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1.  Introduction

1.1.  Site Background

On behalf of the New York State Department of Environmental Conservation (NYSDEC), O’Brien &
Gere Engineers, Inc. performed a Remedial Investigation (RI) to evaluate potential environmental
contamination associated with the Three Star Anodizing Site (Three Star Site).  The Three Star Site is
located in the Market Street Industrial Park on the south bank of Wappingers Creek in the village of
Wappingers Falls, New York (Figure 1-1).  The Three Star Site is a class 2 site (Site No. 314058) on the
New York State Registry of Inactive Hazardous Waste Sites.  A RI report completed for the Three Star
Site (Site RI Report) is to be completed in  2007 (O’Brien & Gere 2007). This report presents the results
of the RI completed for Wappingers Creek (Creek RI Report).

The Three Star Site consists an 8.5-acre industrial facility on the south bank of Wappingers Creek (Figure
1-2).  Several buildings, and paved parking areas and access roadways are present on the site.  The site is
located within the 100-year flood plain along an oxbow of Wappingers Creek.  The creek discharges to
the Hudson River approximately 1.5 miles downstream and it is subjected to tidal influences of the river
(NYSDEC 2000).  Discharges from the site to the creek occur via surface runoff.  In the past, the creek
also received industrial waste discharges from the Three Star Site.  A former raceway collects runoff from
the south portion of the site and drains to a lagoon on the southeast portion of the Three Star Site (Three
Star lagoon) and then to the creek (Figure 1-2).  A storm water pipe originating in the Village of
Wappingers Falls also discharges to the Three Star lagoon.

Historical information for the site was obtained from a number of sources:

• Aerial photographs of the site were obtained from the Dutchess County Soil and Water Conservation
District (DCSWCD) for the years 1935, 1946, 1967, 1980, and 1995 (DCSWCD 2000).

• A historic account of activities at the site was provided in The Birth & Growth of an Old Village,
Wappinger Falls 1707-1977 (Popper 1991).

• Memoranda obtained from files of Dutchess County Department of Health provided maps that
identified tenants of the site in 1967 and 1971.  The memoranda also provided a brief account of
activities at the site at that time.

• Sanborn Maps dated 1945 and 1960  also provided some information on past uses of the site.

• A previous Phase I investigation completed in the 1980s provided screening level data of the site (EA
1986).

The Remedial Investigation/Feasibility Study (RI/FS) Work Plan for the site provided a review of these
data sources (O’Brien & Gere 2001).
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1.2.  Three Star Site

The Three Star Site has been the location of industrial activities for over 150 years. Primary past uses of
the site included dye operations, manufactured gas plant (MGP) operations, and metal plating (O’Brien &
Gere 2001). A number of other smaller industrial activities also took place at the Three Star Site (Section
1.2.4). Dye operations, known as the Dutchess Bleachery, operated at the site between 1832 and 1955
(Section 1.2.1). The Dutchess Bleachery and Wappinger Water, Gas, and Electric Companies operated a
coal fired MGP that included activities on the west portion of the subject site from the late 1800s to
approximately 1913 (Section 1.2.2). Three Star and later Watson Metals Products Corporation operated a
metal plating facility at the site from 1958 to approximately 1995 (Section 1.2.3). This report hereafter
refers to Three Star as comprising both of these operations. Information pertaining to the other
commercial operations on the Three Star Site, including those conducted since the Three Star operations
closed, are presented separately (Section 1.2.4).

In addition, the operations of the buildings in the Market Street Industrial Park located on the north side
of the creek included the Dutchess Bleachery among others, this area also represents a potential source of
hazardous waste constituents (constituents) to the creek, as discussed in Section 1.3. Other potential
source areas are discussed in Section 1.4.  Most of the upland area along the creek downstream of the
Market Street Industrial Park consists of residential properties and wooded land.

According to information obtained from Dutchess County Department of Health memoranda (DCDH
1967, 1971), several buildings at the Three Star Site had discharges that led to the creek in the past.  The
buildings on the Three Star Site had floor drains that discharged directly to the creek according to results
of tests completed by the Dutchess County Department of Health.  Most of the buildings had sanitary
facilities that also discharged directly to the creek. In 1971, a survey conducted by Dutchess County
Department of Health indicated that the Axton-Cross (bulk chemical sales) building at the Three Star Site
had floor drains that discharged to the Three Star lagoon adjacent to the building (DCDH 1971).

Rinse water from plating tanks in the Three Star facility was reportedly discharged to the back of the plant
and subsequently flowed to the Three Star lagoon. Paint stripping caustics were discharged to the floor
drains of the plant and to the ground behind the facility.  In that area, the ground slopes toward the
southeast in the direction of the raceway and Three Star lagoon. Page Print Systems, which occupied one
of the buildings at the east end of the site (EA 1986), also reportedly discharged rinse water from
photographic development rinse sinks. According to a Dutchess County Department of Health
memorandum, rinse water was discharged from a pipe to the ground adjacent to the building (DCDH
1971).

From this account of building design and industrial activities it is assumed that previous operations at the
site also discharged industrial wastes to the ground, raceway/Three Star lagoon, and Wappingers Creek.

1.2.1.  Dutchess Bleachery, 1832 to 1958
Dutchess Print Works, also known as the Dutchess Bleachery, operated under several ownerships.  The
Dutchess Bleachery was the first calico print works in America.  The plant was originally located on the
north bank of Wappingers Creek and later occupied land that was reportedly filled in on the south side of
the creek.  By the late 1800s, buildings on the north side of the creek were utilized for the manufacture of
acids and chemicals associated with the dye operations and the remainder of the operations were
performed in buildings located on the south bank (Popper 1991).

Operations consisted of dyeing and finishing of rough cotton cloth from mills in New England and the
south.  Aniline dye was also made at the facility during World War I (Popper 1991).  Cloth was bleached
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and dyed at the Bleachery and wastewater was reportedly discharged into a raceway that emptied into
Wappingers Creek (EA 1986).  Mercuric chloride and arsenic pentoxide may have been used to dye cloth
at the facility (NYSDEC 2000).

For powering the facility, the Bleachery used several operations.  For a period of time, coal fired steam
boilers were used for powering equipment to process cloth (Popper 1991).  The MGP also burned coal to
produce gas to operate boilers for the facility and the nearby community (Section 1.2.2). After operation
of the MGP ceased, boilers were operated by coal until approximately the 1940s when a switch to fuel oil
was made (Popper 1991). Several fuel oil tanks were located at the Bleachery (Popper 1991).  From
historic aerial photographs, it appears that three tanks were located on the north bank of the Bleachery and
one tank may have been present as early as 1935 (O’Brien & Gere 2001), suggesting earlier use than the
historical account by Popper (1991).  Later, a hydroelectric facility was constructed and operated at the
upstream portion of the site.

1.2.2.  Manufactured Gas Plant Operations, circa 1875 to 1913
The main portion of the MGP reportedly operated on the south bank of Wappingers Creek at the subject
site (Popper 1991). During operation of the MGP, coal was reportedly barged up the creek from the D&H
Canal, and stored in large coal sheds located on the north and south banks of the creek as early as the
1870s (EA 1986, Popper 1991, DCHS 2000).  NYSDEC files indicate that approximately 16 acres,
beyond the Three Star Site boundary, were filled with coal cinders (NYSDEC 2000).  Most of these areas
are either paved or developed.  In a historical account of the area, Popper (1991) indicated that coal
cinders were used to fill behind the retaining wall built on the south bank of the creek at the Three Star
Site and an area downstream in the vicinity of Creek Road.  Historic maps indicate topographic changes
have occurred in those areas as well as the southwest portion of the former Bleachery property on the
north bank.

1.2.3.  Three Star Metal Plating Operations, 1958 to 1995
The Three Star facility (including Watson Metals Products Corporation) anodized aluminum from 1958 to
when the facility closed, around 1995.  Beginning in 1972, the facility also reconditioned electronic
equipment which involved a water rinse of gold components (NYSDEC 2000).  Operations also included
paint stripping using caustics (DCDH 1971). Three Star plating processes included the use of mild non-
etching alkali cleaners, a proprietary mix of sodium dichromate or chromic acid, sulfuric acid with the
addition of soda ash to adjust the pH to 5 or 6, and a dying process which required ferric ammonium
oxide and synthetic dyes.  The paint stripping operation reportedly used chlorinated solvent with fluoride,
caustic soda, and kerosene.

The waste from Three Star was reportedly discharged to the Three Star lagoon (DCDH 1967).  The
sanitary facilities in the Three Star buildings failed a dye test performed in 1971.  At that time, wastewater
was found to discharge via floor drains to the Three Star lagoon and the creek.  Rinse water from plating
tanks reportedly discharged to the back of plant, which subsequently drained into the Three Star lagoon
(DCDH 1971).  The Phase I site investigation was completed in the mid-1980s to evaluate these issues
(EA 1986).  The Phase I investigation found that the waste stream from the Three Star operations at the
site contained sulfuric and phosphoric acids, caustic dyes, soaps, and various trace metals including
copper, nickel, chromium, aluminum, and zinc.  Processes also included rinsing of gold components.
From the mid-1950s to 1980, waste was reportedly discharged to Wappingers Creek at a rate of 20,000 to
60,000 gallons per day (EA 1986).

The Dutchess County Department of Health documented wastewater discharge from Three Star to a
drainage raceway and subsequently to Wappingers Creek as early as 1967.  The practice of discharging a
diluted waste stream directly to the Creek reportedly continued for many years.  In 1962, the Three Star
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lagoon was constructed in the lower portion of the raceway.  In 1975, the facility was required to obtain a
State Pollution Discharge Elimination System (SPDES) permit to continue discharging via the raceway.
In following years (1977 - 1979), NYSDEC documented that Three Star occasionally exceeded SPDES
effluent limitations for nickel and copper. Analyses of Three Star effluent, provided by the New York
State Department of Health (NYSDOH) Division of Laboratories and Research, indicated that metal
concentrations were occasionally high with respect the screening values of the United States
Environmental Protection Agency (USEPA) for surface water.

Subsequently in 1979, NYSDEC issued a consent order charging Three Star with these SPDES violations.
It is not known how wastewater was handled after that time. However, it appears that the materials were
managed on site, since the facility is not connected to the village sewerage system (Kolb 2003). The
Village of Wappingers Falls continues to discharge storm drainage via a pipe that drains to the south
portion of the Three Star Site.  Additional piping that is no longer connected once provided a pathway for
the discharge of storm water to the lower portion of the raceway and the Three Star lagoon.

From November 1978 to the summer of 1983, trailers containing powdered raw product in 55-gal drums
were stored on site.  The powdered product contained in the 55-gal drums included aluminum, oxide,
nickel, and cadmium.  Reportedly, these materials were from Marathon Battery, formerly of Cold Spring,
New York.  The trailers were removed under supervision of NYSDEC and the Dutchess County
Department of Health in 1983 (NYSDEC 2000).

An inspection of the facility by USEPA in 1993 indicated that it was not in compliance with applicable
metal finishing pretreatment standards.  The discharge of zinc from the facility was 4.1 mg/l compared to
a discharge limit of 2.6 mg/l.  A leaking PVC pipe that conveyed wastewater was also identified.  The
storage of metal waste sludge in concrete holding tanks at the facility was also noted in the report
(USEPA 1993).

1.2.4.  Other Commercial Uses of the Three Star Site
According to historic information, industrial activities at the Three Star Site also included plastic mold
injection, felt hat manufacturing, and ammunition production.

Currently, the Three Star Site is one of the properties that compose the Market Street Industrial Park. The
majority of the Three Star Site is reportedly owned by realty corporations which lease space to the various
tenants.  Several buildings are vacant or used as warehouse space.

Recent tenants of the Market Street Industrial Park consist of the following (O’Brien & Gere 2001):

• Riverview Transmission.

• Axton-Cross Company occupied the building located next to the Three Star lagoon in the 1960s.  The
company manufactured and distributed chemical products (Popper 1991).

• Fabricare Products occupied the building located next to the Three Star lagoon in the 1970s.

• Cresthill Industries, Inc.

• Lighting and Electronics, Inc.

• Sears mail order was located in one of the main buildings at the site.
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• Page Print Systems occupied a building next to the creek, at the east end of the site.

The main current tenant of the Three Star Site consists of a floor tile distributor located in the former
Axton-Cross Building. Other tenants include a wood shop in the small building next to the old bridge
(east bridge) and tractor trailer parking; both located in the Building 12 Area.  During RI field activities,
an automobile was being restored near Building 17. In May 2004, fire destroyed several buildings
(15,16,21,22) on the Three Star Site.

1.2.5.  Findings from theThree Star Site RI
The findings of the Three Star Site RI are summarized below.

• There is a widespread presence of fill material throughout the site containing inorganic constituents
and PAHs.  This fill extends to at least 10 ft below grade.

• The two primary sources of contaminated soil that were identified do not appear to be extensive.  The
two sources consist of the former raceway that exhibits inorganic constituents and naphthalene, and
the former drum storage area in the vicinity of the Axton-Cross Building which exhibits chlorinated
VOCs.

• In addition to the two primary sources identified above, shallow ground water exhibited chlorinated
VOCs, PAHs, and inorganic constituents.  Although the chemical signatures suggest different
sources, no significant concentrations were identified to suggest that a concentrated source area is
present.

• Deep ground water also contains inorganic constituents at elevated levels.  Although the source of
these constituents may be the concentrated material detected in the former raceway, the mechanism
for vertical migration of inorganic constituents to deep ground water is not known.  Furthermore,
transport of inorganic constituents to deep ground water may not be currently active.

• The presence of elevated concentrations of inorganic constituents in deep ground water adjacent to
the creek suggests that the creek channel may provide a migration pathway with the potential for
ground water to emerge into Wappingers Creek or the Hudson River downgradient of the Site.  The
volume of ground water seepage to the creek or river may be small in comparison to creek and river
flows reducing the ability to observe these interactions.

• On the MGP portion of the Three Star site, three distinct PAH mixtures were observed in soils:

A. A PAH composition containing approximately 40% low molecular weight (2-ring) PAHs was
observed at MW-4 (14 to 16 ft).

B. A PAH composition comprising primarily mid-range molecular weight (3 and 4 ring) PAHs was
also observed at MW-4 (12 to 14 ft), MW-5, and one of the former gas holders  (SB-4-01).

C. A PAH composition dominated by higher molecular weight (4+ ring) PAHs was observed at two
locations: MW-4 (18 to 20 ft), cinders at TP-4.

PAH compositions of mixtures B and C may be “weathered” forms of the PAH composition of mixture
A.  Over time, the lower molecular weight PAHs may be more readily removed resulting in a shift in
composition to the higher molecular weight PAHs that may be more resistant to degradation.  The
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proximal relationship between these three PAH compositions in subsurface soils of MW-4 indicates that
the three different PAH compositions can associated with a single area of the Three Star Site.

1.3.  Market Street Industrial Park – North Parcel

The portion of the Market Street Industrial Park located on the north bank of the creek opposite the Three
Star Site is comprises approximately 5 acres and features old factory buildings, a large storage tank, an
abandoned smoke stack, a personal storage building, and paved parking areas (NYSDEC 2000). Similar
to the Three Star facility, this facility has been the site of industrial activities for over 150 years.  Previous
operations on the north bank included Dutchess Bleachery, Hanover Print Works, Olah Associates, Kemp
& Beatley, and IBM.  What is known about those operations is summarized below.

