-
ground) concentrations. As noted in Section 4.4.4, methylmercury is produced from inorganic mercury
by microbial activity. Methylmercury is soluble, mobile, and quickly enters the aquatic food chain
(ATSDR, 1999). The exact mechanisms by which mercury enters the food chain are not known or clearly
understood (USGS, 2000b).

5.2 Fate and Transport Processes in Source Area

Contaminated soils in the source area currently are not posing an unacceptable human health or ecological
risk because the majority of the area is either capped or paved. Groundwater also is not believed to be
posing an unacceptable human health risk, although it could be pathway for the discharge of dioxin to the
Woonasquatucket River adjacent to the Brook Village parking lot (Section 4.3).

Because the majority of the soils are capped or paved, erosion and runoff are not significant transport

pathways as long as the capped and paved surfaces are maintained. Floodwaters periodically inundate the

source area (€.g., as in 1998), and the soil caps must be able to withstand the erosive forces of floodwaters | —y
to prevent migration of contaminated soils.

Elevated concentrations of VOCs in source area soils are localized and in areas that are either capped or
paved (Section 4.2.1.2). An air survey was performed by U.S. EPA in 1999 to investigate whether VOCs
were migrating into the indoor air environment in the Centeredale Manor and Brook Village apartment
buildings (U.S. EPA, 1999a). The screening results of the survey indicated no significant migration of
VOCs from soils into buildings, and therefore no significant potential risk exists from the inhalation
pathway (see Section 1.4). Therefore, volatilization does not appear to be a significant pathway of
contaminants from the source area.

Leaching of contaminants from soil to groundwater in the source area was evaluated as part of an
approach for developing a long-term remedy for source area soils (Battelle, 2004d). Results of this eval-
uation are summarized in Section 4.2. RIDEM leachability criteria are intended to protect the designated
groundwater quality (GB for the CMRP site). Although GB leachability criteria were exceeded in some
soils (primarily beneath parking lots), GB groundwater criteria were exceeded only in samples from two
wells in the Brook Village parking lot, and one deep well on the southeast side of the site. These results
indicate that except in the vicinity of the Brook Village parking lot, leaching does not appear to be a
major pathway of concern. PCE and TCE in soil and groundwater beneath the Brook Village parking lot
adjacent to the Woonasquatucket River may be mobilizing dioxin. The VOC-contaminated groundwater
is discharging to the river over a distance of about 50 ft. However, it is not clear if dioxins also are dis-
charging to river in VOC-contaminated groundwater, and if so, whether the magnitude of the discharge is
significant. Additional investigation is in progress to determine whether this is a significant transport
pathway for dioxin.
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53 Fate and Transport Processes in Woonasquatucket River

Dioxin (2,3,7,8-TCDD) is the primary COC in the Woonasquatucket River. Average dioxin (and HCX)
concentrations are higher in Allendale Pond sediments than in source area soils, and concentrations
exceeding background levels appear to extend farther downstream than concentrations of site-related
PCBs and pesticides (Section 4.4.5). Additionally, concentrations of dioxin and PCBs in sediment are
poorly correlated, which suggests that these contaminants do not co-occur and may have different release
histories and/or transport mechanisms.

One source of dioxin (primarily 2,3,7,8-TCDD) and HCX to the river may have been the direct discharge
of dioxin-bearing waste from the hexachlorophene manufacturing process into the river. Dioxins and
HCX directly discharged to the river would have a strong tendency to adsorb to organic material and fine-
grained suspended sediment particles. These particles would eventually be deposited downstream in
lower energy depositional areas. This mechanism could explain why 2,3,7,8-TCDD and HCX appear to
have been transported farther downstream than other site-related contaminants such as Aroclor 1254, and
why concentrations of these contaminants are higher in Allendale Pond sediments than source area soils
(although higher TOC content and finer grain size in pond sediments relative to source area soils also
could facilitate concentration of dioxin and HCX). This type of transport would have occurred for a short
period of time in the mid-1960s. The relatively brief period of release could explain the lack of a strong
correlation between TEQ and TOC concentrations in sediment samples from the river: highly organic silts
deposited before and after the 1960s would have a high organic carbon content, but little or no dioxin
contamination.

Other contaminants from the source area (e.g., PCBs, pesticides, dioxins/furans) probably entered the
river primarily via surface runoff and erosion of contaminated source area soils. Chemicals present in
runoff from the site would tend to adsorb to fine-grained sediment particles in Allendale Pond.
Concentrations of these COCs (with the exception of some dioxins/furans) are lower in Allendale Pond
sediments than in source area soils, and do not appear to have migrated as far downstream. These
mechanisms would have operated from the time that waste-related activities began at the site until all
contaminated source area soils were capped. Contaminated sediments now act as secondary sources of
contamination. Potentially significant fate and transport processes are discussed further below.

53.1 Sediment Resuspension and Transport

A sediment stability evaluation of Allendale and Lyman Mill Ponds was conducted as described in
Section 2.5.4 to evaluate the potential for sediment resuspension and downstream transport under typical
and extreme conditions (QEA, 2004a). The sediment stability evaluation considered both the hydro-
dynamic forces that induce sediment resuspension and the properties of the sediment bed that influence
erosion rates. Erosion from a sediment bed occurs through two modes of transport: (1) bed load trans-
port, which is the near-bed transport of sand and gravel; and (2) suspended load transport, which is
resuspension of clay, silt, and fine sand into the water column. The eroded sediment particles eventually
deposit at a different location.

A two-phased approach was used to characterize sediment stability in Allendale and Lyman Mill Ponds.
In Phase I, site data were compiled, analyzed, and synthesized to develop a coherent understanding of
sediment transport in the study area. Results of the data-based analyses were used to develop a CSM for
sediment transport. A sediment transport CSM is a detailed component of the overall CSM presented in
Section 7.0. The sediment transport CSM is a qualitative description of the processes (e.g., deposition
and erosion) and system characteristics (e.g., spatial distribution of bed properties) that control sediment
dynamics within the study area.
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Based on the data-based analyses, the following CSM for sediment transport was proposed (QEA,
2004a): , Al

e The surficial layer of the sediment bed in each pond (i.e., approximately the upper 1-2 ft) is
generally composed of cohesive sediment. Cohesive sediments have a median particle
diameter of less than 250 pm and clay/silt content of greater than 15 percent (Ziegler and
Nisbet, 1994). Relatively small areas of noncohesive sediment are found in each pond, and
are typically in locations where higher current velocities exist.

e The composition of surficial sediment is finer in the downstream pond (Lyman Mill Pond)
due to the selective deposition of coarser sediment in the upstream pond (Allendale Pond).

e The two ponds are net depositional environments for most flowrates. Significant erosion
during a high-flow event is expected to occur over small areas within each pond.

e The river channel upstream of each pond (i.e., impoundment) is composed of coarse,
noncohesive sediment and is typically non-depositional. The river channels serve as conduits
for suspended sediment into and between the ponds.

The potential impacts of rare floods (i.e., 100-year return frequency) on bed stability in the two ponds
were evaluated using the EFDC hydrodynamic model. The primary results of the modeling are as

follows:

¢ In Allendale Pond, significant scour will occur over less than 5 percent of the bed area in the
pond during a rare flood. Significant erosion, i.e., greater than approximately 1 cm, will
generally occur in the northern portion of the pond, near the upstream inlet (Figure 5-2). -’

¢ Significant scour will occur over a larger area in Lyman Mill Pond than in Allendale Pond,
with up to 10 to 15 percent of the Lyman Mill Pond bed having erosion greater than approx-
imately 1 cm. Bed scour generally occurs in the northern portion of Lyman Mill Pond, with
maximum erosion near the upstream inlet (Figure 5-3).

e The absolute magnitude of the model predictions is more uncertain than the relative magni-
tude. For example, predictions of mass of sediment eroded during a 100-year flood (195 and
2,400 metric tons in Allendale and Lyman Mill Ponds, respectively) have an order-of-
magnitude accuracy, at best. The relative difference between the two predictions, i.e., the
magnitude of erosion is expected to be much larger in Lyman Mill Pond than in Allendale
Pond, is probably more accurate and reliable.

The model-based analyses appear to be consistent with the proposed CSM. The impacts of rare floods on
bed scour are predicted to be restricted to a relatively small portion (i.e., less than approximately 5 to

15 percent of pond area) of the sediment bed in each pond. The modeling results suggest that deposition
occurs over large portions of Allendale and Lyman Mill Ponds during high-flow events; deposition rates
during a flood will be spatially variable within each pond due to variations in sediment load and bottom
shear stress. In addition, sediment eroded in the upstream portions of each pond during a flood will be
transported downstream by river currents. A portion of the eroded sediment will be redeposited within
the pond; current velocity and bottom shear stress tend to decrease in the downstream portions of each
pond, making those areas conducive to redeposition of eroded material from upstream locations.
However, the hydrodynamic model is unable to predict the proportion of sediment redeposited within
each pond, or the amount potentially transported downstream of Allendale and Lyman Mill Dams. N
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The validity of the sediment stability study conclusions depends on the uncertainty in the data and model.
Attempts were made to incorporate the effects of uncertainty in the data-based analyses. Uncertainty in
the data-based analyses was reflected in the conclusions through use of ranges of results, rather than
specific numbers.

Uncertainty in the model-based conclusions is due to these primary sources: (1) lack of model calibration;
(2) insufficient data to develop a detailed bed map for the ponds; and (3) lack of site-specific erosion
potential data. Additional data collection was conducted in 2005 to reduce these uncertainties.

