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 EXECUTIVE SUMMARY 

 

 

This report summarizes the Resource Conservation and Recovery Act (RCRA) Facility 

Investigation (RFI), conducted by Malcolm Pirnie  at the Siberia Area  Watervliet Arsenal (WVA), 

Watervliet, New York.  The RFI was performed under Contract DACA31-94-D-0017 Delivery 

Order Nos. 0014, 0015, and 0016 with the U.S. Army Corps of Engineers (USACE), Baltimore 

District in accordance with an Administrative Order on Consent, Docket No. II RCRA-3008(h)-

93-0210, between WVA, the New York State Department of Environmental Conservation 

(NYSDEC) and the Region II U.S. Environmental Protection Agency (USEPA).  The purpose of 

this RFI report is to present the nature and extent of any release(s) of hazardous constituents 

resulting from activities in and around the Siberia Area (SWMU No. 18).  The WVA, NYSDEC, 

and USEPA shall use the results of the RFI to assess the need for interim corrective measures 

(ICM) and/or a corrective measures study (CMS). 

The WVA is a 140-acre government-owned installation under the command of the U.S. 

Army Industrial Operations Command (USAIOC).  The WVA is located in the City of Watervliet, 

New York, which is west of the Hudson River, and five miles north of the City of Albany.   A large, 

swampy, 14-acre area located to the west of the main manufacturing area of the WVA, known as 

the Siberia Area was purchased by WVA in the early 1940's and immediately filled in with debris 

consisting of slag, cinders, wood, brick and any available debris of unknown origin.  Once filled in, 

two areas were used for burning combustible material (i.e., scrap lumber and other sanitary waste) 

until 1967.  The Delaware and Hudson Railroad is adjacent to the western property line of the 

Siberia Area, across which the former Adirondack Steel Casting Co. is located.  Residential 

properties adjoin the property to the north and northeast.  Perfection Plating, which formerly 

manufactured metal plates for brake pads, and is currently under study by the NYSDEC is located 

along the eastern property boundary.  

Environmental investigations in the Siberia Area began in November 1986 with the 

discovery of oil containing PCB during construction of Building 151.  Since then numerous soil and 
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groundwater sampling activities have been completed to better delineate the extent of contamination 

across the Siberia Area.  The following is a list of the previous investigation completed at the site:  

n William Cosulich Associates, P.C., 1980  

n CT Male Associates, 1986 

n Environmental Science and Engineering, 1987 

n Groundwater Technology, Inc., 1987 

n EA Science and Technology, 1988 

n Environmental Science and Engineering, 1991 

 

The RFI tasks by conducted during the period of  December 1994 through November 

1995 by Malcolm Pirnie to assess the nature and extent of contamination include: 

n Surface soil sampling 

n Geophysical survey 

n Groundwater field screening 

n Soil boring sampling 

n Monitoring well installation 

n Groundwater sampling 

n Surface water and sediment sampling 

n Storm water and sanitary sewer sampling 

 

The first three tasks were implemented and results analyzed prior to the performing the 

subsequent tasks.  In order to stratigraphically locate soil borings and monitoring wells to help 

define the extent of contamination.  A total of 37 surface soil samples were collected during the RFI 

sampling events.  The purpose of these samples was to identify contaminants in the vadose zone 

and assess potential source areas originating at the ground surface.  The results of the analyses 

indicated that the surface soils in the Siberia Area are primarily contaminated with semi-volatile 

organic compounds, specifically polycyclic aromatic hydrocarbons (PAHs) and petroleum 

hydrocarbons related to cutting oils and waste oil disposal.  Chlorinated organics were also 
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detected in the Northeast Quadrant (NE Quadrant), these contaminants are believed to be related 

to a former burn pit in this area and the results indicate that the areal extent of the contamination in 

the soils is limited.  Lead, chromium and arsenic contamination is widespread with the most 

prevalent contamination detected in the NE and SW Quadrants. 

Based on the results of the surface soil sampling several of the soil borings were relocated 

to target “hot spots” identified during the surface soil sampling.  These borings were relocated to 

better define the vertical extent of contamination and confirm the results of previous analyses.  The 

primary contaminants detected were PAH compounds; chromium, lead, and arsenic; and 

chlorinated organics located to the NE Quadrant.  The results of the soil boring analyses indicate 

that contamination is limited to the near surface soils and the median concentrations significantly 

decrease with increasing depth.  The subsurface soil sampling also revealed the presence of 

petroleum staining and petroleum odors. 

Groundwater field screening was conducted using a Geoprobe system.  In addition, 

groundwater samples were collected from existing wells.  The results of these analyses indicate that 

hexavalent chromium contamination of groundwater is limited to the NE Quadrant. Volatile organic 

analyses indicate that chlorinated organic contamination is also limited to the NE Quadrant, 

coincident with the area where chlorinated organic compounds were in the surface and subsurface 

soils. In the SW Quadrant, the analysis indicate the presence of diesel and kerosene type 

hydrocarbons. 

The results of the monitoring well groundwater sampling indicate that contamination is 

generally limited to the NE Quadrant of the Siberia Area.  Groundwater contamination in the NE 

Quadrant consists of VOCs, which appear to migrate along the shallow groundwater flow path 

toward the sewer line.  It is believed that the sewer system bedding material is acting as line sink 

and is transporting shallow groundwater contamination from the site north, and may continue to 

transport contaminants outside the site boundaries.  Groundwater VOC contamination does not 

appear to be present in the bedrock. 

Chromium (total and hexavalent) concentrations in the groundwater collected in the NE 

Quadrant were elevated compared to the rest of the site.  The samples containing chromium 



 
f:\p\0285591\d\rfi\final\execsum.wpd ES-4 

exceedances in the NE Quadrant were collected from all stratigraphic units (overburden, weathered 

bedrock, and bedrock).  The samples collected from the monitoring wells directly downgradient 

from Perfection Plating (MW-EA-7, MW-EA-8, and MW-ESE-9) contained hexavalent 

chromium concentrations in both the filtered and unfiltered samples.  Lead and arsenic were also 

detected above New York State Class GA standards in several groundwater samples, but only in 

the unfiltered samples.  The results of the barium analyses appears to indicate that it is indigenous in 

the groundwater and is not considered a site contaminant. 

The results of the storm sewer and sanitary sewer water and sediment analyses indicated 

that there is no contamination within these systems, except for elevated chlorinated organics in the 

sample collected in the northwest corner (STS-06) of the site.  Analytical results downgradient of 

STS-06 location (STS-05) did not indicate the presence of any contamination.  This location, STS-

05, is located at the point where  the sewer system leaves the site.  Surface water and sediment 

sampling results, from the sample collected in the northwest corner of the site, indicate that 

contamination is limited primarily to PAH compounds in the sediment.  The surface water indicated 

the presence of pesticides above the Class C standards.  Inorganics detected from the surface 

water and sediment samples indicated the presence of lead, chromium, and arsenic which exceeded 

the regulatory standards. 

Based on the analytical results obtained during this investigation and the previous 

investigations at the site the following recommendations for future work at the site have been made: 

n The collection of additional groundwater samples from the on-site monitoring wells, 
during seasonal high groundwater conditions, to assess the effects of seasonal water 
level change on the groundwater chemistry and hydrology at the site.   

 
n The collection of sewer bedding groundwater samples to aid in determining if the 

sewer bedding is acting as a preferential migration pathway off-site. 
 

n  The collection of additional soil samples in the NE Quadrant to further delineate the 
extent of the chlorinated volatile organic contamination (source) in this area. 

 
n  The implementation of a Corrective Measures Study (CMS) for source removal of 

chlorinated organics in soil in the NE Quadrant, and inorganics (lead, chromium) in 
the SW Quadrant. In addition, a CMS study should be initiated for the collection and 
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treatment of groundwater contaminated by petroleum hydrocarbons in the SW 
Quadrant,  and chlorinated volatile organics in the NE Quadrant. 

 
n The implementation of a receptor analysis based on the information gathered during 

the additional sampling mentioned above. 
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 1.0  INTRODUCTION 

 

 

Malcolm Pirnie, Inc. (Malcolm Pirnie) has conducted a Resource Conservation and 

Recovery Act (RCRA) Facility Investigation (RFI) at the Siberia Area of Watervliet Arsenal 

(WVA), Watervliet, New York.  The RFI was performed under Contract DACA31-94-D-0017 

Delivery Order Nos. 0014, 0015, and 0016 with the U.S. Army Corps of Engineers (USACE), 

Baltimore District in accordance with an Administrative Order on Consent, Docket No. II RCRA-

3008(h)-93-0210, between WVA, the New York State Department of Environmental 

Conservation (NYSDEC) and the Region II U.S. Environmental Protection Agency (USEPA). 

The USEPA required the RFI in response to documented releases of  contaminants to the 

soil and groundwater at levels which exceed the USEPA health-based standards and/or maximum 

contaminant levels (MCLs) allowed by the Safe Drinking Water Act (SDWA).  The USEPA issued 

the Order of Consent (Consent Order) to protect human health and the environment from releases 

of hazardous waste and hazardous constituents at or from the Siberia Area (Solid Waste 

Management Unit (SWMU) No. 18) and other SWMUs. 

 

1.1 PURPOSE OF REPORT 

 

The purpose of this RFI report is to present the nature and extent of any release(s) of 

hazardous constituents resulting from activities in and around the Siberia Area (SWMU No. 18).  

The WVA, NYSDEC, and USEPA shall use the results of the RFI to assess the need for interim 

corrective measures (ICM) and/or a corrective measures study (CMS). 

 

1.2 SITE BACKGROUND 

 

1.2.1  Site History 
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The WVA is a 140-acre government-owned installation under the command of the U.S. 

Army Industrial Operations Command (USAIOC).  The WVA is located in the City of Watervliet, 

New York, which is west of the Hudson River, and five miles north of the City of Albany, as shown 

on Figure 1-1.  The WVA is a national registered historic landmark which was established in 1813 

with the purchase of 12 acres of land by the U.S. War Department.  It's original purpose was to 

distribute supplies (i.e., ammunition, harnesses, and gun cartridges) to troops along the northern and 

western frontiers.  The Erie Canal, formerly  located in the eastern portion of the main 

manufacturing area of the WVA, was built between 1817 and 1824 to provide transportation and 

power, until it was abandoned and relocated to Waterford in 1922.  The Canal was filled in with 

dirt, brick and other fill materials in the early 1940's.  The eastern wall of the Canal still remains and 

forms a portion of the east side of Gibson Street.  Over the years, the main function of the WVA 

changed from the production of small arms ammunition, cannon cartridges, and leather goods, to 

the production of the nation's first 16-inch gun.  The WVA also played a major role in the research 

and development of cannons, mortars, and recoilless rifles.  From 1950 to 1970, the WVA built 

anti-aircraft weapons, the 90 mm gun for the medium tank, the 152 mm gun launcher, the 

lightweight 60 mm mortar, and a new 8-inch gun/howitzer for use in the Korean and Vietnam Wars. 

 Currently, the WVA is responsible for the manufacture of ordance, Bener Labs, a tenant activity, 

performs research and development. 

A large, swampy, 14-acre area located to the west of the main manufacturing area of the 

WVA, known as the Siberia Area, as shown on Figure 1-2, was purchased by WVA in the early 

1940's and immediately filled in with debris consisting of slag, cinders, wood, brick and any 

available debris of unknown origin.  Once filled in, two areas were used for burning combustible 

material (i.e., scrap lumber and other sanitary waste) until 1967. 

 

1.2.2  Site Description 

1.2.2.1  Location 

The Siberia Area is located west of the main manufacturing area of the WVA and 

encompasses approximately 14 acres, as shown on Figure 1-3.  The Delaware and Hudson 
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Railroad is adjacent to the western property line, across which the former Adirondack Steel 

Casting Co. is located.  Residential properties adjoin the property to the north and northeast.  

Perfection Plating, which formerly manufactured metal plates for brake pads, and is currently under 

study by the NYSDEC, is located along a portion of the eastern property line.  Shaker Tire Sales is 

located along the southeastern property line.  Lands owned by the Town of Colonie and formerly 

owned by the Delaware and Hudson Railroad yard are located along the southern property 

boundary. 

 

1.2.2.2  Waste Types 

The Siberia Area is used for the interim storage of raw materials, hazardous materials, 

finished goods, and supplies brought in from the main manufacturing area of the WVA.  The 

handling of these materials may have contributed to groundwater and soil contamination, particularly 

the handling of metal chips coated with cutting oils; scrap metals which are salvaged; and scrap 

lumber which is stockpiled until removed from the site.  All of the above have either historically 

been, or are presently, stored directly on the ground surface. 

In addition, the WVA has reported that mixtures of oils and solvents removed from 

underground storage tanks (USTs) were sprayed on the ground for dust control in the Siberia Area. 

 The WVA no longer employs this practice.  Elevated levels of chromium and lead have also been 

detected in the soil and groundwater in the northeastern section of the Siberia Area.  This chromium 

and lead contamination originates from the Perfection Plating Facility located hydraulically and 

topographically upgradient of the site.  The NYSDEC has performed a Remedial 

Investigation/Feasibility Study (RI/FS) of the Perfection Plating facility which is discussed in Section 

1.2.3.3.  A more detailed discussion of the waste in the Siberia Area can be found in Section 

1.3.1.1. 

 

1.2.2.3  Summaries of Past Permits 

A SPDES permit is currently enforced for the storm water discharge point located at the 

northern fenceline of the Siberia Area.  This permit regulates the “Total Suspended Solids” (TSS) 
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and Oil and Grease concentrations in the storm water exiting Siberia Outfall 005.  According to 

WVA personnel, TSS for 005 was consistently over the 100 mg/l limit.  In response, the WVA 

performed street sweeping, cleaned out catch basins, and moved a sand pile from underneath the 

Route 155 bridge.  As a result, the last three months of samples  have had concentrations below the 

permit limit. 

Building 145, which is located within the Siberia Area is a container storage facility which 

has a NYSDEC approved closure plan.  Building 145 is currently undergoing a RCRA “Closure 

Action” to address storage of hazardous waste, which were found to be in excess of the RCRA 90 

day limit.  According to WVA personnel, a permit was applied for, but never received, for this 

building.  The exceedance of the 90 day holding limit for hazardous wastes in Building 145 changed 

the status of Building 145 from a temporary holding facility to a Transfer, Storage and Disposal 

Facility (TSDF), which requires a “Closure Action” under RCRA to allow the facility to be utilized 

for other purposes.  Closure activities are expected to be completed in January 1996.  The RCRA 

Closure Report will be submitted under separate cover. 

 

1.2.3  Previous Investigations  

1.2.3.1  Introduction 

Environmental investigations in the Siberia Area began in November 1986 with the 

discovery of oil containing PCB during construction of Building 151.  Since then numerous soil and 

groundwater sampling activities have been completed to better delineate the extent of contamination 

across the Siberia Area.  The following is a synopsis of these investigations. 

 

1.2.3.2  Summary of Previous Investigations  

With the exception of the William F. Cosulich Associates, P.C. report, the following 

historical analytical data was summarized from the IMS Draft Final Work Plan (April, 1994) and 

previously presented in the Final Work Plan Addendum (March, 1995).  Previous investigations 

include: 

n William F. Cosulich Associates, P.C., 1980  
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n CT Male Associates, 1986 

n Environmental Science and Engineering, 1987 

n Groundwater Technology, Inc., 1987 

n EA Science and Technology, 1988 

n Environmental Science and Engineering, 1991 

 

A brief summary of each of the above investigations follows. 

 

To assist in the descriptions of locations within the Siberia Area, the site has been divided 

into four distinct quadrants: southwest (SW), southeast (SE), northeast (NE), and northwest (NW). 

 Located in the SW Quadrant are the Main Substation and Building 145 (DRMO warehouse).  The 

lumberyard is located in the SE Quadrant.  Former burning pits and Buildings 148 and 151 are 

located in the NE Quadrant.  The Chip Handling Facility is located in the NW Quadrant (Figure 1-

3). 

 

William F. Cosulich Associates, P.C., 1980 

In August 1979, William F. Cosulich Associates, P.C. (Cosulich) conducted an 

investigation of the storm drain system throughout the WVA.  As part of this investigation, 

Manholes 116, 117, 118, and 119, located in the Chip Handling Facility (property disposal area) 

of the Siberia Area were sampled.  Results of their analysis indicated “very low oil concentrations 

while also reporting heavy oil sheen contamination”.  Reported concentrations of oil  ranged from 

0.8 milligrams per liter (mg/l) to 13 mg/l.  Cosulich concluded that the “property disposal area was 

a major source of oil contamination.”  In addition to the storm drain investigation, Cosulich 

conducted a field investigation which included the Chip Handling Facility.  Cosulich reported that 

“chip salvage, a major operation in this area, is the source of contamination.”  One piezometer and 

a number of soil borings and test holes were completed in the Chip Handling Facility from August to 

September, 1979.  This data was supplemented by the data collected from drilling activities 

completed in April 1972, May 1973, and January 1979.  Results of groundwater samples collected 
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from the piezometer and test holes indicated the presence of oil ranging from <1 mg/l  (B-103 

located east-southeast of Building 146) to >10,000 mg/l (TH-2 located midway between MH-117 

and 118 near the railroad spur) (Plate 1-1). 

 

CT Male, 1986 

CT Male completed a preliminary site investigation following the discovery of oil during 

excavation activities in the Siberia Area.  A total of eight test pits were excavated from 2 to 7.5 feet 

below ground surface (bgs) in the western half of the Siberia Area (Plate 1-1).  Groundwater was 

encountered in several test pits at depths ranging from 1.5 to 4.0 feet bgs.  Soil analytical results 

indicated the presence of polychlorinated biphenyls (PCB's) ranging in concentration from 0.1 to 

0.6 milligrams per kilogram (mg/kg); chromium from 19 to 743 mg/kg; lubricating oils from 3.4 to 

200 mg/kg, and, gasoline from 3.7 to 6.6 mg/kg.  Analytical results from groundwater samples 

detected PCB's ranging in concentration  from 0.2 to 2.0 micrograms per liter (ug/l). 

 

Environmental Science and Engineering, 1987 

Environmental Science and Engineering, Inc. (ESE) conducted an environmental site 

assessment update of WVA from April 1986 (site walkover) through July 1987 to determine if 

waste disposal conditions had changed since the initial assessment published by the U.S.  Army 

Toxic and Hazardous Materials Agency (USATHAMA) in 1979.  ESE’s assessment consisted of 

visual inspections, file reviews, and interviews.  No exploratory sampling was conducted by ESE.  

ESE determined from report reviews (Cosulich, 1980) and interviews with WVA personnel, that 

waste oils generated from the WVA were resold to waste oil contractors prior to 1985.  An 

analysis of this waste oil was completed in 1985 which revealed that some of the cutting oils 

contained "chlorinated paraffinic hydrocarbons", which, according to the Cosulich report, was used 

to coat metal chips generated from machinery operations.  In addition, the metal chips were 

transported to the Siberia Area for temporary storage.  ESE notes that “subsequent to the onsite 

visit, polychlorinated biphenyls and heavy metals were detected in the soils of the area of the 
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installation known as Siberia.”  As a result of this finding “the New York State Department of 

Environmental Conservation (NYSDEC) requested that the entire Siberia area be characterized.” 

 

Groundwater Technology, Inc. 1987 

A subsurface investigation surrounding Building 148 (Plate 1-1) was performed by 

Groundwater Technology, Inc. (GTI).  This investigation entailed the drilling of five soil borings to 

three feet bgs, two soil borings to 5.5 and 7.5 feet bgs (two shallow monitoring wells, MW-1 and 

MW-2, were installed in these borings), and two deep monitoring wells which were coupled with 

shallow monitoring wells (MW-3 and MW-4).  Results of soil sampling indicated concentrations of 

methylene chloride ranging from 10 to 20 micrograms per kilogram (ug/kg); chloroform ranging 

from 15 to 33 ug/kg; trichloroethylene at 12 ug/kg and tetrachloroethylene ranging from 11 to 43 

ug/kg.  PCB's were detected in soil from 0.2 to 0.3 mg/kg (SB-2, SB-4 and SB-6).  

Concentrations of metals in the soils surrounding Building 148 were reported at concentrations that 

were considered to be background by Groundwater Technology, Inc.  Concentrations of volatile 

organic compounds (VOCs) detected in groundwater were not considered reliable because these 

contaminants were detected in the trip blank.  No PCB's were detected in the groundwater samples 

collected. 

 

EA Science and Technology, 1988 

A total of 30 soil borings and four monitoring wells (MW-5, MW-6, MW-7, and MW-8) 

were installed by EA Science and Technology.  The soil borings were located on a 200-foot grid 

across Siberia, except SB-26 through SB-30.  These five borings were located at the corners and 

center of proposed Building 151 (Plate 1-1).  Four monitoring wells were installed from 5.5 to 10 

feet bgs.  MW-1 through MW-8 were sampled by EA Science and Technology, Inc.  High 

concentrations of chromium (21,000 ug/l in MW-EA-7 and 8,600 ug/l in MW-EA-8) were 

detected in the NE Quadrant.  Other metals detected included cadmium, copper, nickel, thallium 

and zinc.  Nickel was detected in the groundwater at MW-EA-5 at a concentration of 1,400 ug/l.  

Trichloroethylene (TCE) was detected in MW-EA-6 (18 ug/l) which is located along the eastern 
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fence line, in the NE Quadrant.  Results of soil sampling indicated the presence of VOCs ranging 

from depths of 0.5 to 4.0 feet bgs.  TCE, dichloroethylene (DCE), and perchloroethylene (PCE) 

were detected at the following locations and concentrations: 

SB-1 (NW Quadrant) -   DCE (200 ug/kg) 

PCE (61 ug/kg) 

TCE (19 ug/kg) 

SB-9 (NE Quadrant) -   DCE (11 ug/kg)  

TCE (11 ug/kg) 
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SB-14 (NE Quadrant) -   TCE (1,200 ug/kg at 4.0 feet bgs) 

SB-27 (near eastern fence line) -  PCE (420 ug/kg) 

 

PCB's were detected from 12 to 7,500 ug/kg, with the majority of detections in the 0 to 

0.5 foot zone.  Results exceeding 1,000 ug/kg include: SB-1, 2,200 ug/kg; and SB-12, 7,500 

ug/kg.  In general, PCBs were detected at concentrations <1000 ug/kg across the Siberia Area.  

PCB’s were not detected within either surface or subsurface soils at sampling locations SB-5, SB-

6, SB-16, SB-22, SB-29, or SB-30. 

 

Environmental Science and Engineering (ESE), 1991 

ESE conducted a RFI which included a geophysical survey of the Siberia Area, a soil gas 

survey, shallow soil sampling, soil borings, and the installation of nine monitoring wells (Plate 1-1).  

The purpose of the geophysical survey, conducted in October 1989, was to  identify bedrock 

features.  However, because of soil conditions (extent of fill materials) and man made 

features/obstructions, it was unsuccessful. 

The soil gas survey consisted of the sampling of 50 points (only one was located and 

sampled in the SW Quadrant) during the week of November 27 through December 1, 1989.  

Thirty-nine of the 50 samples yielded concentrations of total VOC's > 100 parts per billion (ppb).  

Heavy oils and diesel-like compounds were visually observed in the soil cuttings at SB-35 (SE 

Quadrant); similar compounds were visually observed in the soil cuttings at SB-37 (SW Quadrant) 

and SB-48 (NW Quadrant). 

Shallow soil borings (0.0 to 2.0 feet bgs) were located around the perimeter of the Siberia 

Area with the exception of shallow soil boring sample SS-9 which was located in the SW Quadrant 

of Siberia, and shallow soil boring sample SS-13 which was located in the NW Quadrant of 

Siberia.  Organic and inorganic compounds in the shallow soil along the eastern fence line were 

detected at:  SS-5 (arsenic-88.3 ug/kg), SS-6 (DDD-8,510 ug/kg; DDE- 3,180 ug/kg; DDT-

16,800 ug/kg), and SS-7 (DDD-4,400 ug/kg; DDE-748 ug/kg; DDT- 4,100 ug/kg).  Organic and 

inorganic compounds in the shallow soil along the western fence line were detected at:  SS-11 
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(PCB's-160 ug/kg), SS-15 (PCB’s-1,700 ug/kg; PCE-9,700 ug/kg), and SS-16 (arsenic-100 

ug/kg).  In the NW Quadrant, analytical results indicated the presence of VOC's at SS-13 (PCE-

11,000 ug/kg).  Refer to Section 5.0 for a more detailed discussion relating to analytical results. 

Subsurface soils were collected from 10 test pits, 40 soil borings and nine monitoring wells 

and analyzed for metals, petroleum hydrocarbons, PCB's, pesticides, and volatile organic 

compounds (VOCs).  Two composite soil samples were collected from each test pit, soil boring 

and each monitoring well location.  Reported concentrations in test pit samples included: 

TP-5 (located in the NE Quadrant) - 
chromium-520 mg/kg 
lead-2,450 mg/kg 
TPH-6,040 mg/kg 

 
TP-10 (located in the SW Quadrant) - 

chromium-2,640 mg/kg 
lead-456 mg/kg 
TPH-112,000 mg/kg 

 

   Soil boring sample results indicated contamination by chromium, lead, PCE, PCB’s and 

vinyl chloride (VC) in the NE Quadrant at the following concentrations: 

NSB-16 (0.0 to 3.0 feet bgs) - chromium-423 mg/kg; lead-475 mg/kg; 
PCB’s-1.4 mg/kg 

 
NSB-6 (0.0 to 3.0 feet bgs) - chromium-116 mg/kg; lead-656 mg/kg; 

PCE, 34 mg/kg 
 

NSB-3 (0.0 to 3.0 feet bgs) - vinyl chloride-4.5 mg/kg 
 

Analytical results from soil samples collected from monitoring well installations yielded the 

following concentrations: 

MW-ESE-1 (SW Quadrant) - chromium-1,410 mg/kg; lead-619 mg/kg; 
TPH- 44,400 mg/kg 

 
MW-ESE-6 (NW Quadrant) - PCE-2 mg/kg; DDD-41.9 mg/kg; 

DDE-37.5 mg/kg 
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Two rounds of groundwater samples were collected from the 17 Siberia Area wells.  The 

first round was collected between June 14-20, 1990.  The second round was collected between 

August 13 and 14, 1990.  The results of groundwater sampling indicate the presence of VOCs, 

petroleum hydrocarbons and metals.  Trichloroethylene was detected at concentrations ranging 

from 22 to 31 ug/l; vinyl chloride was detected at 180 ug/l; petroleum hydrocarbons were detected 

at concentrations ranging from 200 to 500 ug/l in several wells.  More specifically, the high 

concentrations of TCE, VC, and TPH were detected at the following monitoring well locations: 

MW-EA-6 - TCE-22 and 31 ug/l 

MW-ESE-8 - VC-180 ug/l; DCE-3,200 ug/l 

MW-GTI-3 - TPH-500 ug/l 

MW-ESE-2 - TPH-200 ug/l 

MW-ESE-3 - TPH-200 ug/l 

MW-ESE-5 - TPH-200 ug/l 

 

Several inorganic compounds were also detected in the groundwater samples.  Barium was 

detected at every monitoring well ranging in concentration from 68.4 ug/l at MW-EA-5 to 8,760 

ug/l at MW-ESE-7.  The source of barium is unknown, but could be naturally occurring.  

