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EXECUTIVE SUMMARY 
~.--Y 

INTRODUCTION AND PURPOSE 

In response to Contract Task Order No. 290 under Contract N62472-90-D-1298, Tetra Tech NUS, Inc. 

(TtNUS) is submitting this remedial investigation (RI) and feasibility study (FS) report for Area A media other 

than groundwater (Operable Unit 9 or OU-9) at the Naval Air Warfare Center (NAWC) (formerly the Naval 

Air Development Center), Warminster, Pennsylvania. OU-9 addresses soil, surface water, and sediment 

associated with Area A. Groundwater in the vicinity of Area A is being addressed under OU-1. This work is 

part of the Navy’s Installation Restoration (IR) Program, which is designed to identify contamination of Navy 

and Marine Corps facilities resulting from past operations and to institute corrective measures, as needed. 

SCOPE AND OBJECTIVES 

The main areas of concern at NAWC Warminster involve several inactive waste sites that have been 

grouped into four general areas (Areas A, B, C, and D) for investigative purposes. The area of concern 

for this report, Area A, comprises Sites 1, 2, and 3, and the Impoundment Area and lies in the 

northwestern corner of the base, west of Jacksonville Road. Based on preliminary RI results, several soil 

removal actions were conducted at OU-9 in 1998. The objectives of the RI were to describe the nature and 

extent of contamination at OU-9 after the removal actions were performed and to provide a baseline risk 

assessment based on this information. In addition, the RI evaluates potential sources of groundwater 

contamination within Area A. The results of the risk assessment were used to determine whether additional 

response actions are warranted for the Area A sites. 

Environmental investigations at Area A were conducted in several long-term remedial phases. Three 

separate investigations, Phases I, II, and Ill, were performed at Area A between October 1989 and October 

1999. This report addresses Sites 1, 2, and 3 and the Impoundment Area only. It includes the results of 

additional surface and subsurface investigations performed at Area A since the removal actions for Area A 

soils were performed. To the extent practicable, the results of all RI phases have been incorporated into 

this report; however, the report primarily focuses on the Phase III investigation. 

FACILITY HISTORY AND DESCRIPTION 

,.v=w 

The former NAWC Warminster property is located in the township of Warminster, Bucks County, 

Pennsylvania. The total area of the facility is approximately 734 acres. The facility lies in a populated 

suburban area surrounded by private homes, various commercial and industrial activities, and a golf course. 

On-base areas include various buildings and other complexes connected by paved roads, the runway and 

ramp area, mowed fields, and a small wooded area. 
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Commissioned in 1944, NAWC Warminster’s main mission was research, development, testing, and 

evaluation for naval aircraft systems. NAWC Warminster also conducted studies in anti-submarine warfare 

systems and software development. Historically, wastes were generated during aircraft maintenance and 

repair, pest control, fire-fighting training, machine and plating shop operations, spray painting, and various 

materials research and testing activities in laboratories. These wastes included paints, solvents, sludges 

from industrial wastewater treatment, and waste oils. 

-. 

Under the Base Realignment and Closure (BRAC) Program, the Department of Defense (DOD) realigned 

NAWC Warminster. The realignment was completed in September 1996 and the facility property was 

turned over to the Bucks County Federal Land Reuse Authority (FLRA). The FLRA is currently coordinating 

reuse planning for the base property, and most Navy activities have been eliminated. 

AREA A BACKGROUND INFORMATION 

The suspected sources within Area A are found in the northwestern corner of the fenced facility bordering 

an industrial/commercial area. Area A is roughly 1,200 feet by 270 feet in size and covers approximately 

7.4 acres. An unnamed tributary of Little Neshaminy Creek is located north of Area A, and the NAWC 

Warminster wastewater treatment facility, former jet fuel storage area, and parking lots are immediately to 

the south. 

Site 1 

Site 1 is located on a portion of the facility lying northwest of Jacksonville Road, adjacent to the wastewater 

treatment plant. The site is within 1,000 feet of an off-site food processing facility and within 300 feet of an 

unnamed tributary that flows to Little Neshaminy Creek. Site 1 reportedly was operated as a burn pit within 

an eroded ravine from 1948 to 1950. Various wastes such as paints, oils, asphalt, roofing material, 

solvents, scrap metals, and unspecified chemicals were burned within this pit. Based on historical aerial 

photos, a trench, a ground scar, disturbed ground, and mounded material were located in the pit area during 

the time period from the late 1950s to early 1970s. After use of Site 1 was discontinued, the area was 

covered with soil from an on-base source. The quantity of wastes deposited or burned was unknown. The 

estimated area of Site 1 is approximately 2,500 square feet. 

Site 2 

Site 2 is located southeast of Site 1 and may have received industrial wastewater sludges from the former 

impoundment area. The site consisted of two disposal trenches, ground scars, and mounded material; each 

trench was allegedly about 12 feet wide by 200 feet long by 8 feet deep. These features, evident in aerial ’ 
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photos from the 195Os, were no longer evident by the mid-1960s. This area is bordered by Site 1 to the 

west, the jet fuel storage area to the south, the existing guardhouse to the east, and the base fenceline to 

the north. A small stream that flows to the northwest is adjacent to the northeastern side of Site 2. Upon 

closure, the site was covered with 2 feet of fill, regraded, and seeded. 

The available historical photos indicated that disposal locations within Site 2 were most likely active between 

1942 and 1977. An open dump in the vicinity of Site 2 appeared’in photos dated 1942 through 1950. The 

Site 2 features comprise an irregular-shaped area of about 650 feet by 200 feet, or 130,000 square feet. 

Site 3 

Site 3 is immediately southeast of Site 2 and was reportedly used from 1955 to 1965 as a burn pit for 

solvents, paints, roofing materials, and other unspecified chemicals. The pit was approximately 20 feet wide 

by 30 feet long by 10 feet deep and may have been constructed as a subsurface “cage.” Residue from the 

pit was occasionally removed and deposited at an unknown area of the NAWC Warminster property. Upon 

closure, Site 3 was reportedly backfilled with on-base soil and regraded. 

No evidence of a pit or open burning was identified from aerial photo analysis; however, disturbed ground 

and open storage were noticed in the area between 1958 and 1973. The available historical photos 

indicated that disposal locations within Site 3 were most likely active between 1955 and 1978. Upon 

closure, Site 3 was reportedly backfilled with on-site soil and regraded. Scrub brush was allowed to grow at 

the site. Surface water drainage from the site is toward the northeast into the unnamed tributary. The Site 

3 features comprise an area of about 25,000 square feet. 

Impoundment Area 

The Navy formerly operated eight unlined impoundments or lagoons for storage of wastewater treatment 

plant sludges. These lagoons were located in the northern corner of Area A. Each lagoon had approximate 

dimensions of 60 feet wide by 75 feet long, with depths of approximately 8 to 10 feet. The lagoons were 

clean-closed in 1973, backfilled, and replaced with two concrete-lined surface impoundments. The area 

now consists of two inactive concrete lagoons and includes the location of an active groundwater treatment 

plant. 
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AREA A SOIL REMOVAL ACTIONS 

During the construction of a groundwater treatment plant adjacent to and on top of the former 

Impoundment Area, elevated levels of metals were encountered. A removal action was conducted in 

1996 to remove soils at two locations beneath the footprint of the treatment plant building and 

surrounding property. 

In a separate action, based on preliminary RI results, about 6,700 tons of nonhazardous Area A surface 

and subsurface soils were excavated, transported, and disposed in an off-base landfill in 1998. A small 

amount (about 100 pounds) of flammable solids or corrosive liquids were also disposed. Soils were 

excavated from two separate locations within Site 1, three locations within Site 2, and one location near 

Site 3. The purpose of these actions was to address Site 1 subsurface soils and Site 2 and 3 surface 

soils primarily contaminated with levels of inorganics that presented unacceptable risks to human health 

and ecological receptors. The inorganics of concern included antimony, cadmium, chromium, lead, or 

thallium, depending on the specific site being addressed. For Site 1 subsurface soils, trichloroethene 

(TCE), one of the primary contaminants detected in Area A groundwater, was also identified as a 

compound of concern. Several polycyclic aromatic hydrocarbons (PAHs) were found to present 

unacceptable risks for Site 2 and 3 surface soils, including anthracene, benzo(a)pyrene, and benz(a) 

anthracene. 

Removal clean-up goals were established for each contaminant based on the potential risks identified 

through the RI work. Additional sampling and analysis were performed until the removal clean-up goals 

were met for all soils of concern. The RI/FS report for OU-9 is based on conditions at Area A after the 

removal actions were conducted. 

AREA A CHARACTERISTICS 

Surface soils in the vicinity of Area A consist primarily of loam and silt loam deposits. Soil thicknesses from 

borings installed during the RI ranged from approximately 7 to 22 feet. 

An unnamed tributary of Little Neshaminy Creek is located north of Area A. This stream originates from a 

stormwater culvert under Jacksonville Road and flows from the southeast to the northwest before turning 

north, away from the base. The current stormwater outfall (OFI) within Area A and along the base 

boundary may represent the original discharge point of a former stream on base property. The outfall lies 

between Sites 2 and 3. Other outfalls within Area A capture stormwater drainage from the parking lot south 

of the former guardhouse location. 
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A small forested wetland dominated by mature red maple and arrowwood was identified just north of the 

stream and beyond the base property boundary during a wetland assessment conducted as part of the 

Phase III RI work. This assessment concluded that the stream and wetlands appear fairly healthy and that 

the forested areas provide good wildlife habitat within an urbanized landscape. No evidence of pollution, 

fish kills, or stressed vegetation was observed. Urban trash and litter were common in the stream and were 

scattered throughout the floodplain. There are no known critical habitats of endangered species located 

within 1 mile of the Area A sites. 

RI FIELD ACTIVITIES FOR AREA A 

RI field activities were performed at Area A between 1989 and 1999. The field work focused on 

characterizing known and potential sources of contamination within Area’ A: The results of previous 

investigations and analysis of historical aerial photographs identified these sources. Field work included soil 

gas sampling, geophysical surveys, surface soil sampling and analysis, subsurface soil sampling and 

analysis, and a wetlands assessment. The subsurface studies consisted of ‘drilling soil borings and 

excavating test pits to better determine the nature and extent of subsurface contamination. In addition, a 

surface water and sediment sampling and analysis program was conducted to evaluate the impacts of the 

base on the nearby stream. 

Geophysical [i.e., electromagnetic (EM) conductivity] surveys were used to delineate the .approximate 

boundaries of known and suspected sites. Soil gas surveys were employed in areas of suspected 

subsurface disposal of wastes containing volatile organic compounds (VOCs). The locations of the soil gas 

surveys took into consideration those potential sources identified from aerial photos, the EM survey, the 

results of previous investigations, and historical information regarding the locations of subsurface disposal 

sites. Coordinates of suspected historical disposal locations, provided by the Environmental Photographic 

Interpretation Center (EPIC), were used to focus the surveys along with any other available information. 

Test pits and soil borings were used to characterize actual subsurface conditions at known or potential 

disposal sites. The locations of the test pits and soil borings were selected based on the results of the soil 

gas and geophysical surveys, as well as on aerial photo records, field observations, and previous field work 

findings. Subsurface soil/waste samples were obtained from the test pits/borings to characterize the 

encountered materials. 

Surface soil/waste sampling was conducted in areas where surface disposal of wastes was a potential 

concern. In addition, a background soil sampling and analysis program was performed to provide a 

background database with which to compare potentially impacted soils results. Two rounds of surface water 

and sediment sampling and analysis were conducted to determine the nature and extent of contamination in 
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nearby streams. A wetlands assessment was also performed to provide a qualitative appraisal of the plants 

and animals associated with wetlands downstream of the base. -. 

NATURE AND EXTENT OF CONTAMINATION FOR AREA A SITES 

Site 1 

The EM survey at Site 1 delineated an area with low conductivity approximately 70 feet southeast of the 

fence that borders the northwestern side of NAWC Warminster and about 60 to 100 feet south of the 

northwest to southeast fence. VOCs were detected in several soil gas samples near Site 1, including 

tetrachloroethene (PCE), trichloroethene (TCE), cis-1,2-dichloroethene (cis-1,2-DCE), carbon tetrachloride 

(CCL+), and ethylbenzene. The subsurface investigation at Site 1 revealed an area of multi-colored silty clay, 

which may represent buried sludges that were relocated from the Impoundment Area. This area was about 

0.25 acre in size; the depth of buried materials was estimated to range from 6 to 8 feet. Bedrock was 

encountered at Site 1 ranging from 6.5 to 16 feet below the ground. The area apparently had been 

extensively reworked and filled with waste and natural, clean soils used as backfill. 

Before response actions were taken in 1998, a series of sampling investigations were conducted at Site 1 

as part of the Phase II and Phase III RI work (including supporting supplemental investigations) to 

characterize the site and related environmental contamination. The pre-removal sample results were 

compared to state and federal risk-based screening concentrations for residential soil. Several surface soil 

samples contained organic compounds, including the dioxin OCDD, the furan 1,2,3,7,8-PECDD, Aroclor 

1248, and Aroclor 1260 at levels above the screening criteria. VOCs were not found at elevated levels in 

surface soil. A risk assessment for Site 1 surface soil was completed using pre-removal data, and did not 

identify unacceptable risks for this soil. 

Prior to the response actions, subsurface soils at Site 1 contained polycyclic aromatic hydrocarbons (PAHs), 

polychlorinated biphenyls (PCBs), and metals. Benzo(a)pyrene and Aroclor 1260 were found in at least two 

samples at concentrations above the range of background soil levels and respective soil screening criteria. 

Several metals (e.g., antimony, cadmium, lead, manganese, and vanadium) were also detected at levels 

above representative background soil concentrations and applicable soil screening criteria. The samples 

from the former pit at Site 1 contained the highest metal concentrations. TCE was also detected above the 

soil screening level for the soil-to-groundwater migration pathway. The risk assessment for Site 1 

subsurface soil using pre-removal data identified unacceptable carcinogenic risks compared to the target 

risk range (i.e., 1 x lOA to 1 x 10m6). 

In 1998, subsurface soils were excavated from two separate locations at Site 1 as part of removal action 

activities. The removal actions were conducted to address areas with elevated and unsafe contaminant 
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concentrations, as well as areas exhibiting evidence of actual or potential waste material. Remnants of 

several drums were also removed from the vicinity of Site 1. Samples were collected during and after the 

1998 removal actions to verify that all removal clean-up goals for Site 1 subsurface soil were met. 

Following the removal work, there were no exceedances of the soil screening criteria for Site 1 surface soils. 

Among the subsurface soil samples collected at locations outside the removal excavation locations, only 

arsenic was detected at levels that exceeded the maximum soil background concentration at the base and 

screening criteria. Arsenic was detected in two samples from the same soil boring location at levels ranging 

from 12.8 to 25.5 mg/kg. None of the substances targeted for the Site 1 removal action (TCE, antimony, 

cadmium, and chromium) were detected at concentrations above screening criteria. 

Site 2 

The EM survey over Site 2 delineated two possible anomalies. One anomaly was located beneath the 

entrance road southeast of the guardhouse in this area. The second anomaly was recorded along the 

northeastern edge of Site 2 . However, the anomalous EM readings may have been influenced by sources 

of cultural interference (e.g., stormwater piping and culverts) throughout much of this area. 

An area of consistent positive soil gas readings was identified north of the fuel storage area in the vicinity of 

Site 2. The most frequently detected VOCs were PCE, ICE, CC14, and 1 ,I ,I-trichloroethane (1 ,I ,I -TCA). 

This area did not directly correspond to any EM anomaly or historical feature. Soil borings were drilled in 

the vicinity of all historical features within the vicinity of Site 2. These borings detected the presence of 

waste material, including fill, ash, charred debris, cinders, cables, wire, glass, ceramic fragments, wood, 

bricks, and scrap metal fragments. A majority of the waste material resembled construction or building 

demolition debris. 

Before the 1998 response actions, several RI and supplemental soil investigations were performed at Site 2 

to characterize the site and the degree of environmental contamination. The pre-removal surface soil 

results indicated that several metals exceeded soil screening concentrations in this area. The most frequent 

exceedances were for antimony, arsenic, copper, and lead, and a few PAHs and PCBs also exceeded 

screening concentrations in several samples. The elevated metals and PAHs were contained in samples 

located along the base fenceline, and between the fuel farm and the gravel access road to the north. A risk 

assessment for Site 2 surface soil was completed using pre-removal data, and identified unacceptable risks 

for this soil. 

Semivolatile organ&, pesticides, PCBs, and low levels of dioxins and furans were found in the pre-removal 

Site 2 subsurface soil samples. Several PAHs were detected in subsurface soil above soil screening levels. 

Aroclor 1254 and Aroclor 1260 were also found in samples at concentrations above the range of 
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background soil levels and respective soil screening criteria. Several metals were also detected in 

subsurface soil at levels above representative background soil concentrations, particularly in the eastern 

and southwestern portions of the site. However, only antimony, arsenic, lead, and vanadium were found 

above applicable soil screening criteria in more than two subsurface soil samples. The pre-removal risk 

assessment for Site 2 subsurface soil identified unacceptable risks for this soil. 

Surface soils were excavated from three locations at Site 2 as part of removal action activities, while 

subsurface soils were removed from a portion of one location. The removal actions addressed areas with 

elevated and unsafe contaminant concentrations. Similar to Site 1, samples were taken to confirm that all 

soil removal clean-up goals for Site 2 were attained. 

After the Site 2 removal actions, surface soil samples collected at a few locations outside the excavated 

areas contained concentrations that exceeded soil screening criteria and maximum soil background levels. 

The substance detected most often was benzo(a)pyrene. Lead was the only inorganic detected above the 

screening criteria in one sample. The benzo(a) pyrene and lead concentrations did not exceed removal 

clean-up goals established for Site 2 soils under industrial land use. 

Among the post-removal subsurface soil results, benzo(a)pyrene, arsenic, and lead were detected above 

the screening criteria and maximum background concentrations. None of the removal clean-up goals for 

these substances regarding Site 2 subsurface soil were exceeded, except for one detection of lead in a 

steeply-sloping and inaccessible area. 

Site 3 

The Phase I EM survey showed an anomalous area about 30 feet by 40 feet in the vicinity of Site 3. The 

Phase III EM survey, however, did not identify any EM anomalies in this area. Interference from buried 

utilities hindered the ability to mark such anomalies, if present near Site 3. 

The test pits and soil borings conducted at Site 3 indicated that waste material was present, including 

cinders, charred debris, glass pieces, metal scraps, ash, wood, metal, and brick fragments. The wide 

distribution of burned cinders found near Site 3 may represent the regraded contents of the burn pit and 

unburned portions of any debris disposed . 

Prior to the response action at Site 3, several RI and supplemental soil investigations were carried out to 

characterize the site and the nature and extent of contamination. The pre-removal surface soil results 

indicated that several PAHs exceeded soil screening concentrations in this area. Several metals were 

detected at levels above representative background soil concentrations and soil screening criteria; however, 

only beryllium, lead, and vanadium were detected above screening criteria in more than one surface soil 
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sample. The pre-removal risk assessment for Site 3 surface soil identified unsafe risks due to the PAH 

levels. 

The Site 3 results indicated that several PAHs, Aroclor 1254, and two inorganics were detected at levels 

exceeding screening criteria. The risk assessment for Site 3 subsurface soil did not identify any unsafe 

risks. Among the Site 3 subsurface soil results, benzo(a)pyrene was the compound most frequently 

detected. The PAH compounds may be related to the incomplete combustion of materials that are burned. 

Surface soil was excavated from one location at Site 3 during the 1998 removal action. The removal action 

addressed elevated PAH concentrations. Samples were collected during and after the removal to verify that 

the soil removal clean-up goals for Site 3 were met. 

Following the removal action at Site 3, there were no exceedances of the removal clean-up goals for surface 

soil. Benzo(a)pyrene was found at four sample locations at levels that exceeded screening criteria and the 

maximum soil background concentration; however, none of the levels were greater than the removal clean- 

up goal for this compound. 

Impoundment Area 

Several areas of positive soil gas readings were identified in the vicinity of the impoundments. Generally, 

VOC vapors were more frequently recorded beneath the existing concrete lagoons (i.e., IM4, IM5, and IM6) 

than from any other individual impoundment. The highest soil gas readings were from IM5, which was the 

closest impoundment to the former fuel storage area. 

The soil borings drilled at the impoundments indicated that some minor waste material was present, 

including coal, brick fragments, roots, ash, crushed stone, concrete pieces, and cinders. The thickness of fill 

and waste material ranged between 0 and 10 feet below ground surface (bgs); the average thickness of 

non-native fill was about 0 to 3 feet bgs. 

The soil boring results indicated that semivolatile organic& pesticides, and PCBs were generally not present 

in more than one subsurface soil sample from the’impoundment Area. Very low levels of VOCs (e.g., TCE 

and PCE) were detected. The most frequently detected metals among subsurface soil samples were 

beryllium, chromium, manganese, mercury, and silver; however, only manganese concentrations exceeded 

soil screening levels. Among the organic compounds, only benzo(a)pyrene was detected at concentrations 

above the screening criteria in more than one sample. 

In 1996, subsurface soils were excavated from two separate locations at the impoundments as part of 

removal action activities. The removal actions were conducted to address areas with unsafe inorganic 
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contaminant concentrations. Following the removal work, there were no exceedances of the soil screening 

criteria for these inorganics at excavated locations, based on an industrial land use scenario. 

Surface Water and Sediment 

.-. 

Low levels of VOCs, including TCE, PCE, carbon disulfide, and chloromethane, were detected in Area A 

surface water. Semivolatile organics, pesticides, and PCBs were generally not found, and if detected, the 

concentrations of these compounds did not exceed 1 ug/l in the surface water samples. 

The surface water sample collected from inside outfall OF1 revealed that total metal concentrations for 

barium, copper, lead, manganese, and zinc were higher at this sample location than any other site-related 

surface water sample location. This suggests that water discharging through this outfall is contributing 

elevated chemical concentrations to the Area A stream. While known or potential sources within Area A 

may also be contributing to this contamination by possibly leaching soil contaminants to the stream or by 

overland runoff, these transport mechanisms are not believed to be as significant. 

Several VOCs were found above background concentrations in Area A sediment samples. Sediment 

samples closest to OF1 had the most frequent VOC detections. The maximum TCE and PCE 

concentrations were detected in a sediment sample located about 250 feet away from the base and 

downstream from a small feeder stream to the unnamed tributary of Little Neshaminy Creek. Several 

pesticides, PCBs, and semivolatile organ& were detected in Area A sediment samples. The most 

frequent chemical detections above background sediment levels were PCBs and PAHs. The highest PAH 

concentrations were found in the sediment sample from OFI. At this location, PAH levels ranged from 

I,3005 to 27,000J uglkg. 

The highest metal levels were from sample locations downstream of Area A. Samples collected along the 

stream between Jacksonville Road and OF1 generally showed lower metal concentrations compared to 

samples collected downstream of OFI. The analytes detected above background included beryllium, 

barium, chromium, copper, lead, mercury, selenium, silver, and zinc. 
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ASSESSMENT OF HUMAN HEALTH AND ECOLOGICAL RISKS 

Both human health and ecological risk assessments were conducted to estimate the actual or potential 

risks to human health and the environment resulting from the presence of contamination in Area A media 

other than groundwater. For surface and subsurface soils, the evaluation was based on the nature and 

extent of contamination present at Area A after the 1996 and 1998 soil removal actions. A risk 

assessment was also performed to evaluate the actual or potential risks to human health and the 

environment due to the presence of contamination in surface water and sediment in the stream (an 

unnamed tributary of Little Neshaminy Creek) adjacent to the Area A sites. 

The intended reuse for Area A is industrial, as designated in economic development conveyance (EDC) 

and public benefit conveyance plans by the FLRA and local municipal authorities. Both industrial and 

residential risks under respective land use scenarios were evaluated for the human health risk assessment. 

Residential risks were estimated as a baseline condition to determine if any land-use restrictions might be 

required for the Area A parcel. 

Both carcinogenic and noncarcinogenic risks were assessed. In general, carcinogenic risks in the range of 

IO4 to 10s6 are considered acceptable. Cumulative incremental cancer risks greater than 1 x IO4 

generally indicate that some degree of remediation is required, and cancer risks below 1 x 10s6 normally 

will not result in remedial efforts. A cancer risk of 1 x 10e6 indicates that the exposed receptor has a one in 

a million chance of developing cancer under the defined exposure scenario. Noncarcinogenic risk was 

assessed using the concept of hazard quotients (HQs) and hazard indices (HIS). HIS were generated by 

summing individual HQs for contaminants of potential concern. An HI exceeding unity (1 .O) indicates that 

there may be potential noncarcinogenic health risks associated with exposure. 

Human Health Risks for Soils 

No estimated carcinogenic risks or noncarcinogenic risks above the target risk levels of 1 x 1 O4 and 1 .O, 

respectively, were present for the industrial land use scenario regarding Area A surface and subsurface 

soils. These are the highest risks identified under intended reuse of Area A property. These risks fell 

within the target risk range of IO-” to 10m6 and therefore may be considered acceptable. 

Both noncarcinogenic and carcinogenic risks above the target risk levels of 1.0 and 1 x 104, respectively, 

were estimated for the hypothetical future residential child evaluated for contaminants of potential 

concern in surface soil and subsurface soil. Specifically, non-carcinogenic risks to residential children 

were identified in Site 2 and Site 3 surface soils and in subsurface soils associated with all four sites at 

Area A. Antimony, chromium, manganese, or silver contributed to the noncarcinogenic risk estimates. 

Carcinogenic risks were also estimated for subsurface soils at Site 3, primarily associated with 
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benzo(a)pyrene. The removal action was not intended to remove contaminants to a level protective of 

residential land use, as the intended re-use plans are expected to be industrial in nature. _- 

For Site 2 surface and subsurface soils and Site 3 subsurface soil, lead was identified as a contaminant 

of potential concern. Blood-lead levels in hypothetical residential children were evaluated using the 

average lead concentration for these soils. The estimated percentages of residential children (ages 1 to 6) 

exposed to Site 2 surface and subsurface soils with blood-lead levels above 10 ug/dl were 0.26 percent and 

0.73 percent, below the protective level of 5 percent. Therefore, lead levels in soils do not present an 

unacceptable risk at Site 2 to the future residential child. 

The estimated percentage (6.42 percent) of hypothetical residential children exposed to subsurface soil at 

Site 3 with a blood-lead level above 10 ug/dl was above the protective level. However, the model also 

predicted a blood-lead level of 5.24 ug/dl for most children, which is below the protective level cutoff of 

lOug/dl. Therefore, adverse effects to children are not expected from lead concentrations in Site 3 

subsurface soil. 

Human Health Risks for Surface Water and Sediment 

Estimated cancer and noncancer risks for recreational children exposed to surface water via wading and to 

sediment via ingestion and dermal contract were not found to be significant (i.e., all cancer risks equal to or 

less than 1 .O x IO” ; all HIS less than 1 .O) for nearby Area A surface water and sediment. 

Ecological Risks 

The presence of elevated PAH concentrations in sediment samples adjacent to Area A and elevated 

levels of metals in sediment samples adjacent and downstream of Area A suggests contaminant inputs in 

the stretch of the stream north of Sites 2 and 3. Potential ecological risks were estimated by comparing 

stream sediment sample analytical results to published conservative benchmarks established for sensitive 

receptors. Based on this assessment, the potential may exist for toxic effects to aquatic organisms and 

semi-aquatic receptors that feed on them. However, this stretch receives stormwater discharges and 

overland runoff from large paved parking areas at the base and Jacksonville Road. Additional sampling 

and analysis might be necessary to differentiate between potential sources of stream contamination other 

than Area A and to characterize any related impacts and potential risks to ecological receptors. 

FEASIBILITY STUDY 

Based on the RI results, a feasibility study (FS) was prepared for contaminated sediment associated with 

the adjacent Area A stream as well as contaminated soils associated with Area A. The soils of primary 
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concern were Site 2 surface soil and subsurface soils associated with Sites 1, 2, 3, and the Impoundment 

Area. The purpose of, the FS was to develop and evaluate potential remedial alternatives for addressing 

potential risks to ecological receptors associated with the Area A stream. For Area A surface and 

subsurface soils, no unacceptable carcinogenic or noncarcinogenic risks were present above EPA’s target 

risk levels of 1 x IO4 and 1.0, respectively, for the industrial land use scenario. Industrial use is the 

reasonably anticipated future land use for Area A. While residential use is not anticipated, Area A soils were 

determined to present unacceptable non-carcinogenic risk under this specific land use. 

To limit the reuse of Area A to industrial or commercial purposes, institutional controls should be 

implemented. As such, the FS evaluated institutional controls as a general response action for addressing 

Area A soils and to prevent the potential migration of soil contaminants to the nearby Area A stream. These 

controls are intended to protect ecological receptors associated with the Area A stream from adverse effects 

due to additional sediment contaminant loading. 

For Area A sediment, remedial technologies and process options were evaluated and screened to select 

those that were most viable for the site conditions and contaminants. The technologies and process options 

that pass the screening process were combined to form remedial alternatives that will address site 

contamination. The remedial alternatives were then evaluated to distinguish positive and negative aspects 

of each alternative and then compared to one another. 