5.3.2 Advective and Diffusive Flux

The flux of dioxin from the sediment bed to the water column in Allendale and Lyman Mill Ponds under
low flow (i.e., non-resuspending) conditions was evaluated as part of the sediment stability study (QEA,
2004a). Water column samples collected in October and November 1999 were used in the evaluation
(TTNUS, 2000b). The sampling was carried out during low to moderate flow conditions during which it
is expected that sediment resuspension does not occur. Under non-resuspending conditions, COC flux
(i.e., dioxin flux) from the bed to the water column occurs due to a combination of various processes,
including diffusion, bioturbation and groundwater flux. The flux analysis is presented in detail in QEA
(2004a) and is summarized below.

The spatial distribution of dioxin concentrations suggested that the study area could be divided into five
zones (Table 5-2 and Figures 5-4 and 5-5). Dioxin concentrations increased between Zones 1 and 2 (i.e.,
from the upstream area to the source/upstream portion of Aliendale Pond area), with average concentra-
tions increasing from 27 to 1,160 pg/L (Table 5-2). Moving from Zone 2 to 3 (i.e., from upstream portion
to downstream portion in Allendale Pond), concentrations decreased to levels observed in Zone 1. In
Zone 4 (i.e., upstream portion of Lyman Mill Pond), dioxin water column concentrations increased again
to an average value of 105 pg/L. As in Allendale Pond, concentrations in Zone 5 declined to values
comparable to Zone 1 and 3 concentrations.

Dioxin loads were calculated by multiplying the observed dioxin water column concentration by the daily
average flowrate for the day of sample collection (Table 5-3). The calculated water column loads have a
spatial pattern that is similar to the one observed for water column concentrations. Higher loads occur in
Zones 2 and 4, while lower loads are observed in Zones 1, 3 and 5. Dioxin loads ranged from about 2 to
870 mg/day during this low-flow period.

Results of the water column load analysis were used to draw preliminary conclusions about dioxin
loading to the water column during non-resuspending conditions in Aliendale and Lyman Mill Ponds.
First, dioxin loads of approximately 110 and 11 mg/day, on average, are added to the water column in
Zones 2 and 4, respectively. It assumed that the sediment bed is a source of the dioxin loading to the
water column in Zones 2 and 4; mass transfer of porewater from the bed to water column (due to pro-
cesses such as diffusion, bioturbation, and groundwater advection) is probably the main source of dioxin.
Another possible source of dioxin in Zone 2 is contaminated groundwater discharge to the river in the
vicinity of the Brook Village parking lot. Second, transport processes within Allendale and Lyman Mill
Ponds appear to remove the loads from Zones 2 and 4, resulting in a return to background levels in the
downstream portion of each pond. Background dioxin loads in the river appear to be approximately

4 mg/day. The processes responsible for the apparent removal of the loads from Zones 2 and 4 are not
known. Third, minimal increase in dioxin loading occurs between the upstream boundary of the study
area and Lyman Mill Dam. Minimal net export of dioxin from the two ponds occurs during low-flow,
non-resuspending conditions; the water-column load of dioxin entering the study area (i.e., the back-
ground load) is approximately equal to the load over Lyman Mill Dam during low-flow periods.
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The data set used for this analysis is limited, with only three to five samples from Zones 1, 3 and 5. Thus,

uncertainty exists in the estimates of dioxin loads and the preliminary conclusions drawn from the e
analysis. Additional data collection is in progress to assess the validity of these hypotheses.
| —
“—
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6.0 BASELINE RISK ASSESSMENT

This section presents results from the baseline risk assessments conducted for the CMRP site. BERA and
BHHRA investigations were initiated in 2001, and included an evaluation of current and future potential
risks to the environment and public health. Results from the risk assessments will form the basis for any
future remedial activities at the site. The following is a summary from the BERA and BHHRA reports;
complete details are presented in MACTEC (2004a and 2004b).

6.1 Ecological Risk Assessment

The BERA analyzes potential adverse ecological effects caused by hazardous substance releases from a
site in the absence of any actions to control or mitigate these releases (i.e., under an assumption of no
action at the site). Samples were collected to support the BERA when the Allendale Dam was breached
and floodplain soils were exposed in Allendale Pond, although the BERA assumed a restored condition.
The dam was restored in 2001, and the water level in the pond was raised. The potential impact of using
samples collected when the dam was breached is addressed in the BERA uncertainty analysis. In
accordance with U.S. EPA guidance, the BERA consists of four components: problem formulation,
exposure assessment, effects assessment, and risk characterization (including an evaluation of risk
uncertainties) (U.S. EPA, 1997b). Each of these components is described below.

6.1.1 Problem Formulation

The problem formulation focuses the BERA and establishes the goals, breadth, and major issues for
consideration, and includes a description of the environmental setting and resources potentially at risk; the
selection of COPCs and their fate, transport, and ecotoxicity; the selection of receptors of concern and
species profiles; a CSM with complete exposure pathways; assessment and measurement endpoints along
with the study rationale, and risk hypotheses.

Environmental Setting

The Woonasquatucket River is designated as a Class B1 waterbody, suitable for primary and secondary
human contact recreation and fish and wildlife habitat. The land-use for the eastern shore of Allendale
and Lyman Mill reaches is primarily residential with some commercial and industrial activity. Resi-
dential, commercial, and industrial properties are located approximately 200 ft or more from the western
shore of Allendale and Lyman Mill. Undeveloped land adjacent to the river includes palustrine forest,
scrub-shrub, and emergent marsh. Fish and aquatic invertebrates associated with the Woonasquatucket
River are typical of a warm-water fishery in New England; these organisms in turn support of variety of
wildlife species that specialize on fish, invertebrate, or mixed diets (piscivores, insectivores/vermivores,
and omnivores, respectively).

Conceptual Site Model

The CSM identifies the sources, media, pathways and routes of exposure evaluated in the BERA, and the
relationship between the measurement endpoints and the assessment endpoints (U.S. EPA, 1997b). It
serves as a communication tool that illustrates the major pathways by which ecological receptors might be
exposed to COPCs associated with releases from the site source area. Figure 6-1 presents a generalized
ecological CSM for the site.

A description of the source area, history of improper waste disposal activities conducted at site, and
contaminants detected in various environmental media (e.g., soil, sediment, fish, water and groundwater)
at the site is provided in Section 1.3. Downstream sediments have been impacted through the transport
and deposition of contaminants from the source area. Partial breaching of Allendale Dam in 1991 and
again in 2001 may have facilitated additional contaminant migration.
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Contaminants that were discharged from the source area entered the Woonasquatucket River and were

transported downstream dissolved in the water column and/or adsorbed to suspended sediments. Over- N’
land flow during flooding events resulted in contamination of lateral floodplain habitats associated with

the river. Over time, contaminants preferentially accumulated in floodplain soils and sediments located in

low energy depositional areas, which are characterized by higher organic carbon content. Compounds

with a propensity to bioaccumulate were taken up by plants, invertebrates, and fish and were transferred

through aquatic food webs. Wildlife species that consume these lower trophic level organisms could also

be exposed to site-related contaminants. Contaminants that were deposited in floodplain soils could also

enter the terrestrial food webs by a similar process.

¢ Potential Ecological Receptors. Potential ecological receptor species considered in the
BERA are aquatic and floodplain invertebrates, amphibians, fish, birds, and mammals that
depend on aquatic resources of the Woonasquatucket River. In general, aquatic receptors
(including invertebrates and both demersal and pelagic fish species) are exposed to COPCs in
sediment and surface water via direct contact, direct ingestion, or by consuming prey items
that have bioaccumulated COPCs. Semi-aquatic receptors (including mammals, birds,
reptiles, and amphibians) may be exposed as a result of incidental ingestion of sediment,
consumption of water, or ingestion of contaminated prey. Terrestrial invertebrates and
wildlife that prey on these species may be exposed to contaminants in floodplain soil directly
or by ingesting contaminated prey.

e Ecological Exposure Pathways. Ecological receptors may be exposed to site-related
contaminants through a variety of exposure pathways. A complete exposure pathway
involves a potential for contact between a given receptor and contamination either through
direct exposure to an abiotic medium (air, soil, sediment, water) or indirectly through prey
consumption. Pathways are evaluated by considering information on contaminant fate and '
transport, ecosystems potentially affected, and the magnitude and extent of contamination
(U.S. EPA, 1997b).

The BERA includes evaluation of the following exposure pathways: direct contact with surface water,
sediment and floodplain soils by invertebrate receptors; ingestion of biota by piscivorous, insectivorous,
and omnivorous wildlife receptors from a background location, a reference area, and the reach of the
Woonasquatucket River that constitutes the site; consumption of surface water by wildlife receptors; and
incidental ingestion of sediment and floodplain soil by wildlife receptors.

Animals and plants that occur in or adjacent to the Woonasquatucket River, including invertebrates, fish,
amphibians, birds, and mammals, could be exposed to contaminants through contact with floodplain soil,
sediment, surface water, and prey consumption. Species representing various trophic levels were selected
as representative receptor species to evaluate the assessment endpoints. The selected species are intended
to be representative of other species at the same trophic level that share similar ecological characteristics.
These groups of species are generally referred to as guilds. By evaluating a representative member of a
guild and by accounting for the predominant guilds, the uncertainty associated with missing an important
species group or pathway is reduced.

