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Executive Summary

CDM Federal Programs Corporation (CDM) received Work A551gmnent 151-RICO-
02LT under the Response Action Contract (RAC) to perform a remedial

“investigation/feasibility study (RI/FS), a human health risk assessment (HHRA), and
. a screening level ecological risk assessment (SLERA) at the Consolidated Iron and

Metal (CIM) Site (the site), located in Newburgh, New York, for the Environmental
Protection Agency (EPA). This Remedial Investigation (RI) Report was prepared in
accordance with Task 9 of the CDM Final Work Plan Volume I, dated February 4, 2003
(CDM 2003). The purpose of this work assignment is to investigate the overall nature
and extent of contamination at the site.

It is important to note that since the field investigation was conducted in accordance
with EPA regulations, guidance and standards, the resultant data were found to be of
high quality, fully defensible, and provide an accurate assessment of site conditions.
Additionally, all data quality objectives developed during the ongoing project
planning efforts, were met and adequately satisfied. As such, the findings of CDM’s
RI and Risk Assessment will allow EPA Region II to develop and evaluate effective
remedial alternatives. '

Purpose of Report

The purpose of the RI Report is to present the results of the geologic, hydrogeologlc
and ecological investigations, including surface and subsurface soil screening, surface
and subsurface soil sampling, light non-aqueous phase liquid (LNAPL) delineation,
geologic and water quality vertical profiling, monitoring well installation and
sampling, sediment and surface water sampling, and topographic and cultural
resource surveys. The goals of the source area, hydrogeologic, and surface/sediment
investigations were to determine the nature and extent of site-related contamination.

Site Description

.The CIM site is an inactive car and scrap metal junk yard and dealer located at the end

of Washington Street, in Newburgh, Orange County, New York. The study area,
which covers approximately seven acres, is bounded by a boat marina to the north,
Conrail railroad tracks and South Water Street to the west, an inactive municipal
incinerator and an active wastewater treatment plant to the south, and the Hudson
River to the east.

Downtown Newburgh is located approximately 500 feet west of South Water Street.
The City of Newburgh, which is 60 miles north of New York City, is located on the
western side of the Hudson River in eastern Orange County. The City has a land area
of 3.9 square miles and is bounded by the incorporated Town of Newburgh on the
north and west, by the Town of New Windsor to the south, and by the Hudson River
to the east.

Site History

From World War I until the early 1940s, the Eureka Shipyard operated at the site.
Scrap metal processing and storage operations occurred at the site for approximately
40 years before the facility’s closure (Weston 2000a). A smelter operated on site

.ES-1



Executive Summary

between 1975 and 1995 that was used primarily to melt aluminum-containing
materials, including, but not limited to, transmissions and IBM scrap, to produce
aluminum ingots. Other metallic materials also were smelted, creating a lead-
contaminated ash and slag by-product. Other site operations included sorting ferrous
and non-ferrous metal scrap for processing, including automobile batteries.

Historical aerial photographs taken since the mid-1940s show that standing liquids
occupied large areas of the CIM site (Weston 2000a). Throughout the past 40 years,
the site has been covered with piles of debris, scrap metal, numerous small and large -
mounds of dark-toned and light-toned materials, and numerous areas of dark-stained
soil.

From 1997 to 1999, New York State Department of Environmental Conservation
(NYSDEC) and EPA conducted several inspections at the site. Oil-stained soils and
puddles with oil sheens were observed on site. In addition, an unpermitted storm
water discharge to the Hudson River and an improperly constructed berm were noted.
An oil sheen was observed by NYSDEC personnel on the storm water discharge and
on the river. An unknown number of underground storage tanks (USTs) were noted to
exist onsite; tightness testing of the tanks was required to determine their condition.
The southern portion of the site was covered by more than 5,000 tires. Between 1998
and 1999, EPA’s Hazardous Waste Support Branch (HWSB), Superfund Contract
Support Team (SCST) and Region II Superfund Technical Assessment and Response
Team (START) sampled waste piles, soils, and river sediment to delineate the
horizontal and vertical extent of contamination.

Between 1996 and 1999, NYSDEC prosecuted CIM for five separate environmental
violations. CIM pleaded guilty to all violations and paid fines. In 1999, the New York
State Attorney General filed a lawsuit against CIM for Resource Conservation and ’
Recovery Act (RCRA) and Clean Water Act (CWA) Violations, including illegal
discharge to surface water without a State Pollutant Discharge Elimination System
(SPDES) permit. The case was settled with a Consent Order in which CIM agreed to
remove all scrap materials and cease operations.

A Hazard Ranking System (HRS) package was prepared in December 2000 by EPA

‘Region IT (Weston 2000b) CIM was added to the National Priorities List (NPL) ]une

14, 2001.

Waste Disposal Practices and Potential Sources

The source of site contamination is suspected to be the result of past improper metal
waste handling and processing activities on the property. There is documentation that
scrap metal containing hazardous substances and wastes were stored in piles during
the past decades. In addition, discharge of site-derived contaminated storm water to
the Hudson River was observed (Weston 2000a). Onsite source areas included an ash
and slag pile generated by the former aluminum smelting operation, located on the
southwestern portion of the site, and a former processed soil pile, which consisted of
site surface soils that were mixed with process debris and then separated out, located
on the northeastern portion of the site, southeast of the office building. Both
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contaminated waste piles were removed by EPA for offsite treatment and land filling
subsequent to 1998.. Limited surface and subsurface soil sampling at the former ash
and soil pile locations indicated that the soils beneath the former piles had been
impacted. Previous site inspections also noted oil-stained surface soils, oily sheens on
puddles throughout the facility, and oily sheens on the Hudson River adjacent to the
site.

The contaminants that were routlnely released to the surface at the facility impacted
surface and subsurface soils; some soluble contaminants also migrated vertically
down through the vadose zone until they intercepted groundwater at the water table,
at an estimated depth of approximately 5 to 10 feet below ground surface (bgs). The
predominant eastwardly groundwater flow would have promoted the migration of
contaminants eastward, discharging directly into the Hudson River.

In June 2003, Weston Remedial Services, under contract to EPA’s Emergency Response
Team (ERT), conducted clearing activities at the site. Removal activities included
building demolition'and removal of tires, scrap metal, concrete, soil piles, and wood
debris for processing . During demolition of the metal shear building, standing liquid
(including unknown oils) was removed. Subsequently, a second sub-basement of the
building was discovered. Approximately 28,000 gallons of liquid was pumped from
the two basements and disposed offsite.

Previous Investlgatlons

In 1998, Region Il START and EPA Reglon 11 Division of Environmental Sc1ence and
Assessment (DESA) sampled the ash and slag pile (waste pile) located east of the
compactor and metal shear (Weston 2000a). Soil screening analytical results identified
the presence of lead at concentrations ranging from 1,590 to 2,420 milligrams per
kilogram (mg/kg). The pile was removed for treatment, stabilization and land filling.
On July 7, 1999, soil samples were collected from the processed soil pile by Region II
START and analyzed for Target Compound List (TCL) organics, excluding pesticides,
full Target Analyte List (TAL) inorganics, and toxicity characteristics leaching
procedure (TCLP) including copper and zinc. Subsequently, during September and
October 1999, an EPA Emergency and Rapid Response Services (ERRS) contractor
removed the processed soil pile from the facility. The processed soil was taken to a
RCRA-approved treatment, storage, and disposal facilities (TSDF) for stabilization and
land filling.

START Field Screening Activities
In 1999, START collected surface and subsurface soil samples from the soils upon

which the ash and slag pile was located. The samples were analyzed for lead and
unvalidated concentrations ranged from 1,750 to 8,100 mg/kg in the surface soil
samples. START also collected surface soil samples from 126 onsite locations and
screened them utilizing an X-ray fluorescence (XRF) spectrophotometer. Lead
concentrations in the surface soil samples collected for field screening analyses ranged -
from 754 to 4,210-mg/kg. The XRF lead results indicated that lead contamination is

- found above applicable screening criteria across the entire area of the site, typically

found at concentrations of between 1,500 and 3,000 mg/kg (Weston 2000a). There

r
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were no definable areas of significantly-elevated lead concentrations that would
indicate localized sources. Region II START also collected surface soil screening
samples for polychlorinated biphenyl (PCB) analysis using immunoassay field test kits
from 61 onsite locations. PCBs were detected in samples collected across the entire
site; however, the greatest PCB concentrations above applicable screening criteria
were found in the areas of the former ash and slag pile east of the compactor and the
processed soil pile southeast of the office buildings. :

START CLP Soil Sampling Activities
Based upon the surface soil field screening results, START collected surface soil

samples for analysis of TCL organics and TAL inorganics under EPA’s Contract
Laboratory Program (CLP). Volatile organic compounds (VOCs) were detected in one
surface soil sample southwest of the process soil pile at concentrations greater than
apphcable cleanup criteria. Semivolatile organic compounds (SVOCs) were identified
in all of the surface soil samples collected from on-site locations, with several
compounds at concentrations greater than applicable screening criteria. The highest
polycyclic aromatic hydrocarbon (PAH) exceedances were found in and around the
locations of the former soil piles. Pesticides were detected in surface soil samples at
concentrations greater than applicable screening criteria in many samples collected
across the site. All of the 23 surface soil sampling locations contained i morgamc

‘contaminants at concentrations above screening cr1ter1a

- On September 22, 1999, Region Il START conducted subsurface soil sampling at the

site, including background and subsurface soil samples from various on-site grid
locations. VOCs were detected in subsurface soil samples and at both sample depths.
A distinct petroleum odor was observed at approximately four feet bgs in the central
portion of the site. SVOCs were identified in all of the subsurface soil samples
collected from on-site locations, with several compounds at concentrations greater
than applicable screening criteria. However, as with the surface soil samples, PAHs
commonly were detected in soil samples above applicable screening criteria.
Pesticides and PCBs were detected in subsurface soil samples at concentrations greater
than applicable screening criteria, especially in and around the former waste piles.
Inorganic analytes were detected in subsurface soil samples at concentrations above

screening criteria.

START Groundwater Sampling Activities
On September 23, 1999, START conducted groundwater sampling at the site. Five

groundwater samples were collected from water table screening points at various on-
site locations; groundwater samples were analyzed for TCL and TAL parameters,
excluding cyanide. VOCs were detected only in one location, SVOCs were detected in
all samples, but were especially common in a groundwater sample collected '
immediately north of the former processed soil pile. Pesticides and PCBs were not
detected in groundwater samples with the exception of one location, which contained
4-4'-DDT, Aroclor-1248, and Aroclor-1254, at 1.25, 63.3, and 28.9 times above their
respective screening criteria. Inorganic analytes (iron, magnesium, and zinc) were
detected in all groundwater samples above applicable screening criteria.
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START Hudson River Sediment Sampling Activities )
On November 23,1999, Region IT START conducted sediment sampling in the Hudson
River adjacent to the site. Organic and inorganic compounds were detected in the
sediment samples. None of the concentrahons were greater than three times the
background locations.

Previous Investigations at an Adjacent Site

A remedial investigation was conducted by Blasland, Bouch & Lee, Inc. (BBL) at an
adjacent site, located south of the CIM site. Some VOCs, SVOCs, and metals detected
at the adjacent site were similar to the contaminants found at the CIM site. In 1901,
the Central Hudson Gas & Electric Corporation (CHGE) manufacture gas plant (MGP)
property was conveyed to the Newburgh Light., Heat & Power Company. According
to Brown'’s directories, MGP produced gas by the carbureted water gas method in the
1930s (Raidan 1985). The gas was cooled and purified prior to distribution. During
cooling, an oily liquid commonly known as coal tar would condense from hot gas and
settle in the bottom of the gas holders, pipes, and other structures. In the water gas
process at the site, the tar was derived both from petroleum products and from coal.
Consequently, the material is referred to as“MGP tar.” In 1930, Central Hudson Gas
& Electric Corporation reduced gas production at this MGP, and the facilities were
only used for reserve gas production during peak periods until 1950 (Cantline 1997).

In 1951, demolition of the Newburgh MGP occurred. The generator room, including
the boiler, were demolished. In 1951, CHGE decommissioned the buildings and gas
and oil tanks at the Newburgh MGP (CHGE 1951). In 1959, at the natural gas
regulator lines, soil was removed during construction of the regulator station (CHGE
1959). The disposition of the excavated soil was not documented.

Population and Land Use

According to the 2000 census data for Newburgh, the population increased from
26,454 in 1990 to 28,259 in 2000, a 6.8 percent growth. This population gain exceeded
the growth rate of the state (5.5 percent), but lagged the Orange County growth rate of
11.0 percent and the US growth rate of 13.1 percent.

In 1997, the area had 2,782 establishments in operation including 1,173 firms in the
services sector, 617 retail operations, 282 construction firms, and 165 wholesale
establishments. By 2000, the area lost 7.5 percent of the total businesses. The number
of construction firms decreased by almost one-quarter over this period, despite a
relatively robust economy. According to the City of Newburgh tax assessors office,
the CIM property is zoned Waterfront Mixed Use (W1), which includes parks,
museums, restaurants, and residential use. According to the City of Newburgh,
potential reuse for the site includes residential areas.

Ecology

Ecological reconnaissance for field characterization was conducted on August 20,
2004. The vegetative species at the CIM site mainly were herbaceous, such as poison
ivy (Toxicodendron radicans), red clover (Trifolium pratense), goldenrod (Solidago spp.),
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field garlic (Allium vincale), grasses, thistle (Cirsium spp.) and Virginia creeper
(Parthenocissus quinquefolia). In addition to the herbaceous vegetation, shrubs and
trees were also observed at the perimeter of the site, including boxelder (Acer
negundo), honeylocust (Glenditsia tricanthos), honeysuckle (Lonicera spp.), red maple
(Acer rubrum), smooth sumac (Rhus glabra), staghorn sumac (Rhus typhina), sugar
maple (Acer saccharum), tree of heaven (Ailanthus altissima), and willow (Salix spp.).

The avian and wildlife species observed or heard included American robin (Turdus
migratorius), American crow (Corvus brachyrhychos), song sparrow (Melospiza melodia),
gray squirrel (Sciurus carolinensis), cottontail (Sylvilagus floridanus), and mice.
However, the species inhabiting or utilizing the CIM site or the vicinity of the site are
likely to consist of common species typical of urbanized or disturbed areas in New
York State. Thus, other species such as killdeer (Charadrius vociferus), house finch

-(Passer domesticus), starling (Stumus vulgaris), shrews (Sorex spp.) may also be present

in this area.

‘The Hudson River at the CIM site averages approximately one mile in width and
- supports deep channels, freshwater intertidal mudflats, and freshwater tidal marshes.

The river is fringed with both natural and disturbed vegetation within two miles of
the area. The river bank consists of anthropomorphic (old jetties, piers, rip-rap,

_retaining walls, etc.) and natural (tidal mudflats, natural river banks) features.

However, anthropomorphic features predominate. Natural vegetation growing along
the Hudson River includes trees, shrubs and herbaceous vegetation. The river is used
for transportation and can support fish propagation, fishing, and other recreational
activities.

The United States Fish and Wildlife Services (USFWS) indicated that two federally

~ endangered and one threatened species are known to occur in the vicinity of the site:

the Indiana bat (Myotis sodalis), a federally endangered species, is reported to occur at
a hibernaculum, approximately 20.7 miles from the site. The bald eagle (Haligeetus
leucocephalus), a federally listed threatened species is also reported to occur in the
vicinity of the site. - The shortnose sturgeon (Acipenser brevirostrum) is the only
Federally-listed threatened or endangered species located in the project area; this
species utilizes the Hudson River adjacent to the site as a summer habitat.

The NYSDEC reported that several endangered and threatened species are reported to
occur within four miles radius of the site. However none were observed during the
ecological reconnaissance.

RI Field Activities

The RI field activities included a soil and source area investigation, a hydrogeological
investigation, and a surface water/sediment investigation.

Surface and subsurface soil samples were collected at 10 background soil borings.
Eleven surface soil and 10 subsurface soil samples were collected, for a total of 21
background samples. Background soils, located in areas north of the site, were
collected for comparison with onsite soil sample data and to assess the impact of site-
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-

related activities to onsite soils. All surface and subsurface soil background samples

- were analyzed for TCL VOCs, TCL SVOCs, pesticides/PCBs, TAL inorganics, and

dioxins through the EPA CLP. Of the 11 surface soil samples collected, 10 were ,
analyzed for dioxins. Of the 10 subsurface soil samples collected, 1 sample was
analyzed for dioxins.

The soil boring program included 21 process area borings and 37 site-wide borings.
Five of the 37 borings were contingency borings, which were completed to delineate
the horizontal and vertical extent of contamination of VOCs, PCBs, and lead along the
eastern portion of the site, bordering the Hudson River. Field screening activities
were conducted in continuous intervals at all soil borings to assist in the delineation of
the horizontal and vertical extent of the contamination on site. Field screening results
were evaluated to locate hot spots and were used to determine contingency borings.
Field screening was conducted for VOCs, PCBs, and lead. In order to characterize the
nature and extent of this contamination, CDM vertically delineated areas of visible
LNAPL by advancing boreholes past the water table and collecting additional soil and
groundwater samples.

All process area surface and subsurface soil samples were analyzed for TCL VOCs,
TCL SVOCs, pesticides/PCBs, and TAL inorganics through the CLP. Of the 23 surface
soil samples collected within the process area, 15 were analyzed for dioxins. All site-
wide surface and subsurface soil samples were analyzed for TCL VOCs, TCL SVOCs,
pesticides/PCBs, and TAL inorganics through the CLP. Approximately 10 percent of
surface and subsurface soil samples in the site-wide area were also analyzed for total

| organic compound (TOC), pH, and grain size.

CDM selected three vertical geologic and water quality profile locations within the site
to characterize the site-specific geology to the top of bedrock or to a significant clay
layer and to assess the vertical extent of groundwater contamination. The three
geologic and water quality vertical profiles were conducted at MW-01, MW-04, and
MW-05. The name of each geologic and water quality vertical profile is associated
with each monitoring well location. Based on the evaluation of the vertical geologic
and water quality profiles, nine monitoring wells were installed. The purpose of the
monitoring wells was to define the vertical and lateral extent of groundwater
contamination and to provide a means for long-term monitoring.

Downhole gamma logging was conducted at MW-1, MW-4, and MW-5. The logs were
correlated with the respective lithological boring logs. Slug tests were also conducted
at each of the nine monitoring wells, to estimate hydraulic conductivity and specific
capacity of the aquifer.

Two rounds of monitoring well samples were collected to delineate the vertical and
lateral extent of groundwater contamination. Following the collection of synoptic
water level measurements, groundwater samples were collected from the nine newly
installed monitoring wells (MW-01 through MW-09). All samples were analyzed for

- low detection limit (LDL) VOCs, TCL SVOCs, pesticides/PCBs, and TAL inorganics,

including cyanide, through the EPA CLP.
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Surface water and sediment sampling was conducted in the Hudson River in the
vicinity of the site. The sampling program was designed to support a preliminary
evaluation of the nature and extent of contamination resulting from potential overland
migration of contaminated soils as well as from potentially contaminated
groundwater discharge into the river. All surface water samples were co-located with
sediment samples and analyzed for TCL VOCs, TCL SVOCs, pesticides/PCBs, and
TAL inorganics, including cyanide, through the CLP. All sediment samples were
analyzed for TCL VOCs, TCL SVOCs, pesticides/PCBs, and TAL inorganics, including
cyanide, through the CLP. Sediment samples were also analyzed for TOC, pH, cation
exchange capacity (CEC), and grain size through CDM’s analytical laboratory
subcontractor

Site-Specific Geology and Hydrogeology

A detailed aquifer map of Newburgh prepared by Leggett, Braeshears and Graham
(LBG) (1995) indicates the site is underlain by a stratified clay and silt unit with thin to
absent layers of sand and gravel at the land surface and below the water table. The
unconsolidated deposits are underlain by the Martinsburg Formation, which consists
of shale and carbonate rocks (e.g., limestones and dolostones). The bedrock is cross-
cut by faults in the site’s Vicinity (Lawler, Matusky & Skelly Engineers 1994).

Eleven borings contained a 1-4 foot layer of dark gray silty slurry. Within these
borings, the slurry generally occurred within three approximate depths: 5-9 feet bgs,
10-14 bgs, and 15-18 bgs. The borings are scattered throughout the northern half of
the site. Borings and approximate depths below ground surface in which the slurry
was observed, include: SWSB-01 (5-9 feet), SWSB-05 (5-8.5 feet), SWSB-07 (11-12 feet),
SWSB-10 (10-12.5 feet), SWSB-11 (15-18.5 feet), SWSB-12 (5-6 feet), SWSB-13 (12-13
feet), SWSB-17 (10-12 feet), PASB-10 (5-8.5 feet and 10 -13.5 feet), PASB-15 (8-12 feet
and 15-17 feet), and PASB-19 (10-11 feet). Native deposits, which underlie fill
deposits, consist of a mixture of yellow, brown, greyish green, and black, fine- to
coarse-grained sand, gravel, and trace silt.

In some of the deeper borings, a thicker clay layer was observed below the native
sand/gravel deposits. The clay was gray, loose to stiff, and plastic. Weathered
bedrock was encountered at only one vertical profile boring in the northwest corner of
the site (MW-1), at a depth of 38 feet bgs. Bedrock is a dark gray shale belonging to
the middle Ordovician Martinsburg Formation (LBG 1995).

The underlying shale-dominated Martinsburg Formation likely exhibits low
permeabilities based on the known low porosity of the bedrock unit. Secondary
porosity caused by interconnecting fissures and fractures, yields only low to moderate
permeabilities (LBG 1995). Yields for bedrock wells range from 3 to 225 gallons per
minute (gpm). Higher yields would likely result from moderately to highly fractured -
units with a relatively high degree of interconnection. A bedrock fault zone has been
mapped in the vicinity of the site, likely resulting in high secondary permeability
(www.nysed.gov/data 2002b). . This fault zone could be targeted for high yielding
wells (Lawler Matusky & Skelly Engineers 1994). Depending on the degree of
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interconnectivity between the bedrock fault zone and the shallow aquifer unit,
contaminants could migrate preferentially into the bedrock aquifer.

Nature and Extent of Contamination

The characterization and evaluation of the nature and extent of contamination are
focused on those constituents identified as indicator contaminants (ICs) in site media.
A brief summary of the site-specific screening criteria, determination of ICs, and data
interpretation is provided below. '

Selection of Site-Specific Screening Criteria
Site-specific screening criteria are presented for all compounds for which samples

were analyzed. However, the nature and extent of contamination discussion focuses
on contaminants detected at levels that exceed site-specific screening criteria.

Surface /Subsurface Soil Screening Criteria

EPA Region IX residential soil preliminary remediation goals (PRG), ad]usted
to a cancer risk of 1x10°® and a non-cancer hazard index of 0.1

EPA Generic Soil Screening Levels (SSLs) for commercial/industrial -
ingestion/dermal scenarios

EPA Generic SSLs for commercial/industrial - inhalation scenarios

NYSDEC Recommended Soil Clean-up Objectives (RSCO) Technical and
Administrative Guidance Memorandum (TAGM) #4046, ad]usted for the site-
specific soil TOC concentration of 4.85 percent

Groundwater Screening Criteria

- National Primary Drinking Water Standards

New York State (NYS) Standards and Guidance Values and Groundwater
Effluent Limitations for Class GA Groundwater (human water sources)
NYS Department of Health (NYSDOH) Drinking Water Quality Standards

Sediment Screening Criteria

¥

NYS Sediment Screening Criteria for Human Health (bioaccumulation,
freshwater), adjusted for the site-specific sediment TOC concentratlon of 3.985
percent

NYS Sediment Screening Criteria for Benthic Aquatic Llfe (chronic toxicity,
freshwater)

NYS Sediment Screening Criteria, Aquatic Life (severe effect level for
inorganics)

MacDonald (2000) Consensus-based Probable Effect Concentrations

EPA Region IX industrial /commercial soil

Surface Water Screening Criteria

-EPA Ambient Water Quality Criteria, Human Health (for Consumption of

organisms only) and Aquatic Life (chronic fresh water) values
NYS Standards and Guidance Values for Class B Surface Water, Human Health
(fish consumption) and Aquatic Life (chronic) values
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Determination of Site Indicator Contaminants ,
Selected ICs are used to focus the evaluation of the nature and extent of contamination
in soil, groundwater, sediment, and surface water. CDM evaluated analytical data
collected during the RI, reviewed the HHRA contaminant of potential concern (COPC)
list, and reviewed the historical activities and analytical data for the site.

Contaminants that exceeded the site specific soil screening criteria (SSSSC) in surface -
and subsurface soils were evaluated based on: the percentage of the total number of
samples in which each contaminant was detected; the percentage of the total number -
of samples in which each contaminant exceeded the screening criteria, and the -
magnitude of the highest screening criteria exceedance. CDM also reviewed
contaminants that are COPCs for the HHRA; the COPCs that contributed the most

 risk were included as ICs in the RI. Based on these evaluations, CDM selected the

following contaminants as ICs:

Benzo(a)anthracene
Benzo(b)fluoranthene
Benzo(a)pyrene
Indeno(1,2',3-c,d)pyrene
Dibenz(a,h)anthracene
Aroclor-1254
Arsenic

- Cadmium
Copper
Lead
Mercury
Zinc

Data Interpretation

Soil Contamination

Indicator contaminants exceeded screening criteria in surface and subsurface soil
samples in both process area and site-wide soil borings. In general, surface soils are
contaminated with higher levels of ICs than subsurface soils. The PAH
benzo(a)pyrene, which exceeded its screening criterion in the greatest number of
samples, exemplifies the general trend of PAH contamination in site soils. PAH
contamination is generally highest in areas surrounding the former metal shear
building, and east of this area, along the Hudson River.

The highest concentrations of Aroclor-1254 were found in surface soils surrounding
the former metal shear and compact/bailer buildings, as found in both screening and

~ analytical samples.

The highest concentrations of the majority of metal ICs occur in the process area
around the former metal shear, compactor/bailer, and smelter buildings, in both
surface and subsurface soils. However, the highest levels of vanadium and lead in the
surface are concentrated in the northeast corner of the site and along the Hudson
River, respectively. .
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Sediment Contamination

The majority of site-specific ICs exceeded screening criteria in sediment samples
adjacent to the site. However, many of these exceedances were below the calculated
background values. Since the inorganic ICs are not considered to be naturally
occurring, this suggests that either these contaminants migrated from the site to
upstream background locations (during high tidal flow) or that they migrated from
other sources unrelated to the site. The highest levels of PAH ICs are in SD-19,
offshore of the southern boundary of the site; two of these ICs were above background
values. It should be noted that the PAH ICs are also designated contaminants of
concern (COCs) for the manufactured gas plant site located adjacent to the CIM site to
the south.

Approximately half of the inorganic ICs exceeded both screening criteria and
background. The highest levels of inorganic ICs are in samples offshore of the .
southern half of the site and one sample just north of the site. The highest levels are
concentrated in one sample approximately due east of the former smelter/staging area
and hydraulically downgradient of the former metal shear and compact/bailer
buildings. ”

Surface Water Contamination

Iron and lead exceeded calculated background levels and screening criteria in surface .
water samples adjacent to the site. Lead exceedances occurred in two samples. Iron
exceedances ranged from 1.2 to 2.5 times screening criteria. In general, iron and lead
contamination does not exhibit a clear pattern of migration, and is likely influenced by
tidal flow.

Groundwater Contamination

VOCs and inorganic ICs exceeded screening criteria in groundwater across the site.
The highest levels of both VOCs and ICs are located adjacent to, and downgradient of
the former compact/bailer and metal shear buildings, in the area of the former tire
piles. The highest concentrations are found in MW-5, approxnnately 250 feet
downgradient of the former metal shear building.

LNAPL Distribution _

LNAPL was observed at four locations in two areas across the site; the amount is not
sufficient for delineation purposes. Rather, LNAPL occurs in two small areas: the first
area is adjacent to the former metal shear building on the northern and eastern side.
The second area is near the Hudson River, just downgradient of the former I
compactor /bailer building. The latter building was found to contain free product in

~ the two-level basement, which was removed in early 2004. Soil and groundwater

samples collected for LNAPL delineation in these areas indicate that LNAPL,
although observed, is minimal.

Contaminant Fate and Transport

Site contaminants derived from the on-site waste handling and smelting processes
were routinely deposited on the ground and in piles. Liquid wastes such as petroleum
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oils were discharged to the ground, forming small pools. No containment structures,
such as engineered covers, run-on control systems, runoff management systems, or
liners, were used to prevent the washout of hazardous materials during floods or rain
events. During rain events, rainwater percolated through the waste piles, eroded
them, and may have mobilized contaminants into solutes and slurries that flowed
with storm water downslope across the site.

Visual evidence of car battery fragments near the location of the former ash/slag pile
suggests car battery acids may have been released to the site soils. The solubility of

~ metal contaminants in soils would be increased by the acids, promoting their

downward migration. Metals and other contaminants would be mobilized by
downward percolation of rainwater, migrating down through the unsaturated zone.

Groundwater may discharge to the Hudson River; therefore, the potential exists for
contamination from the groundwater to affect the quality of surface water and /or the
sediments at (or downgradient from) the discharge points. '

It is difficult to predict the mobility of ICs for the site because of the wide range of soil

conditions in the environment and the variability of certain physical parameters. Soil
sorption constants may vary over several orders of magnitude for a given metal in
different soils and /or under different environmental conditions. Thus, no single
sorption constant describes the binding of contaminants in solution to soils and no one
mobility prediction holds for all environmental conditions. ICs at the site are
relatively insoluble in water, and show high tendencies to adsorb to soil or organic
matter in soil or sediment. Analytical results for the various media support this fate
and transport scenario, since many of the ICs detected in soils and sediment do not
exceed screening criteria in surface water or groundwater.

Risk Assessment Summaries
A baseline HHRA and a SLERA were completed as part of the RI for the site.

Human Health Risk Assessment

The Final HHRA for the Consolidated Iron and Metal site characterized the potential
human health risks associated with exposure to soil, groundwater, sediment, and
surface water impacted by the site in the absence of any remedial action.