REMEDIAL ACTION OBJECTIVES 

Based on the environmental media of concern and the potential receptors/pathways of exposure, 

remedial action objectives were established for Area A sediment and soils: 

l Mitigate the potential risks to ecological receptors from Area A sediment contamination. 

l Prevent-the migration of Area A soil contaminants to nearby surface water and sediment. 

l Restrict residential land use in the vicinity of Area A to protect human health. 

DEVELOPMENT OF REMEDIAL ALTERNATIVES 

Based on the nature and extent of Area. A soil and sediment contamination, estimated ecological risks, 

current site conditions, completed removal actions, remedial action objectives, and general response 

actions, technologies and process options were identified. For Area A sediment, the following response 

actions were considered: 

l Environmental monitoring 

0 Containment (i.e., surface water controls) 
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l Removal (e.g., dredging) of contaminated sediment, treatment, and off-base disposal 

For Area A soils, the no-action and institutional control general response actions were evaluated to meet 

applicable remedial action objectives. The general response actions, technologies, and process actions 

were screened for effectiveness, implementability, and cost. In addition, the no action alternative was 

retained as a baseline alternative. 

Two of the general response actions for Area A sediment did not pass the screening process. More 

specifically, containment (e.g., sediment traps and stream diversion measures) was not retained due to 

implementability concerns. Erosion control measures have already been implemented at Site 2 to minimize 

the surface runoff of water and suspended materials (such as soils) to the nearby stream. These controls 

consist of a concrete berm and riprap to increase the infiltration of rainfall and surface runoff into the ground, 

and to divert any remaining runoff to a specific location. The construction of additional surface water 

controls would be complex due to the small size of the stream itself, the relatively steep embankments along 

both sides of the stream, and difficulty in accessing the stream due to mature vegetation and the slopes 

themselves. 

The removal, treatment, and off-base disposal alternative was also eliminated due to effectiveness and 

implementability concerns. The small size of the stream, the limited amount of significant sediment 

deposits, and the potential to dewater dredged materials and revegetate any damaged wetlands, limits the 

ability to adequately perform this type of remedial alternative. 

The alternatives that passed the screening process are briefly described below. 

Alternative 1: No Action: Under this alternative, no action would be undertaken to protect ecological 

receptors, address sediment contamination in the stream, or mitigate the migration/release of soil 

contaminants into the nearby stream. 

Alternative 2: Institutional Controls and Environmental Monitoring: This alternative relies on institutional 

controls to restrict construction and other excavation activities that might disturb Area A soils in a manner 

that results in migration of Area A soil contaminants to the stream. Also, while residential land use is not 

reasonably anticipated for Area A, land use restrictions would preclude residential land use in the vicinity of 

Area A through deed restrictions, covenants, or zoning ordinances. The institutional controls would also be 

implemented to prevent human exposure to soil contaminants at Area A. 

As part of Alternative 2, surface water, sediment, and biological samples (e.g., benthic macroinvertebrates) 

would be sampled on a periodic basis to monitor the level of contaminants and potential adverse stream 

effects over time. The monitoring program would help determine the cause of any actual or potential 
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impacts to the stream and related ecological receptors. If necessary, modifications to the monitoring 
P== program would be made to further define or quantify the extent of these impacts and to identify any possible 

causes of the contamination. 

EVALUATION OF ALTERNATIVES 

The purpose of the comparative evaluation of alternatives was to identify and positive and negative 

advantages of each alternative to support the remedy selection process. Since no action would be taken 

under Alternative 1, it would not comply with the pertinent evaluation criteria and would not be effective. 

Alternative 1 is not protective of the environment since the potential for contaminants in sediment to pose 

risks to these receptors would. continue to exist. Action would not be taken to meet the remedial action 

objectives for Area A soils. 

Alternative 2 would limit the migration of soil contaminants to surface water and sediment via institutional 

controls. This alternative provides long-term monitoring to evaluate stream conditions and potential 

ecological risks in the event that these conditions and risks significantly change over time. If necessary, 

modifications to the monitoring program would be made to further define or quantify any actual impacts to 

the stream. 

Alternative 2 is protective of human health by limiting the potential for exposure to soil contaminants through 

land use restrictions. Deed restrictions are an effective option for prohibiting certain types of land uses 

since these restrictions are inherently part of the property transfer process, regardless of the status of 

ownership. This alternative does not reduce the toxicity, mobility, or volume of existing sediment 

contaminants. However, the technologies to address this contamination are not easily implementable. and 

may not be effective in the long-term, given current stream conditions. 

As part of Alternative 2, the environmental monitoring program would be effective over the short-term to 

ensure that sediments are not adversely impacted by either sources of hazardous substance contamination 

or by urban runoff from Sites 2 and 3. Institutional controls are also effective on both a short- and long-term 

bases. Alternative 2 is readily implementable within an estimated period of 6 months. 

There are no costs associated with Alternative 1. The present-worth costs of Alternative 2 are $275,360. 

More than half of the Alternative 2 costs would be incurred within the first year of implementation. 
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I .O INTRODUCTION 

In response to Contract Task Order No. 290 under Contract N62472-90-D-1298, Tetra Tech NUS, Inc. 

(TtNUS) is submitting this remedial investigation (RI) report and feasibility study (FS) for Operable Unit 9 

(OU-9) (Area A media other than groundwater) at the former Naval Air Warfare Center (NAWC) (formerly 

the Naval Air Development Center), Warminster, Pennsylvania. This work is part of the Navy’s Installation 

Restoration Program (IRP), which is designed to identify contamination of Navy and Marine Corps facilities 

resulting from past operations and to institute corrective measures, as needed. 

IRP activities are typically performed in four distinct phases. The first phase consists of a preliminary 

assessment (PA). Phase II involves a site inspection (SI). The third phase’is a remedial investigation and 

feasibility study (RVFS), which are intended to characterize physical and chemical parameters and risks 

associated with the facility. The last phase consists of remedial actions designed to control and mitigate 

contamination. This report is prepared under Phase III IRP activities. 

1.1 PURPOSE OF THE REPORT 

Section 300.430 (a)(l)(ii)(A) of the National Oil and Hazardous Substances Pollution Contingency Act 

(NCP) provides that hazardous substance facilities should generally be remediated in operable units when 

early actions are necessary or appropriate to achieve a significant and accelerated risk reduction, when 

phased analysis or response is necessary or appropriate given the size or complexity of the site, or to 

expedite the completion of a total cleanup. Several operable units at NAWC Warminster have been 

identified to facilitate these objectives. OU-9, the subject of this report, comprises Area A media other than 

groundwater. 

The purpose of this report is to describe investigation results for Area A soils and the stream north of the 

site, draw conclusions based on these results, and recommend any additional actions. In 1998, the Navy 

removed certain contaminated soils from portions of Area A based on the results obtained from the initial RI 

investigations. This report describes investigation results prior to the removal actions and the current nature 

and extent of contamination remaining after the removal work. Data from samples collected in areas that 

remained in place after the removal work are included in the human health risk assessment that is part of 

this report. 

The main focus of the RI was to characterize soils and wastes in potential source areas at Area A, 

particularly suspected sources that were not addressed under the base-wide Environmental Baseline 

Survey (EBS). The RI also investigated nearby surface waters and sediments potentially impacted by Area 

A sites. Groundwater impacts associated with this area have previously been reported and are being 
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addressed as Operable Unit 1 (OU-1) (HNUS, 1993b and 1993c). Therefore, groundwater within Area A is 

not addressed by this report. 

1.2 FACILITY BACKGROUND AND HISTORY 

This section describes NAWC Warminster and provides a brief synopsis of the facility’s background and 

history. More detailed discussion is .provided in the RI work plans for the facility, available as part of the 

Administrative Record. 

1.2.1 Facility Description 

NAWC Warminster is located in the township of Warminster, Bucks County, Pennsylvania. The facility can 

be found on the United States Geologic Survey (USGS) Hatboro 7.Bminute topographic quadrangle map, a 

portion of which is reproduced as Figure l-l. The total area of NAWC Warminster is approximately 734 

acres. The facility lies in a populated suburban area surrounded by private homes, various 

commercial/industrial businesses, and a golf course. On-base areas include various buildings and other 

complexes connected by paved roads, the runway and ramp area, mowed fields, and a small wooded area. 

The facility is located on a ridge, generally oriented east-west, with elevations ranging from 297 feet at the 

northwestern property boundary to 377 feet at the eastern boundary. Slopes are gentle and average three 

to five percent. The northern portion of the facility (about 65 percent) drains into small, unnamed tributaries 

of Little Neshaminy Creek. The remaining portion drains into unnamed tributaries of Pennypack Creek. 

The main areas of investigation at NAWC Warminster include several waste sites covering more than 15 

acres. All sites are located within the NAWC Warminster property and include the following: 

l Three waste bum and disposal pits (Sites 1, 3, and 6) 

l Two sludge disposal pit areas (Sites 2 and 7) 

l Two landfills located on the north and south sides of the active runway (Sites 4 and 5) 

l One fire training area (Site 8) 

l A series of eight unlined impoundments (Impoundment Area) 

These sites, along with other suspected sources at the base, have been grouped into four general areas 

based on geographic location (i.e., their proximity to one another), similarities regarding source and waste 

characteristics (i.e., methods of waste disposal and types of wastes deposited), and their common effects 

cn nearby receptors (e.g., aquifers, surface water bodies, and human populations) (Figure l-2). The 

general areas are: 
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l Area A - located in the northwestern corner of the base (Sites 1,2, 3 and the Impoundment Area) 

l Area B - located south of the main runway (Sites 5,6, and 7) 

l Area C - located north of the main runway (Sites 4 and 8) 

l Area D - consisting of the main building complex at the base 

Historically, wastes were generated during aircraft maintenance and repair, pest control, firefighting training, 

machine and plating shop operations, spray painting, and various materials research and testing activities in 

laboratories. These wastes included paints, solvents, sludges from industrial wastewater treatment, and 

waste oils. None of the sites are currently used for waste disposal. 

The longest runway, which is inactive, is generally located along the topographically highest area at the 

facility. Many of the primary facility buildings are located west of the airstrip, along Jacksonville Road. A 

housing development for military enlisted personnel is within the southeastern portion of NAWC Warminster. 

A wastewater treatment plant is located in the northwestern corner of the facility. 

,A-=-. 

Approximately 100 employees currently work at the former base, and 1,000 people reside at the enlisted 

personnel’s housing area year round. The residents living at the enlisted housing area are the nearest 

population center; however, most work at a nearby Navy base in Willow Grove, Pennsylvania. The closest 

off-base home is about 200 feet away. 

NAWC Warminster is underlain by the Stockton Formation, which provides water for more than 100,000 

people within the area. Local surface water bodies are used for recreation and industrial purposes. 

1.2.2 Facilitv History 

The facility was originally the location of Brewster Aeronautical Corporation, a manufacturer of military 

aircraft. In 1944, the Navy assumed full control of the Brewster plant. The Naval Air Modification Unit was 

installed at the base to add design modifications to military aircraft produced at other locations. After World 

War II, activities at the base were altered; in 1949, the facility was designated the Naval Air Development 

Center (NADC), and its main mission, research, development, testing, and evaluation for Naval aircraft 

systems, was established. NAWC Warminster also conducted studies in anti-submarine warfare systems 

and software development. The facility name was changed from NADC to NAWC, Aircraft Division, on 

January 1, 1992. In 1996, NAWC Warminster was realigned under the Base Realignment and Closure 

(BRAC) Program managed by the Department of Defense (DOD). This realignment, which is due to the 

downsizing of the entire DOD budget, was implemented in September 1997. The realignment resulted in the 

relocation of NAWC Warminster activities to Naval Air Station (NAS) Patuxent River, Maryland. The base is 
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now closed and is being redeveloped for non-military use by the Bucks County Federal Lands Reuse 

Authority (FLRA). .- 

The U.S. Environmental Protection Agency (EPA) officially recognized the NAWC Warminster sites as 

possibly needing investigation in September 1979. In November 1979, EPA completed a PA. In 1980, the 

Department of the Navy began its environmental investigative work at NAWC Warminster. The first study, 

known as the Clay/Law Report, inventoried disposal activities at each of the eight sites. Since 1980, a 

variety of environmental consultants under Navy contracts have studied these sites. The first of the 

resulting reports, prepared by JRB Associates in 1983, concluded that on-base contamination existed but 

probably was not affecting off-base water supply wells. 

In 1985, EPA completed a PA/S1 Report. In 1986, NAWC Warminster was proposed for inclusion on the 

National Priorities List (NPL) based on a Hazard Ranking System (HRS) score greater than 28.50. EPA 

used the HRS to assess the relative threat from releases of hazardous substances from the eight NAWC 

Warminster sites to surrounding groundwater and surface water. The facility score was based on the 

likelihood that a hazardous substance would be released from the sites, the toxicity and amount of 

hazardous substances at the sites, and the people and sensitive environments potentially affected by 

contamination at the sites. 

On October 4, 1989, NAWC Warminster was placed on the final NPL. That same year, EPA submitted a 

draft Interagency Agreement to the Navy for formalizing and scheduling remedial activities. The contents 

of this agreement were negotiated in 1990. In 1991, TtNUS (formerly Halliburton NUS Corporation, then 

Brown & Root Environmental) was tasked to complete RI/FS activities at the facility. 

‘-. 

1.2.3 Environmental lnvesticlations 

Since 1979, NAWC Warminster, regulatory agencies, and others have been involved in various regional 

environmental response actions for the study area. Some regional actions have been specific 

investigations of the NAWC Warminster sites. A number of wells within Warminster Township and other 

nearby townships have been sampled for volatile organic compounds (VOCs), and contamination by 

VOCs has made some groundwater unsuitable for potable use. 

Since 1989, several Rls and FSs have been conducted at NAWC Warminster for the various areas of 

concern (i.e., Area A, Area B, Area C, and Area D). The Phase I RI was performed between October 1989 

and April 1991 by SMC Environmental Services Group (SMC Martin, 1991). Phase II was performed 

between May 1992 and April 1993 (HNUS, 1992, 1993a). In October 1993, focused RI/FS work for 

groundwater contamination attributable to the base began and is continuing (HNUS, 1994a). Phase Ill, -I-’ 
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which addressed potential source areas and their impacts to soils, surface waters, and sediments, began in 

January 1995 and was completed in October 1999. 

Area D (with the exception of groundwater) was evaluated separately from other RI work. Except for Phase 

I, all other investigations have been conducted by TtNUS. A Technical Review Committee (later a 

Restoration Advisory Board (RAB)), which consists of representatives of the Navy, EPA, the Pennsylvania 

Department of Environmental Protection (PADEP), the Bucks County Health Department, the Northampton 

Township Municipal Authority, the Warminster Township Municipal Authority, and Upper Southampton 

Township, assisted in the planning and review of these activities 

The following sections briefly summarize the status of investigations and response actions for each of the 

four areas of concern at the Warminster facility (see Figure 1-2). 

1.2.3.1 Area A Investigations and Response Actions 

InvestiQations 

l Phase I (1989 - 1991): RI activities involved mapping VOCs in soil gas and detecting magnetic and 

conductive anomalies through electromagnetic surveys. Approximate site boundaries were identified 

and confirmation of site contamination was made through soil borings, installation of overburden and 

shallow bedrock monitoring wells, and groundwater sampling and analysis. Other media (surface water 

and sediment) were also sampled and tested. Test pits were excavated, local wells were inventoried, 

and a fracture-trace analysis was conducted. A biological characterization of a nearby stream was also 

done (SMC Martin, 1991). 

l Phase II (1992 - 1993): RllFS work helped determine the nature and extent of groundwater 

contamination, evaluate shallow groundwater flow and add to the hydrogeologic database, and 

ascertain possible remedial alternatives. Activities included installing additional overburden and shallow 

bedrock monitoring wells, sampling and analyzing groundwater, surface water, sediment, and soils, and 

evaluating aquifer characteristics through water-level monitoring and a pumping test. Groundwater- 

related RI and FS reports for OU-I were released in April 1993 (HNUS, 1992,1993a, and 1993b). 

l Focused RVFS for Groundwater (1993): This activity investigated groundwater conditions within and 

downgradient of Area A, as well as in other areas of the base. Monitoring wells were installed and 

water samples were collected for analysis. A water-level study and a more comprehensive aquifer 

pump test were also performed (HNUS, 1995e). A final RI report for Area A groundwater is now being 

prepared. 
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l Phase III (1995 - 1999): The primary RI objective was to characterize sources of contamination, 

primarily soils and wastes, at known and potential waste disposal sites. RI work included a soil gas 

survey, multiple surface geophysical surveys, test pits and soil borings, along with soil and waste 

sampling and analysis. A surface water and sediment sampling and analysis program was performed 

to evaluate the impacts of Area A on the nearby stream. An assessment of wetlands near Area A was 

also conducted (HNUS, 1994d; B&R Environmental, 1996a). 

-- 

Response Actions 

l Operable Unit 1 (OU-I): At the end of Phase II, the Navy and EPA selected an interim remedy for 

contaminated shallow groundwater attributable to Area A at the base, referred to as OU-1. The OU-1 

Record of Decision (ROD) was signed in September 1993. The interim remedy which included 

installing extraction wells and building a treatment system, was constructed by July 1999. A final ROD 

for OU-I will be prepared later this year. 

l During theconstruction of the OU-I remedy, the Navy excavated contaminated soils that were beneath 

the footprint of the treatment plant building or along the route of groundwater transfer piping near Area 

A. The soils were disposed in an off-base landfill. This work was performed in 1996. 

l Using Navy funds, one commercial property with a contaminated well was connected to the Warminster .-._ 

Municipal Authority system in the summer of 1995. This property was located north of Site 2, at Area A. 

l OU-9: Based on the Phase III RI, including the results of several supplemental investigations, the Navy 

excavated and disposed of contaminated soils and wastes from several locations within Sites I, 2, and 

3 between August 1998 and January 1999. An Action Memorandum for the Area A soil removal action 

was signed by the Navy in June 1998. OU-9 is the subject of this report. 

1.2.3.2 Area B Investigations and Response Actions 

. Phase I (1989 - 1991): Activities were similar in scope to Area A. An air sampling program was also 

performed to evaluate the potential for atmospheric contamination in nearby residences (SMC Martin, 

1991). 

. Phase II (1992 - 1993): RVFS work was similar to Area A. Several off-base well samples were also 

collected for analysis. Groundwater-related RI and FS reports for OU-1 were prepared in April 1993 

(HNUS, 1992,1993a, and 1993b). 
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l Focused RI for Groundwater (1993 - 1995): This work investigated groundwater conditions within and 

downgradient of Sites 5, 6, and 7. The focused groundwater scope of work was similar to Area A. 

Based on this work, a final RI report for Area B groundwater is scheduled to be released in March 2000. 

. Phase III (1995 - 1999): The Phase III RI objective was to characterize sources of contamination, 

primarily soils and wastes at known and potential waste disposal sites. RI work was similar to that 

conducted for Area A (B&R Environmental, 1996a). Additional investigations for Sites 6 and 7 were 

performed in 1996 and 1997 to support limited removal actions for these sites. Following the removal 

actions, RI and FS reports for Sites 6 and 7 were prepared (TtNUS, 19999 and 1999h). A supplemental 

soil investigation was conducted for Site 5 in December 1999, and the Site 5 RI/FS report is now being 

prepared. 

Response Actions 

l OU-1: At the end of Phase II, the OU-1 ROD was signed to implement an interim remedy for 

contaminated shallow groundwater attributable to Area B. Extraction wells were installed in December 

1994; however, the groundwater sample results indicated the general absence of significant 

contamination. The interim remedy is currently being reevaluated. 

l OU-2: Following Phase II, the Navy performed sampling of off-base drinking water wells in the vicinity 

of NAWC Warminster. Results from well water samples collected during the testing indicated that, at 

several residences, the groundwater had levels of VOCs greater than EPA’s Maximum Contaminant 

Levels (MCLs). Beginning in April 1993, the Navy installed water treatment systems at these 

residences despite the lack of clear evidence that the Navy was responsible for all the elevated 

contaminant levels of concern. In the summer of 1994, EPA and the Navy connected homes in the 

Casey Village Area (located south of Sites 5, 6, and 7) to the Warminster Municipal Authority and Upper 

Southampton Water and Sewer Authority systems. 

l OU-7: Based on the Phase III RI findings, including the results of several supplemental investigations, 

the Navy excavated and disposed of contaminated soils and wastes from several locations within Sites 

6 and 7 in 1997. The ROD for OU-7 is scheduled to be signed by June 2000. 

1.2.3.3 Area C Investigations and Response Actions 

lnvestioations 

l Phase I (1989 - 1991): Activities were similar in scope to Area A (SMC Martin, 1991). 
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l Phase II (1992 -, 1993): RVFS work was similar to Areas A and B. One off-base well sample was tested 

(HNUS, 1992). 

l Focused RI for Groundwater (1993 - 1994): Groundwater conditions were investigated within and 

downgradient of Sites 4 and 8. The focused groundwater scope of work was similar to Areas A and B. 

Based on this work, separate RI and FS reports were submitted for Area C groundwater in August 1994 

(HNUS, 1994b and 1994c). A schematic design for shallow groundwater remediation was completed in 

July 1994. 

l Phase Ill (1995 - 1999): The Phase Ill RI objectives and field work were similar to those conducted for 

Areas A and B. A maintenance area and septic system drain field, both located between Site 4 and Site 

8, were also investigated within Area C (B&R Environmental, 1996a TtNUS, 1999d and 2000a). An 

engineering evaluation/cost analysis (EE/CA) report was prepared to help support a removal action for 

Site 4 in July 1995 (HNUS, 1995d). A supplemental study for Site 8 was conducted between July 1998 

and March 1999 to complete RI work for this site. 

Response Actions 

l OU-2: Following Phase II, the Navy performed sampling of off-base drinking water wells in the vicinity 

of Area C. In 1994, EPA and the Navy connected homes along Kirk Road to the Warminster Municipal __ 

Authority system. 

l OU-3: The interim OU-1 remedy for Areas A and B was modified to incorporate the additional volume 

of contaminated groundwater associated with OU-3. The ROD for OU-3 was signed in March 1995. 

Construction of the groundwater treatment plant was completed in May 1996. Six extraction wells were 

installed in Area C, and piping and electrical wiring were run between these wells and the treatment 

plant. The system began full operation in July 1996. 

l OU-5: Based on the Phase III RI findings, including the results of several supplemental investigations, 

the Navy excavated and disposed of contaminated surface soils along the western edge of the Site 8 

runway extension in February 1999. The Action Memorandum for the Site 8 removal action was also 

signed in February 1999 (U.S. Navy, 1999a). The ROD for OU-5 (Site 8 media other than groundwater) 

was signed in September 1999 (U.S. Navy, 1999b). 

l OU-6: The Action Memorandum for the Site 4 removal action was signed in June 1996. Based on the 

Phase III RI and EEICA findings, the Navy excavated and disposed of contaminated soils and wastes 

from eight buried trenches at Site 4 in the fall of 1996. All work was completed in July 1997. The ROD _- 
for OU-6 (Site 4 media other than groundwater) is scheduled to be signed by May 2000. 
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--=Y 1.2.3.4 Area D Investigations and Response Actions 

lnvestinations 

l Focused RI for Groundwater (1993 - 1996): Groundwater conditions were investigated within and 

downgradient of Area D. The focused RI groundwater scope of work was similar to the investigations 

for Areas A, 8, and C. Based on this work, separate interim RI and FS reports were submitted for Area 

D groundwater in October 1996 (B&R Environmental, 1996c and 1996d). Final RI and FS reports are 

now being prepared. 

l Area D RI (1996 - 1998): The Area D RI objective was to characterize sources of contamination, 

primarily soils and wastes at potential waste disposal sites within the main building complex at the base, 

including the hangar area east of Jacksonville Road. RI work included a soil gas survey, soil borings, 

and soil sampling and analysis. The RI report for Area D media other than groundwater was released in 

September 1998 (TtNUS, 1998). Based on the Area D RI results for media other than groundwater, an 

FS report was not warranted. 

Response Actions 

l OU-4: At the end of the focused groundwater RI for Area D groundwater, an interim ROD for OU-4 was 

released in September 1997. The interim remedy included installing extraction wells and connecting 

these wells to the existing groundwater treatment system and was completed by July 1999. A final 

ROD for OU-4 will be prepared later this year. 

l OU-8: To date, no CERCLA response actions for specific Area D sources have been conducted. 

However, the Navy has removed several petroleum-related aboveground and underground storage 

tanks (USTs) within Area D and other areas at the base. The ROD for OU-8 (Area D Soils) is 

scheduled to be signed by June 2000. 

The results and findings of all previous investigations are maintained in two local information repositories 

that contain the Administrative Record for NAWC Warminster. One repository is located at the base; the 

second can be found at the Bucks County Library, Doylestown Branch. 

1.3 AREA A SITE DESCRIPTION AND HISTORY 

Area A is located in the northwestern corner of NAWC Warminster, between Jacksonville Road and the 

railroad tracks located west of the base, and generally north of the wastewater treatment plant, fuel farm 
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area, and Parking Lot No. 2. Area A consists of several discrete disposal sites, Site 1, Site 2, Site 3 and the 

former impoundment Area, which have been combined into one general study area for purposes of this 

report. Figure l-3 shows the location of each site investigated within Area A. All sites are within the fenced 

NAWC Warminster perimeter and are found in the northwestern corner of the facility bordering an industrial, 

commercial area. Groundwaterflow and surface water runoff are to the north for all sites. 

.- 

A description of the known or potential sites within Area A and a summary of previous investigations for this 

area are provided in the following sections. 

1.3.1 Site 1 Description 

Site 1 is located on a portion of the NAWC Warminster property lying northwest of Jacksonville Road; the 

site is adjacent to the wastewater treatment plant (Figure l-3). Site 1 is within 1,000 feet of an off-base food 

processing facility and within 300 feet of an unnamed tributary of Little Neshaminy Creek. 

1.3.2 Site 1 History 

The Navy initially reported Site 1 as a disposal site in the Navy Shore Activity Disposal Fact Form (U.S. 

Navy, 1980) and Notification of Hazardous Waste Sites (U.S. Navy, 1981). The site reportedly operated as 

a burn pit from 1940 to 1955 and was located at the embankment of a ravine formed by erosion action. 

Reportedly, the waste materials were dumped over the bank and burned. The materials included paint, oil, 

asphalt, roofing material, solvents, scrap metal, unspecified chemicals, and waste from one or more firing 

ranges. 

The Navy also reported that Site 1 was used as a disposal site for excess soil from the grading for the 

extension of the main runway at the base. The quantity of wastes deposited or burned was unknown. After 

use of Site 1 was discontinued, the area was covered with soil from an on-base source. 

Additional site background and historical information were provided by an Aerial Photographic Site Analysis 

Report for the base (EPIC, 1994). This report evaluated aerial photographs from March 1938 through 

March 1990 and identified several features within Site 1 that suggested possible or probable disposal pits 

and other miscellaneous features. These features are shown in Figure I-4. Figures 1-5 through l-l 1 are 

copies of aerial photos used in the historical review. The following information from the site analysis report 

is pertinent to this report. 

The historical aerial photos indicate that at least two areas in the vicinity of Site 1 may have received fill 

material. In photographs from May 1948 and October 1950 (Figure l-5), a vegetated, irregularly shaped pit 

or impoundment (PI) was identified adjacent to several other impoundments. The pit was approximately 

100 feet by 35 feet in size. Photography from September 1958 revealed that the pit had been filled in and 
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ground scars (GS4) were present (Figure l-6). In a photograph from March 1965, the ground scars were no 

longer evident; however, one of the wastewater treatment plant impoundments (i.e., Impoundment No.3) 

appeared to have been breached, releasing its contents northeastward toward the eastern half of Site 1. 

Photography from August 1971 showed a trench (TR8) at the same general location as PI. TR8 was 

roughly 230 feet long by 20 feet wide. By March 1973, the trench had apparently been filled (Figure I-8). In 

its place, an area of mounded material (MM4) and disturbed ground (DG2) were identified at the 

northwestern edge of the estimated location of TR8. The area covered by DG2 was about 225 feet by 45 

feet in size. In a photograph from June 1978, DG2 was no longer present (Figure l-9). More recent 

photography since 1978 failed to identify any additional features in the immediate vicinity of Site 1 (Figures 

I-IOand I-II). 

The review of historical photographs indicated that features in the vicinity of Site 1 were present while the 

impoundment area was receiving wastewater sludges, and historical photos indicate that disposal locations 

within Site 1 were active between 1940 and 1973. Collectively, these features comprise an area of about 

17,000 square feet. 

1.3.3 Summarv of Previous lnvestiaations at Site 1 

As reported in the November 1996 Draft Phase Ill RI Report, during February 1980, soil borings were drilled 

to a depth of 11 feet within the vicinity of Site 1 in order to help investigate the likelihood of VOC soil 

contamination. Analysis of soil samples obtained from these borings at depths of 2 to 4 feet, 4 to 6 feet, and 

9 to 11 feet detected trichloroethylene (TCE) concentrations ranging from 2.8 to 78 mg/kg. Higher 

concentrations were found within the first 6 feet of the borings. 