Summary of Data

Dioxins and furans (particularly 2,3,7,8-TCDD), HCX, Aroclor 1254, and possibly PCB-77 appear to be
the primary chemical parameters that are detected in environmental media with frequency of detection
and concentrations that are indicative of site-related impacts (MACTEC, 2004a). In other words, these
parameters have clearly elevated concentrations in biota tissue (including fish, earthworms, emerging
insects, tree swallow eggs, nestlings, and stomach contents) and sediments in the site-related exposure

areas (Allendale Pond, Lyman Mill Pond, Manton Pond, and Dyerville Pond) compared to the Greystone -
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Mill Pond upstream background area and the Assapumpset Pond and Brook reference area. In addition,
a distinctive dioxin/furan “signature” characterized the site sediment, floodplain soil, white sucker,
American eel, largemouth bass, crayfish, emerging insects, earthworms, and tree swallow eggs, nestlings,
and stomach contents. In virtually all cases, the average 2,3,7,8-TCDD concentrations are 10 to

100 times higher in sediment and tissue samples from Allendale and Lyman Mill compared to the back-
ground and reference areas.

Chemicals of Potential Concern Selection

Using the data collected in soil, surface water, sediment, and biota (white sucker, largemouth bass,
American eel, crayfish, earthworms, emerging insects, and tree swallow eggs, nestlings, and stomach
content), chemicals were initially identified as COPCs by media for the site and chemicals of interest
(COls) in reference/background areas. COPCs require further evaluation in the risk assessment if the
chemical concentrations are above risk-based screening concentrations.

COPC:s selected for the environmental media include the following:

1. Surface water: bis-2-cthylhexylphthalate, several pesticides, inorganics (total and dissolved),

ammonia, dioxins and furans, and HCX.

Overburden groundwater: COPCs include two VOCs and six SVOCs.

Sediment: SVOCs, particularly PAHs, pesticides, inorganics, PCBs, and dioxins, furans, and HCX.

Crayfish tissue: Pesticides, inorganics, PCBs, and dioxins, furans, and HCX.

Emerging insects: PCBs, and dioxins, furans, and HCX.

Fish tissue: SVOCs (particularly PAHs), pesticides, inorganics, PCBs, and dioxins, furans, and

HCX.

7. Floodplain soil: SVOCs (particularly PAHs), pesticides, inorganics, PCBs, and dioxins, furans, and
HCX.

8. Earthworm tissue: Pesticides, inorganics, PCBs, and dioxins, furans, and HCX.

9. Tree swallow egg tissue: Pesticides, PCBs, and dioxin, furans, and HCX.

10. Tree swallow nestling tissue: Pesticides, PCBs, and dioxin, furans, and HCX.

oUnbkwN

The list of COIs for the background and reference areas is very similar to that for the site. For the
background area and reference area, sediment COPCs include SVOCs, particularly PAHs, pesticides,
inorganics, PCBs, and dioxins, furans, and HCX. In fish tissue, COPCs also include SVOCs, particularly
PAHs, pesticides, inorganics, PCBs, and dioxins and furans. HCX was not detected and therefore was not
selected as a COI for white sucker, but HCX was selected as a COPC for American eel and largemouth
bass. In surface water, COPCs include no VOCs, no SVOCs, no pesticides, inorganics (total and
dissolved), and dioxins and furans.

Ecotoxicology of Selected COPCs

The BERA summarized the available toxicological literature for all classes of compounds identified as
COPC:s for each evaluated receptor category (i.e., invertebrates, fish, birds, and mammals). The TEQ
approach was employed in the BERA to overcome the difficulty in assessing the overall toxicity of dioxin
mixtures. Specific TEFs have been developed for human/mammals, birds, and fish. A TEQ concentra-
tion was derived by summing the products of the individual congener concentrations and their corre-
sponding TEFs for a given environmental sample. The TEQ values presented in the BERA are reported
separately for the sum of dioxin and furan congeners and the sum of PCB congeners.

No TEF has been established for HCX and interim values for mammals, birds, and fish were developed as

part of the BERA based on a biochemical competition assay to assess the relative affinity of HCX relative
to TCDD for binding to both fish (trout) and mammal (human) Ah-receptors (Hahn, 2001). The selected
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interim TEF (0.0002) for HCX was supported by both in vitro and in vivo laboratory studies reported in
the literature.

Assessment and Measurement Endpoints
The assessment and measurement endpoints evaluated in the BERA are summarized in Table 6-1.

6.1.2 Exposure Assessment

The objective of the exposure assessment is to estimate the type and magnitude of an ecological
receptors’ exposures to COPCs at or migrating from the site. The exposure assessment is conducted to:
(1) characterize the relevant exposure areas, exposure pathways, and receptors and (2) identify the
concentration, or dose, of COPCs that receptors may receive through the identified exposure pathways.

Identification of Exposure Areas
The exposure points correspond to the exposure areas identified above as follows:

Allendale exposure area;
Lyman Mill exposure area;
Manton exposure area;

Dyerville exposure area; _
The upstream background area is referred to as the Greystone Mill Pond exposure area; and

The reference area is referred to as the Assapumpset Brook and Pond exposure area.

Exposure Point Concentrations

For each contaminant selected as a COPC, at each exposure point, representative concentrations in fish ,
(American eel, largemouth bass, and white sucker), submerged sediment, surface water, and bank soil _ A 4
were identified as the basis for the exposure assessments. The representative concentrations (exposure

point concentrations [EPCs]) were calculated based on the 95% UCL on the arithmetic mean concentra-

tion of the data. The procedures used to identify the 95% UCL and the EPC were selected based on the

size of the data set and the distribution type for the concentration data. Exposures were assessed primar-

ity using the central tendency exposure (CTE), which represents typical or average exposure conditions;

however, the exposures are not actually measured and there is variability among receptors which might be

present at the site with respect to frequency and duration of exposure and their consumption rates. There-

fore, the reasonable maximum exposure (RME), expressed as the highest estimate of exposure, also was

evaluated in order to bound the exposure estimates.

Identification of Exposure Models and Parameters

Chemical-specific intakes were calculated in a manner consistent with U.S. EPA guidance for risk assess-
ment. Estimated daily intakes (EDIs) of COPCs were calculated as the measure of exposure for each
selected wildlife receptor. The EDIs are expressed as milligrams of contaminant per kilogram of body-
weight per day (mg/kg/day). The following exposure parameters are included in the dose calculations
employed in the BERA:

Concentrations in biota tissue, sediment, surface water, and floodplain soil
Consumption rate

Exposure frequency

Fraction ingested from contaminated source

Exposure duration

¢ Body weight.
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6.1.3 Effects Assessment

The purpose of the effects assessment is to characterize the relationship between the concentration or dose
of COPC administered or received and the incidence of adverse effects in the ecological endpoint receptor
at the appropriate level of ecological organization (i.e., usually population- or community-level). The
following types of information were used in the BERA:

o Toxicity reference values (TRVs) that relate a threshold concentration or ingested dose to an
adverse and relevant biological response. TRVs were established for surface water, sediment,
floodplain soil, and biological tissue (including invertebrates, fish, birds, and mammals)

¢ Sediment bioassay

e Aquatic macroinvertebrate community study

e Study of emerging insect productivity

¢ Floodplain macroinvertebrate community study

o Fish community survey (including fish length-weight relationships, percent gross lesions in
individual fish, demographic structure analysis, and fish species richness)

e Fish ichthyoplankton study

e ELS laboratory bioassay

e  Multiple year tree swallow reproductive and nestling study
e  Multiple year amphibian call survey.

It is important to note that all but the first type are site-specific measures of effects were derived
specifically for this BERA.

6.1.4 Risk Characterization

The risk characterization describes the types and magnitude of potential risk from contaminants for differ-
ent ecological receptors. However, because of the many different interactions in a complex ecosystem
like the Woonasquatucket River, there is some uncertainty that is considered when determining potential
ecological risk. These uncertainties are evaluated using statistical methods, and the potential risk for
different ecological receptors is expressed in terms about how certain that risk is. Table 6-2 summarizes
the principal risk uncertainties and identifies the relevant assessment endpoint(s) and COPCs, as well as
the direction (i.e., under- or over-estimating risks) and magnitude of likely effect. Those uncertainties
that likely resulted in the BERA risk estimates being substantially under-estimated are indicated by shad-
ing, and include the following: (1) not deriving TCDD plant tissue concentrations to evaluate omnivorous
mammal risks, (2) not characterizing floodplain exposures in the Manton and Dyerville exposure areas,
(3) the lack of critical body residue data for certain COPCs, and (4) the limited ichthyological survey
results. On the other hand, the following categories probably resulted in risk estimates generally being
over-estimated in the BERA: (1) estimated fish tissue EPCs for Dyerville, (2) the use of relatively large
fish in the tissue sampling program, and (3) the use of standard screening benchmarks as one line of
evidence for several of the assessment endpoints. It is not clear whether uncertainties regarding the
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Allendale Dam restoration resulted in an over-estimate or under-estimate of risk; however, the magnitude
of any possible effect is expected to be low.

6.1.5 Major Findings of the BERA

Major findings of the BERA are detailed in MACTEC (2004a). Table 6-3 summarizes the results of the .
BERA for each of the assessment endpoints. Incremental risk for each assessment endpoint, using a
representative ecological receptor, is presented in Figures 6-2 through 6-7. Incremental risk is presented
as the range in additive hazard quotients (HQ) by chemical class, ranging from the lowest LOAEL-based
(lowest observed adverse effect level) CTE HQ to the highest NOAEL-based (no observed adverse effect
level) RME HQ.