Chromium was detected in concentrations ranging from 4 to 131,000 ug/l and lead from 4.8 to 221 

ug/l.  The higher concentrations for these metals occurred at the following locations: 

Barium -  
MW-GTI-4 (6,610 ug/l) 
MW-ESE-2 (5,060 ug/l) 
MW-ESE-7 (8,650 ug/l) 
MW-ESE-8 (8,760 ug/l) 

 
Chromium -  

MW-EA-7 (20,500 ug/l) 
MW-ESE-9 (131,000 ug/l) 

 
Lead -  

MW-ESE-3 (221 ug/l) 
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In summary, the following compounds and analytes of concern have been detected in soil in 

each quadrant of the Siberia Area within the ranges listed below: 

SE Quadrant - 
Chromium (9.94 mg/kg to 595 mg/kg) 
Lead (12.3 mg/kg to 14,400 mg/kg) 
TCE (160 ug/kg to 240 ug/kg) 
DCE (480 ug/kg to 1,100 ug/kg) 
PCE (510 ug/kg) 
TPH (0.0444 mg/kg to 16,000 mg/kg) 

 
NE Quadrant - 

Chromium (7.8 mg/kg to 520 mg/kg) 
Lead (12.7 mg/kg to 2,450 mg/kg) 
TCE (11 ug/kg to 3,900 ug/kg) 
DCE (11 ug/kg to 2,000 ug/kg) 
PCE (420 ug/kg to 34,000 ug/kg) 
TPH (34.9 mg/kg to 21,900 mg/kg) 

 
SW Quadrant - 

Chromium (7.05 mg/kg to 2,640 mg/kg) 
Lead (22.7 mg/kg to 619 mg/kg) 
TCE (230 ug/kg) 
TPH (39.9 mg/kg to 121,000 mg/kg) 

 
NW Quadrant - 

Chromium (11.3 mg/kg to 30.5 mg/kg) 
Lead (17.3 mg/kg to 354 mg/kg) 
TCE (13 ug/kg to 360 ug/kg) 
PCE (54 ug/kg to 9,700 ug/kg) 
TPH (36.5 mg/kg to 700 mg/kg) 

 

1.2.3.3  Summaries of Related Investigations  

Perfection Plating is located along the northeastern fence line of the Siberia Area on a 1.7 

acre parcel (Figure 1-4).  Between 1965 and 1990, three companies utilized the facility for chrome, 

nickel, zinc, cadmium, and copper plating operations.  This site is currently under study by the 

NYSDEC Hazardous Waste Division.  Based on a review of the “Final Phase I Remedial 

Investigation Report, Perfection Plating Site, August 1994", conducted by Ecology and 

Environment, Inc. (E & E) for the NYSDEC,  chromium and iron groundwater contaminant plumes 
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have been delineated originating from Perfection Plating and extending north across the Siberia 

Area toward a private residence.  In May 1994, the New York State Department of Health 

(NYSDOH) collected water samples from the Lupian residence.  The samples were collected from 

basement seepage and from an old abandoned well located on the property.  Chromium was 

detected in the basement seepage at this residence at a concentration of 4,320 ug/l.  According to 

the E & E report, the “chromium plume extends at least to MW-EA-8 approximately 200 feet 

north from the former leaking chrome plating tank” and the “iron plume appears to extend to MW-

EE-6S (MW-DEC-2) and MW-EE-6D (MW-DEC-1), 300 feet north of the apparent origin at 

the plating building.”  In addition to groundwater contamination, “the leaky chromic acid tank has 

resulted in contaminated soils”.  Also, the “venting of the chromic acid tank to the west side of the 

plating building has resulted in highly contaminated stained soils.”  The soil at the Perfection Plating 

facility has been reported (E&E 1994) to be contaminated with chromium, nickel, copper, 

cadmium, lead, and zinc.  Elevated concentrations of lead were also detected on the Arsenal 

property along the fence line at concentrations ranging from 899 mg/kg to 8,030 mg/kg. 

In January 1995, E & E completed a phase II investigation of the Perfection Plating Site for 

the NYSDEC.  According to the “Final Phase II Remedial Investigation Report, Perfection Plating 

Site, Watervliet, New York” completed in May 1995, this phase of work was completed to 

“determine the extent of surficial metals contamination west of the plating building and the depth of 

metals contamination in the open area north of the warehouse building.”  Seven additional surface 

soil samples (SS-37 through SS-43) were collected on the WVA property immediately west of the 

fenceline, and four additional subsurface soil samples (SB-24, SB-26, SB-27, SB-29) were 

collected from a depth of 12 to 30 inches bgs north of the Perfection Plating warehouse in January 

1995.  The surface soil samples were analyzed for total chromium, copper, lead, and nickel.  

Results of the surface soil sampling “indicated the presence of high levels of chromium (19.6 to 182 

mg/kg), copper (30.5 to 2,000 mg/kg), lead (14.9 to 8,030 mg/kg), and nickel (41.2 to 8,750 

mg/kg).”  The subsurface soil samples were analyzed for cadmium, chromium and lead.  Overall, 

the results of the subsurface soil sampling for chromium and lead were at much lower 
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concentrations.  However, chromium in SB-26 and lead in SB-27 were 1.5 to 2.0 times higher than 

their corresponding surface soil samples.  

In August 1995, E & E completed a Feasibility Study at the  Perfection Plating site for the 

NYSDEC.  According to E & E, the purpose of the “Feasibility Study, Perfection Plating Site, 

Watervliet, New York” report was to develop remedial alternatives for the site.  Several 

alternatives were considered.  The “remedy” chosen by E & E is “excavation and off-site disposal 

{of soil}, together with groundwater...collection via trenches, on-site treatment, and disposal to 

POTW or sewer.”   

Watervliet had completed a tank removal in the ramp area in the Siberia Area.  A summary 

of this action is included in Appendix R. 

 

1.3 CONCEPTUAL SITE MODEL 

 

1.3.1  Overview of Site Conditions  

1.3.1.1  Source Characterization 

The following is a summary of source characterizations where wastes have been placed, 

collected or removed, according to consultants who have completed previous investigations in the 

Siberia Area.  Based on these previous investigations, the following potential sources of 

contamination have been identified: metal chips handling and storage areas, Perfection Plating, 

waste oils used in dust control, former burn pits, and the fill material. A conceptual site model has 

been included at the end of this section to provide a visual representation of potential sources of 

contamination and migration pathways based on this previous data (Figure 1-5). 

n William F. Cosulich Associates, P.C. , 1980 - Oil Pollution Source Elimination 
Study - Cosulich completed a study of the storm drain network as well as a 
subsurface investigation in the NW Quadrant of Siberia.  Cosulich concluded from 
this investigation that  the “major source of contamination is the oil from chips”. Metal 
chips, coated with cutting oils from machining operations, were dumped on the 
ground while awaiting transfer to vehicles for removal from the Siberia Area.  As of 
1980, the chips were transferred directly from holding containers into a truck with a 
magnetic crane.  However, oil from the metal chips dripped onto the concrete pad 
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and eventually found its way into the soil.  Observations made by Cosulich during this 
investigation included an area “saturated with oil” along the railroad spur  (“leachate” 
from this area was observed entering MH-118); lubricating oil ponded between 
railroad ties at a switch track; an oily sheen on the “swamp water” along the offpost 
track which eventually enters MH-119; and numerous other areas of surface soil 
contamination. 

 
n C.T. Male, 1986 - Preliminary Site Investigation - During this investigation, C.T. 

Male noted that the NE Quadrant was utilized as an open storage area for empty 
drums, wooden crates and abandoned equipment.  A loading ramp for refuse and 
scrap was also located in this quadrant.  The remainder of this investigation focused 
on the SE Quadrant where an oily substance was found in the lumberyard during 
excavation for building footings.  C.T. Male completed seven test pits with the 
following results:  PCB’s were identified in the soil and groundwater of test pits 1-3, 
5A, and 7.  PCB concentrations in soil ranged from <0.1 to 0.6 mg/kg, and in 
groundwater from <0.0001 to 0.002 mg/l.  High concentrations of chromium were 
detected in the groundwater (59 mg/l) and soil (743 mg/kg) of test pit 7.  Lead and 
iron were detected at levels exceeding groundwater standards at all test pit locations 
with the highest levels of both lead and iron at test pit 2 (lead - 0.7 mg/l, iron - 55.0 
mg/l) located near the original excavation. Lubricating oil and gasoline was detected 
in all of the soil samples collected with the highest levels of oil occurring at test pits 7 
(200 mg/kg) and 2 (42 mg/kg).  C.T. Male determined from this investigation that the 
contamination is concentrated around test pits 2 (located approx. 100 feet southeast 
of the excavation area) and 7 (located adjacent to Perfection Plating), however, 
“determination of the actual source(s)...at the site is not possible.”  C.T. Male 
proposed that the contamination may have originated from the use of waste oil for 
dust control, cutting oils containing PCB’s, and an offsite source of chromium (Plate 
1-1). 

 
n ESE, 1987 - Update of the Initial Installation Assessment - ESE reviewed 

previous investigations (i.e., Cosulich, and WVA files to update their initial 
assessment of the WVA) including the Siberia Area.  ESE summarized the following 
from the Cosulich study. 

“Metal chips coated with cutting oils from machinery operations 
were delivered to the area for temporary storage.  The chips were 
eventually transferred to railroad cars by a magnetic crane.  During 
the storage and transfer operations and while the railroad cars were 
awaiting pickup, oils dripped from the chips and onto concrete pads 
or on the soils in the area.  The {Cosulich} study concluded that the 
soils along the railroad tracks were saturated with oil, and soil 
contamination existed in several areas throughout the storage yard.  
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Subsequent to the study, WVA removed and replaced the 
contaminated soils.” 

Additionally,  according to ESE, waste combustible oils generated on WVA were 
sold to waste oil contractors prior to May 1985.  An analysis of this waste oil in 
1985 indicated a “chloride content too high for acceptance by the waste oil handler 
as a material to be combusted.”  The installation performed an investigation and 
determined that chlorinated paraffinic hydrocarbons were being used in some of the 
cutting oils.  Photographs were also reviewed for this study which indicated “potential 
contaminant sites” including two burn areas in the NE Quadrant “used for burning 
scrap lumber and sanitary wastes prior to 1970; mounded material in the NE 
Quadrant which “consists of construction rubble; ground stains in the NW Quadrant 
where “oil spills have occurred ... in the past.  WVA has removed and disposed of 
the oil-contaminated soils.”; and an outside storage area in the NW Quadrant used 
for “general storage-no hazardous materials were stored at this site.” 

 
n EA Science and Technology, 1988 - Surface and Subsurface Contaminant 

Characterization of the Watervliet Arsenal “Siberia Area” - EA concluded 
from their soil boring and monitoring well installation investigation that  

“flow beneath this area {NE Quadrant} indicates the source of the 
chromium contamination to be offsite and in an upgradient direction 
of well MW-EA-7.  Perfection Plating, a chromium electroplating 
facility, is located immediately offsite in this area, and should be 
highly considered as a potential source of the chromium 
contamination observed in the groundwater of this area.” 

 
Additionally, low level volatiles in the soil around Building 145 “may be associated 
with the operation of heavy equipment in this area”.  According to EA, the elevated 
total metals found across the Siberia Area “may be attributable...to the cinder, slag, 
and ash materials which comprise the fill material”, and the low levels of PCB’s 
detected in the soil “may be the result of past dust control practices.  Waste oils 
containing PCBs may have been spread over the site in the past to minimize dust and 
compact the fill.” 

 
n ESE, 1991 - Phase I RCRA Facility Investigation Report - According to ESE, 

at least two material handling practices may have been the primary causes of soil and 
groundwater contamination by petroleum, PCBs and solvents.  First, “the handling, 
storage, and shipment of metal chips created during cannon 
manufacturing...reported(ly)...stored west of the service road, in the area near 
buildings 148 and 151.  A portion of the oil...dripped from the metal chips or was 
washed off by rain...to the ground.”  Secondly, “disposal of used cutting oils” which 
were stored in underground tanks (USTs) and possibly mixed with spent solvents 
that originated from a process in which “chlorinated solvents were used to remove 
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cutting oils from manufactured products so that parts could be painted.”  This mixture 
was reportedly “removed from the USTs and transported to the Siberia area where 
they were sprayed on the ground for dust control.”  In addition to the above, ESE 
indicates that the “presence of Cr...may be related to the improper disposal of Cr-
bearing waste.  However, there are no known material handling procedures...that link 
Cr contamination in soil and groundwater with known material-handling practices at 
WVA.”  They indicate that “Perfection Plating, a commercial metal plating 
operation...may be a source of Cr contamination.” 

 
 

1.3.1.2  Contamination Characterization 

Past investigations have concluded that there are contaminants of concern in the Siberia 

Area, some of which are at concentrations which exceed their respective environmental standards.  

It has been shown that the Siberia Area is contaminated with petroleum hydrocarbons, solvents, 

PCB’s, pesticides, and heavy metals.  Analytical data collected during previous investigations 

suggest that the primary contaminants of concern are chromium, PCB’s, petroleum hydrocarbons, 

and chlorinated solvents.   

 

Soil Contamination 

Previous soil sampling locations are presented on Plate 1-1.  Soil contamination was found 

to be extensive by previous investigators.  Shallow soil samples (0 to 3 feet bgs) include five 

shallow soil samples collected by GTI, 30 soil boring samples collected by EA, and 16 shallow soil 

samples and 40 soil boring samples collected by ESE.  Samples collected from 2 to 7.5 feet were 

collected by C.T. Male during their test pit excavation investigation.  These test pit samples were 

composited.  ESE also collected test pit samples up to 10 feet deep from a backhoe bucket.  No 

specific depths of these grab samples were provided.  Deeper horizon data was collected by EA 

and ESE from 30 and 40 soil boring locations, respectively.   

Chromium was detected above its NYS Soil Cleanup Objective of 10 mg/kg (NYSDEC 

Division of Hazardous Waste Remediation Division Technical and Administrative Guidance 

Memorandum (TAGM)) at 33 sampling locations across the NE Quadrant.  The most elevated 

concentrations occurred at TP-CTM-7 (743 mg/kg), TP-ESE-5 (520 mg/kg), NSB-16 (423 

mg/kg), SS-4 (295 mg/kg), and NSB-6 (116 mg/kg).  All  are located west to northwest of 
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Perfection Plating.  The remaining concentrations of chromium were less than 45 mg/kg.  It appears 

that the NE Quadrant is contaminated with chromium up to a depth of approximately seven feet, 

although the contamination may extend up to 10 feet (the approximate total depths of the CT Male 

and ESE test pits).  The data suggests that chromium contamination decreased with depth. 

Chromium was also detected above its TAGM at 24 sampling locations across the SE Quadrant.  

The most elevated concentrations occurred at TP-CTM-3 (595 mg/kg), TP-CTM-2 (95 mg/kg), 

NSB-32 (74.4 mg/kg), and TP-ESE-7 (68.3 mg/kg).  The remainder were at concentrations of 

less than 43 mg/kg.  Chromium was detected in the soil at nine sampling locations in the SW 

Quadrant.  The two most elevated concentrations of chromium were detected in TP-ESE-10 (2640 

mg/kg) and at MW-ESE-1 (1410 mg/kg) located east of the Main Substation.  The depths of these 

samples is unknown.  The remaining seven sampling locations had concentrations of chromium less 

than 25 mg/kg.  Chromium was detected above its TAGM at nine sampling locations in the NW 

Quadrant.  All were less than 30 mg/kg. 

Based on the previous data, chromium contamination is most prevalent in the NE Quadrant 

where it may extend to a depth of 10 feet.  Although the presence of high levels of chromium in the 

soil in the southeastern and southwestern corners of the site is established, the horizontal and 

vertical extent of contamination in these areas is not known.  Possible sources of chromium 

contamination include Perfection Plating in the NE Quadrant.  Chrome oxide flakes, which are used 

in the plating operations on WVA, is stored in Building 148 in the Siberia Area.  Parts coated with 

this chemical may have been stored on the ground in Siberia providing another potential source of 

chromium contamination.  The areas outside of Building 148 and 151 were historically used for chip 

handling.  Chips were piled on the ground.  The cutting oils which may have contained solvents and 

chromium seeped into the soil.  High levels of chromium found at two isolated areas in the southern 

part of the site can not be attributed to Perfection Plating.  Chromium concentrations of 2,640 

mg/kg and 595 mg/kg were detected in the soils of TP-ESE-10 located in the SW Quadrant, and 

TP-CTM-3 located in the SE Quadrant, respectively.  Contamination in these two areas may be 

attributable to a localized spill or disposal of materials containing chromium. 
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High lead concentrations were detected at several sampling locations at varying depths.  

These sampling locations include TP-ESE-5 (2,450 mg/kg; 1.0 to 1.5 feet), TP-ESE-10 (456 

mg/kg; 0 to 5 feet), NSB-10 (747 mg/kg; 0 to 2 feet), NSB-16 (475 mg/kg; 4 to 6 feet), NSB-6 

(656 mg/kg; 0 to 2 feet), SS-7 (14,400; 0 to 2 feet), and MW-ESE-1 (619 mg/kg; unknown 

depth).  With the exception of SS-7 in the SE Quadrant, these sampling locations are in the NE and 

SW Quadrants.  The lead contamination in the NE Quadrant may be originating from Perfection 

Plating.  The source of the lead in the SW Quadrant could possibly be attributable to the cutting oils 

stored in that area. 

Surface and shallow soil (0 to 3 feet bgs) contaminated by petroleum hydrocarbons was 

detected throughout the site.  High concentrations of petroleum hydrocarbons were detected at 

greater depths (3 to 10 feet bgs) at four main areas.  These areas include the NE Quadrant (NSB-

16; 1,390 mg/kg), the area to the south of Building 151 (NSB-26; 582 mg/kg), the area north and 

east of Building 150 (NSB-39; 700 mg/kg), and the SW Quadrant (MW-ESE-1; 44,400 mg/kg).  

The soil gas survey completed by ESE indicated the presence of VOCs from 0 to 5 feet bgs in the 

same general areas as delineated by soil analysis. PCBs were also detected at shallow depths (0 to 

3 feet) above its TAGM (1.0 mg/kg for surface soil and 10 mg/kg for subsurface soils) throughout 

the site.  No PCBs were found at greater depths in soil borings.  Their presence in the shallow soil 

indicates a surface source (spill) rather than a subsurface release. 

Solvents (TCE and PCE) were found at concentrations above their TAGMs at several 

locations in the eastern half of the site and at one location in the northwestern corner, primarily at 

shallow depths.  Vinyl chloride (VC) was also detected at an elevated concentration in shallow soils 

(4,600 ug/kg; 0 to 3 feet bgs) at NSB-3 in the NE Quadrant.  Most likely, PCB-bearing lubricating 

or cutting oil, is the source for petroleum hydrocarbons, solvents and PCBs.  Contamination in the 

eastern part of the site may have been a result of past chip handling activities.  Also, the 

contamination near Building 150 may be a result of past or present chip handling activities.  

Spraying a mixture of oil and solvents on the ground for dust control was a common practice in the 

past throughout the Siberia Area.  This practice may account for the contamination present in the 

soil, as well as the nature of the contamination. 
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Pesticides were detected at elevated concentrations in three samples collected by ESE.  

These sample locations include MW-ESE-6 (DDE-37,500 ug/kg and DDD-41,900 ug/kg), SS-6 

(DDD-3,600 ug/kg; DDE-1,260 ug/kg and DDT 5,250 ug/kg), and SS-7 (DDD-4,360 ug/kg; 

DDE-748 ug/kg and DDT 4,068 ug/kg).  The SS-6 and SS-7 samples were collected from 0 to 3 

feet bgs.  Other sample locations along the eastern fence line had high pesticide concentrations as 

well.  These samples were located about 60 feet apart along the eastern boundary of the site, east 

of Building 148.  The source of this localized contamination by pesticides is not known.  Pesticides 

were used in the Siberia Area for weed and insect control.  However, the concentrations observed 

here are much higher than would be used in normal pesticide applications.  A past spill of pesticides 

may be a cause of the contamination.  Located to the east of the contaminated area, outside the 

boundary of the Siberia Area, is a residential area.  General refuse was noted by IMS personnel in 

the area between the Siberia Area fence  and the houses.  An unauthorized disposal of pesticides 

may have occurred in this area, followed by movement of these chemicals downgradient towards 

the Siberia Area. 

 

Groundwater Contamination 

Previous analytical data for groundwater includes multiple sampling of 17 existing 

monitoring wells and sampling of water encountered in several test pits at the time of their 

excavation.  Chromium was detected at elevated levels in groundwater at MW-EA-7 (20,500 ug/l), 

MW-EA-8 (3,580 ug/l), and MW-ESE-9 (131,000 ug/l), all of which are located in the NE 

Quadrant near Perfection Plating.  PCB contamination was detected at five sampling locations, 

scattered across the eastern half of the site.  Petroleum hydrocarbons were found in four wells, two 

of which are located in the SE Quadrant (MW-GTI-3 - 0.5 ug/l and MW-ESE-2 - 0.2 ug/l) and 

two in the SW Quadrant (MW-ESE-3 - 0.2 ug/l and MW-ESE-5 - 0.2 ug/l).  Petroleum 

hydrocarbons were also detected in one test hole (TH-2 - >10,000 mg/l) and one piezometer (B-

102 - 27 to 32 mg/l) in the NW Quadrant.  Possible sources of petroleum hydrocarbons in 

groundwater at these locations include storage of chips coated with cutting oils on the ground 

surface, infiltration into the soils, and eventually to the groundwater.  At MW-ESE-2, petroleum 
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hydrocarbon contamination may be attributable to an offsite source.  Solvents were found in the 

groundwater at four locations (MW-ESE-8, MW-EA-6, TP-CTM-1, and TP-CTM-5), all of 

which are located to the east of the service road.  Heavy metals, such as antimony, barium, 

cadmium, nickel, and lead were detected in several groundwater samples above their TAGMs 

across the site.  According to the NYSDEC, chromium contamination in the NE Quadrant is 

originating from Perfection Plating and is currently under investigation by the NYSDEC.  Petroleum 

hydrocarbons, solvents and PCBs in the eastern part of the site may be attributable, in part, from 

past chip handling practices and from the spraying of oil containing solvents for dust control.  

Contamination from petroleum hydrocarbons detected in wells along the southern and western 

boundaries of the site may have resulted from accidental spills or oil sprayed for dust control.  The 

source(s) of antimony, barium, cadmium and lead detected in the groundwater is not known. 

 

Conclusion 

Based on the review of historical data by previous investigators, soils and groundwater are 

contaminated by chromium, lead, petroleum hydrocarbons, PCBs, and solvents.  This 

contamination was detected across the Siberia Area with contamination of soil and groundwater 

most prevalent in the NE Quadrant, NW Quadrant, area around Building 148, and an area west of 

the Main Substation.  Sources of chromium contamination in soil and groundwater is presumed to 

be the Perfection Plating facility (NE Quadrant) and chrome oxide flakes used by the WVA for 

plating purposes.  Other heavy metals, PCBs, petroleum hydrocarbons and solvents detected in soil 

and groundwater are most likely attributable to the handling and storage of metal chips, scrap metal, 

and cannon parts coated with lubricating and cutting oils, and former dust-control practices.  

Outside storage of drums and hazardous materials east of Building 148 is another potential source 

of contaminants to soil and groundwater.  Pesticide contamination detected in soils and to a lesser 

degree in groundwater, are probably attributable to poor handling practices and overspraying of the 

Siberia Area for weeds and insects.  Oil observed by Cosulich, entering manholes in the Chip 

Handling Facility, provided the source of petroleum hydrocarbon contamination to the storm sewer 

network. 
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Figure 1-5 is a conceptual site model depicting these potential sources and migration 

pathways.  As shown, contamination potentially enters the surface soils and infiltrates through the 

subsurface soils to groundwater.  Chromium contamination in groundwater originating from 

Perfection Plating in the NE Quadrant flows to the northwest, and exits the site. 
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 2.0 PHYSICAL CHARACTERISTICS 
 OF THE STUDY AREA 

 

 

2.1 GENERALIZED TOPOGRAPHY AND GEOLOGY 

 

The Siberia Area was swamp land prior to being filled in during the 1940's.  This 

topographically low area is situated west of the main manufacturing area of WVA, and east of the 

Kromma Kill, a tributary of the Hudson River.  A hydrologic drainage divide occurs approximately 

two-thirds of the way across the main manufacturing area of WVA from Broadway (Route 32).  

This divide is parallel with the Hudson River and is located west of Buildings 120, 125, and 135.   

The divide coincides with the highest elevation of the WVA (approximately 75 ft. AMSL).  

Groundwater on the west side of this divide flows to the west across the Siberia Area toward the 

Kromma Kill and toward an unnamed tributary located northwest of the Siberia Area (Figure 1-1). 

 Surface water is generally directed into the storm sewer network which is connected to the City of 

Watervliet combined sewer system network.  The storm water discharges to the Albany County 

Treatment Plant, except during wet weather.  All flows in excess of approximately 2.5 times the 

average dry weather flow, from the combined sewer system discharges to the Hudson River.  The 

Siberia Area ranges in elevation from approximately 45 ft. AMSL to 41 ft. AMSL. 

According to the "Surficial Geologic Map of New York - Hudson-Mohawk Sheet, 1987", 

a majority of the WVA is underlain by recent alluvial deposits.  These are defined as  fine sand and 

gravel deposits overlain by silt.  The Siberia Area, which is at a lower elevation than the main 

manufacturing area of the WVA located to the east, is generally underlain by a layer of fill (sand, 

shale fragments, slag, cinders, brick, wire, wood and concrete).  Alluvium, lenses of peat, and 

lacustrine clay deposits were encountered beneath the layer of fill material. 

According to the "Geologic Map of New York - Hudson-Mohawk Sheet, 1970", the site 

is underlain by Normanskill Shale of the Lorraine, Trenton, and Black River Groups.   This 

formation is comprised of minor mudstone and sandstone and is dark gray to black in color.  
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However, based on recent field observations, and the absence of sandstone, it is likely that the 

bedrock beneath the site is the Snake Hill Formation mapped by LaFleur (New York State 

Geological Association Guidebook, 1961), which is comprised mainly of dark gray shale.  This unit 

lies stratigraphically above the Normanskill Shale.  During the Siberia Area investigation, highly 

weathered shale was encountered from approximately three and a half to 31.0 ft-bgs.  In general, 

competent bedrock was encountered at approximately 12.0 ft-bgs.  The upper portion of the 

competent bedrock was found to be fissile and highly fractured with 45 to 60 degree bedding 

planes.  The depth to competent bedrock was based on auger refusal during drilling. 

 

2.2 GENERALIZED HYDROLOGY AND METEOROLOGY 

 

Groundwater flows generally to the north-northwest in the NE Quadrant of the Siberia 

Area, and generally to the west across the remainder of the Siberia Area. 

Groundwater level data indicates that the Siberia Area is a local recharge area.  The water 

table responds quickly to recharge events, and during times of low precipitation the water table may 

occur in the shale bedrock over portions of the Siberia Area.  However, on the average, the water 

table is encountered in the overburden. 

Surface water in the Siberia Area that does not infiltrate is generally directed into the 

existing storm sewers.  The storm sewer is connected to the City of Watervliet storm sewer 

network.  According to the City of Watervliet Water Department, the storm and sanitary sewer is a 

combined network which is carried via a 66-inch water main to the Albany County Sewage 

Treatment Plant (IMS, 1994), except during wet weather.  All flows in excess of approximately 2.5 

times the average dry weather flow, from the combined sewer system discharges to the Hudson 

River.  Following treatment, the water is discharged into the Hudson River.  No surface water 

bodies exist within the Siberia Area. 

Based on data compiled by the National Climatic Data Center (NCDC) between 1965 and 

1994, the average annual precipitation for the Albany, New York area is about 36.56 inches per 

year.  The precipitation is evenly distributed throughout the year, with an approximate monthly 
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average of 3.05 inches.  The highest average amount of precipitation, 3.69 inches, typically occurs 

in July.  February has the least average amount of precipitation, with approximately 2.35 inches.  To 

date, meteorological data for 1995 has been compiled for January through July.  Based on these 

data, the average monthly precipitation for these seven months is 0.19 inches.  The highest average 

amount of precipitation recorded during this period occurred in February with 0.62 inches.  The 

lowest average amount of precipitation to date occurred in May at 0.04 inches.  These averages are 

far below the normal precipitation amounts for February and May of 2.35 and 3.34 inches, 

respectively.  This is indicative of drought conditions.  The impact of the reduced rainfall resulted in 

a lower groundwater table as seen through field activities, i.e., depth to water during drilling and 

subsequent water level readings.  This was confirmed when comparing the recent water level data 

with historical data collected from the previously existing monitoring wells. 

Average monthly temperatures range from seasonal lows during January and February of 

approximately 23 degrees Fahrenheit to seasonal highs during July of about 72 degrees Fahrenheit. 

 To date, meteorological data for 1995 has been compiled for January through July.  The average 

monthly temperatures for these months range from 22.8 degrees Fahrenheit in February, to 74.0 

degrees Fahrenheit in July. 

According to the NCDC, the climate in the Albany area is primarily continental in character, 

but is subject to some modification by the Atlantic Ocean.  In the warmer seasons, temperatures 

rise rapidly during the day, and fall rapidly after sunset.  Winters are usually cold and sometimes 

fairly severe with maximum temperatures generally below freezing and nighttime lows below 10 

degrees Fahrenheit.  Sub-zero temperatures occur about twelve times a year.  Snowfall is variable. 

 Wind velocities are moderate (mean speed of 8.9 mph) and are usually southerly. 

 

2.3 LAND USE 

 

The Siberia Area is located within a light industrial area and is bounded by residential to the 

north and northeast, light industrial/commercial to the east (Perfection Plating, Shaker Tire 

Company), light industrial to the south (former Delaware & Hudson railroad yard), and heavier 



 
f:\p\0285591\d\rfi\final\sec-2.wpd 2-4 

industries located further to the west (Adirondack Steel).  The Siberia Area is bound on the west 

by the D & H Railroad tracks (Figure 2-1). 

The Main Substation, located in the SW Quadrant, provides approximately 115,000 volts 

of electricity to the main manufacturing area of the WVA.  The Main Substation is bounded by a 

chain link fence, around which various cannon and artillery parts are stored either on the ground or 

on wooden platforms.  Gun boxes, used for shipping gun tubes, are also stored in this area.  Also 

included in the SW Quadrant is Building 145, the Defense Reutilization and Marketing Office 

(DRMO), which is used for storage of supplies and hazardous materials used at the Arsenal and for 

disposal of surplus Army supplies.  This is the largest structure in the Siberia Area and has an area 

of approximately 60,000 square feet.  Reportedly, approximately 1200 square feet of the DRMO 

is used for storage of empty and full drums containing electroplating wastes/rinsewaters. 