COPCs were identified for evaluation in the HHRA based on criteria outlined in Risk
Assessment Guidance for Superfund (RAGS) (EPA 1989), primarily through
comparison to risk-based screening levels. The following human receptor groups and
exposure routes were evaluated in the HHRA:

Current and Future Use

. Trespasser (Adolescent 12-18 years): exposure to surface soil through
incidental ingestion, dermal contact, and inhalation of fugitive dust
» Recreational user (Adult and Adolescent [12-18 years]): exposure to sediment

and surface water through incidental ingestion and dermal contact
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Future Use
" Resident (Adult and Young Child [0-6 yrs]) exposure to surface soil through
‘ incidental ingestion and dermal contact, and inhalation of fugitive dust;
exposure to groundwater through ingestion, dermal contact during showering
and bathing, inhalation of volatile chemicals during showering and bathing,
and inhalation of vapors from subsurface intrusion; and exposure to indoor air
(vapor migration from subsurface groundwater) through inhalation of volatile
chemicals, dermal contact, and inhalation of fugitive dust
.  Site Worker (Adult): exposure to surface soil through incidental mgestlon,
- dermal contact, and inhalation of fugitive dust and exposure to groundwater
through ingestion and inhalation of vapors from subsurface intrusion
= Construction worker (Adult): exposure to surface and subsurface soil through
‘ incidental ingestion, dermal contact, and inhalation of fugitive dust
L] Onsite Recreational User (Adult and Young Child [0-6 yrs]): exposure to
surface soil through incidental ingestion, dermal contact and inhalation of
fugitive dust

“Quantitative estimates of the magnitude, frequency, and duration of exposure for each

of these receptors were made using both reasonable maximum exposure (RME) and
central tendency (CT) exposure scenarios. RME assumptions represent the highest
exposure reasonably expected to occur at a site, while CT assumptions represent
typical exposure levels. EPA recommends a target hazard index (HI) value of 1 or a
target cancer risk range between 1 x 10 to 1 x 10* as threshold values for potential
human health impacts. Risks for each receptor are summarized below.

For most receptors, lead is a COPC in surface soil, with a mean concentration of 3,180
mg/kg. This value exceeds both the health-based screening level of 400 mg/kg for
children and 800 mg/kg adults. Therefore, exposure to site soils by this population
may result in adverse health effects. However, exposure to lead in soil was not
quantitatively calculated due to lack of toxicity values. The systemic toxic effects of
lead in humans have been well documented. The evidence shows that lead is a multi-
targeted toxicant and can affect almost every organ and system in the human body.
The most sensitive system is the central nervous system, particularly in children.
Irreversible brain damage occurs at blood lead levels greater than or equal to 100
micrograms per deciliter (xg/dl) in adults and at 80 -100 pg/d! in children; death can
occur at the same blood levels in children. Children who survive these high levels of

~ exposure suffer permanent severe mental retardation. Lead also damages kidneys and

the reproductive system. At high levels, lead may decrease reaction time, cause
weakness in fingers, wrists, or ankles, and possibly affect the memory. Lead may also
cause anemia, a disorder of the blood. EPA has classified lead a Group B2, probable
human carcinogen, based on sufficient animal studies showing that lead induces renal
tumors in experimental animals.

Current and Future Site Trespassers: The total incremental lifetime cancer risk

estimates under the RME is 2 x10® which is within EPA’s target range of 1 x 10®to 1 x
10*. The calculated Hls are 3 for RME and 0.7 for CT exposure. PCBs contribute most
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of the potential noncarcmogemc hazards. Exposure to elevated levels of PCBs may

- adversely affect eyes, skin, nails, and developing fetus.

Current and Future Recreational User (Adult): The total incremental lifetime cancer
risk estimate under the RME is 5 x10”® which is within EPA’s target range of 1 x 10® to

1 x 10 The calculated HI under the RME is 0.2 which is below EPA'’s threshold of
unity (1).

Current aﬁd Future Recreational User (Adc.)vlescent): Under the RME, the total

incremental lifetime cancer risk of 1 x10? is within EPA’s cancer target range and
noncarcinogenic estimate of 0.2 is below noncancer target threshold.

Future Site Worker: The total incremental lifetime cancer risk estimates are 2 x10* for
RME and 4 x10” for CT exposure. The RME estimate exceeds EPA’s target range of 1 x
10° to 1 x 10*. PCBs and arsenic contribute most of the potential risk. PCBs are
considered probable human carcinogens (Group B2) and arsenic is a known human
carcinogens (Group A). However, the CT estimate is within the EPA target risk range.
The calculated HIs for both RME (8) and CT (9) are above EPA’s threshold of unity.
PCBs, antimony, and thallium contribute most of the potential non-cancer health
hazard. Exposure to elevated concentrations of these chemicals could possibly have
adverse effects on the eyes, skin, nails, developmg fetus, blood, whole body, and
lungs. .

Future Construction Worker: The total incremental lifetime cancer risk estimate is 8 x
10® which is within EPA’s target range of 1 x 10® to 1 x 10*. The total HI (9) based on
individual health endpoints is above EPA’s acceptable threshold of 1, and could
possibly have adverse effects on the eyes, skin, nails, developing fetus, blood, whole
body, and lungs. PCBs, antimony, and thallium contribute most of the potential non-
cancer hazard. '

Future Residents: The total incremental lifetime cancer risk estimates for an adult are 2
x 10" for the RME and 5 x 10” for CT exposure. The total incremental lifetime cancer
risk estimates for a child (0-6 years old) are 4 x 10™ for RME and 2 x 10 for CT
exposure. Except for the adult CT cancer risk estimate, these estimates of risk are
above EPA’s target range of 1 x 10® to 1 x 10™ . Exposure to PCBs and PAHs in soil
and to arsenic in soil and groundwater account for the majority of the risk. PCBs and
PAHs are considered probable human carcinogens (Group B2) and arsenic is a known
human carcinogens (Group A). The total HI based on individual health endpoints is
above EPA’s acceptable threshold of 1 for both an adult (HI=14 for RME and 8 for CT)
and a child (HI=73 for RME and 31 for CT). PCBs, antimony, copper, manganese,
mercury, and thallium contribute most of the potential non-cancer hazard. Exposure

to elevated levels of these contaminants may have adverse effects on the eyes, skin,

nails, developing fetus, blood, whole body, lungs, central nervous system,

‘gastrointestinal tract, and kidney.

Future On-Site Recreational User (Adultl: The total incremental lifetime cancer risk
estimate for RME is 6 x 10° which is within EPA’s target range of 1 x 10° to 1 x 10™.
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_ The calculated HIs for noncarcinogenic health hazards are 3 for RME and 0. 5 for CT

exposure. The total HI based on individual health endpoints for RME scenario is
above EPA’s acceptable threshold of 1, and could possibly have adverse effects on the
eyes, skin, nails, and developing fetus. PCBs contribute most of the potential non-
cancer hazard. The total HI based on individual health endpomts for CT scenario is
below EPA’s acceptable threshold of 1.

Future On-Site Recreational User (Child): The total incremental lifetime cancer risk
estimates are 1 x 10*and 3 x 10~ for RME and CT exposure, respectively. The RME
estimate is at the high end of EPA’s target risk range, while the CT estimate is within
EPA'’s target range of 1 x 10° to 1 x 10*. The calculated HIs for noncarcinogenic health
hazards are 22 and 5 for RME and CT exposure, respectively. The total HI based on
individual health endpoints is above EPA’s acceptable threshold of 1, and could
possibly have adverse effects on the eyes, skin, nails, developing fetus, central nervous
system, gastrointestinal tract, and kidney. PCBs, antimony, copper, and thallium
contribute for most of the potential non-cancer hazard.

Screening Level Ecological Risk Assessment

The Final Screening Level Ecological Risk Assessment for the CIM site identified the
potential environmental risks associated with the site. Risks were calculated for-
aquatic receptors to surface water and sediment in the Hudson River and to terrestrial
receptors exposed to surface soil on the site. The ecological risks are summarized
below, as hazard quotients (HQs). An HQ equal to or below one mdlcates no
potential for risk.

Surface Water Risks: Aluminum, iron, and lead had HQs above orie however, none ofl '
these inorganics is considered a major source of 51te-re1ated risk to ecological
receptors.

Sediment Risks: Bis(2-ethylhexyl)phthalate and 2-methylnaphthalene had HQs over
one. Total PAHs yielded an HQ of 132.9 at sample location SD-19. The DDT HQ was
3.44. The highest HQ for 4,4'-DDD was 3.1 at sample location SD-17. Eleven
inorganics (antimony, arsenic, cadmium, chromium, copper, lead, manganese,
mercury, nickel, silver, and zinc) had HQs greater than one, with copper at location
SD-17 the highest with an HQ of 163.

Surface Soil Risks: Process Area BIS(2 -ethylhexyl) phthalate and
butylbenzylphthalate had HQs of 78.8 and 39.7, respectively. Total PAHs had an HQ
of 256.7 at sample location PASS-04-D. Six pesticides (4,4'-DDE, 4,4'-DDT, endosulfan
sulfate, endrin, heptachlor, and methoxychlor) had HQs above one. The total DDT
and total PCB HQs were 1,768 and 208,630, respectively. Seventeen inorganics
(aluminum, antimony, arsenic, barium, cadmium, chromium, cobalt, copper, iron,
lead, manganese, mercury, nickel, selenium, silver, vanadium, and zinc) had HQs
above one. The three highest inorganic HQs were cadmium (43,864 at sample location
PASS-06-D), aluminum (2,940 at sample location PASS-15-D), and lead (86,667 at
sample location PASS-11-D).
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Non-Process Area - Three VOCs (benzene, ethylbenzene, and m,p-xylenes) had HQs
above one. Total PAHs had an HQ of 285 at sample location SWSS-16-D. Thirteen

- pesticides (4,4-DDE, 4,4'-DDT, aldrin, alpha-BHC, beta-BHC, endosulfan sulfate, .

endrin, endrin aldehyde, endrin ketone, gamma-BHC [lindane], heptachlor,
heptachlor epoxide, and methoxychlor) had HQs above one. The total DDT and total
PCB HQs were 968 and 140,843, respectively. Nineteen inorganics (aluminum,
antimony, arsenic, barium, beryllium, cadmium, chromium, cobalt, copper, iron, lead,
manganese, mercury, nickel, selenium, silver, thallium, vanadium, and zinc) had HQs

- above one. The three highest inorganic HQs were for cadmium (14,682 at sample

location SWSS-05-D), aluminum (1,828 at sample location SWSS-17-S), and lead
(294,444 at sample location SWS5-24-D).

The following risk questions were identified as important to the SLERA. The results
of the SLERA are used to respond to these questions and to help form conclusions.

(1) Are site-related contaminants present in surface soil, sedzment or surface wuter where
ecological receptors may be exposed?

Response: YES. Available data cannot confirm that surface water COPCs are
site-related. Sediment COPCs may or may not be site-related, but available
data for on-site surface soil suggest that the site contributes to near-site
sediment contamination. Similar contaminants were found in both on-site
surface soil'and near-site sediments.

() Where present, are the concentrations of site-related contaminants sufficiently elevated
to impair the survival, growth, or reproduction of sensitive ecological receptors?
Response: YES (sediment and surface soil). Many of the sediment and surface
soil COPCs have been measured at concentrations that may cause ecolog1cally
significant adverse effects in sensitive receptors. These include PAHs,
pesticides, PCBs, and inorganic COPCs. Of most concern are higher molecular
weight PAHs, PCBs, pesticides such as DDT or its metabolites, cadmium,
copper, lead, mercury, and zinc.

Based on the findings of the SLERA, in which maximum detected concentrations of

~ the contaminants were compared to conservatively derived published benchmarks,

site related contaminants are present at concentrations found to potentially cause
adverse ecological effects. However, limited habitat is available on site for ecological
receptors, thereby limiting ecological exposure potential.

Conclusions

The significant findings of the Rl are as follows

u Indicator contaminants, which represent the highest levels and most extensive
contamination in site media, include: benzo(a)anthracene,
benzo(b)fluoranthene, benzo(a)pyrene, indeno(1,2,3-c,d)pyrene,
dibenz(ah)anthracene, Aroclor-1254, arsenic, cadmium, copper, iron, lead,
mercury, vanadium, and zinc.
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' o= Site soils are contaminated from former site processing and waste disposal
practices. Surface and subsurface soil to four feet bgs contain levels of all ICs
that exceed screening criteria and calculated background values in the majority
of soil samples, with the highest levels in the top foot of soils.

= Contamination in subsurface soil at depths greater than four feet is based on
screening data, which indicate that PCBs and lead may extend to the water
table (depths up to 14 feet bgs in some areas of the site). Screening data was
obtained for VOCs, PCBs, and lead because they were the primary
contaminants that were expected to be found at the site. The vertlcal extent of
contamination from other ICs has not been defined.
RECOMMENDATION: EPA may elect to collect subsurface soil samples below four
feet, for analysis of all contaminants of concern, to refine the vertical extent of the soil
excavation.

n The lateral extent of soil contamination has been delineated across the site, and
contamination extends to the borders. Contamination beyond the borders of
the site has not been defined.

"RECOMMENDATION: EPA may elect to collect soil samples at the peripheral areas
of the site during pre-design activities, for analysis of all contaminants of concern, to
determine if there is a need to extend the limits of the soil excavation. '

n Hudson River sediments adjacent to the site contain ICs that exceed screening
‘ ~ criteria. However, PAH ICs do not exceed calculated background values (95
percent UCL).
L] Hudson River surface water adjacent to the site contains iron in all 10 samples
and lead in 2 samples that exceed screening criteria and calculated background
values.

n Groundwater in the unconsolidated water table aquifer has minor impact from
former site waste disposal practices. Iron, lead, and zinc are present at levels
that exceed screening criteria and background levels. Gasoline fraction VOCs
(MTBE, benzene, ethylbenzene, and m,p-xylene) are also present at levels
exceeding screening criteria in several monitoring wells. VOC contamination
presumably originated from leaking USTs located along the western boundary
of the site or from gasoline leaking from crushed cars.

RECOMMENDATION: Due to the presence of VOCs at the water table at MW-1
during the VPMW screening event, EPA may elect to install a shallow monitoring
well in the vicinity of MW-1 that is screened across the water table during pre-design
activities.
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Introduction

CDM Federal Programs Corporation (CDM) received Work Assignment 151-RICO-
02LT under the Response Action Contract (RAC) to perform a remedial
investigation/ feasibility study (RI/FS), a human health risk assessment (HHRA), and

‘a screening level ecological risk assessment (SLERA) at the Consolidated Iron and

Metal (CIM) Site (the site), located in Newburgh, Orange County, New York, for the
Environmental Protection Agency (EPA). This RI report was prepared in accordance
with Subtask 9.1 of the CDM Final Work Plan, dated February 4, 2003 (CDM 2003).
The purpose of this work assignment is to investigate the overall nature and extent of
contamination at the site.

It is important to note that since the field investigation was conducted in accordance

“with EPA regulations, guidance and standards, the resultant data were found to be of .

high quality, fully defensible, and provide an accurate assessment of site conditions.
Additionally, all data quality objectives developed during the ongoing project’
planning efforts, were met and adequately satisfied. As such, the findings of the RI
and Risk Assessments will allow EPA Region II to develop and evaluate effective
remedial alternatives.

1.1 Purpose of Report

The purpose of the RI Report is to present the results of the geologlc, hydrogeologlc
and ecological investigations, including surface and subsurface soil screening, surface
and subsurface soil sampling, light non-aqueous phase liquid (LNAPL) delineation,
geologic and water quality vertical profiling, monitoring well installation and
sampling, sediment and surface water sampling, and topographic and cultural
resource surveys. The human health and ecological risk assessments have been
submitted under separate cover and are summarized in Section 6. The soil,

hydrogeologic, and surface water/sediment investigations were conducted to

determine the nature and extent of site-related contamination. Samples from each
matrix were collected and analyzed; results of these analyses are compared with EPA-

. approved screening criteria.

1.2 Site Description

The CIM site is an inactive car and scrap metal junk yard and dealer located at the end
of Washington Street, in Newburgh, Orange County, New York. The study area,
which covers approximately seven acres, is bounded by a boat marina to the north,
Conrail railroad tracks and South Water Street to the west, an inactive municipal
incinerator and an active wastewater treatment plant to the south, and the Hudson
River to the east. The site location map is presented as Figure 1-1 and the site map is

- presented as Figure 1-2.

Downtown Newburgh is located approximately 500 feet west of South Water Street.
The City of Newburgh, which is 60 miles north of New York City, is located on the
western side of the Hudson River in eastern Orange County. The City has a land area

of 3.9 square miles and is bounded by the incorporated Town of Newburgh on the
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north and west, by the Town of New Windsor to the south and by the Hudson River
to the east.

1.3 Site Hlstory

The CIM property is approximately seven acres. From World War I until the early
1940s, the Eureka Shipyard operated at the site. Scrap metal processing and storage
operations occurred at the site for approximately 40 years before the facility’s closure

{(Weston 2000a). A smelter operated on site between 1975 and 1995 that was used

primarily to melt aluminum-containing materials, including, but not limited to,
transmissions, to produce aluminum ingots. Other metallic materials also were
smelted, creating a lead-contaminated ash and slag by-product. Other site operations
included sorting ferrous and non-ferrous metal scrap for processmg, including
automobile batteries.

Historical aerial photographs taken since the mid-1940s show that standing liquids
have occupied large areas of the CIM site (Weston 2000a). Throughout the past 40
years, the site has been covered with piles of debris, scrap metal, numerous small and
large mounds of dark-toned and light-toned materials, and numerous areas of dark-
stained soil. From approximately 1960 to 1980, the area of land on which the CIM
facility operated increased, by approximately 25 percent, as fill material was added to

the Hudson River along the property’s shoreline. Throughout the historical

photographs, intermittent surface drainage pathways across the site were noted that
appeared to discharge to the Hudson River, and were associated with discharge
plumes visible in the river waters. During the late 1990s, the site operator constructed
a surface water impoundment on the northeastern portion of the site with a berm of

. waste material along its eastern side.

From 1997 to 1999; the New York State Department of Environmental Conservation
(NYSDEC) and EPA conducted several inspections at the site. Oil-stained soils and
puddles with oil sheens were observed on site. In addition, an unpermitted storm

~water discharge to the Hudson River and an improperly constructed berm were noted.

An oil sheen was observed by NYSDEC personnel on the storm water discharge and
on the river. The southern portion of the site was covered by more than 5,000 tires.

An unknown number of underground storage tanks (USTs) were noted to exist onsite;
tightness testing of the tanks was required to determine their condition. Several USTs
were removed in the late 1990s. The USTs likely stored fuel oil for the process .
equipment when the facility was active. The size of the excavations suggested the
USTs were at least 5,000 gallons capacity. Subsequent inquiries by the NYSDEC
project manager to NYSDEC Region III did not reveal additional data regarding the
size, contents, or conditions of the tanks when they were removed, whether they had
lead product, and if any soil samples were collected from the tank pits to assess
potential contarmnatlon

Numerous violations were cited by NYSDEC, including, but not limited to, not
notifying EPA of its Resource Conservation and Recovery Act (RCRA) status. The
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aluminum slag pile was determined to be hazardous waste. In addition, the site
owner was in violation because ofa fallure to remove and legally dispose of the tire
piles.

Between 1998 and 1999, EPA’s Hazardous Waste Support Branch (HWSB), Superfund
Contract Support Team (SCST) and Region II Superfund Technical Assessment and
Response Team (START) sampled waste piles, soils, and river sediment, analyzed by
Region II's Division of Environmental Science and Assessment (DESA) laboratory, to

delineate the horizontal and vertical extent of contamination. Sectlon 1.3.2 details the
EPA HWSB and START investigation.

Between 1996 and 1999, NYSDEC prosecuted CIM for five separate environmental
violations. CIM pleaded guilty to all violations and paid fines. In 1999, the New York

. State Attorney General filed a lawsuit against CIM for RCRA and Clean Water Act

(CWA) violations, including illegal discharge to surface water without a Sate Pollutant
Discharge Elimination System (SPDES) permit. The case was settled with a Consent
Order in which CIM agreed to remove all scrap materials and cease operations.

A Hazard Ranking System (HRS) package was prepared in December 2000 by EPA
Region II (Weston 2000b). CIM was added to the National Priorities List (NPL) June
14, 2001.

1.3.1 Waste Dlsposal Practices and Potentlal Sources

The source of site contamination is suspected to be the result of past improper metal
waste handling and processing activities on the property. There is documentation that
during the past decades, scrap metal containing hazardous substances and wastes
were stored in piles. In addition, discharge of site-derived contaminated storm water
to the Hudson River was observed (Weston 2000a). Onsite source areasincluded an -

_ ash and slag pile generated by the former aluminum smelting operation, located on

the southwestern portion of the site, and a former processed soil pile, which consisted
of site surface soils that were mixed with processed debris and then separated out.
The soil pile was located on the northeastern portion of the site, southeast of the office
building. Both contaminated waste piles were removed by EPA for offsite treatment
and land filling subsequent to 1998. Limited surface and subsurface soil sampling at
the former ash and soil pile locations indicated that the soils beneath the former piles
had been impacted. Previous site inspections also noted oil-stained surface soils, oily
sheens on puddles throughout the facility, and oily sheens on the Hudson River
adjacent to the site.

The contaminants that were routinely released to the surface at the facility impacted
surface and subsurface soils; some soluble contaminants also migrated vertically
down through the vadose zone until they intercepted groundwater at the water table,
at an estimated depth of approximately 5 to 10 feet below the ground surface (bgs).
The predominant eastwardly groundwater flow would have promoted the migration
of contaminants eastward, discharging directly into the Hudson River.

Prior to the RI, EPA, NYSDEC, the City of Newburgh, and CDM personnel observed
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site conditions and the surrounding area. Evidence was present of past poor waste
management practices, including stained soil, free-phase petroleum liquid in an open
well, and improper storage of tires. In addition, two large excavations were observed
along the western side of the site, west of the former scrap metal processing and -

-smelting equipment, where USTs had been removed.

In June 2003, Weston Remedial Services, under contract to EPA’s Emergency Response

- Team (ERT), conducted clearing activities at the site. Removal activities included

building demolition and removal of tires, scrap metal, concrete, soil piles, and wood

- debris for processing. .During demolition of the metal shear building, standing liquid

(including unknown oils) was removed. Subsequently, a second sub-basement of the
building was discovered. Approximately 28,000 gallons of hquld was pumped from
the two basements and dlsposed offsite.

1. 3 2 Previous Investigations

The following sections describe the mveshgahons conducted by EPA’s HWSB and
START from 1998 to 1999. »

1.3.2.1 START Source Sampling and Removal Activities

On August 11, 1998, Region II START and EPA Region II DESA sampled the ash and
slag pile (waste pile) located east of the compactor and metal shear building (Weston
2000a). Soil screening analytical results identified the presence of lead at
concentrations ranging from 1,590 to 2,420 milligrams per kilogram (mg/kg). Lead
levels exceeded the toxicity characteristics leaching procedure (TCLP) hazardous

.waste classification limit for lead of 5 milligrams per liter (mng/L), with values ranging

from 5.70 to 13.4 mg/L. Polychlorinated biphenyls (PCBs) also were detected in the
ash and slag pile. Aroclor-1248 and -1254 were detected at concentrations ranging
from an estimated (J) value of 37 to 27,000 micrograms per kilogram (ug/kg) and 70 to
27,000 pg/kg, respectlvely The pile was removed for treatment, stabilization, and

land filling.

During July and August 1998, a soil pile, not related to the former smelting operation, -

- was segregated and processed. The resulting processed soil of approximately 7,040

cubic yards was located along the northern boundary of the facility, southeast of the
office and garage. On July 7, 1999, 12 soil samples were collected from the processed
soil pile by Region II START and analyzed for Target Compound List (TCL) organics,
excluding pesticides, full Target Analyte List (TAL) inorganics, and TCLP including
copper and zinc. Analytical results indicated that estimated concentrations of lead in
the soil pile ranged from 2,100 to 4,000 mg/kg. Lead levels for the soil pile exceeded
the TCLP hazardous waste classification limit for lead with values ranging from 2.80
to 12.00 mg/L. Aroclor-1016 and -1254 were detected at concentrations ranging from
1,800 to 26,000 pg/kg and 3,000 to 39,000 ug/kg, respectively. Arsenic was detected at -
a maximum concentration of 35 mg/kg in the soil pile. Copper and mercury also were
detected in the soil pile at maximum concentrations of 5,200 mg/kg and 6.4 mg/kg,
respectively. Chromium, cadmium, and nickel were detected at maximum estimated

concentrations of 480 mg/kg, 66 mg/kg, and 250 mg/ kg, respectlvely
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Subsequently, during September and October 1999, an EPA Emergency and Rapid -
Response Services (ERRS) contractor removed the processed soil pile from the facility.
The processed soil was taken to a RCRA-approved transport, storage, or disposal
facility (TSDF) for stabilization and land filling.

On August 10, 1999, START collected 19 soil samples, including surface and
subsurface samples, from the site soils upon which the ash and slag pile was located.

The samples were analyzed for lead and unvalidated concentrations ranged from
1,750 to 8,100 mg/kg in the surface soﬂ

1.3.2.2 START Field Screening Activities
From September 20 to 22, 1999, START's Preliminary Assessment/Integrated

- Assessment (PA/IA) included field screening for lead and PCBs (Weston 2000a).

Surface soil screening sample locations were established on a 30-foot by 30-foot grid
over the southern and eastern portions of the site (Appendix B, Figure 5). Fifteen-foot
by 15-foot grids were established north of the processed soil pile and north of the
metal shear building. START collected surface soil samples from 126 onsite locations
and screened them utilizing an x-rayfluorescence (XRF) spectrophotometer.
Approximately 10 percent of the total number of soil samples collected for XRF
screening were submitted to a laboratory for total lead analysis. Lead concentrations
in the surface soil samples collected for field screening analyses ranged from 754 to
4,210 mg/kg (Appendix A). The XRF lead results indicated that lead contamination is
found above applicable screening criteria across the entire area of the site, typically at
concentrations between 1,500 and 3,000 mg/kg (Weston 2000a). There were no
definable areas of significantly-elevated lead concentrations that would indicate
localized sources.

Region Il START élso collected 61 surface soil screening samples for PCB analysis

- using immunoassay field test kits from 61 onsite locations. Total PCB concentrations

in the surface soil samples ranged from less than 1 mg/kg to greater than 20 mg/kg.
Confirmatory laboratory analyses ranged in concentrations from 0.37 mg/kg to an
estimated 57 mg/kg. The analytical results from the PCB field screening activities and
confirmatory laboratory results are presented in Weston’s report (2000a) and in
Appendix A. PCBs were detected in samples collected across the entire site; however,
the greatest PCB concentrations above applicable screening criteria were found in the
areas of the former ash and slag pile east of the compactor and the processed soil pile
southeast of the office buildings.

1.3.2.3 START CLP Sampling Activities
Surface Soil Sampling

- Based on the surface soil field screening results, START collected surface soil samples

for analysis of TCL organics and TAL inorganics under EPA’s Contract Laboratory
Program (CLP). In addition, subsurface soil samples collected with a Geoprobe
sampling device were analyzed for TCL organics and TAL inorganics by EPA’s CLP.
The tabulated results of the surface and subsurface soil sampling program are
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presented in Appendix A (Tables A-1 and A-2, respectively). Figure 3 in Appendix B
shows surface and subsurface soil CLP sampling locations.

Volatile organic compounds (VOCs) were detected in one surface soil sample
southwest of the process soil pile (SAD210) at concentrations greater than applicable
cleanup criteria (Table A-la). Semivolatile organic compounds (SVOCs) were
identified in all of the surface soil samples collected from on-site locations, with
several compounds at concentrations greater than applicable screening criteria.
Phenol and dimethylphthalate exceeded screening criteria in many samples collected
across the site. However, polyaromatic hydrocarbons (PAHs) were detected in all soil
samples above applicable screening criteria (Table A-1b). The highest PAH

-exceedances were found in and around the former soil piles. For example, benzo(a)

pyrene was detected at concentrations ranging from 4,100 pg/kg (at S3H30, north of
the metal shear building) to 18,000 ug/kg (at SP2, at the former processed soil p11e)
Figure 3 in Appendlx B shows the results.

Pesticides were detected in surface soil samples at concentrations greater than
applicable screening criteria in many samples collected across the site (Table A-1c). In
particular, dieldrin was detected in almost all surface soil samples at concentrations
up to 960 pg/kg at SP2, the former processed soil pile. PCBs were detected above
applicable screening criteria in all surface soil samples, specifically Aroclor-1248 and -
Aroclor-1254 (Appendix B, Figure 3). Aroclor-1248 was identified in 18 soil samples at
concentrations ranging from 1,600 ng/kg (at SH240 on the southeastern corner of the
site) to 25,000 ug/kg (at SAA30, the former ash and slag pile). Aroclor-1254 was
detected in 14 surface soil samples at concentrations ranging from 4,000 ug/kg (SF240) .
to 18,000 pug/kg (SAE240). : :

All of the 23 surface soil sampling locations contained inorganic contaminants at
concentrations above screening criteria (Table A-1d). Applicable screening criteria
consistently were exceeded for arsenic, beryllium, cadmium, chromium, iron, lead,
mercury, nickel, silver, and zinc. For example, cadmium was detected in each of the
surface soil samples at concentrations ranging from 7.8 mg/kg (at SH240 on the
southeastern corner of the site) to 47 mg/kg (at SAA30, the former ash and slag pile).
Copper, nickel, and zinc were detected in all 23 surface soil samples at concentrations
ranging from 1,120 to 15,300 mg/kg, 78.5 mg/kg to 318 mg/kg, and 1,620 mg/kg to

5,640 mg/kg, respectively. Twenty-one surface soil samples contained lead in

concentrations ranging from 1,740 mg/kg (S3E30) to an estimated 36,200 mg/kg
(SF280).