Overall, findings from the BERA indicate that the greatest ecological risks at the site are associated with
exposure to sediment, in that contaminants present in the site sediments pose a bioaccumulation hazard
and risks are associated with the ingestion of contaminated prey. Key findings of the BERA include:

e The benthic macroinvertebrate community that resides in low-gradient habitats (lentic)
upstream of dams within the study area is at substantial risk of harm due to exposure to site-
related contaminants in surface water, sediment, and tissue residues.

e Discharge of VOC-contaminated groundwater into the reach of the Woonasquatucket River
adjacent to the site does not appear to have adversely affected the benthic macroinvertebrate
community associated with lotic (riffle/run) habitats.

e The soil invertebrate community that resides within the Woonasquatucket River floodplain
does not appear to be at substantial risk of harm due to exposure to site-related contaminants
in floodplain soil or tissue residues.

o Fish populations may be at substantial risk of harm due to exposure to site-related
contaminants in surface water, sediment, and tissue residues. Contaminants of concern are
dioxins/furans; coplanar PCBs; Aroclor 1254; 4,4'-DDD; 4,4'-DDE; technical chlordane;
aluminum; barium; selenium; vanadium; and zinc.

e Mammal and bird populations may be at substantial risk of harm due to exposure to site-
related contaminants in surface water, sediment, floodplain soil (insect-eating mammals and
birds only), and prey.

e Consumption of contaminated prey by mammal and bird populations may result in elevated
tissue residues in these receptors resulting in adverse reproductive effects (i.e.,
bioaccumulation hazard).

e Chemicals of concern for fish-eating animals include dioxins and furans (particularly 2,3,7,8-
TCDD); coplanar PCBs; Aroclor 1254; total Aroclors; 4,4'-DDD; 4,4"-DDE; technical
chlordane and zinc. '

¢ Dioxins and furans (particularly 2,3,7,8-TCDD) and coplanar PCBs appear to be the primary

contributors to risks for insect-eating animals. For example, elevated dioxin concentrations
were associated with a reduction in egg hatching success for tree swallows.
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e The chemicals of concern for earthworm-eating (vermivorous) wildlife that forage in
floodplain soils adjacent to the Woonasquatucket River are dioxins and furans (particularly
2,3,7,8-TCDD), Aroclor 1254, arsenic, cadmium, and selenium.

o HCX was an insignificant contributor to the risk based on use of a more realistic interim TEF
value derived as part of the BERA and as supported by the findings of ELS bioassay.

e The time course of ELS mortality (i.e., majority within a week of exposure) in the laboratory
bioassay may corroborate findings of the ichthyoplankton survey; limited evidence of facial-
cranial malformations was observed in both the laboratory and field studies.

e The large and positive accumulation rates of TCDD in swallow nestlings and induction of
elevated ethoxyresorufin-O-deethylase (EROD) activity in their livers are strongly indicative
of local contamination from the individual exposure areas where the birds nested because of
the limited foraging behaviors of the adult birds. Moreover, the swallow study also
demonstrated a strong correlation between TCDD concentrations in tree swallow nestling
tissue and stomach contents.

o Dietary exposures and measured or modeled tissue burdens in avian eggs and mammal whole
body tissue pose a substantial risk of harm to piscivorous and insectivorous wildlife species.

¢ Omnivorous mammal and bird populations that forage within the study area are not at sub-
stantial risk of harm due to exposure to site-related contaminants in surface water, floodplain
soil, and terrestrial prey items. However, omnivorous mammals could be adversely affected
as a result of exposure to site-related contaminants in sediment and aquatic prey. Although
the exclusive use of aquatic habitat by omnivorous mammals, such as the raccoon, could
result in substantial population-level effects, the spatially and temporally varied diets and
exposures of these receptors minimizes the likelihood that demographically significant effects
would occur.

The concentrations in biota tissue of the predominant risk contributors (e.g., dioxin) are directly related to
corresponding sediment concentrations (MACTEC, 2004a). Although direct contact exposures to
sediments are not associated with the largest risks at the site (i.e., COPCs pose primarily a bioaccumula-
tion hazard and risks are associated with the indirect trophic transfer of COPCs), the greatest risks at the
site appear to be associated with the sediments.

6.2 Human Health Risk Assessment

The BHHRA analyzes potential adverse human health effects for both current and future conditions
caused by hazardous substance releases from a site in the absence of any actions to control or mitigate
these releases (i.e., under an assumption of no action or in the absence of the RIDOH health advisories on
fish consumption for this particular site). Currently, there is a fish consumption advisory issued by the
State of Rhode Island that is not believed to be a sufficient barrier to preventing exposure to biota from
the Woonasquatucket River in the short-term.

In accordance with U.S. EPA guidance (U.S. EPA, 1989, 1994, 1995c¢, 1999, 2001a, and 2001b), the
BHHRA consists of four components: hazard identification, exposure assessment, toxicity assessment,
and risk characterization (including an evaluation of risk uncertainties). Each of these components is
described below.
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6.2.1 Hazard Identification

The purpose of the hazard identification is to present a compilation of the available sampling data for the
hazardous substances present at the site, to identify data sets suitable for use in a quantitative risk evalua-
tion, and to identify contaminants of potential concern in biota, sediment, surface water, and bank soil on
which the quantitative assessment of risk will be based. The BHHRA is based on data collected from
several site investigations in soil, surface water, and sediment, as well as in biota found in and adjacent to
the Woonasquatucket River. Data were collected from the source area, four reaches of the
Woonasquatucket River adjacent to and downstream of the site (Allendale Pond, Lyman Mill Pond,
Manton Pond, and Dyerville Pond), and at an upstream background area (Greystone Mill Pond) and a
reference area (Assapumpset Brook), both of which are believed to be unimpacted by the site.

COPC Selection for Biota, Sediment, Surface Water, and Bank Soils.

Using the data collected in soil, surface water, sediment, and biota (American eel, largemouth bass, and
white sucker), chemicals were initially identified as COPCs by media for the site and the reference/back-
ground areas. COPCs require further evaluation in the risk assessment if the chemical concentrations are
above risk-based screening concentrations.

Consistent with U.S. EPA Region I guidance, COPCs were selected based on frequency of detection and
comparison of detected concentrations to risk-based screening criteria. U.S. EPA Region 9 residential
soil PRGs were used in the selection of COPCs for bank soil and sediments. Region 9 PRGs for tap water
were used in the selection of COPCs for surface water and U.S. EPA Region III risk-based concentrations
for fish tissue were used in the selection of COPCs for fish tissue consumption.

For the site sediments and fish tissue, COPCs include SVOCs, particularly PAHs, pesticides, metals and

inorganics, PCBs, dioxins and furans, and HCX (sediment only). In surface water, COPCs include one -’
VOC, one SVOC, one pesticide, one PCB (Aroclor 1254), ten metals or inorganics, HCX, and dioxins

and furans. In bank soil, 2,3,7,8-TCDD was identified as the COPC.

Dioxins and furans (particularly 2,3,7,8-TCDD), HCX, Aroclor 1254 and possibly PCB-77 appear to be
the primary chemical parameters that are detected in environmental media with frequency of detection
and concentrations that are indicative of site-related impacts. In other words, these parameters have
clearly elevated concentrations in fish tissue and sediments in the site-related exposure areas (Allendale
Pond, Lyman Mill Pond, Manton Pond, and Dyerville Pond) compared to the Greystone Mill Pond
upstream background area and at the Assapumpset Pond and Brook reference area.

The list of COPCs for the background area and reference area is very similar to that for the site. For the
background area and reference area sediment COPCs include SVOC:s, particularly PAHs, pesticides,
metals and inorganics, PCBs, dioxins and furans, and HCX). The COPCs in fish tissue are the same with
the exception of HCX. HCX was not detected and therefore not selected as a COPC for white sucker, but
HCX was selected as a COPC for American eel and largemouth bass. In surface water, COPCs include
three metals or inorganics, and dioxins and furans.

6.2.2 Exposure Assessment

The objective of the exposure assessment is to estimate the type and magnitude of receptors’ exposures to

COPCs at or migrating from the site. The exposure assessment is conducted to: (1) characterize the

populations of humans potentially exposed via consumption of biota from the Woonasquatucket River and

direct contact with surface water, sediment and bank soil at and adjacent to the river; (2) identify the mecha-

nisms by which receptors may be exposed; and (3) identify the intake, or dose, of COPCs that receptors e’
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may receive through the identified exposure pathways. The human health CSM for site is presented in
Figure 6-8.

Identification of Potentially Exposed Human Populations

The potentially exposed human populations have been identified for evaluation in the BHHRA include
“Residents Living Along the Woonasquatucket River”; “Visiting Recreational Anglers” who do not live
in the immediate vicinity of the site, but who would visit the site for recreational angling activities; and
“Commercial/Industrial Employees” of The Fogarty Center at 220 Woonasquatucket Avenue (a disability
business enterprise). In addition to these receptors, “Subsistence Anglers” were identified as potential
receptors. However, due to the uncertainty in the Subsistence Angler scenario, this receptor has been
evaluated in an appendix to the BHHRA.

Hdentification of Exposure Points
The exposure points correspond to the exposure areas identified above as follows:

Allendale Pond exposure point;

Lyman Mill Pond exposure point;

Manton Pond exposure point;

Dyerville Pond exposure point;

The Fogarty Center is a specific exposure point on the eastern shore of Lyman Mill Pond;

The upstream background area is referred to as the Greystone Mill Pond area exposure point; and
The reference area is referred to as the Assapumpset Brook and Pond exposure point.