The Lumberyard, located within the SE Quadrant, is used for storage of lumber used in the 

construction of the cannon crates.  Also included in this area of Siberia are Buildings 148 and 151, 

used for storage.  These buildings are each approximately 4,000 square feet in size.  Building 148 is 

used for the storage of chemicals (sodium hydroxide and chromium oxide) used at the arsenal.  

Building 151 is used for the storage of sand.   The area behind (east) of these two buildings is used 

for the storage of gun boxes. 

The NE Quadrant of the Siberia Area was historically used for burning of waste as 

previously described in Section 1.2.1.  According to a RFA report completed by the NYSDEC in 

1992, an open storage area located near Building 149 (a guard shack near the north fence) and the 

refuse loading ramp was used for empty drum storage (500 to 1500 drums) awaiting recycling or 

sale.  Currently, the area is used for storage of scrap lumber, empty drums, and cannon barrels.  

The refuse loading ramp is used for loading concrete, scrap metal and other refuse into containers 

that are hauled away regularly by contractors.  A 1,000 gallon waste oil UST is located adjacent to 

the ramp, near its northern edge.  The UST is used to collect any waste oil or solvents that drain out 

of the refuse lying in containers. 

The Chip Handling Facility, located in the NW Quadrant of the Siberia Area, is used for 

temporary storage of metal chips and scrap metal created during the manufacture of cannons.  
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Excess chips that are not removed by truck are temporarily stored on concrete slabs  within 

Building 141.  The building has separate bays for ferrous, aluminum, brass and copper chips.  The 

cutting oils from the chips are directed into a floor drain which leads to an 8,000 gallon underground 

waste oil storage tank located on the north side of the building.  The double walled tank was 

installed in 1988 and replaced a 6,000 gallon waste oil tank.  The tank is pumped regularly by West 

Central Environmental.  Prior to its current use, Building 141 was used for storing desks, 

mattresses, and other miscellaneous articles.  Building 150 is the old chip handling building and is 

currently used for storage of properly packaged asbestos material awaiting disposal, and spill 

prevention materials such as pillows and absorbent powders.  During its use for chip handling 

purposes, the metal chips were crushed into small pieces in Building 150 and loaded onto railroad 

cars by a conveyor belt system.  Operations were switched to Building 141 in the late 1970's when 

chip handling procedures changed.  Outside storage bins are located in the western portion of the 

Chip Handling Facility, east of the railroad spur.  Historically, metal chips were stockpiled in this 

area.  Currently, scrap metal, collected from the WVA and other government facilities, is stored in 

these bins which sit directly on the ground surface.  Building 146 in the Chip Handling Area, is a 

small one story building used for office purposes.  The northern, eastern and western sides of the 

Chip Handling Area are covered with storage containers, tankers, jeeps, and scrap metal. 
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 3.0 METHODS OF INVESTIGATION 

 

 

3.1 GEOPHYSICAL SURVEY 

On January 9-13, 1995, Gartner Lee, Inc. conducted a geophysical survey in the Siberia 

Area to map bedrock topography; to assess bedrock lithology; and to geophysically characterize 

fracture patterns within the bedrock.  The work was conducted in accordance with Section 2.2 of 

the approved Work Plan. 

A total of 2,925 feet of seismic refraction data were obtained along five seismic lines.  A 

total of 116 seismic refraction records were collected along the seismic lines during the 

investigation.  The refraction survey was conducted by installing 48 geophones at five foot spacings 

on the ground.  The results of the survey were difficult to interpret because of  the variable fill 

materials present across the site.  However, the data was used to help with the interpretation of the 

top of bedrock in Section 4.0. 

Locations of the geophysical survey are shown of Figure 3-1.  A copy of the Gartner Lee, 

Inc. report is presented in Appendix A. 

 

3.2 GROUNDWATER FIELD SCREENING SURVEY 

On December 13-16 and 19-22, 1994, TARGET Environmental Services, Inc. (TARGET) 

conducted a groundwater field screening survey at the site.  The work was conducted in 

accordance with Section 2.6 of the approved Work Plan. 

Seventy-four samples were proposed, however, due to a lack of groundwater at five 

locations, sixty-nine groundwater samples were collected.  Locations of the field screening sampling 

points are shown on Figure 3-2.  A copy of the TARGET report is presented in Appendix B.  The 

depth of geoprobe penetration is also presented in Appendix B.     
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3.3 SOIL SAMPLING 

3.3.1  Surface Soil Sampling 

On December 13-19, 1994, Malcolm Pirnie personnel collected 37 shallow soil samples at 

various locations within the Siberia Area.  The samples were collected to define, in conjunction with 

previous data, the horizontal extent of contamination in the shallow soils.  The work was conducted 

in accordance with Sections 2.3 and 3.4.3.4 of the approved Work Plan. 

Of the proposed forty shallow soil samples, only thirty-seven were collected, due to limited 

access caused by a thick concrete pad located between the Chip Handling Facility and Building 

145. 

In addition to the originally proposed samples, four background surface soil samples (SS-

51 through SS-54) were collected from the golf course located in the main manufacturing area of 

WVA on July 17, 1995. 

In general, surface soil samples were collected from 0.5 to 1 ft-bgs.  However, in areas 

where road bed materials (gravel) and geotextile were encountered, the samples were collected 

approximately one foot below the gravel/geotextile. 

Rocks, twigs and debris were removed from soil samples being analyzed for VOCs prior to 

being placed into the appropriate sample containers.  The remaining portion of the sample was then 

placed into a stainless steel bowl for homogenization.  From the sample remaining in the bowl, field 

personnel filled sample containers for SVOC, Pesticide/PCB, and metals analysis.  Surface soil 

sample locations are shown on Figure 3-3. 

 

3.3.2  Soil Sampling with Split Spoons  

During the period of April 27, 1995 through May 5, 1995, Malcolm Pirnie completed 27 

soil borings at the site.  The work was conducted in accordance with Section 2.5 of the approved 

Work Plan and Section 4.2 of the approved Final Work Plan Addendum.  On May 22-23, 1995, 

two additional soil borings, SB-28 and SB-29, were completed along the northern fenceline in the 

Chip Handling Facility to better delineate the extent of contamination observed in previously 

installed borings (SB-3 and SB-4). 
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On October 16-17, 1995, five additional soil borings, SB-30 through SB-34, were 

completed in the area of the Main Substation to better delineate the extent of contamination in the 

soils on and off the site. 

On May 21-22, 1996, eight soil borings were completed in the area surrounding WVA-

SA-MW-32.  Four soil borings were originally planned, labeled B32-N, B32-S, B32-E and B32-

W.  After field examination of split-spoon samples, however, it was decided that four additional 

borings, labeled B32-5 through B32-8, should be completed to further delineate the extent of 

chlorinated organics. 

Ten of the 34 soil borings were completed to the top of rock to confirm the results of the 

seismic survey.  The soil samples were collected from above the water table, except in instances 

where the water table was less than two feet bgs.  Selection of the soil samples was based on 

visual, olfacory, and HNu headspace readings.  The samples were containerized and analyzed as 

described in Section 3.3.1 for surface soil sampling.  Information collected during completion of the 

soil borings included soil classification information, field observations, and sampling information.  

Copies of the soil boring logs are located in Appendix C.  Soil boring sampling locations are shown 

on Figure 3-4. 

 

3.3.3  Bedrock Coring 

During the course of this investigation, five bedrock wells were installed in the Siberia Area. 

 Bedrock cores were collected during the installation of these wells.  The coring operations were 

conducted in accordance with Section 2.7.6 and 2.7.7 of the approved Work Plan.  Information 

obtained from these cores included percent recovery, RQD, bedrock classification, and soundness, 

i.e. competency, of the rock.  Copies of the monitoring well boring logs are included in Appendix 

D.  Monitoring well locations are shown on Figure 3-5. 

 

3.4 MONITORING WELL INSTALLATION 
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During the period of May 8 through June 2, 1995, and November 13, 1995, 20 monitoring 

wells were installed in the Siberia Area.  The work was conducted in accordance with Section 

2.7.6 of the approved Work Plan and Section 4.3 of the Final Work Plan Addendum.  A summary 

of existing and newly installed wells is provided as Table 3-1. 

Monitoring well 95MPI-MW-18, scheduled to be installed in the overburden, was not 

installed due to the lack of saturation in the overburden at that proposed location.  Monitoring wells 

95MPI-MW-36, 95MPI-MW-37, and 95MPI-MW-38 were added to the field program in order 

to better delineate the horizontal and vertical extent of contamination in the groundwater along the 

northern fenceline of the Chip Handling Facility. 

Nine of the twenty wells were drilled using drive and wash methods with six-inch steel 

casing.  This method was used in place of 6 1/4-inch hollow stem augers (HSA) due to the 

presence of silty clay or clay.  Drive and wash was used to reduce the potential of borehole smear. 

 In several instances during monitoring well installation, the depth of the monitoring wells, screen 

lengths, thicknesses of bentonite seals and sandpacks, and number of soil samples collected were 

not in accordance with the Work Plan because either the water table was encountered at a shallow 

depth, and/or weathered bedrock was encountered.  These deviations from the Work Plan were 

discussed with the USACE and the NYSDEC and approved prior to implementation.  Locations of 

the monitoring wells are shown on Figure 3-5.  A copy of the monitoring well construction sheets 

are presented in Appendix E. 

 

3.4.1  Well Development 

The 20 newly installed monitoring wells were developed from May 23 to June 13, 1995 

and on November 14, 1995.  The work was conducted in accordance with Section 2.7.8 of the 

approved Work Plan, except that the recharge rates of several of the wells were slow, and a 

majority of the wells were purged to dryness.  Therefore, the criteria for well development was 

adjusted to accommodate for slow recharge rates.  The revised criteria included, a) to remove as 

much silt as possible from the well, b) to obtain a turbidity level less than 50 NTU’s, and c) to 

purge five well volumes. Every reasonable effort to obtain these goals was made during field 
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activities.  However, in several instances the criteria were not met, so development was considered 

complete when a total of five hours of development had been completed.  These deviations from 

the Work Plan were discussed with the USACE and the NYSDEC and approved prior to 

implementation.  A copy of the well development logs is presented in Appendix F. 

 

3.5 GROUNDWATER SAMPLING 

3.5.1  First Round Groundwater Sampling 

Groundwater sampling of the newly installed and previously existing monitoring wells was 

completed from June 26 through July 13, 1995.  The work was conducted in accordance with 

Section 2.6.2 of the approved Work Plan, with the exception of the procedures outlined below. 

During sampling, each well was purged with either a dedicated Teflon bailer, or a check 

valve attached to polyethylene tubing, in place of a stainless steel submersible pump and associated 

polyethylene tubing, this was done due to the potential of drying up the well because of slow 

recharge rates.  However, despite this effort, many of the wells were purged to dryness. 

Groundwater samples for VOC analysis were collected as soon as enough groundwater 

entered the well after purging was completed.  Samples for SVOC’s, metals and Pesticides/PCB’s 

were then collected over a period which did not exceed two days, with the exception of 95MPI-

MW-19 which was sampled over a period of three days.  Groundwater sampling of 95MPI-MW-

23 was inadvertently forgotten during the June and July sampling event.  Therefore, it was sampled 

on August 22, 1995. 

A decline in the water level occurred from the time of well installation to the time of 

groundwater sampling, thereby affecting the sampling requirements at a few of the sampling 

locations.  Monitoring well 95MPI-MW-33 was not sampled in June and July because it was dry at 

the time of sampling.  Sampling of 95MPI-MW-33 was later conducted on October 11, 1995 for 

volatiles, semi-volatiles and metals.  There was insufficient water volume in the well to collect 

samples for pesticides, PCBs or hexavalent chromium.  Similarly, monitoring well MW-DEC-1 

produced only enough water to collect a sample for volatile organic compound analysis.  No other 

analysis were conducted on this well. 
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Locations of the groundwater sampling points are shown on Figure 3-5.  A copy of the 

purge logs is presented in Appendix G. 

 

3.5.2  Second Round Groundwater Sampling 

Second round groundwater samples were originally collected between April 23 and April 

29, 1996.  Groundwater samples for pesticide and PCB analysis were recollected from 95MPI-

MW-28, 95MPI-MW-31, 95MPI-MW-37, and MW-GTI-2 on  May 28, 1996 due to errors 

committed by the laboratory.    Monitoring wells MW-EA-7, MW-ESE-5, and MW-ESE-9 were 

excluded from second round groundwater sampling due to their location and the belief that they 

would not supply relevant information.  The work was conducted in accordance with Section 2.6.2 

of the approved Work Plan, with the exception of the procedures outlined below. 

During sampling, each well was purged with either a dedicated Teflon bailer or a check 

valve attached to polyethylene tubing in place of a stainless steel submersible pump and associated 

polyethylene tubing.  This was done because some monitoring wells had the potential to dry up 

because of slow recharge rates.  However, despite this effort, many of the wells were purged to 

dryness. Due to insufficient recharge, neither 95MPI-MW-30, 95MPI-MW-33, nor 95MPI-MW-

DEC-1 was sampled for semi-volatiles, inorganics, or pesticides and PCBs.  For the same reason, 

MW-GTI-3 was not sampled for inorganics or pesticides and PCBs. 

 

3.6 HYDRAULIC CONDUCTIVITY TESTING 

On July 12-17, 1995, hydraulic conductivity testing (slug testing) was performed on the newly 

installed shallow overburden monitoring wells.  Work was completed in accordance with Section 

2.7.12 of the approved Work Plan except that a water level meter and wrist watch were used to 

record recovery rates in wells that were too shallow to use a pressure transducer effectively. 

A copy of the hydraulic conductivity data is presented in Appendix H. 

 

3.7 SURFACE WATER AND SEDIMENT SAMPLING 
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On September 27, 1995 one surface water and one sediment sample were collected.  The 

sampling was completed in accordance with Sections 2.4.3.4 and 3.4.3.6 of the approved Work 

Plan except that the samples were collected at the NW corner of the  site, outside of the fenceline 

but on the installation property. 

 The surface water sample was collected first by submerging the laboratory sample bottles.  

Care was taken to avoid stirring up sediments that could contaminate or alter the water sample 

chemistry.  Sediment samples were collected by using a pre-cleaned decontaminated stainless steel 

scoop/spatula.  Volatile sample fractions were collected first and immediately placed into laboratory 

bottles.  The remaining sample fractions were then placed into a stainless steel bowl to be 

homogenized for SVOC, RCRA metals, and Pesticide/PCB analysis.  Locations of the surface 

water and sediment samples are shown on Figure 3-6. 

 

3.8 STORM AND SANITARY SEWER SYSTEM SAMPLING 

3.8.1  Video Inspection 

On May 22-23, 1995, Grout Tech, Inc. (Grout Tech) completed a storm sewer video 

inspection to locate leaks, cracks or obstructions within the Siberia Area storm sewer system.  

Video inspections were completed from MH-125 to 122, MH-126 to 125, MH-127 to 126, MH-

116 to 117, and MH-118 to 117 (Figure 3-7).  The original scope included an inspection of a six-

inch storm sewer line which could not be accessed by Grout Tech.  This line is located east of 

Building 145 and only had one manhole.  Two are necessary to complete the video survey.  A 

video inspection was completed from MH-116, 117 and 118 were inspected in the Chip Handling 

Facility.  Observations noted during the survey included leaking joints between 118-117, sand and 

debris in all of the pipes, mineral deposits between 127-126, and sagging pipe between 116-117.  

A copy of the Grout Tech report is presented in Appendix I. 
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3.8.2  Water and Sediment Sewer Sampling 

On August 10,11 and 15,1995 Malcolm Pirnie personnel attempted to sample the water 

and sediment within all of the storm and sanitary sewers located in the Siberia Area. Samples were 

collected in accordance with Section 2.4.3 of the approved Work Plan with the exception of the 

following.  The following summarizes the samples that were obtained. 
 
 

 
Water Sample 

 
Sediment Sample 

 
STORM SEWER SAMPLING: 

 
·    STS-1 

 
Yes 

 
No Sediment 

 
·    STS-2 

 
No Water 

 
No Sediment 

 
·    STS-3 

 
Yes 

 
Yes 

 
·    STS-4 

 
Yes 

 
No Sediment 

 
·    STS-5 

 
Yes 

 
Yes 

 
·    STS-6 

 
Yes 

 
Yes 

 
SANITARY SEWER SAMPLING: 

 
·    SNS-1 

 
Not Found(1) 

 
Not Found(1) 

 
·    SNS-2 

 
No Longer Exists(2) 

 
No Longer Exists(2) 

 
·    SNS-3 

 
Inaccessible(3) 

 
Inaccessible(3) 

 
·    SNS-4 

 
No Water 

 
No Sediment 

 
·    SNS-5 

 
No Water 

 
No Sediment 

 
·    SNS-6 

 
Yes 

 
No Sediment 
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      (1)  This sanitary sewer location, as shown on a map provided by WVA, was not found in the 
field by either Malcolm Pirnie or WVA personnel. 

      (2) According to WVA personnel, SNS-2 was disconnected. 
      (3) According to WVA personnel, SNS-3 exists, but is inaccessible due to a large pile of 

hardened slag material. 
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Water samples were collected with a decontaminated stainless steel pitcher and eight-foot 

chain in place of a disposable Teflon bailer.  The pitcher was lowered down into each manhole until 

water inside the manhole flowed into the pitcher.  The pitcher was then pulled to the ground surface 

and the sample was then placed directly into laboratory bottles.  This procedure was repeated until 

all laboratory bottles were completely filled. 

Sediment samples were collected with a stainless steel scoop.  Locations of the storm and 

sanitary sewer samples are shown on Figure 3-7. 

 

3.8.3  Sewer Bedding Sampling 

On April 26, 1996, sewer bedding sampling points were installed in the side walls of 

manholes 120 and 125 and SNS-06 (Figure 3-7).   The sewer bedding monitoring points installed 

at manholes 120 and 125 did not yield any groundwater and the sewer bedding material 

surrounding these manholes was determined to be clay.  At SNS-06, a groundwater sample was 

collected from the monitoring point installed in the sanitary sewer bedding and sent for analysis.  

Sewer bedding sampling points were not installed in manholes 116, 117 and 121, as had been 

planned, because it became apparent that the bedding surrounding this sewer line consisted of clay 

and thus the sampling points would not yield groundwater at any location along its length.  

The sewer points were installed by drilling a hole, one-inch in diameter, through the side 

wall of the sewer line one to two feet from the bottom of the manhole.  The hole was advanced to a 

distance of approximately 1.5 feet beyond the wall.  Once the hole was advanced, a monitoring 

point was installed.  The monitoring points consisted of 3/4-inch diameter, PVC, one-foot long, 10-

slot screens with 3/4-inch PVC solid wall pipes.  The monitoring points were inserted into the holes 

and the annular space surrounding the PVC and sealed with fast drying Portland cement, to prevent 

the seepage of water into the sewer from the bedding material.  After the cement dried, a “stop-

cock” valve was threaded onto the PVC, to allow for the collection of a groundwater sample. 

In October, 1996 additional sewer bedding sampling was conducted using a geoprobe rig.  

The samples were screened in the field and two samples were shipped off-site for confirmation 

sampling.  The sampling locations are shown on Figure 3-8. 
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3.9 INVESTIGATION DERIVED WASTES 

Investigation derived wastes were handled in accordance with Section 2.7.13 of the approved 

Work Plan with the exception of the disposal of chromium bearing water in the NE Quadrant.  

During well development, groundwater was inadvertently disposed of onto the ground in the area 

from which it came.  The NYSDEC was informed.   

Based on the analytical results of soil samples collected during the investigation, the drums 

were characterized as hazardous or non-hazardous.  Several drums were selected as potentially 

hazardous and four composite samples were collected on August 30, 1995.  Based on these 

results, all but one of the samples were characterized as non-hazardous.  On October 16-17, 1995, 

West Central Environmental was contracted to dispose of the soils contained in the drums.  The 

soils were disposed of at the Town of Colonie Landfill.  The water contained in the drums was 

discharged to the ground surface in the Siberia Area after evaluating the analytical results.  Disposal 

of the IDW was approved by the NYSDEC and the USEPA.  A summary table listing the contents 

of each drum and their source is included as Table 3-2. 
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 4.0  GEOLOGY AND HYDROGEOLOGY 

 

 

4.1 GEOLOGY 

 

4.1.1  Surface Soils 

Surface soils in the Siberia Area have been mapped by the National Cooperative Soil 

Survey (NCSS) as one of two distinct units.  The majority of the SW Quadrant and the southern 

portion of the SE Quadrant has been mapped as soil type Ur, while the remainder of the Siberia 

Area has been mapped as soil type Uh. 

Ur is classified as “urban land” and described as typically being at least 85 percent 

impervious to infiltration and having a slope of 0 to 15 degrees.  Areas of miscellaneous fill are 

included within this unit by definition.  The NCSS notes that these areas are often the result of 

several feet of fill being placed in a wetland, stream or flood plain.  The Siberia Area, a filled 

wetland, conforms to this definition. 

Uh is classified as “udorthents, clayey-urban land complex.”  This unit generally consists of 

very deep, level to gently sloping areas of well drained and moderately well drained clayey soil 

material and areas of urban land.  Areas classified as soil type Uh are typically 40 percent 

udorthents, 30 percent urban land and 30 percent other soils.  Surface soil types in the Siberia Area 

are shown on Figure 4-1 (Sheet 14, Soil Survey of Albany County, New York, USDA, 1992). 

 

4.1.2  Overburden 

Three unconsolidated deposits are encountered at the Siberia Area.  The upper deposit is a 

fill unit approximately four feet thick.  The second deposit is a clayey silt, typically two to six feet 

thick, which extends to the top of the weathered shale at most locations across the site.  The 

thickness of these units are fairly consistent across the majority of the site.  This is apparent on the 

geologic cross-sections shown on Figure 4-2, cross-sections A-A’, B-B’, C-C’ and D-D’ (Figures 

4-3 through 4-6).  Fluvial deposits are the third unit encountered.  This third deposit consists 
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primarily of sand and gravel and is found in what appears to be abandoned stream/river channels 

buried beneath the Siberia Area. 

The largest of these coarse fluvial deposits can be found immediately above the weathered 

bedrock in the NW Quadrant where an abandoned channel has been infilled with approximately ten 

feet of coarser deposits.  This unit is readily apparent on cross-section D-D’ (Figure 4-6) at the 

MW-36/MW-37 cluster.  Other abandoned channels, such as the one visible on section B-B’ 

(Figure 4-4) near ESE-NSB-29, have also been filled in with sands and gravels. 

The wetland which formerly occupied the Siberia Area was filled in with a mixture of 

cinders, sand, brick, wood and concrete when the site was purchased by the WVA in the 1940s.  

This fill typically varies in thickness from two to four feet, averaging approximately 3.5 feet at 

monitoring well and soil boring locations across the site.  However, the fill is as thick as 7.5 feet at 

MW-29 in the SW Quadrant, and is non-existent at MW-24 adjacent to the railroad tracks behind 

Building 145. 

The clayey silt layer is typically found at depths ranging from two to ten feet.  This unit is a 

mottled olive-gray clayey silt containing rust stains and trace amounts of roots and other organic 

material.  This continuous clayey silt layer underlies the majority of the site.  These sediments were 

most likely deposited in the wetland which formerly occupied the entire extent of the Siberia Area. 

Cross-sections showing the depth and thickness of this clayey silt unit across multiple transects in 

the Siberia Area are presented as Figures 4-3 through 4-6.  Shallow, localized depressions in the 

top of clay are visible on the maps presenting top of clay elevations across the site and in the NE 

Quadrant (Figures 4-7 and 4-8).  The most significant depressions appear to occur in the SW 

Quadrant in the vicinity of the power substation, north of the lumberyard near MW-35, and in the 

northern portion of the NE Quadrant. 

In order to physically characterize the unconsolidated deposits, ten soil samples were 

collected from varying depths, locations and deposits and analyzed for grain size distribution.  The 

most representative sample of the olive-gray clayey silt strata was collected from SB-11 at six to 

eight feet bgs.  This sample was 41.6 percent silt, 34.8 percent clay, 16.2 percent sand and 7.4 

percent gravel.  The most representative sample of the weathered bedrock was collected from SB-
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25 at six to seven feet bgs, the depth at which split-spoon refusal occurred.  The composition of this 

heavily weathered bedrock, as indicated by the grain size distribution test, was 55.3 percent sand, 

34.8 percent gravel, 5.1 percent silt, and 4.8 percent clay.  Other grain size analyses were used to 

characterize the unconsolidated deposits at various locations in order to determine optimal screen 

slot sizes.  The complete grain size distribution analysis is presented in Appendix J. 

Overburden is generally thickest in the NW Quadrant.  The greatest thickness of 

overburden encountered was 31.4 feet at SB-4.  The overburden is shallowest along the eastern 

boundary of the site, where the weathered bedrock is typically found at approximately four feet 

below the ground surface.  Topographically, the Siberia Area is generally flat, with elevations 

between 38 and 46 feet above mean sea level (AMSL).  Variations in overburden thickness are 

primarily the result of changes in the elevation of the top of bedrock.  As displayed on Figure 4-9, 

the bedrock surface dips to the northwest, shallowly across most of the site, but steeply in the 

northwest.   

Complete soil boring and monitoring well logs are included in Appendices C and D. 

 

4.1.3  Bedrock 

The bedrock underlying the site is a black, medium-hard, laminated shale, showing some 

characteristics of minor metamorphism.  This shale has been identified as part of the Snake Hill 

Formation.  The Snake Hill Formation has been described as heavily folded, and the effects of this 

were noted during split-spooning as the shale displayed bedded planes approaching 70 degrees.  

During coring, nearly vertical fractures were often encountered.  The lack of mineralization, aside 

from occasional calcite and pyrite deposited secondarily by groundwater, tends to support the 

observation that little metamorphism has taken place, although outcrops in the manufacturing portion 

of the Arsenal show some quartzites and slaty cleavage. 

The bedrock beneath the Siberia Area had been reported as Normanskill Shale in some 

previous investigations.  This designation is consistent with the Bedrock Geological Map of New 

York State, Hudson-Mohawk Sheet, published by the New York State Museum and Science 

Service in 1970 (a map is provided as Figure 4-10).  The Normanskill Shale is described as a shale 
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interbedded with thick sandstones.  This does not match the observations made during bedrock 

coring.  The bedrock cores more closely resemble the Snake Hill Formation mapped by LaFleur 

and published in the New York State Geological Association Guidebook in 1961.  This 

classification is supported by the Generalized Bedrock Geology of Albany County map, New York 

State Museum.  (Fickles, R.H., 1982, Generalized Bedrock Geology of Albany County, New 

York.  N.Y. State Mus. Lft. 25.)  It is believed that the classification of the bedrock immediately 

beneath the Siberia Area as belonging to the Snake Hill Formation is the correct classification. 

The bedrock can be described in three ways, based on the degree of weathering observed. 

 The first is an extremely weathered zone approximately four feet thick.  Split-spoons collected 

from this zone were filled with gravel sized shale fragments.  These fragments were often oriented at 

near vertical angles.  This extremely weathered rock unit was encountered at depths ranging from 

3.4 feet bgs at SB-10 to 31.1 feet bgs at SB-4.   Maps displaying top of weathered bedrock 

elevations across the Siberia Area and within the NE Quadrant have been provided as Figures 4-

11 and 4-12.  The elevation of the top of weathered bedrock closely mirrors the elevation of top of 

bedrock due to the relatively consistent thickness of the weathered bedrock zone observed across 

the site.  Complete boring logs are provided as Appendices C and D. 

Beneath this extremely weathered bedrock is a zone of less weathered shale showing 

minimal competency.  Augers could drill five to ten feet into this weathered zone before 

encountering competent bedrock.  Rock cores collected from this zone generally had RQD’s below 

20 percent.  Coring in this zone was often interrupted by core blockages. 

Competent bedrock was generally encountered at depths ranging from approximately 12 

feet bgs at MW-34 to 15 feet bgs at MW-22.  In the NW Quadrant, the depth to bedrock 

northwest of MW-22 is considerably deeper, and at SB-4 competent bedrock had not yet been 

encountered when the boring was terminated at 31.4 feet. Competent bedrock had reported 

RQD’s most frequently in the eighty to 90 percent range.  Fractures were often infilled with clay 

and showed occasional deposits of calcite and pyrite.  These fractures were frequently high angle 

fractures, often in excess of 45 degrees from horizontal. 
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The geophysical investigation identified a set of lineaments oriented at directions between 

N50E and N70E.  During an analysis of the data these lineaments were described as fractures, a 

reasonable interpretation considering the highly deformed nature of the Snake Hill Formation.  

However, there are other possible interpretations.  For example, the bedding plane of the bedrock 

shale is nearly vertical and these lineaments could be locations where individual bedding planes 

intercept the top of bedrock.  Similar lineaments could also have been caused by the presence of 

joints.  The complete geophysical investigation report is provided as Appendix A. 