• During operation of the Dutchess Bleachery, a 1945 Sanborn map identifies one of the buildings on
the north side of the creek as the “Chem. Drug Bldg” leading to the inference that textile colors for
the Bleachery operations may have been mixed at that location.  Another building on the north side of
the creek was labeled “Bleach Ho.” presumably indicating the location of the bleach house where
bleaching operations occurred.  As previously cited, the disposal practices of the Dutchess Bleachery
were not documented (Section 1.2.1).

• Olah Associates occupied a building on the north side of the creek and reportedly performed plating
and stripping operations and discharged rinse water from plating tanks directly to Wappingers Creek.

• Hanover Print Works was located on the north bank of the creek in a building of the west portion of
that parcel, according to Dutchess County Department of Heath records.  In 1967, Hanover Print
Works reportedly discharged approximately 3 quarts of paint per day to a lagoon (north lagoon)
located next to the building (DCDH 1967).

The north lagoon covers approximately 0.2 acres on the north parcel of the Market Street Industrial Park.
The construction of the north lagoon is not known.  In the late 1960s, during operation of Hanover Print
Works, the north lagoon reportedly received paint discharges (as discussed above).  It is not known when
the north lagoon was constructed.  It was not visible on historic photographs until 1995 after what appears
to have been vegetation removal from around the area.  During field activities of the Creek RI, water was
observed flowing from a stream into the north lagoon, and from the north lagoon to the tidal creek.

This parcel may have also received fill material containing cinders, as cited previously (Section 1.2.2).
Three above ground fuel storage tanks were also present on this parcel during the 1960s.  It is not known
exactly when the tanks were installed or removed.  They are visible on a 1967 aerial photograph, but were
not visible on 1946 and 1980 aerial photographs.  However, the quality of those photographs prevents
conclusive confirmation of the presence or absence of these features.

A realty corporation reportedly now owns the property.  According to NYSDEC spill files, a complaint
was logged in 1999 by a citizen who reported that a 5,000-gal oil tank may be buried on the site.  The
citizen complained of oil observed in the creek (O’Brien & Gere 2001).

1.4.  Other Potential Sources of Constituents to the Tidal Creek

Three additional potential sources of constituents to the tidal creek were identified:

• The village of Wappingers Falls is located upstream (east) of the Market Street Industrial Park
including a residential area adjacent to the Three Star Site to the south.  The village of Wappingers
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Falls includes a small business district adjacent to the creek.  Wappingers Lake also borders the
village. Most of the upland area of the creek located downstream of the Three Star Site consists of
residential properties and wooded land.

• A public works garage for the village is located on the east bank of Wappingers Creek, approximately
1,000 ft downstream of the Three Star Site (Figure 1-2).

• The railroad located near the confluence of Wappingers Creek with the Hudson River may contribute
constituents associated with the operation of trains or maintenance of the railroad.

• From review of spill files by O’Brien & Gere in 2001, an active leaking underground storage tank
(UST) for gasoline was located within one mile of the subject property.  It is unknown if this spill has
affected Wappingers Creek (O’Brien & Gere 2001).

1.6.  Physical Features of the Three Star Site

The Three Star Site is located along an oxbow of Wappingers Creek below Wappingers Falls (Figure 1-
2). The creek borders the Three Star Site to the north and flows toward the west. A former raceway and
residences border the Three Star Site to the south. A steep embankment is located next to the raceway
(Figure 1-2).

Stone retaining walls located along the creek bordering the north and south portions of the Market Street
Industrial Park are approximately 10 feet (ft) high (Popper 1991). Based on historic information, the site
contains fill material from MGP activities that was placed behind the retaining walls (Section 1.2.2).
During site excavation in the 1960s for construction of the building formerly occupied by Axton-Cross,
coal wastes up to 9 ft deep were reported (EA 1986). The brick remains of two former gas holders are
visible on the west portion of the Three Star Site (Figure 1-2). The approximate locations of coal sheds
and a boiler house were identified on a sketch of the site dated approximately 1867 (DCHS 2000).
According to the historic sketch, the coal shed was located in the vicinity of Building 16 and the boiler
house was located in the vicinity of former Building 11 (Figure 1-3).
The raceway located on the Three Star Site was reportedly constructed in the early 1900s by Dutchess
Bleachery to allow barge access and hydropower operations (EA 1986). The Dutchess Bleachery and later
Three Star also reportedly discharged waste water to the raceway during their operations at the site (EA
1986).  As discussed in Section 1.2.3, according to village records, the facility is not connected to the
village sewage system (Kolb 2003). In a 1967 aerial photograph (DCSWCD 2000), what appears to be
drainage ditches from buildings were observed due north of the Three Star lagoon and raceway. In the
past, the village of Wappingers Falls discharged storm water drainage through the raceway and Three Star
lagoon (Section 1.2.3). In the 1986 Phase I Investigation, it was reported that a pipe discharged to a
puddle near the south corner of the plating facility, behind Building 17. The standing water in the puddle
was sampled and found to contain metals and solvents (EA 1986).

1.6.1.  Geology and Hydrogeology
Regional reports indicated that, except for a small area, the Three Star Site is directly underlain by glacial
outwash/alluvial sand and gravel deposits which are present along both sides of Wappingers Creek. These
deposits average about 2,000 ft in width adjacent to, and south of the Three Star Site, and increase to
more than 6,000 ft in width northeast of the Three Star Site. The area of exception is located generally
beneath Wappingers Creek in the west portion of the Three Star Site, and is reportedly comprises exposed
bedrock and/or less than 3 ft of glacial till overlying bedrock.
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Approximately 3,000 ft north-northeast of the Three Star Site, a similar  sand and gravel deposit is
reportedly 108 ft thick at the Village of Wappingers Falls well field (Well DU-760) located in the vicinity
of Route 9D.  This sand and gravel deposit is bounded to the east by deposits consisting of at least 3 ft of
glacial till overlying bedrock, and to the west across Wappingers Creek by deposits consisting of less than
3 ft of glacial till and/or exposed bedrock (NYSDEC 2000).

The unconsolidated sand and gravel sediment is underlain by a thrust sheet of bedrock that predominately
comprises autochthonous graywacke and shale of the Ordovician Age Austin Glen Formation. Just west
of the site, bedrock consists of limestone and dolostone of the Cambro-Ordovician Age Wappinger Group
(NYSDEC 2000).

Based upon the available information, the shallow unconsolidated aquifer of glacial/alluvial origin on
either side of Wappingers Creek is designated as the aquifer of concern with regard to the Three Star Site.
In general, under natural conditions, the ground water in the aquifer beneath the site will discharge to
Wappingers Creek which flows southwest to the Hudson River.  The ground water table is approximately
equal to the level of the creek.  Deep ground water may be expected to migrate along the bedrock located
beneath the creek channel before emerging downgradient.

The only wells reportedly completed in the glacial/alluvial aquifer of concern are those of the Wappingers
Falls well field located approximately 3,000 ft upgradient and north-northeast of the Three Star Site.
There are no known current uses of ground water downgradient of the Three Star Site for private and
public water supply (DCDH 2003).   The aquifer in the area is bounded to the east and south by a thrust
fault, and to the west where the bedrock type changes from graywacke/shale to limestone/dolomite west
of Wappingers Creek.  According to the EA report, wells used for private and public water supply from
this aquifer were used in the past (EA 1986).  Information from wells in the area indicate that the bedrock
below the aquifer ranges from 14 ft below grade at Well DU-369 to 40 ft below grade at Well DU-343
(EA 1986).

1.6.2.  Three Star Lagoon
The Three Star lagoon is reportedly unlined and covers approximately 0.5 acres of the Three Star Site.
The Three Star lagoon separates the Main site and MGP site.  Village storm water formerly drained to the
Three Star lagoon via a pipe located along the former raceway bordering the Three Star Site to the south
(Section 1.2.3).  The Three Star lagoon reportedly received industrial wastes during operation of Three
Star (Section 1.2.3).  Prior to that, when the raceway was operational, it may also have received waste
from operation of the Dutchess Bleachery and other industrial activities that took place on the Three Star
Site (Sections 1.2.1 and 1.2.4).  Other industrial wastes may have also drained in the direction of the
raceway and Three Star lagoon.

The Three Star lagoon does not discharge to the creek during periods of low flows.  However, the bank
separating the lagoon from the creek rises only minimally above the creek water level at high tide.  It is
likely that storm discharges, high tide, or high creek flows cause the lagoon to occasionally fill with creek
water and/or drain to the creek.

1.7.  Physical Description and Hydrodynamics of Wappingers Creek

Wappingers Creek can be divided into the following three distinct areas (Figure 1-2):

• The upper creek consists of the portion of Wappingers Creek that is upstream of Wappingers Falls
and Wappingers Lake.  Discussion of the hydrology of the upper creek is provided in Section 1.7
below.
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• Wappingers Lake is a water body that receives water from the upper creek and discharges it to the
tidal creek via a pipe to a hydrofacility located downstream or over the dam of the lake and
Wappingers Falls. Further discussion of Wappingers Lake is provided in Section 1.7.2 below.

• The tidal creek is the portion of the creek that extends from   downstream of Wappingers Falls to the
confluence of  Wappingers Creek with the Hudson River. This portion of the stream is so named for
the tidal influences it experiences from the lower Hudson River. The tidal creek begins at the
hydroelectric facility discharge and the upstream portion of the Market Street Industrial Park. The
tidal creek is approximately 2 miles in length and discharges into the Lower Hudson River.  Water
levels fluctuate approximately 4 ft in the tidal creek during the tidal cycle of the Hudson River.  The
tidal creek area comprises the section of the creek in the vicinity of the Three Star Site (site area), a
shoal area, an embayment and the Downstream section as discussed in Sections 1.7.3 through 1.7.6,
respectively below.

The Market Street Industrial Park, including the Three Star Site, is located in the upper portion of the tidal
creek below Wappingers Lake and Wappingers Falls (Figure 1-2).

1.7.1.  Upper Creek
The daily mean flow of the upper creek, which is measured upstream of Wappingers Lake by the United
States Geological Survey (USGS), is approximately 84 cfs and ranges from 6.1 to 1,060 cfs based on 71
years of record (USGS 2000).  Flood stage occurs at a stage height of approximately 8.0 ft (USGS 2000)
which represents a flow of approximately 3,200 cfs.  Recorded peak flows for that period are
summarized below:

Peak flows recorded for Wappingers Creek
Date Flow (cfs) Stage height (ft)
1955, August 19 18,600 19.6
1938, September 22 15,900 18.02
1973, June 30 10,400 14.12
1949, January 1 7,730 12.52
1955, October 16 8,170 12.47
Note:  Discrepancy between flow and stage height readings for the last two entries
indicates gauging problems or data adjustments.

Reference: USGS 2000.

Source: O’Brien & Gere Engineers, Inc.

The highest recorded mean daily flow during the past decade occurred on January 20, 1996.  On that day,
mean daily flow recorded by the USGS was 5,600 cfs (USGS 2000).  Flow data for the upper creek is
available from the USGS web site (USGS 2002).

1.7.2.  Wappingers Lake
Lake levels are controlled at the dam.  The lake bed contains extensive silt deposits.  At the outlet of
Wappingers Lake is Wappingers Falls which forms a narrow segment of Wappingers Creek.  In that
section of the creek, some of the water from the lake is diverted through a pipe to an active hydroelectric
facility located on the north bank opposite the upstream portion of the Three Star Site (Figure 1-2).
Generally, upper creek flow is similar to the flow downstream of the dam and in the tidal creek.  The lake
level is maintained to fluctuate between the lake crest and approximately 1½ ft below the dam most of the
time.  The hydroelectric facility turbines operate between approximately 8 and 320 cfs, maximum.
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During storm events, creek flow above approximately 320 cfs builds up water behind the dam and may
overflow it (Turbish 2002).

1.7.3.  Site Area
The site area consists an approximately 2,700 lineal ft section of the tidal creek directly adjacent to the
Market Street Industrial Park, generally beginning at the foot of Wappingers Falls and ending at the shoal
area (Figure 1-2).

In the vicinity of the Market Street Industrial Park, the creek is narrow, approximately 90 ft wide, relative
to downstream sections and is bounded on each shore by retaining walls bordering both sides of the creek.
Two bridges (referred to as the east and west bridges) span the tidal creek connecting the Three Star Site
to the north parcel of the Market Street Industrial Park. The retaining walls end at the west bridge. The
location of pipes observed along the retaining walls that border the Market Street Industrial Park were
recorded in field logs (Appendix A). Downstream of the retaining walls along this section of the creek,
the land on the north side of the tidal creek is undeveloped, containing a steep bank with exposed
bedrock.

Generally the creek profile is shallowest on the south side of the creek nearest the Three Star Site with
water depths less than approximately 5.5 ft.  As the creek cross-section progresses to the opposing shore,
water depth increases to approximately 12 ft indicating that the majority of creek flow passes along the
north portion of the creek. Additionally, the relative narrowness may cause water velocities through this
section to be greater than those observed in wider sections in the tidal creek located downstream. The
creek bed is composed primarily of rocks and cobble in this portion of the creek; little sediment
accumulation was observed.

Following industrial development of the Market Street Industrial Park, the area has been inundated by
flood water at least twice.  From a historical account and a photograph of the Market Street Industrial
Park, approximately 5 ft of water covered the area during the flood of 1902 (Popper 1991).  The area was
also flooded in 1938 (Popper 1991).  From these historic accounts, it is anticipated that flooding of the
area would occur when stage heights exceed approximately 13 ft.  Therefore, based on information in the
preceding table (Section 1.7.1), it is speculated that some flooding of the Market Street Industrial Park
may have also occurred in 1955 and 1973.

1.7.4.  Shoal Area
As the tidal creek passes the MGP Site that is associated with the Three Star Site, it bends toward the
south.  At approximately 1,000 ft downstream of the west bridge, the creek widens to approximately 250
ft and meanders.  Along the inside bend, is a shoal that is comprised primarily of rocks and cobbles
overlain by silt and sand (Figure 1-2). Downstream of the Three Star Site, the southeast shore contained a
sediment deposit in the vicinity of WP16 and downstream.  During an ebb tide, seeps were observed
along the bottom of the creek bank between WP16 and WP25.

Compared to the tidal creek in the vicinity of the Market Street Industrial Park, water flow velocity
decreases as the tidal creek widens and the cross sectional area increases, facilitating sediment
accumulation in low flow velocity areas.  The sediment shoal (WP29/WP29A/WP-DOT) continues along
the eastern bank past the public works garage (located in the vicinity of WP-DOT) and an unnamed
tributary that drains into the creek (WP-CKOUT) located approximately 1500 ft downstream of the site.
The shoal area becomes increasingly comprised of silt and sand, with fewer observations of pebble and
gravel.  In this section of the creek, the main flow is located along the opposite shore.
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1.7.5.  Embayment
A shallow embayment (WP-PL) is located along the northern shore of the tidal creek approximately 0.75
mi. downstream of the site following a bend directing the tidal creek generally southwesterly.  This
surface water feature measures approximately 240,000 square ft (approximately 800 ft by 300 ft). The
bottom of the embayment contains a bed comprising silt and organic matter and the area supports aquatic
plant growth throughout.   The  main flow of the tidal creek bypasses the embayment as the mouth of this
water feature runs generally with the west shore of the tidal creek. The embayment experiences minimal
water flow velocity and can generally be described as quiescent.