Subsurface Soil Sampling

On September 22, 1999, Region I START conducted subsurface soil sampling at the
site. A total of 27 subsurface soil samples, including background samples, were
collected from various on-site grid locations (Figure 3, Appendix B). Sample SS01A
was collected at a depth of 2.5 to 4 feet bgs, SS01B was collected at 4 to 5 feet bgs.
Samples SS02A through SS13A were collected at a depth of 2 to 4 feet bgs, and SS02B
through SS13B were collected at 4 to 6 feet bgs. Sample SS14A was collected at a

1-6

Con Iron - Final Rl Report



Section 1
Introduction

depth of 2 to 3 feet. Soil samples were analyzed for TCL and TAL parameters,
excluding cyanide, through EPA’s CLP. .

VOCs were detected in subsurface soil samples, at both sample depths (Table A-2a).
Benzene was detected in four subsurface soil samples (2-4 feet bgs) at concentrations
ranging from 16 pg/kg (at SS08, on the eastern portion of the site) to an estimated 780
g/ kg (at SS05, the former ash and slag pile) and exceeded applicable screening

- criteria in samples at the former ash and slag pile. Toluene showed a similar pattern

of detections, with exceedances at the former ash and slag pile, with concentrations at
2-4 feet ranging from an estimated 69 ug/kg to 9,300 ug/kg. Ata depth of 4 to 6 feet,
toluene was detected in subsurface soil sample SS10B at an estimated concentration of
2,000 pg/kg. Xylene ranged from concentrations of 54 pg/kg to 31,000 ug/kg and
exceeded screening criteria for 2-4 foot samples in the area of the former ash and slag
pile. The greatest concentration of xylene in soil samples from 4-6 feet was 130,000
p1g/ kg (collected from SS10B on the southeastern corner of the site). A distinct
petroleum odor was observed by EPA at approximately 4 feet bgs in the central
portion of the site.

SVOCs were identified in all subsurface soil samples collected from on-site locations,
with several compounds at.concentrations greater than applicable screening criteria.
Notably, phenol and dimethylphthalate exceeded screening criteria in many samples
collected across the site. However, as with the surface soil samples, PAHs commonly
were detected in soil samples above applicable screening criteria (Table A-2b). The
highest PAH exceedances were found in and around the locations of the former
processed soil piles. Figure 3 in Appendix B shows benzo(a)pyrene results.

Pesticides and PCBs were detected in subsurface soil samples at concentrations greater
than applicable screening criteria, especially in and around the former waste piles
(Table A-2c). Dieldrin was detected in almost all subsurface soil samples at
concentrations up to 1,100 ug/kg in the 2-4 foot sample from SS02, at the former ash
and slag pile. Other pesticides exceeding criteria were commonly-identified in
subsurface samples from the ash and slag pile, including alpha-BHC, heptachlor, and
endosulfan I. PCBs were detected above applicable screening criteria in most
subsurface soil samples, specifically Aroclor-1248 and Aroclor-1254. Aroclor-1248.
ranged from concentrations of 3,300 pg/kg (SS06A) to 24,000 ug/kg (SSO3A) in three
subsurface soil samples (2-4 feet), and from concentrations of 2,100 pg/kg (SS07B) to
31,000 (SSO3B) g/ kg in three subsurface soil samples (4-6 feet). Aroclor-1254 was
detected in four soil samples (2-4 feet) at concentrations ranging from 2,700 (SS06A
north of the processed soil pile) to 420,000 ug/kg (SS05A within the former ash and
slag pile). Samples collected from 4-6 feet beneath the former ash and slag pile (SS03B
and SS05B) contained concentrations of Aroclor-1254 at 16,000 and 4,700 pg/kg,
respectively (Figure 3, Appendix B).

- Inorganic analytes were detected in subsurface soil samples at concentrations above
-screening criteria (Table A-2d). As with the surface soil sampling results, subsurface

sampling results, in both 2-4 foot bgs and 4-6 foot bgs samples, consistently exceeded
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applicable screemng criteria for arsenic, berylhum cadmlum chromium, iron, lead,
mercury, nickel, silver, and zinc.

Groundwater Sampling

On September 23, 1999, START conducted groundwater samphng at the site. ‘A total
of five groundwater samples, including background and duplicate samples, were
collected from water table screening points at various on-site locations (Appendix B,
Figure 3). Groundwater samples were analyzed for TCL and TAL parameters,
excluding cyanide, through the EPA’s CLP.

Contaminants were detected principally in the groundwater sample collected from -
GWO03 located within the footprint of the former ash and slag waste pile (Appendix A,
Table A-3). VOCs were detected only in GWO03; xylene (7 micrograms per liter [pg/L}])
was the only VOC that exceeded applicable screening criteria. SVOCs were detected
in all samples, but were especially common in GW03 and GW04, collected
immediately north of the former processed soil pile (Appendix B, Figure 3).
2,4-dimethylphenol, bis(2-ethylhexyl)phthalate, and benzo(a)pyrene were detected
above screening criteria in sample GW03; bis(2-ethylhexyl)phthalate exceeded its
applicable screening criterion by 15 times. Benzo(a)pyrene also.exceeded its screening
criterion by 15 times in sample GW04. Both the background sample (GW01) and
sample GW02 had elevated concentra_tions bis(2-ethylhexyl)phthalate.'

Pesticides and PCBs were not detected in groundwater samples with the exception of
GWO03, which contained 4-4'-DDT, Aroclor-1248, and Aroclor-1254, detected 1.25, 63.3,
and 28.9 times above their respective screening criteria. PCB results are presented
Appendix B, Figure B-4. :

Inorganic analytes (iron, magnesium, and zinc) were detected in all groundwater
samples above applicable screening criteria; however, sample GW03 also contained
elevated concentrations of cadmium, lead, and mercury at 9.2, 355, and 0.9 pg/L,

. respectively, exceeding their respective screening criteria by 1.84, 23.7, and 1.29 times.

The greatest exceedance of zinc in groundwater also was found in GW03 at 1,140
pg/L, 228 times its screening criterion. Analytical results for inorganic analytes are -

' summarized in Appendix A, Table A-3d.

Hudson River Sediment Sampling ‘
On November 23, 1999, Region Il START conducted sediment sampling in the Hudson

River adjacent to the site. A total of 18 sediment samples, including background and
duplicate samples, were collected from the river. Sample locations and results are
presented in Appendix B (Figures 4, 8, and 9). Sediment samples were analyzed for
TCL and TAL parameters, excluding cyanide, through EPA’s CLP.

Organir':‘and inorganic compounds were detected in the sediment samples collected.
However, none of the concentrations reported in the sediment samples were greater

than three times the background locations (the screening criteria used by START)

{
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(SD16, SD17, and SD18). Weston'’s report (2000a) presents the sediment sarripling
results. .

1.4 Current Site Conditions
The only building remaining onsite is the former garage, which is empty. Building

“foundations remain from the former office, metal shear, compactor bailer, and smelter

buildings. The former metal shear building foundation contains a sub-basement,
which is currently covered by metal plates to prevent access. The former

compactor /bailer building foundation is currently open and filled with rain water; the
foundation is surrounded by orange fencing to prevent access. Two pits remain along
the western side of the site from UST removal activities. The site drainage direction is -

‘northeast, toward the Hudson River. A storm water retention basin on the

northeastern portion of the site was constructed by EPA contractors; the berm
surrounding the basin is of site-derived soils. The retention basin was constructed to
intercept storm water flowing toward the river, preventing direct discharge to the
Hudson. A small pile of debris with tires, left over from removal activities, is located
in the southern part of the site. Rip-rap and vegetation, in the form of trees and
shrubs, are present on the eastern border of the site, along the Hudson River.

1.5 Previous Investigation at an Adjacent Site
A remedial investigation was conducted by Blasland, Bouck & Lee, Inc. (BBL) at an

-adjacent site, located south of the CIM site. Contaminants of concern (COCs) at the

adjacent site include some of the indicator contaminants selected for the CIM site.

‘Wastes from the manufacture gas plant (MGP) site, in the form of dense, oily liquid

known as “MGP tar,” have spread beneath the ground surface for several hundred
feet to the east, beyond the property line, passing beneath Water Street, two sets of
railroad tracks, the City of Newburgh Sewage Treatment Plant (STP), and into the
sediments beneath the Hudson River. Cross sections from the BBL RI report (1999)
were used in this CIM RI report to compare concentrations from both sites. The
following sections describe the site history, previous site investigations, and an
evaluation of the sample results, as presented in the RI Report prepared by BBL in
June 1999. )

1.5.1 Adjacent Site History :

In 1901, the Central Hudson Gas & Electric Corporation (CHGE) MGP property was
conveyed to the Newburgh Light, Heat & Power Company. From 1902 to 1911, tar
storage tanks, tar extractors, a tar exhauster, water gas generating sets, condensers and
scrubbers, an oil storage tank, new boilers, a relief holder, a meter, and a storage tank
were added to the MGP property. In 1913, the boiler room, the building addition
which became the coal shed and purifier area, were expanded. In 1925, a 4-inch gas
main was built between the Newburgh and Beacon MGP, and a fuel line was installed
from a dock at the end of South William Street to the former MGP. In 1927 and 1928,
the Newburgh MGP operators reconfigured the facilities, which included cleaning
and cooling facilities such as the wash box between gas generation facilities and the
relief holder and washer/cooler (woods grids and cooling coils) between the relief
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holder and the puriﬁers In.1929 an 8-inch gas pipeline was built to supplement the
existing 4-inch gas pipeline that connected the Newburgh and Beacon manufactured
gas plants. :

In 1929, there were two complaints to CHGE regarding boat damage- at the Cornell
Steamboat Company dock from an oily substance potentially emanating from the
effluent associated with the MGP discharging at the Hudson River and an black oily

" material observed from the gas works sewer. A decision was made to reduce gas

production. Industries to the west, which may have used this sewer, included the L.P.
Delaney Boiler Works, and Shaw’s Sons Moulding and Planing Mill. Due to possible
industrial usages of this brook/sewer, CHGE believed the oil discharged could not
solely be attributed to the former MGP site. '

According to the Brown'’s Directory of American Gas Companies 1929-1931, MGP
produced gas by the carbureted water gas method in the 1930s. The gas was cooled
and purified prior to distribution. During cooling, an oily liquid commonly known as
coal tar, which became known as “MGP tar,” would condense from hot gas and settle .
in the bottom of the gas holders, pipes, and other structures. In the water gas process
at the site, the tar was derived both from petroleum products and from coal.

In 1930, CHGE reduced gas production at this MGP, and the facilities were-only used
for reserve gas production during peak periods until 1950. In 1951, the Newburgh
MGP was demolished, including the boiler. In 1951, CHGE decommissioned the
buildings and gas and oil tanks at the Newburgh MGP. In 1959, at the natural gas

~ regulator lines, soil was removed during construction of the regulator station. The

disposition of the excavated soil was not documented.

In 1985, CHGE constructed a propane air peak shaving plant in the southern portion
of the former MGP site. The compressor building was removed in 1993; the concrete
foundation of the former MGP is currently present at the site.

'1.5.2 Adjacent Study Area Investigations

CHGE hired BBL to complete the remedial investigation for the Newburgh Project,
which was conducted in accordance with NYSDEC protocols. From 1996 through
1998, BBL performed field investigations, which included surface and subsurface soil
sampling, groundwater sampling, surface water sampling, surface and subsurface
sediment sampling, air sampling, and drain sampling on and around the CHGE

property.'

Surface and Subsurface Soil Sampling

A total of 10 surface soil and 25 subsurface soil samples were collected from the
property in order to determine the horizontal and vertical extent of LNAPLs. A total
of five rock cores were also taken in order to delineate the vertical and horizontal -
extent of LNAPLs in bedrock. The results of these samples determined that LNAPLs
were present in the central portion of the property, near the former tar tanks and tar
separator. - :
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Surface Soil Results '

The highest PAH concentrations were found in the background sample, collected to
the west of the MGP site along Colden Street. On the MGP site, the highest PAH
concentrations were found in the southwest corner. PAH compounds were also
detected in soils within the City of Newburgh’s STP; however, the PAH levels were
low and do not appear to be related to MGP contamination. Shallow soils at the MGP
site largely consist of fill materials not related to the MGP operations.

Organics that were detected in the surface soil included: acetone, 2-hexanone,
methylene chloride, toluene, PAHs, bis(2-ethylhexyl)phthalate, di-n-butylphthate,
butylbenzyphthalate, carbazole, and dibenzofuran. Several metals were also detected
but concentrations were not above background concentrations for the MGP site. - '

Subsurface Soil Results

Most of the movement of tar takes place below the water table, approximately 5-15
feet bgs. Subsurface soils throughout the site have been contaminated by the
movement.-of the MGP tar.

Organics detected in the subsurface soil included: benzene, toluene, ethylbenzene and
xylenes (BTEX), acetone’, 2-butanone, carbon disulfide, chloroform, chloromethane,
methylene chloride, carbazole, dibenzofuran, 4-nitrophenol, 2-chloronaphthalene,
hexachlorobenzene, 1,2 4-trichlorobenzene, dibenzofuran, and di-n-butyl phthalate.
Several metals were also detected but concentrations were not above background
concentrations for the MGP site. -

Momformg Well Installation
A total of 23 monitoring wells were installed and two rounds of groundwater samples

were collected at the project area. LNAPL was present in 10 wells. -

Groundwater Results A :
Groundwater that comes into contact with the MGP tar dissolves some of the more
soluble contaminants; the most notable were BTEX compounds. Because the source of
the groundwater contamination (MGP tar) has spread throughout the MGP
investigation area, groundwater contamination is similarly distributed. Groundwater
in both bedrock and overburden aquifers is contaminated.

Organics detected in the monitoring wells included BTEX, styrene, acetone, 2-
butanone, trichloroethene, chloroform, bromodichloromethane, phenol, 2,4-
dimethylphenol, 2-methylphenol, bis-(2-ethylhexyl)phthalate, benzoic acid, carbazole,
and dibenzofuran. Inorganics that were detected at higher concentrations than
background samples included: aluminum, antimony, arsenic, cobalt, chromium,
copper, lead, manganese, mercury, nickel, vanadium, and zinc. In general, BBL
associated groundwater contamination with groundwater flow through soils
containing LNAPL. After contaminants enter the groundwater flow system, they are
generally observed throughout the flow system. :
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Surface Water Sampling :
Eight surface water samples were collected from the Hudson River from areas
adjacent to the property as well as north and south of the property.

Surface Water Results

There is visual evidence that MGP wastes are impacting water quality in the Hudson
River. Slicks and sheens of MGP tar have been observed on the surface of the Hudson
River at low tide, in the vicinity of the most grossly-contaminated sediments.

No VOCs were detected in the surface water samples. Several PAHs were detected in
two water samples collected in the vicinity of the known sediment contamination. All
inorganics detected were at similar concentrations to the background concentrations
for the MGP site. '

Sedlment Sampling
A total of 13 surface and 27 subsurface sediment samples were collected from the

Hudson River from areas adjacent to the property as well as north and south of the
property.

Sediment Results

Most of the tar contamination was found at relatively shallow depths beneath the
sediment surface; however, some visible contamination was found as far as 10 to 15
feet down into the sediment column.

Organics detected in the sediment samples included: BTEX, acetone, 2-butanone,
chlorobenzene, 1,4-dichlorobenzene, methylene chloride, trichloroethene, PAHs,

_carbazole, butylbenzlphthalate, di-n-butyl phthalate, and dibenzofuran. Inorganics
- detected above MGP background concentrations included: lead, mercury, and zinc.

" LNAPLs in sediments were observed in the area adjacent to the shoreline within the

upper 0 to 7.5 feet. The following is excerpted from the Revised FS Report, Newburgh
Project (adjacent CHGE MGP site), regarding NAPL observed in site sediments during
the RI field program: “NAPLs in sediment were generally observed at and near the
surface, and associated with sandier seams or organic material. These NAPLs appear
to be associated with discharges from the former sewers along and just north of
Renwick Street; they could also have resulted from the redistribution of the excavated
fill during construction of the sewage treatment plant (STP). During the RI shoreline
reconnaissance, sheens were observed in the sediments at six dime-sized areas along
the shoreline. Of these six areas, only one revealed NAPL droplets upon digging
below the sediment surface.”

The LNAPLs could have resulted from the redistribution of excavated fill during the
construction of the sewage treatment plant located to the west of the property.
Trichloroethene was only detected in the surface sediment.
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1.6 Report Orgamzatlon
. The Rl report organization is described below. The tables and figures are presented at
the end of the report.

Executive Summary  Provides a synopsis of the investigations conducted and their

Section 1

Section 2

Section 3

Section 4
Section 5

Section 6

Section 7

results.

Introduction - presents the regulatory framework for performing-the RI
and summarizes the objectives of the RI. It provides an overview of the |
study area and site, including summaries of previous investigations.

Study Area Investigations - describes the methodology and sampling
rationale for the investigations conducted for the RI.

Physical Characteristics of the Study Area - describes the physical
attributes of the study area, including surface topography, meteorology,
surface water hydrology, geology, and hydrogeology. Sections on
demography, land use, and ecology describe the potential populations
and habitats of human and ecological receptors.

Nature and Extent of Contamination - lists the soil and groundwater
screening criteria and/or standards against which site data were
screened to determine the extent of contamination. The type and extent
of contamination in each media at the site are described. ‘

Contaminant Fate and Transport - evaluates the persistence and mobility
in the environment of the contaminants identified and summarizes the
fate and transport mechanisms that apply to the site.

Risk Assessment Summary - Summarizes the identified receptors, the
contaminants of potential concern (COPCs), exposure pathways, and
exposure assumptions. The human health risks associated with soil and
groundwater impacted by the site are presented. The SLERA evaluated
risks to ecological receptors. The HHRA and SLERA have been
submitted as separate volumes. :

Summary and Conclusions - summarizes the findings of the RI and

~ presents conclusions.

Section 8
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Séction 2

‘Study Area Investigations

The RI field activities included a soil and source area investigation, a hydrogeological
investigation, and a surface water/sediment investigation. All work, except where
noted, was performed in accordance with the following documents:

| Final Work Plan, Consolidated Iron and Metal Superfund Site, Remedial
Investigation/Feasibility Study, Newburgh, New York, dated February 4, 2003.

a Final Quality Assurance Project Plan (QAPP), Consolidated Iron and Metal
Superfund Site, Remedial Investigation/Feasibility Study, Newburgh, New
York, dated February 20, 2004.

Activities performed during these mveshgahons are described in this section and
listed below:

Soil and Source Area Investigation

®  Collected surface and subsurface soil samples for onsite screenmg of lead,
PCBs, and VOCs ‘

n Collected surface and subsurface soil samples for offsite analysis

u Collected subsurface soil and groundwater samples for LNAPL delineation

Hydrogeological Investigation
®  Collected groundwater screening samples for 24-hour turnaround vOC

analysis

Installed and developed monitoring wells

Collected monitoring well samples

Collected synoptic water level measurements

Conducted downhole geophysical logging in monitoring wells
Conducted slug tests in monitoring wells

Surface Water/Sediment Investigation

. Collected surface water and sediment samples in the Hudson River

The RI field investigation was designed to characterize the nature and extent of
contamination in site media. The soil investigation also served to characterize the
nature and extent of LNAPL observed during previous investigations, just above and
below the water table. A summary of these activities is presented in Table 2-1.

Except where noted, RI field investigation activities were conducted in accordance
with the EPA-approved QAPP. During the field investigation, deviations from the

- QAPP were documented on field change request (FCR) forms, and are presented in

Appendix C. The forms describe deviations to the QAPP, the reason for the deviation,

- and the recommended modification. The deviations were dlscussed with the EPA

remedial project manager, and were agreed upon by the CDM site manager and the
CDM field team leader. None of the changes affected the project objectives or the
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representativeness, completeness, precision, or accuracy of the data collected in the
field. The FCRs are discussed in the following sections, as appropriate.

2.1 Topographic Survey

Prior to beginning field activities, a topographic survey was performed from April 5
through 9, 2004 to create a base map for the site and its immediate vicinity. The site .
base map was created at a scale of 1 inch equals 50 feet with a 2-foot contour interval.
Each five-foot contour interval is indicated with a bold line. Property boundaries
from tax maps and all physical features, such as buildings, driveways, roads,

-railroads, woodlands, and creeks, were identified on the map, as well as topographic

contours.

In preparation for the onsite soil boring program, the surveyor marked out a sampling
grid to locate the proposed process area and site-wide soil borings. Process area soil
boring locations, where scrap metal processing occurred, near the locations of the
metal sheer, compactor /bailer, and smelter area, were marked with wooden stakes in
a sampling grid of 50 feet. Site-wide soil boring locations were marked with wooden

" stakes on a sampling grid of 100 feet. FCR No. 3, dated June 7, 2004, describes a scale

miscalculation on the original grid area; although some boring locations were moved

‘based on a subsequent change to the grid, the overall number of sampling points did

not change.

During the April 2004 survey, the proposed background soil boring locations were
surveyed.

Surface water and sediment sainpling locations were surveyed at the time of sampling
using a mobile Global Positioning System (GPS). The GPS vertical elevations were
referenced to a United States Geological Survey (USGS) bench mark.

2.2 Soil and Source Area Investigation Activities

As part of the Rl field activities, surface and subsurface soil samples were collected
from process area and site-wide soil boring locations. Results from the screening
portion of the field program, which included continuous soil sampling for lead, PCBs

and VOCs, were evaluated to locate hot spots and clean areas within the site.

Additional borings were added to the soil boring program based on field screening
results. .

All surface and subsurface samples were collected in accordance with the EPA-
approved QAPP, with the following exceptions: VOCs were collected in 40 milliliter

- (ml) pre-weighed vials instead of Encore samplers (FCR No. 1); dioxin soil samples

were held on ice until CLP laboratory procurement was finalized (FCR No. 2); soil
samples with sheen were sent for total petroleum hydrocarbon (TPH) analysis (FCR

~ No. 4); and VOC head-space field screening was not performed, levels were recorded

as soon as split spoons were opened (FCR No. 5). The dloxm samples were placed on
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ice and held until the CLP laboratory procurement was finalized. The samples were |

analyzed before the limits of their holding time. FCRs are included in Appendix C.

2.2.1 Background Soil Borings

CDM collected surface and subsurface soil samples at 10 background soil bormgs on
April 1,7, and 8, 2004. Eleven surface soil and 10 subsurface soil samples were
collected, for a total of 21 background samples, from areas north of the site that were
determined to be free of site impacts. Background soils were collected in order to
develop site-specific screening criteria for comparison with onsite soil sample data
and to assess the impact of site-related activities to onsite soils. Background soil
borings are shown on Figure 2-1 and are summarized in Table 2-2. Surface soil
samples were collected from the 0 - 12 inch interval in all but one sample. One sample
was collected from the 0 - 2 inch interval, as requested by EPA. Subsurface soil
samples were collected from the 2 - 4 foot interval. All soil borings were advanced by
hand with a hand auger. Background soil samples are denoted by the prefix “BK”
followed by “SS” (denoting surface soil) or “SB” (denoting subsurface soil). A
sequential number ranging from 01 to 10 was assigned to each surface and subsurface
location. Finally, a “D” was added to the end of each soil sample name from the 0 - 12
inch interval, and a “S” from the 0 - 2 inch interval.

All surface and subsurface soil samples were analyzed for TCL VOCs, TCL SVOCs,
pesticides/PCBs, TAL inorganics, and dioxins through the EPA CLP. Ten of the 11
surface soil samples were analyzed for dioxins. One of the 10 subsurface soil samples

was analyzed for dioxins. All surface and subsurface samples were collected in
accordance with the EPA-approved QAPP.

2.2.2 Process Area and Site-Wide Soil Borings

.The soil boring program included 21 process area borings and 37 site-wide borings.

Five of the 37 borings were contingency borings, which were added to the soil boring
program to delineate the horizontal and vertical extént of contamination of VOCs,
PCBs, and lead along the eastern portion of the site. :

Process area borings were located in the western portion of the site. Samples were
collected from a 50-foot by 50-foot grid to delineate the process area since former site

~ -activities significantly impacted this area. Site-wide borings were located along the

southern boundary of the site, along the northern boundary of the site, and east of the
process area to the property’s shore line (west of the trees along the river.bank).
Samples were collected from a 100-foot by 100-foot grid. A larger grid system was
used to delineate the site-wide area since site activities were less significant in these
areas. All soil borings were advanced with a Geoprobe outfltted with 5-foot long, 2- .
inch diameter soil samplers and acetate liners.

Surface and subsurface soil samples were collected at 0-1 foot bgs and 2-4 feet bgs,
respectively, for off site laboratory analysis of TCL/TAL parameters. Select process
area surface soil samples were also analyzed for dioxin. In order to assist in
delineating the horizontal and vertical extent of contamination below four feet bgs,
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CDM also collected continuous field screening samples, from the ground surface to
the water table, and performed onsite analysis for VOCs, PCBs, and lead. Samples for
onsite screening and off site laboratory analyses were collected concurrently. Four of
soil borings were advanced past the water table to collect additional field screening
and laboratory samples to investigate the nature and extent of observed LNAPL.

Boring depths ranged from 5 to 30 feet bgs. A CDM geologist logged lithologic data at
each boring. The soil boring logs fot the process area and site-wide area are located in
Appendix D. All soil borings were advanced with a Geoprobe™ using a 2-inch core
barrel with acetate liners. All screening and sampling activities were conducted
according to the approved QAPP. :
2.2.2.1 Process Area and Site-Wide Soil Boring Screening

CDM collected 133 continuous samples from 21 process area soil borings and 208
continuous samples from 37 site-wide area soil borings. The samples were collected at
2-foot intervals, except at intervals where there was no recovery. All process area soil
samples are denoted by the prefix “PA” and site-wide area soil samples are denoted
by the prefix “SW”. A sequential number ranging from 01 to 21 was assigned to soil
borings in the process area and a range of 01 to 37 was assigned to soil borings in the
site-wide area. Samples in both areas were collected continuously from each 2-foot
interval and were denoted as “A” for the first 0 to 2 foot interval, “B” for the 2 to 4 foot
interval and subsequently through the alphabet until the bottom of the boring.
Samples were screened for VOCs, PCBs, and lead as detailed below.

VOGs

CDM field crews conducted onsite VOC field screening with a photommzahon
detector (PID) meter; however, due to weather conditions on various days, the PID
malfunctioned and VOC data could not be recorded. VOC screening data are
summarized in Table 2-3.

PCBs

CDM field crews performed onsite PCB screening using a RaPID Assay® PCB Test Kit.
Samples were collected from continuous intervals, except at those intervals that were
deemed super-saturated or from intervals that contained only clay material because
the RaPID Assay®PCB Test Kit requires dry or nearly dry soil. All samples were
collected in accordance with the EPA-approved QAPP. PCB screening samples were
held on ice prior to analysis. PCB screening data are summarized in Table 2-3.

Lead

Lead screening was performed by an on51te laboratory utilizing the Field Portable XRF
spectroscopy method. All samples were collected in accordance with the EPA-
approved QAPP. The onsite laboratory was not able to process all samples collected
each day; therefore; lead samples were held on ice for the subcontractor. Lead
screening data are summarized in Table 2-3.
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12.2.2.2 Process Area and Site-Wide Soil Boring Samphng

Process Area Soil Borings
CDM collected 23 surface and 24 subsurface soil samples from 21 locations in the

process area. Surface soil samples were collected on April 6 and 7, 2004 and
subsurface soil samples were collected on April 9 and 10, 2004. Process area surface
and subsurface soil borings are shown on Figure 2-2 and summarized in Table 2-4.
Surface soil samples were collected from the 0 - 12 inch interval in all but 3 samples.
Three samples were collected from the 0 - 2 inch interval, as requested by EPA.
Subsurface soil samples were collected from the 2 - 4 foot interval, except for one
sample, which was collected from the 17 - 19 foot interval, due to the presence of oily
product. All surface and subsurface process area soil samples are denoted by the
prefix “PA” and are either followed by “SS” denoting surface soil or “SB” denoting
subsurface soil. For surface soils, the 0 - 2 inch interval was denoted with an
additional “S” and the 0 - 12 inch interval was denoted with an additional “D”. A
sequential number ranging from 01 to 21 was assigned to each surface and subsurface
location.

All surface and subsurface soil samples were collected for TCL VOCs, TCL SVOCs,
pesticides/PCBs, and TAL inorganics analysis by CLP. Of the 23 surface soils
collected within the process area, 15 were analyzed for dioxins. Approximately 10
percent of surface and subsurface soil samples in the process area were also analyzed
for total organic carbon (TOC), pH, and grain size.

Site-Wide Soil Borings

CDM collected 39 surface and 40 subsurface soil samples at 37 locations in the site-
wide area. Site-wide area surface and subsurface soil borings are shown on Figure 2-2
and summarized in Table 2-5. Surface soil samples were collected from the 0- 12 inch
interval except for 8 samples which were collected from the 0 - 2 inch interval. All
subsurface soils were collected from the 2 - 4 foot interval. All surface and subsurface
site-wide soil samples are denoted by the prefix “SW” and are either followed by “SS”
denoting surface soil or “SB” denoting subsurface soil. For surface soils, the 0 - 2 inch
interval was denoted with an additional “S” and the 0 - 12 inch interval was denoted
with an additional “D”. A sequential number ranging from 01 to 37 was assigned to
each surface and subsurface location.

All surface and subsurface soil samples were analyzed for TCL VOCs, TCL SVOCs,
pesticides/PCBs, and TAL inorganics through EPA’s CLP. Approximately 10 percent
of surface and subsurface soil samples in the site-wide area were also analyzed for
TOC, pH, and grain size. All surface and subsurface samples were collected in
accordance with the EPA-approved QAPP.

2.2.2.3 LNAPL Delineation

Several petroleum product USTs were located throughout the site (Flgure 1-2). In
addition, previous investigations 1dent1f1ed oil-saturated soils in the vicinity of the
compactor bailer. The LNAPL program was designed to delineate the vertical and
horizontal extent of observed LNAPL at the site. During the soil boring program, four
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borings contained visible LNAPL or heavy sheen: PASB-02, PASB-05, SWSB-15, and
SWSB-16 (Figure 2-3); these borings were initially advanced to 10 - 15 feet bgs. At the .
end of the soil boring program, CDM returned to these locations to advance boreholes

- past the water table, to note observed LNAPL or heavy staining, and to collect
. groundwater and additional soil samples. These LNAPL borings were advanced to 15

- 27 feet bgs. LNAPL observations in these four borings include: 9-27 feet bgs in
PASB-02, 6-8 feet bgs in PASB-05, 1-27 feet bgs in SWSB-15, and 14-15 feet bgs in
SWSB-16. Borings were not advanced deeper than 27 feet bgs due to the presence of a
clay layer.