Two monitoring wells were installed and sampled in October 1980. The wells were 60 and 300 feet deep. 

Groundwater samples from these wells contained TCE, III, 1 -Trichloroethane (I,1 ,I -TCA), and chloroform. 

Higher contaminant concentrationswere found in the shallow well. 

In July 1982, one additional monitoring well and two observation wells were installed (JRB Associates, 

1983). The observation wells were used to measure groundwater levels. The groundwater sample from the 

additional monitoring well contained antimony, nickel, zinc, and methylene chloride. The monitoring wells at 

Site 1 have been sampled several times since 1982. 

In October 1988, SMC Martin observed that Site 1 was well covered and vegetated. Surface water 

drainage from the site was noted to flow toward the northeast. 

An electromagnetic (EM) conductivity survey and soil gas survey were performed near Site 1 during Phase 

I. The EM survey consisted of seven northeast-to-southwest profile lines that were connected by a single 
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perpendicular line. A total of 39 soil gas readings were taken in the vicinity of this site. In addition, 12 

confirmation soil borings were advanced to determine the presence of buried materials. 

One surface soil sample was obtained from Site 1 during Phase II. This sample location corresponded to an 

area of high soil gas readings found during Phase I. 

1.3.4 Previous Response Actions for Site 1 

Based on preliminary RI results (including the results of supplemental investigations conducted in 1997 at 

Site I), the Removal Site Evaluation Report for Area A Soils (including Site 1) was prepared in April 1998 

(B&R Environmental, 1998a). This report focused on identifying areas where response actions were 

required and evaluated clean-up alternatives for impacted media. Based on this report, the Navy signed 

an Action Memorandum for a removal action at Site 1 in February 1999 (U.S. Navy, 1999). The purpose 

of this action was to address soils primarily contaminated with metals (antimony and cadmium) and TCE. 

The soil removal action was performed between August 1998 and January 1999. 

The objectives of the removal action were to 

. Protect industrial receptors from adverse health effects that could result from dermal contact and 

incidental ingestion of Site 1 subsurface soil. 

l Protect groundwater quality by reducing infiltration of water into and through contaminated soils of 

concern. 

The contaminated soils were excavated, transported to, and disposed in the GROWS Municipal Waste 

Landfill in Tulleystown, Pennsylvania and the CWM Chemical Services Hazardous Waste Landfill in 

Model City, New York. The soils did not require treatment prior to disposal. Soils were generally 

excavated to bedrock or a depth of about 12 feet below the ground surface (bgs). Two separate 

excavations (Excavation IA and Excavation 1 B) were made (Foster Wheeler, 1999). Verification samples 

were analyzed to confirm that no remaining subsurface soils exceeded the clean-up goals. The 

verification sample results are included in the analytical database for Site 1 soils as part of this report 

(Appendix A). The May 1999 Post Removal Summary Report, Area A, Sites 1, 2, and 3 prepared by 

TtNUS contains detailed information on the removal action (TtNUS, 1999a). 

During removal activities at Excavation 1 B, 10 drum carcasses and two laboratory bottles were encountered in 

the eastern half of the excavation (Foster Wheeler, 1999). Waste characterization data from the contents of 

some drums indicated that the contents were representative of hazardous waste under the Resource 

Conservation and Recovery Act (RCRA). The liquid remaining in the laboratory bottles was also analyzed; the 

results revealed that the primary component of the liquid was carbon tetrachloride. 
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Section 4.2.4.2 provides more detailed information regarding the removal action at the site, including the 

location of the soil removal and the results of the verification sampling. 

1.4 SITE 2 DESCRIPTION AND HISTORY 

Site 2 is located southeast of Site 1 and is also northwest of Jacksonville Road (Figure l-3). Site 2 allegedly 

received wastewater treatment plant sludges from 1965 to 1970. The site reportedly consisted of two 

disposal trenches. A small stream that flows to the northwest is adjacent to the northeastern side of Site 2. 

To the southwest is a parking lot. The general area is bordered by Site 1 to the west, a former guardhouse 

and Site 3 to the east, a fuel storage area to the south, and the base fence line to the north. 

The fuel storage area included a gas station with gasoline and diesel fuel underground storage tanks 

(USTs), four 15,000-gallon JP-5 USTs, and a storage building. Upon closure, Site 2 was covered with 2 feet 

of fill, regraded, and seeded. 

1.4.1 Site 2 History 

Similar to Site 1, the Navy initially reported Site 2 as a disposal site in the Navy Shore Activity Disposal Fact 

Form (U.S. Navy, 1980) and Notification of Hazardous Waste S&s (U.S. Navy, 1981). The site allegedly 

consisted of two disposal trenches; each trench was approximately 12 feet wide by 200 feet long by 8 feet 

deep. The Navy also reported the disposal of 1,400 cubic yards of industrial wastewater sludge at this site 

(U.S. Navy, 1980). 

The Aerial Photographic Site Analysis Report (EPIC, 1994) included the review of photographs from March 

1938 thorough March 1990 and identified several waste disposal features in the vicinity of Site 2. These 

features are displayed in Figure 1-12. As reported in the EPIC report in a photo from April 1942, a relatively 

large dump (Dl) was observed, along with scattered debris, ground scarring, and a nearby abandoned 

airplane (EPIC, 1994). On the eastern edge of Dl was a former streambed that drained portions of the 

base north of the main building complex. The dump was also visible in photographs through October 1950 

(Figure l-5). Three rectangular ground scars (GSl) and a probable trench (TRI) were identified south of 

the access road present in the October 1950 photograph (Figure l-5). 

Photography from September 1958 (Figure l-6) showed that dumping was apparently no longer occurring in 

the vicinity of Dl, GSl and TRI. The areas of Dl, GSI and TRI had been regraded and/or revegetated. 

However, the September 1958 photo did show a possible trench (TR2) and linear mounds of material 
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(MMI) in an area that was cleared and graded after 1950. TR2 and MM1 were located north of GSI and 

TRI. In a photograph from March 1965 TR2 and DGI were no longer present. Piles of mounded material 

(MM3) were identified, however, east of Dl and north of the access road present at that time (Figure l-7). 

The piles of earthen material presumably consisted of soils and appeared to be in the same location as 

MMI, but was much more extensive than MMI. By October 1967, these piles were no longer evident 

(EPIC, 1994). In an August 1971 photograph reviewed in the EPIC report, parked trailers and the open 

storage of debris in the vicinity of Site 2 were identified, particularly between and on top of Dl and MM3 

(EPIC, 1994). A relatively large area of disturbed ground (DG3) was noted in this same area in a March 

1973 photograph (Figure l-8). By 1977, DG3 was no longer present. 

A review of historical photographs indicates that MM3, which is shown in aerial photos dated 1965 through 

1967, may be the only disposal feature in the Site 2 area that existed between 1965 and 1970. With the 

exceptions of MM3 and DG3, which are noted in photos dated 1973 through 1977, all remaining features 

within Site 2 probably existed between 1942 and 1958. Dl appears in photos dated 1942 through 1950, 

which suggests that Dl may have been mistaken for a feature within Site 1. The photos do not indicate the 

presence of 200-foot trenches as reported by the Navy; however, it is possible that MM1 and MM3 

represented materials that were subsequently buried by excavating trenches in the vicinity of Site 2. DG3, 

therefore, may indicate the general location of these trenches. The available historical photos’indicate that 

disposal locations within Site 2 were most likely active between 1942 and 1977. 

The Aerial Photographic Site Analysis report (EPIC, 1994) identified only one feature that fit the description 

of the two 200-foot by IZfoot trenches reportedly used for disposal of industrial wastewater sludge between 

1965 and 1970 in Area A. This feature was TR8, as discussed as part of Site 1 in Section 1.3.2. It is 

possible that Site 1 and Site 2 are reversed in their respective descriptions and locations, as originally 

reported by the Navy. More specifically, Site 1 may have included Dl and Site 2 may have consisted of 

TR8. However, this distinction will not be addressed in the remainder of this report. 

1.4.2 Summarv of Previous lnvestinations at Site 2 

In July 1982, four monitoring wells were installed and sampled (JRB Associates, 1983). These wells have 

been sampled periodically since 1982. Groundwater samples from wells near Site 2 contained low 

concentrations of 1 ,I -DCA, 1 ,I ,I -TCA, methylene chloride, and various metals, including copper, chromium, 

nickel, and zinc. 

During Phase I, SMC Martin noted contractors building a road over a portion of Site 2. Surface water 

drainage was observed to flow toward the northeast into a tributary of Littte Neshaminy Creek. 

Both EM conductivity and soil gas surveys were conducted near Site 2 as part of Phase II. The EM survey 

consisted of five northeast-to-southeast profile lines. The survey did not extend to the eastern half of Site 2. 
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A total of 42 soil gas readings were obtained in the vicinity of the western half of the site. In addition, 17 

confirmation borings were drilled between the existing guardhouse and Site 1. 
._ 

One subsurface soil sample was obtained from Site 2 during Phase II. This location corresponded to a soil 

gas anomaly where waste material was detected in confirmation borings drilled between the existing 

guardhouse and Site 1. 

Both surface water and sediment samples were collected from the stream north of Sites 2 and 3 during 

Phases I and II. One Phase II sediment sample was taken from an orange-colored leachate along the 

stream bank adjacent to Site 2. A biological characterization of the area north of Area A was also performed 

during Phase I. 

1.4.3 Previous Response Actions for Site 2 

Similar to Site 1, the Removal Site Evaluation Report for Area A Soils was prepared in April 1998 (B&R 

Environmental, 1998a). Based on this report, the Navy signed an Action Memorandum for a removal 

action at Site 2 in February 1999 (U.S. Navy, 1999). The purpose of this action was to address surface 

and subsurface soils primarily contaminated with metals (e.g., antimony, cadmium, copper, lead, silver, 

and zinc), a variety of polycyclic aromatic hydrocarbons (PAHs), and several VOCs (bromomethane, 

methylene chloride, and trans-1,3-dichloropropene). The soil removal action was performed between 

October 1998 and January 1999. The objectives of the removal action were to 

__ 

l Protect industrial receptors from adverse health effects that could result from dermal contact and 

incidental ingestion of Site 2 surface soil. 

l Protect groundwater quality by reducing infiltration of water into and through contaminated soils of 

concern. 

l Mitigate potential contaminant migration from Site 2 into the nearby stream. 

The contaminated soils were excavated, transported to, and disposed in the GROWS Municipal Waste 

Landfill in Tulleystown, Pennsylvania. The nonhazardous soils did not require treatment.prior to disposal. 

Surface soils were generally excavated to about 2 to 3 feet bgs. Deeper excavation extended from 4 to 7 

feet below ground surface. Three separate excavations (Excavations 2A, 2B, and 2C) were made (Foster 

Wheeler, 1999). Verification samples were analyzed to confirm that no remaining surface soils exceeded 

the clean-up goals. The verification sample results are included in the analytical database for Site 2 

surface soils as part of this report (Appendix A). Detailed information regarding the removal action, 

including the verification sampling program, is included in the May 1999 Post Removal Report, Area A, 

Sites 1, 2, and 3 (TtNUS, 1999a). Sections 4.3.3.2 and 4.3.4.2 provide more detailed information 

regarding the removal action at the site, including the location of the soil removal and the results of the 

verification sampling. 

_‘-_ 
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&h=x%. 1.5 SITE 3 DESCRIPTION AND HISTORY 

Site 3 is adjacent to the northwestern side of Jacksonville Road and is southeast of Site 2 (Figure l-3). A 

parking lot is southwest of the site, and two NAWC Warminster housing areas are 600 feet and 1,000 feet 

away. The site reportedly was used from 1955 to 1965 as a burn pit for solvents, paints, roofing materials, 

and other unspecified chemicals. The pit was approximately 20 feet wide by 30 feet long by 10 feet deep 

and may have been constructed as a subsurface “cage.” Residue from the pit was occasionally removed 

and deposited at an unknown area at NAWC Warminster. 

Surface water drainage from the site is toward the northeast into the unnamed tributary near Sites 1 and 2. 

Groundwaterflow may be to the north. Upon closure, Site 3 was reportedly backfilled with on-base soil and 

regraded. 

1.5.1 Site 3 Historv 

,‘--., 

Like Sites 1 and 2, the Navy initially reported Site 3 as a disposal site in the Navy Shore Activity Disposal 

Fact Form (U.S. Navy, 1980) and Notification of Hazardous Waste Sites (U.S. Navy, 1981). The Aerial 

Photographic Site Analysis Report (EPIC, 1994) included the review of photographs from March 1938 

thorough March 1990 and identified several waste disposal features in the vicinity of Site 3. These features 

are displayed in Figure 1-13. 

Photography from September 1958 showed an area of disturbed ground (DGi), perhaps due to vehicle 

traffic east of TR2 and MM1 (Figure l-6). In a March 1965 photograph the disturbed ground is no longer 

present (Figure l-7). It is noted that one probable tank and other equipment are now present at this 

location. 

By August 1971, an open storage area (OSI) was observed in the vicinity of DGl, with disturbed ground 

and erosion noted in the EPIC report (EPIC, 1994). The area of OS1 expanded in the late 1970s and 

mounded material and equipment were identified in storage at this location in 1973 photography (Figure l- 

8). No significant change was noted in 1978 in the EPIC review and operations at OS1 were apparently 

discontinued by March 1985 (EPIC, 1994). 

No evidence of a pit or open burning was identified from the aerial photo analysis; however, disturbed 

ground and open storage were noticed in the area (EPIC feature DGl, OSI) within the 1958 to 1973 time 

span. The review of historical photographs indicates that DGI , which is shown in aerial photos dated 1958 

through 1965, may be the best match for the burn pit reported at this location. 
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1.5.2 Summary of Previous lnvestiaations at Site 3 

In July 1982, one monitoring well was installed adjacent to Site 3 (JRB Associates, 1983). This well has 

been sampled periodically since 1982. Groundwater samples from this well contained l,l,l-TCA, 

methylene chloride, antimony, copper, and nickel. 

During October 1980, SMC Martin noted construction debris along the banks of the unnamed tributary. A 

roadway built over portions of Site’2 may have been placed over a large portion of Site 3 as well. 

EM and soil gas surveys were performed near Site 3 during Phase I. The EM survey consisted of a 60- by 

60-foot grid using a 15foot station spacing. A total of 26 soil gas readings were made near Site 3 in the 

area bordered by the base fence, the access road, and Jacksonville Road. Also, seven confirmation 

borings were drilled in the same general area. 

Two soil samples were taken from Site 3 during Phase II. These sample locations corresponded to an area 

of elevated soil gas readings and/or waste materials detected during the Phase I work. 

Surface water and sediment samples were also obtained from the stream north of Site 3 during Phases I 

and II. 

1.5.3 Previous Response Actions for Site 3 

Similar to Sites 1 and 2, the Removal Site Evaluation Report for Area A Soils was prepared in April 1998 

(B&R Environmental, 1998a). Based on this report, the Navy signed an Action Memorandum for a 

removal action at Site 3 in February 1999 (U.S. Navy, 1999). The purpose of this action was to address 

surface soils contaminated with PAHs, including anthracene, benzo(a)anthracene, benzo(a)pyrene, and 

fluoranthene. The soil removal action was performed between October 1998 and November 1998. The 

objectives of the removal action were to 

l Protect groundwater from adverse effects due to leaching of contaminants from soils. 

l Mitigate potential contaminant migration from Site 3 into the nearby stream. 

The contaminated soils were excavated, transported to, and disposed in the GROWS Municipal Waste 

Landfill in Tulleystown, Pennsylvania. The nonhazardous soils did not require treatment prior to disposal. 

Soils were generally excavated to a depth of about 2 feet below the ground surface. One excavation 
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(Excavation 3) was made (Foster Wheeler, 1999). Verification samples were analyzed to confirm that no 

remaining surface soils exceeded the clean-up goals. The verification sample results are included in the 

analytical database for Site 3 surface soils as part of this report (Appendix A). Additional information 

regarding the removal action is detailed in the May 1999 Post Removal Summary Report, Area A, Sites I, 

2, and 3 (TtNUS, 1999a). 

_- 

1.6 IMPOUNDMENTAREA DESCRIPTION AND HISTORY 

Brewster Aeronautical Corporation and NAWC Warminster formerly operated up to eight unlined 

impoundments or lagoons for storage of wastewater treatment plant sludges. The sludges stored in these 

impoundments were generated by the industrial wastewater treatment plant, which is located in the northern 

corner of Area A (Figure I-3) in what is now primarily an open grassy area. Each lagoon had approximate 

dimensions of 60 feet wide by 75 feet long, with depths of approximately 8 to IO feet, based on historical 

facility drawings. The lagoons were reported as closed in 1973 by PADEP, backfilled, and replaced with two 

concrete-lined surface impoundments. The sludges from the lagoons were reportedly disposed at Sites 2 

and 6 according to the Navy (U.S. Navy, 1980) although disposal at other locations at the base cannot be 

ruled out. The impoundment area includes the location of the current groundwater treatment plant. 

1.6.1 ImpoundmentArea History 

The first impoundments were installed as early as 1940, according to historical aerial photography. By 

October 1950, all eight impoundments were operational. A possible breach of Impoundment No. 3 was 

noted in a photograph from March 1966. The breach may have spilled the liquid contents of the 

impoundment northeastward toward Site 1 (Figure l-7). The impoundments were replaced in 1973 by 

two larger rectangular concrete-lined basins, as evidenced by an August 1977 photograph. 

An industrial treatment facility (Building Nos. 20 and S-259) was included as part of the wastewater 

treatment plant. This facility received wastewater from Navy research and development (R&D) 

laboratories (e.g., electroplating, painting, photography laboratories), aircraft hangar operations, and 

aircraft washing operations (EA, 1995). Industrial wastewater was pre-treated through neutralization and 

metals precipitation. The wastewater was treated with ferrous sulfate, lime, and chlorine in a process 

that formed sludge. Organic constituents were not treated by the treatment facility. The sludge stored in 

the impoundments was designated as wastewater treatment sludge from electroplating operations and 

assigned an EPA hazardous waste number of FO06. 

The first concrete-lined surface impoundment (Lagoon No. I), constructed in 1973, was closed in 

accordance with an approved closure plan in 1987 (U.S. Navy, 1987). It was then lined with a synthetic 
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membrane and used to accept residual nonhazardous waste sludge (EA, 1995). The second concrete- 
/d-w lined surface impoundment (Lagoon No. 2) was temporarily retained to accept nonhazardous sludge and 

was emptied and cleaned in December 1991 (BCW, 1992). A closure report for the second 

impoundment was submitted to the PADEP in April 1994 (U.S. Navy, 1994). PADEP certified that this 

impoundment was closed in August 1994. 

1.6.2 Summary of Previous Investigations at Impoundment Area 

During the closure of Lagoon No. I, the Navy performed sampling and analysis of concrete samples from 

the liner of the lagoon. Six samples were collected and analyzed for extraction procedure toxicity (EP 

TOX) metals plus cyanide. Barium was detected in all six samples. Arsenic and mercury were detected 

in five and two samples, respectively. No analytes were detected above RCRA regulatory levels (SRE 

Analytics, 1987). 

As part of the closure of Lagoon No. 2, the Navy performed sampling and analysis of concrete samples 

from the lagoon’s liner. One sample per sidewall and two bottom samples were collected, for a total of six 

samples. The samples were analyzed for EP TOX metals plus nickel and cyanide (total and free), 

Barium was detected in all six samples and chromium was found in one sample. All concentrations were 

below RCRA regulatory levels for hazardous waste determination (BCW, 1992). 

Following the emptying and steam cleaning of Lagoon No. 2, additional soil borings were drilled in 1992 

outside the lagoon perimeter, at depths of 5 and 10 feet bgs. This was necessary because the side and 

backwalls of lagoon No. 2 had separated. The soil boring samples were analyzed for toxicity 

characteristic leaching procedure (TCLP) metals plus cyanide (total and free). Trace levels of arsenic, 

barium, chromium, and lead were reported in one or more samples from the 5-foot depth, and a trace 

level of cadmium was detected in one sample from the IO-foot depth. No analytes were reported above 

the RCRA regulatory levels (Probe Environmental, 1992). 

In April 1994, the Navy conducted sampling and analysis of subsurface soils underlying the approximate 

location of the future groundwater treatment plant (HNUS, 1994). The objective of this work was to verify 

that material beneath the plant was not a source of contamination. Six borings were drilled and eight 

samples were obtained for analysis. The results indicated that there was residual contamination in the 

vicinity of the plant, However, the majority of the analytical results were less than the applicable PADEP 

interim clean-up standards for contaminated soils and the EPA risk-based soil screening criteria. 
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In May 1995, the Navy began constructing a groundwater treatment plant on top of the former locations of 

Impoundment Nos. 1 and 8. During the excavation of the foundation and footings for the plant, a small 

quantity of contaminated soils was detected. The soils were analyzed and samples contained slightly 

elevated levels of several metals, presumably from a former impoundment located in this area. The 

specific metals included barium, cadmium, and chromium. As part of this effort, nine soil borings were 

drilled and subsurface soil samples were collected and tested for TAL metals near and beneath the 

proposed foundation of the treatment building (U.S. Navy, 1995). Samples were obtained at depths 

between 6 and IO feet bgs. In all the boring samples, analytes were detected at concentrations 

comparable to background levels. With the exception of beryllium, in one sample, there were no 

exceedances of both background levels and residential screening criteria. 

I .6.3 Previous Response Actions for Impoundment Area 

Based on the May 1995 sampling results, the Navy conducted an excavation program to remove 

unacceptable metal levels of subsurface soil contamination. To address the contamination, the Navy 

excavated approximately 550 cubic yards of soil beneath the foundation and within the perimeter of the 

treatment building. Additional soil was also excavated within Area A during the installation of the 

underground piping to the building. Clean stone fill was used to restore the excavated areas. 

1.7 DESCRIPTION AND HISTORY OF AREA A TANKS 

Several above-ground and underground storage tanks were formerly present south of Site 2 and west of 

the existing access road within Area A. While the scope of the RI work was not intended to address 

these tanks, a brief summary of those tanks in the vicinity of Area A is provided for informational 

purposes. Additional details are provided in the Navy Storage Tank Report for NAWC Warminster (EA, 

2000). 

As discussed in Section 1.4, a fuel storage area existed south of Site 2 and southeast of the former 

impoundment area. Tanks in the fuel storage area were excavated and removed by the Navy in 1997. 

During excavation work, some soils appeared to be stained by petroleum-derived products. These soils 

were excavated and sent off base for disposal. The entire area was then regraded and seeded. 

An additional UST, Tank No. 18, was located south of the fuel storage area. This tank was installed in 

1953 as a 2,000-gallon UST. The Navy identified Tank No. 18 as a RCRA hazardous waste 

management unit in 1983, and it was briefly permitted under RCRA for storage of waste oils and used 

solvents generated during automobile and aircraft maintenance. In February 1990, a small leak was 

discovered between the tanks funnel opening and the fill area. The tank was removed and closed in 
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January 1993. In April 1993, the Navy collected six soil samples in the vicinity of the former tank location. 

The samples were analyzed for VOCs, benzene, toluene, ethylbenzene, and xylene (BTEX), total 

petroleum hydrocarbons (TPH), and PCBs (ITS, 1993). TPH results ranged from non-detect (56U mg/kg) 

to 3,100 mg/kg. 

In October 1999, six soil boring samples were collected from three separate borings downgradient of the 

former location of Tank No. 18 (Tetra Tech NUS, 1999e). PID readings were recorded and petroleum 

odors were encountered in all three borings at depths below 4 feet. Low concentrations of several VOCs 

and semivolatile organic compounds were detected in these samples; however, none of the 

concentrations exceeded soil-screening criteria for an industrial land use scenario. Among the other 

sample results, one pesticide, beta-BHC, slightly surpassed the respective screening criteria. Arsenic 

levels also exceeded the screening criteria in three soil samples; concentrations ranged from 3.9 to 5.9 

mg/kg (the soil screening value was 3.8 mglkg). 

1.8 CURRENT STATUS OF AREA A 

As part of the DOD closure of NAWC Warminster, the FLRA has been given the opportunity to develop 

the property and bring new opportunities for employment at the base. The redevelopment plan for the 

base calls for industrial land use in the vicinity of Sites 1, 2, and 3 and the Impoundment Area (Ernst and 

Young, 1998; FLRA, 1999). Adjacent to Site 1 and the Impoundment Area, the Warminster Municipal 

Authority (WMA) plans to develop a wastewater treatment plant for its use. The Navy plans to transfer 

land in the vicinity of Site 1 to WMA as part of a public benefit conveyance (PBC) through the U.S. 

Department of Health and Human Services (HHS). 

Near Site 2, a morgue for the Bucks County Department of Health is planned. The Navy intends to transfer 

land associated with the morgue to Bucks County as part of a second PBC, also through HHS. The 

remaining property in the vicinity of Area A, including Site 3, will be transferred to the FLRA. All property 

transfers should be completed in 2000. 

The Navy is currently preparing final RI and FS reports for Area A groundwater (OU-1). Once completed, 

the final remedy for Area A groundwater will be selected by the Navy and EPA. This remedy will be 

explained in the final ROD for Area A groundwater. Information from the ongoing Area A groundwater 

performance monitoring program will be used to evaluate the effectiveness of the interim groundwater 

remedy and to assist in developing the final groundwater clean-up plan for Area A groundwater. 

In September 1999, the Navy began a long-term stream monitoring program concerning the unnamed 

tributary to Little Neshaminy Creek north of Area A. As of March 2000, three rounds of stream monitoring 

had been conducted (TtNUS, 1999f and 2000b). The initial long-term monitoring program will be completed 
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by September 2002, at which time the Navy will evaluate the need for further investigation or additional 

monitoring. 

1.9 REPORT ORGANIZATION 

This report presents the results and recommendations related to the following field activities performed at 

Area A: 

. Electromagnetic surveys 

. Soil gas surveys 

. Test pit excavations 

. Surface water and sediment sampling and analysis 
l Surface soil sampling and analysis 
. Subsurface soil sampling and analysis 
. Wetlands assessment 
. Surveying 
. Performance of response actions 

Section 1 .O discusses the purpose, scope, and objectives of the report and provides a background summary 

for Area A media other than groundwater. Section 2.0 details the field activities and other tasks performed 

(with an emphasis on Phase Ill RI work) and describes the objectives and methods of each investigative 

task conducted at the site. Section 3.0 presents the physical characteristics of the site based on existing 

literature, previous investigations, and recently developed information. Section 4.0 describes the nature and 

extent of contamination discovered at Area A during field investigation tasks. Section 5.0 summarizes the 

routes of migration and persistence of contaminants found at the site. These two factors are used to 

determine the possibility of contamination reaching areas of public or environmental concern. Section 6.0 

presents the potential risks posed by the site to human health and the environment given the limiting factors 

of contaminant fate and transport. 

Several appendices have been enclosed as part of the RI report; these present specific results of the field 

investigations (e.g., analytical data) and other reference information. 
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2.0 AREA A INVESTIGATIONS 
,p=%.. 

1 2.1 INTRODUCTION 

This section summarizes the nature of RI work performed at Area A. Specific findings regarding the 

physical characteristics of the area and the nature and extent of contamination are presented in Sections 

3.0 and 4.0. 

RI work addressing soils, surface water, and sediment in the vicinity of Area A was conducted in phases, as 

discussed in Section 1.2.3. The Phase I RI (SMC Martin, 1991) included limited soil gas and geophysical 

surveys, soil borings, test pits, and surface water and sediment sample analysis. The Phase II RI (HNUS, 

1992) was limited to sampling of soils, surface water, and sediment from several locations within and near 

Area A. Based on the findings of the Aerial Photographic Site Analysis Report (EPIC, 1994), a more 

comprehensive Phase III RI was performed beginning in 1995. 

The Phase III RI work plan to study NAWC Warminster was submitted as a final document to the Naval 

Facilities Engineering Command (NAVFACENGCOM), Northern Division, on January 16, 1995 (HNUS, 

1995a). The work plan incorporated comments received from Restoration Advisory Board (RAB) members. 

The plan described RI activities that were to be implemented to help characterize the potential sources of 

contamination within Areas A, B, and C. 

Phase III RI field activities focused on characterizing surface soils, subsurface soils, buried materials, 

surface waters, and sediments potentially impacted by suspected sources at Area A. The results from the 

Phase Ill RI for Area A were reported in a draft Phase III RI report, which was issued in November 1996 

(B&R Environmental, 1996a). 

Following the review of the draft Phase III RI report, the Navy conducted several supplemental soil 

investigations at Area A to 
. 

l Address remaining concerns or data gaps regarding the nature and extent of contamination related to 

Area A sites. 

l Support removal actions. 

l Verify that the removal action clean-up goals were met. The supplemental field work was performed 

between June 1998 and October 1999. 
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This section primarily discusses the field investigation procedures that were performed at Area A during the 

Phase Ill RI. Field work activities conducted as part of the Phase I RI (SMC Martin, 1991) and as part of the 

Phase II RI (HNUS, 1992) are discussed in the Phase I and II RI reports and are not presented in this 

section. However, the collective results of all RI work at Area A are summarized in Section 4.0. Table 2-1 

summarizes the RI field work and supporting activities performed at Area A during all three RI phases. 