1.7.6. Downstream Section
Downstream of the embayment, the tidal creek widens generally to approximately 600 ft, however widths
of up to approximately 800 ft also occur.  The bottom materials in this section of the creek primarily
comprise silt and sand, with rock and cobble content increasing with sediment depth. Generally, the  main
flow in this section of the tidal creek occurs along the approximate centerline and water depths are up to
approximately 15 ft.  Shallow areas occur along both the northern and the southern shores throughout this
section; approximately half of the area in this section of the tidal creek  occurs at depths of less than 5 ft.
An exception to this occurs along the southern shore approximately 1,000 ft upstream and downstream of
the County Route 28 bridge where the profile of the creek quickly deepens. An island is located in the
vicinity of the transect WP-T2 in the western half of the creek. A depositional area is located west of the
island (WP-OD2).

Upstream of the confluence of the tidal creek with the Lower Hudson River, two bridges create narrows.
A bridge carrying County Route 28 (CR 28) and a railroad bridge constrict the lower section of the creek
to approximately 140 ft wide and approximately 250 ft wide, respectively. The railroad bridge
constriction occurs approximately at the confluence of the tidal creek and the river, and the CR 28 Bridge
constriction occurs approximately 1,200 ft upstream of the river.  The tidal creek reaches its greatest
depth of approximately 25 ft beneath the CR 28 bridge.  The tidal creek widens to approximately 800 ft
between bridges and silt and sand overlaying rock and cobble continue in this area.

1.8.  Development of Conceptual Site Model of Wappingers Creek

The conceptual site model of the Wappingers Creek provided below identifies potential sources of
constituents and migration pathways that were evaluated during the Site RI (O’Brien & Gere 2005) and
Creek RI.

1.8.1. Potential Sources
Several potential sources of constituents to the creek have been identified:

• Background concentrations of inorganic constituents and PAHs can be present from both natural and
anthropogenic sources in the watershed. Background concentrations of VOCs, pesticides, PCBs, and
inorganic constituents may also occur due to anthropogenic sources.  Levels of constituents in
Wappingers Lake were used as representative of background levels. In addition, runoff from the
village is discharged to the Three Star lagoon and then to Wappingers Creek.

• The Market Street Industrial Park included several operations in the past that could have contributed
to the levels of constituents detected in the creek surface water and sediment (Table 1-1).   On the
south portion of the Market Street Industrial Park, the Three Star Site was found to contain VOCs,
SVOCs (primarily PAHs), and inorganic constituents associated with past activities (O‘Brien & Gere
2005).  Operations similar to those of the Three Star Site also took place on the north parcel of the
Market Street Industrial Park (Section 1.3).
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• The public works garage may have been the location of storage and operation vehicles. Activities
associated with these uses may have included the storage of fuels or wastes associated with the
maintenance of vehicles. These activities may have VOCs and PAHs associated with them.

• The tributary located along the south shore of the tidal creek in the vicinity of the shoal area could
also transport constituents present from the watershed to the tidal creek.

• Fill material containing cinders is present on the Three Star Site, and potentially present on the north
parcel of the Market Street Industrial Park and under Creek Road in the vicinity of the shoal area.
Cinders would be expected to contain PAHs and inorganic constituents

• The railroad located at the downstream terminus of the tidal creek may have PAHs associated with
the operation of trains or the railroad ties preserved with creosote.

The properties of the chemicals discharged from the potential sources to the creek and physical attributes
of the creek contribute to the fate and transport of the chemicals once exposed to the environment (Table
1-1).

From review of site topography, industrial wastes discharged from Three Star Site buildings to surface
soils would primarily drain to the south and west toward the raceway and Three Star lagoon and then to
the creek (Figure 1-2). Contamination of surface and subsurface soils, ground water and surface water and
sediment of the Three Star lagoon were investigated and reported separately (O’Brien & Gere 2003).  In
addition to suspected discharges to the creek, historic records indicate that the site was flooded at least
three times since 1900. Flooding can mobilize contaminants from the site to the creek.

The Creek RI evaluated the environmental media in the creek for constituents potentially related to past
site activities. Sampling and analysis was completed in the Creek RI to screen for such constituents.

1.8.2. Factors Affecting Bioavailability of Constituents in Sediment
Bioavailability controls the potential exposures of chemical constituents in soil and sediment to humans
and wildlife (NRC 2003, USPEA 2002).  Consistent with recent guidance for management of sediment
sites (NRC 2001, USEPA 2002, 2005, USN 2002), several mitigating factors ultimately control potential
exposures rather than total concentrations of the constituents.  A conceptual model of processes within an
aquatic system that affect constituent availability is provided in Figure 1-4.

Physiochemical interactions between constituents and sediment particles can reduce the availability of
some constituents to cause harm to humans and ecological populations.  Aging of the contaminated soil
and sediment can accentuate this process (NRC 2003).  Several factors participate in this phenomenon:

• Constituents reside as bound form (particulate matter including soil, sediment, and organic matter),
released form (dissolved in a liquid or gas phase), or associated with a living organism (NRC 2003).
Constituents in released form are generally orders of magnitude lower in concentration than in
sediment (Schwarzenbach et al. 1993).

• Transport of constituents in an aquatic system can result from hydrodynamic processes.
Physiochemical transformations such as speciation shifts due to  oxidation-reduction reactions,
hydrolysis, acid-base reactions, and photolysis can also transport constituents (NRC 2003).
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• Binding of constituents to solid matrices (e.g. sediment) can occur by adsorption onto the solids or
natural organic matter, or by change in form as by bonding shifts or precipitation (NRC 2003).
Absorption within the solid matrix can also occur.  Sediment types also affect the extent of
constituent associations with sediment.

• Compartmentalization can isolate constituents in sediment from receptor populations reducing the
potential for exposures. In addition to binding of constituents discussed above, burial can also remove
constituents from potential contact with receptor populations.  For burial to be effective, the sediment
needs to be stable.

The outcome may be sequestration of a constituent over time by the incorporation of the constituent into
more stable solid phase materials (NRC 2003).  However, the nonsequestered fraction may remain
available for uptake by organisms.  Actual uptake is driven by duration and rate of exposure.

1.9.  Wappingers Creek RI objectives

The objectives of the Creek RI are presented below:

• Observe current conditions of the Wappingers Creek and evaluate potential migration pathways of
constituents.

• Perform screening level assessment of potential site impacts to fish and wildlife in a FWIA through
Step IIC.

• Complete a pathway analysis for qualitative evaluation of potential human exposures.

• Evaluate surface water in Wappingers Creek for potential impacts to water quality due to migration of
contaminants via surface runoff or ground water seepage from the Three Star Site.

• Evaluate sediment of Wappingers Creek for potential impacts from Three Star Site activities and
other potential sources.

• Identify spatial patterns of constituents in sediment.

• Evaluate composition of PAHs in sediment compared to Three Star Site sources.

• Following a thorough delineation of the Creek, a feasibility study (FS) will be completed, if necessary
and appropriate.

The investigation of Wappingers Creek was completed according to State Superfund guidance and the
RI/FS Work Plan and Addendum (O’Brien & Gere 2001, 2002).

1.10.  Approach

Surface water and sediment samples collected for the RI were analyzed for SVOCs including tentatively
identifiable compounds (TICs) of the Target Compound List (TCL) and inorganic constituents of the
Target Analyte List (TAL).  Additional analyses consisted of the following:
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• A portion of the samples were analyzed for TCL VOCs, pesticides and polychlorinated biphenyls
(PCBs).

• Sediment samples included analysis of hexavalent chromium and total organic carbon (TOC).
Amenable cyanide (considered to be the biological available fraction of cyanide) was also analyzed in
sediment samples where total cyanide was detected. Three sediment samples were also analyzed for
grain size distribution.

• Surface water field analyses included pH, conductivity, temperature, turbidity and salinity. Surface
water laboratory analyses also included total suspended solids (TSS), dissolved organic carbon
(DOC), hardness, and alkalinity.

O’Brien & Gere Laboratories in Syracuse, New York analyzed the samples, except for samples collected
for analysis TOC, sediment and physical parameters, and hexavalent chromium analyses completed in
2001.     Columbia Analytical Services (Columbia) in Rochester, New York analyzed sediment samples
collected in 2001 for hexavalent chromium.  TOC  samples were analyzed by Columbia,  or Ecology &
Environment, Inc. in Lancaster, New York.  Physical parameters in sediment were analyzed by PW Labs
in Syracuse, New York.
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2. Methods

The field activities for the Creek RI were conducted from April to July 2001, May 2002, and May 2003
according to the Work Plan and Work Plan addendum (O’Brien & Gere 2001 and 2002, respectively).
Field activities consisting of a creek reconnaissance and investigating surface water and sediment are
presented separately (Sections 2.1 through 2.3, respectively). A summary of sample quantities collected in
Wappingers Creek is presented in Table 2-1. A discussion of data interpretation methods is also presented
(Section 2.4) followed by a summary of health and safety procedures that were maintained during field
activities (Section 2.5).

2.1.  Creek Reconnaissance

Creek reconnaissance activities were completed to identify overall creek bed characteristics. Specifically,
of interest were the distribution of sediment depositional areas, identification of pipes and tributaries, and
observations of bed materials (e.g. silt, sand, gravel, rocks, cobbles). A bathymetric map obtained from
NYSDEC was referenced during site reconnaissance activities (Exhibit A).  Bathymetry data of the tidal
creek bed at the Market Street Industrial Park bridges collected for the Creek RI are presented in
Appendix A.

The first reconnaissance of the tidal creek was completed from the site to the downstream embayment on
May 8 and 9, 2001.  The lower portion of the tidal creek was observed during a second reconnaissance,
completed in May 2002, extending from the embayment to the confluence of the tidal creek with the
Hudson River, approximately two miles downstream of the Three Star Site.

An initial reconnaissance was conducted during installation of marker stakes along the shore.  Then,
sediment depths were investigated by probing with a steel rod to observe and evaluate differences in
sediment type.  In areas where rock and cobble were present as the primary creek bed material, probing
was not completed at set intervals.  Rather, overall observations were used to judge probing needed to
evaluate sediment type. Sediment probing was also observed by the NYSDEC.  Logs documenting
sediment reconnaissance activities are provided in Appendix B.

2.2.  Surface Water Investigation

Two surface water sampling events were completed for the Creek RI consisting of low flow surface water
and storm event sampling. Low flow conditions increase the contact time for surface water and sediment
interactions to occur. In particular, in other creek or river systems low flow conditions during summer
months have been associated with concentration increases of constituents that correspond to temperature
increases within the system. In contrast to low flow events, storm events increase the volume of surface
water and the potential for resuspension of sediment with subsequent downstream transport. Sampling of
each of these types of events is intended to screen surface water concentrations during these two critical
time periods.

The low flow event sampling was completed on July 12, 2001 from 06:10 to 11:40. The tidal portion of
the creek was sampled from 08:30 to 11:40. Flows measured at the USGS gaging station located upstream
of Wappingers Lake were approximately 50 cfs during the low flow event.  Sampling was completed
during an ebb tide. Peak tide at Poughkeepsie, located approximately 6 miles upstream on the confluence
of Wappingers Creek with the Hudson River, occurred at approximately 05:55 and low tide occurred at
approximately 12:26 on that day.
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The storm event sampling was completed on May 14 and 15, 2002. On May 14, 2002, samples were
collected from 15:30 to 16:45, with sampling of the tidal portion of the creek from 15:30 to 16:45.
Sampling on that day was completed during an approximate high slack tide period.  Peak tide at
Poughkeepsie on May 14, 2002 occurred at approximately 15:03 and low tide occurred at approximately
21:17. On May 15, 2002, samples were collected from 07:45 to 10:30 with sampling of the tidal portion
of the creek from 07:45 to 08:30. Sampling was completed during a flow tide.  On May 15, 2002, low tide
at Poughkeepsie occurred at approximately 02:46 and high tide occurred at approximately 10:07. Flows
measured at the USGS gaging station located upstream of Wappingers Lake ranged from approximately
500 to 900 cfs during the storm event. Water was observed flowing over the Wappingers Lake dam
during the storm event sampling.

2.2.1.  Sample Locations
Locations sampled for low flow and storm events are identified in the table below.

 Surface water sampling locations

Sample ID
Sampling

event Description Purpose
Wappingers Creek
Rt9D B Wappingers

Lake
Background

WP5-SW B East bridge upstream boundary of site
WP10-SW B West bridge adjacent to the site
WP13-SW L Center of creek Downstream of Three Star lagoon
WP18-SW L Center of creek Downstream of MGP site
WP35-SW L Center of creek Downstream of the site
Rt. 28 Bridge S Center of creek Approximately 1,000 ft upstream of the

confluence of the creek with the Hudson
River

Three Star Lagoon
LG-SW S upstream Evaluate constituents draining into Three

Star lagoon.
Notes:
L = Low flow sample locations;
S = storm event sample locations;
B = samples collected for both sampling events

The background station identified in the Work Plan (O’Brien & Gere 2001) as the Route 9D Bridge was
moved to Wappingers Lake.  The Route 9D bridge was abandoned for sampling because the height from
bridge to creek and shallow water with swift current at the location complicated collection of
representative samples from this location.

Coordinates of sediment sampling locations that were surveyed or recorded using a global positioning
system (GPS) are summarized in Appendix C.

2.2.2.  Sample Collection Procedures
Surface water samples were collected as depth-integrated composites of aliqouts collected from the
surface, middle, and lower portions of the water column (O’Brien & Gere 2001). The samples were
collected using a Kemmerer sampler. Field logs documenting surface water sampling activities are
presented in Appendix B.
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2.2.3.  Field Analyses
Water column samples were analyzed in the field for pH, conductivity, dissolved oxygen, salinity, and
temperature.  Field instrumentation operating procedures were provided in the operations manual for the
equipment.  Water column field analytical data, consisting of instrument calibration and environmental
data, were recorded in field logs (Appendix B).

2.2.4.  Laboratory Analyses
Water column samples were analyzed by O’Brien & Gere Laboratories in Syracuse, New York for TCL
VOCs, SVOCs, pesticides, PCBs, TAL inorganic constituents, TSS DOC, hardness, and alkalinity. TCL
VOC and SVOC analyses included identification of TICs.

2.3.  Sediment Investigation

The sediment investigation was performed to identify spatial patterns of constituents in the tidal creek that
may be associated with the Three Star Site and other potential sources (Section 1.5).  Surface sediment
samples from 0 to 6 inch interval were collected to represent the zone of highest ecological significance.
Sediment samples below 6 inches deep (underlying sediment) were also collected from areas where
unconsolidated material was present that allowed collection by manual methods. The underlying sediment
samples were collected to represent past deposition that may become accessible to aquatic organisms, if it
were disturbed.  Background samples from upstream of the Three Star Site were also collected for
comparison to support the evaluation of potential site impacts.

The investigation of sediment in Wappingers Lake and Wappingers Creek was completed from May 8
through 10, 2001 and May 12 through 14, 2003. Field logs documenting sediment sampling activities are
presented in Appendix B.

2.3.1.  Sample Locations
Locations where sediment samples were collected are identified on Figure 1-2.  Sediment collected from
Wappingers Lake provided samples for evaluating background concentrations.  Five locations were
sampled along the southern portion of the lake.  In addition, three sediment cores were collected as cluster
core samples from the south portion of the lake near the village park.  The cluster core samples were
collected from an area approximately 5 ft in diameter.
Sediment from Wappingers Creek was sampled from areas in the vicinity of the site and downstream.
Generally, the creek bed in the vicinity of the site, locations WP-01 through WP-18, contained large
amounts of rock and cobble along with sediment.  Generally, sampling at these locations was completed
for surface sediment collected from the 0 to 6 inch interval. Refusal of the sediment sampling device
against rocks and cobbles prevented further depth penetration and sediment recovery. Sediment deposits
with deeper sediment were located downstream of the site at a shoal located at WP-29 and an embayment
located at WP-PL (Figure 1-2). Subsurface sediment samples were collected from those locations.