 

4.2 HYDROGEOLOGY 

 

4.2.1  Surface Hydrology 

The majority of surface water runoff is handled by means of a storm sewer system which 

collects surface water flowing across the site at storm grates along the main road, the northern fence 

line, and in the impervious area in the NW Quadrant of the Siberia Area.  The storm sewer system 

exits the Siberia Area at the northern fence line.  During dry weather, the discharge from the site is 

directed to the City of Watervliet combined sewer system which discharges to the Albany County 

Treatment Plant.  If the flow in the combined system is in excess of approximately 2.5 times the 

average dry weather flow, runoff is discharged to the Hudson River rather than the treatment plant. 

Precipitation that is unable to enter the storm sewer system generally collects in large 

puddles in local low areas and eventually infiltrates or evaporates.  However, during periods of 

heavy rainfall, surface water travels northward across the site as sheet flow and exits the site by 

passing through the northern fence line. 

The continued migration of surface water after it leaves the Siberia Area to the north and 

west is interrupted by the ditch which runs parallel to the northern fenceline and the low areas 

through which the railroad tracks run along the west side of the Siberia Area.  Surface water 

intercepted by the ditch adjacent to the railroad bed flows north toward the fenceline where it is 

intercepted by the east-west drainage ditch.  Surface water then flows east and enters the storm 
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sewer catch basin.  Therefore, it is unlikely that surface flow directly reaches either the Kromma Kill 

or the unnamed tributary that is located to the west of the Siberia Area. 

4.2.2  Groundwater Hydrogeology 

4.2.2.1  Hydraulic Gradients 

The majority of the overburden deposits are saturated and are hydraulically well connected 

with the weathered bedrock.  The primary exception is in the NW Quadrant where monitoring 

wells MW-19, MW-20, MW-33, and MW-37 are screened in and above a dense clayey silt layer 

with relatively low permeability.  Approximately ten feet of channel deposits underlie this clayey silt 

unit.  These overburden monitoring well clusters, MW-36 and MW-37, MW-19 and MW-ESE-6, 

MW-33 and MW-34, and MW-20 and MW-ESE-4, do not display good hydraulic 

communication due to the presence of the clayey silt unit and typically show vertical hydraulic head 

differences of approximately three to eight feet during both high and low water table conditions. 

In addition, this hydraulic head difference could be attributable to the draining of 

groundwater out of the overburden deposits and into the more permeable disturbed area 

surrounding the bedding in which the sewer lines are seated.  This effect is readily apparent on 

Figures 4-13 and 4-14, overburden potentiometric surface maps from July 20, 1995 and April 22, 

1996. 

During the majority of the year the water table is within the overburden deposits, but during 

seasonal low water table conditions the water table declines into the weathered bedrock.  

Groundwater levels in the Siberia Area have historically equaled or exceeded ground surface 

elevations during the snow melt runoff season and high precipitation events.  This is consistent with 

the Siberia Area’s former designation as a wetland.  For example, on August 9, 1990, after 2.63 

inches of rain fell on August 6 and 7, 1990,  water levels at MW-ESE-2 in the SE Quadrant were 

reported at 42.54 feet AMSL, the surface elevation at that location. 

Calculated vertical hydraulic gradients in the Siberia Area generally indicate a downward 

gradient of groundwater flow.  However, during seasonal low groundwater conditions, the vertical 

component of groundwater flow appears to reverse at the MW-GTI-2/MW-GTI-4 cluster and the 

MW-23/MW-EA-6 cluster.  Vertical hydraulic gradients at clustered wells in the Siberia Area have 
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historically varied from -0.07 ft/ft (an upward hydraulic gradient) at the MW-GTI-2/MW-GTI-4 

cluster on July 20, 1995 to 0.71 ft/ft (a downward hydraulic gradient) at MW-GTI-1/MW-GTI-3 

on October 24, 1995 (see Table 4-1). 

Typically, greater vertical hydraulic gradients are apparent at well clusters in the NW 

Quadrant.  Monitoring wells screened in and above the silty clay in the NW Quadrant include MW-

19, MW-20, MW-33 and MW-37.  These monitoring well clusters typically show vertical 

hydraulic gradients in excess of 0.40 ft/ft. 

Monitoring well clusters in the SW Quadrant near the power substation have much lower 

vertical hydraulic gradients.  This is most likely attributable to the greater distance to the sewer lines 

and the lesser thickness of the low permeability clayey silt in this area.  While there is at least six feet 

of silty clay in the majority of the NW Quadrant, it is approximately two feet thick in the SW 

Quadrant.  At the two monitoring well clusters located near the substation in the SW Quadrant, 

MW-29/MW-ESE-1 and MW-27/MW-28, the silty clay is only 1.5 feet thick.  Vertical gradients 

at these two well clusters range from 0.00 ft/ft (MW-29/MW-ESE-1, July 20, 1995) to 0.05 ft/ft 

(MW-27/MW-28, October 24, 1995 and MW-29/MW-ESE-1, April 22, 1996).   

Although vertical hydraulic gradients for groundwater flow are typically downward, an 

upward vertical component of groundwater flow has been calculated at monitoring well clusters 

MW-EA-6/MW-23 and MW-GTI-2/MW-GTI-4 using data obtained on July 20, 1995.  This is 

believed to be an effect of the exceptionally dry summer.  An examination of historical groundwater 

elevations dating back to 1988 has revealed only one other instance in which an upgradient vertical 

component of flow was calculated, April 21, 1988, at the MW-GTI-2/MW-GTI-4 well cluster. 

The direction and magnitude of groundwater flow gradients are shown on Figures 4-15 and 

 4-16.  These flow sections are representative of gradients in the vicinity of Flow Path 1 shown on 

the potentiometric contour maps (Figures 4-13 and 4-14). 

The majority of overburden wells in the Siberia Area were installed to monitor the water 

table.  Due to the extremely dry summer, exceptionally low water table conditions were observed 

during the installation of these wells.  Before installation of wells, a review of historical groundwater 

elevations showed variations of as much as 1.13 feet (MW-GTI-1, April 21, 1988 and August 13, 
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1990).  In order to ensure that the newly installed monitoring wells would always bridge the water 

table it was necessary to construct the monitoring wells so that the screened lengths would be 

sufficient to account for groundwater fluctuations.  At the newly installed monitoring wells, 

fluctuations of up to 4.31 feet (MW-19, July 20, 1995 and October 24, 1995) were observed.  A 

record of groundwater elevations is provided as Table 4-2.  The magnitude of these fluctuations, 

when compared to minimal thickness of the fill unit, made it necessary to screen the monitoring wells 

in two units, the fill and the clayey silt.  Monitoring wells installed in the NW Quadrant typically have 

a larger portion of their screened interval open to the clayey silt unit while monitoring wells in other 

quadrants have a larger fraction open to the fill unit due to variations in thickness of the fill. 

 

4.2.2.2  Hydraulic Conductivities 

As discussed in Section 3, hydraulic conductivity testing (slug testing) was conducted on all 

the newly installed monitoring wells.  Rising head tests were performed at each location and the 

data was evaluated by means of the Bower-Rice method.  The data collected during these tests is 

included as Appendix H.  Table 4-3 is a summary of the calculated hydraulic conductivity values. 

Hydraulic conductivities of the wells screened primarily in the clayey silt, monitoring wells 

MW-19, 20, 21, 24, 25, and 27, range from 4.8 x 10-4 cm/sec (MW-25) to 8.1 x 10-5 cm/sec 

(MW-21).  During the dry portion of the year in which these tests were performed, groundwater 

elevations in these wells were below the top elevation of the clayey silt unit.  Therefore, it can be 

assumed that this average calculated hydraulic conductivity is the hydraulic conductivity of the 

clayey silt.  The geometric mean for these six locations was 1.59 x 10-4 cm/sec.    

The wells screened primarily in the fill unit above the clayey silt were monitoring wells MW-

26, 29, 31, 35, and 37.  Groundwater elevations were within the fill unit during testing.  Hydraulic 

conductivity values ranged from 2.66 x 10-2 cm/sec (MW-31) to 1.49 x 10-4 cm/sec (MW-29).  

The calculated geometric mean for these locations is 3.58 x 10-3 cm/sec.  The wide range of values 

is probably attributable to the varying composition of fill material.  At MW-29, the location with the 

lowest hydraulic conductivity value, the fill is very well graded, consisting of silt, fine to coarse 

sands, and fine gravel.  This probably resulted in a lower value.  In comparison, the saturated 
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portion of the fill at MW-31, the location with the largest hydraulic conductivity value, consists of a 

heterogeneous mixture of shale fragments and road base type materials..   

MW-36, screened in a fluvial sand and gravel deposit beneath the clayey silt, had a 

calculated hydraulic conductivity of 1.31 x 10-3 cm/sec. 

 

4.2.2.3  Groundwater Movement 

Groundwater flow in the fill and clayey silt across the Siberia Area is generally southeast to 

northwest from the groundwater divide that runs roughly north-south through the manufacturing 

portion of the Arsenal.  However, due to the installation of the sewer lines that run between the NW 

and NE Quadrants of the Siberia Area, it appears that the groundwater in these two quadrants 

drains into the disturbed materials surrounding the sewer lines and then potentially migrates off the 

site to the north.  The flow of groundwater towards the main sewer line may be further facilitated by 

the backfill surrounding sewer laterals running perpendicular to the main line.  Groundwater 

migrating northward in the NE Quadrant may be intercepted by the sanitary sewer line running east-

west between the looping roadway in the NE Quadrant and the northern fenceline (Work Plan, 

October 1994, Figure 3-7).  The effects of the sewer lines are illustrated on the potentiometric 

surface maps for July 20, 1995 (Figure 4-13) and April 22, 1996 (Figure 4-14).  Groundwater 

flow paths are delineated on both potentiometric surface maps.  The July 20, 1995 contour map is 

more representative of drier conditions at the site while April 22, 1996 is more representative of 

wetter conditions. 

A groundwater divide appears on both dates, running approximately northwest/ southeast 

through MW-20.  Groundwater to the north of this divide is most likely to enter the sewer line 

bedding and be discharged northward from the site.  Groundwater to the south of this divide tends 

to flow westward off the site. 

Flow Path 1 has the steepest horizontal gradient of the three flow paths illustrated on 

Figures 4-13 and 4-14.  It originates at MW-23, near the Perfection Plating property, and runs 

approximately northward with horizontal gradients of 0.0102 ft/ft (July 20, 1995) and 0.0129 ft/ft 

(April 22, 1996). 



 
f:\p\0285591\d\rfi\final\sec-4.wpd 4-10 

Flow Path 2 begins near the MW-GTI-2/MW-GTI-4 monitoring well cluster and moves 

almost parallel to Flow Path 1.  During the drier groundwater monitoring event in July 1995, it had 

the shallowest horizontal groundwater flow gradient.  On the two potentiometric contour maps 

illustrated, Flow Path 2 has horizontal gradients of 0.0097 (July 20, 1995) and 0.0103 (April 22, 

1996). 

Flow Path 3 begins near MW-26 and runs northwesterly past MW-31 and towards the 

western property boundary.  Flow path 3 had the shallowest horizontal flow gradient during the 

October monitoring event.  This flow path has a horizontal gradient of 0.0114 ft/ft  (July 20, 1995) 

and 0.0104 (April 22, 1996). 

Flow section A-A’, constructed using water level data from July 20, 1995, and flow section 

B-B’, constructed using water level data from April 22, 1996, are located approximately along 

Flow Path 1.  These figures are provided as Figures 4-15 and 4-16. This flow section is 

representative of hydraulic conditions in this area of the site.  In addition, this flow section is along 

the axis of the groundwater contamination plume discussed in Section 5. 

Travel times across the site vary seasonally.  A range of seepage velocities is provided for 

each flow path delineated on Figure 4-13 and 4-14.  For each flow path, seepage velocities are 

used to estimate minimum (flow in the clayey silt), maximum (flow in the fill) and average travel 

times for groundwater flowing across the site.  An average gradient for each flow path will be used 

in the calculations, 0.0116 ft/ft for flow path 1, 0.0100 ft/ft for flow path 2, and 0.0109 ft/ft for flow 

path 3. 

A porosity of 0.4 was assumed for the clayey silt.  A porosity for coarse gravel, 0.3, was 

applied to the fill.  An average porosity of 0.35 was applied when calculating the seepage velocities 

for groundwater flowing through all stratigraphic units. (Domenico/Schwartz, p.26) 

A maximum seepage velocity for groundwater in the Siberia Area was calculated using the 

geometric mean fill hydraulic conductivity value of 3.58 x 10-3 cm/sec. The length of each flow path 

used for this calculation is the average of the length of the individual flow paths in the wet and dry 

periods.  Flow Paths 1, 2 and 3 have calculated seepage velocities of 1.38 x 10-4 cm/sec (0.39 

ft/day), 1.20 x 10-4 cm/sec (0.34 ft/day), and 1.30 x 10-4 cm/sec (0.37 ft/day), respectively.  At 
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these seepage velocities, the time necessary for groundwater to travel 490 feet across the site along 

Flow Path 1 would be approximately 3.41 years.  Groundwater traveling 570 feet along Flow Path 

2 would require approximately 4.60 years to cross the site.  In order for groundwater to travel 620 

feet along Flow Path 3, it would require approximately 4.60 years. 

A minimum seepage velocity for groundwater flow in the Siberia Area was determined 

based on groundwater flowing through the clayey silt.  A geometric mean hydraulic conductivity of 

1.59 x 10-4 cm/sec was previously calculated for the clayey silt.  This would result in seepage 

velocities of 4.59 x 10-6 cm/sec (0.013 ft/day), 3.97 x 10-6 cm/sec (0.011 ft/day), and 4.32 x 10-6 

cm/sec (0.012 ft/day) along flow paths 1, 2 and 3, respectively.  These seepage velocities and the 

flow paths lengths described in the previous paragraph would result in travel times of 103 years, 

139 years, and 139 years along each flow path, respectively. 

These scenarios are only meant to serve as extreme cases.  Groundwater flowing across the 

site travels through several different hydrostratigraphic units.  Seepage velocities for groundwater 

flowing along the three flow paths were estimated using the geometric mean of all the reported 

hydraulic conductivities, 7.41 x 10-4 cm/sec, in an attempt to determine a more reasonable number. 

 Flow path lengths were assumed to be 490 feet, 570 feet and 620 feet, respectively.  For Flow 

Path 1, the calculated seepage velocity of 2.45 x 10-5 cm/sec (0.069 ft/day) would result in a travel 

time of 19.3 years.  Along Flow Path 2, the seepage velocity was calculated to be 2.12 x 10-5 

cm/sec (0.060 ft/day), which results in a travel time of 26.0 years.  The seepage velocity calculated 

for Flow Path 3, 2.30 x 10-5 cm/sec (0.065 ft/day), results in a travel time of 26.0 years. 

In order to estimate seasonal variations in groundwater elevations in the Siberia Area, 

historical water level data dating back to 1988 was reviewed for wells installed by EA and GTI.   

The maximum recorded variation in groundwater elevations is 1.82 feet observed in MW-GTI-1, 

and the minimum observed was 0.95 feet in MW-EA-8.  The average variation in groundwater 

elevation calculated for these wells is 1.31 feet. 

The summer of 1995 was exceptionally dry and between July 20, 1995 and April 22, 1996 

groundwater fluctuations of up to 4.36 feet (MW-19) were recorded.  In general, there is no 

appreciable difference noted in the magnitude of groundwater elevation fluctuations when 
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comparing overburden, bedrock and hybrid (screened in both the weathered bedrock and 

bedrock) wells. 

Groundwater elevation fluctuations in the northern quadrants tended to be of a larger 

magnitude than those in the southern quadrants.  Groundwater elevations in the NW Quadrant 

typically increased by approximately one foot between July 20, 1995 and April 22, 1996 and by as 

much as 4.36 feet at MW-19.  However, in the SW Quadrant, variations were much smaller and 

decreases in groundwater elevation were noted at MW-27 and MW-31.  

 

4.2.3  Bedrock Hydrogeology 

The groundwater flow within the competent bedrock occurs primarily along fractures, with 

little or no flow within the primary porosity of the bedrock. The piezometric surface of the bedrock 

is typically five to eight feet below the ground surface. 

Groundwater flow in the bedrock is generally northeasterly in the SW Quadrant, 

northwesterly in the lumberyard in the SE Quadrant, and westerly across the remainder of the 

eastern portion of the Siberia Area.  The horizontal gradient of groundwater flow in the bedrock is 

significantly shallower in the western portion of the Siberia Area than in the eastern portion.  

Bedrock potentiometric contour maps are provided as Figures 4-17 and 4-18. 

The horizontal gradient of groundwater flow in the bedrock along flow lines which originate 

near the power substation in the western portion of the Siberia Area have been calculated at 0.017 

ft/ft (July 20, 1995) and 0.017 ft/ft (April 22, 1996).  In the northern portion of the lumberyard, the 

steepest horizontal gradients of groundwater flow in the bedrock were calculated, 0.066 ft/ft (July 

20, 1995), and 0.067 ft/ft (April 22, 1996).  In the NE Quadrant near MW-23, calculated 

horizontal gradients were 0.016 ft/ft (July 20, 1995), and 0.018 ft/ft (April 22, 1996). 

The Malcolm Pirnie competent bedrock potentiometric maps from July 20, 1995, and April 

22, 1996, as well as a water level contour map from August 9, 1990 prepared by ESE (IMS Work 

Plan, p.1-27), appear to show the majority of groundwater in the bedrock flowing toward the main 

sewer line running northward beneath the road in the Siberia Area.  Although a remote television 

inspection of the sewer lines showed no sign of significant groundwater discharge into the sewers 
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(only minimal flow at joints) it is possible that groundwater is discharging into the disturbed material 

surrounding the clay bedding in which the sewer line is seated.  The storm sewer line is installed in 

the weathered bedrock from the vicinity of MW-GTI-3 past the northern boundary of the Siberia 

Area.  The sewer investigation report is provided as Appendix I. 

Recharge rates for individual bedrock wells obtained during well development and purging 

fluctuate widely across the site.  At MW-DEC-1, a recharge rate of 0.08 gallons per day (gpd) 

was measured over a two day period from July 11, 1995 through July 13, 1995.  During 

development at MW-34 on June 9, 1995, a yield of approximately 1 gallon per minute (gpm) was 

sustained for over two hours.  Additional bedrock wells installed by Malcolm Pirnie (MW-22, 

MW-23, MW-28) typically have a recharge rate of 0.1 to 0.5 gpm.  The exception is MW-30 

which has a recharge rate similar in magnitude to MW-DEC-1.  This is most likely due to the 

increasing competence of the bedrock at depth, as MW-30 and MW-DEC-1 are the two deepest 

bedrock wells in the Siberia Area. 

Hydraulic conductivity testing results at bedrock monitoring wells in the  manufacturing area 

typically ranged from 10-3 cm/sec to 10-5 cm/sec.  This is within the range of hydraulic 

conductivities, 10-1 cm/sec to 10-6 cm/sec, normally attributed to fractured metamorphic rock 

(Domenico/Schwartz, p.65). 
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 5.0  NATURE AND EXTENT OF CONTAMINATION 

 

 

5.1 INTRODUCTION 

 

The following discussion on the nature and extent of contamination at the Siberia Area is 

based on the data obtained from the sampling events conducted by Malcolm Pirnie as described in 

Section 3, and historical data obtained during previous investigations (CTM, 1986; GTI, 1987; EA, 

1988; ESE 1990; IMS, 1994; E&E, 1994 and 1995).  As discussed in Section 3, samples 

collected by Malcolm Pirnie include surface soil, subsurface soil, groundwater field screening 

(Geoprobe), groundwater, a surface water and sediment sample, sewer water and sediment 

samples, and a sewer bedding groundwater sample.  The complete analytical results obtained from 

this investigation, with the exception of second round groundwater and soil sampling, are 

summarized in tables provided in Appendix K.  Second round sampling results summary tables are 

provided as Appendix N.  Data qualifiers identified by the laboratory are defined in Appendix K. 

 

5.2 DATA USABILITY 

 

Approximately 20 percent of the analytical data from the first round of soil and groundwater 

sampling has been validated by a third party data validator (EA Engineering, Science, and 

Technology).  Five percent of second round soil and groundwater sampling results were validated 

by the U.S. Army Corps of Engineers.  The groundwater field screening data was not validated 

because the VOC analyses were conducted using an on-site gas-chromatograph (Level III data).  

Data validation reports for first round sampling are included as Appendix L and for second round 

sampling are included as Appendix O.  The first round analytical data is included as Appendix M 

and second round analytical data is included as Appendix P.  A summary of the data validation 

results and data usability is provided below. 
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5.2.1  Introduction 

A summary of the compounds and analytes that were qualified as rejected by the data 

validator is provided in Table 5-1.   A majority of the compounds and analytes qualified as rejected 

by the data validator were rejected due to problems associated with the sample matrix.  Many of 

the samples which exhibited matrix problems were reanalyzed by the laboratory with similar results, 

therefore proving matrix interference.  Resampling and reanalysis of these samples would not 

eliminate or reduce these matrix problems. Discussions between the USEPA, NYSDEC, USACE, 

EA Engineering, Science, and Technology, and Malcolm Pirnie concerning these issues concluded 

that there is not sufficient cause to reject the data (USEPA, 1995).  Therefore, the analytical results 

which have been rejected by the data validator for reasons associated with matrix problems will be 

considered usable as estimated values (Table 5-1).  In instances where a compound concentration 

is non-detect, the estimated concentration will remain non-detect (it will not be qualified as 

estimated).  The compounds and analytes rejected by the data validator for reasons unrelated to 

matrix problems will remain rejected (Table 5-1).  Many of these rejected compounds were not 

detected above the regulatory standards used for comparison, and are therefore not considered site 

contaminants of concern. 

 

5.2.2 First Round Soil/Sediment 

Most of the compounds and analytes that were rejected by the data validator were 

detected in soil samples, and a majority of the data were rejected for reasons associated with 

matrix problems (Table 5-1). 

     

5.2.2.1  Organics 

All volatile organic data for soils, with the exception of the 2-Butanone and vinyl acetate 

detected in the samples listed in Table 5-1, will be considered usable.  The data validator rejected 

several compound concentrations in samples from MW-29 (1-3 feet) and SB-16 (0-2 feet) due to 
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non-compliant internal standards relating to matrix interference, but these concentrations will be 

considered usable as estimated values.  Many of the other volatile organic analytical results rejected 

by the data validator were qualified as non-detect (“U”), estimated (“J”), or estimated non-detect 

(“UJ”).  The qualifiers resulted from issues concerning initial and continuing calibrations, surrogate 

recoveries, internal standards, and method blank contamination.  A majority of the qualifiers due to 

continuing calibration problems were related to the percent difference (%D) of relative response 

factors (RRFs) being greater than 25 percent.  Surrogate recoveries out of range and suppression 

of the internal standards resulted from matrix interference.      

All semi-volatile data for soils is usable with the exception of the benzidine concentrations 

that will remain rejected in the samples listed on Table 5-1.  Benzidine was rejected in these 

samples due to either the percent difference (%D) being greater than 90 percent or the RRF being 

less than 0.05 during the continuing calibrations.  Similar to the matrix problems seen during the 

volatile analyses, the semi-volatile analyses had surrogate recoveries out of range and internal 

standard suppression due to matrix interferences.  The low surrogate recoveries and standard 

suppression suggests that the semi-volatile concentrations may be biased low, and this should be 

taken into consideration during the review of the presented data. 

All pesticide and PCB data for soils will be usable.  Many of the pesticide/PCB data for the 

soil samples were rejected by the data validator due to compound identification problems 

associated with the sample matrix, and have therefore been qualified as estimated (Table 5-1).  

Some of the other validated pesticide data was qualified as estimated (“J”) or estimated non-detect 

(“UJ”) due to initial and continuing calibration non-compliances including the relative standard 

deviation of the calibrations factors being greater than 20 percent. 

 

5.2.2.2  Inorganics 

All inorganic data for soils will be considered usable.  Matrix problems often caused low 

spike recoveries, indicating that the associated data may be biased low.  Identified problems with 

individual inorganic parameters are discussed below. 
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Arsenic  - Arsenic failed the control limits for spike recovery in surface soil sample SS-

1(spike) due to a matrix problem, so the soil samples within this sample delivery group (SDG) were 

qualified with an “N” (spiked sample not within control limits) by the laboratory and the validated 

samples were qualified as estimated (“J”) by the data validator.  Two surface soil samples, SS-28 

and SS-35, were qualified with a “J” by the data validator because these samples were analyzed 

between non-compliant calibration standards.   

Barium  -  The barium concentrations in soil boring samples SB-3(0-2 feet) and SB-23 

(0-2 feet) are potentially biased low due to violation of the lower control limit for the detection limit 

standard during ICP calibration.  The reported concentrations were qualified as estimated (“J”) by 

the data validator. 

Cadmium  - The spike recovery was below the control limits in surface soil sample SS-

1(spike) due to a sample matrix problem, so many of the surface soil samples have been qualified 

by the laboratory (“N”) and the data validator (“J”).  The cadmium concentrations in the samples 

associated with SS-1(spike) may be biased low. The cadmium concentration in sample STS-06 

was qualified as estimated non-detect (“UJ”) due to interference (possibly calcium).  

Chromium - The chromium concentrations in samples  SS-8, SS-19, and SS-21, were 

rejected by the data validator due to a very low spike recovery (less than 10 percent) caused by a 

sample matrix problem, but will be useable and qualified as estimated values (Table 5-1).  As a 

result of the low spike recoveries for chromium, the laboratory qualified the chromium 

concentrations in the soil samples in this SDG with an “N”.  The sample matrix problem also caused 

the relative percent difference in chromium concentrations between samples SS-1 and SS-8 and 

their respective duplicates to be greater than the control limit (20 percent), resulting in a “*” qualifier 

by the laboratory.  Low spike recoveries may bias the chromium concentrations low.  

Lead - The lead concentrations in five of the surface soil samples were rejected by the data 

validator due to a very low spike recovery (less than 10 percent) caused by a sample matrix 

problem, but will be considered usable and will be qualified as estimated.  The lead concentrations 

for the other surface soil samples in this SDG were qualified with a “N”.  The lead concentrations in 
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several soil boring samples were estimated (“J”) due to spike recoveries in exceedance of the 

control limits (136 percent).  This is believed to be due to matrix interferences. 

   Mercury - The mercury concentrations in the soil samples may be biased low due to the 

frequent occurrence of mercury concentrations below the spike control limits, an occurrence 

normally associated with sample matrix problems.  The mercury concentrations in three surface soil 

samples were rejected by the data validator, but will be considered usable and qualified as 

estimated (Table 5-1). 

Selenium - All selenium data is usable, though two of the spike samples had low selenium 

recoveries (56 percent and 74 percent) due to possible matrix interferences.  Matrix interferences 

may cause the selenium concentrations to be biased low.  

Silver - Some of the silver concentrations in the soils are qualified with a “B” due to 

detection of silver in the blank, and some of the data is qualified with an “N” due to a spike 

recovery outside of the control limits. 

 

5.2.3  First Round Water 

5.2.3.1  Organics 

The volatile organic data for water samples is all usable with the exception of 2-Butanone 

and 2-Chloroethylvinylether in the samples listed on Table 5-1.  These compounds were rejected 

by the data validator due to the RRF being less than 0.05 in a calibration and the compound 

concentrations being non-detected.  The chloroform concentration in sewer sample STS-06 was 

qualified by the validator with an “N” representing presumptive evidence since the sample ion 

spectra did not match the standard ion spectra and the retention times of chloroform and an internal 

standard (bromochloromethane) co-elute. 

All semi-volatile data is usable with the exception of the benzidine concentration in the 

samples collected from STS-06, 95MPI-MW-27, and 95MPI-MW-29.  Benzidine was rejected 

in these samples due to non-compliances during the continuing calibrations.  Bis(2-

Ethylhexyl)phthalate concentrations in several samples were qualified as false-positives (“U”) due to 

the presence of bis(2-Ethylhexyl)phthalate in the extraction blank. 



 
f:\p\0285591\d\rfi\final\sec-5.wpd 5-6 

All pesticide and PCB data for water is usable.  Heptachlor epoxide in the sample collected 

from 95MPI-MW-29 and DDD and Endosulfan I in the sample from 95-MPI-MW-37 were 

rejected by the data validator due to problems associated with matrix interference and will therefore 

be considered usable as estimated values (Table 5-1).  Several pesticide concentrations were 

qualified as estimated non-detect (“UJ”) due to initial calibration factors out of range and therefore 

will be considered as non-detect values. 

 

5.2.3.2  Inorganics 

All of the inorganic data for the groundwater samples is usable.  None of the contaminants 

in the validated samples were rejected by the data validator.  However, some of the contaminants 

were qualified as estimated (“J”) or estimated non-detect (“UJ”), as described below. 

Arsenic concentrations in several of the water samples were qualified (“U” or “UJ”) due to 

the detection limit standard recovery below the accuracy range (80 percent to 120 percent).  Silver 

and selenium were qualified as estimated non-detect in the sewer water sample STS-6 (filtered and 

unfiltered) due to low spike recovery caused by matrix interference.  No other inorganic 

contaminants in the water samples selected for validation were qualified by the data validator.   