2.2 GENERAL FIELD INVESTIGATION PROCEDURES 

The Phase III RI field work at Area A was performed between January 1995 and October 1999. Tasks 

included the following: 

l EM survey 

0 Soil gas surveys 

l Surface water and sediment sampling and analysis 

l Surface soil sampling and analysis 

l Subsurface soil sampling and analysis, including test pits and soil borings 

l Wetlands assessment 

0 Surveying 

2.2.1 Scope of Work 

The Phase III RI work for Area A focused on characterizing the potential sources of contamination, 

particularly with regard to soils and wastes. In addition, a surface water and sediment sampling program 

was conducted to evaluate the impacts of Area A on the unnamed tributary to Little Neshaminy Creek. 

The primary tools of investigation included a soil gas survey, test pits and soil borings (with subsurface 

soil/wastes sampling), and surface soil/waste sampling. These methods were applied, as appropriate, in an 

integrated manner to characterize the potential source areas of contamination targeted for investigation. 

A soil gas survey was employed in areas of suspected disposal of wastes containing volatile organics. One 

objective of the soil gas survey was to identify potential sources of the chlorinated VOCs detected in local 

groundwater. The locations of the soil gas survey took into consideration identified potential sources from 

aerial photos, the Phase I RI geophysical survey, past investigation data, field observations, and historic 

information regarding the locations of subsurface disposal sites. 
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TABLE 2-l 

SUMMARY OF RI FIELD WORK AND OTHER ACTIVITIES AT SITES 1,2,3 AND THE FORMER IMPOUNDMENT AREA 
NAWC WARMINSTER, PENNSYLVANIA 

TASK I 
PHASE I RI PHASE II RI 

I 
PHASE Ill RI COMMENTS 

Electromagnetic (EM) Survey 1,3,4 2 123 

Soil Gas Survey I .3.4 1.2.3.4 

Surface Soil Sampling and Analysis 

Subsurface Soil Sampling and Analysis using Soil Borings 

Subsurface Soil Sampling and Analysis using Test Pits 

Confirmation Soil Borings and Test Pii Excavations 

Surface Water and Sediment Sampling and Analysis 

Biological Characterization. 

Wetlands Assessment 

Aerial Photograph Interpretation 

Verification Sampling and Analysis 

I- SITE 1 TASK 
2 - SITE 2 TASK 
3 - SITE 3 TASK 
4 - IMPOUNDMENT AREA TASK 

1,394 

23 

1 

1,2,3 

23 

1923 

1234 

12.3 

1 

12,U 

Area A 

1,2,3,4 

1,2,3,4 

1,2,3 Post-Removal 
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Test pits and borings were used to characterize actual subsurface conditions in potential subsurface 

disposal sites. The decision regarding which of these investigative methods was proposed was based on 

expected site characteristics and cultural features. The locations of the test pits/borings were selected 

based on the results of the Phase III RI soil gas and Phase I RI geophysical surveys, as well as on aerial 

photo records, field observations, and previous field work findings. Subsurface soil/waste samples were 

obtained from the test pits/borings to characterize the encountered materials. 

-- 

Surface soil/waste sampling was conducted in areas where surface disposal of wastes was a potential 

concern. In areas of obvious waste disposal on the ground surface (i.e., waste piles or stained soils), the 

samples were taken directly from the affected materials. In areas of suspected surface disposal where no 

visible sign of wastes was evident, samples were obtained at various points within the suspected area of 

disposal. In addition, a basewide background surface soil sampling program was performed to provide a 

background database with which to compare potentially impacted soil results. 

Several supplemental investigations were conducted after the draft Phase III RI report was submitted to 

further characterize the surface and subsurface soil contamination at Area A: 

l From May to July 1998, additional surface and subsurface soil samples were collected at Sites 1, 2, and 

3. The results were presented in separate letter reports (B&R Environmental, 1998b, 1998c, and H ./ 

1998c). 

l In August 1998, a removal action was begun at Site 1 (Excavation IA) based on the RI work and the 

supplemental soil investigation. The analytical results of verification samples were presented in letter 

reports dated September IO (TtNUS, 1998b), October 7 (TtNUS, 1998c), and October 27, 1998 

(TtNUS, 1998d). 

l In September 1998, removal actions were begun at Site I (Excavation 1 B) and Site 2 (Excavations 2A 

and 28). The results of the Excavation 1 B verification sampling and analysis were reported in letter 

reports dated September IO (TtNUS, 1998b), November 12 (TtNUS, 1998e), and November 25, 1998 

(TtNUS, 19989; the results of the Excavation 2A verification sampling and analysis were reported in 

letter reports dated October 29 (TtNUS, 19989) November 12 (TtNUS, 1998h), and November 25, 

1998 (TtNUS, 1998i); and the results of the Excavation 28 verification sampling and analysis were 

reported in a letter report dated December 28,1998 (TtNUS, 1998j). 

l In October 1998, a supplemental subsurface soil investigation was performed at Site 3. The analytical 

results were presented in a letter report dated October 30, 1998 (TtNUS, 1998k). ,.^ 
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l In October 1998, removal actions were begun at Site 2 (Excavation 2C) and Site 3. The results of the 

verification sampling and analysis were presented in letter reports dated October 27, 1998 for 

Excavation 2C (TtNUS, 19981) and November 13, 1998 for Site 3 (TtNUS, 1998m). 

l In December 1998, a geophysical survey was conducted at Sites 1 and 2. The results of this 

investigation were reported on December 31, 1998 (TtNUS, 1998n). 

l ln October 1999, a supplemental subsurface soil investigation was completed at Site 2, Site 3, and the 

former location of Tank No. 18. The sampling and analysis results were reported on November 8, 1999 

(TtNUS, 1999e). 

Sampling plans were prepared for each of the supplemental investigations. The results of all verification 

sampling and analyses programs were presented in the May 1999, Post Removal Summary Report Area A, 

Sites 1, 2, and 3 (TtNUS, 1999a). The methodologies for the Phase III RI field work are explained in the 

remainder of this section. 

2.2.2 Electromarrnetic Surveys 

,A-. 
f 

During Phase III, EM conductivity surveys were used to delineate areas of underground anomalous 

conductivity. Areas of anomalous conductivity can indicate areas of waste burial, contaminated 

groundwater, and filling or other subsurface disturbance. The surveys also were important in indicating 

where metallic objects may be buried. This information was used in combination with the results of the soil 

gas surveys to indicate possible site boundaries, orientations of trenches or pits, depths of burial, and areas 

of waste and/or contamination. 

EM surveys were conducted in two modes. The conductivity (quadrature) mode was used to map electrical 

conductivity anomalies possibly caused by the presence of contaminants or wastes. The compensation (in: 

phase) mode was used to map areas possibly containing large metallic objects. 

The field work was performed using an EM31-D terrain conductivity meter. The EM31-D works by 

transmitting an electromagnetic signal from the transmitting coil. This signal induces a secondary signal in 

the ground that is then measured by a receiving coil. The phase change in the signal received from the 

transmitted signal is proportional to the ground conductivity. The amplitude of the portion of the signal 

received, which is in phase with the transmitted signal, can be used to identify highly conductive materials, 

such as metal. 

Before the survey at Area A was conducted, the EM31-D was used to test these areas for cultural 

interferences before a full-scale survey was completed across the sites. Asphalt-paved areas near Site 2 

were not suitable for the acquisition of competent data; however, Site I, the remainder of Site 2, and Site 3 
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could be covered with reasonable success except in close proximity of fences, light posts, the wastewater 

lagoons, and other cultural objects. 

Readings are relative, not absolute; therefore, all surveys utilized profile lines to establish grid systems to 

aid in establishing relative differences across the target areas. Profiles utilized maximum station spacings of 

30 feet, and the grids consisted of intersecting profile lines. Survey lines were generally laid out 

perpendicular and/or parallel to the orientation of the linear features within each survey area as identified in 

the Phase III RI work plan (HNUS, 1995a). The number of profile lines recorded and the areas covered 

were significantly increased, at the direction of the Navy, from those indicated by the work plan. The actual 

number and location of the EM survey profile lines are shown and discussed in the site-specific sections. 

The length, spacing, and orientation of the profile lines were determined using a compass and measuring 

tapes. Profile line spacings vary from.20 to 50 feet based on the size of the investigation area or target and 

on the locations of any obstructions. Conductivity measurements were recorded on &foot station spacing 

intervals for all profile lines. Reference points were placed or marked along each profile line so they could 

be accurately located during subsequent RI activities. The locations of the EM survey lines were also 

referenced to nearby permanent structures whenever possible. 

The EM-31 was set up and functional tests and field calibrations were performed according to the 

manufacturer’s instructions at the beginning of each day and before surveys were performed at each site. 

Functional tests included a battery test and zero adjustment, if necessary. Field calibration included a check 

of the instrument phasing (and adjustment, if necessary) and a check of the instrument’s sensitivity. These 

tests and calibrations were performed in a background setting free of buried waste or other cultural sources 

of interference, based on available information. The automatic data logger used with the EM-31 was 

programmed, operated, and downloaded according to the manufacturer’s instructions. 

The EM-31 was operated in the normal (face-up) orientation and at the normal (hip-level) height of 

approximately 1 meter above the ground surface. ‘At each survey point, both the quadrature and inphase 

measurements were recorded into the attached automatic data logger by pressing the EM-31 record button. 

Both measurements were also visually observed on the instrument display gauge using the most sensitive 

range setting possible for each set of values. During the survey, all potential sources of interference such 

as fences and overhead or underground utility lines were noted, along with their orientation and location with 

respect to the survey points. Any ground surface features that might correspond with EM anomalies were 

also noted. Whenever possible, survey profiles were extended at least three stations beyond any 

anomalous readings. 

Ground conductivity data underwent a preliminary quality and content review in the field as they were being 

acquired. All geophysical data were downloaded and reviewed at the end of each day of acquisition. 

Electronic data files were created and saved, and the data were displayed in tabular numerical form as 
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graphs of individual profile lines and as contour maps of data from all profile lines. Site sketch maps 

showing the locations of all profile lines, significant cultural features, EPIC features marked by the Navy, and 

any evidence of soil disturbance/waste disposal were drawn at a scale of 1 inch = 40 feet. The site sketch 

maps and graphs of quadrature and inphase measurements (terrain conductivity and percent of phase 

transmitted) versus station number for selected profile lines are included in Appendix B. Additional data 

were acquired as necessary following review of the existing data. 

The EM-31 data were processed and interpreted using the equipment manufacturer’s (Geonics) DAT31 

software. The raw digital data were viewed in profile format, survey lines were gathered into data groups, 

and the data were exported as ASCII files. The exported ASCII data files included the station and line 

location, terrain, (apparent) conductivity, and in-phase (metal detection) data. The data were then imported 

into OASIS software where digital filters were used as necessary to optimize interpretations. 

The data were converted and imported into GEOSOFT, where they were translated into the site coordinate 

system. Data were gridded and then color contoured by creating a color zone file based upon an equal 

area zoning method. The equal zoning method was selected because it displays the full dynamic range of 

the data that may not otherwise be apparent using linear or log-linearzoning methods. 

The data were color contoured such that shades of blue represent anomalously low data values and shades 
.p- 

I of orange, red, and purple represent anomalously high data values. Shades of green were color contoured 

to represent background conditions. 

A planimetric map of the site was overlain onto the color-contoured data. Site surface features and the site 

geophysicist notes were then used to make final interpretation regarding the possible origins of the 

observed anomalous responses. Observed anomalous responses were annotated on each map. 

The survey grid in the northwestern part of Area A (near Site 1) consisted of 22 parallel, southwest- 

northeast-trending profile lines evenly spaced 20 feet apart (Figure 2-l). The survey grid in the southern 

part of Area A (near Sites 2 and 3) consisted of 21 parallel, northwest-southeast-trendingprofile lines evenly 

spaced 20 feet apart. The survey grid in the small northeastern section of Area A across the stream from 

Parking Lot No. 2 (Zone B) consisted of 14 parallel, northwest-southeast-trending profile lines evenly 

spaced 20 feet apart, with three additional profile lines infilled at 1 O-foot spacing. 

Additional geophysical surveys were conducted in the vicinity of Sites 1 and 2 during December 1998. The 

purpose of the surveys was to locate any remaining buried drums and other ferrous metal objects and to 

clear drilling locations for the Area A extraction well network. The geophysical surveys consisted of both a 

magnetic survey utilizing two Geometries G-858 cesium vapor magnetometers and an electromagneric 

survey using one Geonics EM-81 metal detector. ,A%. 
/ 
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A local grid system was established using a compass and tape measure. The long axis of the local grid was 

oriented northwest to southeast to maximize data collection efficiency. The starting point (designated x = 0 

feet and y = 100 feet) was positioned north of the water treatment building and truck apron. Lines were 

spaced IO feet apart and marked at each 50-foot interval. 

The magnetometer was selected for this survey to detect buried ferrous, metallic objects. One 
magnetometer was used to record the diurnal variations of the earth’s magnetic field. The second 

magnetometerwas used as a roving magnetic gradiometer. During the survey, data were stored at one-half 

second intervals, along with time of measurement synchronized to the roving magnetometer clock. The 

base station magnetometer was downloaded to a computer at the end of the day to correct the roving 

magnetometer data for diurnal variations of the earth’s magnetic field. 

The Geonics EM-61 time domain electromagnetic metal detector system was utilized to sense all types of 

buried metallic objects. The EM-61 was operated in standard wheel mode, with data collection at 0.63-foot 

intervals along limes spaced 5 feet apart. The data collected by the EM-61 are expressed as millivolts (mv). 

Data were stored in an Omnidata Polycorder with associated line and position coordinates. The data were 

downloaded periodically to a computer for later processing. 

The data from each instrument were entered into software packages to check for accuracy and to correct 

operator.entry errors from field data collection. Each data set was entered into the Geosoft@ Oasis Montaj 

data processing software for visual display of the data. Anomalous areas were checked using computer 

aided design (CAD) drawings and sketch maps to determine if the anomaly was associated with engineered 

features or anomalies caused by metallic debris or possible drums. The EM-61 data, magnetometer total 

field data, and magnetic gradient data were compared to one another to determine if coincident anomalies 

occurred. 

The findings of the Phase III Area A EM and December 1998 survey work are presented in Section 4.0. 

Appendix B provides the geophysical results generated during both surveys. 

2.2.3 Soil Gas Survey 

The soil gas survey objective was to measure the concentrations of VOCs in soil gas around suspected 

source locations. Elevated VOC levels in soil gas could indicate soil and/or groundwater contaminated with 

VOCs. Information obtained from the soil gas survey was combined with data from the Phase I RI EM 

survey to better locate subsurface soil borings and test pits. 

Soil gas sampling was performed using the hollow probe method. The probe and probe tip were driven into 

the ground to a specified depth using an electric hammer drill (Bosch hammer) or a power auger. The 

sampling depths ranged between 3 and 5 feet. After reaching the target sampling depth, the hollow probe 

was lifted to retract the probe adapter and expose the lowest 2 to 4 inches of soil at the bottom of the hole. 

UDOCUMENTSINAVYI7603I14093/SECT2 2-9 



Polyethylene (PE) tubing with a threaded endpiece was tightened to the expendable point adapter at the 

* 
bottom and connected at the surface to silicon tubing attached to a peristaltic pump. The peristaltic pump ‘--. 

was used to purge the assembly before sampling and to extract air from the interstitial soil pore space. At 

some locations, at least two soil gas samples were extracted and analyzed. A Tedlar bag was connected to 

the sampling pump, filled with soil vapor, and sealed until analysis. The hollow probe and adapter assembly 

were removed and decontaminated between samples following standard protocol. A fresh length of PE 

tubing was used for each hole. 

Soil gas analysis was performed in the on-base field trailer using a Hewlett Packard gas chromatograph 

(GC) equipped with a 30-meter, 0.25 mm inner-diameter (ID) capillary column that was coupled to a 

photoionization detector (PID) in-series with an electron capture detector (ECD). The GC was optimized for 

rapid (less than 7.5 minutes per run) analysis for acetone, 2-butanone, benzene, toluene, ethylbenzene, 

total xylenes, styrene, PCE, TCE, I, 1 ,I-TCA, carbon tetrachloride, chloroform, 1, l-dichloroethene, 1,2-DCE, 

1,2-DCE, and 1 ,ldichloroethane. 

Calibration standards were diluted from certified methanolic standards into water using 40-ml VOC vials, 

leaving a 1 O-ml headspace. 400-milliter vapor aliquots were injected after standards were heated to 70°C 

for 5 minutes and shaken for 30 seconds. An initial 3-point calibration was performed and the practical 

* 

quantitation limit (PQL) for each compound was established as one-half of the lowest concentration 

standard. The method achieved PQLs in the range of 0.03 to 0.3 ug/l for trichlorinated and tetrachlorinated -“- 

compounds, followed by PQLs between 2 and 6 ug/l for compounds with carbon double bonds or aromatic 

rings, and PQLs between 15 and 50 ug/l for dichlorinated alkanes, acetone, and 2-butanone. 

A continuing calibration standard was analyzed at the beginning of each day and repeated after every 15 

injections. Subsequent continuing calibrations were assessed to verify stable system response; if response 

decreased by -60 percent or increased by +lOO percent for more than one compound, then new calibration 

factors were required for all compounds. In the event of calibration error caused by systematic problems 

(e.g., syringe or detector malfunction), corrective action was taken and followed by a new standard injection 

and calibration’ factor update. 

Analytical quality control procedures were followed for field blanks, field duplicates, syringe blanks, holding 

times, and decontamination. Duplicate samples and Tedlar bag blanks were collected at a frequency of one 

per 20 soil vapor samples. Syringe blanks were run for every 20 injections and after highly contaminated 

samples. High-level samples were followed by syringe cleaning and bake-out. Tedlar bags were flushed 

with three volumes of air between each use and were discarded if leaks were found. Syringe performance 

(plunger resistance, methanol dispensing, and injection spike size) was monitored to ensure the absence of 

leaks or blockage. 
--. 
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Syringes were repaired/replaced at the first symptom of malfunction. Analyses were required to be 

performed within 8 hours of sample collection. 

Results were reported in units of aqueous micrograms per liter (ug/l), equivalent to the corresponding 

calibrated headspace concentration. For compounds quantifiable on both detectors, the detector having 

lower detection limits was consistently reported except when sample levels were above the linear range. A 

screening-level data validation was performed via electronic linking of sample and associated blank data 

files, after which results were incorporated into a database. 

During Phase III, a comprehensive soil gas survey was performed at Area A according to the procedures 

detailed above. The survey grid covered the majority of EPIC features within Area A and consisted of up to 

16 parallel, northwest-southeast-trending profile lines evenly spaced 25 feet apart (Figure 2-2). Soil gas 

samples were collected at 25- or 50-foot intervals across each profile line, except where surface or 

subsurface features (e.g., soil piles, berms, utilities, USTs) precluded the collection of soil gas samples. 

The Area A soil gas survey results (including analytical data) were evaluated and plotted on color contour 

maps. The data were color contoured such that shades of orange, red, and purple represent high soil vapor 

data values. Shades of blue were used to represent background conditions as based upon this data set. 

Site surface features and suspected disposal location boundaries were used to make final interpretations 

regarding possible soil gas anomalies. An interpretation of the soil gas survey results is provided in Section 

4.0 of this report. Appendix C contains the soil gas survey results from the Phase III RI investigation. 
f- 

t 

2.2.4 Surface WaterlSedimentSamplinq and Analvsis 

Surface water and sediment samples were collected from Area A during all three RI phases. Sample 

locations are shown in Figures 2-3 and 24. Hydrology characteristics for Area A are presented in Section 

3.0. 

Samples were taken from two locations during Phase I from an unnamed tributary of Little Neshaminy 

Creek located adjacent to Sites 2 and 3. One location was downstream of Sites 2 and 3 near the point 

where the stream leaves the base. The second location was upstream of the first location and Sites 2 and 3 

and just downstream from the stream’s origins from a storm water culvert under Jacksonville Road. 

Samples were analyzed for full Target Compound List (TCL) organics and Target Analyte List (TAL) metals. 

Samples analyzed for TAL metals were not filtered. 

Surface water and sediment samples were obtained from each of the Phase I locations during Phase II. An 

additional sediment sample was obtained during Phase II from an orange-colored leachate along the stream 

bank adjacent to Site 2, approximately 200 feet downstream from the culvert beneath Jacksonville Road. 

The Phase II samples were tested for TCL volatile and semivolatile organics, pesticides and PCBs, TAL 

UDOCUMENTS/NAVYff6O3/140931SECT2 2-l 1 



IMPOUNDMENi] _ 

O- 
SCALE IN FEET 

SITE 3 AREA OF 

2 AREA OF 
INVESTIGATION 

LEGEND: 

;G 1 
GS - 
MM - 
OS - 

7R 1 

DUMP 
DISTURBED GROUND 
GROUND SCAR 
MOUNDED MATERIAL 
OPEN STORAGE 
PIT 
TRENCH 

(os420) GEOPHYSICAL/SOIL GAS 
GRID REFERENCE POINTS 

SOIL GAS SURVEY AREA 

AREA OF INMSTlGATlON 

BY CHKS. 4m”c. DR.4”~ BY 3nE coNTiii7 N3 

EEH/LDL 2/l l/O0 
atChiC w XT 0 R 

SOIL GAS SURVEY LAYOUT N6247~;\~‘,~-‘2g8 
AREA A 7603 

kt$,SLi’ BY D,E il‘TE 
Tetra Tech FORMER NAWC WARMINSTER *Y-‘h’yE’g; 

: .4~. NUS, Inc. WARMINSTER, PA 
u/r o/o 

:,F,,*‘&i i.: 
LDL AS NOTED FIGURE 2-2 “” i 

2-12 I, . 
-_ -. ( / y 7, ‘/ 



IMPOUNDMENT 
AREA OF 

E INVESTlGATlON 

SITE 3 AREA OF 

LEGEND: 
8 SEDIMENT SAMPLING 

LOCATION 

A SURFACE WATER 
SAMPLE LOCATlON 

. SURFACE WATER AND 
SEDIMENT SAMPLE 
LOCATION 

GEOPHYSICAL/SOIL GAS 
‘“‘“‘+ GRID REFERENCE POINTS 

\ STORMWATER OUTFALL 

:- SEEP AREA 

s * PALUSTRINE, FORESTED 
* + ’ WETLAND * * 

SCALE IN FEET 

(0.400) -:- 
---;- -- -~ 

PAWN BY DATE 
-DL\EEH 2/29/00 
CHECKE” WY ll*TE RWISCC RI “All 0 Jlz 

SURFACE WATER/SEDIMENT co%f&““~ 
SAMPLING LOCATIONS OWNEfi NO. 

0601 

AREA A AWROVED BY DATE 
Tetra Tech 

SCALF FORMER NAWC WARMINSTER 
NUS. Inc. Di‘LWiN NC. 

AS NOTED WARMINSTER. PENNSYLVANIA FIGURE 2-3 Rw’ 
2-13 



N S ,,T..:' \ A,; _ . 

,‘f 

LEGEND 

V = SURFACE WATER 
AND SEDIMENT 
SAMPLE LOCATION 

L, 4 \,YV, 

AREA A 
2, FAR DOWNSifiEAM 

I I I SURFACE WATER/SEDIMENT SAMPLING LOCATIONS 
FORMER NAWC WARMINSTER 

‘I= ’ WARMINSTER. PENNSYLVANIA FIGURE 2-4 



inorganics, and cyanide. The surface water samples were analyzed for both filtered and unfiltered TAL 
.--x 

.1, 
metals. 

Surface water samples were collected at locations near Area A during Phase Ill. Two separate sampling 

events were made. The samples were analyzed for TCL VOCs, TCL semivolatile organics, TCL 

pesticides/PCBs, and TAL metals (both filtered and unfiltered). Sediment samples were obtained from nine 

locations near Area A during two sampling events as part of Phase III. The samples were analyzed for full 

TCL and TAL parameters. 

Surface water and sediment analytical results are discussed in Sections 4.6 and 4.7, respectively. The 

analytical results are contained in Appendix A. Surface water samples were collected by directly filling a 

sample bottle. All surface water samples were transferred with a minimum amount of agitation into sample 

bottles specially prepared by the laboratory. 

Vials for volatile organic analyses were kept free of any air bubbles. Volatile organic vials were filled before 

the remaining water sample bottles. Each sample was screened with a PID. Field measurements of 

temperature, pH, and specific conductivity were obtained for all surface water samples. 

After a surface water sample was collected, the associated sediment sample was obtained slightly upstream 
h--., 

I of the surface water sampling point. The sediment was collected using a stainless-steel shovel or trowel. 

The volatile organic vial was filled first, leaving as little air space as possible. The remaining sediment 

sample bottles were then filled. Downstream samples were collected first, and samples from locations 

farthest upstream were collected last. 

The surface water and sediment samples were preserved in coolers containing ice, following sampling. 

Sample logsheets including sample identification, date and time of collection, field measurements, analysis 

parameters, and other pertinent information were completed for each sample. 

2.2.5 Surface Soil Samplinn and Analvsis 

A surface soil sampling and analysis program was conducted during Phase III at Sites 1, 2, and 3 within 

Area A.’ Surface soil samples were analyzed for various parameters where physical characteristics and site 

history information suggested that these analyses should be performed. The parameters included full TCL 

organics, TAL metals, cyanide, and dioxinsifurans. Analytical results for Area A surface soil samples are 

contained in Appendix A. Sample locations were selected based on the suspected source location, visual 

evidence of stained soils, and stressed vegetation, 
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Surface soil samples were taken from the uppermost soil horizon encountered after the overlying grass or 

sod layer was removed at each location with a shovel. The average depth of these samples wasbetween 6 

and 30 inches. All soil samples were placed directly into sample containers supplied by the laboratory using 

a stainless-steel sample trowel. 

-- 

All soil samples were preserved in coolers containing ice following sampling. Sample logsheets including 

sample identification, date and time of collection, analysis parameters, and other pertinent information were 

completed for each sample. 

2.2.5.1 Site 1 

During Phase III, six surface soil samples were taken in the vicinity of Site 1 (Figure 2-5). Sample SS-01-06 

was collected during a June 1992 sampling event. The Phase III RI samples were analyzed for TAL metals, 

TCL volatile organics, TCL semivolatile organics, TCL pesticides and PCBs, and dioxins/furans. The 

surface soil samples for Site 1 included locations within EPIC features DG2, TR8, GS4, PI, and MM4. Note 

that some samples were collected from more than one EPIC feature of concern within Site 1. 

2.2.5.2 Site 2 

During Phase III, 16 surface soil samples (and two duplicate samples) were taken in the vicinity of Site 2 

(Figure 2-6). All samples were analyzed for TAL metals, TCL volatile organics, TCL semivolatile organics, 

and TCL pesticides and PCBs. The surface soil samples for Site 2 included locations within EPIC features 

MM3, DG3, Dl, and MM1 , as well as samples spaced throughout the surface disposal area. 

Surface soil samples were also collected during supplemental investigations in July and October 1998. 

Surface soil verification samples in support of removal actions were collected in October, November, and 

December 1998. 

2.2.5.3 Site 3 

During Phase III, five surface soil samples were taken near Site 3. All samples were analyzed for TAL 

metals, TCL semivolatile organics, and TCL pesticides and PCBs. The surface soil samples for Site 3 

included locations within EPIC features OS1 and DGI. Figure 2-7 details the Site 3 surface soil samples 

collected during the RI and surface soil verification samples collected in support of the soil removal action. 

These samples were collected in October and November 1999. 
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2.2.6 Subsurface Soil Samplinn and Analvsis 

Subsurface soil samples were obtained from several locations within Sites 2 and 3 during Phase II. One 

sample was taken from an area of high soil gas readings where waste material was detected in confirmation 

soil borings at Site 2. Two samples were taken from Site 3 in areas of high soil gas readings and/or 

detected waste materials. 

During Phase III, subsurface soil samples were collected from all four areas of concern within Area A. 

Samples were obtained through soil borings, test pit excavations, hand augering, or trenching involved with 

the installation of piping for the OU-3 groundwater remedy. Subsurface soil sample locations were selected 

to correspond with EM and soil gas anomalies, suspected source areas, and approximate boundaries of 

EPIC features. 

For Site I, confirmation soil borings were also drilled to delineate the extent of an area of apparent buried 

waste materials. Test pits were excavated within EPIC feature TR2 to determine the nature of subsurface 

contamination at this location. 

Soil borings were drilled and sampled to gather data about the extent, nature, and depth of contamination. 

The locations of the borings were determined after data gathered during the soil gas and EM surveys were 
“b- 

f 
reviewed. Most borings were completed by using a drilling rig with cleaned, decontaminated, hollow-stem 

augers. The cuttings were inspected for any waste material or VOCs as the auger brought them to the 

surface. Each boring was drilled until a significant amount of waste was encountered or to about IO feet 

below ground surface, unless bedrock or some other impenetrable surface was encountered above 10 feet. 

The actual depth of each boring was specific to the suspected source being investigated. Upon completion, 

all boreholes were backfilled with the cuttings. 