2.3.2.  Sample Collection and Processing
Sediment samples were collected and processed according to the work plan (O’Brien & Gere 2000).
Samples were collected using a manual push core using polycarbonate tubing, or a soil auger modified
with a polycarbonate shield.  Sediment cores were processed using a core extrusion device to push the
sediment out of the core tube.  Surface 0 to 6 inch samples were obtained from each location.  At
locations where additional sediment was present, additional 6 inch sample intervals were collected.
Background samples consisted of 0 to 6 inch surface samples and deeper sediment.
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2.3.3.  Laboratory Analyses
Sediment analyses consisted of TCL VOCs and SVOCs (including TICs), TCL pesticides and PCBs, and
TAL inorganic constituents (Table 2-1b).   Total cyanide was analyzed with a one-week turn around time.
If total cyanide was above the screening value of 0.1 mg/Kg (Eisler 1991), amenable cyanide was also
analyzed.

Sediment samples were analyzed by O’Brien & Gere Laboratories in Syracuse, New York, except for
samples collected for analysis of hexavalent chromium of samples collected in 2001, and TOC. For
samples collected in 2001, hexavalent chromium samples were analyzed by Columbia Analytical Services
in Rochester, New York.  TOC samples were analyzed by Columbia (2001) and Ecology & Environment
(2001 and 2003).

2.4.  Data Interpretation

Data interpretation completed for the RI consisted of a data quality review which was completed
according to the QAPP (Section 2.4.1), interpretation of constituent classes (Section 2.4.2), and
comparison of data to screening values for surface water and sediment (Sections 2.4.3 and 2.4.4,
respectively).  Then, spatial trends observed in the creek were evaluated and a human health pathway
analysis was completed (Sections 2.4.5 and 2.4.6, respectively).  Analytical data are provided in
laboratory reports (O’Brien & Gere Laboratories 2001, 2003; Columbia 2001; Ecology & Environment
2001, 2003).

2.4.1.  Data Quality Review
Review of the data quality indicated that the RI data is acceptable for the intended uses.  Laboratory data
quality was evaluated according to New York State requirements for data usability summary reports
(DUSR).  The data quality review resulted in some of the data being qualified as estimates (J).  Consistent
with data validation guidance, the qualification of data as estimated does not affect the end uses of the
data.  Results of the DUSR were incorporated into data summary tables. Copies of the DUSRs completed
for the Phase I RI and Phase II RI were presented separately (Potak 2001, 2003).

From review of the DUSRs completed for this RI, the data quality is acceptable for intended uses.  Minor
laboratory problems resulted in some data being qualified.  Data qualified as estimates (J) are acceptable
for intended uses.  The data quality issues identified are summarized below:

• Acetone and methylene chloride were laboratory contaminants detected in some of the VOC blank
samples.  Acetone was detected in samples collected in 2001 and 2003 (Potak 2001, 2003).
Methylene chloride was detected in samples collected in 2003 (Potak 2003).  The presence of
laboratory contaminants complicates the interpretation of these compounds.

• Evaluation of hexavalent chromium concentrations is complicated by matrix interferences.  For
several samples, the recoveries of matrix spike/matrix spike duplicates for hexavalent chromium were
lower than expected.   However, results of laboratory control spikes indicated that the laboratory
analytical performance was within acceptable ranges providing evidence that the soil matrices were
responsible for these anomalies.  The laboratory noted that low matrix spike/matrix spike duplicate
recoveries may be due to reduction of hexavalent chromium in the soil matrix.  These interferences
result in a high level of uncertainty associated with undetected hexavalent chromium results.  Total
chromium data provide additional data to evaluate the potential levels of hexavalent chromium in the
soil. It is not unusual for evaluation of soil and sediment matrices to be complicated by such factors.
Both labs used for analysis of hexavalent chromium samples encountered these problems.
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A complete review of data quality is provided in the DUSR (Potak 2001, 2003).

2.4.2.  Interpretation of Analytical Constituent Classes
Site data was compared to screening values according to provisions of the work plan and addendum
(O’Brien & Gere 2001, 2002).  Interpretation of data trends was aided by generalization of analytical
testing results:

• Interpretation of VOC data included calculation of total VOC and total benzene, toluene,
ethylbenzene, and xylene (BTEX) concentrations and the identification of principle components.  The
presence of BTEX compounds can be associated with hydrocarbon sources.  Chlorinated VOCs are
another class of VOCs that may be indicative of industrial solvents.

• Interpretation of SVOC data included calculation of total SVOC concentration.  SVOCs that are
commonly associated with combustion occur as mixtures of PAHs consisting of 16 analytical
compounds (Table 2-2).  Total and carcinogenic PAH concentrations, and benzo(a)pyrene equivalents
(BaP equivalents) were also calculated to evaluate the concentrations of PAHs in site media. The BaP
equivalents were calculated according to NYSDOH methods for seven carcinogenic PAHs (Table 2-
2).

• Evaluation of inorganic data focused on inorganic constituents that are not common geologic
elements.  Common geologic elements (consisting of beryllium, calcium, magnesium, potassium, and
sodium) occur naturally in wide concentration ranges and other inorganic constituents are more
suitable for evaluation of potential site impacts.  As such, the common geological elements were
generally not evaluated beyond tabulation of results.

Concentrations of SVOCs, in particular PAHs, and inorganic constituents are ubiquitous in the
environment and comparison of site data with background data (off site) was used to evaluate potential
incremental concentrations due to past site activities.

PCBs and pesticides were analyzed in samples collected during the first phase of the RI and were
screened out from further evaluation.  PCBs were not detected in sediment and pesticides concentrations
were generally consistent observations of background levels.

2.4.3.  Screening of Surface Water Data
The RI data were compared to screening values according to media-specific data quality objectives
outlined in the QAPP (O’Brien & Gere 2001).

Surface water data were evaluated using screening values provided in the Ambient Water Quality
Standards and Guidance Values and Groundwater Effluent Limitations, Division of Water Technical and
Operational Guidance Series 1.1.1 (NYSDEC 1998).  Concentrations were compared to screening values
for Class C waters consistent with the water quality designation of the creek.

2.4.4.  Screening of Sediment Data
Sediment data were compared to screening guidance provided in the Technical Guidance for Screening
Contaminated Sediments (NYSDEC 1999). For organic compounds in sediment, analytical concentrations
were normalized to sample TOC concentrations to adjust each constituent concentration in an adaptation
of the sediment guidance, as discussed below. This approach assumes that equilibrium partitioning occurs
in soil media. More recent USEPA guidance suggests that a weight of evidence approach may be more
indicative of sediment quality (USEPA et al. 2002). Concentrations of inorganic constituents in sediment
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were compared to reference values for typical background concentrations, as provided in the screening
guidance.

Some of the sediment samples collected in 2003 were not analyzed for TOC. To estimate a TOC
concentration for those samples, samples collected from other depth intervals at the same sample location
were compared to the average TOC of 5 mg/Kg. If the TOC in the comparison sample was 5 mg/Kg or
greater, a TOC concentration of 5 mg/Kg was utilized.  If the TOC was less than 5 mg/Kg in the
comparison sample, a TOC of 1 mg/Kg was utilized.

Evaluation of sediment data was completed as listed below:

• A statistical evaluation of background data completed according to DER-10 guidance (NYSDEC
2003) is presented in Appendix D. Outliners identified by statistical evaluation were not included as
maximum value for screening.  In such instances the calculated upper confidence level (UCL) was
applied.

• The creek is primarily fresh water; however, occasional tidal transport of brackish water from the
Hudson River has occurred during low flow periods. Sediment data collected for the Creek RI were
evaluated using fresh water screening values.

• For each environmental sample of sediment analyzed for organic compounds, a screening
concentration (SC) was calculated as analytical concentrations (C) normalized to organic carbon
content (OC) to allow comparison of location specific results with the NYSDEC screening values.
The NYSDEC screening values for organic compounds are presented as screening values normalized
for a sediment containing 1% TOC. The equation used for the calculation of SC was adapted from the
NYSDEC 1999  guidance, as follows:

SC = C/%TOC

where:
SC = screening concentration (ug/gOC)
C = analytical concentration reported by laboratory (mg/kg)
%TOC = percent total organic carbon (gOC/kg)

For example:

To calculate the benzo(a)pyrene SC for WP-LK1 (Table 4-2), where the C is 0.2 mg/Kg and the %TOC is
0.102 gOC/kg, the C was divided by the %TOC:

SC = 0.2 mg/Kg/0.102 gOC/g * 1000 ug/mg * 1kg/1000g
= 2 ug/gOC

This result is reported as the SC in Table 4-2. The result is greater than the NYSDEC screening value of
1.3 ug/gOC for the protection of human health. Consistent with NYSDEC guidance (1999), the SC
for organic compounds were calculated for sediments with TOC concentrations in the range of 0.2%
to 12%.

• Inorganic data were screened with lowest effect level (LEL) and severe effect level (SEL) screening
values as defined by NYSDEC (1999). The order of magnitude above SEL screening values was also
calculated to evaluate the contributions of the specific constituents to overall sediment quality.
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• In the absence of New York State screening values, alternative ecologic screening values were
applied as discussed in the Fish and Wildlife Impact Analysis (FWIA).

Results of these interpretive efforts are reported in subsequent sections of this report.

2.4.5. Trend Analysis of Sediment Data
Spatial trends were evaluated using box plots constructed using Analyse-it® software. The occurrences of
constituents were evaluated using parametric and nonparametric tests for the background and five
sections of the tidal creek. Further analysis of spatial trends of inorganic constituent and PAH
composition data of sediment were completed as discussed below.  For both of these evaluations, surface
and subsurface sediment were considered separately.

Inorganic constituents
To evaluate the levels that inorganic constituents exceed NYS screening values, concentration data for
each inorganic constituent was divided by the associated screening value to obtain screening value
normalized data.  This approach allows comparison of the results of each inorganic constituent to identify
the particular constituent that exceeds its screening value by the highest amount at a particular location.

PAH composition analysis
The PAH composition of sediment in the creek was evaluated by converting concentration data for
individual compounds to weight percent concentration data.  This approach allows comparison of the
PAH signatures of samples with different total PAH concentrations.

2.4.6.  Qualitative Risk Assessment
Interpretation of screening evaluations needs to include recognition that total chemical concentrations do
not necessarily represent potential exposures. As discussed in Section 1.4.2, the biovailability of a
constituent is controlled by a number of physiochemical factors.

To further evaluate potential wildlife exposures, a FWIA was completed that included identification of
constituents of potential ecological concern (COPEC) for representative species consisting of a mink and
great blue heron.

To evaluate potential human exposures to constituents in the creek, a qualitative exposure pathway
analysis was completed for the Three Star Site which included Wappingers Creek.  The exposure pathway
analysis was completed according to NYSDOH guidance (NYSDEC 2002).

2.5.  Health and Safety

The RI field activities were conducted according to health and safety procedures provided in the site-
specific health and safety plan (O’Brien & Gere 2001).
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3. Surface water data

Constituents were generally below screening values for low flow and storm event sampling events.
However, during the storm event, some inorganic constituents were detected in the water column.   In
general, the occurrence of these constituents in the water column upstream of the site at levels consistent
with those of downstream suggests that their presence is not related to the Three Star Site. The source of
the cyanide detected in the water column in the vicinity of the site is not clear. A discussion of the results
of the investigation of surface water in Wappingers Creek provided in this section presents flow and total
suspended solids data (Section 3.1), field parameters (Section 3.2) and laboratory results (Section 3.3).

3.1.  Flow and Total Suspended Solids Data

During the low flow event a flow of approximately 50 cfs was measured by USGS in the upper
Wappingers Creek representing the non-tidal portion of the creek (Exhibit B).  The sampling of the creek
for the RI was completed during an ebb tide, so flow in the tidal portion of the creek may have been
slightly higher than that observed by USGS in the upper creek.  During the low flow event, TSS was less
than 5 mg/L at five of the six locations sampled.  At the west bridge located on the Three Star Site (Site
Bridge 2) the TSS was 5 mg/L and less than 5 mg/L in duplicate samples collected from that location.
The detection of these levels of TSS is interpreted as similar to results obtained at other locations.

During the storm event, flows ranging from 500 to 900 cfs were measured by USGS in the upper creek
and water was observed to be flowing over the dam during the storm event sampling. During the first
round of sampling for the storm event, samples were collected during the approximate slack period of the
high tide.  TSS was 18 mg/L in both samples collected from the tidal creek representing concentrations
over the length of the tidal creek from the vicinity of the Three Star Site (Site Bridge-1) to the
approximate confluence with the Hudson River downstream at the Route 28 Bridge (Route 28 Bridge-1).
At that time the TSS in Wappingers Lake was 13 mg/L and 8 mg/L in duplicate samples collected from
that location.

During the second round of sampling for the storm event, samples were collected during a flow tide
which tends to decrease or cancel the non-tidal flows from the upper portion of the creek.  TSS in the
creek was 12 mg/L at the west bridge (Site Bridge–2) and 20 mg/L in the vicinity of the approximate
confluence of the creek with the Hudson River (Rt. 28 Bridge-2).  At that time, TSS in Wappingers Lake
was 6 mg/L.  TSS was not detected in the surface water sample collected from the Three Star lagoon
outlet with the concentration reported as less than 5 mg/L.

3.2.  Field Parameters

Field parameters were within typical ranges with variations associated with tidal and seasonal influences
(Table 3-1a and 3-1b).  For the low flow sampling event completed in July 2001, average readings for
conductivity, temperature, dissolved oxygen, and salinity were 0.46 usem/cm, 23 Co, 6.8 mg/L, 0.0 %,
respectively and the median pH was 6.9.  For the storm event sampling completed in May 2002, average
readings were 0.26 usem/cm, 12 Co, 10.4 mg/L, 0.0%, respectively, and the median pH was 7.8.
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3.3. Laboratory Results

For both sampling events, surface water concentrations of analytes tested were generally below screening
levels with three exceptions:

• During the low flow event, the sample collected from the west bridge of the Three Star Site (WP5-
SW) contained trace levels of acetone, at 3 ug/L, below the screening value (Table 3-2A).  The origin
of the acetone in that sample is unclear and it may be due to sample contamination (Section 2.5.1),
although anthropogenic sources can not be ruled out.  Nonetheless, the detection of acetone at the
background station suggests that its presence is not related to the Three Star Site.  VOCs were not
detected during the storm event sampling (Table 3-2B).

• During the storm event sampling, aluminum, iron, and silver concentrations were detected above the
screening values both in Wappingers Lake (upstream of the Three Star Site) and in the tidal creek
(Table 3-3B).

• Cyanide was detected at the west Bridge and Rt. 28 sampling locations during the second round of
storm event sampling (Table 3-3B). At the west bridge, cyanide was detected at 20 ug/L. which is
approximately four times the screening value for free cyanide of 5 ug/L that is intended to protect fish
propagation.  In the vicinity of the Route 28 Bridge, cyanide was detected in the water column of the
creek at approximately 10 ug/L.  Cyanide was not detected during the low flow sampling event or the
first storm event round of sampling (Table 3-3A).