Exposure Scenarios and Routes of Exposure

Based on the current and likely future land use of the site, the BHHR A evaluated the following exposure
scenarios. Residents Living Along the Woonasquatucket River (child, older child, and adult) and Visiting
Recreational Anglers (child, older child, and adult) are assumed to consume a combined fish diet consist-
ing of fish caught at the exposure points and to contact (incidental ingestion and skin contact) surface
water and sediment within the Woonasquatucket River, and to contact (incidental ingestion and skin
contact) bank soil (Greystone Mill Pond and Allendale Pond exposure points only). For the Visiting
Recreational Angler, the child is assumed to consume fish caught by other family members, but it is
assumed the young child does not visit the site for recreational angling and is therefore not exposed to
surface water, sediment, or bank soil. For the Resident Living Along the River and the Visiting Recrea-
tional Angler, exposures were evaluated at a total of six exposure points, including the Allendale Pond
reach, Lyman Mill Pond reach, Manton Pond reach, and Dyerville Pond reach as well as the Greystone
Mill Pond area (upstream background) and the Assapumpset Brook and Pond (reference area). For the
Employee of the Fogarty Center, incidental ingestion and skin contact with surface soil were evaluated.

Exposure Point Concentrations

The Resident Living Along the River and the Visiting Recreational Angler have been assumed to each
have a favorite fishing spot at one of the identified exposure areas. For each COPC, at each exposure
point, representative concentrations in fish (American eel, largemouth bass, and white sucker), submerged
sediment, surface water, and bank soil were identified as the basis for the exposure assessments. Repre-
sentative concentrations of COPCs in surface soil were identified for the Employee of the Fogarty Center.
The representative concentrations (i.e., EPCs) were calculated based on the 95% UCL on the mean con-
centration of the data. The procedures used to identify the 95% UCL and the EPC were selected based on
the size of the data set and the distribution type for the concentration data.
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Identification of Exposure Models and Parameters

Chemical-specific intakes were calculated in a manner consistent with U.S. EPA guidance for risk assess-
ment. Average daily doses (ADDs) of COPCs were calculated as the measure of exposure. The ADDs
are expressed as milligrams of contaminant per kilogram of bodyweight per day (mg/kg/day). For non-
cancer health effects calculations, the ADD was averaged over the duration of exposure. For cancer risk
calculations, the ADD was averaged over a 70-year lifetime (a lifetime average daily dose). The
following exposure parameters are included in the dose calculations:

Concentrations in fish tissue, sediment, surface water, and bank soil
Consumption rate

Exposure frequency

Fraction ingested from contaminated source

Exposure duration

Body weight

Averaging time — cancer and non-cancer

Skin surface area exposed.

Consistent with U.S. EPA guidance (U.S. EPA, 1989), exposures were assessed for both RME, expressed
as the highest estimate of exposure that is likely to occur, and CTE, which represents typical or average
exposure conditions. The two scenarios are assessed to place some boundaries on the estimates of expo-
sure, because the exposures are not actually measured and there is variability among people who might be
present at the site with respect to frequency and duration of exposure, the contact rates and consumption
rates, and the locations where they are present now and in the future.

6.2.3 Toxicity Assessment

The purpose of the toxicity assessment is to characterize the relationship between the dose of COPC
administered or received and the incidence of adverse health effects in the exposed population. From this
quantitative dose-response relationship, toxicity values (e.g., slope factors, reference dose values, or
reference concentrations) are derived that can be used to estimate the likelihood of adverse effects as a
function of human exposure to an agent. These toxicity values are used in the risk characterization
process to estimate the potential for adverse effects occurring in humans at different exposure levels.

The dose-response information may be divided into two major categories:
o Toxicity information associated with threshold (non-carcinogenic) health effects.

e Toxicity information concerning carcinogenicity, either from human epidemiologic data or
from laboratory studies.

All the chemicals selected as COPCs were evaluated for potential non-carcinogenic health effects. In
addition, any substance considered to be a known, probable, or possible human carcinogen also was
evaluated for its potential carcinogenic effects. The classification of a chemical as a carcinogen does not
preclude an evaluation of that same chemical for potential non-carcinogenic health risks, as all potentially
carcinogenic chemicals may also exert non-carcinogenic health effects.

Toxicity values were obtained from U.S. EPA recommended sources, including the U.S. EPA’s Integrated
Risk Information System (IRIS), U.S. EPA Region III Risk-Based Concentration Table, the U.S. EPA
Region 9 PRGs table, and the U.S. EPA’s National Center for Environmental Assessment publications,
and various U.S. EPA reports. Published, peer-reviewed toxicity values for HCX were not available.
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Due to the uncertainty in the toxicity of HCX, that compound has been evaluated separately in an
appendix of the BHHRA report.

6.2.4 Risk Characterization

The risk characterization describes the potential health risks and identifies which chemicals are causing
the risk. Using U.S. EPA-approved toxicity values, potential risks associated with current and future
exposure for Residents Living Along the River, Visiting Recreational Anglers, and Visiting Subsistence
Anglers were evaluated based on fish consumption, exposures to surface water and sediment at four
exposure points (Allendale Pond, Lyman Mill Pond, Manton Pond, and Dyerville Pond) within the
Woonasquatucket River, at the Greystone Mill Pond (background) and Assapumpset Brook and Pond
(reference area), and exposure to bank soil within Allendale Pond, Lyman Mill Pond, and the Greystone
Mill Pond area. Risks to adult workers associated with direct contact with surface soils at the Fogarty
Center have also been evaluated. Risks were calculated using both RME and CTE scenarios.

Equations used to calculate cumulative lifetime risks (cancer risks) and hazards to different age groups (non-
cancer risks) are detailed in the BHHRA (MACTEC, 2004b).

EPA’s Acceptable Risk Range

The results from the carcinogenic risk assessment are compared to acceptable risk ranges established by
the U.S. EPA. The U.S. EPA’s guidelines, established in the National Hazardous Substances and
Pollution Contingency Plan (NCP), identify acceptable exposure levels as those concentration levels “that
represent an excess upper bound lifetime cancer risk to an individual of between 107 [one in ten thou-
sand] and 107° [one in one million] using information on the relationship between dose and response”
(U.S. EPA, 1990). Where the cumulative RME site risk to an individual exceeds the upper end of this
range, action is generally warranted at a site. Where the cumulative RME site risk to an individual is less
than 107, action is generally not warranted. However, U.S. EPA also may decide that a lower level of
risk is unacceptable and that action is warranted, if there are extenuating circumstances, such as
uncertainties in the risk assessment.

An hazard index (HI) of less than 1 indicates that noncarcinogenic toxic effects are unlikely. An HI
greater than 1 indicates a greater possibility of a noncarcinogenic toxic effect occurring, but the circum-
stances must be evaluated on a case-by-case basis. U.S. EPA typically considers action if the HI is
greater than one.

The incremental cancer and non-cancer risks (the difference between the risks at the site and the upstream
background area, Greystone Mill Pond) have been identified for each receptor at each exposure point.
The incremental risks (site-related risks) have been compared to the Superfund cancer risk range of 107
to 10" and to a non-cancer HI value of 1.

Uncertainty Analysis
The actual fish consumption rates for current and potential future human receptors are uncertain. Reason-

ably conservative recreational angler consumption rates have been estimated from literature sources and
have been used in the BHHRA. In addition, a more conservative, “high-end” assessment of fish con-
sumption by recreational anglers has been included in an appendix to the BHHRA. It is not clear that
subsistence angling is currently taking place or will take place in the future. The potential fish consump-
tion rates for subsistence angling also are uncertain. The subsistence angler scenario has been evaluated
in an appendix to the BHHRA.

There is currently a fish consumption advisory, issued by the RIDOH, that may not be completely
effective in preventing consumption of fish from Allendale Pond, Lyman Mill Pond, Manton Pond, and
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Dyerville Pond. However, the advisory may be effective in reducing fish consumption rates in the area.
RIDOH and the U.S. EPA also published a pamphlet in 1999 that advised the public to avoid swimming,
wading, and bathing in the river and to avoid drinking water from the river (“The Do’s and Don’ts of the
Woonasquatucket River”). This advice was reinforced with press releases from U.S. EPA and RIDEM in
May and August of 2003. The BHHRA has been conducted to evaluate baseline conditions, in the
absence of any measures to eliminate or minimize potential exposures. In that context, the BHHRA may
overestimate current exposures associated with the river.

One of the contaminants in fish tissue and sediments, HCX, does not have published, peer-reviewed
toxicity values. An appendix to the BHHRA evaluates the potential toxicity and risks associated with
HCX exposures, and discusses the potential impacts of HCX on the BHHRA results and conclusions. It
appears that cancer risks are slightly underestimated due to the absence of published, peer-reviewed
toxicity information for HCX.

The concentrations in fish tissue of the predominant risk contributors are directly related to corresponding
sediment concentrations. Although direct contact exposures to sediments are not associated with the
largest risks at the site, the sediments appear to be associated with the largest risks at the site.

Cancer risks above the Superfund risk range have been identified for skin contact with surface water for
the Resident Living Along the River. The cancer risks for this exposure pathway appear to be substan-
tially overestimated. The risks are primarily associated with 2,3,7,8-TCDD and it appears the 2,3,7,8-
TCDD is associated with suspended particulate matter in the surface water samples. It is unlikely that the
2,3,7,8-TCDD in the suspended particulate matter could be easily transferred to the dissolved phase in
water and then subsequently be absorbed through the skin. Risk estimates associated with the direct
contact pathway for surface water are currently being refined.