Groundwater samples were collected in each of the four soil borings with visible
LNAPL or heavy sheen. Soil samples were collected at PASB-02 and SWSB-15 at the
interval of the most visible LNAPL or heavy sheen. All soil borings were immediately
grouted upon completion to prevent vertical migration of contamination.

All groundwater and soil LNAPL samples were analyzed for TCL VOCs, TCL SVOCs,
pesticides/PCBs, and TAL inorganics through EPA’s CLP. In each of these samples,

- TPH was also analyzed through CDM'’s analytical laboratory subcontractor, GPL

-

Laboratories, LLLP. LNAPL delineation activities were performed in accordance with
the EPA-approved QAPP, with the exception of the additional soil sample collection
described in FCR #4, “TPH soil samples”

LNAPL Soil Samples

LNAPL soil samples were collected using a Geoprobe outfitted with 5-foot long, 2-
inch diameter soil samplers with acetate liners. Samples are named with the same
codes as the shallow soil boring subsurface soil samples, but with the identifier
“LNAPL” at the end. Two additional subsurface soil samples were collected: PASB-
02-LNAPL was collected from 17-19 feet bgs and SWSB-15-LNAPL was collected from
8-10 feet bgs. No soil samples were collected in PASB-05 and SWSB-16 because no soil
was recovered in the split spoon samplers. Soil LNAPL samples are summarized in

Table 2-6.

- LNAPL Groundwater Samples

At each LNAPL soil boring location, a geoprobe drive-point sampler with a 5- foot
screen was advanced to the point where LNAPL or heavy sheen was no longer
observed, as specified in the QAPP. In PASB-02 and SWSB-15, observed LNAPL or
heavy staining extended to the top of the clay layer at 27 feet bgs; these borings were -
not advanced past this depth and the groundwater samples were collected at the
bottom of the boring. At each sample depth, the screened interval was developed
briefly using a peristaltic pump to remove any large-fraction sediment. Groundwater
samples were collected at the midpoint of the screened interval using a peristaltic

pump with dedicated polyethylene tubing.

Groundwater samples for LNAPL characterization are denoted by the prefix “GWS”,
followed by the soil boring location number. The identifier “LNAPL"” was assigned to
each groundwater sample at the end of the location name. The groundwater samples
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collected for LNAPL were GWS-02-LNAPL, GWS-05- LNAPL, GWS-15-LNAPL, and |
GWS-16-LNAPL. Groundwater samples for LNAPL characterlza’non are summarized
in Table 2-6.

2.3 Hydrogeological Investigation

As part of the RI field activities, geologic and water quality vertical profiling was
performed at three monitoring well locations where lithologic logging and
groundwater screening samples were collected. Installation activities included a field
screening program, which included the collection of groundwater samples from the
three locations and sampling for TCL VOCs with 24-hour turnaround. Groundwater
screening sample results were one of the criteria used to determine monitoring well
screen intervals. Additionally, two rounds of groundwater samples were collected at
each of the newly installed monitoring wells. All geologic vertical profiling was
performed in accordance with the EPA-approved QAPP.

- 2.3.1 Geologic and Water Quality Vertical Profiling

CDM selected three vertical geologic and water quality profile locations within the site
to characterize the site-specific geology to the top of bedrock or to a significant clay
layer and to assess the vertical extent of groundwater contamination. The three
geologic and water quality vertical profiles were conducted at MW-01, MW-04, and
MW-05. The name of each geologic and water quality vertical profile is associated
with each monitoring well location. The geologic and water quahty vertical profiling
locations are depicted in Figure 2-2.- ' .

2.3.1.1 Geologic Vertical Profiling

" Continuous 2-foot soil samples were collected with a hollow-stem auger (HSA) rig to

characterize the site-specific stratigraphy to the top of bedrock at MW-01 and to a
significant clay layer at MW-04 and MW-05. Immediately upon opening the
dedicated acetate liners at each location, the sample was field-screened for VOCs
using a PID and inspected for sensory evidence of contamination. In addition, each -
sample was lithologically logged by the CDM field geologist. Appendix D includes -

“the boring logs for the vertical profile locations. Lithology of the geologic vertical

profiles is discussed in Section 3.3.2.1.

2.3.1.2 Water Quahty Vertical Profiling

In addition to geologic profiles, groundwater screenmg activities were performed at
the three locations shown in Figure 2-2. To establish vertical contaminant profiles at
each location, CDM collected groundwater samples with the HSA rig. Table 2-7
summarizes samples collected during the water quality profiling event. Geologic
water quality samples were collected at 10-foot intervals from the terminal depth of

~ the boring (the terminal depth was determined during the soil screening program, as

the depth at which the groundwater was not impacted by site contaminants) to the top
of the water table. . '
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At each location, the drive-point sampler was advanced ahead of the auger to collect a
discrete groundwater sample from undisturbed formation. At each discrete depth, the
screened interval was developed briefly using a peristaltic pump to remove any large
fraction sediment. Water quality readings for dissolved oxygen (DO), pH, oxidation-
reduction potential (ORP), temperature, turbidity, and conductivity were collected
when possible. An inconsistent purge water flow rate, caused by slow aquifer
recharge, prevented the measurement of water quality readings at some intervals. The
sampling intervals were considered developed when the water quality parameters
stabilized within 10 percent. Groundwater samples were collected from the screened

interval using a peristaltic pump with dedicated polyethylene tubing.

The vertical water quality profile locations are identified on figures and tables by the
prefix “VPMW-“. The number of the vertical profile location was assigned to each
name, followed by the depth at which the sample was collected.

A total of 12 vertical profile groundwater samples (excluding duplicates or quality
control [QC] samples) were collected for TCL VOC analysis by CDM’s analytical
laboratory subcontractor, GPL Laboratories, LLLP, for 24-hour turnaround time
analysis. The two most contaminated groundwater samples from each profile location
(a total of six samples excluding duplicates or QC samples), were recollected and sent
to a CLP laboratory for analysis of TCL VOCs, TCL SVOCs, pesticides/PCBs, and TAL
inorganics. .

~ Results from the vertical profile groundwater samples are discussed in Section 4.3.42.

-2.3.2 Momtormg Well Installatron

Based on evaluation of the vertical geologic and water quality profiles, CDM installed
a total of nine monitoring wells, as shown in Figure 2-2. Well construction details are
presented in Table 2-8. Monitoring wells were installed to define the vertical and
lateral extent of groundwater contamination and to provide a means for long-term
monitoring of groundwater quality. Continuous split-spoon samples were only
collected in the geologic vertical profile locations for lithologic logging MW-01, MW-
04, and MW-05), and not at every monitoring well location (FCR No. 6). The following
wells were installed:

n MW-01 was installed north of the site’s former process equipment and former
USTs.
@ MW-02 was installed immediately downgradient of the compacter/bailer.
u Four wells were installed across the center of the site: downgradiént of the tire
piles (MW-03), smelter (MW-04), compactor/bailer (MW-05), and maintenance
building (MW-06).

®  MW-07 and MW-08 were installed along the river bank, further downgradient
from the smelter and compactor/bailer, respectively. .

2
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m  MW-09 was installed near the southwestern portion of the site for background
monitoring purposes. :

Given access issues and subsurface conditions (i.e., the lack of sufficient overburden

material for installation of a monitoring well west of the site), a background
monitoring well upgradient of the site was not possible. As a result, the original

background well, MW-1, was planned for the most upgradient area (northwest

corner) of the site. However, due to high VOC exceedances in the VPMW

.groundwater screening samples at this location, the background piezometer was

changed to a 4-inch ID monitoring well, relocated to the southwest corner of the
property, and named MW-09. MW-09 is sidegradient/upgradient of contaminant

. sources at the site, and is the closest approximation of a background well at the site. -

Under these circumstances, the rationale for using MW-09 as the background well,
even though it is not fully upgradient of the site include:

u MW-09 is located in the southwest corner of the site, upgradient and
sidegradient of contaminant sources at the site. This is supported by
groundwater flow diagrams (Figures 3-9 and 3-10) which show groundwater
flow to the east/southeast.

= The majority of contaminant levels in MW-09 are either non-detect or
significantly lower than those in the eight downgradient wells. Only four
contaminants exceeded screening criteria in MW-09 during the first
groundwater sampling event (benzene, iron, manganese, and sodium). These
same four contaminants, plus thallium, exceeded screening criteria during the
second round. Of these contaminants, only iron and benzene are considered
site-related. Iron levels in MW-1 were 7.5 to 117 times lower than
downgradient wells during Round 1, and 7 to 109 times lower during Round 2.
Benzene levels in MW-9 were higher than some downgradient results: levels
during Round 1 and Round 2 were 9.6 and 13-ug/L, respectively; exceedances
in downgradient wells ranged from 3.8 to 18 ug/L during Round 1 and from
1.9] to 4.9 ug/L. Benzene levels may be site-related or attributable to runoff
from the nearby railroad and street. It should be noted that other VOCs
detected in downgradient wells (MTBE and toluene, ethylbenzene and xylene
(TEX) compounds) were not detected in MW-09.

Monitoring wells were drilled using a Mobile Drill rig with 6 %-inch inner diameter
(ID) hollow stem augers - with a center plug and constructed with 4-inch ID polyvinyl
chloride (PVC) casing and screen. All wells were installed with 10-foot screens in
accordance with EPA Region II low-flow, minimum drawdown sampling protocols
and for tidally-influenced and seasonal water table fluctuations. Monitoring wells
were installed in accordance with EPA and NYSDEC procedures for drilling and well
construction as detailed in the Final QAPP. Well construction diagrams for the
monitoring wells are in Appendix E.
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The purpose of the monitoring wells was to define the vertical and lateral extent of
groundwater contamination and provide a means for long-term monitoring.
Monitoring well screen intervals were based on the following: 1) observations of
visible free phase LNAPL in split spoon samples, 2) field screening results, 3) vertical
groundwater profile sample results, 4) downhole geophysical gamma logging data,
and 5) vertical profile lithologic observations. Table 2-8 presents monitoring well
construction details and rationale.

Monitoring well development was performed at each well location to remove silt and

- well construction materials from the well screen and sand pack and to provide a good
- hydraulic connection between the well and the aquifer materials, as described in the

QAPP. Development was complete when a visually sediment-free discharge was _
achieved and pH, specific conductivity, turbidity, and temperature stabilized within a
+10 percent range. Once the monitoring wells were developed, they were allowed to
equilibrate for at least two weeks prior to sampling.

2.3.3 Downhole Geophysical Logging
CDM conducted downhole gamma logging at MW-01, MW-04, and MW-05. The logs

- were correlated with the respective lithological boring logs. The gamma logs were

conducted inside hollow-stem augers prior to the installation of each well, using a
Mount Sopris downhole gamma logger, Model MGX-II and gamma probe Model
PGA-1000. Two logging runs were performed at each location; one log was run as the
probe was lowered to total depth, and a second log was run as the probe was raised to
the ground surface. The downhole logging instrument was calibrated by the
equipment supplier in accordance with the manufacturer’s instructions. A computer
software program, provided by the manufacturer, was used to plot and interpret the
collected data. Downhole gamma logs are presented in Appendix F. Downhole
gamma logging was conducted in accordance with the methods and protocols defined
in the Final QAPP. Results of the downhole gamma logs are presented in Section
3.3.2.2.

2.3.4 Slug Testing

CDM conducted slug tests in August 2004, at each of the nine monitoring wells, to
estimate hydraulic conductivity and specific capacity of the aquifer. During slug
testing, each monitoring well was outfitted with an In-Situ, Inc. miniTROLL Pro™
data logger. A solid PVC slug was lowered into the monitoring well to simulate a
falling head slug test. Once the water level stabilized, the slug was withdrawn from
the well, simulating a rising head slug test. Both sets of tests were used to calculate
hydraulic conductivity.

Each miniTROLL Pro™ consisted of a submersible probe containing the pressure
sensor, data logger, memory and battery, all of which were connected to a
communications and support cable. Pressure sensors were designed to withstand up -
to 30 pounds per square inch (psi) of water pressure. At the start of the monitoring
period, the miniTROLL Pro™ was suspended in each well to position the pressure
transducer no more than 10 feet below the water surface. Once the miniTROLL Pro™
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was installed, a hand-held iPAQ™ pocket personal computer (PC) was connected to a
communications cable attached to an open port at the top of the well to load the

correct pressure transducer specifications from the operator manual. During each test,
manual static water levels were simultaneously collected to establish a reference point
for subsequent water level readings. The data logger was then programmed to record
water level readings for the duration of the test period. The data were downloaded
onto a laptop computer, and a computer software program, provided by the
manufacturer, was used to plot and interpret the data for presentation; these data are

- included in Appendix G. Results of the slug tests are presented in Section 3.4.2.2.

2.3.5 Synoptic Water Level Measurement

Synoptic water levels are water levels taken over a short period of time that display
conditions as they exist simultaneously over a broad area (i.e., the site). CDM
collected two rounds of synoptic water level measurements prior to each monitoring
well sampling round. Measurements were collected with an electronic water level
indicator, and measured to the nearest 0.01 foot from the surveyors mark, a groove
filed into the top of the inner riser casing, which was surveyed by CDM'’s surveying
subcontractor.

Round 1 synoptic water levels were collected on August 16, 2004 between 10:56 and
11:40; this time period generally fell between the low and high tides for that day,
which occurred at 7:35 and 13:16, respectively. Round 2 synoptic water levels were
collected on November 8, 2004 between 14:45 and 15:45; this time period coincided
with the low tide for that day, which occurred at 14:56. Section 3.4.2.1 presents results
of the water level measurement activities.

2.3.6 Momtormg Well Sampling
Two rounds of monitoring well sampling were conducted to delineate the vertical and
lateral extent of groundwater contamination. Following the collection of synoptic

water level measurements, groundwater samples were collected from the nine newly
installed monitoring wells (MW-01 through MW-09).

Monitoring wells were purged and sampled using a 2-inch submersible Grundfos
pump with dedicated %-inch Teflon™-lined polyethylene tubing, following the site-
specific, low-flow, minimum drawdown sampling procedure stated in the Final
QAPP. This procedure follows the EPA standard operating procedure (SOP),
“Ground Water Sampling Procedure, Low Stress (Low Flow) Purging and Sampling,”
dated March 16, 1998 (final version). DO, ORP, turbidity, pH, temperature, and
conductivity measurements were collected at three- to five-minute intervals during
the low-flow well purging until parameter stabilization was achieved as specified in
the Final QAPP. Monitoring well samples for Rounds 1 and 2 are summarized in

‘Table 2-9. Low-flow groundwater sampling sheets are included in Appendix H.

Eighteen groundwater samples (2 rounds) were collected (excluding duplicates or QC
samples). All samples were analyzed for low detection limit (LDL) VOCs, TCL
SVOCs, pesticides/PCBs, and TAL inorganics, including cyanide, through the EPA
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CLP. LDL VOCs were analyzed via EPA Statement of Work (SOW) OLC03.2. TCL
SVOC and pesticide/PCBs were analyzed via EPA SOW OLM04.3 (regular
concentration) and TAL inorganics and cyanide were analyzed by EPA SOW ILM05.3
ICP-AES method. Ferrous iron samples were analyzed on site using the HACH Test
Kit Method 8146.

Results from the groundwater samples are discussed in Section 4.3.4.

2.4 Surface Water/Sediment Investigation

Surface water and sediment sampling was conducted in the Hudson River in the
vicinity of the site. Surface water and sediment sampling was designed to support an
evaluation of the nature and extent of contamination resulting from potential overland
migration of contaminated soils as well as from groundwater discharge into the river.
The surface water and sediment locations are shown on Figure 2-4. Locations were
presented in a memorandum entitled “Proposed Locations for Hudson River Surface
Water and Sediment Samples”, dated July 9, 2004 and approved by EPA; this
memorandum is included as Appendix N.

2.4.1 Surface Water Sampling

CDM collected surface water environmental samples from 20 locations in the Hudson
River. The surface water samples were collected prior to sediment samples at each
location. All surface water samples were co-located with sediment samples. Ten
background surface water samples were collected upstream of the site to represent
background conditions. Ten downgradient (i.e., within 20 feet of the site, when
feasible) surface water samples were collected in the shoreline area adjacent to the site.
Surface water samples and rationale are summarized in Table 2-10.

Prior to beginning surface water sampling, CDM collected water quality
measurements, which included pH, conductivity, turbidity, DO, temperature, and
ORP and surface water flow measurements at three depths in the water column at
each sampling location (Table 2-11). Surface water flow measurements and tidal flow
measurements were used to qualitatively assess the effects of dilution, as it relates to
the discharge of groundwater and surface water from the site into the Hudson River.
The flow measurements were also used to qualitatively assess the particle settling time
and dispersion associated with any contaminated suspended solids that were
historically discharged to the river via surface water runoff. Surface water sampling
sheets are included in Appendlx L

' The surface water samples are identified on figures and tables by the prefix “SW*

followed by the location number (01 through 20). All surface water samples were
analyzed for TCL VOCs, TCL SVOCs, pesticides/PCBs, and TAL inorganics,
including cyanide, through the EPA CLP. Surface water samples were also analyzed
for hardness, total suspended solids (TSS), total dissolved solids (TDS), dissolved
oxygen content (DOC), and sulfate through CDM'’s analytical laboratory
subcontractor, GPL Laboratories, LLLP. All samples were analyzed using the most
current EPA-approved method as detailed in the Final QAPP.
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Results from the surface water samples are discussed in Section 4.3.3.

2.4.2 Sediment Sampling

CDM collected sediment samples from 20 locations in the Hudson River, co-located
with the surface water samples. After collecting the surface water samples, CDM
collected a sediment sample at each location. Ten background sediment samples were
collected upstream of the site to represent background conditions (outside of any
influence from the site). Ten downgradient (i.e., within 20 feet of the site, when
feasible) sediment samples were collected in the shoreline area adjacent to the site.
Sediment samples and rationale are summarized in Table 2-10. In addition, water
quality measurements, flow measurements, and tidal information was collected by
CDM'’s subcontractor, Normandeau Associates and is shown on Table 2-11.

To be comparable with the previous river sediment sampling efforts conducted in

1999 by START (Weston 2000a), all sediment samples were collected with a ponar

dredge. As specified by risk assessment guidelines, samples were collected from 0-6
inches.

The sediment samples are identified on figures and tables by the prefix “SD” followed
by the location number (01 through 20). All sediment samples were analyzed for TCL
VOCs, TCL SVOCs, pesticides/PCBs, and TAL inorganics, including cyanide, through
the EPA CLP. Sediment samples were also analyzed for TOC, pH, cation exchange
capacity (CEC), and grain size through CDM’s analytical laboratory subcontractor,
GPL Laboratories, LLLP. All samples were analyzed usmg the most current EPA- -
approved methods.

All sediment samphng locations were surveyed with the GPS system at the tlme of
collection by CDM'’s subcontractor, Normandeau Associates.

Results from the sediment samples are discussed in Section 4.3.2.

2.5 Ecological Characterization

An ecological characterization was performed for the CIM site in accordance with the
CDM Final Work Plan. For this characterization, USGS topographic maps
(Farmingdale and Asbury Park quadrangles), National Wetland Inventory map
(Asbury Park quadrangle) (United States Department of the Interior [USDOI] 1972),
and aerial photographs of the site were initially viewed to identify the general
physical and ecological features of the site. In addition, state and federal agencies
were contacted to provide rare, threatened and endangered species information for
the site and immediate vicinity. The ecological characterization is discussed in Section
3.8.

2.6 Control of Investigation-Derived Waste

CDM procured the services of an_investigaﬁon—derived waste (IDW) disposal
subcontractor to dispose of all site wastes. Soil generated during drilling was stored in
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55-gallon drums at the decontamination/staging area. All monitoring well
development water and sample purge water was stored in a 4,000 gallon tank. The
IDW subcontractor sampled all soil-filled drums and purge water to determine RCRA
characteristics for disposal. All soil and purge water generated during the
investigation were determined to be non-hazardous and were properly dlsposed by
the IDW subcontractor.

CDM ’ - 2414
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Section 3

Physical Characteristics of the Study Area

3.1 Surface Features

The site lies in the Lower Hudson Valley, on the west bank of the Hudson River, and
is approximately 500 feet east of the central business district of Newburgh. The site is.
located on an area of relatively low topographic relief known as the Hudson-
Champlain Lowlands of eastern New York. The Taconic Mountains are to the east,
across the Hudson River; the Catskill Mountains are to the northwest, and the
northern extension of the Palisades Ridge is to the south.

According to the Newburgh 1:24,000 USGS topographic map (USGS 1957), the CIM site
is located on a relatively flat area at an elevation of approximately 40 feet above mean
sea level (amsl) and about 10 feet above the adjacent Hudson River (at mean low tide
elevation). From the Conrail line to the west, a moderate to steep slope rises to a
generally flat plateau at an elevation of 100 to 200 feet amsl that continues west to the
City limits (Figure 3-1). The ground is rolling to the west of the City. According to the
site’s Flood Insurance Rate Map (Panel # 360626-0002 B), the eastern portion of the site
next to the Hudson River is located within Zone B, an area between the limits of 100-
year floods and 500-year floods; the western portion of the site is within Zone C, an
area of minimal flooding (National Flood Insurance Program 1980). The 100-year
flood plain is confined to a narrow band along the Hudson River, although along the
southern edge of the City, the flood plain is a wider area.

- 3.2 Soﬂs

Con Iron - Final Rl Report

The predominant soils in the site’s vicinity are well drained, coarse textured and have

- high infiltration rates (Weston 2000a). According to the Orange County Soil Survey

(United States Department of Agriculture [USDA] 1981), most site soils are designated
as Urban Land: areas in which the original native soils have been modified, disturbed,
reworked, removed, and/or covered by man-made structures such as buildings, ,
roads, and asphalt parking lots. The western edge of the site is underlain by Mardin

. Series soils (MdC): a 42 to 72 inch-thick, light olive brown, silt loam which is massive,

firm, and moderately acidic. Figure 3-2 illustrates the soils in the site’s vicinity.
Historical aerial photographs suggest much of the site is composed of fill material.-
Onsite soil boring logs indicate that the soil is composed of dark brown sand with silt
lenses and with bricks, gravel, glass, metal wires, auto fluff, some clay, and other
debris.

3.3 Geology

The sections below describe the regional and site-specific geology.

3.3.1 Regional Geology

The site is situated on the western edge of the Taconic orogenic mountain chain that
stretches from Quebec as far south as the Lower Hudson Valley, New York. The .
“Taconics”, created during the late Ordovician (about 440 million years ago), are a
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‘ ' chain of mountains forming the northern-most segment of the Appalachian mountain
chain. They were formed along the eastern United States during a succession of
mountain building events during the early Paleozioc Era, during the collision of New
England and the ancient eastern continental passive margin of North America. Deep
‘water, fine-grained sediments had been deposited on the passive margin prior to the
collision and were pushed westwards, creating a complex zone of highly deformed
rocks ahead (west) of the crystalline rocks of New England." The site is located within
this area of deformed Paleozioc rocks.

The bedrock underlying the Newburgh area is of Lower Paleozoic age and part of an
approximately 4,500-foot-thick succession of Cambro-Ordovician-age fine-grained
sandstones, dolostones, and limestones called the Wappinger Group (Friedman 1994;
Guo 1994; Guo et al 1996a; Guo et al 1996b) and Middle Ordovician dark grey shales of
the Martinsburg Formation (Jaffe and Jaffe 1973; Leggett, Brashears & Graham, Inc.
[LBG] 1995). Figure 3-3 presents the generalized stratigraphy for southeastern New
York (Isachsen et al. 2000).

During the last glaciation, the study area, along with the rest of the northern United
States, was covered by a great thickness of ice. The last major episode occurred during
the Pleistocene Age (200,000 years ago). The Wisconsin glaciation brought ice
advancing across the region, eroding bedrock and soils and depositing a blanket of till
o (a mixture of boulders, gravel, sand, and clay). About 20,000 years ago, the glaciers
. began receding and meltwaters filled the Hudson Valley and surrounding area with
water to a level 340 feet above present sea level, forming glacial Lake Albany which
extended from Glens Falls, NY to Newburgh (Dineen 1975, 1982; Smith et al. 1995).

The glaciers and succeeding meltwaters deposited a thick accumulation of sediments,
filling the former bedrock valleys. Figure 3-4 presents a generalized map of glacial

deposits recognized in the Newburgh area (www.nysm.nysed.gov /data/surficial.
html) (NYSM 2002a).

3.3.2 Slte-Spec1f1c Geology

The site is underlain by a stratified clay and silt unit with thin to absent layers of sand and
gravel at the land surface and below the water table (Figure 3-5) (LBG 1995). The
unconsolidated deposits are underlain by the Martinsburg Formation, which consists of
shale and carbonate rocks (e.g., limestones and dolostones). The bedrock is cross cut by
faults in the site’s vicinity (Lawler, Matusky & Skelly Engineers 1994). Figure 3-6

indicates a dextral (right lateral) strike slip fault trending west northwest-east southeast is
located beneath or close to the CIM site (www.nysm.nysed.gov/data.html) (NYSM
2002b).

During the RI, 62 process area and site-wide soil borings were advanced. Dowhhole"
gamma logs were run in three of the vertical profile boreholes to correlate with
lithologic descriptions in the boring logs. The lithologic results of these activities are

‘ documented in the following subsections.

CDM | o 3-2
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3.3.2.1 Vertical Profile Well and Soil Boring Lithology

Twenty-five process area and 37 site-wide soil borings were advanced to
approximately 15 feet bgs and four vertical profile borings were advanced to depths
up to 37 feet bgs. Soil boring logs are presented in Appendix D. The lithologic
descriptions from soil borings indicate the following deposits are present.

Fill deposits are primarily confined to the top 20 feet of material at the site. The
lithology includes a mixture of yellow, brown, greyish green, and black, fine- to

' coarse-grained sand, gravel, and trace silt with bricks, concrete, rebar, metal, glass,

wood, ash, cinders, and plastic.

Eleven borings contained a 1- to 4-foot layer of dark gray silty slurry. The slurry did
not have an odor, and PID readings did not indicate elevated levels of VOCs in the
slurry. The origin and chemical nature of the slurry is unknown; no samples were
collected. The slurry generally occurred at three approximate depths: 5-9 feet bgs, 10-
14 bgs, and 15-18 bgs. The borings are scattered throughout the northern haif of the
site. Borings and approximate depths where the slurry was observed include: SWSB-
01 (5-9 feet), SWSB-05 (5-8.5 feet), SWSB-07 (11-12 feet), SWSB-10 (10-12.5 feet), SWSB-.
11 (15-18.5 feet), SWSB-12 (5-6 feet), SWSB-13 (12-13 feet), SWSB-17 (10-12 feet), PASB-
10 (5-8.5 feet and 10 -13.5 feet), PASB-15 (8-12 feet and 15-17 feet), and PASB-19 (10-11
feet). S '

It should be noted that the slurry is not believed to be related to either the LNAPL
observed at the site, or the coal tar from the adjacent MGP site, for the following
reasons: 1) observed slurry locations do not correlate with observed LNAPL locations,
2) PID readings indicated no VOC odors emanating from the slurry, 3) the slurry was
not observed in soil borings closer to the MGP site, and 4) the slurry did not have the
distinct naphthalene odor characteristic of coal tar.

Sand/Gravel

~ Native deposits, which underlie fill deposits, consist of a mixture of yellow, brown,

greyish green, and black, fine- to coarse-grained sand, gravel, and trace silt.

Clay _ .
Clay lenses occur as thin, non-continuous layers within the fill and native sand and

- gravel deposits. The lenses are made up of a tan to dark greenish gray, medium to

stiff clay. In some instances, these layers cause perched water table conditions.

A thicker clay layer was observed below the native sand / gravel deposits, in some of
the deeper borings. The clay was gray, loose to stiff, and plastic. The top of the clay

~ was observed in two soil borings and three monitoring well borings at depths that .
_increased from west to east. Depths ranged from 22.5 feet in the southwest corner of

the site (MW-9) to 31 feet bgs at MW-5, which is the eastern-most location in which
the clay was observed. Other observations were noted at PASB-02 at 27 feet bgs, at
PASB-15 at 27.5 bgs, and at MW-4 at 29.5 bgs.
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Bedrock :

Weathered bedrock was encountered at only one vertical profile boring in the
northwest corner of the site (MW-1), at a depth of 38 feet bgs. Although drilling did
not advance through the bedrock at this location, the depth is consistent with those
encountered during investigations at the adjacent MGP site along its western
boundary. Depth to bedrock across the rest of the CIM site has not been defined.
Bedrock is a dark gray shale belonging to the middle Ordovician Martinsburg
Formation (LBG 1995).

Cross Sections _
Geologic information from soil boring logs was used to create a geologic cross-section

' through the center of the site. The cross section location is shown on Figure 3-7, and

the geologic cross section is presented as Figure 3-8. Additional data from geologic
investigations at a facility bordering the CIM site to the south were used to extrapolate
the geology in the deeper parts of the cross section (BBL 1999). As illustrated on the
geologic cross section, the stratigraphic units dip to the east, toward the Hudson
River. Fill deposits thicken toward the east, and range from approximately 17 feet in
the east (near PASB-7) to over 25 feet closer to the Hudson River (near SWSB-16).
Minor clay lenses occur within this unit. The slurry, observed in three distinct layers,
is shown in soil borings PASB-10 and PASB-15. Sand and gravel deposits, underlying
the fill, extend an additional 8 to 13 feet below the fill. The alternating clay/silt and
sand/gravel layers also thicken to the east. Bedrock, which was not observed in any
of thé cross section borings, occurs at depths greater than 38 feet bgs.

3.3.2.2 Downhole Gamma Logs

CDM conducted downhole gamma logging at MW-1, MW-4, and MW-5. L1tholog1c
data from the gamma logs were correlated with the lithologic information on the
respective lithological boring logs. In general, the gamma logs corresponded well
with the lithologic logs prepared for the respective vertical profile borings. The
contact between the sand/gravel layer and the clay/silt layer was not observed in the
three gamma logs due to flowing sands. The drilling subcontractor attempted to use a
bottom plug on the lead auger, but had problems dislodging it, which allowed sands -
to flow up approximately four feet into the augers. Refer to Appendix F for the
downhole gamma logs.