Analytical results are presented in Appendix E.  VOC and SVOC TICs identified during sample analyses
are presented in Appendix F.
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4. Sediment Data

Sediment at the background locations and in the tidal creek contained inorganic constituents above
screening levels.  In the tidal creek, the concentrations were much higher relative to background levels
detected, with the highest concentrations detected in the deeper sediment of the shoal and embayment.  In
the sediment samples collected from  the shoal of the tidal creek, PAHs and dibenzofuran were detected
above screening levels.  The results of the sediment investigation are presented for background data
(Section 4.1) and the tidal creek (Section 4.2), separately.

Detected concentrations in sediment compared to screening values are presented in Tables 4-1 through 4-
3.  The constituents detected consisted primarily of inorganic constituents (Table 4-3) and PAHs (Table 4-
2), although there were also occasional detections of other SVOCs (Table 4-2), and trace levels of VOCs
in the vicinity of the Three Star Site (Table 4-1). Sporadic detection of pesticides were consistent with
background levels (Appendix E and Table 4-4) and no further evaluation was completed.  PCBs were not
detected in sediment and were screened out from further evaluation (Appendix E).  Tables provided in
Appendix E present the complete set of sediment data collected for the RI.  The discussion of sediment
data below focuses on sediment samples collected from the surface, 0- to 6-inch, interval as the zone of
highest ecological significance.  TICs of VOCs and SVOCs that were detected are presented in Appendix
F.

4.1.  Background - Sediment Data

In sediment samples collected from Wappingers Lake, VOCs, pesticides, and PCBs were generally not
detected at concentrations above screening values whereas PAHs and inorganic constituents were
frequently present above screening values.

• VOCs were generally not detected in sediment samples, except for trace levels that were below
screening values and the occasional detection of acetone and methylene chloride above screening
levels (Table 4-1). The detection of acetone and methylene chloride may be attributed to the presence
of laboratory contaminants (Section 2.4.1).

• Pesticides and PCBs were not detected in surface sediment (Appendix E) and deeper sediment
contained sporadic detections with several pesticides above screening values (Table 4-4).

• SVOCs were present as PAHs in sediment (Table 4-2). Two of the six samples contained total PAHs
slightly above the Long & Morgan screening value of 4 mg/Kg cited by NYSDEC guidance
(NYSDEC 1999).  In each of the background samples, individual PAH concentrations were above
New York State screening values for the protection of human health (NYSDEC 1999).
Benzo(a)pyrene up to 0.5 mg/Kg also slightly exceeded the ecological screening value of 0.44 mg/Kg
used for screening in the FWIA (Section 5.1.1).

• Inorganic constituents consisting of zinc and lead were detected in sediment at concentrations that
ranged from levels similar to LEL screening values to infrequent detections that were above SEL
screening values (Tables 4-3 and 4-5).  In addition, in each of the sediment samples analyzed, copper,
mercury, and nickel were detected at concentrations above LEL screening values.  Arsenic, cadmium,
and chromium were detected at concentrations ranging from below their respective LEL screening
values to slightly above them.  Total cyanide was detected in one of the eight samples collected.
However, the biologically available form of cyanide (amenable cyanide) was not detected.  Iron and
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manganese are common minerals and the detection of concentrations above the LEL screening values
may be associated with local minerals (Table 4-5).

• The pH of sediment samples ranged from 7.3 to 8.1.

• TOC in background sediment samples ranged from 3.4 to 10%.

4.2.  Wappingers Creek – Sediment Data

The presentation of sediment results provided in this section is focused on the evaluation of potential
sources as inferred from concentrations of constituents in sediment that exceeded background levels.  The
results include comparisons to LEL and SEL screening values and background data used to support the
evaluation of potential sources.  Further discussion of the screening of data for evaluation of potential
ecological considerations is provided in Section 5.1.

Sediment data for Wappingers Creek are compared to LEL and SEL screening values in Tables 4-1
through 4-3.  In sediments of the tidal creek, PAHs, dibenzofuran, and inorganic constituents were
detected above screening values (Table 4-6).  Mercury was detected in sediment at the highest levels
above screening values.  Both surface and deeper sediment of the creek are affected by the presence of
these constituents.  Generally, the highest concentrations of these constituents were located in the shoal
(WP-29, WP-29A, and WP-DOT) and the embayment (WP-PL) in sediment greater than 6 inches deep.

Discussions of sediment data below compare the creek data with screening values for sediment of
freshwater systems.  Physical description of sediment and results of grain size analyses are presented in
Section 4.2.1.  Analytical results for VOCs, SVOCs, pesticides, and inorganic constituents are presented
in Sections 4.2.2 through 4.2.5, respectively.  PCBs were not detected in sediment and results are
presented in Appendix E.

4.2.1.  Physical Parameters, including Grain Size, Total Organic Carbon, and pH Data
Physical descriptions of sediment observed during the creek bed reconnaissance and sediment sampling
are presented in Table 4-7.  Grain size results for four samples collected from Wappingers Creek are
presented in Appendix G.  Grain size measured the sediment sample collected from the embayment
(SEDCORE-2) and the two samples collected from the downstream section of the tidal creek
(SEDCORE-1, WP-T3A) consisted of primarily sand with approximately 30 to 45% consisting of silt and
clay. At the northern portion of the shoal area (SEDCORE-4), the sediment comprised primarily gravel
and sand with silt and clay composing less than 20% of the sediment.

TOC data for locations in the tidal creek are presented below:

• In the vicinity of the Site, TOC ranged from 1.2 to 7.7%.
• In the shoal area, TOC ranged from 0.7 to 11%.
• In the embayment, TOC ranged from 5.2 to 12%.
• In the downstream section of the creek, TOC ranged from 1.1 to 8.5%.

The pH of sediment samples collected from the tidal creek ranged from 7.2 to 8.4. In the vicinity of the
site, the pH ranged from 8.1 to 8.4.  In the shoal area the pH ranged from 7.5 to 8.4 and in the embayment
the pH ranged from 7.2 to 7.7.
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4.2.2.  Volatile Organic Compounds
Levels of VOCs detected in the sediment of the tidal creek were consistent with background levels (Table
4-1). However, it is noteworthy that trace levels of additional VOCs, including tetrachloroethene and
trichloroethene were detected in the vicinity of the Three Star lagoon outlet (LG-OUT, LG-OUT2) and
not elsewhere.

4.2.3.  Semivolatile Organic Compounds
SVOCs detected in sediments above screening values primarily consisted of PAHs (Table 4-2). Surface
sediment and deeper sediment represent the zones of highest ecological significance and potential zone of
storage from legacy inputs, respectively.  These depth intervals are discussed separately below. As a
screening of total PAH concentrations in sediment, the data collected from the creek were compared to
the maximum background level of 5.5 mg/Kg detected in the Wappingers Lake.  The PAH composition of
sediment was also compared to that of sources detected on the Three Star Site.

PAHs in surface sediment
In surface sediment, total PAH concentrations ranged from  0.2 to 214 mg/Kg (Table 4-2 and Figure 4-1).
The maximum concentration of total PAHs in surface sediment was detected in the vicinity of the shoal
(WP-29).   Twenty-three of 30 samples of surface sediment that were collected contained total PAHs
above the maximum background level of 5.5 mg/Kg.  Individual PAHs were detected above NYS
screening values in each of the samples of surface sediment collected.

PAHs in deeper sediment
In deeper sediment, total PAH concentrations ranged from 0.9 to 1,092 mg/Kg (Table 4-2 and Figure 4-
1).  Similar to surface sediment, the maximum concentration of total PAHs in deeper sediment was also
detected in the vicinity of the shoal (WP-DOT, 12 to 18 in.) (Figure 4-1).  Eighteen of 21 locations from
which deeper sediment samples were collected contained total PAH concentrations above the maximum
background level of 5.5 mg/Kg.  A frequency distribution of PAH detections above the maximum
background level is presented below.

 Frequency distribution of deeper sediment samples with total PAH concentrations above the maximum background
level.

Concentrations (mg/kg)

Section of creek 5.5 to 10 10 to 35 35+

Site area (1)

Shoal area (6) 1 5

Embayment (4) 3

Downstream area
(10)

3 5 1

Note: The number of samples collected from a given area are shown in parentheses, ( ).
 Source: O’Brien & Gere Engineers, Inc.

The detections of total PAHs in deeper sediment above background levels occurred downstream of the
Three Star Site.

In deeper sediment, NYS screening values were exceeded by approximately three orders of magnitude by
benzo(b)fluorathene, benzo(a)pyrene, and chrysene which were detected in the shoal area (WP-M2 [6 to
12 in], WP-DOT [6 to 18 in], WP-29 [6 to 12 in]).  Additional individual PAH compounds in the deeper
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sediment were elevated compared to background levels.  The PAH concentrations in sediment from other
areas of the creek were lower compared to the shoal area.  However, individual PAH concentrations were
above NYS screening values and background levels.

PAH composition
PAH composition data from the creek sediment were compared to PAH materials from the Three Star
Site.  Figures presented in Appendix H present PAH data normalized in weight percent composition.

The range of PAH mixtures detected in the sediment of the tidal creek was similar to that of PAHs
detected on the Three Star Site which were discussed in Section 1.2.5. Deeper sediment collected from
the shoal area (WP-29, 12 to 18 in) contained the highest total PAH concentration detected in the creek at
1,092 mg/Kg (Figure 4-1).  The PAH composition of that sample was dominated by 3- and 4- ring PAHs
and was similar to material from the Three Star Site described as mixture B in Section 1.2.5 (Appendix
H).  Surface sediments were generally dominated by PAHs with 4+ rings and more closely resembled
PAH patterns of the Three Star Site described as mixture A in Section 1.2.5.  Further discussion of PAH
composition of sediment and potential sources, is presented in Section 6.2.1.

Other SVOCs
In addition to PAHs, 1,2-dichlorobenzene, 1,4-dichlorobenzene, phenol, and dibenzofuran were present in
sediment above screening values:

• 1,2-Dichlrobenzene and 1,4-dichlorobenzene were detected in surface sediment of two locations in
the shoal area (WP-MW4, WP-29A) at concentrations up to approximately twice their screening
values.

• Phenol was detected above its screening value in the deeper sediment of the shoal area (WP-M3, WP-
OD3) and downstream section of the tidal creek (WP-T1A, WP-T1C), and surface sediment of one
sample collected form the downstream section (WP-T1C).   The maximum level was detected at
MW-M3 (12 to 17 in), at a level of approximately 20 times the screening value.

• Dibenzofuran was detected in deep sediment of the shoal with a maximum of 30 mg/Kg (WP-29, 12
to 18 in), which is approximately six times the ecological screening value of 5.1 mg/Kg used for the
FWIA (Table 4-2).  There is no New York State screening value for Dibenzofuran.

Relative to PAHs, the presence of these compounds in the sediment was minor.  The levels that these
compounds exceeded their respective screening values and the frequency that they were detected were
much lower than those of PAHs.

4.2.4.  Pesticides
Spurious occurrences of pesticides above screening levels were detected similar in magnitude of those
detected in background sediment (Table 4-4).  Pesticides were not detected on the Three Star Site at levels
detected in sediment of the creek (O’Brien & Gere 2005).

4.2.5.  Inorganic Constituents
To highlight the potential contribution of inorganic constituents originating from the Three Star Site and
other potential sources downstream of Wappingers Lake (the background location) to the tidal creek,
sediment data with concentrations above SEL screening values are presented in Figure 4-1.  The results
presented below focus on the constituents that were detected above the SEL screening values since
background levels frequently exceeded LEL screening values.  Surface and subsurface results are
presented separately. For both of these sediment depth intervals the inorganic constituents are presented
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in decreasing order of magnitude above SEL screening values. Several inorganic constituents were
associated with both surface and deeper sediment.  A summary of the inorganic results is also presented.

Surface sediment
Surface sediment data represent the most ecologically significant fraction of the sediment in the creek.
As discussed in Section 4.1 above, background concentrations of 8 of the 12 inorganic constituents tested
have concentrations above LEL screening values (Table 4-5).  Inorganic constituents detected in sediment
samples collected from the tidal creek are presented in Table 4-8 relative to screening values.  In
decreasing order of magnitude above SEL screening values, the primary inorganic constituents detected in
surface sediment consisted of mercury, lead, zinc, and chromium.  The maximum level of mercury
detected in the shoal area (WP-29) was approximately 25 times above its SEL screening value.

Subsurface sediment
Several inorganic constituents were found at higher concentrations in subsurface sediment when
compared to surface sediment (Table 4-6, Figure 4-1). Most notably, mercury concentrations in
subsurface sediment of the shoal area (WP-DOT) and embayment (WP-PL) far exceeded surface
sediment concentrations. The maximum concentrations of mercury at both of these two areas were
detected in similar depth intervals of approximately 6- to 12-inches, and at similar concentrations of
approximately 180 mg/Kg, which is approximately 140 times the SEL of 1.3 mg/Kg.  In addition, 24 of
the remaining 32 subsurface sediment samples also contained mercury at levels above the SEL screening
value.

Several other inorganic constituents were detected in subsurface sediment at concentrations above SEL
screening values. The shoal and embayment areas also contained the highest levels of zinc, total
chromium, and total cyanide compared to other sections of the creek.

Summary
Constituents detected in surface or deeper sediment of the tidal creek above SEL are summarized in the
matrix below in decreasing order of magnitude above SEL screening values:

Levels of constituents compared to SEL screening values for three sections of the creek (surface and deeper
sediment intervals).

                Order of magnitude above SEL screening values

Section
50+ 20+ to 50 10+ to 20 1 to 10

Shoal mercury zinc
total chromium

total cyanide* lead
cadmium
arsenic
copper

antimony
iron

Embayment mercury total chromium total cyanide* zinc
lead

arsenic
copper

cadmium
Downstream mercury  total chromium

zinc
lead

antimony
cadmium

total cyanide*
arsenic/copper

iron/nickel



Remedial Investigation – Three Star Anodizing

Revised Draft: February 27, 2007
I:\82\proj\10653\27258\5\Creek RI 2005\WF Creek RI Revised draft2.doc

30

Notes:  For each range, constituents presented in order or magnitude of concentration above SEL screening values.
* indicates that total cyanide concentrations were compared to background levels and may not be directly comparable
to other constituents that were compared to SEL screening values.

Source: O’Brien & Gere Engineers, Inc.
Further evaluation of inorganic constituents relative to LEL screening values is presented in the
discussion of ecological risk (Section 5.1.1).
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5.  Risk Assessment

5.1.  Ecological Risk Assessment

Comparisons of sediment data to screening values as it relates to the identification of potential sources of
Site constituents to the creek was discussed in Section 4.2.  Section 5.1.1 presents further discussion of
the detection of PAHs and inorganic constituents in the tidal creek relative to LEL screening values.
Section 5.1.2 presents the results of the fish and wildlife impact analysis completed for the tidal creek.

5.1.1.  Comparison of Sediment Data to Screening Values
The occurrence of PAHs and inorganic constituents are presented separately, below.

Polycyclic aromatic hydrocarbons
The comparison of sediment data to the total PAH screening value of 4 mg/kg, presented in Table 4-6, is
summarized below:

• Five of eight locations sampled from the 0- to 6-inch depth interval adjacent to the Three Star Site
were above the total PAH screening value of 4 mg/kg.  The maximum total PAH concentration
detected in this section of the tidal creek was 64 mg/kg.