 

5.2.4  Second Round Soil/Sediment 

Of the twelve samples collected during the drilling of eight additional borings in the vicinity 

of WVA-SA-SB-32 during May 1996, only one sample. B32-S(4-6), which was analyzed for 

volatile compounds was selected for validation.  Sample B32-S(4-6) and the reanalyzed sample, 

B32-S(4-6)RE, were both validated. 

 

5.2.4.1  Organics 

Trichlorofluoromethane was qualified as estimated not detected (“UJ”) due to a %RSD in 

excess of 30 percent in the internal calibration.  As described in Section 5.2.1, this result will be 

treated as “non-detect”.  Due to the observed internal standard area being above the upper control 
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limit with a positive result, reported values of Benzene and 1,1,2-Trichloroethane will be considered 

as estimated. 
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5.2.5  Second Round Groundwater 

5.2.5.1  Organics 

All volatile data should be considered usable.  The reported concentrations of Vinyl 

chloride, cis-Dichloroethene, Trichloroethene, and Tetrachloroethene in MW-32 should be treated 

as estimated because this sample was shipped independently of the trip blank sent on that day.  

Results for Bromoform for MW-EA-8 were qualified by the validator as estimated not detected 

(“UJ”), and as such will be considered “non-detect”.. 

All the semi-volatile analytical data is usable with the exception of the Benzidine 

concentration reported for MW-32 and the Fluorene concentration reported for MW-EA-8.  The 

Benzidine result was rejected due to an RRF of less than 0.05 in the initial calibration.  The 

Fluorene result was rejected due to the result being “non-detect” and the LCS recovery being less 

than the lower acceptance limit. 

Results for Diethylphthalate, Di-n-butyl phthalate, and bis(2-Ethylhexyl)phthalate should be 

considered estimated for the respective samples listed on Table 5-1 because the sample result was 

less than the IDL and less than five times the extraction blank contamination. 

All Pesticide and PCB should be considered usable.  The data validator has qualified  the 

results reported for 4,4'-DDT, Endosulfan sulfate, 4,4'-DDT, Endrin ketone, and Endrin Aldehyde 

at MW-32 and MW-EA-8 as estimated non-detects (“UJ”).  As discussed in Section 5.2.1, these 

results will be considered “non-detect”.  The validator has qualified these compounds as such 

because of %RSDs exceeding 20 percent in the initial calibration and non-detected sample results.  

Endosulfan II will also be considered as estimated non-detects (“UJ”) for both MW-32 and MW-

EA-8 due to percent differences of greater than 25 percent in both the bracketing continuing 

calibrations and the non-detected sample results. 

 

5.2.5.2 Inorganics 

All inorganic data should be considered usable.  Lead results have been qualified as 

estimated (“J”) for MW-32 due to a percent difference greater than 100 percent, and as estimated 

non-detect (“UJ”) for MW-EA-8 due to a percent difference greater than 10 percent, but less than 
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100 percent, indicating possible chemical or physical interferences.  Similarly, the Chromium result 

for MW-EA-8 should also be considered as estimated (“J”) due to similar chemical or physical 

interferences. 

 

5.2.6  Summary 

   A majority of the data rejected by the data validator was rejected due to problems 

associated with the sample matrix, such as internal standard supression and spike recoveries out of 

range.  Matrix problems may cause some of the data to be biased low, however resampling will not 

eliminate the matrix problems. Therefore, all analytical data will be considered usable with the 

exception of the contaminants rejected due to problems unrelated to the sample matrix.   

 

5.3 SOIL 

 

Previous soil investigations in the Siberia Area indicate that soil contamination may decrease 

with increasing depth for certain contaminants such as chromium, but that the vertical extent of soil 

contamination has not been adequately defined (IMS, 1994).  For this assessment, the nature and 

extent of soil contamination will be addressed by presentation of surface soil (0-0.5 feet bgs), 

shallow soil (0-3 feet bgs), and subsurface soil data (2 feet bgs to top of rock).   

Surface soils include only those samples collected between 0 and 0.5 feet bgs by Malcolm 

Pirnie and previously collected by EA Science and Technology (EA, 1988), and 0 to 0.16 feet bgs 

for samples collected in the Siberia Area as part of the Perfection Plating investigation (E&E, 

1995).  Previous investigators have collected “surface soil” samples, but many of these were 

collected from 0-2 feet bgs (ESE, 1991), and as such will be included in the shallow soil discussion. 

 Surface soil samples collected in the Siberia Area as part of the Perfection Plating investigation 

were analyzed for copper, chromium, lead, and nickel only.  Shallow soils will include the historical 

samples collected between 0 and 3 feet bgs, with the exception of the surface soil samples, and the 

soil samples collected from the 0-2 feet, 0.5-2.5 feet, and 1-3 feet intervals during the Malcolm 

Pirnie soil boring/monitoring well installation program.  Subsurface soils will include the Malcolm 
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Pirnie soil boring/monitoring well boring samples collected from the 2-4 feet interval and deeper, 

and historical samples collected from depths greater than 3 feet bgs (including all test pit data).  

Historical VOC data from samples that were composited will not be considered due to suspect 

quality (ESE, 1991). 

For comparison purposes, values published in the NYSDEC Technical Administrative 

Guidance Memorandum (TAGM) HWR-94-4046 Determination of Soil Cleanup Levels, revised 

January 24, 1994, are presented on the tables of analytical results for the soil samples in Appendix 

K and Appendix N.  The TAGM values are conservative guidance values, meant to be protective 

of human health and the environment.  It is necessary to adjust the TAGM values for many of the 

organic compounds at each site based on the site-specific carbon content of the soils.  The 

exceptions are the TAGM values for semi-volatile compounds which are based on the USEPA 

Health-Based Criteria or the generic criteria for individual semi-volatile compounds (50 mg/kg).  

These TAGM values are not adjusted for TOC.  The TAGM values are not cleanup action levels 

and will be used for comparison of data only.  Published TAGM guidance values for organic 

compounds other than PCBs are based on a soil total organic carbon (TOC) content of one 

percent.  PCB guidance values are based on a TOC of five percent. 

Twelve soil samples and one duplicate were analyzed for TOC (see Table 5-2).  Eight of 

the samples consisted of  fill soils, five samples were collected from native soils.  Samples were 

collected from borings located in the NW, NE, and SW Quadrants at depths ranging from 0 to 20 

feet bgs.   Samples were also collected from additional soil borings drilled in the SW Quadrant 

(SB-30, 31, 32, 33 and 34) at depths from 0 to six feet bgs.  

The average TOC value calculated for fill soils, eight percent, and native soils, one percent, 

were used as correction factors to establish most of the site-specific TAGM values for soil samples 

in each strata.  A correction factor of eight was applied to organic compounds in fill soils with the 

exception of PCBs and the semi-volatile compounds discussed above.  Since the uncorrected 

TAGM value for PCBs is based on a TOC of five percent, the TAGM values for PCBs in fill soils 

were multiplied by a correction factor of 1.6 (eight percent divided by five percent).   For native 

soils, no correction factor was necessary for organic compounds except PCBs due to the TOC of 
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one percent, but a correction factor of 0.2 was applied to PCB TAGM values (one percent divided 

by five percent).  On the analytical summary tables in Appendix K, Appendix N, and in the 

following discussion, each soil sample is compared to these adjusted TAGM values based on its 

designation as either a fill soil sample or a native soil sample. 

TAGM values for inorganic soils are not based on TOC values.  The TAGM values for 

most of the inorganic analytes are based on site background concentrations.  The average 

concentrations of inorganic compounds in four surface soil samples obtained from a “clean” area of 

the Arsenal where no previous manufacturing has occurred, were designated as site background 

samples.  The background sample concentrations and their averages are included in Table 5-3.  

These TAGM values will be used for comparison of data only, they are not proposed cleanup 

objectives/action levels. 

In order to evaluate data obtained during previous investigations and compare it to the 

calculated TAGM values, it was necessary to assign a classification of either native soil or fill soil to 

the samples.  An average thickness of fill at all soil borings or monitoring wells installed by Malcolm 

Pirnie was calculated to be approximately 3.5 feet.  Therefore, shallow soil samples collected 

during previous investigations at depths up to three feet were assumed to be fill soils, while samples 

collected at depths greater than three feet were assumed to be native soils. 

 

5.3.1  Surface Soils 

Malcolm Pirnie collected thirty-seven surface soil samples from the Siberia Area in 

December, 1994.  Sample locations are shown on Figure 3-3.  The purpose of collecting and 

analyzing the surface soil samples was to identify contaminants in the vadose zone and to assess 

potential sources at the ground surface and the potential for contaminant migration.  Based on the 

results of the surface soil investigation, some of  the proposed soil borings were relocated to target 

areas of elevated surface soil contamination.  The analytical results of the surface soil sampling along 

with the appropriate TAGM values are provided in Appendix K.  A statistical summary of the 

surface soil data is also provided in Table 5-4.   
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5.3.1.1  Surface Soils - Organics 

The nature of surface soil organic contamination in the Siberia Area is primarily limited to 

the presence of semi-volatile organic compounds, more specifically, polycyclic aromatic 

hydrocarbons (PAHs).  The PAHs are a class of nonchlorinated hydrocarbons of petroleum origin. 

 Several of the PAH compounds are regarded as potentially carcinogenic, including:  

benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, 

dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene.  

The distribution of the total semi-volatile concentration in the surface soil samples collected 

by Malcolm Pirnie is shown in Figure 5-1.  Elevated total semi-volatile concentrations relative to the 

other surface soil samples on site were distributed throughout the site, extending to the northern and 

western site boundaries, however, no samples exceeded the TAGM value for total semi-volatile 

concentrations (500,000 µg/kg). 

Approximately 81 percent, or 30 samples, of the surface soil samples exceeded the TAGM 

value for benzo(a)pyrene (61 µg/kg). The maximum concentrations of benzo(a)pyrene were 

detected in samples SS-12DL (5,700JD µg/kg), 55-21 (5,200 µg/kg), and SS-1DL (4,800 

µg/kg), which were collected from the NW, SW, and NW Quadrants, respectively.  

Benzo(a)pyrene exceedances in the surface soil extends to the western and northern fence lines.  

Samples were not collected along the eastern fence line in the NE Quadrant, however many of the 

samples collected within 100-125 feet of the fence line contained benzo(a)pyrene exceeding the 

TAGM value.  Figure 5-2 presents the distribution of benzo(a)pyrene concentrations in the surface 

soils collected by Malcolm Pirnie. 

Two other potentially carcinogenic PAHs, benzo(a)anthracene and dibenzo(a,h)anthracene, 

were also detected in the surface soil samples at concentrations exceeding the TAGM values (224 

µg/kg and 14 µg/kg, respectively).  Twenty-six samples exceeded the TAGM value for 

benzo(a)anthracene.  Maximum concentrations of benzo(a)anthracene were detected in the NW 

Quadrant; sample SS-1DL contained 7,900E µg/kg and sample SS-12DL contained 6,500JD 

µg/kg of benzo(a)anthracene. The extent of benzo(a)anthracene exceedance has reached the 

western and northern fence lines (samples SS-1DL, SS-3DL, and SS-21. Six of the surface soil 
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samples contained concentrations of dibenzo(a,h)anthracene above TAGM values.  Three of these 

samples were collected in the NE Quadrant within approximately 125 feet of the northern and 

eastern fence lines, but the maximum dibenzo(a,h)anthracene concentration was detected in SS-

36DL (1,100JD µg/kg) in the SE Quadrant.  Sample SS-21, which was collected along the 

western fence line, contained dibenzo(a,h)anthracene exceedances.  Figure 5-3 presents the 

distribution of PAHs in surface soils collected by Malcolm Pirnie. 

Sample SS-34RE, collected in the SW Quadrant, was the only sample with a concentration 

of 2-methylnaphthalene above the TAGM value (29,120 µg/kg).  Sample SS-34 contained 37,100 

J µg/kg of 2-methylnaphthalene, more than 100 times the 2-methylnaphthalene concentration in any 

of the other surface soil samples. 

Volatile organic compound concentrations above TAGM values were detected in only one 

surface soil sample. Sample SS-8 and its duplicate SS-42, which were collected in the vicinity of a 

former wood burning pit in the NE Quadrant, exceeded the TAGM value for  PCE (17,000 and 

36,000 µg/kg, respectively).  Sample SS-8 and its duplicate were also analyzed for dioxins and 

furans (Appendix K).  The only compound detected was 1,2,3,4,6,7,8,9-OCDD at 0.634 µg/kg.  

The results of previous investigations did not detect any volatile compounds above TAGM values in 

the surface soils (EA, 1988).   

Pesticide concentrations exceeding TAGM values were not detected in the surface soil 

samples.  Two samples near the western boundary of the site contained PCB concentrations above 

TAGM values.  Sample SS-5 contained 1,600 µg/kg and 810 µg/kg of Aroclor-1254 and 

Aroclor-1260, respectively, and SS-21 contained 1,500 J µg/kg of Aroclor-1254 and 1,900 J 

µg/kg of Aroclor-1260.  Both of these samples exceeded the total PCB TAGM value of 1,600 

µg/kg. 

       

5.3.1.2  Surface Soils - Inorganics 

Inorganic contamination of the surface soils in the Siberia Area is widespread.  With the 

exception of sample SS-40 along the southeastern fence line, every surface soil sample contained 
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concentrations of at least one inorganic compound that exceeded a TAGM value.  Only selenium 

was not detected above TAGM values in any of the samples. 

Approximately 84 percent (31 samples) of the surface soil samples exceeded the TAGM 

value for chromium (20.7 mg/kg), which is based on the average site background concentration.  

Chromium exceedances in the surface soil appears to be widespread, though samples from near the 

lumber yard area in the SE Quadrant generally have lower chromium concentrations.  Maximum 

chromium concentrations were detected in SS-34 (508N* mg/kg), SS-5 (307 mg/kg), and SS-7 

(233N* mg/kg) in the SW, NW, and NE Quadrants, respectively.  Samples collected along the 

northern and western fence lines contained chromium exceedances.  Figure 5-4 shows the 

distribution of the chromium concentration in the surface soil samples collected by Malcolm Pirnie.   

As seen in Figure 5-4, seven of the surface soil samples contained chromium concentrations 

above 100 mg/kg (potential Toxicity Characteristic Leaching Procedure (TCLP) “Exceedance 

Value”).  Although no TCLP analyses were performed on these samples, the concentrations 

obtained from the chemical analyses were evaluated for potential failure of TCLP regulatory limits 

(5 mg/kg).  Comparison of chemical analytical results with TCLP regulatory limits assumes that 

100 percent of the metal is extracted during the analysis, which is unlikely.  Based on the TCLP 

testing procedure, the sample would not fail the TCLP test unless the extraction fluid was 

approximately 20 times more concentrated in the samples than the maximum concentration 

permitted in the extract.  Therefore, the chromium concentrations detected in these soil samples 

were high enough (greater than 100 mg/kg) to potentially exceed TCLP regulatory limits.  Three of 

these seven samples that exceeded the TCLP “Exceedance Value” were collected in the NE 

Quadrant and three were collected in the SW Quadrant.  Only one surface soil sample, SS-34, 

contained a chromium concentration exceeding 390 mg/kg, the recommended NYSDEC site 

cleanup objective for Perfection Plating (E&E, 1995 - FS).  None of the surface soil samples 

exceeded the EPA Region III Risk-Based Criteria for chromium of 78,000 mg/kg.  Surface soil 

samples collected along the northeastern fence line as part of the Perfection Plating investigation 

detected chromium exceedances in six of the seven samples, with a maximum concentration of 182 

mg/kg (E&E, 1995).  Though not collected in the Siberia Area, surface soil samples collected on 
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the Perfection Plating property approximately 25 feet from the northeastern fence line of the Siberia 

Area contained chromium concentrations up to 77,100 mg/kg. 

Arsenic concentrations above the TAGM value (10.5 mg/kg, average site background) 

were detected in approximately 62 percent of the surface soil samples, with the maximum 

concentrations detected along the western site boundary in the SW Quadrant.  In this area along the 

railroad tracks west of Building 145, samples SS-30 and SS-21 contained 27.3 mg/kg and 26.9 

mg/kg of arsenic, respectively.  Figure 5-5 shows the distribution of arsenic concentrations in 

surface soil samples collected by Malcolm Pirnie.  Samples SS-21, SS-30, and SS-24 were the 

only surface soil samples to exceed 23 mg/kg of arsenic, the EPA Region III Risk-Based Criteria 

and proposed site cleanup objective for arsenic at Perfection Plating (E&E, 1995- FS).  

Lead contamination in the surface soil appears to be most prevalent in the NE and NW 

Quadrants of the Siberia Area.  Fourteen of the surface soil samples exceeded the TAGM value for 

lead (185.5 mg/kg, average site background), eleven of which were collected in the NE and NW 

Quadrants including samples along the northern fence line.  Two of the samples which exceeded 

TAGM values that were not collected in the two northern quadrants were SS-21 and SS-30, along 

the railroad tracks near the western fence line in the SW Quadrant.  The maximum lead 

concentrations were detected in SS-3 (630* mg/kg), SS-5 (583 mg/kg), and SS-9 (581* mg/kg), 

in the NE, NW, and NE Quadrants, respectively.  Figure 5-6 shows the distribution of lead 

concentrations in the surface soils collected by Malcolm Pirnie.  Five surface soil samples exceeded 

400 mg/kg of lead, the proposed site cleanup objective for Perfection Plating (E&E, 1995).  Four 

of these five samples were collected from the NE Quadrant.  Five of the seven surface soil samples 

collected along the northeastern fence line in the Siberia Area as part of the Perfection Plating 

Investigation contained exceedances of lead, with a maximum concentration of 8,030 mg/kg (E&E, 

1995).    

Most (86 percent) of the surface soil samples contained mercury concentrations greater 

than the TAGM value of 0.1 mg/kg.  However, all of the site background surface soil samples also 

exceeded this TAGM value (Table 5-3), ranging in concentration from 0.14 mg/kg to 0.56 mg/kg.  

Only three surface soil samples, SS-8 (1.4JN* mg/kg), SS-5 (1.1 mg/kg) and SS-9 (0.57N* 
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mg/kg), all of which were collected in the NE Quadrant, exceeded the maximum site background 

concentration for mercury (0.56 mg/kg).  There were no surface soil samples which contained 

mercury concentrations which exceeded the EPA Region III Risk-Based Criteria of 23 mg/kg. 

Approximately 41 percent (15 samples) of the surface soil samples exceeded the TAGM 

value for cadmium (1 mg/kg), with the maximum cadmium concentration detected in SS-5 (23.8 

mg/kg).  All of the samples with exceedances were collected from either the NE or NW Quadrant 

with the exception of SS-21 and SS-30 along railroad tracks near the western fence line, and SS-

38, near the southwestern fence line.  Each of the four samples collected as site background 

samples contained less than 1 mg/kg of cadmium (Table 5-3).  The extent of cadmium 

contamination in the NE and NW Quadrants extends to the northern fence line.  The EPA Region 

III Risk-Based Criteria for cadmium is 39 mg/kg.  None of the surface soil samples collected by 

Malcolm Pirnie exceed this criteria. 

Seven samples contained silver concentrations above the TAGM value (non-detect, 

average site background), with samples SS-10 and SS-37 containing the maximum concentrations 

(10.5 mg/kg and 5.7 mg/kg, respectively).  Three of the samples which contained exceedances 

were collected from the same vicinity in the NE Quadrant (SS-11, SS-13, and SS-19).  

Isolated areas in the NE, SE, and SW Quadrants contained barium concentrations which 

exceeded the TAGM value of 300 mg/kg (samples SS-15, SS-18, SS-29, and SS-33).  The 

maximum barium concentration was detected in SS-29 (429 mg/kg).  The average site background 

barium concentration is 188.4 mg/kg (Table 5-4).   None of the surface soil samples collected by 

Malcolm Pirnie exceeded the EPA Region III Risk-Based Criteria for barium of 5,500 mg/kg. 

 

5.3.2  Shallow Soils 

For this discussion, shallow soils will include the historical samples collected between 0 and 

3 feet bgs and the soil samples collected from the (0-2 feet), (0.5-2.5 feet), and (1-3 feet) intervals 

during Malcolm Pirnie’s soil boring/monitoring well installation investigation.  Based on the average 

depth of fill (3.5 feet bgs), shallow soil samples collected during previous investigations will be 

assumed to have been collected from the fill unless noted otherwise.  Appendix K and Appendix N 
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contain the analytical results for the shallow soil sampling, and a statistical summary of results is 

provided in Table 5-5. 

 

5.3.2.1   Shallow Soils - Organics 

The organic contamination in the shallow soils collected during this study is primarily limited 

to the presence of PAHs and petroleum hydrocarbons.  Concentrations of each of the potentially 

carcinogenic PAHs exceeded TAGM values in at least one shallow soil sample.  The sample 

collected from 95MPI-MW-29(1-3 feet) contained concentrations of all seven potentially 

carcinogenic PAHs above the TAGM values.  The total semi-volatile concentrations in the shallow 

soil samples collected by Malcolm Pirnie are shown on Figure 5-1.  Elevated total semi-volatile 

concentrations relative to the other surface/shallow soil samples on site were distributed throughout 

the site, extending to the northern and western site boundaries, however no samples exceeded the 

TAGM value for total semi-volatile concentrations (500,000 µg/kg).  Visual and olfactory signs of 

shallow soil contamination, including strong petroleum odors, were noted during drilling activities.  

Benzo(a)pyrene concentrations were detected above the TAGM value in 26 shallow soil samples, 

ranging in concentration from 200J µg/kg (95MPI-MW-25(0-2 feet)) to 15,000J µg/kg (95MPI-

MW-29(1-3 feet)).  These samples are distributed across the site, with several near the northern 

and western site boundaries.  Figure 5-2 shows the distribution of benzo(a)pyrene concentrations 

detected in the shallow soil samples collected by Malcolm Pirnie.  A majority of the samples which 

exceeded the TAGM values are located in the NE and NW Quadrants.  The distribution is similar 

in nature to that of total PAHs (Figure 5-6). 

Nineteen shallow soil samples contained concentrations of benzo(a)anthracene in 

exceedance of the TAGM value (224 µg/kg) and 15 shallow soil samples contained 

dibenzo(a,h)anthracene concentrations in exceedance of the TAGM value (14 µg/kg).  

Benzo(a)anthracene exceedances ranged from 2,200 µg/kg (95MPI-MW-25(0-2 feet)) to 51,000 

µg/kg (95MPI-MW-29(1-3 feet)), and dibenzo(a,h)anthracene exceedances ranged from 145 J 

µg/kg (SB-34(0-2 feet)) to 15,000J µg/kg (95MPI-MW-29(1-3 feet)).  Of the seven locations at 
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which both the benzo(a)anthracene and dibenzo(a,h)anthracene standards are exceeded, at least 

one is located in each quadrant.  

Previous investigations analyzed shallow soil samples for Total Petroleum Hydrocarbons 

(TPH).  These compounds were detected in the shallow soils throughout the site, but were detected 

at the greatest concentrations in the NE and SE Quadrants.  The maximum shallow soil TPH 

concentration was detected in NSB-ESE-6 (1,390 µg/g) in the NE Quadrant.  Shallow soil 

samples NSB-ESE-33 and NSB-ESE-28, both of which were collected in the SE Quadrant, 

contained 674 µg/g and 427 µg/g of TPH, respectively.  TPH concentrations were detected in 

shallow soil samples along the northern, eastern, and western fence lines.     

There were no shallow soil samples collected during this study that exceeded TAGM values 

for VOCs.  Historical shallow soil VOC data will not be considered due to suspect quality of the 

data related to compositing of the samples during their collection.   

Only one shallow soil sample collected during this study exceeded the TAGM values for 

pesticides.  The sample collected from SB-4 (0-2') had a heptaclor epoxide concentration of 210 

µg/kg, which exceeded the TAGM value of 160 µg/kg.  Previous investigations have detected 

concentrations of several pesticides in the shallow soils throughout the Siberia Area.  Maximum 

concentrations of 41,900 µg/kg DDD and 37,500 µg/kg DDE were detected in a shallow soil 

sample collected from MW-ESE-6 (ESE, 1990) which is along the northwestern fence line near the 

railroad tracks.  Shallow soil sample SS-ESE-6, collected along the eastern fence line, contained 

the maximum concentration of DDT (16,800 µg/kg).  Based on the TAGM values, no other 

previously sampled shallow soil contained pesticide exceedances.    There were no shallow soil 

samples collected during this study that exceeded the TAGM values for PCBs (16,000 µg/kg).  

Previous investigations have detected PCBs in the shallow soils across the site at concentrations 

generally less than 1,000 µg/kg.  The one area where shallow soil samples appear to contain 

greater concentrations of PCBs is along the northeastern fence line.  Samples SB-EA-12, SB-EA-

1, and SS-ESE-15 contained 7,500 µg/kg, 2,200 µg/kg, and 1,700 µg/kg of PCBs, respectively, 

all below the TAGM value of 16,000 µg/kg. 

 



 
f:\p\0285591\d\rfi\final\sec-5.wpd 5-19 

5.3.2.2   Shallow Soils - Inorganics 

As seen in the surface soils, the inorganic contamination of the shallow soils in the Siberia 

Area is extensive and widespread.  Thirty-nine soil shallow soil samples were  collected and 

analyzed during monitoring well and soil boring installation.  One shallow soil sample was 

subsequently collected during the drilling of the borings installed in the vicinity of 95MPI-MW-32.  

This subsequently collected soil sample, B32-W(0-2), was analyzed for only one inorganic 

compound, chromium. 

Arsenic concentrations exceeded the TAGM value (10.5 mg/kg, average site background) 

in 18 of the 39 (approximately 46 percent) shallow soil samples.  Maximum arsenic concentrations 

of 42.1 mg/kg, 35.4 mg/kg, and 27.7 mg/kg were detected in samples SB-32(0-2 feet), 95MPI-

MW-29(1-3 feet), and SB-9(0-2 feet), respectively.  The samples with exceedances are 

distributed throughout the site, though six of the 18 exceedances were collected in the NE Quadrant 

and six of the exceedances were collected in the SW Quadrant.  Shallow soil samples with arsenic 

exceedances were detected along the fence line in the northeastern and northwestern corners of the 

site and the southwestern site boundary near the railroad tracks.  Samples SB-32(0-2 feet), 

95MPI-MW-29(1-3 feet), and SB-9(0-2 feet) were the only samples to exceed 23 mg/kg of 

arsenic, the proposed NYSDEC soil cleanup objective for Perfection Plating and EPA Region III 

Risk-Based Criteria.  Figure 5-5 shows the distribution of arsenic concentrations in the shallow soil 

samples collected during the Malcolm Pirnie and previous ESE investigation (ESE, 1991).  Shallow 

soil samples which exceed the arsenic TAGM value (10.5 mg/kg) were collected throughout the 

site.  A majority of the samples containing arsenic concentrations greater than 23 mg/kg were 

collected along the fence line on the eastern, northern, and western site boundaries.  Previous 

shallow soil sampling results detected arsenic concentrations up to 100 mg/kg (ESE, 1991).  

Samples SS-ESE-16 and MW-ESE-6, collected along the northwestern fence line, contained 100 

mg/kg and 43 mg/kg of arsenic, respectively, and samples SS-ESE-5 and SS-ESE-7, collected 

along the eastern fence line, contained 88.3 mg/kg and 44.3 mg/kg of arsenic, respectively. 

Thirty-three of the 40 shallow soil samples (approximately 82 percent) collected by 

Malcolm Pirnie contained chromium concentrations in exceedance of the TAGM value (20.7 
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mg/kg, average site background).  The maximum chromium concentrations were detected in SB-

32(0-2 feet) (2,490 mg/kg), 95MPI-MW-29(1-3 feet) (1,490 mg/kg) and SB-30(0-2 feet) (1,070 

mg/kg), all of which were collected in the vicinity of the Main Substation in the SW Quadrant.  

Figure 5-4 the distribution of chromium concentrations in shallow soil samples, including samples 

collected during the previous ESE investigation (ESE, 1991).  Samples exceeding the chromium 

TAGM value are widespread throughout the site and along site boundaries, with the greatest 

number of sample exceedances (above TAGM) in the NE Quadrant but the greatest chromium 

concentrations were detected in the SW Quadrant.  Nine shallow soil samples which exceed 100 

mg/kg chromium (potential TCLP “Exceedance Value”),  were detected (Figure 5-4).  Four of 

these nine samples were collected in the NE Quadrant, and three were collected in the SW 

Quadrant.  As discussed earlier, chromium concentrations detected in surface soils on the 

Perfection Plating property approximately 25 feet from the Siberia Area site boundary contained up 

to 77,100 mg/kg of chromium.  Four shallow soil samples exceeded 390 mg/kg, the proposed 

NYSDEC soil cleanup objective for Perfection Plating (E&E, 1995-FS).  Three of these four 

samples were collected near the Main Substation in the SW Quadrant.  None of the samples 

exceed the EPA Region III Risk-Based Criteria of 78,000 mg/kg for chromium.  