3.4 Hydrogeology

The sections below describe the regional and site-specific hydrogeology.

3.4.1 Regional Hydrogeology

Groundwater in Orange County occurs in both unconsolidated sand and gravel
aquifers and consolidated bedrock aquifers (LBG 1995). Sand and gravel aquifers exist
in both unconfined and confined environments. The bedrock aquifers are almost
always considered confined or semi-confined and are generally overlain by confining
layers of glacial till or low permeability deposits. The available groundwater in both
sand and gravel and bedrock aquifers is a renewable resource that is continuously
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replenished by precipitation on the local watersheds of Orange County. Estimated
recharge rates to the sand and gravel aquifers can be from 500,000 gallons per day
(gpd) to 1,000,000 gpd per square mile. An estimated recharge rate for sedimentary
bedrock wells is 400,000 gpd per square mile (Snavely 1983).

The water table roughly parallels the land surface, although local variations may alter

- the direction of flow. Groundwater flows downgradient, where the aquifer is

dissected by river or stream channels, groundwater discharges into the channels. All
streams receive groundwater during periods without precipitation or direct runoff,

- streams are sustained by groundwater inflow (Snavely 1983).

The potable water source for the City of Newburgh is surface water drawn from
Washington Lake located in the towns of New Windsor and Newburgh, west of the
city. Two additional sources of water are available to the City, including Brown's
Pond (also known as Silver Stream Reservoir) and New York City's Catskill Aqueduct.

According to the Newburgh Water Department, no potable water supply wells are
active within the City of Newburgh (CDM 2004). The nearest public supply wells are
located over two miles to the northeast of the site, across the Hudson River in
Dutchess County and unlikely to be impacted by site-derived contamination.

3.4.2 Site-Specific Hydrogeology

The unconsolidated water table aquifer, which overlies the bedrock aquifer, is
comprised of fill material underlain by native sand and gravel with localized silt
lenses. The water table aquifer is approximately 20 feet thick. All of the monitoring
wells are installed within this aquifer. Slug tests were completed for each well, and
are discussed in Section 3.4.2.2. '

The underlying shale-dominated Martinsburg Formation likely exhibits low
permeabilities based on the low porosity of the bedrock unit. Secondary porosity
caused by interconnecting fissures and fractures yield only low to moderate
permeabilities (LBG 1995). Yields for bedrock wells range from 3 to 225 gallons per
minute (gpm). Higher yields would likely result from moderately to highly fractured
units with a relatively high degree of interconnection. A bedrock fault zone has been
mapped in the vicinity of the site, likely resulting in high secondary permeability
(www.nysm.nysed.gov/data 2002b). This fault zone could be targeted for high
yielding wells (Lawler, Matusky & Skelly Engineers 1994). Depending on the degree
of interconnectivity between the bedrock fault zone and the shallow aquifer unit,
groundwater can migrate from the unconsolidated units into the bedrock aquifer.

3.4.2.1 Synoptic Water Level Measurements

CDM collected synoptic water level measurements prior to each round of monitoring
well sampling. Table 3-1 presents water level measurements and elevations for the
two rounds of data. Round 1 (August 2004) water levels were collected in between the
low and high tides; Round 2 (November 2004) water levels were collected at low tide.
Based on the two rounds of synoptic water level measurements, groundwater flows to
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the east/southeast toward the Hudson River. The water table at the site is generally
flat, with elevations in August 2004 ranging from 3.18 feet amsl (14.43 feet bgs) at
MW-1 in the northwest corner of the site, to 0.44 feet amsl (11.97 feet bgs) at MW-7 in
the southeastern part of the site. A second round of measurements in November 2004
followed the same pattern, with flow to the east/southeast, toward the Hudson River.
Figures 3-9 and 3-10 illustrate water table contours for measurements collected in
August and November 2004, respectively.

Groundwater flow gradients vary across the site; overall gradients from the two
rounds of data ranged from 0.0036 to 0.0107. Steeper gradients are present at the

" northern and southern ends of the site, with a shallower gradient across the center of

the site. Groundwater flow gradients were calculated for the two rounds of water
level data, for areas in the north, central, and southern sections of the site. Gradients
calculated from the first round ranged from 0.0082 at the southern end of the site, to
0.0052 in the center of the site; the northern gradient fell within that range, at 0.0069.

'During Round 2, the gradients ranged from0.0036 at the southern end, to 0.0107 in the

center; the northern gradient again fell within that range, at 0.0099.

3.4.2.2 Slug Tests and Hydraulic Conductivity Measurements

CDM conducted slug tests in August 2004, at each of the nine monitoring wells, to
estimate hydraulic conductivity and specific capacity of the aquifer. Slug test logs are
presented in Appendix G.

CDM performed rising head and falling head slug tests in August 2004, at each of the
nine monitoring wells, to estimate hydraulic conductivity of the aquifer. Slug test logs
and solution graphs are presented in Appendix G. Based upon the unconfined nature
of the aquifer in the site area, the Bouwer and Rice (1976) method-was used to derive
hydraulic conductivity estimates.

CDM selected the Aquifer"™*- WinFlow-WinTran Version 3 software to analyze the
data (Environmental Simulations, Inc. [ESI] 2003). In addition, CDM assumed that the

. aquifer is isotropic. The static water level was above the top of the screen for all of the

monitoring wells so a correction for filter pack porosity was not necessary.

The slug test data were analyzed using Aquifer™>- WinFlow-WinTran to determine
hydraulic conductivity (K). The results of the analysis of the data from the nine wells,
MW-1 to MW-9, are listed in Table 3-2. The average conductivity was calculated from
both the falling head and rising head slug test solutions. The hydraulic conductivity
values range from a minimum of 0.33 foot per day (ft/d) at monitoring well MW-8 to
a maximum of 78.2 ft/d at MW-6. The average hydraulic conductivity from all site
wells is 18.9 ft/d.

Groundwater flow velocity across the site was calculated using the site average

hydraulic conductivity of 18.9 ft/d, the hydraulic head gradient of 0.0066 from the
second round of groundwater elevation measurements, and an assumed porosity for a
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medium sand of 0.3 (Fetter 1994). The average groundwater flow velocity across the .
site is 0. 42 ft/d. _

3.4.2.3 Estimate of Groundwater Movement
Groundwater movement across the site can be estimated using the above calculated

“hydraulic conductivity measurements and gradient ranges in the following equatlon

V=K1
‘Tl

where:

V = groundwater velocity (ft/d)

K = average hydraulic conductivity: 18.9 ft/d

1 = hydraulic gradient range: 0.0036 - 0.0107 -

1 = effective porosity: assumed to be 30 percent, for a gravel and sand aquifer
Soil bulk density of 1.57 grams per milliliter (g/mL)

The estimated average groundwater velocity, given the range of hydraulic gradients,
ranges from 0.23 - 0.67 foot per day, or 82.8 to 246 feet per year. In all cases, there is
substantial movement of the groundwater through the aquifer.

Estimates of groundwater movement from the time the Eureka Shipyard began
operations during World War 1 (1914), to the present (2006) range from 7,618 to 22,190 -
feet. Contamination in the groundwater, however, would likely move at a slower rate
than the groundwater itself. Estimated distances traveled by individual contaminants
were obtained by dividing the groundwater movement by the contaminant
retardation factor; these distances are presented for the range of hydraulic gradients as
shown in Table 3-3. The travel range for lead was from 2.96 to 4.80 feet from 1914 to
2006, using literature Kd values only. The results indicate that PAHs and PCBs are
relatively immobile, whereas lead, zinc, and iron have a wide range of travel distances
in groundwater

3.5 Meteorology -

The climate in the New York area is typlcal of the northeastern North American
continent and can be classified as Polar Continental. This climate includes alternating
air masses of cold dry polar air and moist warm tropical air. Temperatures for the
area range from an average minimum in January of 24 degrees Fahrenheit (F) to an
average maximum in July of 72 degrees F (Dineen 1975). Extreme cold and warm
maximums occur from the seasonal alteration of air masses which are typical for mid-
latitude locations. The frost-free period is about 169 days, from late April to mid
October.

Winds for the area are predominantly from a westerly direction, which is typical of
mid-latitude northern hemisphere locations. Wind directions typically change with

. the alteration of air masses, changing from a west-northwest direction in winter

months to a west-southwest direction in the summer months. The highest mean
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monthly average annual wind velocity for the area is 11 miles per hour (mph)
recorded in March; the lowest mean monthly average annual wind velocity for the
area is 7 mph recorded in August.

Precipitation for the area is distributed evenly throughout the year, averaging about
37 inches; maximum monthly means are in June through August. Precipitation is
typlcally snow during the winter months.

The RI field program was completed during the summer months and temperatures
ranged from the low 80s to the upper 90s. Precipitation was normal, averaging
approximately 12 inches throughout the program.

3.6 Surface Water Hydrology

The Hudson River drains a total of 13,390 square miles in northeastern New York, and .
parts of Vermont, Massachusetts, Connecticut, and New Jersey. The basin contains
three drainage areas: the upper Hudson from Mt. Marcy to Troy, the Mohawk from
Rome to Troy, and the lower Hudson (in which the site is located) from Troy to New
York Bay. The Hudson and Mohawk drainage basins are fresh water; the lower
Hudson is an estuary.

The Hudson River Estuary is a drowned river valley rising only 1.5 feet along 150
miles between New York City and Troy. The estuary is maintained as a shipping
channel, and dredged to maintain a minimum depth of 9-11 meters (m), although -
portions of the river are much deeper, (e.g., 66 m at West Point). Slightly more than
half the estuary is covered by marshes and wooded swamps; the remainder consists of
mud flats that are flooded at high tide. Wetlands are in greatest abundance in the
upper third of the estuary. No wetland areas are present between the site and the
Hudson River (Weston 2000a).

The Hudson River Estuary is tidally influenced from the Battery to the Federal Dam at
Troy. Mean tidal flow varies from 425,000 cubic feet/second (cfs) (12,040 cubic
meters/second [m®/s]) at the Battery to 0 cfs at the Federal Dam. Two high and two
low tides occur daily; the average tidal range is 1.4 m (approximately five feet), and is
approximately 3.5 feet at Newburgh (http:/ /www.co-ops.nos.noaa.gov/tides,
National Oceanic and Atmospheric Administration [NOAA] 2002). Strong winds from
the south and north can push water into or out of the estuary, obscuring the true tidal

~ regime. Mean flood and ebb current velocities are 0.36 and 0.40 meters per second

(m/s), respectively. Tidal flow can be 10 - 100 percent greater than fresh water flow;
fresh water flow varies seasonally. The highest fresh water flows into the estuary
occur in spring and fall, associated with snow melt and rains; the lowest input occurs
in late summer. Most of the fresh water enters the estuary above Troy; the remainder
joins the Hudson from tributaries. A rough approximation of flushing time, based on
the ratio between water volume to annual fresh water flow is 0.35 year (126 days).
The Hudson River at Newburgh is a fresh water body. However, during drought
conditions salinity increases such that the water becomes brackish (Weston 2000b).
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- The NYSDEC classifies the Hudson River in the site’s vicinity as a Class B surface

water (Weston 2000b). The best usages of Class B waters are primary and secondary
contact, recreation, and fishing. The Class B classification also indicates that the
Hudson River is suitable for fish propagation and survival.in the area of the CIM site.
Therefore, the Hudson River adjacent to the CIM site is considered a sensitive
environment under Section 305(a) of the Clean Water Act (1990). The Hudson River in
the vicinity of the site is used for commercial and recreational fishing (Weston 2000b).
Shad are caught by commercial fisheries. Recreational catches include blue claw crab,

eel, catfish, white perch, and sturgeon.

As a result of Hurricane/Tropical Storm Floyd in September 1999, the Hudson River
flooded the northwest corner of the site, an area around a former processed soil pile
and an area of contaminated fill. According to Weston (2000b), the Hudson River has
periodically risen, causing occasional flooding in the northeast corner of the site.

As the site is unpaved, storm water from the site discharges directly into surface soils.
Prior to START constructing an earthen berm and detention basin on the eastern side
of the site in 1999, storm water runoff was able to flow across the site, around a -
previously-existing berm (constructed by the owner) directly into the Hudson River.

3.7 Population and Land Use

CDM'’s review of the 2000 census data for Newburgh revealed the population
increased from 26,454 in 1990 to 28,259 in 2000, a 6.8 percent growth. This population
gain exceeded the growth rate of the state (5.5 percent), but lagged the Orange County
growth rate of 11.0 percent and the US growth rate of 13.1 percent.

Unemployment in Newburgh has been a persistent problem. Even as state and
national unemployment percentages declined to four percent and below, the rate for
the City has seldom gone below six percent.

The Newburgh City percentage of persons without a high school diploma is two and
one-half times the national percentage; 62.1 percent of the population in 2000 either
had no diploma or only a high school diploma. The City of Newburgh lags state and
national income figures, and has had slower growth among the measures of income
and economic strength. The local retail market does not appear to be strong, although
the County and the general region are relatively affluent.

'In 1997, the area had 2,782 establishments in operation, including 1,173 firms 1n the

services sector, 617 retail operations, 282 construction firms, and 165 wholesale
establishments. By 2000, the area lost 7.5 percent of the total businesses. The number
of construction firms decreased by almost one-quarter over this period, despite a
relatively robust economy. Figure 3-11 illustrates land use around the site in the City
of Newburgh. According to the City of Newburgh tax assessors office, the CIM .
property is zoned Waterfront Mixed Use (W1), which includes parks, museums,
restaurants, and residential use. According to the Town of Newburgh potential
reuses for the site include residential areas.
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' The federal government has not completed a current review of the census data since
2000. In 2003, the estimated population was 28,412. In 2002, the per capita personal
income in Orange County was $29,013 and at the time of the 2000 census, Newburgh's
per capita income was $13,360, compared with $21,587 nationally. Thirty percent of
Newburgh residents age 25 and older have college degrees Unemployment and
crime remains a persistent problem in Newburgh.

3.8 Ecological Characterlzatlon :

An ecological characterization was performed for the CIM site in accordance with the
CDM Final Work Plan (CDM 2003). For this characterization, USGS topographic maps
(Newburgh, Wappinger Falls, Cornwall and West Point 1:24,000 quadrangles),
National Wetland Inventory map (Newburgh quadrangle) (USDOI 1972), and aerial
photographs of the site were initially viewed to identify the general physical and
ecological features of the site. In addition, state and federal agencies were contacted to
provide rare, threatened and endangered species information for the site and
immediate vicinity. . '

Ecological reconnaissance for field characterization was conducted on August 20,
2004. The results of the ecological characterization are summarized below.

_ 3.8.1 Ecologlcal Habitat
. Vegetative, wildlife, and avian species observed at and in the vicinity of the CIM site -
are discussed in this section. The aquatic habitat is also presented. '

3.8.1.1 Vegetative Species

Vegetative species observed at and in the vicinity of the CIM site during the ecological
reconnaissance conducted in August 2004 are listed in Table 3-4. Limited vegetation
was observed at the CIM site, an inactive car and scrap metal junk yard with one
unoccupied standing building. The vegetative species mainly were herbaceous, such -
as poison ivy (Toxicodendron radicans), red clover (Trifolium pratense), goldenrod
(Solidago spp.), field garlic (Allium vincale), grasses, thistle (Cirsium spp.), and Virginia ,°
creeper (Parthenocissus quinquefolia). ”

In addition to the herbaceous vegetation, shrubs and trees were also observed at the
perimeter of the site, including boxelder (Acer negundo), honeylocust (Glenditsia
tricanthos), honeysuckle (Lonicera spp.), red maple (Acer rubrum), smooth sumac (Rhus
glabra), staghorn sumac (Rhus typhina), sugar maple (Acer saccharum), tree of heaven
(Ailanthus altissima), and willow (Salix Spp- )-

3.8.1.2 Avian and Wildlife
Avian and wildlife species observed or heard at and in the vicinity of the site during
_ the ecological reconnaissance are listed in Table 3-4.

| Observed or heard species included American robin (Turdus migratorius), American
. ‘ crow (Corvus brachyrhychos), song sparrow (Melospiza melodia), gray squirrel (Sciurus
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carolinensis), cottontail (Sylvilagus floridanus), and mice. However, species inhabiting
or utilizing the site or the vicinity of the site are likely to consist of common species
typical of urbanized or disturbed areas in New York State. Thus, other species such as
killdeer (Charadrius vociferus), house finch (Passer domesticus), starling (Stumus ‘

vul garzs) and shrews (Sorex spp.) may also be present.

3.8.1.3 Aquahc Habitat

The main surface water feature at the site is the Hudson River which forms the eastern
border of the site and flows to the south. The Hudson River at the CIM site averages
approximately one mile in width and supports deep channels, freshwater intertidal
mudflats, and freshwater tidal marshes. The river is fringed with both natural and
disturbed vegetation within two miles of the area. The river bank consists of
anthropomorphic (old jetties, piers, rip-rap, retaining walls, etc.) and natural (tidal
mudflats, natural river banks) features. However, anthropomorphic features
predominate. Natural vegetation growing along the Hudson River includes trees,
shrubs and herbaceous vegetation. The river is used for transportation, and can

- support fish propagation, fishing and other recreational activities (BBL 1999).

A list of fish species typical of the Hudson River in the site area is presented in Table
3-5.

3.8.2 Threatened, Endangered Species and Sensitive

Environments

CDM contacted the U. S. Fish and Wlldhfe Service (USFWS) and the NYSDEC Natural
Heritage Program regarding the presence of threatened and endangered species and
ecologically sensitive environments that may exist on and in the vicinity of the site.

The USFWS indicated that two federally endangered and one threatened species are
known to occur in the vicinity of the site. Indiana bat (Myotis sodalis), a federally
endangered species, is reported to occur at a hibernaculum, approximately 20.7 miles
from the site. The bald eagle (Haliaeetus leucocephalus), a federally listed threatened
species, is also reported to occur in the vicinity of the site. The shortnose sturgeon
(Acipenser brevirostrum) is the only Federally-listed endangered species located in the
project area; this species utilizes the Hudson River adjacent to the site as a summer
habitat.

The NYSDEC indicated the following endangered and threatened species are reported
to occur within a four mile radius of the site:
m Endangered Species - Fish

»  Shortnose sturgeon (Acipenser brevzrostrum)

L Endangered Species - Plant

> American waterwort (Elatine americana)
»  Riverband quillwort (Isoetes riparia)
»  Seaside goldenrod (Solidago sempervirens var. Mexicana)
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' | »  Slender marsh-pink (Sabatia campanulata)

n Endangered Species - Avian
» . Peregrine falcon (Falco peregrinus)

®  Threatened Species - Plant
»  Smooth bur-marigold (Bidens laevis) o
»  Heartleaf plantain (Plantago cordata)
»  Spongy arrowhead (Sagittaria montevidensis var. spongiosa)
» - Woodland agrimony (Agrimonia rostellata) =~
= Threatened Species - Avian

> Bald eagle (Haliaeetus leucocephalus) - .
»  Least bittern (Ixobrychus exilis)
»  Upland sandpiper (Bartramia longicauda)

= Rare Species - Plant
-»  Esturary beggar-ticks (Bidens bidentoides)

None of these species were observed during the ecological reconnaissance to the CIM
site. No wetlands or sensitive habitats were observed at or adjacent to the site.
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Section 4
Nature and Extent of Contamination

This section discusses the nature and extent of soil and groundwater contamination at
the site. Section 4.1 presents the approach to the contamination evaluation, including
the selection of site-specific screening criteria for soil, sediment, surface water, and
groundwater, the selection of indicator contaminants (IC), and data presentation.
Section 4.2 presents the background analytical data obtained during the RI field
program for surface soil, subsurface soil, sediment, and surface water and site-specific
background value concentrations. Section 4.3 presents screening and analytical data
obtained during the RI field program, and includes a discussion of the nature and
extent of soil, sediment, surface water, and groundwater contamination. Section 4.4
presents the LNAPL delineation for soil and groundwater contamination. A complete
set of analytical data is provided in Appendix J. All analytical data were reviewed to
ensure that they meet the project quality requirements for representativeness,
completeness, precision, and accuracy. All project data quality objectives were met.

This review, along with a summary of data quality assurance/quality control

(QA/QC) measures, is documented in the Data Usability Reports for all analytical
data collected during the field investigation (Appendix K).

4.1 Approach to the Evaluation of Contamination

The characterization and evaluation of the nature and extent of contamination are
focused on those constituents identified as ICs in site media. ICs were generally
determined by evaluating exceedances of screening criteria or naturally occurring
background levels; the frequency of the exceedances; and the magnitude of the
exceedances. Although all detected contaminants were subject to the media-specific
screening process, they are not all discussed in detail in the text. The characterization
of site conditions emphasizes the extent and spatial distribution of ICs in site media.
However, contaminant concentrations that exceed the applicable screening criteria, for
both ICs and non-ICs, are summarized in this section of the report.

4.1.1 Selection of Site-Specific Screening Criteria

Site-specific screening criteria are presented for all compounds for which samples
were analyzed. The nature and extent of contamination discussion focuses on
contaminants that exceed site-specific screening criteria. :

A screening criteria technical memorandum was submitted to EPA on November 18,
2004 with proposed site-specific screening criteria to be used in the RI. CDM revised
the site-specific screening, based on EPA’s comments, as documented in the response
to comments letter, dated February 15, 2005 and a conference call on March 17, 2005.
Site-specific screening criteria for each medium are described in the following
sections. Generally, for each medium, the site-specific screening criteria is the most
conservative value of the Federal or State value, as described in the following sections.
The EPA-approved 51te-speC1f1c screening criteria are presented in Tables 4-1 through
4-4.

4-1
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4.1.1.1 Soil Screening Criteria

Site-specific soil screening criteria (SSSSC) for surface and subsurface soil are
presented in Table 4-1. The SS55C is the most conservative of Federal and State
standards, which-include the following:

Surface/Subsurface Soil Screemng Criteria '
n EPA Region IX residential soil PRGs, adjusted to a cancer risk of 1x10° and a
non-cancer hazard index of 0.1 .

u EPA Generic Soil Screening Levels (SSLs) for commercial/industrial -
ingestion/dermal scenarios .
= EPA Generic SSLs for commercial/industrial - inhalation scenarios

L] NYSDEC Recommended Soil Clean-up Objectives (RSCO) Technical énd
Administrative Guidance Memorandum (TAGM) #4046, adjusted for the site-
specific TOC concentration of 4.85 percent

NYSDEC-RSCO inorganic values require the use of background data for certain
analytes. For this reason, background soil samples were only analyzed for inorganics
and dioxins. Inorganic results for background surface soil samples (BKSS-01 through
BKSS-10) and background subsurface soil samples (BKSB-01 through BKSB-10) were
tabulated for comparison to the site-specific soil screening criteria. The maximum,
minimum, average, and the 95 percent upper confidence limit (UCL) on the arithmetic
mean concentration values were calculated for each inorganic analyte. Table 4-6
presents these data for both organic and inorganic background surface soil samples
and Table 4-7 presents data for both organic and inorganic background subsurface soil
samples. The 95 percent UCL of the average (mean) values are included in Table 4-1
for comparison with the SSSSC.

4.1.1.2 Sediment Screening Criteria ’

The site-specific sediment screening criteria (SSSDSC) are presented in Table 4-2. The
SSSDSC is the most conservative of Federal and State standards, which include the
following: ' '

Sedlment Screening Criteria

u NYS Sediment Screening Criteria for Human Health (bloaccumulahon
freshwater)
= NYS Sediment Screening Criteria for Benthic Aquatic Life (chromc toxicity,
' freshwater)
n NYS Sediment Screening Crltena Aquatic Life (severe effect level for
inorganics)

= MacDonald (2000) Consensus-based Probable Effect Concentrations
® , EPA Region IX industrial/commercial soil

Organic and inorganic results for background sediment samples (SD-01 through SD-
10) were tabulated for comparison with the site-specific sediment screening criteria.
Maximum, minimum, average, and the 95 percent UCL of the average (mean) values
were calculated for each compound and analyte. Table 4-8 presents these data for
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background sediment samples. The 95 percent UCL of the average (rnean) values are
included in Table 4-2 for comparison with the SSSDSC

4.1.1.3 Surface Water Screening Criteria

The site-specific surface water screening criteria (SSSWSC) are presented in Table 4-3.
The SSSWSC is the most conservative of Federal and State standards, which include
the following:

Surface Water Screening Criteria
n EPA Ambient Water Quality Crlterla, Human Health (for Consumption of -

organisms only) values
= Aquatic Life (chronic fresh water) values
LI NYS Standards and Guidance Values for Class B Surface Water and Human
" 'Health (fish consumption) values
L Aquatic Life (chronic) values

Organic and inorganic results for background surface water samples (SW-01 through |
SW-10) were tabulated for comparison with the site-specific surface water screening
criteria. Maximum, minimum, average, and the 95 percent UCL of the average (mean)
values were calculated for each compound and analyte. Table 4-9 presents these data
for background surface water samples. The 95 percent UCL of the average (mean)
values are included in Table 4-3 for comparison with the SSSWSC.

4.1.1.4 Groundwater Screening Criteria :
The site-specific groundwater screening criteria (SSGWSC) are presented in Table 4-4.
The SSGWSC are the most conservative of Federal and State standards, which mclude
the following:

Groundwater Screening Criteria ‘ .
u National Primary Drinking Water Standards
u NYS Standards and Guidance Values and Groundwater Effluent Llrmtatlons

, for Class GA Groundwater (human water sources)
= NYS Department of Health (NYSDOH) Drinking Water Quahty Standards

~ Results from the background well (MW-9) from both Round 1 and Round 2 sar_npling
‘activities have been included in Table 4-4 for comparison with the SSGWSC.

- 4.1.2 Selection of Site Indicator Contaminants

Selected ICs are used to focus the evaluation of the nature and extent of contamination
in soil, sediment, surface water and groundwater. As a first step in the IC selection
process, CDM evaluated analytical data collected during the R, reviewed the HHRA
COPC list, and reviewed the historical activities and analytical data for the site. Soils,
including soils within former source areas, appear to be the media for which
contamination is most prevalent. As a result, contaminants that exceeded the SS55C '
in surface and subsurface soils were evaluated based on the following:
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u Percentage of the total number of samples in which each contaminant was
_ detected
u Percentage of the total number of samples in wh1ch each contaminant
exceeded the screening criteria
= Magnitude of the highest screening criteria exceedance

CDM also reviewed contaminants that are COPCs for the HHRA; the COPCs that
contributed the most risk were included as ICs in the RI. Based on these evaluations,
CDM selected five PAHs, one PCB, and eight metals as indicators representative of
site-related contamination for all media. Table 4-5 presents the statistics for each
selected IC. The ICs include:

Aroclor-1254

u Benzo(a)anthracene n u Lead

n ' ‘Behzo(b)fluoranthene = Arsenic B Mércury

u Benzo(a)pyrene » Cadmium = Vanadium
= 1ndeno(1,2,3-c,d)pyr¢ne n Copper n Zinc

u Dibenzo(ah)anthracene n Iron

In addition, VOCs will be considéred ICs for groundwater media. The nature and
extent of co‘ntaminatidn discussions will focus on the listed ICs.

4.1.3 Data Presentation

Analytical data from RI sampling activities were entered into the site database for
evaluation purposes, and were exported to an Environmental Geographic Information
System (EGIS) for evaluation and graphical presentation. The data presented on the
figures in this section are in units consistent with data tables in Appendix J, including:
organic and inorganic data for aqueous samples are presented in pg/L; organic data
for solid samples are presented in ug/kg; and inorganic data for solid samples are
presented in mg/kg. Aqueous wet chemistry parameters are presented in mg/L.

4.2 Calculation of Background Concentrations

Site-specific background values for each chemical were calculated for surface soil,
subsurface soil, sediment, and surface water. Site-specific background values were
not used for screening purposes, but rather for comparison purposes only. Site-
specific background values are the calculated 95 percent UCL on the arithmetic mean
concentration. The 95 percent UCLs were calculated using the statistical procedures
recommended by EPA, based on the findings of Singh, Singh, and Engelhardt (1997,
1999) (EPA 2004).

Several statistical methods can be used to estimate the 95 percent UCL of a data set,
depending upon the data distribution. Therefore, two key steps are required to
estimate the 95 percent UCL.

/ .
1. Determine the distribution of the data (i.e., normal, lognormal, gamma, or non-

parametric).
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2. Compute the 95 percent UCL using the appropriate procedure for the selected
data distribution.

In this assessment, both steps were performed with the ProUCL statistical software
developed for EPA (EPA 2004). Based on EPA guidance (1989) and EPA Region 2
direction, these steps were performed with the background data assuming that non-
detect data have a concentration equal to one half the laboratory-reported contract
required quantitation limit (CRQL) (i.e., one half the value reported with a “U”
qualifier). ProUCL calculates the UCL with several computation methods and .

- provides a recommended UCL value based on the distribution of the data. The UCLs

shown in Tables 4-6 through 4-9 are the values recommended by ProUCL.

The ProUCL program tests the normal, lognormal, gamma, and non-parametric
distributions of each data set and the 95 percent UCLs were calculated with the
statistical procedures recommended by EPA, based on the findings of Singh, Singh,
and Engelhardt (1997, 1999) (EPA 2004). ProUCL computes the 95%UCL using 5
parametric and 10 non-parametric methods, depending on the distribution. For
normal distributions, the t-statistic is used to calculate the UCL. For lognormal
distributions, one of four different computation methods is used depending on the
skewness of the data (as indicated by the standard deviation of the log-transformed
data) and the sample size. For gamma distributions, one of two computation methods
is used based on a k value, the shape parameter of a gamma distribution. For data sets
(of all sizes) following a gamma distribution, the exposure point concentration term is
computed using an adjusted gamma UCL of the mean (when 0.1< k < 0.5) oran .
approximate gamma UCL of the mean (when k >0.5). For values of k<0.1, a 95% UCL
may be obtained using either the bootstrap-t method or Hall’s bootstrap method when
the sample size is small (less than 15), or the approximate gamma for larger data sets.
For data sets that do not fit a normal, a lognormal, or a gamma distribution, the
ProUCL program calculates and recommends a 95% UCL from 1 of the 10 non-
parametric methods (EPA 2004). These calculations are presented as Appendix M.