• Each of the other 22 locations sampled in the tidal creek downstream of the Site Area had total PAH
concentrations above 4 mg/kg.  As presented in Section 4.2, the highest concentrations of total PAHs
detected in the sediment, up to 1092 mg/kg at WP-29 (12- to 18-inches deep) in the Shoal Area.

Inorganic constituents
The frequency of detection above LEL screening values, presented in Table 4-6, is summarized below:

• Arsenic, copper, iron, lead, mercury, and nickel were the inorganic constituents most frequently
detected above LEL screening values with 29 of 30 locations sampled exceeding the LEL screening
value.

• Cadmium and zinc exceeded their LEL screening values in 27 and 28 of 30 locations sampled,
respectively.

• Chromium exceeded the LEL screening value in 22 of 30 locations sampled.
• Arsenic and manganese exceeded their respective LEL screening values in 14 and 16 of 30 locations,

respectively.
• Selenium, silver, thallium, and vanadium were infrequently detected above LEL screening values.
• Total cyanide was detected in 23 of 30 locations sampled above the screening value of 0.1 mg/kg.

5.1.2.  Fish  and Wildlife Impact Assessment
Results of the FWIA through Step IIC, toxic effects analysis, are presented in Appendix I. The creek
provides aquatic/wetland habitat which was evaluated for the FWIA. The toxic effects analysis presumes
that fish and wildlife resources have been identified and that the contamination of resources and complete
exposure pathways exist.  Performance of the toxic effects analysis requires specific toxicological and
ecological information that are outlined in the work plan addendum (O’Brien & Gere 2002) and
NYSDEC guidance (NYSDEC 1994). An analysis of toxic effects may look at individual organisms,
populations, communities, or ecosystems.  The FWIA for Wappingers Creek consisted of evaluation of
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potential exposure of mink and great blue heron to maximum concentrations of constituents in surface
water and surface sediment (0 to 6 inch interval) of the creek.

Consistent with the results of screening of sediment using New York State guidance values (NYSDEC
1999), results of the FWIA identified PAHs and mercury as the primary COPEC. The FWIA evaluated
representative wildlife species consisting of a mink and a great blue heron based on maximum
concentrations detected in the creek and the resulting hazard quotients (HQs).  In addition to constituents
identified by the NYS screening values, the FWIA also identified dibenzofuran, phenol, aluminum,
selenium, and thallium as COPEC in sediment.  Results for each of these additional constituents are
summarized below.

Dibenzofuran was frequently detected in sediment of the tidal creek at concentrations that were generally
below the ecological screening value.  Dibenzofuran was present from the vicinity of the Three Star Site
to the downstream section.  However, in the shoal area, deeper sediment contained dibenzofuran at
concentrations up to 30 mg/Kg, approximately six times the ecological screening value.  Dibenzofuran
was not detected in background samples

Phenol was detected in one surface sediment sample collected from the downstream section of the creek
(WP-T1C) at 0.05 mg/Kg.  It was also detected in deeper sediment of three locations at levels up to 0.1
mg/Kg.

Aluminum was not detected above background levels in the tidal creek, nor was it detected above the
ecological screening value.  However, the food chain model completed for the FWIA identified it as a
COPEC.   In general, the levels of aluminum detected in the sediment of the tidal creek do not appear to
be associated with the Three Star Site.

Selenium was detected at one location at a concentration slightly above the maximum background level of
2.5 mg/Kg.

Thallium was detected in the shoal area, embayment, and downstream sections of the tidal creek with
levels up to 3.3 mg/Kg detected.  The detection of thallium was accompanied by blank contamination.

The addition of these constituents as COPEC does not change the overall evaluation of the constituents in
the tidal creek.  These constituents were detected at relatively low concentrations in comparison to other
constituents.

The overall hazard quotients presented in the FWIA were generally associated with the concentrations of
constituents in the sediment.  However, during storm event sampling of the surface water, aluminum,
iron, and silver were also identified as COPEC.  These constituents were detected in background samples
at similar levels to those detected in the tidal creek.

5.2.  Qualitative Human Health Risk Assessment

An exposure pathway analysis was completed according to state guidance (NYSDEC 2002).  The
exposure pathway analysis identified potential receptor populations for the tidal creek consisting of
recreational users, swimmers, or fish consumers (Appendix J).
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6. Discussion

The sediment of the tidal creek contains PAHs and inorganic constituents at levels above those that can be
attributed to ubiquitous sources.  Mercury and chromium were the most prevalent inorganic constituents
found at elevated levels relative to background concentrations.  The spatial collocation of several
additional inorganic constituents both vertically and horizontally in the sediment bed of the tidal creek
suggests that their occurrence is linked.  Therefore, the discussion below is focused on the occurrence of
PAHs, mercury, and chromium.  Additional constituents are also discussed for their spatial relationships
with these constituents.

The spatial trends of surface and deeper zones within sediment are considered separately to highlight the
potential differences in source dynamics and relative importance with regard to potential exposures
(Section 6.1). Surface sediment represents the zone of highest importance with respect to ecological
contact, as most aquatic organisms reside in the upper 6 inches of sediment.  Surface sediment also is
more closely associated with deposition of particulate matter from current sources to the water column.
In contrast, deeper sediment tends to be more isolated from ecological contact.  The deeper sediment may
be more indicative of surface sediment that was buried over time with sediment chemistries representing
historic sources to the tidal creek.

Deeper sediment that contains elevated levels of constituents from historic discharges may reflect trends
in the overall ecological condition of the tidal creek.  Reductions in surface concentrations of constituents
appear to have occurred by burial of surface sediment over time.  Aged constituents in sediment tend to
be less bioavailable both by the isolation of this layer from surface contact and also by processes of
sequestration of constituents within the sediment matrix that may occur over time.  However, the potential
for scouring of deeper sediment during storm events and reintroduction of it to the ecological zone needs
to be considered in the assessment of fate and transport.  In the tidal creek, deeper sediment contained the
highest concentrations of several constituents.

Evaluation of spatial trends in surface and deeper sediment considered both the frequency and magnitude
of occurrences above screening values:

• The frequencies of detection in surface sediment above the LEL and SEL screening values are
presented in Figures 6-1 and 6-2, respectively. Background levels of several inorganic constituents
were frequently above LEL screening values.  Therefore, the discussion of frequencies of detection in
surface sediment provided below is focused on the comparison to SEL screening values (Figure 6-2).
For deeper sediment, the data for the tidal creek were compared to background levels. The sediment
depth interval of 6 to 12 inches and sediment depths greater than 12 inches are presented separately,
in Figures 6-3 and 6-4, respectively.

• The magnitude of PAH and inorganic constituents in sediment were evaluated separately (Figures 6-5
through 6-7).  The associated figures present the median and maximum values for each depth interval
considered.  The PAH concentrations for the tidal sections of the creek are presented for three
sediment depth intervals (Figure 6-5).  Inorganic constituents normalized to SEL screening values
were used to evaluate the magnitude of their concentrations in sediment (Figures 6-6 and 6-7).  The
magnitude of surface sediment concentrations of inorganic constituents compared to SEL screening
values is presented in Figure 6-6.  The same comparison for deeper sediment is presented in Figure 6-
7.

Details of these evaluations are presented in the discussion of sediment concentrations in the tidal creek
(Section 6.1).
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The Creek RI evaluated the Three Star Site and other potential sources of these constituents by identifying
activities that could explain their presence are discussed in Section 6.2.  In the qualitative assessment of
the potential link between the Three Star Site and the sediment of the tidal creek, the constituents found in
media of the Three Star Site were compared with the constituents detected in sediment of the tidal creek.
The Three Star Site was implicated as a possible source if constituents were present both on the Three
Star Site and in the sediment of the tidal creek and a complete pathway existed.  Maximum levels of
constituents on the Three Star Site that exceeded those found in the sediment of the tidal creek, provided
strong evidence of this potential relationship.  However, the data for the Creek RI were not intended to
represent statistical sampling and the potential relationship with the other constituents found in both
places was also considered.

Erosion of surface soils from the Three Star Site (or elsewhere) with elevated levels of constituents is one
possible pathway for contamination of the sediment of the tidal creek.  Subsurface materials are less
available for transport, but may be indicative of materials that formerly existed on the Three Star Site as
surface materials displaced during past site activities.  In addition, constituents detected in subsurface
materials that are located adjacent to the tidal creek may be indicative of constituents present in bank
materials.  Scouring of such bank materials could provide a pathway for subsurface materials to enter the
Creek.  Tidal action could also transport subsurface materials to the tidal creek.  Bank materials were not
sampled as part of the Creek RI.

Other potential sources consisting of the north parcel of the Market Street Industrial Park, coal materials
used for fill, the public works garage, and the railroad are also discussed.  Much less is known about these
potential sources compared to the Three Star Site.  However, the historic uses of the north parcel were
similar to those of the Three Star Site.  It is anticipated that wastes similar to those of the Three Star Site
were generated by activities that took place there.

The quality of the surface water of the tidal creek is discussed as a potential medium for the transport of
constituents in Section 6.3.  Low flow and storm conditions provide two distinctly different periods to
evaluate sources.  Low flow periods minimize potential dilution of sources thereby maximizing the
potential for observing source inputs.  Storm events represent potential periods of scour when materials
could be eroded or resuspended in the water column and transported downstream.

6.1.  Sediment

In general, deeper sediment contained the highest levels of constituents detected. Most of these
constituents were associated with two distinct areas of the tidal creek, consisting of the shoal area and
embayment.  Inorganic constituents were associated with both of these areas while PAHs were primarily
associated with the shoal area.

The shoal area and embayment represent the first areas of the tidal portion of the creek where the creek
widens downstream of the Market Street Industrial Park.  The volume of affected material is primarily
associated with the shoal and embayment.  Relative widening of the creek increases the volume of the
creek basin which decreases water velocities, facilitating deposition of particulate matter.  Much of the
higher levels of constituents were detected in deeper sediment suggesting that burial of surface sediment
from historic inputs has occurred.
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6.1.1.  Site Area
The constituents detected in sediment of the site area were generally within screening values, with a few
exceptions.  Trace levels of the VOCs tetrachloroethene and trichloroethene detected in the vicinity of the
lagoon outlet are noteworthy, as they were not detected elsewhere in the tidal creek (Table 4-1).  Lead
levels were generally similar to background levels (Appendix K), except in the vicinity of the MGP Site
(WP-MW4, Table 4-6) where the highest concentration of lead was detected (Figure 6-6).  The frequency
of inorganic constituents detected above SEL screening values increased in the site area compared to
background (Figure 6-2)

The presence of VOCs in the sediment is indicative of a current source to the tidal creek, as VOCs
generally do not remain in sediment over long periods.  Seepage of VOCs from subsurface media of the
Axton Cross area of the Three Star Site may occur.  The lack of VOCs detected in the water column and
sediment of other sections of the tidal creek indicates that this is a relatively minor source.

In this section of the tidal creek, the channel is narrow compared to other sections.  This results in higher
relative flow velocities, which facilitate particle transport in surface water.  The creek bed comprises
primarily rocks and cobbles with limited areas of sediment accumulation.  Deeper sediment samples were
not collected from the creek bed in this section of the creek due to these limitations.

6.1.2.  Shoal Area
Based on comparison of the magnitude of the concentrations with SEL screening values and the
frequency of detections above those values, the primary constituents detected in the surface sediment of
the shoal area consist of mercury, zinc, and PAHs (Figures 6-1 through 6-7 and Appendix K). Other
inorganic constituents where detected concentrations relative to upstream levels increased consisted of
antimony, cadmium, chromium, lead, and cyanide.  Six of the constituents - consisting of mercury, zinc,
PAHs, antimony, cadmium, and cyanide - were detected in the shoal area at the highest concentrations
detected in surface sediment of the tidal creek (Figures 6-5 and 6-6).  In addition, deeper sediment
contained much higher levels of mercury, chromium, zinc, and PAHs compared to the surface sediment
(Figures 6-5 and 6-7, and Appendix K). Based on the magnitude of concentrations above the SEL
screening values and the frequency of these occurrences, mercury was the primary constituent in that
sediment layer (Figures 6-3, 6-4, and 6-7). Other constituents in deeper sediment included zinc,
chromium, lead, and additional inorganic constituents that were present at lower levels (Figure 6-7).

The presence of these levels of PAHs in this area of the creek, but not in other areas of the tidal creek,
may reflect differences in the source of these two types of constituents. The PAH signature was similar to
that of materials detected on the Three Star Site. However, the PAH signature also might resemble that of
other sources. Therefore, the source of the PAHs can not be conclusively identified.

The shoal area is the first area downstream of the Market Street Industrial Park where the creek widens
and flow velocities would tend to decrease. The shoal area is located on the southeast side of the tidal
creek, away from main flow.  It appears to be a depositional area.  The presence of the highest
concentrations in the deeper sediment suggests that the constituents from historic releases are being
buried. The burial and aging of these materials further suggests that bioavailability may be reduced
relative to historic levels.  There are no known current or past sources of inorganic constituents in the
vicinity of the shoal area that would explain the elevated concentrations detected there.  It is anticipated
that the source of the inorganic constituents detected in the sediment of the shoal area is related to the
downstream transport or migration of contaminants from past activities of the Market Street Industrial
Park.
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6.1.3.  Embayment
The primary constituent detected in surface sediment of the embayment was mercury (Figure 6-1 through
6-7).  Deeper sediment contained higher levels of mercury, as compared to surface sediment (Figures 6-6
and 6-7).  In addition, chromium, zinc, lead, and copper were also constituents in surface and deeper
sediment above SEL screening values (Figures 6-6 and 6-7).  Deeper sediment also contained cyanide as
a constituent (Figure 6-7).  Additional inorganic constituents were present at lower levels.

The embayment is located along the north shore of the tidal creek, outside of the main flow.  Sediment
accumulated in this area is expected to be stable. Extreme flooding could potentially scour the south
portion of the embayment that is next to the main flow of the creek. Sediments containing the maximum
concentrations of chromium detected there may be vulnerable to scouring during such storm events.
Similar to elevated levels of inorganic constituents detected in the shoal area, in the vicinity of the
embayment, there is no known past or current source of the elevated levels of constituents detected. It is
possible that the source of the inorganic constituents detected in the sediment of the embayment is related
to transport or migration of contaminants from past activities of the Market Street Industrial Park.

6.1.4.  Downstream Section
In general the concentrations of constituents in sediment of the downstream section of the tidal creek were
similar to background levels, but with spurious detections in a wider range (Figures 6-1 through 6-7, and
Appendix K).  Mercury was the primary constituent detected in surface and deeper sediment (Figure 6-6
and 6-7, and Appendix K).  Compared to the levels detected in the shoal area and embayment, constituent
concentrations in the downstream section of the tidal creek were much lower (Figures 6-6 and 6-7, and
Appendix K).  Zinc, lead, antimony, and chromium were also constituents and additional inorganic
constituents were also present at lower levels (Figures 6-6 and 6-7).

There were no particular patterns to the spatial distribution of elevated levels of constituents in the
downstream section of the tidal creek.  Elevated levels of antimony and zinc were detected along the
south shore downstream of the embayment (WP-TC1, Table 4-6, Figure 1-2). Elevated levels of PAHs
and chromium were detected along the south shore approximately midway between the embayment and
the Route 28 Bridge (WP-T2C, Table 4-6, Figure 1-2). Elevated levels of mercury, zinc, and chromium
were associated with sediment collected from upstream of the Route 28 Bridge (WP-OD1, Table 4-6,
Figure 1-2).  The presence of elevated levels of constituents in the sediment was associated with areas
containing silt and organic matter (Table 4-7).  In this section of the tidal creek, no consistent trends were
observed in the occurrence of constituents in vertical profiles of the sediment.