A PID was primarily utilized at each boring to detect any VOCs that may have been present. The PID has a 

detection limit of approximately 1 ppm. A majority of the soil borings were sampled continuously using a 

split-spoon sampler from the ground surface to the top of bedrock. Samples selected for laboratory analysis 

were based on elevated PID readings, evidence of wastes or buried materials (e.g., odors or staining), and 

other observations suggesting potential contamination if they were recorded. If no evidence of 

contamination was found, samples from just above the weathered bedrock interface were selected for 

analysis. Samples were analyzed for various analytes in accordance with the Phase III RI work plan and 

any addenda to the work plan. 

Each boring was logged by a geologist. Information recorded by the geologist included lithology, waste 

materials encountered, PID concentrations, the depth at which waste was found, and any other pertinent 
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observations. This information was recorded on logs presented in Appendix D. Each boring location was 

e 

determined in relation to a fixed point so that the exact location of the boring could be determined in the -. 

future should the need arise. 

All field data were peer reviewed and checked for accuracy upon the completion of the boring survey. 

The test pits were completed by the use of a backhoe to dig a trench approximately 3 feet wide. The 

lengths of the pits were about 20 feet. The target depth of each pit was approximately 8 feet or until 

bedrock or groundwaterwas encountered or to the maximum depth of wastes or fill material encountered. 

The objectives of the test pits were to visually identify the extent and nature of waste material thought to be 

present in this area and to obtain soil/waste samples for chemical analysis. The test pit locations were 

selected after the Phase III soil gas survey and Phase I geophysical survey results were reviewed. 

A PID was utilized at each test pit to detect any VOCs that may have been present. Each test pit was 

logged by a geologist. Information recorded by the geologist included lithology, waste encountered, volatile 

organic concentrations, the depth at which waste was found, and any other pertinent observations. Copies 

of test pit logs have been included in Appendix E. 

0 Upon completion, each test pit was backfilled Gth the excavated soil. The location of each test pit was --. 

confirmed in relation to a fixed point so that the location of the test pit could be determined exactly in the 

future should the need arise. 

2.2.6.1 Site 1 

A total of eight test pits, seven soil sample borings, and nine confirmation borings were excavated or drilled 

in the vicinity of Site 1 during Phase III. Figure 2-8 shows the subsurface soil sample locations for this site. 

Samples were collected from each EPIC feature near Site 1, as well as between the eastern end of Site 1 

and the western end of Site 2. 

All samples were analyzed for TCL volatile organics and TAL metals. Some test pit samples were 

analyzed for TCL semivolatile organics and PCBs, based on the surface soil results for that particular 

location. These analyses were also performed for other samples if the samples appeared to be potentially 

contaminated, based on visual observations and PID readings. 

In addition, subsurface soil samples were collected during supplemental investigations at Site 1 in June and 

October 1998. Subsurface soil verification samples in support of removal actions were collected in 
- --. 

September, October, and November 1998. ._ 
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2.2.6.2 Site 2 

The general location for Site 2 ‘is bordered by the base access road to the east, Parking Lot No. 1 to the 

south, the base fence line to the north, and Site 3 to the east. For purposes of this report, Site 2 was 

divided into two separate portions for evaluating the nature and extent of contamination. The western 

portion of Site 2 lies between Site 1 and the impoundment area, the base fence line, the fuel storage 

area, and the base access road. The eastern portion is bordered by the base fence line, Site 3, Parking Lot 

No. I, and the base access road. 

One test pit and 34 sample borings were excavated or drilled within the western portion of Site 2. Samples 

were collected from each EPIC feature within the portion, as well as between the fuel storage area and the 

approximate boundaries of the EPIC features. Several subsurface soil samples were obtained along the 

excavated length of the groundwater transfer piping. Figure 2-9 displays the subsurface soil sample 

locations for Site 2. 

For the eastern portion of Site 2, three test pits and nine sample borings were excavated or drilled. 

Samples were obtained from each EPIC feature within the eastern portion, except for TRl. Samples were 

not collected from TRI because the suspected trench at this location was determined to be an extension of 

the storm drain uncovered during the test pit work at TR2. 

At least one sample was obtained from each boring within the vicinity of Site 2, and at least one sample was 

generally taken from each test pit. Samples were selected for analysis based on field screening for organ& 

and visible evidence of potential contamination. If no evidence of potential contamination was found, 

samples were taken from directly above the deepest depth of non-native materials (if present) or the base of 

the boring/test pit. 

All samples were analyzed for TCL volatile organics and TAL metals. About 50 percent of the samples 

were analyzed for TCL semivolatile organics and 25 percent for pesticides and PCBs. At least one sample 

from each feature of concern was analyzed for full TCL and TAL parameters. These analyses were 

performed on additional samples if the samples appeared to be potentially contaminated, based on visual 

observations and PID readings. 

Subsurface soil samples were collected during several supplemental soil investigations at Site 2 in June, 

October, and November 1998. Subsurface soil verification samples in support of removal actions were 

collected in October 1998. 

Seven test pits were excavated and ten soil samples were collected in the area north of the former jet fuel 

storage area and east of the eastern-most concrete lagoon at Site 2 in October 1999. The purpose of these 
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test pits was to further investigate the extent of contamination in this area. Soil samples were collected from 

the test-pits based upon field screening for organics and visible evidence of waste. 

2.2.6.3 Site 3 

During Phase III, three test pits and IO sample borings were excavated or advanced near Site 3. Samples 

were collected from EPIC features OS1 and DGI, as well as between the approximate boundary of OS1 

and Jacksonville Road. Several samples were taken during the trenching involved with bringing the 

groundwater transfer piping under this road. Figure 2-10 shows the subsurface soil samples locations for 

Site 3. 

At least one sample was obtained from each boring within this area, and at least two samples were taken 

from each test pit (except for Test Pit No. 3). Samples were selected for analysis based on field screening 

for organics and visible evidence of potential contamination. If no evidence of potential contamination was 

found, samples were taken from directly above the deepest depth of non-native materials (if present) or the 

base of the boring/test pit. 

All samples were analyzed for TCL volatile organics and TAL metals. About 50 percent of the samples 

were analyzed for TCL semivolatile organics and 25 percent tested for pesticides and PCBs. At least one 

sample from each feature of concern was analyzed for full TCL and TAL parameters; however, all samples 

from the two test pits within DGI and from boring SB-03-08 were analyzed for TCL semivolatile organ@ 

pesticides, PCBs, and dioxin. These analyses were performed on additional samples if they appeared to be 

potentially contaminated, based on visual observations and PID readings. 

Several subsurface soil samples were collected during supplemental investigations at Site 3 conducted in 

June and October 1998. 

2.2.6.4 Impoundment Area 

Subsurface soil samples were collected and analyzed from all eight impoundments during Phase III or 

during the construction of the OU-3 remedial action. To the extent possible, samples were obtained 

between the bottom of the former impoundments and the bedrock interface. At least five borings were 

advanced through each impoundment. Boring samples were also collected between the impoundment area 

and Site 1, between individual impoundments, and between the impoundment area and the wastewater 

treatment buildings (e.g., Buildings 20 and 259). A total of 70 borings were drilled in the vicinity of the 

impoundment area. Figure 2-l 1 displays the soil sample locations. 

Two samples were sometimes obtained from each boring within this area. Soil boring samples were 

selected for analysis based on field screening for organics and visible evidence of potential contamination. 

UDOCUMENTS/NAW/7603/14093/SECT2 2-25 



TPOZ-03--L?: F 

TPOl -03-03 

: 

n TEST PIT 
TP02-03-04 SAMPLE LOCATIONS 

A SOIL BORING 
SB-03-07 SAMPLE LOCATIONS 

DG 1 EPIC FEATURE 

DRAWN BY 

LDL 3/l 4/00 TEST PIT AND SOIL BORING 
,.“. 

7603 

CHECI(EC BI WE SAMPLE LOCATION MAP 
OWN:= NO. 

0601 

RLVISLI: tii “All AREA A - SITE 3 ~~~~ROYEC e! “CT, 
Tetra Tech 

SCLL NUS. Inc. 
FORMER NAWC WARMINSTER D’I4WINC Nil. 7 

AS NOTED WARMINSTER, PENNSYLVANIA FIGURE 2-10 RE\” g 
2-26 

54.2. Ain Y 

0 40 80 
I 

I I I 

SCALE IN FEET 



6 

lM802/620- 
7s 

AL IM4OB IMPOUNDMENT1 IM309 A 

q,,, Ll,4,, ~y’4>lM413 

A 
IMA” 

L * IM403, IM409 ..~ ~~. k~- 
A 

IM302 % 
,.I IM202 

IM101/102 
IM201 IM306 t IM303 t ~~~ A A 

IM407 “’ 

A.--- . IM203 IM405 
IM106 

IM206 
IM205 

A ?M402$402DA A IM404/ J 

IM103 
A 

A IM401 

IMi318 
IM207 

‘\ 

i 

\ A 
\ IM503 

It,4502 
IM504 

t 

A A 
IM505 

IM506/506D . 

IM501 

IM 

A 
507 

LEGEND 

A SOIL BORING 
IM702 SAMPLE LOCATlOh 



If no evidence of potential contamination was found, samples were taken from directly above the deepest 

depth of waste materials (if present) or the bottom of the boring and from half the distance up from this 

sample depth to the ground surface. 

All samples were analyzed for TCL volatile organics and TAL metals. About 50 percent of these samples 

were analyzed for hexavalent chromium. One sample from each impoundment was tested for TCL 

semivolatile organics, pesticides, and PCBs, except in the case of IM5. Samples taken from IM5 were 

tested for pesticides and PCBs. Other samples were analyzed for these parameters if the samples 

appeared to be potentially contaminated, based on visual observations and PID readings. 

2.2.7 Backnround Soil Sampling 

Background surface soil samples were collected during Phase III. A total of IO surface soil samples were 

obtained from both ends of the main runway at the base. The background sample locations are shown in 

Figure 2-12. These samples were analyzed for TCL pesticides, PCBs, and TAL metals. Samples were not 

tested for TCL volatile organics or semivolatile organics because these substances were not considered to 

be naturally occurring or used for pest control/lawn maintenance purposes. 

As part of this report, analytical results have also been included for the eight background subsurface soil 

samples that were taken during the Area B hydrogeologic investigation (HNUS, 1995b). These samples 

were collected from the soil/bedrock interface during the drilling of monitoring wells in this area. Only those 

subsurface soil samples from background monitoring well locations or from locations clearly outside 

suspected source boundaries within Area B were included in the analytical database for background soils. 

At most locations, hollow-stem augers fitted with a center plug were advanced to near the soil/bedrock 

interface (as determined during the installation of well casings). The plug was withdrawn, and the samples 

were obtained with a standard 2-inch by 24-inch, stainless-steel, split-spoon sampler. One sample was 

obtained with a hand auger. All samples were tested for TCL volatile organics and TAL metals. Samples 

were collected at depths ranging from 2.5 to 9 feet. 

Analytical results were also incorporated for the background soil samples collected during the Site 4 EE/CA 

field investigation (HNUS, 1995d) and the Site 6 removal action investigation (B&R Environmental, 1996b). 

Background soil samples obtained during the Phase II RI (HNUS, 1992) and the associated results have 

also been included in the analytical database for background soil concentrations. 

The occurrence and distribution of the analytical results of the RI background soil samples are shown in 

Table 2-2. The results from all background surface and subsurface soil samples were combined into one 
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TABLE 2-2 

OCCURRENCE AND DISTRIBUTION OF ORGANICS AND INORGANICS IN BACKGROUND SOIL 
NAWC WARMINSTER, PENNSYLVANIA 

Arsenic ZJILIl VLO 

Emium 2m7 34.1 - .x3 I SIU-&D I .-.. 