Nine of the 39 shallow soil samples (23 percent) contained lead concentrations exceeding 

the TAGM value of 185.5 mg/kg, the average site background concentration.  Lead concentrations 

in the shallow soil appear to be the highest in the NE and SW Quadrants.  The maximum lead 

concentrations detected during the Malcolm Pirnie shallow soil sampling were from 95MPI-MW-

23(0-2 feet) (2,510JE* mg/kg, and 17,400E* mg/kg in the duplicate) and 95MPI-MW-29(1-3 

feet) (1,480E* mg/kg).  Three of the nine samples which contained lead concentrations in 

exceedance of the TAGM value were located in the NE Quadrant, five in the SW Quadrant, and 

one in the SE Quadrant.  Previous investigations detected a lead concentration of 14,400 mg/kg in 

SS-ESE-7, which was collected in a drainage ditch that flows from north to south along the eastern 

fence line.  In addition, samples SS-ESE-3 and NSB-ESE-6, both of which were collected in the 

NE Quadrant, contained 742 mg/kg and 656 mg/kg of lead, respectively.  Figure 5-6 shows the 

distribution of lead concentrations in the shallow soils collected during the Malcolm Pirnie and 
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previous ESE investigations (ESE, 1991).  The greatest number of samples with lead exceedances 

above the TAGM value were collected from the NE Quadrant, and especially along the eastern site 

boundary.  Shallow soil samples which exceeded 400 mg/kg (EPA Revised Interim Soil Lead 

Guidance and proposed NYSDEC soil cleanup objective for Perfection Plating) were collected 

from the eastern fence line, the NE Quadrant, and from the Main Substation area in the SW 

Quadrant.  As discussed earlier, the surface soil samples collected in the Siberia Area near the 

Perfection Plating property line as part of the Perfection Plating investigation, contained lead 

concentrations up to 8,030 mg/kg (E&E, 1995).    

Approximately half of the shallow soil samples collected by Malcolm Pirnie exceeded the 

TAGM value for mercury of 0.1 mg/kg.  However, only two of these samples, MW-30(0-2 feet) 

and SB-11(0-2 feet), exceeded the maximum site background mercury concentration of 0.56 

mg/kg.  Both of these samples were collected in the NE Quadrant, with sample SB-11(0-2 feet) 

containing the maximum concentration of 4 mg/kg.  Previous investigations have detected mercury 

concentrations throughout the site at concentrations less than 0.5 mg/kg.  None of the shallow soil 

samples have exceeded the EPA Region III Risk-Based Criteria for mercury (23 mg/kg). 

Five samples exceeded the selenium TAGM value of 3.1 mg/kg (average site background), 

with SB-32(0-2 feet)(duplicate) containing 32.3 mg/kg and 95MPI-MW-29(1-3 feet) containing 

16.5 mg/kg of selenium.  Four of the five samples which exceeded the selenium TAGM were 

collected in the Main Substation area in the SW Quadrant.  However, none of the samples exceed 

the EPA Region III Risk-Based Criteria for selenium of 390 mg/kg.  Previous data did not detect 

selenium concentrations in the shallow soils above 1 mg/kg.   

Many samples exceeded the TAGM value for silver (non-detect), however all but one of 

these sample results were qualified as being less than the CRQL (Contract Required Quantitation 

Limit).  Only one sample, 95MPI-MW-23(0-2 feet), and it’s duplicate contained a silver concen-

tration (2.5 mg/kg and 5.3 mg/kg, respectively) that was not qualified.   

Only one shallow soil sample, SB-30(0-2 feet) (439 mg/kg), exceeded the TAGM value 

for barium (300 mg/kg).  Several previous shallow soil samples contained barium exceedances, 

with MW-ESE-9 containing 711 mg/kg (IMS, 1994).  A majority of the barium exceedances were 
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collected in the NE and SE Quadrants.  The EPA Region III Risk-Based Criteria for barium is 

5,500 mg/kg.   

Cadmium concentrations exceeded the TAGM value (1 mg/kg) in seven shallow soil 

samples.  Sample SB-4(0-2'), collected in the NW Quadrant, contained the maximum 

concentration of 10.2 mg/kg.  Previous investigations detected two cadmium exceedances in 

samples in the NE Quadrant; NSB-ESE-6 contained 5.47 mg/kg and SS-ESE-4 contained 1.06 

mg/kg of cadmium.  Sample SS-ESE-4 was collected from along the eastern fence line.  None of 

the samples exceeded the EPA Region III Risk-Based Criteria of 39 mg/kg. 

 

5.3.3  Subsurface Soils 

Subsurface soil samples have been collected during the installation of soil borings, test pits, 

and monitoring wells in the Siberia Area during this investigation and previous investigations.  

Appendix K and Appendix N summarize the analytical results from this investigation along with the 

appropriate TAGM values.  A statistical summary of results is also provided in Table 5-5.   

 

5.3.3.1  Subsurface Soils - Organics 

Sixteen of the subsurface soil samples collected by Malcolm Pirnie contained 

concentrations of semi-volatile compounds (PAHs) in exceedance of TAGM values.  Subsurface 

soil samples containing the highest concentration of total semi-volatile compounds were samples 

MW-29(3-5 feet) and MW-26(2-4 feet), with 394,800 µg/kg and 240,560 µg/kg of total semi-

volatiles, respectively.  These samples were collected along the southeastern (MW-26) and 

southwestern (MW-29) fence lines.  The distribution of total semi-volatile concentrations in 

subsurface soil samples collected by Malcolm Pirnie from the 2-4 feet, 2.5-4.5 feet and 3-5 feet 

intervals are shown in Figure 5-7.  Most of the samples that contain the highest total semi-volatile 

concentrations are located along or near the site boundaries (Figure 5-7).  As seen in the 

comparison of Figures 5-1 and 5-7, the concentration of total semi-volatiles decreases with depth.  

This decrease with depth relationship is also shown on Figure 5-8 and Table 5-6.  The median total 

semi-volatile concentration decreases from 6,018 µg/kg at 0.5 feet bgs to 790 µg/kg at four feet 
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bgs and 163 µg/kg at six feet bgs.  The median semi-volatile concentration is below the TAGM 

value of 500,000 µg/kg at all depth intervals (Figure 5-8 and Table 5-6). 

Observations made during field activities documented the presence of petroleum 

contamination in the soils (Appendices C and Q).  The most apparent areas of contamination based 

on visual and olfactory observations include: the Main Substation area in the SW Quadrant, the 

Chip Handling Facility in the NW Quadrant, in an area around monitoring well 95MPI-MW-32 in 

the NE Quadrant, and 95MPI-MW-26 and 95MPI-MW-35 in the SE Quadrant.  Slight to strong 

petroleum odors were noted in each of these areas.  Petroleum saturated soils were observed in the 

soils collected from 95MPI-MW-32 (0-10 feet), 95MPI-MW-29 (0-7.5 feet), SB-4 (0-6 feet), 

SB-6 (0-4 feet), SB32-E (4-8 feet), and SB32-5 (4-6 feet).    

Similar to the surface and shallow soil analytical results, the nature of the subsurface soil 

contamination is primarily related to the presence of petroleum hydrocarbons and PAHs. On 

average, the concentration of potentially carcinogenic PAHs at a particular location is 50 percent of 

the total PAH concentration.  The sample from 95MPI-MW-26(2-4 feet) contained TAGM 

exceedances for six of the seven potentially carcinogenic PAHs.  The concentrations of total PAHs 

and total potentially carcinogenic PAHs decrease with depth, as shown on Figure 5-9 and 5-10 

and in Table 5-6.  The lateral extent of total PAH concentrations is displayed for depths from 2-4 

feet on Figure 5-11.  The median concentration of total PAHs decreases from 5,540 µg/kg at 0.5 

feet bgs to 719 µg/kg at 4 feet bgs and 122 µg/kg at 6 feet bgs.  The distribution of total 

carcinogenic PAHs with depth follows a similar pattern, decreasing from 2,820 µg/kg at 0.5 feet 

bgs to 222 µg/kg at four feet bgs and 39 µg/kg at six feet bgs.   

Benzo(a)pyrene was detected in 14 subsurface soil samples above the TAGM values, with 

the maximum concentration of 14,000 µg/kg detected in sample MW-26(2-4 feet). As seen with 

the total semi-volatile and PAH concentrations, the concentration of benzo(a)pyrene in the soil 

decreases with depth (Figure 5-12, and Table 5-6).  The median benzo(a)pyrene concentration 

decreases from 410 µg/kg at 0.5 feet bgs to 18 µg/kg at eight feet bgs.  The median 

benzo(a)pyrene concentrations were above the TAGM values (61 µg/kg) at depth intervals of 0-

0.5 and 0-2 feet (Figure 5-12).  Figure 5-13 also shows the distribution of benzo(a)pyrene in 
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samples collected from the 2-4 foot interval.  Benzo(a)anthracene and dibenzo(a,h)anthracene 

concentrations in the subsurface soils also exceeded the TAGM values in several samples, though 

the maximum concentrations (22,000 µg/kg benzo(a)anthracene and 3,500J µg/kg 

dibenzo(a,h,)anthracene in sample MW-26(2-4 feet)) were less than those detected in the shallow 

soil samples. 

Some of the previous investigations analyzed subsurface soil samples for TPH.  These 

compounds were detected in the subsurface soils throughout the site, but were generally the highest 

in the NE and SE Quadrants.   However, the maximum TPH concentrations were detected in the 

SW Quadrant in samples TP-ESE-10 (112,000 µg/g) and MW-ESE-1 (depth unknown) (44,400 

µg/g), both of which are located near 95MPI-MW-29 which contained the maximum concentration 

of total semi-volatiles for the shallow and subsurface soil samples.  Petroleum saturated soils were 

observed during the drilling of 95MPI-MW-29.  A high TPH concentration was also detected in 

the NE Quadrant in NSB-ESE-16 (21,900 µg/g) at a depth of approximately six feet bgs.  This 

boring was drilled in the vicinity of 95MPI-MW-32, where petroleum saturated soils were 

encountered during drilling.  Elevated TPH concentrations relative to the site-wide samples were 

detected in the area between Building 148 and the lumber yard.  Two of the samples in this area 

collected from a depth of approximately four feet bgs, NSB-ESE-32 and NSB-ESE-27, contained 

16,000 µg/g and 7,880 µg/g of TPH, respectively.  TPH concentrations in the shallow soils were 

also the highest in the NE and SE Quadrants, but at concentrations generally lower than the 

subsurface soil TPH concentrations.  

Only one subsurface soil sample collected by Malcolm Pirnie contained concentrations of 

VOCs above TAGM values.  The sample collected from 95MPI-MW-36(3-5 feet) contained 

190J µg/kg of methylene chloride, 2,100 µg/kg of 2-butanone, and 2,100 µg/kg of cis-1,3-

dichloropropene, which exceeded the TAGM values.  Based on the Malcolm Pirnie investigation, 

VOC contamination in the Siberia Area soils is present in NE and NW Quadrants in two isolated 

locations; in the surface soils in the vicinity of the former burning pit (SS-8) and the subsurface soils 

in the area of 95MPI-MW-36.  No shallow soil samples exceeded the TAGM values for VOCs.  
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Previous investigations detected TCE in the subsurface soils (4 feet bgs) in SB-EA-14 in the NE 

Quadrant.   

Heptachlor epoxide was the only pesticide present in the subsurface soil samples collected 

by Malcolm Pirnie above the TAGM values.  Heptachlor epoxide concentrations above TAGM 

values were detected in soil boring samples SB-3 (2-4 feet) and SB-4 (2-4 feet), which were 

collected from soil borings located in the Chip Handling Area in the NW Quadrant.  Soil boring 

SB-4 is located along the northern fence line.  The shallow soil sample collected from SB-4(0-2 

feet) contained 210 µg/kg of heptachlor epoxide, and was the only other soil sample collected 

during this investigation to exceed the TAGM value for a pesticide.  Previous investigations found 

low levels (less than 10 µg/kg) of DDD, DDE, DDT, and heptachlor epoxide in the subsurface 

soils, at concentrations much less than reported in the shallow soil samples. 

Concentrations of PCBs were not detected above TAGM values in any of the subsurface 

soil samples collected by Malcolm Pirnie.  The results of the Malcolm Pirnie investigation indicate 

that PCBs in exceedance of the TAGM values were detected only in two surface soil samples (SS-

5 and SS-21) and no shallow or subsurface soil samples.  Historical sample results also indicate 

that no previously sampled shallow or subsurface soil contained PCB concentrations above TAGM 

values. 

 

5.3.3.2  Subsurface Soils - Inorganics 

At least one TAGM exceedance for each parameter was detected in the subsurface soil 

samples collected by Malcolm Pirnie.  However, as seen with the organic compounds in the soil, 

the inorganic concentrations of most analytes decreases with depth.  

Chromium concentrations exceeded the TAGM guidance value (20.7 mg/kg, average site 

background) in 42 of the 54 subsurface soil samples (approximately 78 percent) collected by 

Malcolm Pirnie, with a maximum concentration of 1,080 mg/kg detected in the sample from MW-

29(3-5 feet).  Nine of the twelve samples which did not contain chromium exceedances were 

collected from the western portion of the site (NW and SW Quadrants).  However, the two 

maximum chromium concentrations detected in subsurface soil samples collected during previous 
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investigations were collected in the SW Quadrant.  Test pit sample TP-ESE-10 contained 2,640 

mg/kg chromium and a subsurface soil sample collected from MW-ESE-1 contained 1,410 mg/kg 

of chromium, both of which were located in the SW Quadrant.  In general, previous investigations 

have detected chromium in the subsurface soils throughout the site, generally at concentrations less 

than 100 mg/kg. 

Chromium concentrations appear to decrease with depth, especially within the first two feet 

as shown on Figure 5-14 and in Table 5-6.  The median chromium concentration decreases from 

49 mg/kg at 0.5 feet bgs to 24 mg/kg at two feet bgs.  However, the median chromium 

concentration is not less than the TAGM value (20.7 mg/kg) until a depth of ten feet bgs (Figure 5-

14).  Figures 5-15 and 5-16 also show this trend of decreasing chromium concentration with depth. 

 As seen in Figure 5-16, only approximately 40 percent of the samples collected between 3.5 and 

6.5 feet bgs (4-6 feet interval) contained chromium exceedances above the TAGM versus 

approximately 84 percent in the surface soil samples collected by Malcolm Pirnie.  Though not all 

test pit and soil boring data from previous investigations is included on Figures 5-15 and 5-16 due 

to unknown sample depths, these figures show that three samples (two in the NE and one in the 

SW Quadrant) exceed 100 mg/kg (potential TCLP “Exceedance Value”) and/or 390 mg/kg 

(proposed NYSDEC soil cleanup objective for Perfection Plating).  None of these samples exceed 

78,000 mg/kg, the EPA Region III Risk-Based Criteria for chromium.   

Six of the 48 subsurface soil samples (approximately 13 percent) exceeded the TAGM 

value for lead (185.5 mg/kg), with the maximum concentration detected in 95MPI-MW-29 (3-5 

feet) (2,530JE* mg/kg).  Three of the six samples with lead exceedances were collected from the 

NE Quadrant, and four of the six samples were collected from near the eastern, northern, and 

western fence lines.  As seen on Table 5-5, lead exceedances were only detected in samples 

collected from the fill.  Previous investigations have found lead concentrations up to 2,450 mg/kg 

(TP-ESE-5) (ESE, 1990).  Several subsurface soil samples collected in the NE Quadrant in the 

general area of the former wood burning pit contained lead exceedances (TP-ESE-5, NSB-ESE-

10).  Similar to the concentration trends with depth for PAHs and chromium, the concentration of 

lead in the soil decreases with depth as shown in Figure 5-17.  The median lead concentrations at 



 
f:\p\0285591\d\rfi\final\sec-5.wpd 5-27 

each depth interval are below the TAGM value (Figure 5-17).  Figures 5-18 and 5-19 also show 

the decrease in the number of samples with lead exceedances with depth.  Three samples collected 

by Malcolm Pirnie contained lead concentrations which exceeded 400 mg/kg (EPA Region III 

Risk-Based Criteria), including 95MPI-MW-29(3-5 feet) (2,530JE* mg/kg), 95MPI-MW-23(2-4 

feet) (1,970E* mg/kg), and 95MPI-MW-30(2-4 feet) (442E* mg/kg). 

Arsenic concentrations exceeded the TAGM value of 10.5 mg/kg in 15 of the 48 

subsurface soil samples.  The maximum arsenic concentration was 40.2 mg/kg, detected in sample 

MW-29(3-5 feet).  The samples containing arsenic exceedances were distributed throughout the 

site as shown in Figures 5-20 and 5-21, and arsenic concentrations in the soil generally decrease 

with depth as seen in Figures 5-20, 5-21, and 5-22.  Three of the subsurface soil samples collected 

by Malcolm Pirnie, two of which were collected near the Main Substation in the SW Quadrant, 

contained arsenic concentrations in exceedance of 23 mg/kg (EPA Region III Risk-Based Criteria 

and proposed NYSDEC soil cleanup objective for Perfection Plating).  The median arsenic 

concentrations are above the TAGM value at depths above 4 feet bgs interval (Figure 5-22).  

Arsenic concentrations up to 80.2 mg/kg (MW-ESE-1) were detected in the subsurface soils 

during previous investigations.   

Only three subsurface soil samples contained barium exceedances of the TAGM (300 

mg/kg), with the maximum detected in 95MPI-MW-31(2-4 feet) (326 mg/kg).  Contradicting the 

general contaminant concentration trends with depth, the concentrations of barium in the soils 

generally increase with depth (Table 5-6).  As seen in Table 5-6, the largest increases in the median 

barium concentrations with depth occur in the native soils.  This may indicate that the high barium 

concentrations are indigenous to the site soils.  None of the subsurface soil samples exceeded 

5,500 mg/kg of barium, the EPA Region III Risk-Based Criteria.   

Mercury concentrations exceeded the TAGM value (0.1 mg/kg) in 17 of the 44 samples 

(approximately 39 percent), however only two of these samples exceeded the maximum site 

background mercury concentration of 0.56 mg/kg.  These two samples were SB-1(2-4 feet) and 

SB-2(2-4 feet), both of which were collected in the NE corner of the site, and each having a 

concentration of 0.62N mg/kg.  Previous investigations detected 0.288 mg/kg of mercury in 
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subsurface soil sample NSB-ESE-21, near the southwestern fence line.  Median mercury 

concentrations in the soils decrease slightly with depth (Table 5-6).  None of the subsurface soil 

samples exceeded 23 mg/kg of mercury, the EPA Region III Risk-Based Criteria. 

   The subsurface soil sample collected from SB-7(2-4 feet) was the only subsurface soil 

sample to exceed the cadmium TAGM value of 1 mg/kg, with SB-7(2-4 feet) having a cadmium 

concentration of 2 mg/kg.  Previous investigations have detected cadmium concentrations in the 

subsurface soils up to 10.8 mg/kg (NSB-ESE-16), (NE Quadrant), well below the EPA Region III 

Risk-Based Criteria for cadmium (39 mg/kg).  As seen on Table 5-6, the median cadmium 

concentrations generally decrease with depth in the upper two feet, then remain relatively constant 

with increasing depth.   

Selenium concentrations exceeded the TAGM value (3.1 mg/kg) in eight subsurface soil 

samples, with the maximum concentration detected in 95MPI-MW-29(3-5 feet) (16.9 mg/kg).  Six 

of the eight samples with selenium exceedances were collected in the SW Quadrant, five of which 

were in the Main Substation area.  Previous investigations have not detected selenium 

concentrations above the TAGM value in any of the subsurface soils.  Selenium concentrations in 

the soils are generally the highest in the area of the Main Substation in the SW Quadrant in the 0-2 

feet and 2-4 feet intervals (Table 5-6).  None of the soil samples collected by Malcolm Pirnie 

exceeded the EPA Region III Risk-Based Criteria for selenium (390 mg/kg). 

As with the shallow soils, silver was detected in many subsurface soils, but all of the 

subsurface soil data are qualified as being less than the CRQL.  Only one shallow soil sample, 

MW-23(0-2 feet), contained a silver exceedance which was not qualified (5.3 mg/kg).  The 

TAGM value for silver is non-detect.  Previous investigations have detected two isolated silver 

concentrations in exceedance of the TAGM value, with the maximum concentration detected in 

NSB-ESE-16 (18.3 mg/kg, NE Quadrant).  In general, the silver concentrations decrease with 

depth (Table 5-6).       

 

5.3.4  Summary 
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Soil contamination has been detected throughout the Siberia Area.  Organic contamination 

in the soils is primarily limited to the presence of PAHs, as concentrations of VOCs, pesticides, and 

PCBs were generally below TAGM values.  Chromium, lead, and arsenic are the primary inorganic 

contaminants of concern in the soil.    

Field observations noted the presence of petroleum odors in the shallow and subsurface 

soils throughout the site, and petroleum saturated soils were observed in several of the subsurface 

borings drilled in the NE, NW, and SW Quadrants.  Especially in these quadrants, the 

concentrations of several of the potentially carcinogenic PAHs, including benzo(a)pyrene, 

benzo(a)anthracene, and dibenzo(a,h)anthracene, were detected in the surface, shallow, and 

subsurface soils above TAGM values.  The extent of the PAH soil contamination reaches the 

eastern, northern, and western fence lines.  The concentrations of total semi-volatile compounds, as 

well as the concentrations of the of total PAHs, carcinogenic PAHs, and individual semi-volatile 

compounds (benzo(a)pyrene) in the soils decrease with increasing depth (Figures 5-8, 5-9, 5-10, 

5-12 and Table 5-6).  The NE Quadrant contains the most elevated concentrations of organic 

contaminants and the soil sampling results for total volatiles and semi-volatiles are presented on 

Figure 5-23. 

PCBs do not appear to be a problem in the soils in the Siberia Area, as only two surface 

soil samples (SS-5 and SS-21) contained PCB concentrations in exceedance of the TAGM value.  

Heptachlor epoxide was the only pesticide detected above TAGM values in the soil, and was only 

contained in two soil borings in the NW Quadrant.  Two isolated areas in the NE and NW 

Quadrants indicate VOC contamination in the soils.  The former burn pit area in the NE Quadrant 

contained PCE above the TAGM value in the surface soil, and a subsurface soil sample collected 

from 95MPI-MW-36 along the northern fence line in the NW Quadrant contained methylene 

chloride, 2-butanone, and cis-1,3-dichloropropene. 

Inorganic contamination in the soils is the most prevalent in the NE and SW Quadrants.  

Chromium is the most extensive and widespread inorganic contaminant (Figures 5-4, 5-15, and 5-

16) with the maximum concentrations detected in the NE and SW (Main Substation area) 

Quadrants.  Lead contamination in the soils is the most extensive along the eastern fence line and 
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Main Substation area.  Lead concentrations in the NE Quadrant show a decrease with increasing 

distance (heading west) from the eastern fence line.  Arsenic contamination is widespread,  though 

the maximum concentrations in the surface and shallow soils were almost exclusively located along 

the eastern, northern, and western fence lines.  Chromium, lead, and arsenic concentrations in the 

soils generally decrease with increasing depth (Figures 5-14, 5-17, and 5-22). 

 

5.4 GROUNDWATER 

 

5.4.1  Groundwater Field Screening Survey 

Prior to the installation of the new monitoring wells in the Siberia Area, a groundwater field 

screening survey was conducted using the Geoprobe system.  As part of the field screening survey, 

the existing monitoring wells were also sampled.  This survey was conducted to evaluate on a 

preliminary basis the nature and extent of groundwater contamination and to aid in the placement of 

the new monitoring wells.  All  samples were analyzed on-site using a gas chromatograph (GC) for 

VOCs and the results are presented in the report prepared by Target Environmental Services 

(Appendix B).  The concentration of petroleum hydrocarbons was determined with a GC/FID 

(Flame Ionization Detector).  Total FID VOC concentrations were calculated using the sum of the 

areas of all chromatogram (GC/FID) peaks.  Chlorinated organics were detected using an electron 

capture detector (GC/ECD).   All monitoring well samples and selected field screening samples 

from the NE Quadrant were sent for the off-site analysis of metals, and those analytical results are 

provided in Appendix K. 

In October, 1996 additional geoprobe samples were collected along the sewer line running 

north-south through the Siberia Area, as shown on Figure 3-8.  Each sample collected was 

analyzed for VOCs on-site using a gas chromatograph. 

 

5.4.1.1  Groundwater Field Screening - Organics 

Groundwater field screening results indicate that VOC contamination is present in the NE 

Quadrant, primarily in the overburden with the exception of MW-ESE-8 which is a hybrid well 
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(screened in the weathered bedrock and bedrock).  Several samples collected in the NE Quadrant 

contained elevated concentrations of cis-1,2-DCE, including samples FS-27 (3,000 µg/l), FS-19 

(2,790 µg/l), and MW-ESE-8 (2,200 µg/l).  Sample FS-27 also contained benzene (22 µg/l), 

trans-1,2-DCE (29 µg/l), and TCE (31 µg/l).  A review of the chromatograms indicates that vinyl 

chloride may be present in FS-17, FS-19, FS-27, and FS-49.  Based on the screening results, 

VOC groundwater contamination in the NE Quadrant appears migrate along the groundwater flow 

path towards the northern fence line (Figures 4-13 and 4-14). 

Concentrations of total FID VOCs were elevated relative to the rest of the site in the SW 

Quadrant in samples FS-53 (20,600 µg/l) and FS-52 (6,050 µg/l) with signatures indicative of 

diesel fuel and kerosene, respectively.  Sample FS-53 also contained benzene (13 µg/l), toluene 

(46 µg/l), ethylbenzene (282 µg/l), and xylenes (388 µg/l).  In the SE Quadrant, sample FS-37 

contained 18,600 µg/l total FID VOCs with a kerosene signature. 

The results of the analyses conducted on the samples collected in October, 1996 indicate 

non-detect concentrations in all sampling locations with the exception of GPSB-4 and GPSB-7.  

GPSB-4 had the highest individual VOC concentration cis-11-2,DCE at a concentration of 11 µg/l. 

 Results are presented in Appendix K. 

 

5.4.1.2  Groundwater Field Screening - Inorganics 

Groundwater field screening samples sent to an off-site laboratory for inorganic analysis 

indicate that all inorganic analytes of interest except for mercury, selenium, and silver were detected 

above NYSDEC Class GA Drinking Water Standards in the unfiltered groundwater samples 

(Appendix K).  Arsenic was detected at concentrations above the GA standard (25 µg/l) in six of 

the eight Geoprobe samples, but not in any of the monitoring well samples.  The maximum arsenic 

concentration detected was 181 µg/l in FS-18.  Maximum concentrations of metals were detected 

in Geoprobe sample FS-25, which contained 7,170J µg/l of lead, and FS-24, which contained 196 

µg/l of cadmium.  Concentrations of hexavalent chromium were detected above the detection limit 

only along the northeastern fence line in monitoring wells MW-ESE-9 (59,400 µg/l), MW-EA-7 

(5,070 µg/l), and MW-EA-8 (4,110 µg/l), downgradient of Perfection Plating.  These three wells 
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also contained the highest chromium concentrations detected.  With the exception of chromium 

contamination in the bedrock well MW-ESE-9, the groundwater samples collected from the 

overburden/weathered bedrock wells and Geoprobe points generally contained higher 

concentrations of metals than the samples collected from the bedrock wells.  These results were 

used in conjunction with the organic groundwater results and the surface soil sampling results to 

propose final locations for the new soil borings and monitoring wells. 

 

5.4.2  First Round Groundwater Sampling 

Following the installation of the new monitoring wells, groundwater samples were collected 

from all of the new and existing monitoring wells in the Siberia Area.  The majority of groundwater 

samples were collected between June 26, 1995 and July 13, 1995 as discussed in section 3.5.  

This sampling event was considered to be conducted during a period of seasonal low water levels.  

A second sampling event was later conducted during the spring of 1996 during seasonal high water 

levels.  The groundwater purge logs are provided in Appendix G and the results of the chemical 

analyses are summarized in Appendix K.  For comparison, Appendix K also contains appropriate 

Federal and New York State standards, where applicable.  These standards include the USEPA 

Maximum Contaminant Levels, the NYSDOH Maximum Contaminant Levels, and NYSDEC 

Class GA Drinking Water Standards.  

 

5.4.2.1  First Round Groundwater Sampling - Organics 

The high concentrations of semi-volatile organic compounds (PAHs) detected in the 

shallow and subsurface soils were not detected in the groundwater samples.  Only two semi-volatile 

compounds, bis(2-ethylhexyl)phthalate and benzo(a)anthracene, were detected in any of the 

groundwater samples at concentrations above the applicable standards (Appendix K).  Bis(2-

ethylhexyl)phthalate is a common laboratory contaminant and was detected in the field blanks 

(WVA-FB-19DL and WVA-FB20) and is not considered to be a site contaminant.  