6.2.  Potential Sources

The discussion of potential sources of constituents focuses on those that were identified as primary
constituents. Separate sections present discussions of PAHs (Section 6.2.1), mercury (Section 6.2.2),
chromium (Section 6.2.3), zinc (Section 6.2.4), and lead (Section 6.2.5).  Other constituents are discussed
as a group (Section 6.2.6).  In general, it appears that cinders may represent the primary potential source
for PAHs.  The Three Star lagoon appears to be the primary source of inorganic constituents from the
Three Star Site.  Additional potential sources of PAHs are discussed below (Section 6.2.1).  Past activities
in the north parcel of the Market Street Industrial Park may also have contributed inorganic constituents
and/or PAHs.

6.2.1.  PAHs
PAHs are ubiquitous in the environment, arising from natural and anthropogenic sources (Appendix H).
However, PAH concentrations above background levels were present in the sediment of the tidal creek.
Potential sources of PAHs consist of past operation of the MGP facility, contaminants remaining on the
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MGP Site, as well as cinders located on site and off site. Mixtures containing PAHs can occur as a tar or
soot. Tars typically contain high concentrations of lighter PAH compounds compared to soots. Lighter
PAH compounds in tar such as naphthalene may dissolve and associate with water. However, higher
molecular weight PAHs predominately associate with particulate matter. Both types of PAH materials are
associated with the Three Star Site (Appendix K).

The maximum level of PAHs detected in the sediment of the tidal creek, 1,092 mg/Kg in the shoal area
(WP-29, 12 to 18 in), was lower than the maximum levels detected on the MGP Site.   Approximately
4,100 mg/Kg of total PAHs were detected in subsurface soil adjacent to the tidal creek (MW-4, 14 to 16
ft, duplicate). The PAH signatures in the surface sediment of the tidal creek contained predominately 4+
ring PAHs comparable to materials of the MGP Site (MW-4 18 to 20 ft; MW-5, 14 to 16 ft) (Appendix
K).  The deeper sediment of the tidal creek (WP-29, 12 to 18 in) contained predominately 3- and 4-ring
PAHs resembling other materials of the MGP Site (MW-4, 12 to 14 ft; MW-5, 12 to 14 ft), including
those detected in the former gas holder (SB-4-01). The maximum level of PAHs detected in the sediment
of the Three Star lagoon, 88 mg/Kg, was lower than the maximum level detected in the sediment of the
tidal creek.  It appears that MPG Site materials may explain the levels detected in the creek.  Aged
materials, contain PAHs that may be lower risk to aquatic organisms compared to newer sources (Section
1.8.2).

In addition to PAH sources found on the Three Star Site, storage tanks formerly located on the north
property opposite the Three Star Site may have contained materials with PAHs in them. Cinders from
MGP operations were reportedly used to fill off-site areas, including the roadway along the creek in the
vicinity of the shoal area. The public works garage located adjacent to the creek is a potential source of
PAHs from the potential operation, maintenance, and storage of vehicles at the facility. It is not clear
which of these potential sources (or which combination of sources) contributed to the elevated PAHs
detected in the sediment of the tidal creek.

The railroad bridge near the confluence of Wappingers Creek with the Hudson River also represents a
potential source of PAHs. However, elevated levels of PAHs were not detected in the vicinity of the
railroad bridge, so potential contributions from this source area were not evident.

6.2.2.  Mercury
Mercury levels in sediment were of particular interest since they were the highest relative to NYS
screening values and frequently occurring throughout the tidal creek. Mercury may have been associated
with dyes produced by the Dutchess Bleachery or in the paints used in the manufacturing of felt hats. The
maximum of level of mercury, 186 mg/Kg, detected in sediment of the tidal creek (WP-DOT, 6 to 12 in)
was higher than levels detected in surface soil of the Three Star Site or the sediment of the Three Star
lagoon which represent the readily available sources there. Mercury was detected up to 54 mg/Kg in the
Three Star lagoon sediment. The maximum levels in surface soil of the Three Star were detected in the
former drum storage area at 31 mg/Kg. The maximum level of mercury detected in subsurface soil of the
former raceway, was 41 mg/Kg. The lagoon and surface soil of the former drum storage area represent
potential sources for the transport or migration of mercury to the tidal creek.  Subsurface soil of the
former raceway is less readily available.

Mercury above those levels detected in the sediment in the tidal creek were associated with subsurface
soil of the MGP Site adjacent to the tidal creek, 249 mg/Kg (MW-4 14 to 16 ft).  If concentrations of
mercury on the exposed bank of the MGP site are similar to subsurface soils of the MW-4 area, erosion of
bank materials could also represent a potential source.  The Three Star Site appears to be a source of
mercury to the tidal creek.
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6.2.3.  Chromium
Chromium compounds were associated with metal plating operations of the Three Star Site and may have
been associated with those to the north parcel, too.  It is noteworthy that the most toxic form of
chromium, hexavalent chromium, was analyzed but not detected on the Three Star Site or in sediment of
the tidal creek.

Chromium levels in the former raceway and Three Star lagoon were above the maximum level of 4,120
mg/Kg detected in the sediment of the tidal creek. On the Three Star Site, the highest levels of chromium
were detected in surface sediment of the Three Star lagoon where up to 26,300 mg/Kg was detected.
Surface soil of the lower portion of the former raceway contained chromium up to 6,260 mg/Kg and
ground water under the former raceway contained 1,730 ug/L.  The raceway bed may act as a preferential
pathway for the migration of chromium in surface soils and ground water to the lagoon. Therefore, based
on the concentrations detected, and the presence of this complete pathway, the Three Star Site is a
plausible source of chromium detected in the sediment of the tidal creek.

6.2.4.  Zinc
Zinc compounds were associated with metal plating operations of the Three Star Site and may have been
associated with those to the north parcel, too.  Zinc levels up to 6,500 mg/Kg and 1,820 mg/Kg were
present in the sediment of the shoal and embayment, respectively.  On the Three Star Site, zinc up to
3,710 mg/Kg was present in the Three Star lagoon sediment.  In the former raceway, zinc up to 558
mg/Kg represented the highest concentrations detected in surface soil on the Three Star Site.  Subsurface
soil of the former raceway contained levels similar to those detected in surface soil.  Surface soil of the
MGP site also contained up to 2,570 mg/Kg on the west portion of the site (SS-MGP-1).  Surface soil
along the border of the MGP site and the creek contained zinc up to 752 mg/Kg.   The Three Star lagoon
may be a source of zinc to the tidal creek. However, maximum levels detected in the sediment of the tidal
creek were not detected on the Three Star Site.

6.2.5.  Lead
Local, ubiquitous, background levels of lead were detected at up to 187 mg/Kg above the SEL screening
value of 110 mg/Kg.  However, lead levels in the tidal creek were occasionally higher.  Up to 1,450
mg/Kg was detected in surface sediment of the tidal creek adjacent to the MGP site (WP-MW-4). On the
Three Star Site, lead was detected in surface sediment of the Three Star lagoon up to 9,650 mg/Kg.  Up to
1,160 mg/Kg was detected in surface soil on the west portion of the MGP site (SS-MGP-1).  In the former
raceway, lead up to 1,100 mg/Kg (MW-11) was detected in surface soil. Subsurface soil next to the
Axton-Cross building and the Three Star lagoon contained lead up to 2,860 mg/Kg (SS-03-02, 10 to 12
ft).  The most likely source of lead on the Three Star Site is the sediment of the lagoon which could
become resuspended  in the water column during storm events and discharge to the tidal creek. It appears
that the Three Star Site is one of several sources of lead detected in the sediment of the tidal creek.  Lead
could also be associated with past activities of the north parcel of the Market Street Industrial Park.

6.2.6.  Other Constituents
The maximum levels of other constituents detected in the tidal creek compared to maximum levels
detected on the Three Star Site are presented in the table below:
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Tidal creek compared with maximum levels on the Three Star Site.

Parameter Tidal
creek

Former
raceway

Three Star
lagoon

Other

Shoal area

Antimony 159 1.6/377 362
Arsenic 162 <22/55 141 MGP site: ss 41
Cadmium 79 16/2.3 122 MGP site: ss 55
Copper 504 2140 10600 Axton Cross: sbs 653

MGP site: ss 441
Dibenzofuran 30 -- 0.8
1,2-Dichlorobenzene 1.4 -- 2.3 Axton Cross: sbs 2
1,4-Dichlorobezene 1.2 -- 51
Embayment

Cyanide 42 94 69 MGP site: ss 39
Downstream section

Phenol 0.1 <0.3 2
Notes:  ss = surface soil; sbs = subsurface soil; <x = below screening level x; -- =
below maximum detected in creek; x/y = ss/sbs.

The Three Star lagoon appears to be a potential source for these constituents detected in the tidal creek,
except dibenzofuran. The subsurface soil of the MGP site adjacent to the tidal creek (BMW-1) contained
levels above the maximum levels of dibenzofuran detected in the tidal creek. Tidal action may also
facilitate erosion of subsurface materials to the tidal creek from areas adjacent to it.

6.3.  Surface Water

Surface water data did not provide evidence that there is a continuous source to the creek, as low flow
sampling indicated that the water column was generally within screening values. However, storm event
sampling identified elevated levels of inorganic constituents, apparently related to background sources. A
comparison is provided below of surface water concentrations detected in tidal creek compared with those
of the lagoon and background:

Comparison of surface water concentrations (ug/L).
Parameter Lagoon Bkgrnd Site Br Lagoon

Outlet
Rt 28 Br

New York State screening
Aluminum [190] [451] [593] [143] [696]
Iron [320] [610] [708] 281 [895]
Silver [1.6] [2.2] [2.1] [2] [1.7]
Cyanide 10U 10U [20] 10U [10]
Human health screening
Manganese 59 99 109 95 107
Vanadium 1.8 2.2 2.0 2.0 2.3
Notes:
Lagoon sampled on 11/18/02 compared to creek storm event data
collected on May 14 and 15, 2002.
Bkgrnd = background; Site Br = Site Bridge; Rt 28 Br = Route 28
Bridge.
U = undetected; data with brackets [ ] indicates levels that exceeded
screening values, generally for fish propagation.
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During the storm event sampling, transport of constituents (aluminum, silver, manganese and vanadium)
in surface water apparently from a source(s) upstream of the tidal portion of Wappingers Creek was
detected.  While most of the constituents appear related to background sources, cyanide and iron were
detected in the surface water of the tidal creek, at levels above those of background which may be
associated with the ground water levels detected at the Three Star Site.

Higher levels of iron were detected in the water column of the tidal creek adjacent to and downstream of
the Three Star Site.  Maximum levels of iron detected in lagoon sediment, 4.6%, were similar to
maximum levels detected in the creek, 4.3%.  Subsurface soil on the Three Star Site contained iron up to
10.4% next to the lagoon (SB-03-02). Ground water of the former raceway (MW-11) and deep ground
adjacent to the tidal creek (BMW-3) contained 370 and 680 mg/L of iron, respectively; levels that are
approximately 1,000 times those detected in Wappingers Creek.  Increases in the levels of iron detected in
the water column of the tidal creek may be related to ground water interaction with surface water.

The maximum cyanide levels detected in soil, 94 mg/Kg, detected in the former raceway of the Three Star
Site do not appear sufficient to explain increases in surface water detected in the creek.  However, the
ground water below the former raceway (MW-11) contained 1,280 ug/L suggesting that higher levels of
cyanide may be present in the soil there.  Surface water levels of cyanide may be influenced by
interaction with ground water in the vicinity of the Three Star Site.

Additional mobilization of contaminated soil and/or sediment, or ground water constituents into the water
column of the tidal creek may occur during an extreme storm event.
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7. Summary

A Remedial Investigation (RI) of Wappingers Creek (Creek RI) was completed by O’Brien & Gere
Engineers, Inc. (O’Brien & Gere) on behalf of the New York State Department of Environmental
Conservation (NYSDEC).  The Creek RI was completed as a part of the Remedial
Investigation/Feasibility Study (RI/FS) for the Three Star Anodizing Site (Three Star Site, Site #314058).
The RI/FS of the Three Star Site (Site RI/FS) is reported in other documents (O’Brien & Gere 2007a,b)
and identified elevated levels of volatile organic compounds (VOCs), polycyclic aromatic hydrocarbons
(PAHs), and inorganic constituents in media of the site.  The Site RI identified that further investigation
was required to evaluate the potential presence of hazardous waste constituents (constituents) in
Wappingers Creek.  This report presents the results of that investigation.

The Site RI identified historic operations on the Three Star Site which is located on the south portion of
the Market Street Industrial Park on McKinley Street in the village of Wappingers Falls. The area
occupied by the Market Street Industrial Park has been the site of industrial/ commercial operations since
the 1830s when it was originally developed as a cloth dye manufacturing facility called the Dutchess
Bleachery.  During the operation of the Dutchess Bleachery, the facility also manufactured ammunition,
felt hats, and leather products. A portion of the Three Star Site was used for the operation of a
manufactured gas plant (MGP) over the period of the 1830s to approximately 1913. The Three Star
Anodizing Company also operated a metal plating facility at the Three Star Site from the late 1950s to
1995.

The Site RI identified three specific areas of the Three Star Site (the former raceway, the Three Star
lagoon, and the former drum storage area) with concentrations of constituents in environmental media in
excess of screening levels and those found in other areas of the Three Star Site. These areas of the Three
Star Site are associated with past activities that may represent sources of constituents at off-site locations.
The former raceway and Three Star lagoon contained elevated levels of inorganic constituents in surface
and subsurface soil, and sediment.  The Three Star lagoon also contained PAHs in sediment. The former
drum storage area contained VOCs and inorganic constituents. The MGP that was located on the west
portion of the Three Star Site contained PAHs.  PAHs were also associated with cinder fill material on the
Three Star Site. These areas on the Three Star Site were concluded to represent sources for potential
transport or migration of constituents to the tidal creek, which was the focus of the Creek RI.

In addition to the Three Star Site, potential sources of constituents to Wappingers Creek consist of past
activities within the north parcel of the Market Street Industrial Park, the public works garage located
along Creek Road, and the railroad located near the confluence of the tidal creek with the Hudson River.
None of these areas were characterized or otherwise included in the Site RI/FS or Creek RI.

Sediment sampling over the length of the tidal creek completed during the Creek RI identified two
hotspot areas consisting of a “shoal area” and “embayment.” In both of these areas, the highest levels of
constituents were detected in the deeper sediment (greater than six inches deep) suggesting that the
elevated levels occurred from historic sources to Wappingers Creek.  Both areas appear to be depositional
areas for sediment accumulation.

The shoal area is located along the southeast shore of the tidal creek, approximately 1,000 ft downstream
of the Market Street Industrial Park. It comprises an area of approximately 117,000 ft2, with a sediment
volume of approximately 9,000 CY. PAHs up to 214 mg/Kg were detected in surface sediment (0 to 6 in)
and up to 1,092 mg/Kg were detected in deeper sediment (> 6 in). Mercury was detected up to 32 mg/Kg
in surface sediment and up to 186 mg/Kg in deeper sediment. Chromium was detected up to 267 mg/Kg
in surface sediment and up to 4,120 mg/Kg in deeper sediment. Zinc was detected up to 1,980 mg/Kg in
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surface sediment and up to 6,500 mg/Kg in deeper sediment. Other inorganic constituents were also
present at elevated levels in the shoal area.