Baryllilan 26m 0.31 - 1.7 K BG-2s-O I 0.676 

calcium 23/27 240 - 1910 

-.-.a..... 2w29 7.9 J - 36.3 JK BE12 I 21.6 

I 1.6 - 22.1 I BG-23-o I 10.5 

6 BG-29 14 
I CoPper 27n9 3.6 R - ;x). 

bun 29R9 6980 - 410500 BG-34 34600 

Lead 29129 1.6 J - 96.5 J 8613 16.3 

Megnasium 
25129 618 - 4960 8624 2260 

29129 30.9 - 2010 s-26 601 

27 I 0.37 8623 0.0483 

4.1 J - 21. 7 J BG-23-o 11.7 

1 
~~~- 

69.1 _ -kJ 80-24 1060 

7 BG-25 66.7 
-L 

,2 80-23-o 0.42 

BE12 32.1 

w-13 32.9 

Notes: 

Units are mg/kg for inorganics, ug/kg for organics. 
Number of sample results axciudes rejected data or blankqualified data. Duplicates are consolidated into one result. 

The determination of representative concentrations is based on comparison of maximum to the 95 % UCL, which is presented in a sepa 
Frequency of detection refers to number of times compound was detected among all samples versus total number of samples. 
Number of samples may vary based on the number of usable results. 
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data set for data evaluation purposes and to compare background soil levels to site-related soil 

concentrations. Appendix F contains the analytical results for the background samples. 

2.2.8 Background Stream Sampling 

For Area A, background surface water and sediment samples were collected at several off-base locations 

that were considered unaffected by past site-related activities. Figure 2-13 details all of the background 

sample locations, except for surface water sample location A13, which is shown on Figure 2-4. 

The background surface water samples were collected from locations C8, ClO, Cl3 and A13. A 

background sediment sample was also collected at location C8. The sample locations, except for A13, 

were collected from a tributary of Little Neshaminy Creek, located northeast of Area A in a relatively non- 

urban setting and were considered to be representative of undisturbed surface water and sediment 

conditions. Sample location Al3 is located several miles downstream of Area A along the unnamed 

tributary of Little Neshaminy Creek. No upstream samples could be collected for Area A. 

The occurrence and distribution of the analytical results for the background surface water samples are 

presented in Table 2-3, total inorganics, and Table 2-4, dissolved inorganics. No organic compounds were 

detected in the background surface water samples. Table 2-5 presents the occurrence and distribution of 

inorganics in background sediment samples. The occurrence and distribution of organics in Area A 

background sediment samples are detailed in Table 26. 

2.2.9 Wetlands Assessment 

To supplement the Phase Ill RI, a wetlands assessment was performed in June 1994 to provide a 

qualitative appraisal of the plants and animals that could potentially be harmed by the inadvertent release of 

hazardous substances attributable to NAWC Warminster. As part of this assessment, the approximate 

wetland boundaries along the unnamed tributary of Little Neshaminy Creek downgradient from Area A were 

identified on USGS maps. Plants and animals associated with these wetlands were identified and used to 

characterize the wetlands according to procedures found in the Classification of Wetlands and Deepwater 

Habitats of the United States (Cowardin, 1979). Wetlands were identified using the routine determination 

on-site inspection method (United States Army Corps of Engineers, 1987) including swamps, marshes, 

bogs, and similar areas. This method involves the use of USGS topographic maps, Soil Conservation 

Service soil surveys, aerial photographs, United States Fish and Wtldlife Service National Wetlands 

Inventory (NWI) maps, and site-specificvegetation, soils;and hydrological information, 

The results of the wetlands assessment are provided in Section 3.7 of this report. These results were used, 

along with the Phase I RI biological characterization and the analytical results from surface water and 
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TAb.' .-3 

OCCURRENCE AND DlSTRlBUTlON OF TOTAL INORGANICS IN SURFACE WATER IN BACKGROUND. AREA A 

WARMINSTER, PENNSYLVANIA 

WJW 

STATlSTlCAL 

SUBSTANCE MEAN DISTRIBUTION 

ALUMINUM 363.00 NONPARAMETRIC DIST 

BARIUM 128.57 NORMAL OVER LOGNORMAL 

CADMIUM 2 NONPARAMETRIC OlST 

CALCIUM 17667 NONPARAMETRIC DIST 

IRON 660.00 NONPARAMETRIC DIST 

MAGNESIUM 6960 NONPARAMETRIC DIST 

MANGANESE 46.17 NONPARAMETRIC DIST 

POTASSIUM 1420 NONPARAMETRIC DIST 

SODIUM 11713 NONPARAMETRIC DIST 

l = QUALIFIERS FOR DATA ARE PRESENTED IN DATA PRESENTATION TABLES 

BACKGROUND 

FREQUENCYOF 

DETECTION 

il2 

21 3 

II 4 

31 3 

21 2 

3t 3 

21 3 

31 3 

31 3 

RANGE OF REPRESENTATlVE 

POSITWE DETECTlOw CONCENTRATION 

106- 106 108 

60 - 69.7 69.7 

4 4 

15900 - 19400 19400 

630 - 660 660 

6590 - 7240 7240 

11.5 - 63 63 

1136 - 1700 1700 

6960 - 16200 16200 
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TABLE 24 
OCCURRENCE AND DlSTRlBUTlON OF DISSOLVED INORGANICS IN SURFACE WATER IN BACKGROUND -AREA A 

WARMINSTER, PENNSYLVANIA 

we4 

l = QUALIFIERS FOR DATA ARE PRESENTED IN DATA PRESENTATION TABLES 
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OCURRENCE AND DISTRIBUTION OF INORGANICS IN BACKGROUND SEDIMENT 
NAWC WARMINSTER, PENNSYLVANIA 

PAGE 1 OF 1 

VANADIUM 
ZINC 
Notes: 

414 10.3 - 13.6 C13-SD 13.6 
414 32.9 - 57.2 Cl 3-SD 57.2 

* - Minimum and maximum detected site-related concentrations are based on duplicate samples. 
Units are mg/kg for inorganics, ug/kg for organics. 
Number of sample results excludes rejected data or blank-qualified data. Duplicates are consolidated into one result. 
Mean of all data includes positive detections and non-detected results. Detection limits are divided by two. 
The determination of representative concentrations is based on comparison of maximum to the 95% UCL, which is pr 
Frequency of detection refers to the number of times compound was detected among all samples versus total numbe 
Number of samples may vary based on the number of usable results. 

Sediment Background Table 1 .xls 
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TABLE 28 

OCCURRENCE AND DISTRIBUTION OF ORGANICS IN SEDIMENT IN BACKGROUND -AREA A 

WARMINSTER, PENNSYLVANIA 

whl) 

SUBSTANCE MEAN 

4,4’-DDT 3.56 

STATlSTlCAL 

DlSTRlBlJTlON 

NONPARAMETRIC DIST 

BACKGROUND 

FREQUENCYOF 

DETECTlON 

II 2 

RANGE OF- 

POSlTlVE DETECTION. 

4.9 

REPRESENTATIVE 

CONCENTRATION 

4.9 

AROCLOR-1254 55 NONPARAMETRIC DIST II 3 24 24 

ENDRIN ’ 6.53 NONPARAMETRIC DlST II 3 5.5 5.50 

4-METHYLPHENOL 970 NONPARAMETRIC DIST II 3 200 200 

ANTHRACENE 697.33 NONPARAMETRIC DIST 21 3 95 - 97 97 

BENZO(A)ANTHRACENE 290 N~NPA~METRIc DIRT 31 3 210 - 360 360 

BENZO(A)PYRENE 1107 NONPARAMETRIC DIST 21 3 260 - 580 560 

BENZO(B)FLUORANTHENE 1217 NONPARAMETRIC DIST 21 3 320 - 630 630 

BENZO(G.H,l)PERYLENE 1067 NONPARAMETRIC DIST 21 3 150 - 370 370 

BENZO(K)FLUORANTHENE 667 NONPARAMETRIC DIST 21 3 200 - 266 260 

CARBAZOLE 225 NONPARAMETRIC DIST II 2 240 240 

CHRYSENE 373 NONPARAMETRIC DIST 31 3 lso- 560 560 

DI-N-BUTYL PHTHALATE 59 NONPARAMETRIC DIST II 3 59 59 

DlBENZO(A.H)ANTHRACENE 924.33 NONPARAMETRIC DIST II 3 53 53 

FLUORANTHENE 776.67 NONPARAMETRIC DIST 31 3 360 - 1400 1400 

FLUORENE 919 NONPARAMETRIC DIST II 3 47 47 

INDENO(1.2.3-CD)PYRENE 1003 NONPARAMETRIC DIST 21 3 SO- 320 320 

PYRENE 560 NONPARAMETRIC DIST 31 3 330- 760 760 

2-BUTANONE 7.63 NONPARAMETRIC DIST II 3 9 9 

TOLUENE 7.75 NONPARAMETRIC DIST II 4 4 4 

l = QUALIFIERS FOR DATA ARE PRESENTED IN DATA PRESENTATION TABLES 
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sediment sampling, to help complete the ecological risk assessment for NAWC Warminster. The biological 

characterization was completed on a qualitative, descriptive level, and it did not involve sampling 

procedures for area biota. 

2.2.10 Surveying 

Surveying was conducted as part of the Phase III RI in order to determine the exact location of the grids 

used for the soil gas survey and to better locate soil sample locations. At least two corners of each survey 

grid were surveyed for horizontal location or tied into existing site structures (including existing surveyed 

monitoring well locations) to provide reference points for locating the entire grid. 

The horizontal survey utilized survey traverse control established in 1985, 1986, and 1987 during aerial 

mapping of the entire base and field survey location of all utilities. All coordinates are based on the 

Pennsylvania State Plane Coordinate System (South Zone, 1927 Datum). The error of closure of all 

horizontal survey work is better than 1 part in 10,000. All elevations are based on the North American 

Vertical Datum of 1929. 

To determine the survey locations, three horizontal traverses, which began and ended on property corner 

monuments, were conducted. At least three corner monuments were tied on each traverse. All three 

traverses closed relative to the Survey Map entitled “Survey Map, U.S. Naval Air Development Center, 

Warminster Township, Bucks County, Pennsylvania”with a tolerance better than the proposed standard of 1 

part in 10,000. Tabulated survey data from Phase III are provided in Appendix G. 

2.3 ANALYTICAL PROCEDURES AND DATA VALIDATION 

2.3.1 Analytical Procedures 

During Phase I, samples were analyzed as specified by EPA’s Test Methods for Evaluating Solid Waste, 

Physical/Chemical Methods, SW-846, Third Edition. Samples were analyzed for TCL volatile organic 

compounds, TCL semivolatile organic compounds, TCL pesticides/PCBs, and TAL metals. Samples 

analyzed for TAL metals were not filtered. Data packages were submitted under Naval Energy and 

Environmental Support Activity (NEESA) Level C requirements. 

For Phase II, a subcontracted NEESA-approved laboratory analyzed aqueous and solid matrix samples 

collected at NAWC Warminster for full TCL organic% TAL inorganics, cyanide, total petroleum hydrocarbons 

TPH, BTEX, and a variety of physical-chemical parameters (e.g., hardness, alkalinity, total suspended 

solids, chlorides, grain size). Data packages were submitted under NEESA Level D requirements. 
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During Phase III, several laboratories analyzed aqueous and solid matrix samples for full TCL organic% TAL 

inorganics, cyanide, grain size, TOC, and dioxins/furans. The most frequently used analytical methods 

selected for these analyses are presented in Table 2-5. Most data packages were submitted under Naval 

Facilities Engineering Service Center (NFESC) Level D requirements. Some data packages were submitted 

under reduced requirements for laboratory deliverables, particularly for quick-turnaround results associated 

with the Area A trench excavation work. 

.__ 

2.3.2 Data Validation 

The data validation process serves three basic functions: 

. An independent quality assurance check of the accuracy of the laboratory results. 

. A means of evaluating laboratory performance and determining the impact of noncompliances to the 

data. 

l Through the use of data qualifiers, it lends interpretative guidance’as to the proper usage and limitations 

of the data. 

The validation process is a systematic review and evaluation of the analytical data conducted according to 

applicable and relevant quality control criteria, including 

l EPA’s National Functional Guidelines for Evaluating Laboratory Analyses 

l Method-specificquality control criteria 

. Navy-specified technical guidelines 

l TtNUS data validation formats and standard operating procedures 

Organic data were evaluated based on 

l Data completeness 

l Holding times 

0 Gas chromatograph/massspectrometers(GC/MS)tuning and mass calibration (when applicable) 

l Initial and continuing calibrations 

l Laboratory blank analyses 

l Field blank analyses (when applicable) 

. Internal standards performance 

l Surrogate spike recoveries 

l Matrix spike/matrix spike duplicate results 
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l Field duplicate precision (when applicable) 

l Compound detection limits 

l Compound identification 

l Compound quantitation 

l Tentatively identified compound (TIC) evaluation (when applicable) 

Inorganic data were evaluated on the basis of 

. 

Data completeness 

Holding times 

Initial and continuing calibrations 

Contract required detection limit (CRDL) standard analyses 

Laboratory and field blank analyses (when applicable) 

Matrix spike results 

Laboratory control sample results and duplicate analyses 

Field duplicate precision (when applicable) 

ICP interference check sample results 

ICP serial dilution analyses 

Furnace atomic absorption results 

Analyte detection limits 

Analyte quantitation 

Data validation reports were generated from these results and conclusions drawn from the validation 

process described above. The specific format of the data validation report varies with the applicable 

protocol, but all reports address the following: 

l Explanation of the findings of the data evaluation process, giving interpretations of actions taken on the 

data and limits of data usability. 

l Presentation of the qualified analytical results. 

l A validation worksheet and/or support documentation section depicting the problem areas and 

noncompliances addressed in the data validation memoranda and supporting the validation actions 

taken. 

The formal data validation process and the supporting documentation is essential for the following reasons: 

l To ensure the accuracy and integrity of the analytical data 
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l To ensure the defensibility of the data 

l To provide a platform from which remediationirisk assessment issues can be addressed 

2.4 DATA EVALUATION 

This section presents various aspects of data evaluation including determining representative 

concentrations, data reduction and tabulation, and a comparison of data to screening criteria. 

2.4.1 Representative Concentrations 

To support the data evaluation process, a representative concentration for each chemical in each medium 

identified at Areas A was calculated using the latest risk assessment guidance from EPA (EPA, 1989a; 

EPA, 1992). Pre-removal conditions were evaluated. As discussed later, Exposure Point Concentrations 

were calculated for post-removal conditions. Usability of results is discussed below. 

The validated data were used to calculate representative concentrations. For chemicals with at least one 

positive detection, non-detects were assumed to be one-half the detection limit (sample quantitation limit). 

Rejected values (R) were eliminated from further consideration. As per EPA Region III guidance, values 

* 

attributed to blank contamination (B) were eliminated from further consideration. Estimated and biased 

values (J, K, L) were used at the reported value. 1. 

Duplicate samples were averaged together and considered as one result. For duplicates, where one result 

was positive and the other result was a non-detect, the problem of calculating an average result arose 

whenever half the detection limit exceeded the positive result. It was considered undesirable for the 

average to exceed the positive result; therefore, the positive result was used to represent the non-detect in 

such cases. 

Phase I data are from the SMC report (SMC Martin,. 1991). Phase II and Phase III data were collected by 

B&R Environmental. The data were regarded as one set of data for each individual site (surface soil and 

subsurface soil) or area (surface water and sediment) regardless of the RI phase in which the data were 

collected. For surface water and sediment samples, there were cases where the same approximate 

location had been sampled during different phases; therefore, the results were simply treated as individual 

samples indicating media contamination over time and were not treated as duplicates. 

The calculation of the representative concentration is a two-step process. First, the distribution of the data 

must be determined as discussed in the preceding section. Then, based on the distribution of the data, a 

a 

representative concentration is either calculated or selected. 
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Several important points are associated with distribution of the data: 

l The distribution of a data set is determined using a Shapiro-W/ilk test. 

l The distributions are classified as either lognormal, normal, or unknown. 

l Environmental data are usually determined to be lognormally distributed (default). 

l If the data are not determined to be either a lognormal or normal distribution, they are classified as an 

unknown distribution and a lognormal distribution is assumed. 

If the data are considered to be lognormally distributed, then the standard deviation of the log-transformed 

sample set must be determined, as follows: 

S = [c (Xi -&)2/n-1]0~5 

where: S = Standard deviation of the log-transformed data 

xi = Individual sample value (log-transformed) 

X,,, = Arithmetic mean of the log-transformed n samples 

n = Number of samples 

The one-sided upper 95 percent confidence limit (UCLLoG) is then calculated as follows: 

uc4oc = exp[(X,,, + (0.5S2) + SH)/(n-I)‘.? 

where: exp = exponential function (inverse of the neutral log) 

x-n = Arithmetic mean of the log-transformed data 

H = H-statistic(e.g., from table published in Gilbert, 1987) 

S = Standard deviation of the log-transformed data 

n = Number of samples 

The representative concentration is then selected as the lesser value of the one-sided 95 percent UCL and 

the maximum positive value in the data set. 

If the data are determined to be normally distributed, then the standard deviation of the sample set is used 

to calculate the one-sided 95 percent UCL as follows: 

First, the standard deviation of the sample set must be determined, as follows: 
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S = [C (& -X&/(n-l)]“.5 

where: S = Standard deviation 

Xi. = Individual sample value 

Xm = Arithmetic mean for the n samples 

n = Number of samples 

The one-sided upper 95 percent confidence limit (UCLNoR) is then calculated as follows: 

ucLNoR = X, + tW”3 

where: X,,, = Arithmetic mean 

t = One-sided t distribution factor 

s = Standard deviation 

n = Number of samples 

For small sample sets or sample sets in which all positive results equal less than one-half the detection limit, 

the UCL can exceed the maximum detected concentration. In these cases, the maximum concentration 
1 

was selected as the representative concentration. 

The calculation of the representative concentration is a two-step process. First, the standard deviation of 

the sample set must be determined, as follows: 

S = sqrt [sum(Xi-Xm)2/(n-1)] 

where: S = Standard deviation 

xi = Individual sample value 

Xm = Arithmetic mean for the n samples 

n = Number of samples 

The two-sided upper 95 percent confidence limit (UCL) is then calculated as follows: 

UCL = Xm + tS/sqrt n 

where: X,,, = Arithmetic mean 

t = Two-sided t distribution factor 
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S = Standard deviation 

n = Number of samples 

The representative concentration is then selected as the lesser value of the one-sided 95 percent UCL and 

the maximum positive value in the data set. Upper confidence limits (UCLs) for all contaminants, from 

which the representative concentrations are derived, are presented in the site-specific sections of this report. 

2.4.2 Data Reduction/Tabulation 

The data sets were reduced by selected only those chemicals with positive detections at a suspected 

source concern. The results of sampling analysis at a site or area were summarized in an occurrence and 

distribution table. These tables contain representative concentrations (See Section 2.4.1) and summary 

statistics including frequency of detection, range of positive detection, and statistical distribution of the data 

sets. Background occurrence and distribution tables contain for each chemical a mean, statistical 

distribution of the data set, frequency of detection, range of positive detection, and representative 

concentration. Site or area occurrence and distribution tables contain for each chemical a representative 

concentration for background (if applicable) and frequency of detection, range of positive detection, 

statistical distribution, and a representative concentration for site- or area-related data. 

Background samples for surface and subsurface soils were collected from various locations at NAWC 

Warminster (Figure 2-12) that were considered unaffected by past site-related activities. All surface and 

subsurface background samples were pooled together and used as background for any site-specificsurface 

or subsurface data set. The background occurrence and distribution for soils are presented in Table 2-2. 

For Area A, surface water and sediment samples were collected in off-base locations that were considered 

unaffected by past site-related activities. See Figure 2-13 for surface water and sediment sampling 

locations. These locations were used as the background sample set for Area A surface water and sediment 

data sets. 

The background occurrence and distribution tables for surface water at Area A are shown in Tables 2-3 

(total inorganics) and 2-4 (dissolved inorganics). No organic chemicals were detected in background 

surface water for Area A. The background occurrence and distribution tables for sediment at Area A are 

shown in Tables 2-5 (inorganics) and 2-6 (organics). 
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2.4.3 Comparison of Data to Screening Criteria 

Each site-related soil data set was compared to appropriate screening criteria for the purposes of identifying 

areas of soil contamination, identifying possible sources or portions of sources where response actions may 

be necessary, and identifying sites that may require a risk assessment. The screening criteria used for 

these comparisons were from federal and state sources. Federal sources included EPA Region Ill Risk 

Based Concentration (RBC) Tables (EPA, 1996a) and Soil Screening Levels (SSLs) (EPA, 1999b). 

Commonwealth of Pennsylvania criteria were obtained from the Statewide Health Standard Tables, 

Subchapter C, Section 250.312 of the PA Land Recycling Program Regulations. This includes the medium- 

specific concentrations (MSCs) for soils. For purposes of this report, industrial and/or non-residential 

exposure scenario criteria were used. The future intended use of sites 1, 2, 3, and the Impoundment Area 

is industrial. The results of these comparisons are in the form of appropriate tables and figures provided in 

the site-specific sections of this report. If a chemical had a detection greater than the most stringent 

screening criterion and not considered to be in the range of background range of detection (inorganics only), 

this result was shown on a site-related figure. 

Screeninq Criteria 

The criteria used to screen contaminant levels in surface and subsurface soils, surface water, and 

sediments are not regulatory enforceable standards; rather, they serve as a guideline for determining 

whether a chemical may have a deleterious effect on potential receptor populations. Federal and 

Pennsylvania criteria were used in this document; the following paragraphs describe each criteria. 

Risk-Based Concentrations (RBCS) And Soil Screening Levels 

RBCs are non-enforceable standards derived from standard EPA equations used for EPA Region III risk 

assessments. The SSLs are non-enforceable standards set by EPA for use in risk assessments in all EPA 

regions. The RBCs and SSLs used in this report are based on direct ingestion of soil. Additionally, the 

criteria used in the post-removal screening are based on an industrial scenario and are derived based on a 

IE-06 carcinogenic risk or hazard quotation (HQ) of 1.0 (for noncarcinogenic) risk. For the risk- 

ratio/toxicological evaluation presented in Section 6.0, residential RBCs were used in the COPC selection 

process for the hypothetical future residential child scenario soil RPCs were also compared to a soil-to 

groundwater pathway dilution and attenuation factors (DAF). A DAF of 20 was used to account for natural 

processes that reduce contaminant concentrations in the subsurface. The purpose of this comparison was 

to identify and screen those hazardous substance concentrations in soil that might have the potential to 

0 contaminate groundwater. 
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.d-+. Medium-Specific Concentrations (MSCs) 

f 

MSCs are non-enforceable standards derived from standard EPA equations used for risk assessments in 

Pennsylvania. The MSCs used in this risk assessment are based on direct ingestion of soil. Additionally, 

these standards are based on a residential scenario and are derived based on a 1 E-05 carcinogenic risk or 

an HQ of 1 .O (for noncarcinogenic effects). 

Values of the available TBCs for chemicals positively detected in Area A soils are presented in Table 2-7. 

This table presents values for chemicals having only carcinogenic or noncarcinogenic effects, and for 

chemicals having both carcinogenic and noncarcinogenic effects. 

Ambient Water Quality Criteria (AWQCs) 

AWQCs were developed under the Clean Water Act and are non-enforceable federal regulatory guidelines; 

they are of primary utility in assessing the potential for toxic effects in aquatic organisms. Surface water 

concentrations were compared to AWQCs to evaluate impacts to aquatic receptors. 

Effects Range-Low (ERLs) 

NOAA ER-L sediment screening criteria and EPA Region III Biological Technical Assistance Group (BTAG) 

screening levels for sediment were used to evaluate sediment quality. The ER-Ls for flora/fauna were used. 
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TABLE 2-7 (PAGE 1 OF 2) 

SOIL CRITERIA FOR CHEMICALS DETECTED IN AREA A SOIL 
NAWC WARMINSTER, PENNSYLVANIA 

8 

II I PADER MSC ( PADERMSC i EPA RBC I EPA RBC I EPA DAF 20 II -. 

SEMIVOLATILES (uglkg) 
1 ,CDICHLOROBENZENE 
2-METHYLNAPHTHALENE 
3.3’~plCH1 fIR0RENZlDlNE 

I 7SOE+05 I 3.30E+O6 I 2.00E+07 I 2.7OE+O4 I 2.00E+03 
NI NL NI 

, ,.““- “. 

,-. . . . . I .-..- I .- .- 

DIBENZ(A.H)ANTHRACENE 250E+03 I l.lOE+04 
D,BEW”t’lPbN I Nl NI 

DIETI l,Ll ,,,,,r.-,L I . ..,v. 
FI DORANTHENE I 8.801.“” I ,.I”_.“” 

I 
7.80E+02 Q.OOE+Ol I 2.00E+03 
fl2OF+ofi I 3.lOE+05 NL II I.&“. “0-s. I ..- I ..- t -.--- -- I _ - - . I ..- 

UVI C)“TYI I *-rc I 4 nnE+07 I 1 .oolE+07 I 1.60E+OQ I 6.30E+07 I 4.7OE+O5 
:rnR 4 ,“F+t-tA R 7nF+n7 3 lnF+nfi A RnF+nti II -..-- -- I 

3.10E+O6 I -. 
Q ,‘,,,Fd,, 3 

II --------.----~~ FI I l0RFNF I 8.80E+06 I l.lOE+OB I I ---..-..- 
INDENO(1,2,8CD)PYRENE 

NAPHTHALENE 

250E+O4 l.lOE+05 

MOE+06 1 .I OE+08 
1 50F+nb 6 60E+05 _I. I, I.,. .bII .-9 . .-..-- 

L 
..--- -- 

I 
_.-_- -- 

1ENANTHRENE I 6.60E+07 I 1.9OE+OB I NL I NL I NL II 
I 1.30E+08 I l.QOE+OP 

6.60E+06 &40E+O; 

NL = NOT LISTED 

-1 - -1 7nF+nQ I A 70E+07 I 1 oOE+a5 II I ..--- -- I .._- _. I ..--- -- 

7 I 6.10E+07 I 2.30E+06 I 4.20E+06 1 

References: 

PADEP. 1996. Statewide Health Standard Tables; Subchapter C Section 250.312 of the PA Land Recycling Program Regulations. 

EPA, 2000. EPA Region Ill Risk-Based Concentration (RBC) Table. Philadelphia, Pennsylvania. April 13. 

EPA, 1996e. Soil Screening Guidance (Appendix A). EPAMO/R-95-128. Washington, DC. May. 
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TABLE 2.7 (PAGE 2 OF 2) 
SOIL CRITERIA FOR CHEMICALS DETECTED IN AREA A SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

it i PADER MSC t PADER MSC i EPA RBC I EPA RBC I EPA DAF 20 1 

..--.. . . ..- _ _ _ _ _ _ 
I 

-.-__ _. I -.-_- _- I I _.__- __ 

. . ..\NE I 2.00E+05 I 1 .OOE+O6 I 2.00E+08 I 7.80E+O6 I 230E+O4 
l-HFNF fTt-lTAl 1 I 6 7OF+O5 1 QOF+D6 1 BOE+07 7 BOE+05 4 OOF+O3 II 

SUBSTANCE RESIDENTIAL SOIL NON RES. SOIL INDUSTRIAL SOIL RESIDENTIAL SOIL 1 SOIL TO GROUNDWATER 

VOLATILES (uglkg) 
1,1,2,2=TETRACHLORnFTHANF l 5 50E+03 I 7 6OE+M I 2.90E+O2 I 3.OOE+03 I 3.00E+00 

l,l-DICHLOROET”) 
1.2-DICHLOROE . . . -. . - \ - . .-, _ _ _ _ _ ..--- -- i ..__- _. ..-_- __ ..--- -- 

TRANS-1,3-DICHLOROPROPENE NL NL 3.20E+O4 4.00E+03 4.00E+OO 

2-BUTANONE NL NL 4.70E+07 NL NL 

ACETONE 1 .OOE+07 1 .OOE+07 2.00E+08 7.80E+O6 160E+O4 

BENZENE 3.80E+04 2.00E+05 1 .OOE+05 1.20E+O4 3.00E+Ol 
I S.S0E+O4 I 2.70E+05 I 2.QOE+O6 NL NL 

8 7.80E+08 3.20E+O4 
I OE+07 1.60E+O8 I .OOE+03 

__ LBON DISULFIDE I .OOE+07 l.O0E+07 2.00E+Om 

HI ORORENZENE 4.40E+06 1 .OOE+07 4.1 

E 1 .OOE+07 I .OOE+07 2.00E+06 I 2.20E+05 I NL II 

..-- , .._-_ _- -.--- -- I ..__- __ -.-_- _. -.--- -. 

ilFNF I 3 dOF+O!i I 1 SOF+Ofi I 1 lOE+o5 I 1 7oE+o4 I R nnF*nl II 

I NL I NL I 4.10E+OO I NL I NL II 
INORGANICS (mg/kg) II, LUMINUM I 1 .SOE+05 I 1 .SOE+05 I 2.00E+06 I 7.80E+04 I NL II 

I 8.80E+ol I l.lOE+03 I 8,20E+02 I 3.10E+Ol I 5.00E+OO 
1.20E+Ol 530E+Ol 3.80E+OO 4.30E-01 2.90E+Ol II 

BARIUM 1.50E+04 1.90E+05 1.40E+05 5.50E+03 1.60E+03 

BERYLLIUM 4.2OE+OO I .80E+ol 4.10E+03 I .OOE-01 6.30E+Ol 

CADMIUM l.lOE+02 1.40E+02 1 .OOE+03 7.80E+Ol 8.00E+oo 

CALCIUM NL NL NL NL NI 8 I ..- I .- I .- I .- 

IM f+Rj I 1 QOE+05 I 1 QOE+05 I 3 1 DE+06 I 7 LIOE+M I NI II CHROMIL... \ -, 

COBALT 

COPPER 

CYANIDE 
HEXAVALENT CHROMIUM 

IRON 
LEAD 

I _ _ _ _ _ ..--- -- _ . _ _ _ _ _ _ _ _ I .-- 
1.30E+O4 1.70E+05 1.20E+05 NL NL 
8.10E+03 1 .SOE+OS 8.20E+O4 NL NL 
4.40E+03 5.60E+O4 4.10E+04 1.60E+03 4.00E+Ol 
l.lOE+03 I .40fz+o4 6.1 OE+03 3.QOE+02 3.80E+Ol 
6.80E+04 1 .SOE+05 6.1 OE+05 NL NL 
500E+02 I .OOE+03 NL 4.00E+02 NL 

..__- _. 
I 

..__- -- I .._- _.-_- _- -.--- -- 

I 6.60E+04 I 1 .QOE+05 I 6.10E+05 I 2.30E+O4 I 1.20E+O4 

NL = NOT LISTED 

References: 

PADEP, 1996. Statewide Health Standard Tables; Subchapter C Section 250.312 of the PA Land Recycling Program Regulations. 

EPA, 2000. EPA Region III Risk-Based Concentration (RBC) Table. Philadelphia, Pennsylvania. April 13. 

EPA, 1996e. Soil Screening Guidance (Appendix A). EPA/540/R-95-128. Washington, DC. May. 
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3.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA 

Several environmental studies have been completed at NAWC Warminster. A number of these, including 

studies by JRB Associates (1981 and 1983), Slot0 and Davis (1983) Satterthwaite (1984) and Earth 

Technology Corporation (1985), have provided information on local surface features, soils, meteorology, 

surface water hydrology, demography and land use, and hydrogeology. The following description of the 

physical characteristics of NAWC Warminster has been prepared on the basis of published information, 

reports of previous site studies, and information obtained and interpreted during the course of the RI. 

Section 3.0 provides a brief, general overview of the overall physical characteristics of the facility and 

specific physical characteristics for Area A, including Sites I, 2, 3, and the Impoundment Area. 

3.1 METEOROLOGY 

The climate of the area is humid continental and is modified by the Atlantic Ocean. Temperatures average 

76’F (24.4’C) in July and 32’F (O’C) in January. The average daily temperature for the NAWC location is 

53.3’F (11.8’C). Precipitation averages 42.5 inches per year (106.25 cm per year), and snowfall averages 

22 inches per year (55 cm per year). The distribution of precipitation is fairly even throughout the year. The 

relative humidity for the site averages 70 percent. The mean wind speed for this area is 9.6 mph, with a 

prevailing direction west-southwest (U.S. Navy, 1990). 

3.2 SURFACE WATER HYDROLOGY AND TOPOGRAPHY 

NAWC Warminster lies in a populated suburban area surrounded by private homes and various 

commercial/industrial activities. The complex covers approximately 734 acres located in the township of 

Warminster, Pennsylvania, Bucks County. On-site areas include various buildings and other complexes 

connected by paved roadways, the runway and ramp area, mowed fields, and a small wooded area. Off- 

site areas consist of wooded, park, and residential areas and commercial/industrial facilities. 

The facility is situated on an upland area divided between two local drainage basins, the Little Neshaminy 

Creek Basin on the north and the Southampton Creek basin on the south. The northern 65 percent of the 

facility (including Areas A and C) drains toward the north through several swales and storm sewers into 

small unnamed tributaries of Little Neshaminy Creek. The southern 35 percent of the facility (including Area 

B) drains toward the south to the headwaters of Southampton Creek, a tributary of Pennypack Creek. Both 

local drainage basins lie within the regional drainage basin of the Delaware River. Various studies 

conducted on the site have revealed that no areas within NAWC Warminster are included in the loo-year or 

,- 500-year floodplain. 
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Much of the natural drainage pattern has been altered by development, and drainage within developed 

areas of the NAWC Warminster property is controlled primarily through constructed drainage systems. A 

significant portion of precipitation runoff is directed by surface grading and paving to constructed ditches, 

culverts, and storm sewers. Several of the tributaries of Little Neshaminy and Southampton Creeks 

originate at, or near, the outfall points of these culverts adjacent to the facility boundary. Springs and seeps 

contributing to surface water flow have been reported or observed near the facility boundary in the vicinity of 

all sites except Site 8 (JRB Associates, 1981 and SMC Martin, 1991). An underground tile drainage system 

was used to drain the eastern portion of the facility when it was farmed in the 1940s (JRB Associates, 

1981). The present condition of the tile drains and their influence on surface or near-surface drainage are 

unknown. 

The location of NAWC Warminster represents a relative topographic high, based on the USGS quadrangle 

for the vicinity (Hatboro, Pennsylvania quadrangle, 1966). The crest of a local hilltop trends from west to 

east within the facility and is roughly coincident with the location of the main runway. Surface topography 

within the facility slopes away from the main runway to the north, west, and south, precluding surface water 

flow onto the facility from surrounding properties. Slopes range from nearly level to eight percent and 

average from three to five percent. Surface elevations range from a high of approximately 380 feet mean 

sea level (MSL) near the eastern end of the main runway to a low of approximately 300 feet where a small 

stream exits the northwestern part of the facility. 

3.2.1 Area A Hydrology And Topography 

Area A is located on the northern boundary of NAWC Warminster, east of Jacksonville Road (see Figure l- 

3). The sites are located on a generally flat-lying area. The unnamed tributary of Little Neshaminy Creek is 

located north of Area A, and the wastewater treatment facility, jet fuel storage area, and parking lots are 

immediately to the south. 

An unnamed tributary of Little Neshaminy Creek is located north of Area A (Figure 3-l). This stream 

originates from a stormwater culvert under Jacksonville Road and flows from the southeast to the northwest 

before turning north, away from NAWC Warminster. Between the base boundary and Bristol Road, the 

stream flows north under Means Road through pastures and small woodlots to the stream’s junction with 

Little Neshaminy Creek approximately 0.5 mile northwest of Traymore Borough on Creek Road. The 

stream near the base boundary is 2 feet wide and 2 to 3 inches deep with sand and gravel bottoms. As the 

stream approaches Little Neshaminy Creek, it widens to 10 feet and is over 6 inches deep. Several holes 

greater than 12 inches in depth were observed. The downstream portions of the stream are characterized 

by a rocky bottom with 2- to 3-foot cut banks. Flow rates were estimated in several of the narrow, faster- 
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flowing areas at approximately 3 gallons per minute (gpm). During base-flow conditions (i.e., when 

groundwater discharge into the stream contributes most of, it not all, the stream’s flow), large sections of the 

stream appear stagnant. 

Surface water drainage from portions of the airfield and hangar area discharges from a culvert located near 

where the stream originates. Surface water runoff from Area A and adjacent areas also enters the stream 

as overland flow. A culvert located near the point where the stream turns to the north and exits the property 

(OF1 as shown on Figure 2-3) was observed to be discharging water to the stream,during the Phase II 

investigation. Groundwater flow patterns indicate that overburden, and possibly shallow bedrock 

groundwaters, also discharge to the stream. 