Benzo(a)anthracene concentrations exceeding the applicable standards were detected in only one 

sample from monitoring well 95MPI-MW-26 (0.6J µg/l), above the USEPA standard of 0.1 µg/l, 
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but below the NYSDOH standard of 50 µg/l.  Monitoring well 95MPI-MW-26 is screened in the 

overburden and is located near the site boundary in the SE Quadrant.  As shown on Figures 4-13 

and 4-14, 95MPI-MW-26 is an upgradient well which may indicate that an off-site source of 

benzo(a)anthracene is present.  Previous monitoring well sampling events did not include semi-

volatile organic analysis.   

TPH analyses were included by ESE (1991).  Five monitoring well samples, all collected 

from bedrock wells, contained TPH concentrations above the detection limit of 200 µg/l.  Four of  

these five wells were located in the southern quadrants (SE and SW), with the maximum TPH 

concentration of 500 µg/l detected in MW-GTI-3.        

Four groundwater samples in the NE and NW Quadrants contained VOC concentrations 

above NYSDEC GA standards (Appendix K).  Three of these samples were collected from 

overburden wells (95MPI-MW-19, 95MPI-MW-20, and 95MPI-MW-32) and one from hybrid 

well MW-ESE-8 (weathered bedrock/bedrock).  In the overburden, sample 95MPI-MW-32 

contained concentrations of several chlorinated compounds above the USEPA, NYSDOH, and 

NYSDEC standards, including vinyl chloride (1,100D µg/l), cis-1,2-DCE (4,200D µg/l), 1,1-DCE 

(7µg/l) TCE (1,500D µg/l), and PCE (500D µg/l).  In addition, reported concentrations of total 

xylenes (43 µg/l), benzene (8 µg/l) toluene (8 µg/l) and ethylbenzene (7 µg/l) exceeded NYSDEC 

GA standards.  Also, sample 95MPI-MW-19 contained 11 µg/l of 2-Butanone and 95MPI-MW-

20 contained 42 µg/l of cis-1,2-DCE.  The hybrid well MW-ESE-8 contained lesser amounts of 

vinyl chloride (290 µg/l) and cis-1,2-DCE (1,800 µg/l) and elevated concentrations of chloroform 

(18JB µg/l) and 1,1,1-trichlorethane (22J µg/l).  Monitoring well 95MPI-MW-30, which is a deep 

bedrock well clustered with MW-ESE-8, was non-detect for all VOC compounds, indicating that 

the vertical extent of contamination is limited to the weathered bedrock in this location.  The VOC 

concentrations detected in 95MPI-MW-32 and MW-ESE-8 are much greater than previously 

detected in any of the monitoring wells with the exception of 3,000 µg/l of trans-1,2-DCE in MW-

ESE-8 in 1990 (ESE, 1991).   

Figure 5-24 shows the extent of chlorinated organics detected in the shallow groundwater 

based on samples collected during the groundwater field screening survey and monitoring well 
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sampling.  The organic contamination in the NE Quadrant appears to migrate along the groundwater 

flow path toward the sewer line (Figures 4-13 and 4-14).  As previously discussed in Section 

4.2.2, the groundwater in the NE Quadrant appears to drain into the bedding surrounding the sewer 

lines and migrate north, as evidenced by the absence of VOC contamination in the field screening 

point samples collected just west of the sewer line (FS-13, FS-20, FS-23).  This pattern is also 

apparent on a map presenting organics concentrations reported after the two rounds of 

groundwater sampling (Figure 5-25). 

  Low concentrations of pesticides, all below CRQLs except for a reported concentration of 

0.0051 of delta-BHC at MW-38, were detected in groundwater samples from overburden and 

bedrock wells throughout the site.  The maximum pesticide concentration detected was 0.08J µg/l 

of endrin aldehyde in sample 95MPI-MW-26, an upgradient overburden well (Figures 4-13 and 4-

14).  The GA standard for DDT (non-detect) was exceeded in seven groundwater samples, with 

the maximum value of 0.01J µg/l detected in samples collected from bedrock wells MW-ESE-2 

and MW-ESE-3.  Five of these seven samples that contained DDT exceedances, which were 

distributed throughout the site, were collected from bedrock wells.   PCBs were not detected 

above the detection limits in any of the groundwater samples collected.  Previous investigations 

detected low concentrations of PCBs in the NE and SE Quadrants, but these samples were 

collected from test pits and are of suspect quality. 

 

5.4.2.2 First Round Groundwater Sampling - Inorganics 

The groundwater samples collected after the new monitoring wells were installed confirmed 

the presence of metals concentrations in exceedance of the applicable standards.  

Thirteen of the thirty-nine groundwater samples (approximately 33 percent) contained 

barium concentrations above the NYSDOH MCL and NYSDEC Class GA standards in both the 

filtered and unfiltered samples.  Elevated barium samples were collected throughout the site, with 

both upgradient and downgradient wells containing barium concentrations above the GA standard 

(1,000 µg/l).  Eight of the thirteen samples with barium exceedances were collected from bedrock 

monitoring wells.  The maximum barium concentration was detected in sample MW-30 (19,900 
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µg/l, unfiltered), more than twice the barium concentration detected in any other sample.  Previous 

investigations have also found elevated barium concentrations in the groundwater throughout the 

site, with the previous maximum concentration detected in MW-ESE-8 (8,760 µg/l).  In a majority 

of the monitoring well clusters, the barium concentration detected in the sample from the deeper 

well was higher than the barium concentration detected in the sample from the shallower well, 

indicating that the vertical extent of barium increases with depth.  This corresponds to the increase 

in barium concentration with depth seen in the soil (Table 5-6), indicating that the barium in the 

groundwater may be naturally-occurring.  The comparison of the filtered and unfiltered barium 

concentrations in most samples, with the exception of 95MPI-MW-30, suggests that the barium 

primarily exists in the groundwater in the dissolved state.      

The results of Malcolm Pirnie’s monitoring well sampling confirmed the historical and 

Geoprobe groundwater results concerning chromium contamination.  The results of the groundwater 

sampling indicate that the chromium contamination in the groundwater is predominantly in the NE 

Quadrant, downgradient from Perfection Plating.  Eight groundwater samples contained chromium 

concentrations above the NYSDOH and NYSDEC standards, six of which were collected in the 

NE Quadrant.  The samples containing chromium exceedances in the NE Quadrant were collected 

from all stratigraphic units (overburden, weathered bedrock, and bedrock wells), indicating that the 

chromium contamination is distributed throughout the stratigraphic column in this quadrant.  Figure 

5-26 shows the lateral extent of dissolved chromium (unfiltered samples only) in exceedance of the 

GA standard (50 µg/l).  Figure 5-26 shows that the chromium contamination appears to migrate 

along the flow path from Perfection Plating toward the northern fence line.  The maximum chromium 

concentrations of 39,500 µg/l (filtered) and 42,100 µg/l (unfiltered) were collected from MW-

ESE-9.  These concentrations are several hundred times the USEPA, NYSDOH, and NYSDEC 

standards of 100 µg/l, 50 µg/l, and 50 µg/l, respectively (Appendix K).  However, these chromium 

concentrations are much less than the 131,000 µg/l concentration reported for MW-ESE-9 in 1991 

(ESE, 1991) and the 69,900 µg/l concentration reported in 1994 (E&E, 1994).  The results of 

Malcolm Pirnie’s groundwater sampling from MW-EA-7 (4,800 µg/l filtered, 4,890 µg/l unfiltered) 

are also less than the previously reported concentrations of 21,000 µg/l, 20,500 µg/l, and 6,130 
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µg/l in MW-EA-7 samples which were collected in 1988, 1991, and 1994, respectively (IMS, 

1994 and E&E, 1994).   Two samples contained chromium concentrations in exceedance of the 

standards but were not collected in the NE Quadrant (95MPI-MW-29 unfiltered and 95MPI-

MW-20 unfiltered).  Both 95MPI-MW-29 and 95MPI-MW-20 are overburden wells, in the NW 

and SW Quadrants, respectively. Chromium is present almost entirely in the dissolved state in the 

three monitoring well samples that contained chromium exceedances along the northeastern site 

boundary (MW-EA-7, MW-ESE-9, and MW-EA-8).  However, chromium is almost entirely 

associated with the particulates in the four other monitoring well samples that contained chromium 

exceedances (MW-DEC-3, 95MPI-MW-30, 95MPI-MW-20, and 95MPI-MW-29).  

Concentrations of hexavalent chromium above the GA standards were collected from three 

monitoring wells in the NE Quadrant; MW-EA-7, MW-EA-8, and MW-ESE-9.  These are the 

same three wells in which hexavalent chromium was detected during the groundwater field screening 

study, and are located downgradient from Perfection Plating.  The maximum concentration detected 

was 5,220 µg/l in MW-EA-7(unfiltered). 

Ten of the 39 groundwater samples contained lead concentrations above the applicable 

standards (Appendix K), with the maximum concentrations detected in 95MPI-MW-33 (898 µg/l, 

unfiltered) and 95MPI-MW-35 (275 µg/l, unfiltered).  Seven of the ten monitoring wells which 

contained lead concentrations above the GA standard (25 µg/l) are located in the northern 

quadrants (NE and NW).  The lead is primarily  associated with particulates as evidenced by the 

fact that only the unfiltered samples contained lead concentrations in exceedance of the standards.  

The unfiltered samples with the highest lead concentrations were distributed throughout the site.  

Previous investigations have also detected high lead concentrations in the groundwater, but from 

monitoring wells which did not exceed the standards during this study.  For example, the sample 

from MW-ESE-3 contained 221 µg/l in 1991, but only 7.5 µg/l in the 1995 sample.  Since lead 

appears to be primarily associated with the particulates in the groundwater, variations in the lead 

concentrations are likely to be related to the turbidity of the groundwater samples collected. 

Elevated arsenic concentrations were detected in only two groundwater samples, 95MPI-

MW-30 (unfiltered) and 95MPI-MW-33 (unfiltered), at concentrations of 82.6 µg/l and 56.3 µg/l, 
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respectively.  The corresponding arsenic concentrations in the filtered samples for these two wells 

were non-detect, indicating that the arsenic is primarily associated with particulates.  Previous 

investigations have detected arsenic throughout the site at concentrations up to 17.7 µg/l in MW-

EA-7 (ESE, 1991).  Cadmium concentrations were elevated in three samples with a maximum of 

72.6 µg/l in 95MPI-MW-19 (unfiltered).  The cadmium concentrations in the corresponding filtered 

samples also exceeded at least one of the standards.   

The selenium GA standard (10 µg/l) was exceeded in only one sample, 95MPI-MW-33 

(unfiltered) (17.7 µg/l).  The selenium concentration in the corresponding filtered sample is 2.1B 

µg/l, indicating that the selenium was associated with particulates.  Concentrations of mercury and 

silver did not exceed the standards in any of the groundwater samples collected during this study. 

A table containing a statistical summary of parameter concentrations in first round 

groundwater samples based on well constructions is included as Table 5-7.  

 

5.4.3 Second Round Groundwater Sampling 

A second sampling event was conducted during the spring of 1996 during seasonal high 

water levels.  The majority of groundwater samples collected during this sampling event were 

collected between April 23, 1996 and April 29, 1996.  On average, groundwater elevations were 

0.92 feet higher in the monitoring wells in the Siberia Area during the second round of sampling as 

compared to the round of water levels during the first round of sampling. 

Groundwater purge logs for the second round of groundwater sampling are provided in 

Appendix P and the results of the chemical analyses are summarized in Appendix N.  For 

comparison, Appendix N also contains appropriate Federal and New York State standards, where 

applicable.  These standards include the USEPA Maximum Contaminant Levels, the NYSDOH 

Maximum Contaminant Levels, and NYSDEC Glass GA Drinking Water Standards.  

 

5.4.3.1 Second Round Groundwater Sampling - Organics 

The distribution of volatile and semi-volatile organic compounds in groundwater in the NE 

Quadrant appears to closely mirror the distribution of volatile and semi-volatile compounds in the 
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soil (Figure 5-23 and 5-25). The magnitudes of contamination are quite different, however, and 

concentrations in the soil are frequently as much as four orders of magnitude higher than the 

corresponding concentration in the groundwater. 

Reported concentrations for individual semi-volatile compounds exceeded applicable 

standards at seven groundwater sampling locations in the Siberia Area.  All of these were in the NE 

Quadrant with the exception of MW-35, a monitoring well along the northern boundary of the SE 

Quadrant. 

As during the first round of sampling, benzo(a)anthracene frequently exceeded applicable 

standards, doing so at five of the seven locations.  Detected concentrations of benzo(a)anthracene 

ranged from 0.08 µg/l (MW-EA-5) to 0.2 (MW-35, and MW-EA-8).  Two exceedances were 

noted in bedrock wells, two in overburden wells, and one in a hybrid well. 

Detectable concentrations of chrysene, benzo(a)pyrene, and naphthalene were  reported in 

second round groundwater samples although they did not appear in first round sampling results.  

Chrysene appeared in six of the seven wells which exceeded applicable standards for at least one 

semi-volatile compound.  The reported concentrations of chrysene ranged from 0.1 µg/l (MW-34, 

MW-DEC-2, and MW-DEC-3) to 0.2 µg/l (MW-23RE, MW-35, MW-EA-8).  Benzo(a)pyrene 

was detected in MW-35, MW-DEC-3, and MW-EA-8 at 0.1 µg/l.  Naphthalene was detected in 

one well above the NYSDEC Class GA standard, at 16 µg/l in MW-32.  Reported concentrations 

for these compounds were detected in exceedance of the New York State Class GA Standard in 

wells of overburden, bedrock, weathered bedrock and hybrid construction (Table 5-8). 

Concentrations of volatile compounds were detected above applicable standards at five 

groundwater sampling locations.  Each of these five sampling locations is within the NE Quadrant 

with the exception MW-20 (cis-1,2-dichloroethene, 29 ug/l).  As during the first round of 

groundwater sampling, total volatile concentrations in MW-32 and MW-ESE-8 are orders of 

magnitude greater than total volatile concentrations detected at any other sampling location.  MW-

32 and MW-ESE-8 are the shallowest wells along the axis of the volatiles organics plume 

delineated on Figure 5-25.  MW-32 contains the highest reported concentrations of Vinyl chloride 

(730J µg/l), cis-1,2-dichloroethene (3600J µg/l), Trichloroethene (660J µg/l), and 
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Tetrachloroethene (700J µg/l) in the Siberia Area.  Vinyl chloride was also detected at MW-ESE-8 

(130 µg/l), a bedrock well, and SNS-6 (17 µg/l).  Cis-1,2-dichloroethene was detected above 

applicable standards at MW-20 (29 µg/l), an overburden well, and MW-ESE-8 (570 µg/l) in 

addition to being detected at MW-32.  The only sampling location other than MW-32 where 

Trichloroethene was detected was at MW-EA-6 (9 µg/l), a hybrid well.  

Pesticide and PCB concentrations which exceeded applicable standards were reported at 

eight groundwater sampling locations in the NW, NE and SE Quadrants.  Because fourteen of the 

seventeen detections of pesticides or PCBs at groundwater sampling locations occurred in 

overburden wells, it is assumed that the majority of pesticide detections are the result of the surface 

application of pesticides.  Thus, the lack of exceedances in the SW Quadrant may be a result of the 

fact that a large majority of the SW Quadrant is an impervious surface and no pesticides are 

applied. 

Pesticide and PCB exceedances were noted for Heptachlor, Heptachlor Epoxide, 4,4'-

DDE, 4,4'-DDT and Aroclor-1260.  Single exceedances were noted for Heptachlor (0.014 µg/l, 

MW-36), Heptachlor Epoxide (0.0004J, MW-ESE-8), and Aroclor-1260 (0.16 µg/l, MW-32).  

Three exceedances were noted each for 4-4'-DDE (0.00097J µg/l, MW-35; 0.0031J µg/l, MW-

EA-5; and 0.00051J µg/l, MW-EA-8) and 4-4'-DDT (0.0068J µg/l, MW-32; 0.0034J µg/l, 

MW-EA-6; and 0.0076J µg/l, MW-GTI-1). 

 

5.4.3.2 Second Round Groundwater Sampling - Inorganics 

The groundwater samples collected during this period of seasonal high water levels  

confirmed the presence of inorganic concentrations in exceedance of the applicable standards.  The 

majority of exceedances of applicable groundwater standards are the result of elevated barium 

concentrations.  Three exceedances for lead were also noted, as well as two chromium 

exceedances and one cadmium exceedance. 

Eleven of the thirty-five groundwater samples (approximately 31 percent) contained barium 

concentrations above the NYSDEC Class GA standards in the unfiltered samples.  Elevated barium 

samples were collected throughout the site, with both upgradient and downgradient wells containing 
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barium concentrations above the GA standard (1,000 µg/l).  Seven of the eleven samples with 

barium exceedances were collected from bedrock monitoring wells.  Unfiltered groundwater 

samples from the bedrock wells are much more likely to exceed the applicable standard for barium 

than overburden wells, with 70 percent of bedrock wells displaying barium exceedances but only 

14 percent of overburden wells.  At all clustered well locations the barium concentration in the 

deeper well was an order of magnitude greater than the barium concentration in the shallow well.  

The maximum reported barium concentration was 8,320 mg/l in SW Quadrant bedrock monitoring 

well MW-28. 

Of the thirty-five unfiltered groundwater samples collected in the Siberia Area, only three 

samples exceeded NYSDEC Class GA Standards for lead, all collected in overburden wells.  The 

maximum reported lead concentration was 144 mg/l (MW-35). 

Two chromium exceedances were noted, 4,280 mg/l at MW-EA-8, an overburden 

monitoring well in the NE Quadrant and at 127 mg/l in MW-DEC-3, a monitoring well constructed 

in the weathered bedrock in the NE Quadrant. 

The reported concentration of cadmium detected in only one groundwater sample, MW-

GTI-1, exceeded the NYSDEC Class GA standard (10 µg/l).  The reported concentration for this 

sample was 11.7 mg/l.  MW-GTI-1 is an overburden well in the NE Quadrant. 

 

5.4.4 Groundwater Sampling Summary 

Groundwater contamination is primarily limited to the NE Quadrant in the Siberia Area.  

The organic contamination in the NE Quadrant consists of chlorinated volatile organic compounds 

in the overburden, which appear to migrate along the groundwater flow path toward the sewer line 

(Figure 5-24 and 5-25).  Exceedances of NYSDEC Class GA Standards for volatile compounds 

were noted in overburden, hybrid, and bedrock wells during both rounds of sampling.  In the SW 

quadrant, petroleum hydrocarbon contamination was detected during the groundwater field 

screening survey (total FID VOCs). 

Several semi-volatile compounds were reported as exceeding DEC Class GA standards 

during round two of groundwater sampling.  Although benzo(a)anthracene exceedances were 
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detected during both rounds of sampling, the only location at which benzo(a)anthracene was 

detected was MW-32.  Exceedances of chrysene were noted at six monitoring locations during 

seasonal high water levels and at none during seasonal low water levels.  Exceedances of 

napthalene and benzo(a)pyrene were only reported during the period of seasonal high water levels. 

Chromium (total and hexavalent) concentrations in the groundwater collected in the NE 

Quadrant were elevated compared to the rest of the site. Samples containing chromium 

concentrations exceeding NYSDEC Class GA Standards in the NE Quadrant were collected from 

all stratigraphic units (overburden, weathered bedrock, and bedrock).  The samples collected from 

the monitoring wells directly downgradient from Perfection Plating (MW-EA-7, MW-EA-8, and 

MW-ESE-9) contained hexavalent chromium concentrations in both the filtered and unfiltered 

samples.  Lead and arsenic were also detected above NYSDEC Class GA standards in several 

groundwater samples, but only in the unfiltered samples.  Barium appears to be indigenous to the 

bedrock groundwater, appears primarily in the bedrock, and may not be considered a site 

contaminant. 

 

5.5 STORM AND SANITARY SEWER SAMPLING 

 

One aqueous sanitary sewer sample, five aqueous storm sewer samples, and three sediment 

samples from the storm drain network were collected in the Siberia Area.  The purpose of this 

sampling was to assess whether the sanitary and storm sewer networks are transporting 

contaminated water and/or acting as a continuing contaminant source by allowing contaminated 

storm water to exfiltrate to the groundwater.  A television inspection of a portion of the storm sewer 

system was performed and the results are presented in Appendix I.  The inspection found that in 

most locations, half of the pipe was filled with sand and debris.  Also, joints were leaking in the 

portion of the sewer line inspected along the western site boundary in the NW Quadrant. 

The concentrations of analytes in the aqueous sewer samples were compared to the 

NYSDEC Class GA Drinking Water Standards due to the possibility of leaks in the sewer lines that 
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would allow the contaminated water to exfiltrate to the groundwater (Appendix K).  The 

concentrations of analytes in the sediment samples were compared to TAGM values. 

 

5.5.1  Sewer Sampling - Organics 

The aqueous and sediment samples collected from location STS-05 were the only samples 

to exceed the NYSDEC Class GA standards and/or TAGM values for any of the semi-volatile 

compounds.  The aqueous sample collected at STS-05 contained concentrations of 

benzo(a)anthracene (0.7J µg/l), chrysene (0.9J µg/l), and benzo(a)pyrene (0.8J µg/l) in exceedance 

of the GA standards.  The sediment sample collected at location STS-05 exceeded the TAGM 

value (61 µg/kg) for benzo(a)pyrene, with a concentration of 710 µg/kg detected.  Sample location 

STS-05 is along the northern fence line, and a majority of the surface soil samples which exceeded 

the TAGM values for PAHs were located in the NE and NW Quadrants.  The storm sewer 

continues off-site from the STS-05 location into the City of Watervliet combined sewer system 

which discharges to the Albany County Treatment Plant except during wet weather.  All flows in 

excess of approximately 2.5 times the average dry weather flow, discharges to the Hudson River. 

Samples collected at three locations in the sewer network contained concentrations of 

VOCs in exceedance of the GA standards and/or TAGM values.  The aqueous and sediment 

samples collected from STS-06, in the northwestern corner of the site, contained very high 

concentrations of PCE in comparison to the other sewer samples (600 µg/l, aqueous; 3,900,000 

µg/kg sediment).  The soil and groundwater sampling results in this area did not yield elevated PCE 

concentrations, and the aqueous and sediment samples from STS-05, “downgradient” of STS-06, 

contained only 29 µg/l and 8 µg/kg of PCE.  In November 1995, WVA removed contaminated 

sediment from STS-06.  The aqueous sample STS-06 also contained concentrations of TCE (100 

µg/l), 1,1,1-trichloroethane (23J µg/l), and cis-1,2-DCE (190 µg/l) in exceedance of the GA 

standards.  Aqueous samples collected at STS-03 and STS-05 also contained concentrations of 

cis-1,2-DCE in exceedance of the standards, with 16 µg/l and 13 µg/l, respectively.  
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Sanitary sewer aqueous sample SNS-6, located along the northern fence line, was the only 

sample to contain pesticides in exceedance of the GA standards and/or TAGM value.  The 

concentration of DDE in SNS-6 was 0.03J µg/l, exceeding the GA standard of non-detect. 

 

5.5.2  Sewer Sampling - Inorganics  

Lead and chromium were the only inorganic analytes detected in concentrations above the 

GA standards and/or TAGM values in the sewer samples.  Aqueous sample SNS-6(filtered) 

contained 60.5 µg/l of lead, exceeding the GA standard of 25 µg/l, however the unfiltered sample 

from SNS-6 only contained 5.6 µg/l lead.  This sample was collected along the northern fence line 

(NE Quadrant) near the area where lead exceedances were detected in the groundwater (95MPI-

MW-30) and the surface soils (SS-3).  Sediment sample STS-06 contained a lead concentration 

(356 mg/kg) in exceedance of the TAGM value (185.5 mg/kg), but below 400 mg/kg.  Sample 

STS-06 was collected in the northwest corner of the site, near the location of surface soil sample 

SS-5, which contained 583 mg/kg of lead.  The TAGM value for chromium (20.7 mg/kg) was 

exceeded in sediment samples STS-03 (29.1N mg/kg) and STS-05 (35.6 mg/kg), which is not 

surprising due to the widespread chromium contamination in the surface soils.   These chromium 

concentrations in the sediment samples are below 100 mg/kg (potential TCLP “Exceedance 

Value”) and 390 mg/kg (EPA Region III Risk Based Criteria and proposed NYSDEC soil cleanup 

objective for Perfection Plating). 

 

5.6 SURFACE WATER AND SEDIMENT SAMPLING 

 

One surface water and one sediment sample were collected from outside of the NW fence 

line to assess whether contamination from the Siberia Area has affected this area .  For comparison, 

the compound concentrations in the surface water sample were compared to NYSDEC Class C 

standards and the sediment concentrations were compared to the TAGM values applied to the 

surface soil samples.  The analytical results of the surface water and sediment sampling is provided 

in Appendix K. 
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5.6.1  Surface Water and Sediment Sampling - Organics 

Consistent with the nature of the organic contamination in the Siberia Area, concentrations 

of PAHs were detected above TAGM values in the sediment sample. The sediment sample 

duplicate, SED-2, contained concentrations of five of the potentially carcinogenic PAHs in 

exceedance of the TAGM values.  Sample SED-2 contained concentrations of benzo(a)pyrene at 

7,200 µg/kg (TAGM value, 488 µg/kg), benzo(a)anthracene at 10,000 µg/kg (TAGM value, 

1,792 µg/kg) and dibenzo(a,h)anthracene at 870J µg/kg (TAGM value, 112 µg/kg).   The 

sediment sample did not contain concentrations of any pesticides or PCBs in exceedance of the 

TAGM values.  

Surface water sample SW-1 contained low (less than 0.005 µg/l) concentrations of 

pesticides above the Class C standards of 0.001 µg/l.  This aqueous sample was non-detect for all 

VOCs, and contained less low concentrations of SVOCs (approximately 11 µg/l total).  Only 

bis(2-ethylhexyl)phthalate, which is not considered a site contaminant, was detected above Class C 

standards.  
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5.6.2  Surface Water and Sediment Sampling - Inorganics 

The surface water and sediment samples contained concentrations of inorganic analytes 

consistent with the nature of the inorganic contamination in the Siberia Area.  Surface water sample 

SW-1(unfiltered) contained concentrations of lead (26.5 µg/l) and selenium (2.6B µg/l) above 

Class C standards.  Sediment sample SED-1 and duplicate SED-2 contained concentrations of 

every inorganic analyte of interest except barium and silver in exceedance of the TAGM values.  

Chromium was detected in the sediment sample at 63.5E mg/kg, lead at 245 mg/kg, and arsenic at 

38.8 mg/kg.   
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 6.0  FATE AND TRANSPORT 

 

 

6.1 FATE AND TRANSPORT PROCESSES - GENERAL 

 

This section will address those processes which tend to move or transform contaminants in 

the environment.  The discussions will be primarily qualitative with regard to the specific information 

concerning this site.  Fate and transport will be addressed as it relates to the types of the 

contaminants on the site and to the different types of contaminated media. 

Section 5.0, Nature and Extent of Contamination, indicates that the primary contaminants 

on this site are semi-volatile organic compounds and inorganics. 

 

6.1.1  Fate and Transport Process Description 

6.1.1.1  Advection and Diffusion 

Advection and diffusion are the two methods by which a contaminant can be spread 

through groundwater.  Advection is the process of conveying a contaminant by virtue of the motion 

of the fluid in which it is contained, whether dissolved or attached to a particle, in the same manner 

that sediments are carried along in a flowing stream.  Diffusion refers to the tendency of a dissolved 

contaminant to flow from an area of higher concentration to an area of lower concentration.  This is 

the same phenomenon that occurs when a drop of dye put in the center of a glass of water 

eventually colors the entire contents of the glass evenly. 

A contaminant must dissolve in either the groundwater or in infiltrating water to be 

transported by advection and diffusion.  After being dissolved into the aquifer, contaminants will 

move downgradient in the groundwater by advection, and toward areas of lower concentration by 

diffusion.  Advection is the primary means by which soluble compounds are transported in the 

subsurface. Light or dense non-aqueous phase liquids (LNAPL or DNAPL) may also travel 

vertically to the groundwater table and float on it or sink to the bottom of the saturated zone.  Once 



 
f:\p\0285591\d\rfi\final\sec-6.wpd 6-2 

on the water table, LNAPL will tend to move downgradient with the groundwater.  The movement 

of DNAPL will depend on the location and orientation of impermeable layers in the subsurface. 

 

6.1.1.2  Biodegradation 

Once released into the environment, many contaminants are subject to breakdown or 

transformation by naturally occurring microorganisms in the environment.  This is commonly referred 

to as biodegradation or biotransformation.  The degree to which a chemical is broken down 

depends on several factors, including the type of chemical, the number and types of microorganisms 

present, the availability of nutrients and electron acceptors, and the ambient conditions at the site.  