The embayment is located along the north shore of the tidal creek, approximately 2,000 ft downstream of
the Market Street Industrial Park. It comprises an area of approximately 180,000 ft2, with a sediment
volume of approximately 13,200 CY. Analyses of the sediment of the embayment detected mercury up to
17 mg/Kg in surface sediment and up to 182 mg/Kg in deeper sediment. Chromium was also detected up
to 544 mg/Kg in surface sediment and up to 3,760 mg/Kg in deeper sediment. The embayment also
contained elevated levels of other inorganic constituents in the sediment.

The elevated levels of inorganic constituents in the tidal creek appear to have originated from past
activities within the Market Street Industrial Park.  In particular, the former raceway on the Three Star
Site and the Three Star lagoon contained inorganic constituents from past industrial waste discharges that
reportedly occurred there. Therefore, these areas are implicated as potential sources of inorganic
constituents to the tidal creek.  In addition, the north lagoon on the Market Street Industrial Park
reportedly received wastes from past industrial activities, and represents another potential source area.
The north parcel of the Market Street Industrial Park contained industrial operations similar to those of
the Three Star Site. However, a RI/FS of the north parcel has not been completed to more specifically
evaluate potential source areas that may be present there. Surface water sampling completed for the Creek
RI did not provide evidence that the Market Street Industrial Park is a current source of constituents to
Wappingers Creek, although sediment sampling had identified a minor source of VOCs in the vicinity of
the Three Star Site.

There are several potential sources of elevated levels of PAHs detected in the sediment of the shoal area.
The PAH signatures comprise compounds which were consistent with some of the materials detected on
the MGP site.  However, these PAH signatures may also be associated with other potential sources such
as storage tanks formerly located on the north parcel or fill material (on the Three Star Site or elsewhere)
containing PAHs.  Activities at the public works garage may also have PAHs associated with them and
represent a potential source to the creek.

Screening level risk assessments were completed to evaluate potential ecological and human health risks
associated with constituents detected in Wappingers Creek.  The ecological risk assessment identified
PAHs, mercury, chromium and other inorganic constituents as constituents of potential concern (COPC).
The ecological screening considered the great blue heron and mink as potential upper trophic level
ecological receptors.  The human health risk assessment identified recreational users and swimmers of the
creek, and consumers of fish from the creek as potential human populations that may be exposed to
constituents in the tidal creek.  These findings will be carried into a FS for the creek.

The following is a summary of activities, observations, and conclusions of the Creek RI:

• Current conditions of the creek indicate that surface water quality is generally within water quality
screening values and sediment contains elevated levels of contaminants consisting primarily of PAHs
and inorganic constituents.  During storm events, contaminants may enter the water column reducing
water quality.  However, the Creek RI did not identify contaminants in the creek during storm events
that were specifically associated with the Three Star Site.

• Potential migration pathways were identified consisting of industrial facilities and site media.  The
Three Star lagoon, and the Three Star Site in the vicinity of it, appear to be a current, albeit relatively
weak, source of constituents to the creek. The presence of trace levels of chlorinated VOCs and
elevated levels of lead found in surface sediment at the outlet of the Three Star lagoon provide
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evidence that this is a source area.  Based on past uses, the north lagoon is also a potential source of
constituents to the tidal creek, but analytical data has not been collected to evaluate this.

• Throughout the tidal creek and at background locations, PAHs and inorganic constituents were
detected in sediment samplse at concentrations above ecological screening values intended to
measure lowest effect levels (LELs).

• A screening level assessment of potential impacts to fish and wildlife of the creek was completed
through Step II C (NYSDEC 1994) indicating the potential for impacts to ecological receptors
represented by a mink and great blue heron.

• A pathway analysis for qualitative evaluation of human exposures was completed that identified
potential human populations that may utilize the creek consisting of recreational users, swimmers,
and fish consumers.

• Surface water in Wappingers Creek was evaluated and potential impacts to water quality due to
migration of contaminants via surface water or ground water seepage from the site were identified.

• Sediment of Wappingers Creek provided evidence of impacts from nearby activities.  The
constituents associated with past activities at the Three Star Site are consistent with the highest levels
of constituents found in the creek.  However, historical activities that took place on the north parcel of
the Market Street Industrial Park were similar to those that took place at the Three Star Site and
potential impacts resulting from that parcel are not known.  Among uncertainties associated with
potential current sources to the creek from the north parcel is the condition of the north lagoon.  It
reportedly received paint wastes during the 1970s.  The Public Works garage and the railroad located
along the creek are additional potential sources that were identified, but potential contributions from
these sources could not be distinguished from other sources.

• Spatial patterns indicate that most of the highest concentrations of constituents are buried in deeper
sediment suggesting that they originated from past releases.  The shoal and embayment contain
accumulations of constituents likely associated with past industrial releases from the Market Street
Industrial Park.

• The composition of PAHs in sediment was comparable to materials found on the Three Star Site.  The
PAH composition of other potential sources such as fill material along Creek Road or contaminants
associated with the Public Works garage has not been characterized.

• The impacts of the Three Star Site to the tidal creek have been delineated to allow a FS of the Creek
to be completed.  However, before a Creek FS is completed uncertainties associated with other
potential sources to the creek (e.g. the north parcel of the Market Street Industrial Park) should be
addressed.  Control of potential upland sources is the first step toward improving conditions in the
creek.
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Parameter SB max 0-6"

WP-01-A

No constituents above the SEL

Screening 
value

Parameter SB max 0-6"
Fe 3.3% 4% 4.3%
Pb 187 110 152
Mn 885 1100 1790
Total PAHs 5.4 35 64

WP-4.45-9

Screening 
value

Parameter SB max 0-6"

WP-09A

No constituents above the SEL

Screening 
value

Parameter SB max 0-6"
Cu 90 110 172
Pb 187 110 225

WP-11A

Screening 
value

Parameter SB max 0-6"
Pb 187 110 235
Zn 241 270 285

Screening 
value

LG-OUT

Parameter SB max 0-6"
Pb 187 110 141
Ni 33 50 56

Screening 
value

LG-OUT2Parameter SB max 0-6"
Pb 187 110 1450

WP-MW4

Screening 
value

Parameter SB max 0-6"
Zn 241 270 309

WP-16

Screening 
value

Parameter SB max 0-6" 6-12"

WP-18

No constituents above SEL

Screening 
value

Parameter SB max 0-6" 6-12"
Pb 187 110 130 243
Hg 0.45 1.3 1.2 2.4

Screening 
value

WP-OD3

Parameter SB max 0-6"
Cu 90 110 154
Pb 187 110 182
Mn 885 1100 2390
Hg 0.45 1.3 9.6
Zn 241 270 836

WP-CKOUT

Screening 
value

Parameter SB max 0-6" 6-11"
As 5.2 33 16 105
Cd 1.4 9 8.5 19
Cr 27 110 544 3760
Cu 90 110 183 345
Pb 187 110 281 629
Hg 0.45 1.3 17 182
Zn 241 270 825 1820
CN 3.2 0.1* 7.3 42
Total PAHs 5.4 35 45 --

WP-PL

Screening 
value

Parameter SB max 0-6" 6-12" 12"-18"
Cr 27 110 335 474 ---
Pb 187 110 181 213 ---
Hg 0.45 1.3 8.5 14 ---
Zn 241 270 501 275 ---

WP-PL1

Screening 
value

Parameter SB max 0-6" 6-12" 12"-24"
Cr 27 110 204 211 574
Cu 90 110 162 195 112
Pb 187 110 297 405 193
Hg 0.45 1.3 8.1 8.5 20
Zn 241 270 488 515 431
CN 3.2 0.1* --- --- 8

WP-PL2

Screening 
value

Parameter SB max 0-6" 6-12"
As 5.2 33 --- 34
Cr 27 110 244 1170
Cu 90 110 146 225
Pb 187 110 258 435
Hg 0.45 1.3 9.5 27
Zn 241 270 492 887
CN 3.2 0.1* --- 11

WP-PL3

Screening 
value

Parameter SB max 0-6" 6-12" 12-24"
Cr 27 110 53 148 242
Cu 90 110 70 117 48
Pb 187 110 87 210 101
Hg 0.45 1.3 1.7 4.6 3.1
Zn 241 270 --- 452 ---

Screening 
value

WP-T1A

Parameter SB max 0-6" 6-10"
Sb <3.8 25 40 52
Cd 1.4 9 3.3 13
Cr 27 110 74 274
Cu 90 110 --- 132
Pb 187 110 --- 230
Hg 0.45 1.3 4.8 20
Zn 241 270 323 1050
CN 3.2 0.1* 3.9 4.3

WP-T1C

Screening 
value

Parameter SB max 0-6" 6-12" 12-22"
Cr 27 110 68 78 351
Pb 187 110 --- 111 102
Hg 0.45 1.3 1.9 2.5 19
Zn 241 270 266 250 442

WP-OD2

Screening 
value

Parameter SB max 0-6" 6-12"
Cr 27 110 58 119
Hg 0.45 1.3 1.4 3.9
Zn 241 270 265 311

Screening 
value

WP-T2A
Parameter SB max 0-6" 6-12" 12-24"

Screening 
value

No constituents above SEL

WP-T2B

Parameter SB max 0-6" 6-12" 12-24"
As 5.2 33 7.7 40 ---
Cr 27 110 64 826 31
Cu 90 110 90 129 ---
Pb 187 110 125 287 37
Hg 0.45 1.3 1.7 33 ---
Zn 241 270 470 588 ---
Total PAHs 5.4 35 166 125 ---

Screening 
value

WP-T2C

Parameter SB max 0-6" 6-12" 12-19"
Cr 27 110 247 566 ---
Pb 187 110 138 218 ---
Hg 0.45 1.3 8.3 20 ---
Zn 241 270 611 251 ---

Screening 
value

WP-OD1

Parameter SB max 0-6" 6-12" 12-24"
Cr 27 110 66 110 322
Pb 187 110 --- 136 160
Hg 0.45 1.3 1.3 2.7 13
Zn 241 270 316 364 508

Screening 
value

WP-T3A

Parameter SB max 0-6" 6-12" 12-24"
Cr 27 110 44 159 53
Pb 187 110 --- --- 188

Screening 
value

WP-T3B
Parameter SB max 0-6" 6-11"
Cr 27 110 60 115
Pb 187 110 --- 125
Hg 0.45 1.3 0.84 4.9
Zn 241 270 269 353

Screening 
value

WP-T3C

ADAPTED FROM:  WAPPINGERS FALLS USGS QUADRANGLE.

Parameter

Antimony Sb 2 (L) 25 (L) <3.8
Arsenic As 6 (P) 33 (P) 5.2
Cadmium Cd 0.6 (P) 9 (L) 1.4
Chromium Cr 26 (P) 110 (P) 27
Hex. Chrom. Hex Cr NS NS <86
Copper Cu 16 (P) 110 (P) 90
Iron Fe 2% (P) 4% (P) 3.3%
Lead Pb 31 (P) 110 (L) 187
Manganese Mn 460 (P) 1100 (L) 885
Mercury Hg 0.15 (L) 1.3 (L) 0.45
Nickel Ni 16 (P) 50 (L) 33
Silver Ag 1 (L) 2.2 (L) <2.2
Zinc Zn 120 (P/L) 270 (L) 241
Cyanide, total CN, total 0.1* (E) 0.1* (E) <4.3
Cyanide, amen. CN,amen NS NS <3.2
Total polycyclic 
aromatic 
hydrocarbons Total PAHs 4 (L) 35 (L) 5.4

Notes:
 -- = Not detected above SEL screening value; NS = No screening value.

Sediment screening concentrations (mg/Kg)

-Concentrations of individual PAHs, barium, beryllium, calcum, iron, 
magnesium, potassium, selenium, sodium, thallium, and vanadium are not 
presented. See report tables.

- LEL = Lowest effect level and SEL = severe effect level, as defined by 
NYSDEC guidance. P = reference value obtained from Persaud et al. (1992); L 
= reference obtained from Long & Morgan (1990); E = cyanide screening value 
obtained from Eisler (1991) as indicated by an asterisk (*), not an LEL.  For 
upper screening value, the maximum background detection limit was applied, 
as cyanide was not detected in background samples.  

-Concentrations are presented in mg/Kg, dry weight, except for iron which is 
presented as a percent value.

 Back max.    
(0-6 in.)

NYSDEC screening values

Sample concentrations that were below screening values at the same location 
where other depths contained concentrations above the screening value are 
also presented.

For locations where duplicate data were collected, the higher concentration of 
the two samples is presented. 

LEL

Sample concentrations that exceeded screening value by 10 or greater times 
are presented in bold font.

SEL

- Locations with individual PAH concentrations above screening values, but 
with total PAH concentrations within the screening values, are presented with a 
# next to the concentration value.

-  Back (0-6 in.) max. = Background maximum concentrations  obtained from 
statistical evaluation according to NYSDEC (2002) DER-10 guidance.

Parameter SB max 0-6" 6-12"
Sb <3.8 25 --- 92
Cd 1.4 9 1.4 23
Cr 27 110 27 280
Cu 90 110 --- 187
Pb 187 110 182 399
Hg 0.45 1.3 0.73 27
Zn 241 270 294 1780
CN 3.2 0.1* --- 16
Total PAHs 5.4 35 --- 106

Screening 
value

WP-M3

Parameter SB max 0-6" 6-12" 12"-18"
Sb <3.8 25 5.4 27 ---
As 5.2 33 9.5 103 35
Cd 1.4 9 4.2 53 7.4
Cr 27 110 50 2270 2130
Cu 90 110 --- 426 214
Pb 187 110 113 803 452
Hg 0.45 1.3 0.86 186 88
Zn 241 270 732 4650 1210
CN 3.2 0.1* --- 26 ---
Total PAHs 5.4 35 114 308 370

WP-DOT

Screening 
value

Parameter SB max 0-6" 6-12" 12"-17"
Cr 27 110 34 482 465
Pb 187 110 129 210 174
Hg 0.45 1.3 0.83 34 68
Zn 241 270 325 396 ---
CN 3.2 0.1* 1.3 5.1 1.7
Total PAHs 5.4 35 --- 165 ---

WP-M2

Screening 
value

Parameter SB max 0-6" 6-12" 12"-17"
Sb <3.8 25 13 105 ---
As 5.2 33 5.7 162 31
Cd 1.4 9 3.6 79 7
Cr 27 110 55 2000 1040
Cu 90 110 --- 504 173
Fe 3.3% 4% --- --- 4.2%
Pb 187 110 --- 1050 348
Hg 0.45 1.3 4.6 144 95
Ni 33 50 --- --- 37
Zn 241 270 466 6500 926
CN 3.2 0.1* --- 34 6.2
Total PAHs 5.4 35 --- 445 404

WP-29A

Screening 
value

Parameter SB max 0-6" 6-12" 12"-18"
Sb <3.8 25 159 --- ---
As 5.2 33 20 27 44
Cd 1.4 9 27 32 9.9
Cr 27 110 267 620 4120
Cu 90 110 154 115 462
Pb 187 110 376 321 637
Hg 0.45 1.3 32 87 118
Zn 241 270 1980 2610 1330
CN 3.2 0.1* 28 6 6.1
Total PAHs 5.4 35 214 197 1092

WP-29

Screening 
value
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