6.2.5 Major Findings of the BHHRA

Major findings of the BHHRA are detailed in MACTEC (2004b). Non-cancer and cancer risks are sum-
marized in Tables 6-4 and 6-5, respectively. Overall, results from the BHHRA indicate that study areas
downstream of the site have higher cancer and non-cancer risks for fish consumption, surface water
contact, and sediment contact compared with the background and reference areas. Key findings of the
BHHRA, which evaluates cumulative lifetime risks (cancer risks) and hazards to different age groups
(non-cancer risks), include:

o Incremental RME and CTE cancer risks (risks above background) from consumption of fish
for the current and future Resident Living Along the River and the Visiting Recreational
Angler are above the U.S. EPA Superfund risk range at Allendale Pond, Lyman Mill Pond,
Manton Pond, and Dyerville Pond.

e Incremental RME cancer risks (risks above background) from exposure to surface water for
the current and future Resident Living Along the River and the Visiting Recreational Angler
are above the U.S. EPA Superfund risk range at Allendale Pond, Lyman Mill Pond, Manton
Pond, and Dyerville Pond. The Incremental CTE cancer risks (risks above background) from
exposure to surface water for the current and future Resident Living Along the River at
Allendale Pond only are above the U.S. EPA Superfund risk range. These risk estimates are
currently being refined in an addendum to the BHHRA.

o Incremental RME and CTE cancer risks (risks above background) for exposure to sediment

or bank soil for the current and future Resident Living Along the River and the Visiting
Recreational Angler are not (with two exceptions) above the U.S. EPA Superfund risk range
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at Allendale Pond, Lyman Mill Pond, Manton Pond, and Dyerville Pond. The incremental
RME cancer risks (risks above background) for exposure to sediment for the current and
future Resident Living Along the River are above the U.S. EPA Superfund risk range at
Allendale Pond and Lyman Mill Pond only.

e Cancer risks from exposure to surface soil at the Fogarty Center are not above the U.S. EPA
Superfund risk range.

e Incremental non-cancer risks (hazard index) from consumption of fish for the current and
future Resident Living Along the River and the Visiting Recreational Angler are equal to or
above (by factors between 1 and 27) the U.S. EPA Superfund benchmark hazard index of one
at Allendale Pond, Lyman Mill Pond, Manton Pond (CTE only and Resident Living Along
the River only), and Dyerville Pond.

e Chemicals of concern are dioxins and furans (particularly 2,3,7,8-TCDD; coplanar PCBs;
Aroclor 1254; Aroclor 1268; 4,4'-DDE; dieldrin; technical chlordane; benzo(a)pyrene;
dibenzo(a.h)anthracene; n-nitroso-di-n-propylamine; arsenic; and methylmercury.

e Incremental non-cancer risks (hazard index) from exposure to surface water and sediment for
the current and future Resident Living Along the River and the Visiting Recreational Angler
are below the U.S. EPA Superfund benchmark HI of one at Allendale Pond, Lyman Mill
Pond, Manton Pond, and Dyerville Pond.

o The non-cancer hazard index from exposure to surface soil at the Fogarty Center is below the
U.S. EPA Superfund benchmark HI of one.
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7.0 SUMMARY AND CONCLUSIONS

This section summarizes the most significant findings of the CMRP RI. The findings are presented in
Section 7.1 as an integrated CSM. Principal uncertainties associated with the RI conclusions are
presented in Section 7.2.

7.1 Summary and Conceptual Site Model

RI conclusions regarding source identification and control, nature and extent of contamination, fate and
transport, exposure pathways, and ecological and human health risks are presented below. Findings are
incorporated into an integrated CSM for the site, which is provided in Figure 7-1.

7.1.1 Primary Sources of Contamination

Chemical manufacturing activities took place at the CMRP site from approximately 1940 until the early
1970s. Potential historical sources of contamination at the CMRP source area include improper storage
and disposal of chemicals in drums, stockpiles and surface impoundments. These activities appear to
have been concentrated in the central and southern parts of the source area.

Trichlorophenols were shipped to the site, where it is believed that hexachlorophene was manufactured in
approximately 1965. HCX and dioxin were byproducts of this process. The building where this process
is believed to have taken place was located on the east bank of the Woonasquatucket River, in what is
now the Brook Village parking lot. Other chemical processes also occurred and could be the source of
other contaminants at the site. Chemicals that were potentially used on site were identified based on drum
labels and included caustics, halogenated solvents, PCBs, and inks.

The New England Container Company, Inc. operated an incinerator-based drum reconditioning facility on
a portion of the site from 1952 until the early 1970s. Chemical residues were dumped or burned prior to
drum reconditioning. Residues and combustion products associated with drum reconditioning operations
also may have been a source of dioxin and other chemicals at the site.

Some residual waste material may remain buried in the source area. Geophysical surveys indicate that the
largest concentration of buried bulk metallic materials appears to be at the south end of the Centredale
Manor south parking lot (Roy F. Weston, 1999b). This area has the greatest potential for containing
residual waste material from former site operations. However, the primary sources of contamination to
the CMRP site are no longer active.

7.1.2 Primary Release and Transport Mechanisms

Chemicals were apparently released directly to the ground, buried, and possibly discharged directly to the
Woonasquatucket River. Direct infiltration of chemicals and leaching through the ground surface led to
the contamination of surface and subsurface soils in the source area, primarily in the areas that are
currently beneath Caps #1 and #2. Leaching has led to localized groundwater contamination, particularly
on the west side of the Brook Village parking lot adjacent to the Woonasquatucket River. Discharge of
chemicals directly into the river, overland flow of chemicals, and erosion and transport of contaminated
source area soils by surface runoff resulted in contamination of surface water and sediment in the adjacent
river and ponds and tailrace on the east side of the site.

The spatial distributions and concentrations of dioxin (primarily 2,3,7,8-TCDD) and HCX in soil and

sediment suggest that these contaminants may have been released to the Woonasquatucket River via the
direct discharge of dioxin-bearing waste (see Section 7.1.3). Dioxins/furans, PCBs, pesticides and other
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chemicals also probably migrated to the river and Allendale Pond via surface runoff and erosion of
contaminated soils from the source area. Discharge of VOC-contaminated groundwater to the river on the
west side of the Brook Village parking lot also may contribute to the contamination of surface water and
sediment by dioxin if in fact the groundwater discharge contains dioxin. The zone of VOC discharge has
been delineated, although it is not currently known whether the dioxin is also discharging to the river, or
being attenuated by adsorption to soil particles prior to discharge.

Contaminated sediments have accumulated in fine-grained depositional areas of the Woonasquatucket
River, primarily in the impoundments behind the Allendale and Lyman Mill Dams. Contaminants are
generally not present in the coarser-grained channel sediments immediately upstream of each pond.
Sediments may have been eroded and redistributed by high river flows, and deposited on the river banks
and in the adjacent floodplain during flood events. The breach of the Allendale Dam in 1991 and again in
2001 may have resulted in the downstream transport of contaminated sediment from Allendale Pond to
Lyman Mill Pond, and left the Allendale Pond bottom sediments exposed as floodplain soils. Allendale
Pond was restored to its original level in early 2002.

7.1.3 Nature and Extent of Contamination

A variety of contaminants have been detected in source area soils, including dioxins, VOCs, PCBs,
SVOCs, pesticides, and inorganic constituents such as lead. The vast majority of the contaminated soils
are in areas that are paved or capped. 2,3,7,8-TCDD occurs in high concentrations at the CMRDP site
relative to other dioxin and furan congeners. The mean dioxin TEQ concentration in source area soil
samples from all sampled depths is approximately 118 ng/kg. The highest concentrations are found in
surface soils beneath Caps #1 and #2. Dioxin concentrations decrease with increasing depth below the
surface, with only localized contamination found at depths of greater than 5 ft bgs.

Localized VOC contamination in source area soils is found primarily beneath the north end of Cap #2, the
Centredale Manor north parking lot, and the Brook Village parking lot (Figure 4-7). Six solvent- and
fuel-related VOCs have been measured at concentrations exceeding RIDEM direct exposure criteria for
residential use soils. PCB concentrations are highest in the central and southern parts of the source area,
and in the upper 2 ft of soil. The mean total PCB concentration in source area soils is approximately 0.29
mg/kg. Aroclor 1254 is the most frequently detected PCB formulation. Other detected contaminants
were measured at lower levels or were not as widely distributed as dioxin and PCBs.

Residential and recreational use soils along the eastern bank of Allendale and Lyman Mill Ponds were
addressed in a NTCRA in 2002-2003. Soils that were found to pose an unacceptable human health risk
were excavated and transported off site for disposal, and the remediated areas were restored.