Biodegradation tends to decrease with both increasing molecular size of a compound and increasing 

degree of halogenation.  Large, chlorinated compounds (e.g., PCBs and PAHs) are the least 

susceptible to biodegradation while low molecular weight non-halogenated compounds are easily 

broken down.  Two carbon chlorinated compounds are readily susceptible to biodegradation 

(Vogel, et al. 1987; Parsons, et al. 1984). 

Inorganic compounds can be converted to different oxidation states by biologic activity. 

 

6.1.1.3  Volatilization 

Volatilization of a compound can either occur from the pure liquid phase or from a solution. 

 From the pure phase, volatilization is related to the vapor pressure.  From the dissolved phase, 

volatilization is related to the Henry's Law Constant.  Contaminants which volatilize at or near the 

ground surface will be dispersed into the atmosphere.  Adsorbed contaminants will volatilize into the 

pore spaces in the vadose zone; dissolved contaminants in the groundwater will volatilize into the 

pore space above the water table (vadose zone).  Contaminants which volatilize into the pore space 

will diffuse over time into pore space which is less contaminated.  On an absolute mass basis, the 

total quantity of contaminants present in the vapor form in soil gas is small compared to the total 

quantity of contaminants in the system. 
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6.1.1.4  Adsorption 

Properties at the surface of soil particles may cause organic compounds in a soil/ water 

mixture to attach themselves preferentially to the soil particles.  Adsorption is characterized by the 

partition coefficient Kd, which is a constant giving the ratio of the compound concentration on the 

soil to its concentration in the water.  The degree to which a compound will partition to a soil from 

the dissolved state is dependent on both the soil properties and the compound properties.  

Adsorption generally increases with an increase in soil organic content and decreases with an 

increase in soil particle size.  Compounds tend to absorb more strongly with increasing molecular 

weight and increasing hydrophobicity.  The organic compounds for which adsorption is a strong 

factor in fate and transport are the SVOCs, PCBs, PAHs, and pesticides, all of which are large 

hydrophobic molecules. 

The mobility of inorganics in the environment is primarily dependent upon pH, oxidation 

state, solubility, and sorption capacity.  Solubility is highly dependent on the oxidation state of an 

element which is in turn dependent on pH.  Metals may adsorb to clays, hydrous iron and 

manganese oxides, and organic compounds, and be rendered virtually immobile.  The adsorption 

and desorption of metals at the soil/water interface greatly affects the mobility and transport of 

metals. 

 

6.1.1.5  Sediment Transport 

Contaminants present in surface soil can be transported by erosion due to storm events.  

Transport pathways are determined by site topography and drainage patterns.  The amount of 

contaminants transported are determined by storm frequency and intensity, and the erosion potential 

of the site. 

 

6.2 SITE SPECIFIC FATE AND TRANSPORT 

 

6.2.1  Summary  
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The significant compounds in the site soil which were found at levels above NYSDEC 

TAGM values, are seven PAHs and the inorganics arsenic, barium, cadmium, chromium, lead, 

mercury, silver and selenium.  The significant compounds found in unfiltered groundwater above 

NYSDEC GA standards were the PAH benzo(a)anthracene, the inorganics arsenic, barium, 

cadmium, chromium, lead and selenium, and the VOCs PCE, TCE, DCE and VC. 

The fate and transport analysis indicates that the PAHs will remain immobile in the soil 

because of their low solubilities and high partition coefficients.  This is apparent from the sampling 

results, which indicate very low concentrations of PAHs in the groundwater, with only 

benzo(a)anthracene being detected in one sample above the GA standards.   

For the inorganics, the fate and transport analysis indicates that hexavalent chromium and 

barium are the only compounds that are mobile on the site.  The hexavalent chromium is present 

from documented spills of chromic acid from a plating facility, Perfection Plating, that operated in a 

building immediately adjacent to the NE Quadrant of the Siberia Area, and is not due to on-site 

contamination.  The disposition of the inorganics is as follows. 

Mercury and silver were not found in the groundwater at concentrations above GA 

standards.  Arsenic, cadmium, lead, and selenium exceedances were found, but only in the 

unfiltered samples.  No filtered samples showed these compounds at a level above GA standards.  

Arsenic, cadmium, lead, selenium, mercury and silver are present predominately in solid forms and 

can be considered to be immobile in the soil.  The only compounds found in filtered samples above 

GA standards were barium and chromium.  Barium was found throughout the site.  It is very soluble 

and will be transported with groundwater through the site.    For chromium, the only instances of 

GA standards being exceeded are for three monitoring wells in the NE Quadrant of the Siberia 

Area.  These all had elevated concentrations of hexavalent chromium in the dissolved form.  This 

contamination is not however, associated with the Siberia Area, but with the Perfection Plating 

facility which is adjacent to this area on the NE.  This was documented in a report by Environment 

and Ecology in 1995 (ref).  A plume of hexavalent chromium was detected traveling north-

northwest from Perfection Plating across the northeast corner of the Siberia Area (Figure 5-26).  

The source of this plume is believed to be a leaking chromic acid storage tank.  This plume will 
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travel with the groundwater and the hexavalent chromium will gradually be reduced to the solid 

trivalent chromium form which will become relatively immobile. 

PCE, and possibly TCE, which were the original VOCs deposited on the site, are being 

degraded to DCE and VC.  There is a small plume of these contaminants migrating Northwest from 

the vicinity of the woodburning pit and then north along the sewer line running north-south between 

the NE and NW Quadrants.  The plume is contained within the site boundary as shown on Figure 

5-24 and 5-25. 

 

6.2.2  General Site Conditions  

The investigations conducted in the Siberia Area indicate widespread contamination of the 

surface, shallow, and subsurface soils with semi-volatile compounds, predominately PAHs; and 

inorganic compounds, most notably chromium, lead, barium and arsenic.  This is consistent with the 

plating and metal working operations performed at the facility and the use of this area for materials 

storage, and waste handling.  A more detailed description of past activities at the site is given in 

Section 2.0.  The Perfection Plating site, which is adjacent to the northeast fence line,  also has 

documented contamination from chromium, lead, and other contaminants also found on the Siberia 

site. 

The section is organized by contaminant type and will address the fate and transport of each 

contaminant based on its distribution, probable source, physical and chemical parameters, and the 

physical parameters of the site. 

 

6.2.3  Semi-Volatile Organic Compounds  

One of the primary functions of the Siberia Area has been as a materials and waste handling 

and storage facility.  Among the wastes stored were metal chips coated with cutting oil stored on 

the ground, waste oil stored in underground storage tanks, and various other supplies and wastes 

stored outside in drums.  In the past, cutting oil soaked chips were handled in the NW Quadrant 

with no control of oil runoff.  With time, these cutting oils drain from the chips and infiltrate into the 
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ground where the chips were stored.  Prior to installation of the electrical substation it is believed 

that the SW Quadrant was also used as a chip handling area.   

In addition it has been documented that waste oil containing PCBs and solvents was used 

for dust control on the roads in the Siberia Area.  There are several USTs in the Siberia Area for 

waste oil storage.  These tanks have not been documented as leaking, but it is likely that there were 

surface spills from time to time during transfer operations to and from these tanks.  In the NE 

Quadrant in the 1950's there was an open area for storage of creosoted wood blocks as well as an 

open area where discarded blocks and other waste wood were burned.  

Overall, it is apparent that the above activities would likely have caused SVOC 

contamination of the soil.  This would have been primarily in the form of contamination of the 

surface soils by various types of oils.  Widespread SVOC contamination is borne out by the sample 

analyses which show SVOCs throughout the site in surface and shallow soils.  The most 

contaminated areas were the NW and SW quadrants, which are the former chip handling areas, 

with occasional high (>30,000 µg/kg) samples in other areas of the site including 95MPI-SA-MW-

32 in the area of the former wood block storage, and 95MPI-SA-MW-29 in the SE Quadrant.  

Levels greater than 3,000 µg/kg were found in essentially all areas of the site.   

Almost all of the SVOCs found on the site are PAHs, and of these, the only compounds 

which exceeded TAGM values for soils on the site were the potentially carcinogenic compounds 

benzo(a)pyrene, benzo(a)anthracene, and dibenzo(a,h)anthracene.  In groundwater, the maximum 

detected PAH concentration was 8 µg/l for both naphthalene and 2-methylnapthalene.  Only one 

sample exceeded a GA standard, containing 0.6J µg/l of benzo(a)anthracene. 

The physical properties of the individual PAHs which are important in terms of fate and 

transport are similar, so they will be treated as a group.  The primary process which controls the 

fate and transport of PAHs in the environment is adsorption.  It should be recognized that the lower 

molecular weight compounds such as napthalene will be somewhat more mobile than the higher 

molecular weight compounds such as benzo(a)pyrene in a relative sense, but when considered 

overall, their fate and transport characteristics are similar.  
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In general, PAHs are very persistent in the soil and will tend to remain at the location in 

which they were initially deposited.  This occurs for several reasons.  First, PAHs are resistant to 

biological breakdown, and this resistance increases with the molecular weight.  The four- and five-

ring PAHs, which include most of the carcinogenic ones, are essentially non-biodegradable.  

Second, PAHs are very hydrophobic and will tend to attach themselves to soil particles.  This is 

reflected by both the solubility and the partition coefficient of these compounds.  The solubility 

ranges from 31.7 mg/l for naphthalene to 0.0005 mg/l for dibenzo(a,h)anthracene.  For the three 

potential carcinogens detected, the maximum solubility is 0.0057 mg/l.  Therefore, the mass of these 

contaminants that can be transported by groundwater, even under saturated conditions, is minimal.  

The partition coefficient, which is the ratio of the concentration of the  compound in the absorbed 

state to the concentration of the compound in the liquid phase is given by the equation (Dragun, 

1988, p. 234-5) 

 Kd = Cs/Cw    where 

  Kd - Partition coefficient, 
 Cs - Soil concentration, mg/kg, 
 Cw - Water concentration, mg/l. 
 
The partition content is related to the organic content of a soil by the following relation 

Kd = Koc x Fraction Organic Carbon, 

where Koc is an organic carbon partition coefficient.  PAH Koc ranges from 1,300 l/kg for 

naphthalene to 3,300,000 l/kg for dibenzo(a,h)anthracene.  The minimum Koc for the three potential 

carcinogens detected was 550,000 l/kg for benzo(a)pyrene.   Average measured organic carbon 

content in the soil on the site was 8 percent for fill soils and one percent for native soils.  Under 

these conditions, the contaminants will preferentially attach to soil particles, resisting portioning to 

the groundwater and subsequent transport away from the site. 

The fact that the SVOCs will tend to remain associated with the soil at the original point of 

the contamination is borne out by the sampling results on the site.  The only groundwater sample 

which exceeded the GA standard for any PAH contained 0.6J µg/l of benzo(a)anthracene.   The 

maximum benzo(a)anthracene concentration found in the soil was the MW-29 sample of shallow 

soil which contained 51,000 µg/kg.  This fill material is typically the soil at these depths, and given 
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the Koc for benzo(a)anthracene of 1,380,000 l/kg, the partition coefficient is calculated at 110,400 

l/kg.  Given the groundwater concentration of 0.6J µg/l the corresponding soil concentration would 

be 66,240 µg/kg.  The maximum measured soil concentration of benzo(a)anthracene on the site 

was 51,000 µg/kg.  At the level of precision that can be associated with these types of calculations, 

this is essentially agreement, which is an indication that adsorption is a controlling factor in the fate 

and transport of these compounds on the site.   

Theoretically, there is the opportunity for compounds to migrate or “creep” in the soil by 

dissolution into the groundwater and readsorption to clean soils downgradient in the aquifer.  

However, the solubility of these chemicals is so low and the partition coefficients so high that ppb 

quantities picked up by the groundwater in the area of high concentration will readsorb very quickly 

to less contaminated soils which are immediately adjacent.  The timescale in which this type of 

transport would be measurable is on the order of decades or centuries.  The PAHs on site will 

therefore remain in the soil in the locations in which they were found with little or no change in their 

composition, unless they were physically moved by anthropogenic activity or by erosion. 

 

6.2.4  Inorganic Compounds  

The fate and transport of inorganic compounds in the subsurface involves many complex 

interactions.  This section will evaluate in a qualitative manner the likely history and fate of the 

compounds detected at the site. 

Inorganics exist in the subsurface as solid species and as ions in solution.  The solid species 

are immobile and will not be transported through the environment.  Ionic species, however, will 

move with the groundwater and can readily be dispersed from their original point of contamination.  

Generally, one species will be predominant under a particular set of soil conditions and this species 

is determined by a number of variables,  including the concentration of the contaminant, the 

concentrations of all other species which can be in solution, the pH of the system, and the 

reduction-oxidation (redox) potential of the system.  

The predominance of different species of a contaminant for a particular set of conditions 

can be shown on an Eh-pH or pe-pH diagram.  Eh and pe are variables which indicate the redox 
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state of a system.  High Eh or pe correspond to oxidizing conditions, while low Eh or pe 

correspond to reducing conditions.  Generalized Eh-pH (or pe-pH) diagrams for standard 

conditions are available and can be used to indicate the probable species that will be encountered 

under conditions similar to the standard conditions.   

The Eh of a system is related in large part to the availability of oxygen.  Surface soils with  

their access to the large store of atmospheric oxygen will generally have a high Eh and constitute an 

oxidizing environment.  Within an aquifer, where oxygen availability is limited by its solubility in 

water, conditions are more likely to be reducing and have a low Eh.  The conditions in the Siberia 

Area are such that both the contaminants and the groundwater table are near the surface, so that it 

is possible to have both conditions in the system.   

The inorganic contaminants detected above TAGMs in the soils on the site were arsenic, 

barium, cadmium, chromium, lead, mercury, selenium, and silver.  Of these, mercury and silver 

were not detected in groundwater at levels above NYS class GA groundwater standards.  These 

are considered present in solid form and immobilized under the conditions at the site and therefore 

are not considered further.  Of the remaining contaminants only barium and chromium exceeded the 

GA standards in filtered samples.  Arsenic, cadmium, lead and selenium only exceeded the GA 

standards in the unfiltered samples,  they were primarily associated with the particulate matter in the 

sample.  Arsenic and selenium tend to be in solid species under reducing conditions, indicating that 

conditions in the subsurface are primarily reducing.  The tendency of cadmium to stay in solution is 

almost exclusively dependent on pH.  Its absence in filtered samples indicates that the soil pH is 

alkaline and that cadmium is predominately in the insoluble hydroxide form.  Lead, in the presence 

of CO2, will be present as insoluble carbonate or carbonate-hydroxide species at pHs over 6.5.  

This is the likely form of lead present since lead oxides will not form at the low concentrations of 

lead encountered in this system.  The dissolved fractions of arsenic, cadmium, lead, and selenium 

will be diluted as it travels downgradient of the site, and may also precipitate depending on the 

groundwater chemistry downgradient. 
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Barium will remain in ionic form at all pHs and redox states.  This is reflected by the sample 

results which indicate that barium is present primarily in the dissolved form; therefore,   barium 

contamination will be carried downgradient with the groundwater. 

Chromium in the environment can be present either in the trivalent form or the hexavalent 

form.  In the plating process, chromium is used in the hexavalent form as chromic acid.  The 

hexavalent form is of the greatest concern from a health standpoint because of its carcinogenic 

nature.  The hexavalent form is also the more soluble and hence, more mobile. The more reduced 

form of chromium, the trivalent form, is present predominately as the solid oxide.  This is also 

considered the most stable oxidation state of chromium.  An Eh-pH diagram for chromium indicates 

that at the pHs of interest in soil systems, chromium is in the trivalent form except at high Ehs.   

Groundwater chromium was found in seven monitoring wells on the site; five in the NE 

Quadrant, and one each in the NW and SW quadrants.  The three wells with the highest 

contamination levels were near the NE corner of the site located in the area hydraulically 

downgradient of the Perfection Plating site (MW-EA-8, ESE-9, and EA-7).  The results of 

sampling from these wells indicate that they are distinct from the other chromium containing wells in 

three ways.  First, they contain total chromium in concentrations one to two orders of magnitude 

higher than the other wells.  Second, chromium in these wells is predominately in the dissolved form 

compared to the other wells in which it is predominately in the particulate form; and third, these 

wells contain predominately hexavalent chromium, whereas no hexavalent chromium was detected 

in the other wells on the site.  The second and third items are related, since hexavalent chromium is 

generally present as a dissolved species and trivalent chromium as a solid species.   

Perfection Plating, a chrome plating facility immediately adjacent to the Siberia Area near 

the NE corner, operated from 1965 to 1990.  It has been documented to be the source of a 

chromium plume which migrated onto the site, traveling in a north-northwest direction from the area 

of the plating facility.  The apparent source of this contamination was a leaky chromic acid tank 

inside the building (E & E Perfection Plating Report, executive summary, p 2,3).  This plume will 

travel with the groundwater and the chromium will gradually be reduced with time from the 
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dissolved hexavalent form to the solid trivalent form, at which point it will become  relatively 

immobile in the soil. 

Chromium on the remainder of the Siberia Area is already reduced to the trivalent form, 

and is predominately associated with particulates.  None of the filtered groundwater samples for the 

site exceeded GA standards for chromium except for the three wells associated with Perfection 

Plating.   

All of the particulate forms of these inorganics are subject to sediment transport by 

anthropogenic activity or erosion in the same manner as SVOCs. 

6.2.5  Volatile Organic Compounds  

VOCs were detected at levels of concern in relatively few samples in the NE Quadrant of 

the site.  PCE was found in a soil sample detained near the former wood burning pit at a level of 

36,000 µg/kg and in groundwater  monitoring wells 95MPI-SA-MW-32 at a concentration of 

1,100 µg/l.  When it is in the environment, PCE is broken down by the successive removal of 

chlorine atoms to TCE, DCE, and VC.  PCE was a historically common industrial degreasing 

agent, as was TCE.  DCE and VC, however, are not commercial chemicals and their presence is 

indicative of degradation occurring in the soil.  The relative quantities of these compounds present 

can indicate in a gross sense the age of a contamination event.  Proportionately higher quantities of 

DCE and VC as compared to PCE and TCE indicate older contamination events.  These 

degradation products were found in 95MPI-MW-32 and MW-ESE-8 at the following levels 

respectively (µg/l): TCE - 1,500 and non-detect; DCE - 4,200 and 1,800; and VC -1,100 and 

290.  Degradation has proceeded to the point of producing appreciable amounts of VC and DCE, 

and groundwater contaminations of DCE and VC are greater than TCE and PCE. 

PCE and its breakdown products are soluble in water to levels greater than 150 mg/l.  

Infiltrating precipitation will readily carry them to the groundwater table where they will be 

dissipated by advection and diffusion.  There is a small plume in the NE Quadrant of the site, 

originating in the area of the former woodburning pit and traveling to the northwest until it reaches 

the sewer line which runs north-south through the middle of the site.  Upon reaching the sewer line 
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the plume appears to be deflected northward and travel along the sewer line, unable to cross into 

the NE Quadrant, as depicted on Figure 5-25. 

At the point where the plume appears to turn northward it probably has begun to follow the 

more permeable disturbed and fractured material surrounding the bedding of the sewer running 

north-south along the main road in the Siberia Area.  Near the northern fenceline it appears that the 

plume is intercepted by the sanitary sewer running east-west between manholes 96 and 97 (SNS-

6).  The primary evidence supporting this interpretation is the detection of chlorinated organics in 

the groundwater collected from the sewer bedding at SNS-6 (total chlorinated organics: 21 ug/l).  

The concentration gradient between MW-ESE-8 (7,384 ug/l) and SNS-6 (21 ug/l), as compared 

to the gradient between MW-ESE-8 and the MW-33/MW-34/MW-38 triplet (2 ug/l, non-detect, 

and 1 ug/l, respectively), suggests that groundwater contaminated with chlorinated volatile organics 

is intercepted by the sewer line bedding. 

The only physical barrier to the migration of groundwater from MW-ESE-8 to that triplet is 

the sanitary sewer line.  The sanitary sewer line, which appears to have been excavated into the top 

of weathered bedrock, slopes eastward towards the off-site discharge point (City of Watervliet 

sewer).  SNS-6 was collected from manhole 97, the last manhole on the sanitary sewer line before 

discharging offsite into the town sewer.  The appearance of elevated concentrations of chlorinated 

volatile organics in the sewer bedding sample most likely indicates that upon reaching the vicinity of 

the northern fenceline, the storm and sanitary sewer lines have become a more important 

mechanism for the transport of contaminated groundwater than the undisturbed overburden soils. 

In other locations where VOCs were detected, the contamination has not produced an 

appreciable groundwater plume. 
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  7.0 CONCLUSIONS/RECOMMENDATIONS 

 

 

7.1 CONCLUSIONS 

 

The physical and chemical analytical data generated during the RCRA Facility Investigation 

(RFI) of the Siberia Area is of acceptable quality to assess the nature and extent of contamination 

of the site and any impacts to adjacent properties and receptors. 

Historical use of the site has included: 

n the disposal of waste oils across the site for dust suppression. 
 

n the stockpiling of waste metal chips which were saturated with cutting oils and 
possibly chlorinated organics at various locations across the site. 

 
n underground storage tanks used to store waste oils. 

 
n and the open storage of solvent containing drums.   

 

Other potential sources of contamination include a former “burn pit” located in the NE 

Quadrant and Perfection Plating, which is located upgradient of the Siberia Area and is believed to 

be an upgradient source of contamination. 

The following conclusions are based on the RCRA Facility Investigation results as they 

relate to nature and extent of contamination and fate and transport of the contaminants.  The results 

of this investigation have generally confirmed the presence of several contaminants identified during 

other investigations conducted at the site.  The previous investigations identified the presence of 

petroleum hydrocarbons, PCB’s, and several inorganics (chromium and lead) in soil and 

groundwater.  However, the results of Malcolm Pirnie’s investigation do not indicate that PCB’s are 

a site contaminant of concern based on the analytical results of the media sampled. 

The primary contaminants of concern in the Siberia Area, based on Malcolm Pirnie’s 

investigation, are semi-volatile organics (primarily polycyclic aromatic hydrocarbons (PAHs)), 
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petroleum hydrocarbons, several inorganics (lead, chromium, and arsenic).  Volatile organic 

compounds (in the NE Quadrant) were also detected in soils and on-site groundwater. 

Contamination from semi-volatile organic compounds is widespread throughout the surface 

soils of the site.  However, several factors have contributed to limiting the vertical extent of 

contamination in the soils of the site.  The primary reasons for the limited vertical extent and 

migration of soil contaminants are believed to be the physical and chemical nature of the 

contaminants of concerns, especially the PAHs which are characterized as having extremely low 

solubilities and high Koc’s and Kow’s.  These factors combined with the high organic carbon 

content of the site soils has limited the migration of these contaminants in the soils.  This is readily 

seen from the sampling results at various locations across the site where samples were collected 

from various depths.  The sampling results from across the site indicate that semi-volatile 

contamination decreases with depth.  This decrease in contamination with depth in conjunction with 

the site history, which indicated that contaminants were typically placed at the ground surface, 

supports the physical/chemical characteristics of the contaminants.  The very nature of the semi-

volatile contamination along with the history of the site indicates that soil contamination has most 

likely reached its maximum extent and is not expected to significantly migrate further. 

Semi-volatile contamination is ubiquitous across the site in surface soils and at significant 

concentrations.  Total semi-volatile concentrations do not exceed the NYSDEC TAGM (500,000 

ug/kg) for total semi-volatile concentrations in soils.  However, several individual semi-volatile 

compounds exceed their respective TAGM’s, several of which are considered carcinogenic.  While 

several of the semi-volatile compounds did exceed their respective TAGM, no semi-volatile 

compounds were found in the groundwater at concentrations which exceeded NYSDEC class GA 

standards during Round 1 (seasonal low water levels).  However, during Round 2 (seasonal high 

water levels) low levels of semi-volatile organic compounds above the NYSDEC Class GA 

Standards were detected at several locations across the site.  At several areas across the site (NE, 

NW, and SW Quadrants) visible, free phase oils in the soils have been identified.  The presence of 

free phase oils in the soils, identified during this investigation confirms the results of total petroleum 
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hydrocarbon analyses from previous investigations, which identified kerosene and diesel type 

hydrocarbons during the analysis of the samples. 

Chlorinated volatile organic contamination in the soils of the Siberia Area are limited to two 

relatively small areas in the NE Quadrant.  The soil samples collected from both of these locations 

indicated the presence of chlorinated organics above their respective TAGM’s.  The contamination 

in this area appears to have migrated to the groundwater and has migrated with the groundwater 

from the source area to the northern fence line. 

The results of the inorganic soils analyses identified several analytes which exceeded the 

TAGM levels.  However, several of these analytes were considered to be naturally occurring and 

not site contaminants of concern.  The analytes which were considered to be site related or 

potentially site related include lead, arsenic, and chromium.  Each of these analytes were found 

throughout the site soils with the highest concentration reported for the soils in the NE and SW 

Quadrants.  The chromium contamination detected in the NE Quadrant is believed to be related to 

the Perfection Plating Facility, located to the east of the site.  The contaminants are transported 

from the higher elevations of the Perfection Plating Property, by means of mechanical transport 

during run-off events, and deposited on the site in the NE Quadrant.  This is confirmed by the soil 

analytical results for the these inorganics, which generally show decrease in concentration with 

increasing distance from Perfection Plating.  Arsenic contamination is detected throughout the site, 

but the highest concentrations are seen along the fence lines and maybe related to former pest 

control practices in the Siberia Area. 

As previously stated, groundwater contamination in the Siberia Area is limited to 

chlorinated organics, petroleum hydrocarbons, and chromium.  The contamination associated with 

the chlorinated organics is limited to the NE Quadrant.  The contaminant plume appears to be 

located in the shallow groundwater (overburden), as evidenced by the lack of detection of 

chlorinated organics in analytical results from the bedrock wells located within the plume 

boundaries.  The groundwater plume extends north and west from the suspected source area and 

does not appear to be migrating directly off-site along the northern fence line, as shown by the 

analytical results for the well triplet at the northern fence line.  However, the potential exists for the 
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migration of contaminated groundwater along the storm and sanitary sewer lines, which run 

north/south and east/west through the site and along the northern fenceline, respectively, as 

evidenced by the sewer bedding analytical result, SNS-6, which indicated the presence of 

chlorinated organics prior to exiting the site.  Water level data collected from the monitoring wells 

indicate that these sewer lines my be acting as a “line sink” intercepting the groundwater and 

transporting it north, off the site.  The analytical results from the groundwater field screening, along 

with the monitoring well groundwater results appear to support this conclusion.  Semi-volatile 

organics were not detected in the groundwater exceeding Class GA standards during Round 1, but 

several wells had low level exceedances during Round 2.  Several monitoring wells exhibited 

petroleum hydrocarbon sheens following their installation and development.  Some of the wells 

which exhibited petroleum sheens are located at the site fence line and may represent a potential 

route of migration of contaminants from the site.   

Inorganic analyses of groundwater indicated the exceedance of several analytes above class 

GA standards within the unfiltered groundwater samples.  However, the corresponding filtered 

samples did not exceed class GA standards, with the exception of chromium. Chromium 

contamination has been detected primarily in the NE Quadrant, as evidenced by the elevated 

concentrations of chromium within overburden and bedrock wells.  The source of this 

contamination is the Perfection Plating Facility, specifically a former leaking chromic acid tank 

located beneath the building.  Chromic acid is primarily hexavalent chromium.  The results of 

hexavalent chromium analyses from the monitoring wells in the NE Quadrant indicate that with 

increasing distance from Perfection Plating there is a corresponding decrease in concentration.  This 

decrease in the hexavalent chromium is due to the reduction of the hexavalent chromium to the more 

stable trivalent chromium, which is also elevated in the NE Quadrant.  The chromium contaminated 

groundwater migrates from Perfection Plating through the Siberia Area, and is intercepted by a 

sump in a residential basement north of the site. 

Other media sampled during the investigation include storm and sanitary sewer water and 

sediment, and a surface water/sediment sample.  The analytical results of the sewer sampling 

indicated elevated concentrations of chlorinated organics at one location within the NW Quadrant.  
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The analytical results of the sampling along with visual inspection of the lines, indicate that this 

sampling point was isolated and did not appear to represent a large area of contamination.  

Watervliet Arsenal has since collected and disposed of this material, removing the potential for any 

further migration of the contaminants off-site.  The single surface/sediment sample collected from the 

NW Quadrant indicated the presence of several inorganics and semi-volatile organics above 

TAGM’s, the extent of which is unknown at this time. 

 

7.2 RECOMMENDATIONS 

 

The following recommendation is made based on the analytical results obtained during this 

and previous investigations:  

n The implementation of a Corrective Measures Study (CMS) along with the 
calculation of Risk Based Corrective Action Levels for the purpose of determining 
clean-up goals and potential remedial areas. 

 
n Further soil sampling north of the fence line should be included in the CMS to define 

the extent of the PAHs. 
 

n Additional sediment sampling near the northwest corner of the Siberia Area should 
also be included in the CMS. 

 
n An additional monitoring well should be installed in the southwest corner near FS-53 

to monitor the contamination in this area.  Also, a weathered bedrock well should be 
installed in the area of MW-32 to monitor VOCs. 
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