Historical aerial photographs (circa 1940s and 1950s) indicate that a stream once drained the area in the 

vicinity of the main building complex at the base as well as portions of Area A. This stream originated west 

of Building 2 and flowed northwestward until it exited the base property. The stream and a ravine formed by 

its erosion action were filled when the stream was replaced by a storm sewer. The current outfall (OFI) 

within Area A and along the base boundary may represent the original discharge point of this stream to the 

unnamed tributary of Little Neshaminy Creek. This outfall lies downgradient of a disturbed area (DG3) and 

former dump (Dl) (as identified by EPIC). The second outfall (OF2) within Area A probably represents 

stormwater drainage from the parking lot south of the guardhouse. 

The stream adjacent to Area A is a small urban headwater reach, but it appears to be perennial. The 

portion of the stream within the NAWC Warminster property is channelized with a very high (10 to 12 feet) 

and steeply sloped (4:l to 5:l) southern bank that leads up to a paved driveway and parking area near Site 

2 and to a gravel parking area in the vicinity of Site 3. The stream channel averages approximately 4 feet in 

width and 5 inches in depth. It contains some pool areas of 1 to 2 feet or more in depth. The streambed is 

very rocky and gravelly, with little fine sediment. Construction debris such as concrete and some steel or 

aluminum metal debris were observed in the stream during the RI activities. 

No springs were seen on or adjacent to Area A. Isolated and/or displaced fragments of the underlying 

bedrock were observed in the stream embankment north of the sites. 

Several orange-colored seeps were observed along the creek bank north of Sites 2 and 3 during the Phase 

Ill RI. The seeps were found at several points along the creek, suggesting that there may be more than one 

entrance point of the seep into the creek. Preliminary analysis of the seep with the portable GC during 

Phase I indicated that no volatile compounds were present. It is not known if the seep material is spring fed. 
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3.3 SOILS 

According to the Soil Survey of Bucks and Philadelphia Counties, Pennsylvania (USDA, 1975) the sites at 

NAWC Warminster are underlain by five major soil types. These are Urban land and soils of the 

Duncannon, Lawrenceville, Chalfont, and Doylestown Series (see Table 3-l). 

Urban land occurs in highly developed areas where urban structures and works cover so much of the land 

type that identification of the soils is not practical. Most areas have been graded, and the original soil 

material has been disturbed, filled over, or otherwise altered prior to construction. As a consequence of 

these activities, the soil and foundation materials may be highly variable. The Urban land type within the 

facility is classified as Urban land Lansdale complex, zero to eight percent slopes. It consists of 

approximately 60 percent urban land, 35 percent Lansdale soils, and five percent other soils. Also included 

are some areas of various types of fill material. This complex has good drainage and is nearly level to gently 

sloping. 

Duncannon soils are deep, well drained, and nearly level to gently sloping. They occur on the upper 

elevations of low-relief upland areas and formed in silty wind-deposited sediment overlying shale and 

sandstone bedrock. The soils consist primarily of brown, yellowish-brown, dark brown, and dark reddish- 

brown silt loam and shaly silt loam. These soils have moderate permeability ranging from 4.4 x lOA cm/set 

to 1.4 x 1 Od3 cm/set. The depth to bedrock and’the seasonal high water table are each typically greater than 

4 feet below the surface. 

Lawrenceville soils are deep, moderately well drained, and nearly level to gently sloping. They occur on the 

middle and lower elevations of low relief upland areas and formed in silty wind blown deposits underlain 

mainly by material weathered from shale and sandstone. The soils consist primarily of dark brown, 

yellowish-brown, and brown silt loam with some sandy loam in the substratum. These soils have 

moderately slow permeability ranging from 1.4 x 1 OA cm/set to 4.4 x 1 O4 crn/sec. The depth to bedrock is 

typically from 4 to 8 feet below the surface, and the seasonal high water table may be within 18 to 36 inches 

of the surface in wet seasons. 

Chalfont soils are deep, somewhat poorly drained, and nearly level to gently sloping. They occur in concave 

positions on low-relief uplands and formed in the silty wind-blown mantle overlying loamy material 

weathered from red and brown shale and sandstone. The soils consist primarily of brown, dark yellowish- 

brown and grayish-brown, silt loam, silty clay loam, and shaly silt loam that may be compact, firm, and brittle 

within the subsoil. These soils have slow permeability of less than 1.4 x 104cm/sec. The depth to bedrock 

is typically from 4 to 8 feet below the surface, and a high water table is within 6 to 18 inches of the surface in 

wet seasons. 
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TABLE 3-I 
NAMC WARMINSTER SOILS 

1, 2, and 3 Urban land-Landsdale complex, O-8% slopes 

Duncannon silt loam, 3-8% slopes 

Reference: Soil Survey of Bucks and Philadelphia Counties, Pennsylvania, United States 

Department of Agriculture, Soil Conservation Service, 1975. 

Doylestown soils are deep, poorly drained, and nearly level to gently sloping. They occur at the bases of 

slopes and in depressions and formed in silty wind-blown deposits overlying loamy material weathered from 

shale and sandstone. The soils consist primarily of grayish-brown and dark grayish-brown to brown and 

dark brown silt loam and silty clay loam that is firm, dense, and brittle at places within the subsoil. These 

soils have slow permeability of less than 1.4 x lo4 crn/sec. The depth to bedrock is typically 4 to 7 feet 

below the surface, and a seasonal high water table is at or near the surface in wet seasons. 

Soil thicknesses in the vicinity of Area A ranged from 6.5 to 16 feet in depth. The soil appeared to be 

thinnest (6.5 to 8 feet) north of the former wastewater impoundments adjacent to Site 1. Soil types 

observed at Area A were mostly orange-red, red, and brown silt with less common thin beds of red and tan, 

fine- to medium-grained arkosic sand. 

The United States Soil Conservation Service (SCS) has mapped the soil at Area A as “Urban land soils”. 

During Phase I, waste material was discovered, including cinders and wood, glass and metal fragments, 

indicating that these soils have been’reworked. 

3.4 REGIONAL GEOLOGY 

NAWC Warminster is located in the Piedmont Physiographic Province and Triassic Lowlands Section of 

southeastern Pennsylvania. The province is extensive and gently undulating and generally slopes to the 

southeast. The land forms have been modified by erosion to form moderate slopes and gently rounded hills 

with a dendritic drainage pattern. 
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The bedrock underlying NAWC Warminster belongs to the late Triassic age Stockton Formation. The 

Stockton Formation is unconformably underlain by basement rocks of Ordovician to Precambrian age that 

crop out approximately 2 miles south of the facility. The Stockton Formation is conformably overlain by the 

shale- and argillite-rich Lockatong Formation, also of late Triassic age, which crops out approximately 2.5 

miles north of the facility. 

Within the general area surrounding NAWC Warminster, the beds of the Stockton are reported to strike to 

the northeast and dip from 7 to 16 degrees to the northwest, with an average regional dip of about 12 

degrees (Rima, et al., 1962). Based on its outcrop width and this regional dip, the Stockton Formation is 

estimated to be approximately 2,200 feet thick beneath NAWC Warminster. 

The Stockton Formation is extensively faulted by small displacement normal faults and is cut by well- 

developed joint systems. The joint sets occur in a discernible and predictable pattern. The most frequently 

occurring joint sets trend perpendicular and parallel to the strike of the bedding. Another commonly 

occurring joint set trends to the northwest at an angle of about 50 degrees from strike (Rima, et al., 1962). 

The Stockton Formation is composed of fine- to coarse-grained arkosic sandstone and conglomerate 

interbedded with shale and siltstone. These rocks are interpreted to have been deposited by coalescing 

alluvial fans that deposited sediment eroded from highlands to the south (Slot0 and Davis, 1983). 

Throughout the Stockton Formation, units of varying lithology are irregularly interbedded, with coarse- 

grained units commonly overlying fine-grained units. Beds commonly pinch out or form gradational contacts 

with overlying or underlying beds over lateral distances greater than several hundred feet (Rima, et al., 

1962). 

The Stockton Formation is divided into the lower arkose, middle arkose, and upper shale members. 

Detailed geologic mapping of these three members is not available within Bucks County. However, 

projections from geologic maps for the area 1 mile west of the NAWC Warminster indicate that the facility is 

underlain by the middle arkose member of the Stockton Formation (Rima, et al., 1962). 

The middle arkose member of the Stockton Formation consists of beds of fine- and medium-grained arkosic 

sandstone with interbedded red shale, siltstone, and very fine-grained red sandstone and a few beds of 

coarse-grained arkose. Beds of shale and siltstone are more common in the upper portion of the member, 

and coarser-grained units are more common in the lower portion. Many of the beds in the middle arkose 

member are well sorted and weakly cemented, which creates a relatively high porosity compared to the 

lower and upper members (Rima, et al., 1962). The thickness of the middle arkose member beneath 

NAWC Warminster is unknown but is estimated to range from approximately 500 feet thick near the 

southeastern boundary of the facility to about 1,500 to 2,000 feet thick near the northwestern boundary. 
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The lower arkose member of the Stockton Formation underlies the middle arkose member and is projected 

to crop out approximately 2,000 feet or more southeast of the base. The lower arkose member is 

dominated by coarse-grained arkosic sandstone and conglomerate. Beds of medium-grained arkosic 

sandstone are common, though less abundant than the coarser-grained units. The lower arkose member is 

estimated to be approximately 1,700 to 1,800 feet thick in the vicinity of NAWC Warminster (Rima, et al., 

1962). 

The upper shale member of the Stockton Formation is not present in the vicinity of the base, but it overlies 

the middle arkose member several miles northwest of the facility. The upper shale member consists of 

shale, siltstone, and fine-grained arkosic sandstone. The sandstone is most common in the lower portion of 

this member. 

3.4.1 Area A Geology 

The following discussion is an overview of the Area A geology. A more detailed discussion of site geology 

and hydrogeology is presented in the Focused RI Report for Groundwater, dated 1995 (HNUS, 1995e). 

The geology within Area A consists of a thin veneer of residual soils overlying the sedimentary bedrock of 

the Stockton Formation. The soils primarily consist of silt and clay, with minor amounts of sand and rock 

fragments. Typically, the soils grade into weathered bedrock at depths of about 8 to 10 feet bgs and to 

competent bedrock at a depth of about 15 feet. The transition from soils to competent bedrock occurs 

gradually and varies somewhat in depth throughout the area. The bedrock surface generally slopes to the 

north and northwest and is similar to the ground surface slope. 

The bedrock within Area A consists of alternating sequences of fine- and coarse-grained, gently dipping 

rock units. Lithologic units typically vary in thickness from less than 1 foot to about 40 feet, with some 

coarser-grained sequences locally reaching thicknesses of about 80 feet. The fine-grained units consist 

primarily of red-brown siltstones and shales. The coarse-grained units typically consist of fine- to coarse- 

grained arkosic sandstones that range in color from red-brown to gray and green-gray. Transitions from one 

lithology to another range from well-defined, gradational sequences to abrupt lithologic changes. 

Individual rock units vary both in thickness and in areal extent, with some lithologies extending for significant 

distances across Area A and others pinching out within relatively short distances. Thicker beds typically 

extend laterally for greater distances than thinner beds. Fine-grained beds tend to be more laterally 

extensive than the coarser-grained rock units, although coalescing sandstone beds may form laterally and 

vertically extensive packages of coarse-grained sediments. 

Transitions from one lithology within Area A, a bedrock strike of north 64 degrees east, and a dip of 7 

degrees to the northwest, were measured based on correlations that were made among geophysical logs 
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from selected well borings. The dip of the rock is generally consistent with the overall topographic slope 

within Area A. Fractures were encountered at varying depths within the well borings. The fractures occur at 

lithologic contacts (bedding- plane fractures) and as fractures cutting across sedimentary units. Both the 

finer- and coarser-grained rock types are fractured to varying degrees. 

3.5 REGIONAL HYDROGEOLOGY 

The fractured bedrock of the Stockton Formation is the major source of groundwater in the vicinity of NAWC 

Warminster. The middle arkose member of the Stockton Formation is considered to be the most productive 

bedrock aquifer in Bucks County. 

Within the water-bearing zones in the fine- and medium-grained sandstones of the Stockton Formation, 

groundwater is transmitted chiefly through fractures, joints, and bedding planes (secondary permeability and 

porosity). Primary porosity is generally minimal in these rock units. The shale and siltstone beds are 

commonly too fine grained to transmit large amounts of groundwater through primary porosity, and the 

fractures are typically not as well developed compared to the coarser-grained units. Consequently, the 

shale and siltstone beds often act as confining layers to groundwater. The bulk of the groundwater is 

transmitted through the fractures and, to a lesser extent, the primary porosity of the sandstones. 

The Stockton Formation in the vicinity of NAWC Warminster forms a complex, multi-aquifer system. The 

individual water-bearing zones of the Stockton Formation may belong to either of three different aquifer 

types which, in descending subsurface order, include 

. Overburden (weathered bedrock) .aquifer 

. Shallow bedrock aquifer 

. Deeper bedrock aquifer 

The overburden aquifer consists of soil and saprolite (weathered bedrock) derived from the erosion of the 

truncated edges of the inclined bedrock layers. The overburden aquifer generally extends to an average 

depth of about 20 feet. 

The shallow bedrock aquifer underlies the overburden aquifer and may extend to depths of about 75 to 120 

feet bgs. The shallow bedrock aquifer is recharged by vertical percolation from the overburden aquifer and 

is the primary reservoir for groundwater storage in the Stockton Formation. The shallow bedrock aquifer 

occurs within the weathered and unweathered shallow bedrock and is generally under water-table or 

unconfined conditions. The shallow bedrock aquifer may consist of numerous discrete water-bearing zones. 

Horizontal groundwater migration in response to regional gradients (controlled by topography or long-term 

well pumping) is significant in the shallow bedrock aquifer. 

LiDOCUMENTS/NAWl7603/14093/SECT3 3-9 



The deeper bedrock aquifer underlies the shallow bedrock aquifer and typically occurs at depths greater 

than about 75 to 120 feet bgs. Water within the deeper bedrock aquifer occurs under semi-confined or 

confined conditions. Leakage from one water-bearing unit to another occurs when there is a difference in 

the hydraulic head between the units. Groundwater flow is from the unit with a higher hydraulic head to the 

unit with a lower hydraulic head and can be either upward or downward. Pumping effects may either 

amplify or reduce the leakage rate, depending on whether the pumping increases or decreases the 

difference in hydraulic head. 

Groundwater flow directions within the Stockton Formation are variable and are controlled by topography, 

bedrock structure, and the locations of groundwater discharge points such as streams and wells, 

3.51 Area A Hydrogeology 

Groundwater within Area A is primarily encountered within the bedrock of the Stockton Formation. The 

overlying soils contain minor amounts of water in some areas, primarily near the base boundary along the 

northern edge of Area A. Due to the limited extent of the saturated soils and the clayey nature and resulting 

low permeability of the soils, this groundwater migration pathway is of minor significance in comparison to 

the bedrock groundwater flow system. 

,;“--. 

The primary migration pathway for the groundwater within the bedrock is within the extensive network of 

interconnected fractures. Some minor primary or intergranular porosity also contributes to the system, 

especially in the sandstone units. In general, the sandstone units function as the primary water-transmitting 

units, and the siltstones and shales act as semiconfining layers to groundwater flow. Although all rock types 

are fractured to varying degrees, the fractures within the sandstones tend to have higher yields. 

The groundwater flow direction in the shallow bedrock (to a depth of approximately 90 feet) and 

intermediate bedrock (to a depth of approximately 150 feet) is to the north-northwest, with average 

horizontal gradients of 0.02 and 0.025, respectively. The flow direction and gradient are similar to the dip of 

the bedrock and the slope of the ground surface and are in the direction of several unnamed tributaries to 

Little Neshaminy Creek. The groundwater flow within the deep bedrock (to a depth of approximately 300 

feet) is to the north-northeast. 

Vertical groundwater flow gradients are generally upward, from deeper flow zones to shallow flow zones. 

The overall pattern of vertical head differentials indicates that groundwater in the bedrock exists under 

semiconfined conditions. The laterally persistent mudstone units are believed to function as the 

semiconfining layers. 

More detailed information on the geology and hydrogeology of Area A is presented in the Phase II RI Report 

for OU-I (HNUS, 1993a) and the Draft Focused RI Report for Groundwater (HNUS, 1995e). 
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3.6 GROUNDWATER USE 

NAWC Warminster and nearby residents and businesses rely primarily on groundwater for their water 

supply. The majority of these people are served by municipal water authorities, and the remainder utilize 

private domestic or commercial wells. 

Residential wells occur throughout a l-mile radius from the base. The largest clusters of wells are generally 

located south of the base. All residential wells around the base have been sampled by the Navy at least 

once, and most have been sampled multiple times as part of Navy’s groundwater monitoring program. 

A survey was performed to identify major pumping wells within an approximate l-mile radius around 

NAWC Warminster (B&R Environmental, 1996a). The purpose of this survey was to determine where the 

major groundwater withdrawal centers around the base are located. These withdrawal centers may 

influence local groundwater flow patterns. A total of 37 public supply and industrial wells (including the 11 

on-base wells) were identified within approximately 1 mile from the base. A total of 29 of these wells are 

currently active. All available data, including construction details and current and historic usage patterns, 

are summarized in the referenced report. 

3.6.1 Area A Groundwater Use 

Residents near Area A rely entirely on groundwater sources for their water supply. The majority of these 

people are served by the Warminster Township Municipal Authority (WTMA), and the remainder use private 

domestic wells. The nearest municipal supply well, WTMA Well No. 26, is less than 2,000 feet from the 

base boundary. The closest active well serves a commercial business, which is 800 feet northeast of Site 3. 

Well No. 26 is a lo-inch-diameter well and is 250 feet deep. It is cased to a depth of 70 feet bgs and the 

average daily withdrawal rate is about 340,000 gallons, based on 1994 data. 

The closest former well near Area A was a production well about 400 feet north of Site 2. This well was 

decommissioned for production water in 1995 when a public water connection was made. 

3.7 ECOLOGY 

Openland, woodland, and wetland habitats are all found within or near the facility. These include mowed 

fields and lawns, nonforested overgrown land, wooded areas, forested wetlands, scrub/shrub wetlands, and 

streams and their adjacent riparian areas. There are no known critical habitats of endangered species 

located within 1 mile of the facility (NUS, 1985). 
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Mourning doves, pheasants, and various songbirds such as sparrows, red-winged black birds, goldfinches, 

cardinals, blue jays, and robins are present throughout NAWC Warminster. Canada geese and ducks have 

been observed in the streams south of Area B and north of Area A. Snakes, leopard frogs, and muskrat 

have also been observed in or near the stream north of this area. Snails, earthworms, amphipods, and 

larval insects have been observed. Small fish or minnows tentatively identified as creek chubs are present 

in each of the streams from which surface water and sediment samples were obtained. White-tailed deer, 

groundhogs, rabbits, and squirrels are common throughout the facility. Raccoon tracks have been observed 

in several adjacent streams. 

3.7.1 Area A Ecology 

The south bank of the stream was sparsely vegetated with various wildflowers, vines, and shrubs (i.e., 

goldenrod, greenbriar, and blackberry). The north bank is more gradually sloped and is vegetated with 

similar herbaceous plants and shrubs. A small forested wetland dominated by mature red maple and 

arrowwood is just north of the stream and beyond the fence-line that delineates the limit of the NAWC 

Warminster property. At the time of the biological characterization, an orange-colored flocculent, presumed 

to be oxidized iron precipitate, was observed in certain sections of the channelized stream reach. A 

relatively small amount of epilithic and filamentous algae was covered with the orange material, as were 

nearby sediments. Substrates in this stream reach were sands and small gravel, and fine sediments 

(i.e., silts) had accumulated in each of the pools. 

Snails and earthworms were commonly found in this part of the stream. Larval insect families (e.g., midges, 

mayflies) were not collected during the characterization. Small fish, believed to be creek chubs, were seen 

in the pool near Jacksonville Road but were not seen in the pool at the opposite end of the study area. 

Leopard frogs were observed along the edge of the stream. Neither turtles nor snakes were found, but they 

are believed to inhabit the riparian zone of the stream and adjacent wetland. Songbirds (including sparrows, 

red-winged black birds, and goldfinches) were common in shrubs and trees near the edge of the stream. 

During subsequent investigations, a nesting female duck was also obsenred along the edge of the stream. 

Raccoon tracks were observed on a sand bar in the stream. 

Wetlands were assessed along the unnamed tributary of Little Neshaminy Creek that flows north of Area A 

(HNUS, 1994d). Six locations (Points 1 through 4, 10, and 11) were evaluated (Figure 3-2). Point 11, 

located between the base boundary and the Wagner & Sons property, is one of the two closest surface 

waters to the base. It is probably fed by a combination of rainfall (watershed runoff), stormwater runoff from 

roads, and groundwater. Urban impacts from residential septic tanks, lawn runoff (pesticides and fertilizers), 

and industrial runoff from parking lots and storage facilities are minimal upstream of this point. No fish kills, 

stressed vegetation, or other evidence of pollution or contaminated water were observed. 
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At Point 11, the tributary was 2 feet wide and 2 inches deep and characterized by a sandy/mud bottom. The 

banks were 6 inches high. The National Wetlands Inventory (NWl) map indicated that much of the wooded 

area east of Jacksonville Road was classified as palustrine, forested, broad-leaved deciduous, temporary 

(PFOIA). Mature silver maple and green ash dominated the canopy. A sparse sub-canopy was dominated 

by spicebush. The stream became more distinct near the Wagner plant approximately 300 feet from the 

base boundary where it exited a small spicebush scrub-scrub swamp with a dense herbaceous layer of 

jewelweed and skunk cabbage. 

The Bowmansville silt loam soil was hydric at Point 11 with saturated conditions at the soil surface. The 

forest associated with the stream provides good excellent habitat for a large variety of wildlife. Birds were 

observed throughout this area, including wood thrush, tufted titmouse, black-capped chickadee, European 

starling, common crow, house sparrow, gray catbird, common yellowthroat, American robin, chimney swift, 

common grackle, turkey vulture, blue jay, and downy woodpecker. 

Farther downstream at Point 10, the tributary was a 3-foot-wide, 3iinch deep stream meandering through an 

8-foot-wide rocky streambed. The banks were 3 to 4 feet high. Point IO was located between Jacksonville 

and Mearns Roads. The NWl map indicated that the streambed and banks were classified PFOIA 

downstream from the road crossing and riverine, lower perennial, open water, permanent excavated 

(R20WHx) upstream of the road crossing. The area upstream of the crossing was an excavated storm 

ditch through an industrial area. Silver maple, green ash, and box elder were located adjacent to the 

stream downstream of the road, and only grasses and blackberry lined the ditch upstream of the road. 

At Point 4, the unnamed tributary was 2 feet wide and 6 inches deep and characterized by a rocky bottom. 

The banks were 2 feet wide. The NW/ map indicated that this area was classified as riverine, lower 

perennial, open water, permanent (R20WH). The stream flowed through the backyards of several single- 

family residences within a subdivision between Mearns and Bristol Roads. Mowed and maintained lawns 

extended to the top of the bank, which had scattered silver maple and weeping willow. Toys were observed 

in and adjacent to the stream, indicating that children frequently play and wade in the stream. The only 

animal observed was an American robin. 

Downstream from Point 4 at Point 3, the stream was IO feet wide and 6 inches deep and had a rocky 

bottom. The banks were 3 feet high. Point 3 was also downstream from where the tributary draining Area C 

flows into the tributary draining Area A and where sanitary wastewaters are discharged from the NAWC 

Warminster wastewater treatment plant. The Bowmansville silt loam floodplain soil at this location was 

hydric, although it was not indicative of a wetland. The NWI map classified this area as palustrine, 

emergent, narrow-leaved persistent, seasonal (PEMSC); however, the area had been filled for a new office 

building and the only wetland habitat was a 4- to 5-foot wide strip of vegetation along the stream that would 
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be classified as PFOIA. The vegetation was primarily silver maple, green ash, and blackberry. No animals 

were observed. 

The farthest downstream points (i.e., 1 and 2) were near Creek Road and Mearns Road, respectively. The 

stream was 10 feet wide and 6 inches deep and had a rocky bottom. The banks were 3 feet high and the 

Bowmansville silt loam floodplain soils at these locations were hydric, although at Point 1 the soil was 

indicative of a wetland. The floodplain ranged from 100 to 200 feet wide and was characterized by red oak, 

green ash, black cherry, black walnut, American beech, silver maple, and tree of heaven. The dominant 

understory species were blackberry, Japanese honeysuckle, and lawn grasses. The NW/l map classified 

the stream, stream banks, or the floodplain at these points as PFOIA. At Point 2, the wooded wetlands 

were characterized by ridges and sloughs that differed in elevation by 2 to 3 feet. Evidence of overbank 

flooding was common throughout these woods. 

Several birds and animals were seen in the vicinity of Points 1 and 2. Birds included the gray catbird, purple 

finch, American robin, black-capped chickadee, ruby-throated hummingbird, orchard oriole, yellow warbler, 

mourning dove, common grackle, red-winged blackbird, common yellowthroat, and song sparrow. Tracks of 

animals observed included the white-tailed deer and raccoon. Fish up to 3 inches long were common in the 

stream. The wooded stream corridor along this segment of the stream was one of the largest woodlands in 

the surrounding area. 

The wetlands assessment in the vicinity of Area A concluded that the stream and wetlands appear to be 

fairly healthy. Some forested areas provide good wildlife habitat within an urbanized landscape. No 

evidence of pollution, fish kills, or stressed vegetation was observed. Urban trash and litter (tires, boards, 

bottles, cans, paper, plastic) were common in the unnamed tributary and scattered throughout the 

floodplains. 
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4.0 NATURE AND EXTENT OF CONTAMINATION 
&-a ,~ 

4.1 INTRODUCTION 

The nature and extent of environmental contamination for Area A media other than groundwater are 

discussed in this section. As noted in Section 2.0, environmental investigations in Area A were initiated in 

1989 and included several RI investigations (Phases I, II and Ill), supplemental investigations, and 

verification sampling during the Area A soil removal actions. The nature and extent of contamination as 

defined by the Phase Ill RI were described in the Phase Ill RI Report (B&R Environmental, 1996a). The 

following discussion summarizes the distribution and concentration of contaminants in site media that 

remained following the Area A removal actions and is based on the concentrations detected in those soil 

samples that were not removed during the excavation activities. 

The validated data generated during the RI work and subsequent investigations provide the basis for this 

information. The analytical database for all samples is contained within Appendix A. 

4.2 SITE 1 

During the Phase I RI work, only cinders were detected in confirmation soil borings conducted near Site 1. 

This waste may represent the regraded remains of material from the burn pit, although no distinct scorched 

soil horizon was encountered. The Phase I borings were drilled through most of the suspected sources in 

the vicinity of Site 1. An area of clean fill was detected between the base fence line and the westernmost 

concrete lagoon (see Figure 4-l). The thickness of fill material at Site 1 averaged between 4 and 5 feet. 

The average thickness of waste-containing material was between 5 and 6 feet. 

During Phase Ill, five of the seven test pits excavated at Site 1 showed the presence of a layer of multi- 

colored silty clay. This may represent buried sludges that were relocated from the Impoundment Area. 

These test pits were generally located between the western and central portions of the site (see Figure 2-8). 

No elevated HNu readings were obtained in any test pit. Wood and cinders were observed in two of the 

pits. Plywood, fabric, and many blankets were seen in one test pit (TPOl-01-07) which was located in the 

center of the site. 

In addition to the test pits, seven hand-augered soil borings and nine hand-augered confirmation borings 

were installed at Site 1 during the Phase Ill RI. Subsurface soil samples were collected for chemical 

analysis from borings. The multi-colored silty clay was seen in four of the seven soil borings; only one 

boring had a slightly elevated HNu reading of 1 ppm. The soil borings were also located between the 
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western and central portions of the site. Two soil borings located in the eastern section of the site had 

f-7 slightly elevated HNu readings of 1 and 4 ppm, but they did not contain the multi-colored silty clay. Figure 2- 

8 details the Phase Ill soil boring locations. 

Nine confirmation borings were drilled at Site 1 during Phase Ill to better define the extent of the silty clay. 

These were placed surrounding the known area of the silty clay after the test pits and soil borings were 

excavated or drilled. Only one location revealed the presence of the silty clay located in the central section 

of Site 1. Although the silty clay appears to include the approximate location of EPIC feature TR8 and a 

large portion of MM4. it does not extend past the base fenceline to the north nor does it extend to the 

Impoundment Area. These results suggest the presence of buried sludges, which were relocated from the 

former Impoundment Area. 

Appendix D contains the soil boring logs for Site 1. Test pit logs are contained in Appendix E 

4.2.1 Site 1 Geophysical Survey Results 

4.2.1.1 Phase III EM Survey 

The Phase Ill EM survey in the vicinity of Site 1 revealed only one significant anomaly not related to known 

utility lines or other cultural features. This anomaly was observed as a slight increase in the inphase 

response near the northernmost corner of Area A (Figure 4-2). The anomaly was located along profile lines 

40 and 60 from stations 15 to 55 and along profile line 80 from stations 15 to 50. The maximum inphase 

response was between 6 and 8 parts per thousand (ppt), recorded along profile line 60. The anomaly was 

present in the inphase response only and may indicate the possible presence of buried metallic waste. The 

location of this anomaly correlates well with the Navy-surveyed location of aerial photo feature MM4 from 

the EPIC analysis (Figure 4-3). The Phase Ill EM survey results are detailed in Appendix 6. 

4.2.1.2 Post-Removal Magnetic and EM Surveys 

Supplemental magnetic and EM surveys were conducted in the vicinity of Sites 1 and 2 during the 1998 

removal action. The purpose of the geophysical surveys was to locate any remaining buried drums and 

other ferrous metal objects and to clear drilling locations for the Area A extraction well network. Detailed 

information regarding the surveys is presented in a TtNUS December 1998 letter report (TtNUS, 1998n). 

The complete results of the supplemental surveys are outlined in Appendix B. 
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Based on the supplemental surveys, four anomalous zones were identified in the vicinity of Sites 1 and 2. In 

addition, about 20 isolated anomalies were also identified (TtNUS, 1998n). Figure 4-4 details the four 

anomalous zones and the isolated anomalies. 

Anomalous Zone 1 begins near the Site 1 and Site 2 boundary. A former walkway is present on the eastern 

edge of this zone. The cause of this zone may be associated with possible lighting foundations, the 

sidewalk itself, and associated metallic objects. 

Isolated anomalies indicated by “Xs” on the anomaly map generally were detected by both magnetic and 

electromagnetic instrumentation. The size and strength of these anomalies likely represent small metallic 

objects and not steel drums or drum remnants. The report on the supplemental surveys recommended 

that the anomalies be ground-checked to determine if surface features may have caused the associated 

geophysical responses. 

4.2.2 Site 1 Soil Gas Survey Results 

The most recent soil gas survey at Site 1 was conducted as part of the Phase III RI work scope. No 

additional surveys were conducted subsequent to that work. As outlined in the Phase Ill RI Report (B&R 

Environmental, 1996a), significant soil gas results for Site 1 (Figures 4-5, 4-6 and 4-7) were as follows: 

I 

. 

Elevated VOCs were detected in several soil gas samples near and within Site 1. Chemicals 

frequently detected included PCE, TCE, cis-1,2-DCE, carbon tetrachloride (CCL,), and ethylbenzene. 