- 4.2.1 Background Soil Samples

CDM collected surface and subsurface soil samples from background soil borings
located north of the site. Numerous contaminants were detected in background soil
samples: 7 SVOCs, 1 pesticide, and 13 inorganics exceeded screening criteria.
However, background levels were generally lower than levels in process area and site-
wide soil boring samples. Background surface and subsurface soil sample
exceedances are presented in Table 4-10; background calculations and full data results
are presented in Tables 4-6 and 4-7. The calculated background values for ICs in
surface and subsurface soil are as follows:
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Benzo(a)anthracene

Surface Soil

Nature and Extent of Contamination

Subsurface Soil

' @ Benzo(a)anthracene - 20,000 ug/kg L

2,229.72 ug/kg 4,853.51 ug/kg
Benzo(b)fluoranthene 2,650.88 ug/kg 4,267.89ug/kg
Benzo(a)pyrene 1,714.72 ug/kg 2,180.38ug/kg
Indeno(1,2,3-c,d)pyrene 1,321.04 ug/kg 2,257.71ug/kg
Dibenz(a,h)anthracene 957.04 ug/kg 993.17ug/kg
Aroclor-1254 101.82 ug/kg 110.33ug/kg
Arsenic 7.1mg/kg 5.95mg/kg
Cadmium 1.57 mg/kg 1.11 mg/kg
Copper 154 mg/kg 184.44 mg/kg
Iron 25,962 mg/kg 24,031 mg/kg
Lead - 365 mg/kg 206 mg/kg
Mercury 0.54 mg/kg 0.34 mg/kg
Vanadium 229 mg/kg 18.6 mg/kg
Zinc 152 mg/kg 147 mg/kg

4.2.2 Background Sediment Samples

Ten background sediment samples were collected upstream of the site to represent
background conditions (outside of any influence from the site). Background sediment
sample results were below screening criteria, with the following exceptions:
acenaphthlene, anthracene, benzo(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, bis(2-ethylhexyl)phthalate, chrysene, fluoranthene, fluorene,
indeno(1,2,3-cd)pyrene, naphthalene, phenanthrene, pyrene, 4,4-DDD, 4,4-DDE,
aroclor-1248, antimony, barium, chromium, copper, cyanide, lead, manganese, nickel,
and zinc. A majority of the compounds exceeded the screening criteria by less than 10
times. Both benzo(a)pyrene and benzo(b)fluoranthene had 95 percent UCL’s
approximately 300 times the screening criteria. Both benzo(a)anthracene and chrysene
had 95 percent UCL about 400 times the screening criteria. Background sediment
sample results and background calculations are presented in Table 4-8. The calculated
background values for ICs in sediment are as follows:

Cadmium - 1.1 mg/kg
Copper - 92.7 mg/kg.
Iron - 33,594.2 mg/kg
Lead - 83.5mg/kg .
Mercury - 0.3 mg/kg
Vanadium ; 27.9 mg/kg
Zinc - 195.5 mg/kg

Benzo(b)fluoranthene - 16,000 ug/ kg
Benzo(a)pyrene - 15,000 ug/kg
Indeno(1,2,3-c,d)pyrene - 7,400 ug/kg
Dibenz(a,h)anthracene - 1,490.8 ug/kg
Aroclor-1254 - Not detected

Arsenic - 6.4 mg/kg

The calculated background values for PAHs may be biased high due to elevated
concentrations at SD-03. This may indicate that the levels in SD-03 could be from
another source.

4.2.3 Background Surface Water Samples

Ten background surface water samples, co-located with background sediment -
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samples, were collected upstream of the site to represent backgiround conditions
(outside of any influence from the site). Ten downgradient (i.e., within 20 feet of the
site, when feasible) surface water samples were collected within the shoreline area
adjacent to the site. Background surface water sample results were below screening
criteria, with the following exceptions: 1,4-dichlorobenzene, bis(2-ethylhexyl)
phthalate, aluminum, iron, and lead. All compounds slightly exceeded the screening
criteria except for aluminum and iron, which were four and five times the screening
criteria, respectively. The calculated background values for ICs in background surface
water samples are as follows: iron - 412.1 ug/L and lead - 8.3 ug/L. The remaining
ICs were not detected in any background surface water samples, and therefore do not
have calculated background values. Background surface water sample results and
background calculations are presented in Table 4-9.

~ 4.2.4 Background Groundwater Samples

CDM installed and sampled a hydraulically upgradient background momtormg well
(MW-09) located in the southwest corner of the site, for comparison with
downgradient monitoring well sample results. See Table 4-20 for screening criteria
exceedances in the background well. Nine VOCs were detected in the background
well, although benzene was the only VOC that exceeded screening criteria. Benzene
was detected at 9.6 pg/L during Round 1 and at 13 pg/L during Round 2; benzene’s
screening criteria is 1 ug/L. The following VOCs were detected during Round 1
below screening criteria: chloromethane (0.23 J ug/L), vinyl chloride (0.24 J ug /L),
trans-1,2-DCE (0.83 pg/L), cis-1,2-DCE (1.3 ug/L), and toluene (0.16 J ug/L). The
following VOCs were detected during Round 2, also below screening criteria: TCE
(0.13] pg/L, vinyl chloride (0.3 J ug/L), trans-1,2-DCE (1.0 pug/L), cis-1,2-DCE (1.7
pg/L), toluene (0.12 J ug/L), carbon disulfide (0.14 J pg/L), and methyl-tert-butyl
ether (MTBE) (0.12 ] pg/L). :

Four inorganic analytes exceeded screening criteria in both rounds of groundwater
samples. The IC iron was detected during both rounds, at 590 and 773 ug/L,
respectively. Manganese exceeded screening criteria at 890 and 954 pg/L,
respectively, and sodium exceeded screening criteria at 80,000 and 83,900 J ug/L.
Thallium exceeded screening criteria during Round 2, at 7.1 ] pg/L. Seven analytes
were detected, but at levels below screening criteria: barium, calcium, chromlum,
copper, magnesmm, potassium, and cyanide.

4.3 Nature and Extent of Contamination

This section presents a summary and interpretation of surface and subsurface soil
screening and sampling results, sediment and surface water sampling results, and
vertical profile and groundwater sampling results. Numerous contaminants were
detected in the site media; however, this section focuses on contaminants that exceed
the site-specific screening criteria.
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4.3.1 Soil Contamination
CDM collected soil boring screening and sampling data at onsite and off site areas to
characterize the surface and subsurface soils at the site, including:

Off Site (Background) Samples
Analytical Samples:

® 11 surface soil (0-1 foot bgs) and 10 subsurface soil (2-4 feet bgs) samples from 10
background boring locations, for a total of 21 background soil samples. -
Background samples were analyzed for TCL organics, TAL inorganics, and dioxins
(all surface and 1 subsurface sample).

Onsite Samples
Screening Samples:

- @ 133 continuous samples for onsite screening from 21 process area soil boring

locations and 208 continuous samples from 37 site-wide area soil boring locations,
for a total of 341 soil screening samples; on51te screening was performed for VOCs,
PCBs, and lead. ,

Analytical Samples:

® 23 surface (0-1 foot bgs) and 24 subsurface soil (2-4 feet bgs) samples from 21
locations in the process area, and 39 surface and 40 subsurface soil samples from 37
locations in the site-wide area, for a total of 126 soil samples. Process area and site-
wide soil boring samples were analyzed for TCL organics, TAL inorganics, pH,
TOC, and grain size; process area surface soils were also analyzed for dioxins.

4.3.1.1 Distribution of Indicator Contaminants in Soil _

Indicator contaminants were found at levels far exceeding screening criteria in surface
and subsurface soil samples in both process area and site-wide soil borings. In
general, surface soils are contaminated with higher levels of ICs than subsurface soils.
The PAH benzo(a)pyrene, which exceeded the screening criterion in the greatest
number of samples, represents the general trend of PAH contamination in site soils.
PAH contamination is generally highest in areas surrounding the former metal shear
building, and east of this area, along the Hudson River.

The highest concentrations of Aroclor-1254 in laboratory samples were found in
surface soils surrounding the former metal shear and compact/ baller bulldmgs, as
found in both screening and analytical samples. -

The highest concentrations of the majority of metal ICs in laboratory samples occur in
the process area around the former metal shear, compactor/bailer, and smelter
buildings, in both surface and subsurface soils. However, the highest levels of
vanadium in the surface soils are concentrated in the northeast corner of the site. The
highest levels of lead in the surface soils are located east of the former buildings and
in the southwestern part of the site, and in subsurface soils at the former
smelter/staging area and in the southwest corner of the site.

4-8
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Based on the lead screening results, the extent of lead contamination can be delineated
in the unsaturated zone below 4 feet bgs. Lead levels in subsurface soils from 4-14 feet
bgs exceeded screening criteria in many samples. The levels generally decreased with
depth; lead levels exceeded criteria by the following factors 35 times (4-6 feet), 39
times (6-8 feet), 15 times (8-10 feet), 7 times (10-12 feet), and under 6 times (12-14 feet).

- 4.3.1.2 Results of Onsite Soil Screening

Process area and site-wide soil boring samples were collected at 2-foot intervals for
onsite screening of total VOCs using a PID, PCBs using immunoassay test kits, and
lead using XRF technology. Occasionally, split spoons did not contain enough volume
for all three screening samples. In these cases, priority was given to lead screening,
followed by VOC screening, and finally, PCB screening. Results of soil screening
samples are presented below.

Lead Screening Results :
Lead screening was conducted on 133 samples from process area soil borings and on

209 samples from site-wide soil borings. Split spoon recovery in the deeper intervals
in the site-wide soil borings was generally poor due to increased amounts of fill
containing scrap metal, broken concrete, wood, plastic, and rubber. Lead was
detected in approximately 96 percent of all screening samples across the site;
concentrations exceeded the SSSSC of 400 mg/kg in 68 percent of all samples. The
calculated background value for lead in surface and subsurface soil is below the
SSSSC, and therefore, the majority of all samples also exceeded background values.
Lead contamination exceeding the screening criterion occurs in all soil borings and at
all depth intervals. Table 4-13 presents lead soil screening results for the process area
and site-wide soil boring samples.

- In general, the highest lead concentrations in the process area soil borings occur in the
‘top 4 feet of soil. Levels in the 0-2 foot interval ranged from 280.5 mg/kg to 8,517

mg/kg. Levels in the 2-4 foot interval ranged from 400.7 mg/kg to 19,798.4 mg/kg,
with the highest concentration at PASB-05; this concentration is approximately 50
times the site-specific screening criterion. PASB-10c contained the second highest
concentration in the 2-4 foot interval, at 17,565.3 mg/kg. PASB-05 and PASB-10c are
located in the area of the former ash/slag pile by the former metal shear and
compact/bailer buildings.

" Lead concentrations in the site-wide soil borings are generally lower than those in the

process area soil borings; however, concentrations in the deeper intervals tend to be
higher than those in the process area. Higher concentrations also tend to occur in the
southern part of the site, near the former scrap metal and tire piles. The highest levels
in site-wide soil borings occur in SWSB-30 (15,714 mg/kg in the 6-8 foot interval) and
SWSB-33 (14,200.9 mg/kg in the 4-6 foot interval). S
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Lead contaminant levels by interval are summarized below:

® 0-2 foot interval: 88 percent of samples exceeded screening criteria; the highest
concentration (13,900 mg/kg in SWSB-17) exceeded screening criteria by 35 hmes,
and is located southeast of the former compactor/bailer building

B 2-4 foot interval: 83 percent of samples exceeded screening criteria; the highest
concentration (17,565.3 mg/kg in PASB-10c) exceeded criteria by 44 times, and is
located east of the former compactor/bailer building

B 4-6 foot interval: 66 percent of samples exceeded screening criteria; the highest
concentration (14,200.9 mg/kg at SWSB-33) exceeded criteria by 35 times, and is
located in the southeast corner of the site

B 6-8 foot interval: 63 percent of samples exceeded screening criteria; the highest
concentration (15,714.9 mg/kg in SWSB-30) exceeded criteria by 39 times, and is.
located along the southem boundary of the site

B 8-10 foot interval: 60 percent of samples exceeded screening criteria; the highest
concentration (5,819.0 mg/kg in SWSB-17) exceeded criteria by 14 times, and is
located southeast of the compactor/bailer building

® 10-12 foot interval: 77 percent of samples exceeded screening criteria (note that
approximately half of the locations were sampled due to lack of sample recovery);
the highest concentration (2,848.9 mg/kg in PASB-04) exceeded screening criteria
by 7 times, and is located adjacent to the former metal shear building

B 12-14 foot interval: 28 percent of samples exceeded screening criteria (note that
approximately one third of the locations were not sampled due to lack of sample
recovery); the highest concentration (2,290.2 mg/kg in PASB-04) exceeded criteria
by almost 6 times, and is also located adjacent to the former metal shear building

voC ScreemrgResults

_ VOC screening for total VOCs was conducted on 153 samples from process area soil

borings and on 164 samples from site-wide soil borings. Samples from 15 soil borings
located in the southern half of the site (PASB-20, PASB-21, and SWSB-20 through
SWGSB-32) were not screened due to instrument malfunction caused by humidity. An
additional 14 samples were not screened because of low sample volume. Table 4-11
presents total VOC soil screening results for the process area and site-wide soil boring
samples.

Approximately 64 percent of the process area soil boring samples indicated the
presence of VOCs. ‘Concentrations ranged from non-detect to 129 parts per million
(ppm), with the highest reading in the surface at PASB-05, located in the area of the
former metal shear building. In general, the highest concentrations in each boring
were observed in the top six feet of soil. However, several borings had VOCs at the
deepest sample interval, indicating that contamination may extend below the terminal
depth of these borings. Of particular note is PASB-15, which extended to 30 feet bgs,
approximately 15 feet deeper than the majority of the process area soil borings. VOCs
were detected at PASB-15 in every sample interval, including 8 ppm in the 28-30 foot
interval.
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Total VOCs were detected at approximately 35 percent of the site-wide soil boring
samples. Although total VOCs were detected in a lower percentage of site-wide soil
samples than process area soil samples, the highest overall concentrations were
located in site-wide soil borings. The highest concentrations were detected in the
surface at SWSB-15, located approximately 220 feet east of the former compact/bailer
building; total VOCs were detected at 1,835 ppm in the 0-2 foot interval and at 1,054

" ppmin the 2-4 foot interval. The next highest levels were detected in SWSB-08 (648

ppm at 2-4 feet bgs), SWSB-07 (470 ppm at 6-8 feet bgs), SWSB-17 (390 ppm at 2-4 feet

-bgs), and SWSB-16 (351 ppm at 4-6 feet bgs). SWSB-17 and SWSB-18 are located

downgradient of the former compact/bailer building. SWSB-07 through SWSB-09 are
located downgradient of a former UST.

It should be noted that screening results are for total VOCs, and therefore cannot be
correlated with individual VOC results from analytical laboratories.

PCB Screening Results _ ‘
PCB screening was conducted on 87 samples from process area soil borings and on

181 samples from site-wide soil borings. The majority of samples from 10 to 15 feet
bgs were not screened for PCBs due to low sample volume. Available soil volume
was given lower priority for PCB screening than for lead or VOC screening. In
genetal, PCB screening results indicate total PCBs in the majority of the screened soil

- samples. Table 4-12 presents PCB soil screening results for the process area and site- -

wide soil boring samples. The immunoassay test kit provides a measurement of total
PCBs measured in mg/kg, based on the PCB Aroclor-1254; the site-specific screening
criterion for Aroclor-1254 is 110 ug/kg (equivalent to ppb) or 0.110 mg/kg (equivalent
to ppm). All detections exceeded this criterion. The majority of detections also

. exceeded the calculated background values for Aroclor-1254 in surface and subsurface-
‘soil.

The majority of process area soil screening samples exceeded criteria. In general, the
highest concentrations of total PCBs in the process area soil samples are in surface
soils located east of the former compactor/bailer building and south of the former
metal shear building. The highest overall concentration was 52.87 mg/kg, detected in
the surface at PASB-10, located approximately 50 feet east of the former
compactor/bailer building, and in the former ash/slag pile. Four contingency borings
(PASB-10a through PASB-10d) were located around PASB-10 to tighten the grid and
further delineate contamination in the area due to the presence of an unidentified oily
slurry. Additional samples were collected from these contingency borings for
screening purposes from 0-2 feet and 2-4 feet bgs. Each of the additional eight
samples contained total PCBs, with higher levels in the surface intervals. Surface
concentrations in the four surrounding samples ranged from 11.8 mg/kg to 14.8
mg/kg. PCBs were observed in surface soils at PASB-09 (12.84 mg/kg) and PASB-14
(10.78 mg/kg). Two soil borings south of the metal shear building also had PCBs:
PASB-04 at 12.58 mg/kg in the 0-2 foot interval, and PASB-05 at 12.28 mg/kg in the 2-
4 foot interval.
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The majority of site-wide soil borings contained PCBs at levels exceeding screening

criteria. In general, total PCB levels in samples from site-wide soil borings were lower
than those from process area soil borings. Higher levels were also found at deeper
depths than in process area soil borings. The highest PCB levels in site-wide soil
borings were generally found in two areas: in the northeast corner of the site, in the
area of a former processed soil pile, and in the southeast, downgradient of the former
smelter and staging area. These areas are both along the Hudson River, and are
further downgradient of source areas than process area soil borings. The highest
levels were detected at the 8-10 foot intervals at SWSB-28 (45.6 mg/kg) and SWSB-34
(20.81 mg/kg), both located in the southeast corner. These are the second and third

-highest detections of PCBs across the site. The highest concentrations from nearby

borings SWSB-22, SWSB-24, SWSB-25, and SWSB-27 ranged from 7.42 mg/kg to 8.02
mg/kg, but were in the top 4 feet of soil. SWSB-05 and SWSB-37, both located in the
northeastern corner, had PCBs at 14.16 mg/kg (0-2 feet) and 8.49 mg/kg (4-6 feet),
respectively.

4.3.1.3 Results of Indicator Contaminants in Soil Samples

Samples were collected from surface (0-1 foot bgs) and subsurface (2-4 feet bgs) soils
at each process area and site-wide soil boring. Screening criteria exceedances for all
contaminants in process area soil boring samples, including ICs, are presented in
Table 4-14. Screening criteria exceedances for all contaminants in s1te-W1de soil boring
samples, including ICs, are presented in Table 4-15.

PAHs

All five PAH ICs were detected in soil samples in both the process area and site-wide
soil borings. Levels were generally higher in the surface soils. Of the PAH ICs,
benzo(a)pyrene exceedances were the most prevalent. Isoconcentration maps
illustrate the distribution of benzo(a)pyrene in surface and subsurface soils, and are
presented as Figures 4-1a and 4-1b, respectively. Benzo(a)pyrene exceeded screening
criteria in every surface and subsurface soil sample across the site. Concentrations
exceeded the calculated background values in over half the surface soil samples, and
just under half of the subsurface soil samples. Surface soil exceeded the screening
criterion up to 371 times, with concentrations ranging from 240 J ug/kg to 23,000
ug/kg. Asshown in Figure 4-1a, the highest levels in surface soils are concentrated
around the former metal shear building (PASS-04 and PASS-02), northeast of the
former metal shear building (SWSS-06) and on the eastern side of the site along the
Hudson River (SWSS5-16). Subsurface soil levels exceeded the screening criterion up to
355 times, with levels ranging from 120 J ug/kg to 22,000 J ug/kg. The highest levels

- in subsurface soils (Figure 4-1b) are located northwest (SWSB-06) and adjacent to the

Hudson River, east of the former metal shear building (SWSB-13 and SWSB-36).

Benzo(a)anthracene, benzo(b)fluoranthene, and indeno(1,2,3-c,d)pyrene were also

* detected in every surface soil sample across the site, with exceedances in the majority

of locations (Table 4-15). The levels and distribution of these ICs are similar to
benzo(a)pyrene, although there are fewer screening criteria exceedances and lower
magnitudes of exceedances. The highest levels in surface soil were in the process area
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(PASS-04); however, in subsurface soil, the highest levels were northwest and east of
the process area (SWSB-06 and SWSB-36, respectively). Benzo(a)anthracene
exceedances ranged from 930 J ug/kg to 25,000 ug/kg in surface soil, up to 40 times
the screening criterion, and from 830 J ug/kg - 22,000 ug/kg (35 times the screening
criterion) in subsurface soil. Benzo(b)fluoranthene exceedances ranged from 730 J
ug/kg to 22,000 ug/kg in surface soil, with the highest level 35 times the screening
criterion, and in subsurface soil from 710 ug/kg - 19,000 ug/kg (31 times the screening
criterion). Indeno(1,2,3-c,d)pyrene exceedances ranged from 650 J ug/kg to 17,000
ug/kg in surface soil, with the highest level 27 times the screening criterion, and from
680 J- 15,000 ug/kg in the subsurface (24 times the screening criterion).

Dibenz(a h)anthracene was detected and exceeded screening criteria in the majority of
surface soil samples (Table 4-15). Exceedances in the surface soil ranged from 51 J
ug/kg to 5,500 ug/kg, up to 89 times the screening criterion. Exceedances in
subsurface soils ranged from 73 ] ug/kg - 4,300 ug/kg, with the highest concentration
exceeding the screening criterion by 69 times.

Aroclor-1254

Aroclor-1254 exceeded screening criteria in all but one surface soil location across the
site, with concentrations ranging from 70 J ug/kg to 35,000 ug/kg. The majority of
surface and subsurface concentrations also exceeded calculated background values.
The PCB exceeded the screening criterion in all process area soil boring locations and
89 percent of the site-wide soil boring locations (Table 4-15). Exceedances in the
subsurface soil were generally lower, with ranges from 140 ug/kg to 27,000 ug/kg.
The highest levels in both surface and subsurface soil were in PASS/PASB-05 and
surrounding areas, near the former metal shear building. Figures 4-2a and 4-2b show
isoconcentration contours for Aroclor-1254 in the surface and subsurface soils,
respectively. Isoconcentration contour maps for total PCBs are also presented, as
Figures 4-2¢c and 4-2d.

Inorganics
Five of the inorganic ICs (arsenic, copper, iron, vanadiuimn, and zinc) exceeded

screening criteria in every surface and subsurface soil sample that had usable data -
(Table 4-15). However, arsenic, copper, and lead results for eight site-wide soil
boring locations in the northern part of the site were rejected for the following

‘reasons: lead results were rejected because the absolute difference between the sample

and duplicate results were greater than 4 times CRQL; arsenic and copper results were

‘rejected because the percent recovery was outside of control limits.

Arsenic levels exceeded the screening criterion up to 102 times in surface soils and up
to 187 times in subsurface soils. Levels exceeded the calculated background values in
nearly all surface and subsurface soil samples. Exceedances ranged from 7 to 39.8
mg/kg in surface soils, with elevated levels around the former metal shear and
compactor/bailer buildings. In subsurface soils, exceedances ranged from 4.8 to 73.1
mg/kg, with the highest concentration located at the southwest corner of the former
smelter building. Elevated levels were also found near the former metal shear and
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compactor/bailer buildings. Figures 4-3a and 4-3b show arsenic distribution in the
surface and subsurface soil, respectively. The vast majority of arsenic concentrations
in both surface and subsurface soil samples also exceeded the calculated background
value. ’ '

Copper exceeded the screening criterion by up to 440 times in the surface and by up to
266 times in subsurface soils. The majority of the exceedances were also above
calculated background values. The highest copper concentration in the surface was

- 11,000 mg/kg, in PASS-19, between the former compactor/bailer and smelter

buildings. The highest concentration in the subsurface was 6,650 mg/kg, in PASS-11,
located near the northeast corner of the former metal shear building.

Iron exceedances in the surface soil were up to 56 times the screening criterion. The
majority of the exceedances were also above calculated background values. The
highest level (111,999 mg/kg) was in SWSS-11-D, on the north side of the former -
metal shear building. Subsurface soil exceedances ranged to 153,000 mg/kg, or 77
times screening criteria; the highest concentration was at PASB-05, adjacent to SWSS-
11. : .

Vanadium concentrations in surface soils ranged from 33.5 - 760 mg/kg, 3.5 to 97
times the screening criterion. SWSS-37-D, in the northeast corner of the site, contained
the highest levels in the surface. In the subsurface, levels ranged from 17.6 - 380 ‘
mg/kg, 2.5 to 49 times the screening criterion. The vast majority of these levels also
exceeded calculated background values. The highest level was at SWSB-21-D, on the
east side of the former smelter building. .

Of all the inorganic ICs, zinc displayed the highest magnitude of exceedances, up to
545 times the screening criterion in surface soils, and up to 1,665 times the screening
criterion in subsurface soils. The majority of surface and subsurface soil
concentrations also exceeded calculated background values. PASB-05, near the
southeast corner of the former metal shear building, contained the highest levels of
zinc in both the surface (10,900 ] mg/kg) and the subsurface soil (33,300 ] mg/kg).

Cadmium exceedances ranged from 2 - 96.5 mg/kg in surface soils and exceeded the
screening criterion by 2 to 96.5 times. Surface soil levels were highest east of the
former compactor/bailer building and near the northeast corner of the former smelter
building; the highest concentration was detected at PASS-06. In subsurface soils,
cadmium exceeded the screening criterion from 3.3 to 143 times. Exceedances ranged
from 3.3 to 143 ] mg/kg, with magnitudes from 3 to 143 times. Similar to the surface
contamination, the highest levels in the subsurface are concentrated on the eastern
side of the former compactor /bailer building; the highest concentration was at PASB-
14, near the southwest corner of the building footprint. Figures 4-4a and 4-4b’
illustrate cadmium distribution in surface and subsurface soil, respectively.

Lead contamination, unlike arsenic, is'highest in the southern half of the site for both
surface and subsurface soils, as shown in Figures 4-5a and 4-5b. Surface soil
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exceedances ranged from 1.5 to 40 times the screening criterion. The highest
concentration of lead in surface soils, 15,900 mg/kg in SWSS-24, is adjacent to the
Hudson River, east of the former smelter building and staging area. Lead
concentrations in subsurface soils ranged from 134 - 9,970 mg/kg, from below the
screening criterion to 25 times the criterion. The highest levels were concentrated on
the southwest corner of the former smelter building (SWSB-20) and in the southeast
corner of the site (SWSB-31), near the former tire piles. All surface and subsurface soil
levels exceeded calculated background values.

Mercury exceedances in surface soils ranged from 0.8 to 15.2 mg/kg, exceeding the
screening criterion by 8 to 152 times. The highest surface soil levels were between and
east of the former metal shear and compactor/ bailer buildings, with the highest
concentration at PASS-09. Subsurface soil exceedances ranged from 0.23J-9.1
mg/kg, with the highest concentration exceeding the screening criterion by 91 times.
Over half of the concentrations exceeded calculated background values for surface

"~ and subsurface soil.

4.3.1.4 Non-Indicator Contamlnant Screemng Cntena Exceedances in Soil
Samples

Several non-ICs exceeded screening criteria in surface and subsurface soil samples.

4.3.1.5 Dioxin Data

CDM submitted preliminary dioxin data in a letter (Background and Process Area
Surface Soil Sample Results for Dioxin) to EPA, dated June 7, 2004. CDM collected 10
surface and 1 subsurface soil samples for dioxin analysis on April 3 and 4, 2004 from
background locations and 15 surface soil samples from process area soil borings.

As per EPA’s Office of Solid Waste and Emergency Response (OSWER) Directive
9200.4-26, dated April 13,1998, it is EPA’s policy that a preliminary remediation goal
(PRG) of 1 part per billion (i.e., 1,000 nanograms per kilogram [ng/kg]) toxicity
equivalents (TEQs) be used for dioxin in residential soils, unless extenuating site-
specific circumstances warrant a different level. The highest dioxin detection in the
background soil samples was at BKSS-09D (13.5 ng/kg) and the highest detection in
the process area surface soil samples was at PASS-14-D (187.7 ng/kg). '

Since the detected levelé were below EPA’s PRG for the compound, no additional
samples were collected for dioxin analysis as part of the subsurface soil process area
program and the surface/subsurface site-wide soil boring program. This decision is

~ consistent with the scope of work and data quality objectives (DQOs) detailed in the

EPA-approved QAPP for this project.

4.3.2 Sediment Contamination

CDM collected 10 sediment samples adjacent to the site (SD-11 through SD-20), in the
Hudson River. Table 4-16 and Figure 4-6 show all sediment screening criteria
exceedances, including ICs, for the adjacent environmental samples.

4-15 .
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4.3.2.1 Distribution of Indicator Contaminants in Sediment

The majority of site-specific ICs exceeded screening criteria in sediment samples
adjacent to the site. However, many of these exceedances were below the calculated
background values. Since the inorganic ICs are not considered to be naturally
occurring, this suggests that either these contaminants migrated from other sources
unrelated to the site or from sources at the site. Since there are many sources of PAHs
to the Hudson River, it is difficult to determine exactly where these contaminants
originated from. The highest levels of PAH ICs were found in SD-19, located offshore
of the southern boundary of the site; two of these ICs were above background values.
It should be noted that the PAH ICs are also designated COCs for the manufactured
gas plant site located adjacent to and downstream of to the CIM site.

Approximately half of the inorganic ICs exceeded both screening criteria and
background calculations. The highest levels of inorganic ICs are in samples offshore
of the southern half of the site and one sample just north of the site. The highest levels
are concentrated in one sample (SD-17) located approximately due east of the former
smelter/staging area and hydraulically downgradient (based on groundwater flow) of
the former metal shear and compact/bailer buildings. SD-17 is located approximately
125 feet from the river bank. Elevated levels of inorganic analytes may be present
between the shoreline and the sample location, and possibly beyond.