Groundwater contamination at the CMRP site does not appear to be pervasive. Concentrations of VOCs
were below RIDEM GB groundwater criteria except for TCE and PCE in one well in the Brook Village
parking lot next to the Woonasquatucket River, and PCE in two other wells. VOC concentrations gener-
ally decreased from 2001 to 2002. Trace levels of other contaminants (e.g. phenols and dioxin) have been
detected in some groundwater samples. Dioxin has been detected at high concentrations (>1,000 pg/L) in
the well with the elevated PCE and TCE concentrations in the Brook Village parking lot; the dioxin
appears to have been mobilized by the solvents. A vapor-to-water diffusion survey indicated that this
plume of VOCs discharges into the Woonasquatucket River along approximately 50 ft of its east bank
(USGS, 2000a). It is not known whether dioxin is discharging to the river in the plume. The lateral
extent of the plume is well defined in shallow groundwater, but not at depth. Groundwater discharging to
Allendale Pond at the south end of Cap #1 contains low levels of VOCs; however, the BERA indicated no
ecological risk from exposure to VOCs in surface water.
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The mean dioxin TEQ concentrations in Allendale and Lyman Mill Pond sediments were approximately
972 ng/kg and 491ng/kg respectively. The mean TEQ concentration in Allendale Pond is higher than the
mean concentration in source area soils. TEQ concentrations in all reaches of the river adjacent to and
downstream of the CMRP site were significantly higher than upstream (background) concentrations.
2,3,7,8-TCDD was detected at high concentrations in sediment samples relative to other dioxin
congeners. Sediment dioxin concentrations decrease in a downstream direction. In Allendale and Lyman
Mill Ponds, mean dioxin concentrations are highest in the uppermost 1 ft of sediment. Subsurface
sediment data are not available for other reaches of the river. Concentrations of other chemicals of
concern in sediment (i.e., those that contribute to human health and ecological risk) were not significantly
higher than upstream (background) concentrations except for Aroclor 1254 in Allendale Pond.

Radiometric age dating results indicate that no significant dioxin contamination is found in sediments
deposited prior to 1940, and maximum concentrations generally correspond to sediments deposited
between about 1950 and 1970. This period corresponds with the time when hexachlorophene was manu-
factured on the site (i.e., 1965). The most recently deposited sediments still show evidence of dioxin
contamination, which may reflect the fact that upland sources were not completely controlled (i.e., most
of the contaminated soils in the source area were not capped) until approximately 2000. Additionally,
post-depositional processes such as bioturbation and sediment resuspension will mix surface sediment
with more highly-contaminated subsurface sediment. Dioxin TEQ concentration and TOC content are not
well correlated; therefore, organic content cannot be used as a reliable predictor of dioxin contamination.
Although dioxin TEQ concentration and grain size were not well correlated, dioxin concentrations are
lowest in samples with less than 20% silt+clay and less than 3% TOC.

An environmental forensics review of sediment chemistry data for chlorinated organic compounds
suggests that different contaminants may have had different release histories and transport mechanisms.
Dioxin (primarily 2,3,7,8-TCDD) and HCX contamination in sediment extended from the source area
downstream to approximately half of the sampling locations downstream of Manton Dam. As previously
noted, the mean concentration in Allendale Pond sediment was higher than the mean concentration in
source area soils. Elevated concentrations of PCBs and pesticides in sediment do not appear to extend as
far downstream as dioxin and HCX, and concentrations were generally not significantly higher below
Allendale Dam than in upstream (background) sediments. These differences could arise from differences
in timing, location, and magnitude of the original releases, and in subsequent transport mechanisms.

HCX and dioxin are believed to be primarily derived from a hexachlorophene manufacturing process,
which took place on the CMRP site for a relatively short period of time in the mid-1960s. If these
byproducts were contained in waste that was directly discharged to the Woonasquatucket River, then
dioxin and HCX could have been carried downstream in the water column in dissolved phase and
adsorbed to suspended sediment particles. Source area contaminants (e.g. dioxins, HCX, PCBs and
pesticides) also probably entered the river via surface runoff and erosion and transport of contaminated
soils from the source area. These transport mechanisms would have operated for a longer period of time
(throughout the duration of waste-related activities on the CMRP site, until contaminated source area soils
were capped). Persistent organic contaminants entering the river via surface runoff and erosion are
expected to be more readily attenuated by fine-grained sediment particles and organic matter in Allendale
Pond.

7.1.4 Secondary Release and Transport Mechanisms
The most important potential transport mechanism currently affecting the CMRP source area is leaching
of contaminants from soil to groundwater. Volatilization of VOCs from vadose zone soils is not likely to

be significant pathway given the localized nature of VOC contamination, apparent lack of VOC migration
into the Centredale Manor and Brook Village buildings, and presence of soil caps or pavement over the
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majority of the site. The soil caps and paved surfaces also currently prevent the erosion and runoff of
contaminated soils. A leachability evaluation indicated that except in the vicinity of the Brook Village
parking lot, leaching does not appear to be a major pathway of concern. However, PCE and TCE in soil
and groundwater beneath the Brook Village parking lot adjacent to the Woonasquatucket River may be
mobilizing dioxin. VOC-contaminated groundwater is discharging to the river over a distance of about
50 ft, although it is not clear if dioxins also are discharging to river. Additional investigation is in
progress to determine whether this is a significant transport pathway for dioxin.

Because of the hydrophobic and persistent nature of the primary COCs (i.e., dioxin and PCBs), sediment
resuspension and downstream transport are likely to be the most important potential transport pathways in
the Woonasquatucket River. A sediment stability evaluation of Allendale and Lyman Mill Ponds indi-
cated that during a rare flood (i.e., 100-year return period), significant scour (i.e., more than about 1 cm of
erosion) will occur over less than 5 percent of the bed area in Allendale Pond. Erosion will generally
occur in the northern portion of the pond, near the upstream inlet. Significant scour will occur over a
larger area in Lyman Mill Pond, with up to 10 to 15 percent of the Lyman Mill Pond bed experiencing
significant scour. Scour would generally occur in the northern portion of Lyman Mill Pond, with maxi-
mum erosion near the upstream inlet. Sediment eroded in the upstream portion of each pond during a
flood will be transported downstream by river currents. A portion of the eroded sediment is likely to be
redeposited within each pond where current velocities tend to decrease. Additional data collection is in
progress to reduce uncertainty and refine the sediment stability study conclusions.

Analysis of surface water data from 1999 suggests that minimal net export of dioxin from the two ponds
occurs during low-flow, non-resuspending conditions. The water column load of dioxin entering the
study area (i.e., the background load) is approximately equal to the load over Lyman Mill Dam during
low-flow periods. Additional data collection is in progress to verify this hypothesis.

Bioaccumulation is a significant transport pathway for transfer of contaminants from lower trophic level
organisms into upper trophic level organisms. Compounds with a tendency to bioaccumulate are taken up
by biota and are transferred through aquatic food webs. Wildlife species that consume these lower
trophic level organisms are also exposed to site-related contaminants. Humans also are exposed to the
contaminants through ingestion of fish and other aquatic organisms.

Vertical dioxin profiles in sediment cores indicate that natural recovery (i.e., burial of contaminated sedi-
ment by cleaner sediment) may be occurring in some areas of the ponds, but not in others. A natural
recovery trend is not expected to be apparent in the ponds at this point in time because contaminated soils
in the source area were not completely capped until 2004, and post-depositional processes will continue to
mix surface and subsurface sediments. Radiometric age dating results indicate that the average sediment
accumulation rate in Allendale Pond is approximately 0.5-0.8 cm/year. Results from a single core from
Lyman Mill Pond indicate an average sediment accumulation rate of about 0.3 cm/year.

7.1.5 Ecological and Human Health Risks

The main conclusions of the BERA and BHHRA are summarized below.

7.1.5.1 Ecological Risk

Overall, findings from the BERA indicate that the greatest ecological risks at the site are associated with
exposure to sediments, which pose a bioaccumulation hazard. Sediments in Allendale and Lyman Mill
Ponds pose a greater risk than those downstream of Lyman Mill Dam. The primary exposure pathway to
ecological receptors is ingestion of contaminated prey. The benthic macroinvertebrate communities that
reside in impoundments upstream of dams and fish populations are at substantial risk of harm due to
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exposure to site-related contaminants in surface water, sediment, and tissue. Mammal and bird popula-
tions may be at substantial risk of harm due to exposure to site-related contaminants in surface water,
sediment, floodplain soil (insect-eating mammals and birds only), and prey. Consumption of contami-
nated prey by mammal and bird populations may result in elevated tissue residues in these receptors,
thereby resulting in adverse reproductive effects (i.e., bioaccumulation hazard).

Discharge of VOC-contaminated groundwater into the reach of the Woonasquatucket River adjacent to
the site does not appear to have adversely affected the benthic macroinvertebrate community in riffle/run
habitats. The soil invertebrate community that resides within the Woonasquatucket River floodplain does
not appear to be at substantial risk of harm due to exposure to site-related contaminants in floodplain soil
or tissue. Omnivorous mammal and bird populations that forage within the study area are not at substan-
tial risk of harm due to exposure to site-related contaminants in surface water, floodplain soil, and
terrestrial prey items.

Chemicals that appear to contribute to ecological risk include dioxins and furans (particularly 2,3,7,8-
TCDD); coplanar PCBs; Aroclor 1254; total Aroclors; 4,4'-DDD; 4,4'-DDE; technical chlordane;
aluminum; barium; cadmium; selenium; vanadium; and zinc.

The concentrations of the predominant risk contributors (e.g., dioxin) in tissue are directly related to
corresponding sediment concentrations. Although ingestion of contaminated prey rather than direct
contact with sediments is associated the largest risks at the site, the greatest risks at the site appear to be
associated with the sediments.

7.1.5.2 Human Health Risk

Overall, results from the BHHRA indicate that study areas downstream of the CMRP site have higher
cumulative lifetime risks (i.e., cancer risks) and hazards (i.e., non-cancer risks) compared with the
background and reference areas. Human health risks associated with exposure to aquatic biota, surface
water, and sediment are higher in Allendale and Lyman Mill Ponds than in areas downstream of Lyman
Mill Dam. Cancer and non-cancer risks from exposure to surface soil at the Fogarty Center on the
southeast side of Lyman Mill Pond are below U.S. EPA levels of concern. Risk estimates associated with
direct exposure to surface water will be refined in an addendum to the BHHRA.