4.3.2.2 Results of Indicator Contaminants in Sediment Samples
PAHs ;
The highest levels of PAH ICs were detected in SD-19, located offshore of the southern

- boundary of the site. Indeno(1,2,3-c,d)pyrene and dibenz(a,h)anthracene were

detected at 7,700 ug/kg and 2,400 J ug/kg, respectively; these levels exceed calculated
background levels and screening criteria. Benzo(a)anthracene (16,000 ug/kg),
benzo(b)fluoranthene (15,000 ug/kg) and benzo(a)pyrene (12,000 ug/kg) also . ,
exceeded screening criteria, but were below background levels. PAH ICs exceeded .
screening criteria in the majority of the remaining adjacent sediment samples, but
were significantly lower, with overall PAH levels ranging from non-detect t0 3,900 ]
(benzo(a)pyrene and benzo(a) anthracene in SD-20).

[y

-PCBs

Aroclor-1254 was not detected in any sediment samples. However, Aroclor-1248
exceeded screening criteria at four locations: SD-11 (520 J ug/kg), SD-13 (220 ] ug/kg),
SD-16 (260 J and 290 J ug/kg) and SD-18 (230 J).

Inorganics
Six inorganic ICs exceeded screening criteria and background levels in adjacent

sediment samples: arsenic, cadmium, copper, iron, lead, and zinc. The highest levels
by far were detected in SD-17, approximately due east of the former smelter/staging

“area and hydraulically downgradient of the former metal shear and compactor/bailer

buildings. All six inorganic ICs exceeded background levels and screening criteria in
this sample. Iron and zinc exceeded screening criteria in all adjacent sediment
samples, but exceeded background levels in six and seven samples, respectively. Iron
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levels ranged from 25,000 mg/kg to 69,000 mg/kg; zinc levels ranged from 160 mg/kg
to 1,100 mg/kg. Copper and lead exceeded screening criteria and background levels
in three samples, SD-11, SD-17 and SD-20, Cadmium exceeded screening criteria in

. two samples, at 1.4 mg/kg (SD-11) and 1.7 mg/kg (SD-17. Arsenic exceeded

screening criteria in only one sample, SD-17, at 14 mg/kg.

4.3.2.3 Non-Indicator Contaminant Screening Criteria Exceedances in
Sediment Samples

The non-ICs found at levels exceeding screening criteria in sediment samples adjacent
to the site include eight SVOCs, two pesticides, one PCB, and five inorganic analytes.
SVOCs include: 4-methylphenol (exceeded by 3.5 times in 1 sample), naphthalene
(exceeded by just over one time in one sample), fluorene (exceeded by just over one to
15 times in 3 samples), phenanthrene (exceeded by 1.5 to 24 times in 5 samples),
anthracene (exceeded by just over 1 to 10 times in 2 samples), fluoranthene (exceeded
by 2 to 18 times in 5 samples), pyrene (exceeded by 2 to 26 times in 5 samples), and

" chrysene exceeded by 4 to 308 times in all Samples). The two pesticides, 4,4-DDE and

4,4-DDT, exceeded screening criteria by 9 to 30 times in all samples, and by 8 to 27
times, respectively. Aroclor-1248 screening criteria exceedances ranged from 6,900 to

- 16,311 times.

Inorganic exceedances included antimony, chromium, manganese, nickel, and silver.
Antimony exceeded criteria in 1 sample by 7.5 times. Chromium and manganese
exceedances were found in all but one sediment sample; chromium’s exceedances
ranged from just over one to three times and manganese’s exceedances ranged from
just over one to four times. Nickel exceeded screening criteria in all samples, by just
over one to five times. Silver exceeded screening criteria in five samples, by twoto -

. seven times.

4.3.3 Surface Water Contamination |

CDM collected 10 surface water samples in the Hudson River adjacent to the site (SW-
11 through SW-20), co-located with sediment samples. Table 4-17 and Figure 4-7

show all surface water screening criteria exceedances, mcludmg ICs, for the adjacent
environmental samples.

'4.3.3.1 Distribution of Indicator Contaminants ih Surface Water

Iron and lead exceeded calculated background levels and screening criteria in surface
water samples adjacent to the site. Lead exceedances occurred in only two samples.
Iron exceedances ranged from 1.2 to 2.5 times screening criteria. In general, iron and
lead contamination does not exhibit a clear pattern of migration, and are likely
influenced by tidal flow.

4.3.3.2 Results of Indicator Contaminants in Surface Water Samples

Figure 4-7 shows the results of IC exceedances in samples adjacent to the site. Iron
exceedances occurred in all but one sample (SW-12), and exceeded the calculated
background value in all but two samples (SW-11 and SW-12). Iron exceedances
ranged from 360 ug/L to 740 ug/L. The highest iron concentration was in SW-15, east

4-17

Con Iron - Final RI Report



Section 4
Nature and Extent of Contamination

of the former compactor/bailer building. Lead exceeded screening criteria and the
calculated background value in SW-12 (12 ug/L) and SW-14 (10 ug/L), east of the
northeastem corner of the site.

4.3.3.3 Non-Indicator Contaminant Screening Criteria Exceedances in
Surface Water Samples :

Aluminum was the only non-IC to exceed screening criteria in surface water samples.
Aluminum exceeded screening criteria in all surface water samples, at levels ranging
from two to seven times screening criteria.

4.3.4 Groundwater Contamination .

Prior to installing the monitoring wells, CDM collected groundwater samples from
three vertical profile borings located downgradient of the process area and former
USTs, to help determine screen depths for monitoring wells. Vertical profile samples
were collected at the water table, where LNAPL contamination would likely be
present, and at 5-foot intervals through the water column, and included screening
samples for VOCs and laboratory samples for TCL/TAL analyses. Once the ‘
monitoring wells were installed, two rounds of samples were collected from each of
the nine wells, to determine the nature and extent of groundwater contamination at
the site. The VOCs detected in onsite wells are commonly found in gasoline, and are
likely a result of leaking USTs or gasoline leaking from crushed vehicles.
Groundwater samples collected to delineate LNAPL are discussed in Section 4.3.5.

4.3.4.1 Distribution of VOCs and Indicator Contaminants in Groundwater

* VOCs and inorganic ICs exceeded screening criteria in groundwater across the site.
- VOCs commonly found in gasoline (methyl tert-butyl ether [MTBE], benzene,

ethylbenzene, and m,p-xylene) were detected above screening criteria in the majority
of vertical profile groundwater samples and monitoring wells. In general, the vertical
profile groundwater samples contained more and higher levels of inorganic ICs than

- monitoring well samples. This is likely due to higher levels of particulates in the |

profile samples, onto which inorganics adhere. Monitoring wells were fully
developed prior to sampling, reducing the amount of particulates and, therefore, the
concentration of inorganics. :

The majority of exceedances are located downgradient (east) of former USTs located
along the western border of the site. The highest levels of ICs are located adjacent to
and downgradient of the former compactor/bailer and metal shear buildings, near the
former tire piles. The highest concentrations are found in MW-5, approximately 250

- feet downgradient of the former metal shear building. Turbidity readings were

relatively low during both rounds of groundwater samples, and were not likely to
affect inorganic results.

4.3.4.2 Results of VOCs and Indicator Contaminants in Vertical Profile Wells
VOCs in Screening and Laboratory Vertical Profile Well Samples

In general, VOC results from screening samples and laboratory samples are not
comparable; the screening VOC results obtained with a PID are not compound-
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specific (i.e., they are for total VOCs only) . Therefore, screening VOC results cannot
be compared with VOC data from laboratory samples. In addition, sample locations
that indicated higher total VOC levels in screening samples did not contain levels of -
specific VOCs that exceed screening criteria in laboratory samples.  For example, in
VPMW-1, screening results indicated VOC exceedances only in the 15-20-foot and the

- 20-25-foot intervals; however, laboratory results indicated exceedances in the 10-15-
- foot and the 25-30-foot intervals.

Four VOCs exceeded screening criteria in both the screening and laboratory samples
(benzene, ethylbenzene, m,p-xylene, and MTBE). Two additional VOCs (toluene and
isopropylphenol) exceeded screening criteria in laboratory samples. Methylene
chloride, which also exceeded screening criteria in screening samples, was detected in
associated rinsate blanks, and is considered a laboratory contaminant. Table 4-18

presents screening criteria exceedances in screening samples and Table 4-19 presents

exceedances in laboratory samples.

The highest levels of VOCs, in both screening and laboratory samples, were detected
in VPMW-1, in the northwest corner of the site, just north of a former UST; this
location was originally planned as the background well location until screening
results indicated VOC contamination. With the exception of MTBE, all of the above-
mentioned VOCs were detected at this location. At VPMW-1, the highest levels were
in the 10-15 foot interval, and generally decreased in subsequent intervals. For
example, m,p-xylenes were detected at the 10-15-foot interval at 8,900 ug/L. Levels in
the 15-20-, 20-25-, and 25-30-foot intervals were 350 ug/L, 25 ug/L and 190 ug/L,
respectively. These results reflect both screening and laboratory sample results. One
VOC (MTBE) exceeded screening criteria in VPMW-4, and ranged from 11 ug/L to 12
ug/L in intervals from 13 to 28 feet bgs. Five VOCs were detected in VPMW-5, with

the majority and highest levels in the 26-31 foot interval.

Indicator Contaminants in Laboratbg Vertical Profile Well Samples -
It should be noted that the VPMW groundwater samples generally contained more

and higher levels of ICs (inorganics only) than monitoring well samples. This may be
attributable to the fact that monitoring wells were developed thoroughly to clear the
well of sediment and particulates, whereas vertical profile sampling intervals were
not. As a result, it is likely that the higher levels of particulates in the profile samples
led to higher concentrations during analy51s because inorganic analytes tend to adhere
to particulates.

Six ICs exceeded screening criteria in the laboratory vertical profile samples: arsenic,
copper, iron, lead, mercury, and zinc. Levels in VPMW-1 and VPMW-4 generally
increased with depth, whereas levels in VPMW-5 decreased with depth. Iron, lead,
and zinc exceeded screening criteria in all seven of the VPMW samples. The highest
iron levels were found from 25-30 feet bgs in VPMW-1 (4,500,000 mg/L). The highest
lead and zinc levels were found from 23-38 feet bgs in VPMW-4 (20,000 mg/L and
35,000 mg/L, respectively).
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4.3.4.3 Results of VOCs and Indicator Contaminants in Monitoring Wells

- Table 4-20 and Figure 4-8 present monitoring well screening criteria exceedances for

all contaminants, including VOCs and ICs. As noted above, monitoring wells
contained lower levels of ICs than VPMWs. This is most likely because the _
monitoring wells were fully developed prior to sampling, thereby reducing the
amount of suspended solids in the samples. This is evident in the relatively low
turbidity levels during the groundwater monitoring well samples. Turbidity levels
during the first round of groundwater samples ranged from 3 to 95 NTUs, with the

" majority of samples under 30 NTUs. Turbidity levels in the second round of

groundwater samples ranged from less than 1 to 65 NTUs, with the majority of
samples below 40 NTUs. As a result, the concentrations of inorganics in monitoring
well samples are more representative of the aquifer. Turbidity does not affect VOC
results. ‘

Round 1 A
VOCs were detected above background levels and screening criteria in five of the

- Round 1 groundwater samples (not including the duplicate sample, MW-05-R1-Dup)

(Table 4-20). MTBE exceeded the screening criterion in MW-04 (14 ug/L), MW-05 (14
ug/L), MW-07 (19 ug/L), and MW-08 (15 ug/L). Other VOCs that exceeded screening
criteria are benzene in MW-09 (9.6 ug/L), MW-04 (3.8 ug/L) and MW 05 (18 ug/L);
toluene (9.8 ug/L) and ethylbenzene in MW-05 (62 ug/L); and m,p-xylenes in MW-04

(6.6 ug/L) and MW-05 (260 ug/L).

Three ICs, (iron, lead, and zinc) exceeded screening criteria and backgrouhd levels in
the majority of monitoring wells during the round 1 sampling event. The highest
levels of these three analytes were found in MW-05. Iron exceeded screening criteria

-in all nine monitoring wells, including the background well (MW-09). Iron levels in

downgradlent wells ranged from 4,500 ug/L to 70,000 ug/L. Lead exceeded screening
criteria in two monitoring wells, MW-03 (38 ug/L) and MW-05 (91 and 89 ug/L). ch
exceeded screening criteria in one locatlon MW-05 (150 and 140 ug/L).

Round 2

VOCs were detected above background levels and screening criteria in six of the
Round 2 groundwater samples (not including the duphcate sample, MW-05-R1-Dup)
(Table 4-20). MTBE exceeded the screening criterion in MW-03 (16 ug/L), MW-04 (47
Jug/L), MW-07 (26 ug/L), and MW-08 (14 ug/L). Other VOCs that exceeded
screening criteria are benzene in MW-09 (13 ug/L), MW-04 (1.9 J ug/L), and MW-05
(4.9-ug/L); ethylbenzene in MW-05 (19 ug/L); and m,p-xylenes in MW-05 (61 ug/L).

During the Round 2 sampling event, the ICs iron and zinc exceeded screening criteria,
but lead did not. Iron levels were distributed similarly during Round 2, but were
higher; levels in downgradient wells ranged from 5,550 ug/L to 87,200 ug/L. Zinc
exceeded screening criteria in seven wells during Round 2 (compared to two wells
during Round 1); results were rejected in the remaining two wells. Zinc levels ranged
from 25.6 Jug/L to 105 ug/L.
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4.3.4.4 Non-Indicator Contaminant Screening Criteria Exceedances in
Monitoring Well Samples :

Non-ICs that exceeded screening criteria in monitoring wells include the inorganic
analytes antimony, magnesium, manganese, sodium, and thallium. Magnesium,
manganese, and sodium exceeded screening criteria during Round 1. Magnesium
exceeded screening criteria by one to two times in five of the monitoring wells.
Manganese and sodium exceeded screening criteria in all wells, by 1 to 10 times, and
by15t07.5 t1mes respectlvely

" All five of the above-listed analytes exceeded screening criteria during Round 2,

including antimony by 11 times in 1 well; magnesium by 1 to 2.5 times in 5 wells;
manganese by 1.5 to 9 times in all wells; sodium by 1.5 to 10 times in all wells; and
thallium by 9 to 18 times in 8 wells.

4.3.5 LNAPL Delineation
CDM collected soil samples and groundwater samples to delineate areas of visible
LNAPL.

4.3.5.1 Distribution of LNAPL _

LNAPL is found in two areas (see Figure 4-9a). The first area, which includes soil
boring locations PASB-02 and PASB-05, is adjacent to the former metal shear building
on the northern and eastern side, respectively. The second area, which includes soil
boring locations SWSB-15 and SWSB-16, is located near the Hudson River, just
downgradient of the former compactor/bailer building. The latter building was
found to contain free product in the two-level basement; the product was removed in
early 2004. A cross section through these four borings was prepared to illustrate the
vertical extent of observed LNAPL or heavy staining in relation to LNAPL sample
data. The cross section location is shown on Figure 4-9a and the cross section is
presented as Figure 4-9b. LNAPL observations in the four borings include: 9-27 feet
bgs in PASB-02, 6-8 feet bgs in PASB-05, 1-27 feet bgs in SWSB-15, and 14-15 feet bgs
in SWSB-16. These limited observations of LNAPL and/or staining are insufficient to
map a floating LNAPL product plume.

4.3.5.2 LNAPL Soil Sample Results

Results of the LNAPL soil samples are presented in Table 4-21a. VOCs were detected
in LNAPL soil samples, but at levels below background levels and screening criteria.
TPH (motor oil and terphenyl-D14) were detected in PASB-02 at 92 and 310 mg/kg,
respectively, and in SWSB-15 at 85 and 71 mg/kg, respechvely

SVOCs were detected above background levels and screening criteria in both LNAPL
soil samples. Table 4-21 shows the screening criteria exceedances for soil.
Benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(a)pyrene, indeno(1,2, 3—

. cd)pyrene, and dibenz(a,h)anthracene exceeded screening criteria in process area soil

boring PASB-02, and in site-wide soil boring SWSB-15.
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Sixteen inorganic analytes exceeded screening criteria: aluminum, antimony, arsenic,
beryllium, cadmium, chromium, copper, iron, lead, manganese, mercury, nickel,
selenium, thallium, vanadium, and zinc in soil LNAPL samples. The highest iron
concentration was in PASB-02 (91,800 mg/kg), located north of the former metal shear
and compactor/ baller buildings. :

4.3.5.3 LNAPL Groundwater Sample Results

Results of the LNAPL groundwater samples are presented in Table 4-21b. VOCs were
detected above background levels and screening criteria in three of the LNAPL
groundwater samples (excluding duplicate sample, GWS-16-LNAPL) (Table 4-21).
The highest MTBE groundwater exceedance was in GWS-16 (58 ug/L) (site-wide soil
boring location, SWSB-16). BTEX exceeded screening criteria in GWS-15 (site-wide
soil boring SWSB-15). TPH results for the gasoline range organics ranged from 4.4
ug/L t0 9.7 ug/L; diesel range organics ranged from 0.78 ug/L to 3.3 ] ug/ L. The PCB
Aroclor-1254 exceeded screening criteria in GWS-02..

" The inorganic ICs iron, lead, mercury, and zinc exceeded screening criteria in the

groundwater LNAPL samples. The highest lead concentration was in GWS-16 (380
ug/L), east of the former metal shear and compact/bailer buildings. It should be
noted that the sampling method used to collect LNAPL groundwater samples (i.e.,
with a Geoprobe drive-point sampler and peristaltic pump) may result in inorganic

levels that are biased high due to the increased presence of fine sediment in the

samples.

A strong correlation was not observed between LNAPL soil and groundwater samples
in the same boring because samples were collected from different zones of each of the

“borings.

4
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Section 5

Contaminant Fate and Transport

This section examines the chemical and physical processes that affect the fate and
transport of contaminants in the soils, sediments, surface water, and groundwater at-
the site. The focus will be on the ICs, as described in Section 4. An understanding of
the fate and transport of contaminants aids the evaluation of current and future
potential exposure risks and the evaluation of remedial technologies in the feasibility
study. This section provides the following:

A hstmg of the ICs for the site

® A summary of the relevant physical-chemical and moblhty-related properties of

the ICs, as needed to describe their fate and transport

® A discussion of processes that affect contaminant fate and the fate of the IC
contaminants in the environment

® A discussion of processes that affect contaminant transport and the transport
potential of the IC contaminants o

® A description of the conceptual site model (CSM)

® A summary of the fate and transport evaluation

5.1 Contaminants

Contaminants detected in site media are discussed below, including COPCs evaluated
in the HHRA and the ICs presented in Section 4. The contaminants of potential ‘
ecological concern (COPECs) were selected during the SLERA evaluation.

5.1.1 Contaminants of Potential Concern
COPCs are identified for the HHRA based on several criteria, including their toxicity

characteristics, frequency, and the maximum concentration at which they were

detected in the various media at the site. The human health COPCs are listed on Table
6-1. Shown below by media are the ICs discussed in this section and the media for
which they are COPCs.

m Surface Soil - benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluorarithene,
dibenz(a,h)anthracene, mdeno(l 2 3—cd)pyrene Aroclor-1254, arsenic, cadrmum
copper, iron, lead, mercury, vanadium, and zinc

m Subsurface Soil - benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,
dibenz(a,h)anthracene, indeno(1,2,3-cd)pyrene, Aroclor-1254, arsenic, cadmium,
copper, iron, lead, mercury, vanadium, and zinc

B Sediment - benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,
dibenz(ah)anthracene, indeno(1,2,3-cd)pyrene, arsenic, copper, iron, lead, and
vanadium

®m Surface water - none

®  Groundwater - arsenic, copper, iron, lead, mercury, and vanadium

5-1
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5.1.2 Contaminants of Potential Ecological Concern
A listing of COPECs were developed for in the SLERA, and are discussed in Section
6.2. _

5.1.3 Indicator Contaminants
A list of ICs was developed for the Rl report as discussed in Section 4.1.2 and are listed
in Section 5.1.1. The fate and transport of these ICs are evaluated in the following

- subsections; other compound detections in site media are not discussed.

5.1.4 Chemical and Physical Properties of Indicator Contaminants
To predict the fate or persistence and potential transport of ICs that are present in
soils, sediments, surface water, and groundwater, it is necessary to identify which
contaminants are likely to leach or degrade. This depends on a given chemical's
physical and chemical properties and the properties of the media through which it
migrates. Table 5-1 presents the chemical and physical properties of the ICs. The
properties are defined in the following paragraphs and discussed in the next section.

The solubility of a chemical is the upper limit of its dissolved concentration in water at
a specified temperature. Concentrations in excess of solubility may indicate sorption
onto sediments, a co-solvent effect, or the presence of a non-aqueous phase liquid. As
shown in Table 5-1, the PAHs have moderate water solubility, ranging from 1.0E-2
mg/L (benzo(a)anthracene) to 5.0E-4 mg/L (dibenz(a,h)anthracene); Aroclor-1254
solubility also falls in this range 6E-2 mg/L. The solubility of metals is dependent on
the anion to which it is bonded. All IC metals are insoluble in water with some
having soluble salts.

Vapor pressure is the pressure exerted by a chemical vapor in equilibrium with its
solid or liquid form at any given temperature. It is used to calculate the rate of
volatilization of a pure substance from a surface or to estimate a Henry's Law constant
for chemicals with low water solubility. The higher the vapor pressure, the more likely
a chemical is to exist in a gaseous state. At the facility, the ICs have relatively low
vapor pressure, ranging from 7.7E-5 (Aroclor-1254) to 1.0E-10 millimeters (mm) of
mercury (Hg) (dibenz(a,h)anthracene) and indeno(1,2,3,-c,d)pyrene. These values
indicate that these PAHs and PCBs will not evaporate from near-surface soil or water.
The metals also exert very little or no vapor pressure at normal temperatures and
pressure. These ICs exert very low vapor pressure so volatility is not of importance to
these chemicals.

Henry's Law constant provides a measure of the extent of chemical partitioning
between air and water at equilibrium. The higher the Henry's Law constant, the more

‘likely a chemical is to volatilize rather than to remain in water. At the site, the PAHs

have Henry’s Law constant less than 10-3atmosphere-m3/mole (atm-m3/mol),
indicating they are not volatile in water. The Henry’s Law constant for PCB Aroclor-
1254 indicates it may be somewhat volatile. In contrast, the PAHs are less likely to

_ partition to air. Little data is available for Henry’s Law constants of metals.
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The organic carbon partition coefficient (Koc) provides a measure of the extent of
chemical partitioning between organic carbon and water at equilibrium. The higher

. the Koc, the'more likely a chemical is to bind to soil or sediment rather than to remain

dissolved in water. At the site, the PAHs Koc values are high, ranging in the hundred
thousands; for example, 9.69E+5 mL/g for benzo(a)pyrene, and 3.1E+5 mL/g for

" Aroclor-1254, indicating that these ICs are more likely to bind to soil or sediment and

have Jow to moderate mobility in water.

The soil distribution coefficient (Kd) provides a soil- or sediment-specific measure of
the extent of chemical partitioning between soil or sediment and water, adjusted for

- dependence upon organic carbon. Kd is adjusted using the fraction of organic carbon

(Foc) of the soil/sediment as shown in the formula Kd = Koc x Foc. A higher Kd

indicates that a chemical is more likely to bind to soil or sediment rather than to

remain in the dissolved phase, thereby reducing the transport capability. Site-specific

' Kd values were calculated for organic ICs (Table 5-1) using the average total organic

carbon (35,200 mg/kg) determined for soil samples.

The octanol-water partition coefficient (Kow) provides a measure of the extent of

. chemical partitioning between water and octanol at equilibrium. The greater the Kow,

- the more likely a chemical is to partition to octanol rather than to remain in water.

Octanol is used as a surrogate for lipids, and Kow is used to predict bioconcentration

- in living organisms. At the site, all PAHs and Aroclor-1254 have relatively high Kow
- indicating that they have a high potential to bioconcentrate in living organisms. No
_data is available for the IC metals. The organic ICs are not mobile; however, any of

these contaminants transported offsite have high Kow values so bioconcentration in
organisms living in the Hudson River would be important.

5.2 Contaminant Fate |

The selected contaminants fall into two main contaminants classes, PAHs/PCB and
metals. Contaminant fate describes the length of time that a contaminant will remain
in its original chemical state in the environment. Chemicals that persist in a given
medium are those that form insoluble precipitates, or resist biodegradation,
hydrolysis, and volatilization. The fate of metals depends on partitioning between
soluble and insoluble particulate solid phases. Partitioning is affected by adsorption,
precipitation, co-precipitation, and complexation. These processes are governed by
pH, Eh, ionic strength of the water, concentration of the complexing i ions, and the
concentration and type of metals.

5.2.1 Processes That Affect Fate

The major processes affecting the fate, or persistence, of the site’s ICs are dissolution
and precipitation. Redox conditions and pH govern the stability of metal species and
determine whether a metal will precipitate from solution and what ionic species (or
phase) of dissolved metals will be present. The most persistent chemicals are those
that form insoluble compounds, precipitate, or do not hydrolyze or biodegrade.

5-3
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Dissolution - Dissolution is the process of dissolving, changing, or separating a
substance into component parts or changing it from a solid to a fluid state.
Mechanisms that cause or enhance dissolution include solution by heat, moisture
liquefaction, melting, or decomposition. R

Precipitation - In chemistry, precipitation is the condensation of a solid from a
solution. This occurs when the solution is saturated, whereupon the solid forms, and.
usually sinks to the bottom of the solution. Chemical precipitation is commonly used
to remove dissolved (ionic) metals from solutions. The ionic metals are converted to
an insoluble form (particle) by the chemical reaction between the soluble metal
compounds and the precipitating reagent. The particles formed by this reaction are
removed from solution by settling and/or filtration. The effectiveness of chemical
prec1p1tat10n is dependent on several factors, including the type and concentration of
ionic metals present in solution, the precipitant used, the reaction conditions

_ (especially the pH of the solution), and the presence of other constituents that may
- inhibit the precipitation reactlon ‘

Hydrolysis - Hydrolysis is a chemical decomposition process that uses water to split

chemical bonds of substances. There are two types of hydrolysis, acidic and
enzymatic. Hydroly51s occurs in certain inorganic salts in solution, in nearly all non-
metallic chlorides, in esters, and in other orgamc substances.

' Biodegradation - Biodegradation is the breakdown of organic contaminants by

microbial organisms into smaller compounds. The microbial organisms transform the .
contaminants through metabolic or enzymatic processes. Biodegradation processes
vary greatly, but frequently the final product of the degradation is carbon dioxide or
methane. Biodegradation can occur under aerobic conditions, where oxygen is
present, or under anaerobic conditions, where oxygen is absent.

" 5.2.2 Fate of PAHs

PAHs are a group of cherméals formed during the incomplete burning of coal, oil, gas,

| ‘wood, garbage, or other organic substances. PAHs generally occur as complex

mixtures, not as single compounds. They are found throughout the environment in
air, soil, and water. They frequently are attached to dust particles or as sohds in soil
or sediment.

The degree of persistence of PAHs increases with the size of the compound’s chemical
structure. The relatively high octanol/water coefficients of PAHs indicate that, in
water, they will primarily be detected in the suspended particulate fraction. The
larger PAHs such as benzo(a)anthracene and benzo(b)fluoranthene are not volatile
and loss to the atmosphere is insignificant. Biodegradation and biotransformation are
the ultimate fate mechanisms affecting most PAHs. The smaller PAHs, such as
phenanthrene, are readily biodegraded, with half-lives in soil measured in hours to
weeks. The larger PAHs take much longer to biodegrade, with half-lives measured in
weeks to months. Some PAHs can readily evaporate into the air from soil or surface
waters. PAHSs can break down by reacting with sunlight and other chemicals in the
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air, over a period of days to weeks. Most PAHs do not dlssolve easily in water. They
adhere to solid particles and settle to the bottoms of lakes or rivers. Microorganisms
can break down PAHs in soil or water after a period of weeks to months. In soils,

P AHs are most likely to adhere tightly to particles.

~ 5.2.3 Fate of PCBs

- PCBs are extremely stable organic compounds composed of two linked benzene rings

3

to each of which up to five chlorine atoms may be attached. They are high molecular
weight compounds that exhibit low water solubility, low flammability, low vapor
pressure, low electrical conductivity, and high heat capacity. These characteristics
made them suitable for wide uses in industry as coolants and insulators. PCBs were
likely found in some of the electrical equipment in the materials at the Consohdated
Iron site.

PCBs are mixtures of up to 209 individual chlorinated compounds (known as
congeners). There are no known natural sources of PCBs. PCBs are either oily liquids
or solids that are colorless to light yellow. Some PCBs can exist as vapor in air. PCBs
do not readily break down in the environment and thus may remain for very long
periods of time. In water, a small amount of PCBs may remain dissolved, but most

~ adhere to organic particles and bottom sediments. PCBs also bind strongly to soil.
- PCBs are taken up by small organisms and fish in water. They are also thken up by

other animals that eat these aquatic animals as food. PCBs accumulate in fish and
marine mammals, reaching levels that may be many thousands of times higher than in
water.

Biodegradation of PCBs is very slow and occurs under aerobic or anaerobic
conditions. It involves chemical degradation by microbes in soil or water. For the
PCBs present at the site, s0il is the more important media. Aroclor-1254 does not
biodegrade readily under aerobic conditions and is persistent (Abramowicz 1990). In
addition, TOC in the soil and sediments makes this a less important mechanism for
the transformation of PCBs. Reductive dechlorination is known to occur on a limited

basis under soil anaerobic conditions.

5.2.4 Fate of Inorgamc ICs

The physical characteristics of metals are important because they affect the behavior of
the metal, determining whether it will form a solute allowing it to be mobile under
aqueous conditions or show tendencies to precipitate and sorb to particulate material.
The sources of inorganic ICs at the site are presumed to originate from the highly
variable types of métal wastes that were processed at the site.

* Arsenic - In soils, arsenic typically exists as the arsenate (As[V]) or the arsenite (As

[II1]). The chemical species is dependent on soil pH and redox potential. The fate of
arsenic is affected by the iron content, and to some extent, the manganese content of
the soil. Under oxidizing conditions, arsenic will remain sorbed to iron and

manganese oxides in the soil. Under reducing conditions, such as exist in sediments

- or under flooding conditions, absorbed arsenic may be released and available for
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transport. Microbial action can also cause release of arsenic through reductive
dissolution.