Incremental cancer risks (i.e., risks above background) for current and future residents and visiting
recreational anglers from the consumption of fish are above the U.S. EPA Superfund risk range at
Allendale Pond, Lyman Mill Pond, Manton Pond, and Dyerville Pond (RME and CTE). Incremental
cancer risks from exposure to surface water also exceeded the U.S. EPA Superfund risk range in all four
exposure areas (RME in all areas and CTE for Allendale residents only). Incremental cancer risks from
direct exposure to sediment exceeded the U.S. EPA Superfund risk range for Allendale residents only

(RME only).

Incremental non-cancer risks for residents and visiting recreational anglers from the consumption of fish
are above the U.S. EPA Superfund HI benchmark of one at Allendale Pond, Lyman Mill Pond, and
Dyerville Pond (RME and CTE). Non-cancer risks from fish consumption exceeded the U.S. EPA
Superfund benchmark value for residents in the Manton Pond area (CTE only). Non-cancer risks associ-
ated with exposure to surface water and sediment were below the U.S. EPA Superfund benchmark value.

Human health chemicals of concern include dioxins and furans (particularly 2,3,7,8-TCDD); coplanar

PCBs; Aroclor 1254; Aroclor 1268; 4,4'-DDE; dieldrin; technical chlordane; benzo(a)pyrene;
dibenzo(a,h)anthracene; n-nitroso-di-n-propylamine; arsenic; and methylmercury.
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7.2 Uncertainties

Important uncertainties associated with the RI of the CMRP site are summarized below, and the potential
effects of the uncertainties on the RI conclusions are described. Additional data collection is in progress
in some cases to address these uncertainties.

7.2.1 Source Identification and Control

The exact location and nature of residual waste in the CMRP source area is not known. Geophysical
surveys identified an area at the south end of the Centredale Manor south parking lot and under Cap #1 as
having the greatest likelihood of containing bulk metallic materials. If drums containing waste materials
are still buried on the site, future degradation could lead to a secondary subsurface release of contami-
nants. However, additional characterization of residual waste material would require invasive techniques
that could pose a significant health risk to residents and workers, and is not recommended.

It is not known whether the solvent-contaminated groundwater that is discharging to the
Woonasquatucket River adjacent to the Brook Village parking lot contains dioxin. Although the VOCs
are not posing an ecological or human health risk, the discharge could be an active source of dioxin to the
river. Additional data collection is in progress to determine whether dioxin is discharging to the river in
this area.

7.2.2 Nature and Extent of Contamination

More chemistry data are available for dioxin than for other contaminants in source area soils; therefore,

the horizontal and vertical distribution of other COCs is less certain. However, the available data are

sufficient for characterizing contaminant fate and transport in the source area and developing remedial -’
alternatives for evaluation in the FS.

A plume of VOC-contaminated groundwater (PCE and TCE) has been identified near the west side of the
Brook Village parking lot. The plume originates in the area of the former chemical manufacturing build-
ing. The horizontal extent of the plume in shallow groundwater is well defined; however, the vertical
extent is not known. ‘

One VOC (PCE) is above the GB groundwater criterion of 150 pg/L in a deep overburden well on the
southeast edge of the source area. The source of this PCE contamination is uncertain. The PCE concen-
tration in samples from this well decreased from 340 pg/L in 2001 to 220 pg/L in 2002. The contamina-
tion currently poses no threat to surface water, and is migrating downgradient in a GB aquifer. It is
possible that the PCE concentration will decrease below the GB groundwater criteria in the absence of an
ongoing source.

More chemistry data are available for dioxin than for other contaminants in Woonasquatucket River
sediments; therefore, the magnitudes and distributions of other COCs are less certain. Radiometric age
dating results for Allendale Pond sediments were used to identify the 1940 time horizon, which corre-
sponds well with the detection of dioxin. Therefore, other site-related COCs in Allendale Pond are not
expected to occur below this time horizon.

The spatial coverage for sediment samples in Lyman Mill Pond is insufficient for mapping the horizontal
and vertical distribution of dioxin and other COCs with sufficient resolution for developing remedial
alternatives. Additional data collection is in progress to address this data gap. The number of samples
downstream of Lyman Mill Dam also is relatively small; however, existing data indicate that chemical
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concentrations in sediments are lower below Lyman Mill Dam than above it. Additional data may be
collected below Lyman Mill Dam in a future phase of the project.

7.2.3 Contaminant Fate and Transport

The locations and absolute magnitudes of predicted mass of sediment eroded in various flood events has
not been reliably determined. The sediment stability evaluation provides reliable estimates of relative
magnitude of erosion in Allendale and Lyman Mill Ponds, but the absolute values are probably accurate
only within an order of magnitude. Additional data collection is in progress to refine the sediment
stability modeling predictions.

The fate of any sediment eroded from Allendale and Lyman Mill Ponds during flood events is not known.
Some of the sediment would be deposited behind each dam, some would be carried over each dam as
suspended sediment, and some would be deposited on the floodplain; however, existing data are not
sufficient for developing a reliable mass balance. The need to collect additional data to further refine the
mass balance will be evaluated after the sediment stability modeling predictions are refined.

Initial estimates of potential downstream transport of dioxin under non-resuspending conditions were
based on a relatively small data set. Additional data collection is in progress to confirm the initial flux
predictions.

7.2.4 Ecological and Human Health Risk

For the BERA, the primary uncertainties are those associated with estimating exposures and effects (e.g.,
development of exposure parameters, selection of appropriate receptors, and estimation of biota-
sediment/soil accumulation factors [BSAFs]). When site-specific data were unavailable, conservative
assumptions were used to select exposure parameters. BSAFs were developed using organic cabon and
lipid-normalized site-specific sediment/soil and tissue data. The inclusion of several field studies focus-
ing on community or population level effects (i.e., tree swallow, benthic macroinvertebrate community,
and ELS studies) supported the interpretation of modeled results.

Another uncertainty associated with the BERA is associated with the breaching of the Allendale Dam in
early summer 2001. Some of the fish tissue samples were collected prior to the breach, and some were
collected after. The sediment data used to estimate exposure point concentrations were collected before
the breach, but contaminated sediments could have been transported from Allendale Pond to Lyman Mill
Pond during the breach. Consequently, exposures associated with Allendale Pond may be over-estimated
and those for Lyman Mill Pond may be underestimated. The effects of the breach (an unstable condition)
were recently evaluated.

For the BHHRA, it was not possible to determine actual fish consumption rates for recreational anglers
who consume their catch. However, fish consumption rates for adults were estimated using New England
regional information from the Maine Angler Survey. Another uncertainty is associated with the use of
the most recent risk assessment approach for evaluating dioxins and furans. The oral cancer slope factor
(CSF) for dioxin was taken from U.S. EPA (1997a). U.S. EPA’s reassessment of 2,3,7,8-TCDD and
related compounds (September 2000) identifies another, more conservative CSF for dioxin. This alterna-
tive oral CSF was used to recalculate potential risks for some scenarios to evaluate this uncertainty. This
evaluation indicated that the overall cancer risk estimates would increase by a factor of approximately
seven if the alternative CSF were used (MACTEC, 2004b). No additional data collection currently is
planned to reduce specific uncertainties associated with the BERA and BHHRA.
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7.3 Data Gaps

The most important data gaps that will be addressed prior to developing remedial alternatives for the
CMREP site are as follows:

o Further investigation of the discharge of VOCs and possibly dioxin into the Woonasquatucket
River near the Brook Village parking lot to determine whether or not a significant ongoing
source of dioxin to the river exists. This investigation will be completed in 2005.

¢ Additional data to better define the nature and extent of dioxin and other chemicals of
concemn in Lyman Mill Pond and downstream of Lyman Mill Dam. Additional data were
collected from Lyman Mill and Manton Ponds in early 2005; further additional data may be
collected downstream as needed in a future phase of the project.

e Additional data collection will be collected in 2005 to reduce uncertainty associated with
sediment stability model predictions, including measurement of site-specific sediment erosion
properties; bed type on Allendale and Lyman Mill Ponds; and stage height and current
velocity data to calibrate the hydrodynamic model.

e Additional surface water sample data were collected in late 2004 to verify that no net
downstream transport of dioxin is occurring under non-resuspending conditions.

¢ The nature of the hard layer underlying soft sediment in Allendale and Lyman Mill Ponds
(i.e., gravel deposits or bedrock) will need to be determined if on-site contained aquatic
disposal is to be considered in the FS.

e The ownership and condition of the Allendale, Lyman Mill, and Manton Dams should be

determined if the dams are to be incorporated as an element of the remedial alternatives for
sediments.
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Figure 3-1. Surficial Geology of the Woonasquatucket River Watershed
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Figure 3-2.

Woonasquatucket River Channel from 1951 to 2000
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Figure 3-3. Geomorphic Deposits (2000)



Figure 3-4. Allendale Pond in 1987 (top) and 2000 (bottom)
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Figure 3-7. Annual Mean Streamflow at the Woonasquatucket River from 1942 to 2003
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Figure 3-8. Peak Streamflow at the Woonasquatucket River from 1936 to 2002
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Figure 3-10. Source Area Stratigraphy
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Figure 3-11. Water Table Contours, March 30, 2001
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Figure 3-12. Water Table Contours, May 4, 2001
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Figure 3-14. Water Depth in Allendale Pond
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Figure 3-16. Grain-Size Distribution in Allendale Pond
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