In the aqueous matrix, arsenic adsorption is the main controlling factor. The Kd value
reflects the level of adsorption, and is affected by pH, temperature and the arsenic
oxidation state.

Cadmium - Cadmium is an element that occurs naturally in the earth's crust. Itis
usually found as a mineral combined with other elements such as oxygen (cadmium

oxide), chlorine (cadmium chloride), or sulfur (cadmium sulfate, cadmium sulfide).

- These compounds are solids that may dissolve in water but do not evaporate or

disappear from the environment. All soils and rocks contain some cadmium.
Cadmium does not break down in the environment but can change into different

forms. Some of the cadmium that enters water will bind to soil but some will remain
~ dissolved in the water. Cadmium in soil can enter water or be taken up by plants.

Fish, plants, and animals take up cadmium from the environment.

Copper - Copper occurs naturally in rock, soil, water, sediment, and air. It also occurs
naturally in plants and animals, and it is an essential element for all organisms.

- Copper may exist in two oxidation states: +1 or +2. Copper (+1) is unstable. In aerated
~ water over the pH range of most natural waters (6 to 8), copper (+1) oxidizes to the +2

state. Most copper in water is found as particulate matter and eventually settles out,
precipitates out, or adsorbs to organic matter, hydrous iron or manganese, oxides and
clay in sediment or in the water column. The amount of copper able to remain in
solution is directly dependent on water chemistry, especially pH, temperature and the
concentration of other chemical species. Bioconcentration of copper in aquatic
organisms is relatively low, probably mediated by natural regulatory mechanisms
(EPA 1998).

Iron - Iron is a relatively abundant element in the universe. Iron nuclei are very stable-
although pure iron is very reactive chemically, and rapidly corrodes, especially in

- moist air or at elevated temperatures. Iron metal reacts in moist air by oxidation to -
.give a hydrated iron oxide. This does not protect the iron surface to further reaction

since it flakes off, exposing more iron metal to oxidation. On heating with oxygen, the
result is formation of the iron oxides Fe,O, and Fe,O,. Chemical reactions also occur
when iron is exposed to acidic conditions.

Lead - Lead is a naturally occurring metal found in small amounts in the earth's crust.
Metallic lead does not dissolve in water. Lead can combine with other chemicals to
form lead compounds or lead salts. Some lead salts dissolve in water better than
others. The lead (II) oxidation state is the more stable, and there is a strong tendency
for lead (IV) compounds to react to give lead (II) compounds. Lead (IV) chloride
decomposes at room temperature to give lead (II) chloride and chlorine gas. Lead (IV)
oxide decomposes on heating to give lead (II) oxide and oxygen. Lead (IV) oxide also
reacts with concentrated hydrochloric acid, oxidizing some of the chloride ions in the
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acid to chlorine gas. Overall, chemically lead tends to reduced from the +4 to the
more stable +2 state. :

. Mercury - Mercury is an element that occurs naturally in the environment in several

forms. In the metallic or elemental form, mercury is a shiny, silver-white, odorless.
liquid with a metallic taste. Mercury can also combine with other elements, such as
chlorine, carbon, or oxygen, to form mercury compounds. One organic form of
mercury, methylmercury, is of particular concern because it can bioaccumulate.
Mercury in the environment can slowly change from organic to inorganic forms and
vice versa by microorganisms and natural chemical processes.

Vanadium - Vanadium is naturally occurring and frequently combines with elements

- such as oxygen, sodium, sulfur, or chloride. It does not dissolve well in water, so it

generally adheres to soils or sediments. Vanadium oxide is a component in special
kinds of steel used for automoblle parts, springs, and ball bearings.

l' Zinc Zinc is one of the most common elements in the earth's crust. Metallic zinc is

mixed with other metals to form alloys such as brass and bronze and is also used to
make dry cell batteries. Zinc also combines with elements such as chlorine, oxygen,
and sulfur to form zinc compounds including zinc chloride, zinc oxide, zinc sulfate,
and zinc sulfide. The level of dissolved zinc in water may increase as the acidity of
water increases.

'5.3 Contaminant Transport

This section discusses the conditions at the site that may affect contaminant transport,
potential contaminant transport pathways, potential contaminant transport
mechanisms, and transport properties of each IC for the site.

5.3.1 Properties of Site Medla Inﬂuencmg Contaminant Transport
5.3.1.1 Topography _

The site is in the Lower Hudson Valley, on the west bank of the Hudson River. The
site has relatively low topographic relief, with elevations ranging from approximately
20 feet amsl to less than 7 feet amsl adjacent to the Hudson River (at mean low tide
elevation). Surface water runoff into the Hudson River occurred in the past on the
northeastern side of the site. A small berm constructed of site soils currently
minimizes surface runoff into the river..

5.3.1.2 Groundwater

Groundwater in Orange County occurs in both unconsolidated sand and gravel
aquifers and consolidated bedrock aquifers. Sand and gravel aquifers exist in both
unconfined and confined environments. The bedrock aquifers are almost always
considered confined or semi-confined and are generally overlain by confining layers
of glacial till or low permeability deposits. The unconsolidated water table aquifer,
which overlies the bedrock aquifer, is comprised of fill material underlain by native
sand and gravel with localized silt lenses. The water table aquifer is approximately 20
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feet thick. All of the monitoring wells are installed within this aquifer. The water
table at the site is generally flat, with elevations ranging from 3.18 feet amsl (14.43 feet
bgs) at MW-1 in the northwest corner of the site, to 0.44 feet amsl (11.97 feet bgs) at
MW-7 in the southeastern part of the site. .Flow is to the east/southeast, toward the
Hudson River. Groundwater flow velocity, based on hydraulic conductivity values, is
estimated to be 0.42 ft/d.

5.3.1.3 Soil and Groundwater Chemistry
A variety of factors affect the mobility of metals in soil/water systems, including:

B The pH and oxidation/reduction (redox) potenhal which affect the spec1at10n of
all metals and complexing agents

®  The amount of organic matter present in the soil and the distribution of soil

particles

The presence of water (soil m01sture .content)

The presence of other complexing chemicals in solution

The temperature

Soil properties, such as cation exchange capacity, the presence of hydrous oxides of

iron and magnesmm :

~

The RI included measurements for pH, redox, and TOC, as summarized below. _

pH | |
The pH of soils and groundwater affects the hydrolysis rate, partitioning equilibrium,
and contaminant solubility. Soil, sediment, surface water, and groundwater pH
values collected during the RI are summarized below.

Medium ' pH low pH high pH average
Surface soil 7.5 8.2 7.8
Subsurface soil 8.0 9.5 858
Sediment 6.3 - 96 6.91
Surface water 7.53 8.23 7.99
Groundwater 589 7.95 7.34

-Redox Potential

Redox potential determines the chemical species that predominate and, therefore, the
mobility and fate in the environment. High redox potential values favor the existence
of oxidized species, whereas, low redox favors reduced species and those compounds
without oxygen or multiple bonds. The site redox values in surface water ranged '
from 170.2 to 268 millivolts (mV). The groundwater redox values ranged from -10.9 to
-269.6 mV. In general, the ICs should be relatively immobile in surface water and /or
groundwater. This is confirmed by the presence of metals in sediments but limited
detections in water samples. -

TOC :
High organic content in soil increases contaminant absorption and hinders the
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movement of contaminants through the soil. Soil and sediment TOC results (in

mg/kg) are summarized below.

Medium TOC average Foc (TOC*10-%
Soil - 48,500 4.85 %
" Sediment 39,850 3.98 %

The TOC values suggest that those site contaminants subject to retardation will likely
be trapped by the soils or sediment. This condition is generally supported by the
limited exceedances of screemng criteria in surface water and groundwater.

5.3.1.4 Potential Contaminant Transport Pathways
Potential contaminant transport pathways as mechanisms for soil contamination to
reach surface water and/or groundwater are outlined below.

®  Atmospheric release of metals and PAHs from smelter and subsequent
precipitation and adsorption to soil particles on the ground surface -

B Release of chemicals from underground storage tank to the groundwater

B Rainwater flow through contaminated soils and subsequent flushing through
dissolution of ICs into the groundwater

B Migration and re-distribution of contaminants present in soil via surface runoff,
especially at the northeastern end of the site, to the Hudson River sediments and
surface water

®  Direct migration of contaminants through unconsolidated soils to the water table

B Discharge of groundwater to the Hudson River

and to a lesser extent:

" Vola_tilization of organic chemicals from the ground to the atmosphere
B Volatilization of organic chemicals at groundwater discharge points in the Hudson
River '

5.3.2 General Transport Mechanisms

The major processes that affect the transport, or mobility, of ICs in soils, sediment, and
liquid media include surface runoff and transport, advection, dissolution/
precipitation, bio-accumulation and bioconcentration.

Dissolution/precipitation. Whether a chemical is transported in a dissolved state in
infiltrating water or is precipitated out of solution depends on the solubility of that -
chemical in water, and competition or interference with other chemicals being
transported. The IC metals are relatively insoluble and the PCB Aroclor-1254 is
slightly soluble, but solubility, especially for metals, is dependent upon redox
conditions and pH.

Biocaccumulation and bioconcentration. Some chemicals, such as lead, mercury, and
PCBs, tend to bioaccumulate or bioconcentrate in animal or plant tissue. In fact, plant
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. . uptake is sometimes used as a remedial strategy to remove these contaminants from
soils and sediments. Bioaccumulation represents an uptake and buildup rate in a
species that ingests or uptakes the contaminant that is faster than its elimination rate.
This can be a concern for higher-level biota, including the human population, for
contaminants such as lead, mercury, or PCBs. Higher concentrations can occur in
predatory species, especially those at the top of the food chain.

Air Dispersion and Transport. If site-related contaminants became entrained in the
atmosphere, they might be transported to other locations, due to local meteorological
patterns. Smelter operations on-site possibly enabled this transport mechanism. The -
dispersion meteorology of an area is the ability of the atmosphere to disperse
air-entrained constituents released from a source. Dispersion meteorology is expressed
as several atmospheric variables including wind speed, wind direction, ambient
temperature, level of mixing height, surface roughness, and ambient turbulence level.
These variables change considerably with location and time.

Originating from ground sources, théy are not expected to penefrate the atmosphere
to any extent. The exposed surface contamination at the site could facilitate air
transport of Aroclor-1254 and most metals.

'Dust Emissions. In general, surface soil contaminants could be released to the
atmosphere through the generation of dust during construction/excavations,
. : redistribution of excavated fill during the construction of the sewage treatment plant
' that is located to the west of the property, sampling, travel over unpaved roads, or
from wind-blown fugitive dust. All ICs in surface soils exceeded their respective
screening levels; therefore, dust emission is a potential transport pathway.

Volatilization. Volatilization onsite is limited to surface soil contaminants. PCBs will
volatilize from surface soils. Volatilization of VOCs from soils and groundwater
is/was high due to their high Henry’s law constant. The limited detections of VOCs
in soil samples indicates that volatilization was a predominant process in that
medium. Volatilization of VOCs from groundwater occurs at the water table, likely
releasing vapors into the overlying unsaturated zone.

5.3.2.1 Groundwater Transport Processes

The mechanisms which govern contaminant transport in the groundwater ﬂow
regime (i.e., solute transport) include various physical and chemical processes. These
transport processes include advection, hydrodynamic dispersion, retardation
(primarily via adsorption), and biodegradation. Each of these processes and how they
influence contaminant migration are described below and in Section 5.5.

Advection. Advection describes the process of solute migration due to the average
bulk movement of groundwater and typically is the most important factor governing
the transport of contaminants in groundwater. Advection defines the direction and
~ 'velocity of a plume’s center of mass. The rate of transport, on average, is equal to the
. flow rate of the water or wind. The advective transport term is computed using

CDM S - 510

Con lron - Final RI Report



Section 5
Contaminant Fate and Transport

velocities determined by solving the groundwater flow equation, which is a function
of hydraulic conductivity, hydraulic gradient, and flow cross-sectional area. Average
linear groundwater velocity (v) is a function of hydraulic conductivity, hydraulic
gradient, and effective porosity (n). Effective porosity values typically fall within the
range of values of specific yield and total porosity. Specific yield (i.e., the amount of
water released from storage per unit drop in piezometric head) represents the lower
limit of reasonable effective porosity values. :

Dispersion and sﬁbsequent related dilution of concentrations occurs and is directly

related to the advective flow rate.

Hydrodynamic Dispersion. Hydrodynamic dispersion describes the spread of
contaminants around an average groundwater flow path, beyond the region they
would normally occupy due to advection alone. Hydrodynamic dispersion is the sum
of two processes: mechanical dispersion and molecular diffusion. Mechanjcal
dispersion results from mixing that occurs as a consequence of local variations in
groundwater velocity and the aquifer’s matrix. Molecular diffusion results from
variations in solute concentrations within the groundwater system. However, this
effect is generally secondary to and negligible compared to the mechanical dispersion

effect (Zheng 1992). : '

A dispersion term is incorporated to account for variability of flow (Reilly et al. 1987).
The most important variable in this respect is hydraulic conductivity (Domenico and
Schwartz 1997). The coefficient of hydrodynamic dispersion is, therefore, typically
reduced to the following equation:

I
D=av

~where: D = coefficient of hydrodynamic dispersion

o = dispersivity
v = average linear groundwater velocity

In evaluating solute transport, dispersion is quantified by specifying longitudinal -
dispersivity and transverse dispersivity. Longitudinal dispersion (i.e., the magnitude

‘of dispersion along, or parallel, to the average direction of groundwater flow in the

horizontal plane) depends on longitudinal dispersivity [multiplied by advective
velocity (v)]. Similarly, transverse dispersion, or the magnitude of dispersion
perpendicular to the average direction of groundwater flow, depends on transverse
dispersivity. Typically, for fully three-dimensional solute transport evaluations
involving dispersion, values are specified for longitudinal dispersivity (L), and the’
ratios of both horizontal transverse dispersivity (¢Th) and vertical transverse -

. dispersivity (¢Tv) to the longitudinal dispersivity are specified.

Retardation. Dissolved contaminants may interact with aquifer solids encountered
along the flow path via adsorption, partitioning, ion-exchange reactions, and other
chemical and physical processes which remove the dissolved constituent from
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groundwater. These interactions distribute the contaminant between the aqueous

phase and the aquifer solids, diminish concentrations of the contaminants in the

aqueous phase, and retard the movement of the contaminant relative to groundwater
flow (MacKay et al. 1985). The higher the fraction of contaminant sorbed, the more its
transport is retarded. Due to the various physical and chemical removal processes

~ (primarily adsorption), a solute may move more slowly than the groundwater. A

typical method of generally describing this phenomenon in solute transport
evaluations is by using a retardation factor. This factor, which has the form of a
correction of the velocity of the movement of groundwater, is shown in the following
equation (Freeze and Cherry 1979): :

R =1+(pb/m)Kd

where: . pb  =soil bulk densfty

n = effective porosity
Kd = distribution coefficient
R =retardation factor

The distribution coefficient is a function of the soil’s and solute’s chemistry, and
therefore, is compound-specific. The amount of organic carbon present in the aquifer
matrix is a key factor. The distribution coefficient is defined by:

¥

Kd =Cs / Cw = foc Koc

where: Cs = concentration by weight in soil
Cw = concentration by volume in water
Foc = fraction of organic carbon
Koc = partitioning coefficient

These equations assume rapid reversible adsorption with a linear isotherm. Generally,
the larger the Kd value, the greater the compound’s affinity for the solid matrix
(Rutgers University 1993). Some contaminants are described as being conservative,
indicating very low Kd. For plumes characteristic of these contaminants, the
contaminant’s mass moves at essentlally the same rate as the average linear
groundwater velocity.

For the CIM Site the retardation factor for each contaminant was calculated and
presented in Table 5-1. An effective soil bulk density of 1.57 gram per milliliter (g/mL)
and an effective porosity of 30% were used in the calculation. As shown in Table 5-1,
retardation factors of PAHs at the site and Aroclor-1254 range from 5.7E+4 to 6.4E+5
(lower values obtained from calculations using literature Kd values), indicating that
these PAHs are highly retarded in soils at the site. The metals have relatively lower
retardation factors indicating that they are more mobile and have potential to sorb to
suspended solids in groundwater.
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5.3.3 Mobility of PAHs

The movement of PAHs in the environment depends on properhes such as how easily
they dissolve in water, and how easily they evaporate into the air. PAHs in general do
not easily dissolve in water. As a result of combustion activities, they are present in
air as vapors or adhered to the surface of small solid particles. They can travel long
distances before they return to earth in rainfall or by particle settling. Some PAHs
evaporate into the atmosphere from surface waters or soils, but most adhere to solid’

~ particles and settle to the bottoms of rivers or lakes. In soils, PAHs are most likely to

adhere tightly to particles. PAHs can breakdown to longer-lasting products by
reacting with sunlight and other chemicals in air, generally over a period of days to
weeks. Breakdown in soil and water generally takes weeks to months and is caused
primarily by the actions of microorganisms.

PAHs were widely present in process area and site-wide soils, with screening criteria

- exceedances ranging from 57 percent to 100 percent of samples. Numerous PAHs
- were also detected in sediment samples. PAHs did not exceed screening criteria in

surface water or groundwater.

Table 5-1 calculations, from site Foc values ahd frorh literature Kd values, show that
the IC PAHs are highly retarded and have low mobility. The lack of exceedances in
the surface water and groundwater detections also indicate they are being retarded.

5.3.4 Mobility of PCBs

PCBs, particularly the highly chlorinated congeners, adsorb strongly to sediments and
soil where they tend to persist with half-lives on the order of months to years (Kohl
and Rice 1998). Some PCBs may volatilize to the air and can be carried long distances.
PCBs adhered to soil or sediment can be transported long distances by movement of
particulates by wind-blown air, surface water runoff, or stream/river sediments.

Aroclor-1254 was detected in all surface soils, in 90 percent of subsurface samples, and
less frequently in sediments. Screening criterion exceedances ranged from 78 to 100
percent of samples. There were no exceedances in surface water or groundwater The

~ Henry’s law constant of 2E-* atm-m®/mol indicates high volatility. These data suggest

that Aroclor-1254 at the site is mobile from soil/sediment media to the atmosphere
with subsequent redeposition to soil but is immobile from soil to the aqueous media,
being retarded by the high organic content soils and sediment.

5.3.5 Mobility of Inorganic ICs
The expected mobility of the inorganic ICs are discussed first, followed by a

- discussion of site findings. Mobilities of the ICs are also predicted on Table 5-1 based -

on literature Kd values. Site determined mobilities in groundwater are presented on
Table 5-2; they are based on collected groundwater data and duration of site activities
and are compared to actual sample result exceeding criteria in all site media.
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Expected Mobilities
In a study of metals retention in soils, the relative mobility of several metals in various

soil types was assessed (EPA 1987). The study indicated that chromium, mercury, and
nickel are among the most mobile, while lead and copper are the least mobile. For the
metals studied, the mobility varied with the conditions, although the order of mobility

was generally:

Most Mobile - Hg>As>Cd>Zn>Pb>Cu - Least Mobile

The above order was investigated from studies that used estimates of overall mobility

for each metal, based on the anticipated speciation of the chemicals in fresh water,

general solubility patterns, and general soil sorption patterns. Guidelines used to

assign metals to a mobility group (high, medium, or low) were:

B Metals whose predominant species in freshwater are anions (e.g., arsenic) which
are only minimally retarded in soils, are among the most mobile.

® Metals known to be fairly strongly sorbed to most soils under normal
environmental conditions (i.e., pH 6 to 8 near neutral redox potential) are among
the least mobile.

® Metals whose predominant freshwater species are cations, especially divalent
heavy metals (i.e., copper, lead) which are subject to sorption via cation exchange,

' are among the least mobile.

The relative mobilities assigned to the inorganic ICs are described below.

Expected Arsenic Mobility - Arsenic is generally mobile and is known to volatilize
when biological activity or highly reducing conditions produce arsine or methyl-
arsines. Iron oxide, pH, and, redox control the extent of soil sorption. At high redox
levels, arsenate predominates and has low mobility. As the pH increases and the
redox level decreases, arsenite predominates and is more subject to leachmg Deutsch
(1997) summarizes the geochemlcal mobility of arsenic as follows:

.. the mobility of arsenic under oxidizing conditions is primarily affected by the

- adsorption of As(V) onto metal oxyhydroxides surfaces. If the appreciable adsorption

capacity of these surfaces is not surpassed, then arsenic movement will be strongly
retarded because of the high affinity of these surfaces for As(V). Under reducing
conditions, the dominant arsenic redox species will be As(III), which is not as strongly
adsorbed. Furthermore, the primary adsorbing solids may not be stable if the redox
potential is low enough. As a consequence, arsenic is expected to be much more
mobile under reducing conditions. This mobility may be significantly reduced if
arsenic sulfide minerals become saturated and precipitate.”

Detected Arsenic Mobility - Arsenic was found in all process area and site-wide soils;
all detections exceeded the screening criterion. It was transported to the sediment

through windblown dust dispersion and/ or surface runoff during storm events.

Arsenic exceeded the sediment screening criterion in 1 of 10 environmental samples.
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Arsenic did not exceed screening criteria in surface water or groundwater.

Table 5-1 predicts moderate arsenic mobility in soil. The éampling results indicate low
mobility: The redox level in surface water is relatively high (Section 5.3.1.3)
suggesting low mobility for arsenic. Arsenic may be sorbed to iron or manganese-

- oxide since it has not moved into the groundwater or surface water at levels above its

screening criteria. Arsenic’s mobility from onsite soils is low to moderate.

| Expected Cadmium Mobility - Cadmium is relatively mobile in the aquatic

environment. It complexes with organic materials and subsequently adsorbs to
sediments. ' '

Detected Cadmium Mobility— Cadmium was detected in nearly all process area and
site-wide soil samples; all but 16 percent of site-wide subsurface soil samples exceeded
the screening criterion. It was transported to the sediment through windblown dust
dispersion and/or surface runoff during storm events. Cadmium was slightly above
the sediment screening criterion in 2 of 10 samples and did not exceed criteria in
surface water or groundwater. '

Table 5-1 predicts moderate cadmium mobility in soil. Cadmium may also be

adsorbed to sediment material, lowering its mobility. Cadmium’s mobility from
onsite soils is low to moderate. :

Expected Copper Mobility - Copper is one of the least mobile metals. Processes that
render it relatively immobile in soils are adsorption, precipitation, and organic
complexation. The solubility of copper decreases in the pH 7 to 8 range. Below pH 7,
copper hydroxide cations are formed, and above pH 8, anionic complexes are formed.
Copper mobility is enhanced when organic compounds, such as fulvic and humic
acid, complex with copper.

Site Detected Copper Mobility - Copper was detected in all soil samples; all detections
exceeded the screening criterion. It was transported to the sediment through
windblown dust dispersion and/or surface runoff during storm events. Copper was
also detected in all sediment samples; all exceeded the screening criterion. Copper did
not exceed screening criteria is surface water or groundwater.

Site soil and sediment had average pH values between 6.91 and 8.58. Copper has
lower solubility in this pH range. Based on literature Kd, copper’s mobility is
predicted to be moderate on Table 5-1. This information suggests that copper is

~ moderately mobile; some unavailable due to sorption, precipitation or bound to

organic complexes.

- Expected Iron Mobility - Iron is very reactive chemically, and rapidly corrodes,

especially in moist air or at elevated temperatures, to give a hydrated iron oxide.
Chemical reactions also occur when iron is exposed to acidic conditions, making it
more likely to be dissolved into surface water or groundwater.
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Detected Iron Mobility - Iron was detected in all soil samples; all detections exceeded
the screening criterion. It was transported to the sediment through windblown dsut
dispersion and/ or surface runoff during storm events. Iron was detected in all
sediment samples, with all detections exceeding the screening criterion. Iron in
surface water and groundwater also exceeded criteria in all samples.

Table 5-1 also predicts moderate solubility for iron in soil; Table 5-2 indicates iron is -
very mobile in groundwater. The sampling data indicates that iron is mobile at the
site, but high levels still remain in soils and sediments.

Expected Lead Mobility - Lead is mostly immobile in all but sandy soils. Its
predominant fate in the environment is sorption to soils and organic matter, especially
iron and manganese oxides and hydroxides. The adsorption of lead is pH dependent,
decreasing with decreasing pH. Below pH 7, lead becomes progressively more
mobile.- Above pH 6, lead'is adsorbed to clays or forms lead carbonate, an insoluble.
compound.” In natural water, lead concentrations decrease over time; sorption of lead
to both sediments and suspended particulates is the favored process with clay,
hydrous metal oxides, and organic matter influencing this sorption. It should be
noted, however, that lead can be transported in water by attachment to small colloidal
particles or to suspended solids as undissolved lead oxide, lead hydroxide, lead -
carbonate or other lead compounds; by surface run-off during rains; or by slow
leaching where the sorption capacity of the soil is exceeded. '

Detected I.ead Mobility — Lead was detected in all soil samples, all surface soil
samples exceeded the screening criterion while the majority of subsurface soil samples
exceeded the criterion. It may have been transported to the sediment through
windblown dust dispersion, surface runoff during storm events or air emission and
precipitation during smelting operations. Lead exceeded its screening criterion in all
sediment samples. One surface water sample had a lead level that exceeded the
screening criterion, while three monitoring well samples in Round 1 exceeded the lead
maximum contaminant level (MCL). Lead is considered one of the most important
ICs. Lead is used in the production of some types of batteries.

Lead is predicted to have low mobility based on its Kd value (Table 5-1) and also low
mobility in groundwater (Table 5-2). The exceedances detected in one surface soil and
three monitoring well samples, however, shows that lead is not completely immobile
at the site.

Expected Mercury Mobility - Mercury is the only metal that is a liquid at room
temperature. Mercury and some of its compounds exert a vapor pressure that
facilitates vaporization at ambient temperatures. Mercury's physical and chemical
properties are dependent on its speciation, the compound to which it is bonded and
the nature of the bond. It is chemically reactive and exists in three oxidation states (0,

" +1, and +2). Several species of mercury are unstable and, therefore, more likely to be

transferred between different environmental media.
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‘ Detected Mercury Mobility — Mercury was detected in all surface soil samples and all
but three percent of subsurface soil samples. The screening criterion was exceeded in

95 to 100 percent of samples analyzed. Mercury screéning criteria were not exceeded
in sediment, surface water, and groundwater samples.

Mercury is not very mobile based on sampling results and is also predicted to have
low mobility (Tables 5-1 and 5-2). .

Expected Vanadium Mobility - Vanadium is highly mobile in the environment; it is
readily leached from soil columns to which it is sorbed as an anion. The behavior is
probably similar to that of phosphate, which is adsorbed to ferric oxides and clays.
The sorption of vanadium can be correlated with clay, free iron oxides, and surface
area of the soil, with pH a major factor in controlling vanadium’s mobility.

Detected Vanadium Mobility - Vanadium was detected in all soil samples; alt
detections exceeded the screening criterion. Vanadium screening criteria were not
exceeded in sediment, surface water, and groundwater samples.

In contrast with the expected moblllty vanadium is also not moblle in site soils. Thls
is consistent with Tables 5-1 and 5-2.

Expected Zinc Mobility - Suspended zinc may dissolve or sorb to suspended matter,
‘ whereas, dissolved zinc may occur as free zinc ions or as dissolved complexes or
’ compounds varying in stability and toxicity. Adsorption to iron and manganese
oxides and hydroxides, and the formation of minerals will reduce the zinc levels in the
groundwater. Low pH values will mobilize zinc.

Detected Zinc Mobility - Zinc was detected in all soil samples; all detections exceeded
the screening criterion. It was transported to the sediment through windblown dust
.dispersion and/or surface runoff during storm events. Zinc was detected in all
sediment samples; all exceeded the screening criterion. Zinc did not exceed the
surface water screening criterion. In groundwater, two samples in Round 1 and eight
samples in Round 2 exceeded the zinc screening criterion.

The detected zinc results show that zinc is moderately mobile, consistent with Tables
5-1 and 5-2. '

Table 5-1 shows mobility for each metal, from low to moderate mobility. The
retardation factors were calculated from literature Kd values. Copper and vanadium

- mobilities are predicted to range from low/moderate and sampling results indicate
they are immobile. This indicates that the literature Kd values for these metals (low
mobility) align closely with the CIM site data results. The iron, lead, mercury, and
zinc predictions of mobility from the site-specific calculated Rfs are also borne out by
the sampling data showing moderate or low mobility for iron, lead, and zinc from
soils to groundwater at levels exceeding the site criteria and low movement of

’ mercury into the groundwater at levels below the site criterion.
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The above mobilities are based on solubilities and adsorption characteristic of the
metals; however, the most dominant transport mechanism at this site is through
surface erosion of waste materials or contaminated soil during rain or storm events
that carried contaminants to the sediment in Hudson River.

5.4 Conceptual Site Model

The CSM was developed to integrate all the different types of information collected
during the remedial investigation, including geology, hydrogeology, site background
and setting, and the fate and transport of contamination associated with the site. In
addition, the CSM considered potential receptors of the observed contamination at the
site. A schematic diagram of the CSM is shown in Figure 5-1.

5.4.1 Potential Contaminant Sources :

From World War I until the early 1940s, Eureka Shipyard operated at the site. Scrap
metal processing and storage operations occurred at the site for approximately 40
years before the facility's closure. Past sources of contamination include:
lead-contaminated ash and slag piles from smelting operations; processed soil piles;
piles of scrap metal, tires, and batteries from processing operations; and USTs which
likely stored fuel oil. In addition to the piles, previous site inspections noted
oil-stained surface soils, oily sheens on puddles throughout the facility, standing oily
liquids in the basement of the former metal/shear building, and oily sheens on the
Hudson River adjacent to the site. Although the sources were removed during EPA
removal activities, surface and subsurface soils that have been heavily impacted by
former waste disposal practices, may continue to act as sources of contamination to
soil, sediment, groundwater, and surface water.

The contaminants that were routinely released to the surface at the facility | have
impacted surface and subsurface soils, resulting in PAH, PCB, and metal
contamination. Soil removal operations may also have redistributed contamination. A
small portion of these contaminants also migrated vertically down through the vadose .
zone until they intercepted groundwater at the water table, at an estimated depth of .
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