Soil gas samples near well cluster HN-1 1 frequently showed CC&, TCE, and PCE within 100 feet of 

the northern base boundary. This area generally exhibited the highest individual VOC concentrations 

within the EPIC features for Site 1. 

TCE was detected in soil gas samples between the buried impoundment area and Site 1, particularly 

between IM3, IM4, and Pl/GSl. The highest TCE concentration was 24 ug/l. TCE was not found in 

samples from the vicinity of MM4 and the western end of TR8. 

PCE was detected at low levels ranging from 0.09J to 0.86J ug/l throughout Site 1. 

Some VOCs were found in soil gas samples taken from just north of the base fenceline in this area. 

Although benzene was not detected in samples from this area, other BTEX compounds were 

detected in nine soil gas samples from the vicinity of Site 1. Positive concentrations ranged from 5.9 

to 37 ugll. 
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,,.ew-. 
l Higher VOC levels generally were found in the deeper soil gas samples taken at each soil gas 

location. 

Detailed results of the soil gas survey are contained in Appendix C. 

4.2.3 Site 1 Surface Soil Results 

4.2.3.1 Pre-RemovalSample Results 

Tables 4-l and 4-2 provide the occurrence and distribution of inorganics and organics in background and 

site-related surface soil samples collected during the Phase III RI. The average depth of the Area A 

surface soil samples, as noted in Section 2.0, was between 6 and 30 inches. The pre-removal results 

included those samples collected up to and including 1996; the post-removal results included those 

samples collected to better define the soil excavation areas, as well as the removal action verification 

samples. 

As part of the Phase III RI, a risk assessment was conducted for Area A (B&R Environmental, 1996a). 

The objectives of the risk assessment were to define the actual or potential risks to human health and the 

environment resulting from the presence of contamination in surface water, surface soil, subsurface soil, 

and sediment and to provide the basis for determining appropriate remedial measures. For Site 1 surface 

soils, the identified exposure routes included incidental ingestion of, dermal contact with, and inhalation of 

fugitive dust via surface soil for current industrial employees and future residents. Four compounds 

identified during the sampling activities were selected as COCs for Site 1 surface soils: 1,2,3,7,8-PECDD, 

Aroclor 1248, OCDD, and Aroclor 1260. Based on the risk analysis, the total cancer risks (exposure to 

COCs via all three pathways) for the current industrial and future residential receptors were within the 

l.OE-04 to l.OE-06 target risk range, Therefore, no removal actions for surface soils within Site 1 were 

proposed. 

4.2.3.2 Post-Removal Sample Results 

During the excavation of subsurface soils at Site 1 in 1998, the surface soils were excavated from 

excavation areas IA and IB, stockpiled, and later used as backfill. Figure 4-8 details the post-removal 

surface soil sample locations. Table 4-3 provides the occurrence and distribution of organics and 

inorganic compounds in the surface soil sample (SS-01-06) present at Site 1 following the removal action. 

Analytical data (Appendix A) from the surface soil sample were compared to both federal and state soil 

screening criteria for an industrial exposure scenario. The intended future use of Site 1 is industrial. As 

noted in Section 2.0, federal soil screening criteria included EPA Region III Risk-Based Concentration 
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OCCURRENCE AND DISTRIBUTION OF INORGANICS IN SITE 1 SURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

m9w 

BACKGROUND I SITE-RELATED 

FREQUENCYOF RANGE OF 1 REPRESENTATIVE 1 FREQUENCY OF 1 RANGE OF 1 REPRESENTATIVE 
SUBSTANCE DETECTlON 

ALUMINUM 31 I 31 

ARSENIC 27 / 31 

BARIUM 27 I 29 

BERYLLIUM 271 31 

CADMIUM 01 31 

CALCIUM 25 I 29 

CHROMIUM 31 I 31 

COBALT 27 I 30 

COPPER 29 I 31 

CYANIDE 01 21 

POSITIVE DETECTION CONCENTRATlON 

4790 - 16100 15292 

0.29 - 12.1 10.50 

34.1 - 225 74.12 

0.31 - 1.7 0.90 

240 - 1910 773 

7.9 - 35.3 21.59 

1.6 - 22.1 10.32 

3.6 - 30.6 13.56 

DETECTION POSlTlVE DETECTlON CONCENTRATlON 

61 6 15lM) - 22600 19526 

51 5 4.1 - 7.2 6.99 

51 5 61.9 - 101 101 

51 5 0.97 - 1.2 1.2 

2/ 5 2.7 - 3.4 3.4 

5/ 5 884 - 2800 29Ml 

61 6 26.1 - 263 263 

61 6 9.6 - 15.3 14.27 

51 5 6.3 - 23.4 23.4 

31 6 2.1 - 3.6 3.6 

IRON 31 I 31 6960 - 410500 64527 61 6 21800 - 31300 30442 

LEAD 31 I 31 1.6 - 96.6 16.69 6/ 6 11.6 - 35.1 28.71 
MAGNEPll fM ‘),I RI *,I( _ da?” 3479 z, c. %l.m es,-/” 3042 
- 

IjZlNC I 27 I 29 I 9- 60 I 31.34 I 51 5 I 39.8 * 62.2 I 

l = QUALIFIERS FOR DATA ARE PRESENTED IN DATA PRESENTATION TABLES 

01’ ‘“IBLESRIR 3l15lOO 9:31 AM 
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OCCURRENCE AND DlSTRlBUTlON OF ORGANICS IN SITE 1 SURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 
/ @g&9) 

II 1.2.3,6,7,6-HXCDD 1.2,3,6.7.6-HXCDF 01 01 3 3 21 II 5 5 0.6027 0.0041 - 0.01 0.0041 0.01 

2,3,7&PECDD 01 3 215 0.01 0.0094 

1 * = QUALIFIERS FOR DATA ARE PRESENTED IN DATA PRESENTATION TABLES 
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TABLE 4-3 
OCCURRENCE AND DISTRIBUTION OF ORGANICS AND INORGANICS IN SITE 1 SURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

I.” Y YY.” Y “u-8” . . . . ..I . ..“” 
MANGANESE 

I I.” 
29/29 30.9 -2010 BG-28 604 [ 111 512 512.00 SS-01-06 512 

NICKEL 18129 4.1 J-21.7 J BG-23-DUP 11.1 l/l‘ 12.8 12.80 SS-01-06 12.8 
POTASSIUM 25129 89.1 - 3050 BG-24 997 ill 892 892.00 SS-01-06 892 
VANADIUM 29129 15.4 -45 BG-12 32.2 l/l 34.7 34.70 SS-91-06 34.7 

BENZENE 0119 111 2 .’ 2.00 SS-01-06 2 

CHLOROBENZENE 0119 111 2 2.00 SS-01-06 2 
TOLUENE 3119 2 80-17, BG-21. BG-22 2 l/l 2 2.00 SS-01-06 2 
Notes: 
l - Minimum and maximum detected site-related concentrations are based on duplicate samples. 
Units ara ma/kg for inorganics, ug/kg for organics. 
Number of sample results excludes rejected data or blankqualified data. Duplicates are consolidated into one result. 
Mean of all data includes positive detections and non-detected results. Detection limits are divided by two. 
The determination of representative concentrations is based on comparison of maximum to the 95% UCL, which is presented in a separate table. 
Frequency of detection refers to the number of times campound was detected among all samples versus total number of samples. 
Numbsr of samples may vary based on the number of usable results. 
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(RBC) Tables (EPA, 1999b). State of Pennsylvania criteria were obtained from the Statewide Health 

Standard Tables, Subchapter C, section 250.312 of the PA Land Recycling Program Regulations. No 

exceedances of the criteria were present in the remaining Site 1 surface soil sample. 

4.2.4 Site 1 Subsurface Soil Results 

4.2.4.1 Pre-Removal Sample Results 

Based on the results obtained from the Phase III RI, the Navy conducted a removal action of certain 

subsurface soils from Site 1. Subsurface soils were defined as those at depths generally greater than 2 

feet from the ground surface. In Site 1, the subsurface soil sample depths (i.e., top of sample interval) 

ranged from 2.5 feet bgs to 12 feet. Samples were collected from soil borings (i.e., split-spoon samples) 

and test pit excavations, as discussed in Section 2.0 of this report. The purpose of this action was to 

remediate soils contaminated primarily with antimony, cadmium, and TCE. Tables 4-4 and 4-5 detail the 

occurrence and distribution of inorganic and organic compounds in background and Site 1 subsurface 

soils prior to the 1998 removal action. The removal action, including determination of clean-up goals, is 

detailed in the following reports: 

l Removal Site Evaluation Report for Area A Soils; April 1998 (B&R Environmental, 1998a) 

l Post Removal Summary Report, Area A, Sites 1,2, and 3; May 1999 (TtNUS, 1999a) 

Figure 4-9 outlines those areas within Site 1 in which subsurface soils were excavated and disposed off 

site. 

4.2.4.2 Post-Removal Sample Results 

Table 4-6 presents the occurrence and distribution of organics and inorganics in background and Site 1 

subsurface soil samples that remained after the 1998 removal action. Analytical data obtained from the 

analysis of the Site 1 post-removal subsurface soil samples were compared to federal and state soil 

screening criteria for industrial exposure scenario. Figure 4-10 details those post-removal subsurface 

sample locations where contaminant concentrations exceeded both the highest observed background 

concentration for that contaminant and one of the screening criteria, as shown on the analytical summary 

tables contained in Appendix A. Arsenic was the only detected compound that exceeded the maximum 

background and screening criteria. In samples SB-01-13 and SB-01-14, arsenic was detected at 12.8 

mg/kg and 25.5 mg/kg, respectively. Samples SB-01-13 and SB-01-14 are from the same boring location 

in the northwestern corner of Site 1. Sample SB-01-I 3 was collected from a depth of 4 to 5 feet bgs and 
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TABLE 4-6 
OCCURRENCE AND DISTRIBUTION OF OAGANICS AND INORGANICS IN SITE 1 SUBSURFACE SOIL (POST.REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

. . 
I 25129 I 34.1 -225 BG-28 I A7 1 I 17li7 I I 

BERYLLIUM 
SB-01-02 

2.5129 
130 

0.31 -1.7 J 
CADMIUM 

SB-01-14 2.03 
0129 -_. ,_ 

CALCIUM 
-.. . SB-01-25 

23129 240 
15.5 

-1910 BG-24 ^. .-^. . . . I 781 1 17117 1 314-53400 1 4.220 I SB-01-25 I 5 46R 

_( .-- 
I 

29129 7.9 J -35.3 J BG-12 21.7 1 38139 1 7 4600 - I 250 I SB-01-48 I 233 I CHKVMIUM 

COBALT 
Pf-lDDED 
VVI I LI\ 

CYANIDE 
IRON 

ILEAD 

1 25129 1 1 1.6 - 22.1 I n-l,nn I I” I ^^^ I 
, LllLY x5.b J - w.0 

1 o/20 
1 29129 6980 - 410500 
I 79/79 I lfi .i:aF,5 .I I 

BG-23-DUP 10.4 16117 1 7.1 -66.1 1 17.2 1 SE-01-25 25.8 
BG-29 14.1 17117 1 2.5-299 1 65.7 1 SB-01-28 299 

I/r; I ,,- ‘Ifi I nca I I.” 
I 

, Y.YzJ SB-01-05 1.60 
BG-04 35 n3n ..,___ I $7117 I Q6R”-361r-Nm I 152 AC’) I 

I 
, I..“., G.“I”“” , ““,-7”L 

BG-13 
, SB-01-25 

16.4 1 
53,412 

74174 I 71.1% I . 19.7 

IMAGNESIUM - . . - _  25/29 .5;8 -  ARRfl - - . ”  ”  - ..-. -‘. ‘-I 
I 

- BG-24 I 2,269 1 17/17 1 380-5890 1 
3G-28 604 I 17117 I 230- 7ARfl I 

I SB-01-25 I 31.3 I 

$ELENlUM 

_. - 
- - BG-25 I 86.7 I 15/17 I 177-707 I 

1 3/29 1 0.37 - 0.42 
1 29/29 1 15.4 - 45 

ILING 

2-BUTANONE 
-- . -_ .-. 

o/19 l/6 4.8 6.05 
4,4’-DDD 

SB-01-30 4.80 
II21 16 J BG-12 2.98 112 55 28.5 

4,4’-DDE 
SB-Ol-06-MAX 55.0 

II21 820 BG-12 820 212 4.3 - 12 8.15 4-METHYL-2-PENTANONE SB-01-06-M/+X 12.0 
0119 RG-17 lx%71 RrL77 1 m 4c c E? CD n. *n 1 ,.n 

-- ..,--_., ---- I,” I.” .J.dL 
AROCLOR-1254 1 

, 
, , , I 

CID-” I-J” I .O” 
I/21 51 BG-13 41.3 118 41 22.1 cc) A.4 na *“I” ! n_ A I BlS(2-ETHYLHEXYL)PHTHALATE 1 1 1111 1 1 

LI.1 
50 J BG-18 

, ~D-“1-u”-I”Im , 
50.0 Ii8 

40 I SE-Ol-OR-MAX I 4n n I 
E”‘“Dlk’ I 

1 
1 

175 _ - _ _ _ .-.- 
.-.,lll 1 , .43 I SB-Ol-06-MAX I A 130 I 

T 
I”“r\ll” 1 V/L, 1 I I j II2 1 4.8 3 

OLUENE 1 1 1 

..__ 

3/19 2-2 2.0 1 l/6 1 2.9 1 4.82 1 SB-01-30 I 2.90 I 

Notes: 
l - Minimum and maximum detected site-related concentrations are based on duplicate samples. 
Units are mglkg for inorganics. uglkg for organics. 
Number of sample results excludes rejected data or blank-qualified data. Duplicates are consolidated into one result. 
Mean of all data includes positive detections and non-detected results. Detection limits are divided by two. 
The determination of representative concentrations is based on comparison of maximum to the 95% UCL, which is presented in a separate table, 
Frequency of detection refers to the number of times compound was detected among all samples versus total number of samples, 
Number of samples may vary based on the number of usable results. 
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sample SB-01-14 was collected from a depth of 5 to 6 feet bgs. The soil boring log notes that refusal was 

encountered at 8 feet. No other notes or unusual observations appear. None of the compounds targeted 

for the removal action (TCE, antimony, cadmium, and chromium) were detected at levels above the 

screening criteria. 

4.3 SITE 2 

The confirmation borings (see Figure 4-l) drilled during the Phase I RI detected a variety of waste 

materials, including fill material, cinders, glass fragments, ceramic pieces, bricks and brick fragment, 

wood, and metal fragments. This waste may represent the regraded remains of material from Site 1, 

although no distinct scorched soil horizon was encountered. Waste found in the area believed to 

encompass Site 2 did not yield any evidence of wastewater sludges reported to be present. The 

thickness of surficial and subsurface fill material at Site 2 averaged between 4 and 5 feet. The average 

thickness of waste containing material was between 5 and 6 feet. 

During Phase III, a total of 71 borings and four test pits were drilled or excavated in the vicinity of Site 2 

(Figure 2-9). Boring logs for Site 2 soil borings are found in Appendix D. Test pit logs are contained in 

Appendix E. Twenty-six borings contained non-native materials, and the remaining borings encountered 

clean fill or native soil. The average thickness of waste material at Site 2 was between 4 and 6 feet from 

the ground surface. In one boring (SB-02-15), waste was present from the ground surface to bedrock at 

a depth of 12 feet. The average thickness of clean fill or native soils ranged from 4 to 6 feet as well. 

Test pits and soil borings were advanced in the vicinity of EPIC feature TR2. Test pit nos. TP-01 , TP-02, 

and TP-03 were excavated in an east-west direction along the center of the suspected trench. The trench 

appeared to be located in two of these test pits. A concrete stormwater drain pit was encountered at 4 

feet during the excavation of test pit TP-01. Concrete construction debris, at a depth of 4 to 6 feet, was 

encountered in test pit TP-02. No waste materials were found during the excavation of test pit TP-03, 

which was located between TP-01 and TP-02. 

Soil borings were located along the northern and eastern boundaries of TR2 and an area of mounded 

material (MM3) which appeared in a 1965 aerial photo. Three of these borings detected waste materials, 

including ash, charred debris, scrap metal, concrete fragments, and glass pieces. The depths of these 

materials ranged from 2.5 to 7 feet. HNu readings at the borings varied between non-detect and 1,200 

ppm. The wastes found in the test pits and borings at Site 2 were consistent with the description of 

materials reportedly disposed in TR2. 

L/DOCUMENTS/NAW/7603/14093/SECT4 4-22 



Four borings were located within and near EPIC feature TRI. All borings encountered fill material (e.g., 

rocks, gravel, sand) from the ground surface to 2 feet and clean fill or native soil to 6.5 feet. The 

presence of waste materials within TRI was not noted, and HNu readings above background were not 

recorded. Based on these borings and facility drawings, it appears that TRI may have been excavated to 

install a storm sewer pipe in this general area. 

Six soil borings were located within and near EPIC feature DG3. Three of the borings were based on soil 

gas anomalies detected during the Phase III RI soil gas survey. The remaining borings were located 

according to EPIC photographs. The three borings selected to further investigate soil gas anomalies 

were within the eastern portion of DG3. Elevated HNu readings were recorded in all three of these 

borings, ranging from 6 ppm at a depth of 1.5 feet to 1,200 ppm at 5 feet. Waste materials encountered 

in these borings included glass fragments. The three remaining borings were drilled near the northern 

and southern boundaries of DG3. At depths between 3 and 6 feet, these borings revealed a band of fill 

material consisting of glass, ceramic pieces, brick, charred wood, and an unknown chalky, powdery 

material. One elevated HNu reading was recorded in one of these borings. 

In the vicinity of EPIC feature Dl, 33 borings were advanced and one test pit was excavated. The 

locations of the borings and test pits were based on previous investigations, soil gas and EM anomalies, 

and EPIC photographs. The borings ranged between 5 and 12 feet in depth, with an average depth of 7 

feet. Waste materials were encountered to a depth of 12 feet but averaged 3 feet. Clean fill and native 

soils were encountered between 3 and 5 feet. 

Four borings, SB-02-17, SB-02-36, 88-02-44, and SB-02-45, were located along the approximate eastern 

boundary of Dl. Waste materials were noted in each boring. Wastes ranged in depth between 4 and 9 

feet and included materials such as slag, ash, cinders, coals, brick fragments, glass, and asphalt pieces. 

Boring SB-17 encountered clean fill to 6.5 feet until glass fragments were noted. No HNu readings above 

background were recorded. 

Fourteen borings were drilled along the approximate northern boundary of Dl. These borings ranged 

from 5 to IO feet in depth, with clean fill or native soil present between 2 and 7 feet. Waste materials, 

including glass, brick, ash, slag, coal, cinders, asphalt, and a light blue to white soft solid material, were 

found in nine borings at depths between 5 and 7 feet. Vapor readings above background were not 

recorded in any of these borings. 

Three borings were drilled along the suspected western boundary of Di. These borings ranged from 2.5 

to 5 feet in depth. Clean fill or native soils were found in these borings. No waste materials or HNu 

readings were noted. 
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Five borings were advanced near the southern boundary of Dl. These borings ranged between 5 and 12 

feet in depth. Clean fill and native soils were found between 3 and 12 feet below the ground surface. 

Non-native materials (e.g., slag, ash, coal, cinders, brick fragments) were noted in borings 88-02-38 and 

SB-02-39 between 2 and 3 feet. HNu readings above background were detected in all five borings, 

ranging from 0.4 ppm in boring SB-02-14 to 15 ppm in SB-02-13. 

The remaining borings within Site 2 were located throughout this general area. These borings ranged 

between 5 and 12 feet in depth, with clean fill or native soils ranging from 2 to 4 feet bgs. Non-native 

materials were noted in four borings (SB-02-15, SB-02-16, SB-02-21, and SB-02-43) that ranged in depth 

between 4 and 9 feet. Encountered wastes included coal, cinders, charred materials, ceramic .pieces, 

glass, and black rock pieces. One HNu reading of 10 to 15 ppm was noted in boring 88-02-42; no other 

elevated readings were recorded. 

Test Pit TP-08, excavated between the fuel storage area and EPIC feature Dl, was located in an area of 

elevated soil gas readings (i.e., carbon tetrachloride at 150 ug/l). The test pit was 22 feet long and 3.5 

feet deep. At 3 feet, a layer of gray clay with a vapor reading of 45 ppm was measured. Strong 

petroleum odors were also ‘noted. The clay layer disappeared at 5.5 feet, where red brown silty clay was 

observed. Broken glass, metal, wires, concrete pieces, brick, cables, and steel rods were found. 

VOCs were detected from the trench excavated for the groundwater transfer piping between the fuel farm 

and EPIC feature Dl. Samples from the excavated trench were treated as soil borings for the purposes 

of this report. Borings SB-02-52 and SB-02-69 were located along the route of the excavation. Apparent 

waste materials were encountered between 3 and 10 feet bgs. These materials included cinders, glass, 

brick fragments, and other debris. VOC concentrations at this general location ranged up to 300 ppm. 

The types and thicknesses of material found in the Phase III RI borings conducted at Site 2 are included 

in Appendix E of the Phase III Draft RI Report (B&R Environmental, 1996a). 

4.3.1 Site 2 Geophvsical Survev Results 

4.3.1.1 Phase III EM Survey 

The Phase Ill EM survey in the vicinity of Site 2 showed one strong anomaly that was completely 

unrelated to buried utilities or cultural features. This anomaly was characterized by terrain conductivity 

and inphase readings that were much higher than the surrounding “background” readings. The anomaly 

was located beneath the patrol or entrance road southeast of the guardhouse and northwest of Site 3 

(Figures 4-2 and 4-3). The terrain conductivity was very high, with a maximum value of 160 millimhos 
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per meter (mmhos). The inphase data indicated that buried metallic debris is a possible component of 

the fill material in and around their anomaly. This anomaly was located near, but not coincident with, 

aerial photo features TR2 and MM1 from the EPIC analysis. 

-- 

Elevated conductivity values (both terrain conductivity and inphase readings) were recorded along the 

northeastern edge of the Site 2 area from near Site 3 to a point east of the former field office trailers 

(Figures 4-2 and 4-3). The most pronounced area of anomalous high-conductivity values was inside the 

base perimeter fence, directly east of the former trailers. Significant sources of cultural interference were 

also present throughout much of this area during geophysical data acquisition. These sources include 

metal fences, gates, and a guardhouse, steel monitoring well casings, light standards and their 

underground electric service lines, underground reinforced concrete pipe stormwater drains, a large steel 

trash dumpster, a parked front-end loader, and an aluminum staircase from one of trailers. It is 

suspected that the area of higher conductivity along the northeastern edge of the Site 2 area may 

represent an area of fill material possibly containing some buried metallic debris. However, the number 

and extent of cultural sources of interference in this area make interpretation of the EM data inconclusive. 

Appendix B contains detailed information on the Phase III geophysical survey. 

4.3.1.2 Supplemental Magnetic and EM Survey Results 

As noted in Section 4.2.1.2, supplemental EM and magnetic surveys were conducted over portions of 

Area A, including Site 2 during the removal action. The surveys delineated three anomalous zones within 

the vicinity of Site 2. Anomalous Zone 2 was located on the northwestern edge of removal action 

Excavation 2A (see Figure 4-4). A portion of the anomalous zone was outside the excavation, and the 

other half was within the excavation. Wires and rusty cables were observed protruding from the wall of 

the excavation during the geophysical surveys. The anomalous zone was most likely related to the wires 

and cables that were visually observed by the survey team. 

Anomalous Zone 3 was located primarily within Excavation 2A and was detected by both the EM and 

magnetic instruments. Visual observations indicated that the excavation area contained considerable 

metallic debris, primarily pieces of rusty metal. The EM data suggested that the debris was contained 

inside the fenced area north of Excavation 2A. The extreme eastern portion of Zone 3 extended into a 

thickly wooded area. It was not possible to obtain accurate data in this area adjacent to the fencing. 

Anomalous Zone 4 was located south of the eastern edge of Excavation 2A and north of Excavation 2C. 

The anomalous area was likely located beneath the gravel roadway. 
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Seven test pits were excavated in Site 2 in October 1999 as a follow-up to the geophysical surveys. A 

detailed report on the test pit methodology and results are outlined in the November 1999, Results from 

Area A Supplemental Subsurface Soil Investigations letter report (TtNUS, 1999e). Test pit locations are 

shown on Figure 2-9. No visible evidence of waste was observed in test pits TP-9, TP-12, TP-13, and 

TP-15. Visible evidence of waste was observed in test pits TP-10, TP-1 1, and TP-14. As reported, debris 

in all three test pits consisted of fragments of glass, wood, metal, ceramic, plastic, wire, and pockets of a 

blue-green crystalline material. Analytical results from samples collected from each of the test pits are 

included in the database for Site 2 subsurface soils contained in Appendix A. 

4.3.2 Site 2 Soil Gas Survey Results 

The most recent soil gas survey in Site 2 was conducted as part of the Phase III RI. No additional 

surveys were conducted subsequent to that work. As outlined in the Phase III RI Report (B&R 

Environmental, 1996a), the significant soil gas results (Figures 4-5 through 4-7) for this general area are 

as follows: 

l Elevated VOCs and BTEX compounds were detected in several soil gas samples near and within Site 

2. Frequently detected chemicals included PCE, TCE, CC14, 1 ,I, l-TCA, and cis-1 ,ZDCE. 

l An area of consistently elevated VOCs within Site 2 exists north of the fuel storage area and in the 

vicinity of several temporary trailers. Frequently detected chemicals included PCE, TCE, CC14, and 

1 ,I -TCA. The highest PCE concentration in soil gas samples was 37 ug/l; for TCE, it was 34 ug/l; for 

CC14, it was 150 ug/l, and for 1,l ,I-TCA, it was 3 ugll. This area does not directly correspond to any 

EM anomaly or any EPIC feature. The area is about 250 by 250 feet in size. 

l The highest BTEX levels were just west of the existing asphalt access road and near MM1 and MM2 

in front of the guardhouse. Benzene was detected in soil gas samples at 500 ug/l near the access 

road and at 1,500 ug/l between MM1 and MM2. 

l CC14, I,1 ,I-TCA, PCE, and TCE were generally not found in soil gas samples collected in the eastern 

half of the Site 2 area (i.e., within 350 feet of the guardhouse). 

o Soil gas samples taken from within the estimated boundary of Site 2 (as delineated before Phase III 

RI work) had very few positive detections of VOCs. 
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4.3.3 Site 2 Surface Soil Results 

4.3.3.1 Pre-Removal Sample Results 

Tables 4-7 and 4-8 provide the occurrence and distribution of inorganic and organic compounds in 

background and site-related surface soil samples for Site 2 collected as part of the RI activities. As part 

of the 1998 removal action, certain surface and subsurface soils were excavated from Site 2 and 

disposed off site. Figure 4-l 1 details the Site 2 excavation areas, that consisted of Excavations 2A, 2B, 

and 2C. The excavations were targeted to remove surface soils containing lead and antimony present at 

levels unacceptable to current and future use scenarios. As reported in the May 1999 Post Removal 

Summary Report Area A, Sites 1, 2, and 3 (TtNUS, 1999a), Excavation 2A consisted of the removal of 

about the top 2 to 3 feet of soil over the entire area and a deeper subsurface component (refer to Section 

4.3.4.2). Excavation 2A covered an area of approximately 170 feet by 60 feet. Three sampling events 

were conducted during and after the excavation to direct ana verify the effectiveness the removal action. 

4.3.3.2 Post-Removal Sample Results 

Table 4-9 presents the occurrence and distribution of organics and inorganics in Site 2 surface soil 

samples remaining in place after the 1998 removal action. The analytical data were compared to federal 

and state soil screening criteria, as detailed in Appendix A. Figure 4-12 shows the locations of existing 

surface soil samples where concentrations exceeded soil screening criteria and the maximum 

background concentration, as noted in Table 4-9. Samples from 10 locations had concentrations that 

exceeded the criteria and maximum background concentrations. The compound most frequently 

exceeded was benzo(a)pyrene (exceeded in 10 samples). No other screening criteria for organic 

compounds were exceeded. Lead was the only inorganic compound above the screening criteria, in 

sample SS-02-22. The lead concentration detected in sample 88-02-22 (994J mg/kg) was below the 

removal action clean-up goal as determined by the Navy, EPA, and the BRAC Clean-up Team (BCT) 

(TtNUS, 1999). 

4.3.4 Site 2 Subsurface Soil Results 

4.3.4.1 Pre-Removal Sample Results 

During the 1998 removal action, subsurface soils were excavated from a portion of Excavations 2A and 

2B. Excavation depths were 2 to 4 feet below grade. Tables 4-10 and 4-11 present the occurrence and 

distribution of inorganic and organic compounds in background and Site 2 subsurface samples collected 
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as part of the RI scope of work. The areas of excavation are shown on Figure 4-l 1. In Excavation 2A, 

clean-up goals were established for lead and antimony, the compounds targeted by the removal action. 

The removal of subsurface soils from Excavation 2B was due to the presence of what appeared to be 

residual petroleum contamination (TtNUS, 1999a). Detailed information regarding the removal activities 

is found in the May 1999 report. 

4.3.4.2 Post-Removal Sample Results 

Table 4-12 presents the occurrence and distribution of organics and inorganics in Site 2 subsurface soil 

samples remaining after the 1998 removal action. Figure 4-13 details those existing soil samples where 

concentrations exceeded the screening criteria and maximum observed background concentrations. 

Compounds with exceedences were benzo(a)pyrene, arsenic, and lead. No other compounds were 

exceeded. The clean-up goal established for benzo(a)pyrene for Excavation Area 2C surface soil was 

78,000 ug/kg (TtNUS, 1999a). All the benzo(a)pyrene exceedances were below the Excavation Area 2C 

goal. The clean-up goal for lead in subsurface soils in Excavation 2A was 1,750 mglkg. Lead exceeded 

the screening criteria in five sample locations; however, three of these (SB-02-42, SB-02-69, and SB-02- 

93) were below the established clean-up goal. Samples SB-02-71 and SB-02-81 were the only locations 

that exceeded the Excavation 2A clean-up goal. A review of the boring log for SB-02-71 indicated that 

the depth of the sample was 12 feet bgs, which is at or near the normal water level. -No clean-up goal 

was established for arsenic. 

4.4 SITE 3 

Seven confirmation borings were conducted at Site 3 during Phase I. Each of the borings encountered fill 

and/or waste material, which suggested that the entire area north of the entrance road and south of the 

unnamed tributary of Little Neshaminy Creek had been re-worked (Figure 4-l). 

The confirmation borings revealed that the thickness of fill and waste material was between 6 and 10 feet. 

VOC vapor were encountered in borings up to 20 ppm. In addition, a gray, clay-like material containing 

organic vapors (at a steady 1 to 2 ppm concentration) was discovered in one boring (S3-1). Cinders, 

buried wood, metal, brick, and glass fragments, probably representing unburned portions of material 

disposed near EPIC feature DGl, were encountered in several borings from this general location. 

Three test pits and 10 borings were excavated or drilled within Site 3 during the Phase III RI (see Figure 

2-10). Information from previous investigations and EPIC photographs was used to select all subsurface 

locations. Test pits 1, 2, and 3 encountered clean fill to a depth of 3 feet bgs. Clean fill or native soils 
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l - Minimum and maximum detected site-related concentrations are based on duplicate samples. 
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Number of samples may vary based on the number of usable results. 

4/26/00 156 PM 



SB-02-93 

l- 103Olmg/kg 

/ ‘-- 1 16.7Lmg/kgI 

EXCAVATION 2A * 

e 

,' \ L \ '. L-v' /--------?= 

_ 50-02-07 
Eanzo(a)m 1 139o.l &kg ..‘. 

) 
‘i SB-02-02 

-@opyrana I l-w@1 

SB-02-33 
,IBemo(aPw- I l~wml 

LMM 3 

SCALE IN FEET 

LEGEND: 
A SOIL BORING 

58-02-01 SAMPLE LOCATIONS 

w TEST PIT SAMPLE 
1’02-02-02 LOCATIONS 

MM 1 EPIC FEATURE 

EXCAVATION AREA 
rl (0’ - 2’) 

EXCAVATION AREA 
1 (2’ - 4’) 

I 

LDL 3/l 4/00 POST-REMOVAL SUBSURFACE SOIL CONCEtiTlONS 

0 R SCREENING CRITERIA EXCEEDANCES 
AREA A - SITE 2 

! I I I I Tetra Tech 
I I NUS, Inc. 

FORMER NAWC WARMINSTER 

/ LOL 1 I I AS NOTED WARMNSTER. PENNSYLVANIA 

4-40 
L,( “> ,-lL,.‘: 



were noted to a depth of 12.5 feet in TP-1 and 11 feet in TP-2. Two of the three borings were drilled on 

the northern side of Site 3 and one was drilled on the southern side. The two northern borings found fill 

materials to a depth of 4 feet, and one of these borings reached perched water at about 5 feet. In the 

other northern boring, clean fill or native soils were noted to a depth of 5 feet. The southern boring 

reached fill material at 2.6 feet and clean fill to a depth of 7 feet. 

VOC vapors were detected from 2.5 to 3 feet below the ground in TP-1 and TP-2. In TP-1, vapor 

readings ranged from 40 to 60 ppm, and readings from TP-2 varied between 20 and 40 ppm. Boring SB- 

03-I 0 detected readings of 4 ppm from the sample that was collected at this location. 

Waste materials noted in the Site 3 borings during the Phase III RI included ash, charred debris, pieces of 

glass, black plastic hose, and metal debris. These materials appeared consistent with the presence of a 

burn pit reported for this site. 

4.4.1 Site 3 Geophvsical Survev Results 

Both the terrain conductivity and inphase readings from the Phase III EM survey in the vicinity of Site 3 

indicated the presence of a buried utility or utilities crossing this area roughly parallel to nearby 

Jacksonville Road (see Figure 4-2). No EM anomalies related to suspected buried waste were observed 

in the Site 3 portion of Area A. Interference from buried utilities was expected to mark such anomalies, if 

present, along the southeastern and eastern portions of this area (see Figure 4-3). 

4.4.2 Site 3 Soil Gas Survev Results 

Low levels of volatile organics were found in the soil gas samples collected at Site 3 during Phase III. 

Figures 4-5, 4-6, and 4-7 display the soil gas survey results obtained at Site 3. The PID indicated that 

only three soil gas locations had levels between 0.2 and 1.5 ppm. These points were located north and 

east of the suspected location of the Site 3 burn pit. All remaining PID measurements were non-detect. 

Only a few soil gas samples were collected from Site 3 during Phase III due to OU-1 construction 

activities. Portions of this site may lie beneath the paved entrance road. 
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4.4.3 Site 3 Surface Soil Results 

4.4.3.1 Pre-Removal’Sample Results 

Tables 4-13 and 4-14 provide the occurrence and distribution of inorganics and organics in background 

and site-related surface soil samples for Site 3 based on the RI sampling results. Surface soil clean-up 

goals were established for four compounds identified in the Rls and supplemental investigation. The 

compounds targeted were anthracene, benz(a)anthracene, benzo(a)pyrene, and fluoranthene. Figure 4- 

14 details the area of soil excavation within Site 3. Removal at Site 3 consisted of one excavation, 

approximately 65 feet by 30 feet in size, located adjacent to Jacksonville Road. As reported in the May 

1999 Post Removal Summary Report Area A, Sites 1, 2, and 3 (TtNUS, 1999a), surface soils, gravel, and 

deteriorated asphalt paving were removed from the area to depths between 2 to 3 feet. Note that the 

excavated area appeared to be outside the estimated location of Site 3. 

4.4.3.2 Post-Removal Sample Results 

Table 4-15 presents the occurrence and distribution of organics and inorganics in Site 3 surface soils 

samples remaining following the removal action. Figure 4-15 details those Site 3 sample locations where 

concentrations exceeded screening criteria and maximum background concentrations. In all four 

locations, benzo(a)pyrene was the only compound with concentrations greater than the screening criteria. 

However, all the concentrations were below the benzo(a)pyrene clean-up goal (2,500 ug/kg) established 

for the Site 3 removal action. In general, the clean-up goals were established at concentrations that 

were protective of human health under non-residential exposure scenarios. The removal action, 

therefore, did reduce the levels of the targeted compounds (anthracene, benz(a)anthracene, 

benzo(a)pyrene, and fluoranthene) in Site 3 soils. 

- 

4.4.4 Site 3 Subsurface Soil Results 

Based on the Phase III RI sampling results, excavation of subsurface soils in Site 3 was not proposed as 

part of the 1998 removal action. Table 4-16 provides the current occurrence and distribution of organics 

and inorganics in background and site-related subsurface soils. Figure 4-16 details those subsurface 

sample locations where contaminant concentrations exceeded screening criteria. Organic compounds 

whose concentrations exceeded screening criteria were benzo(a)pyrene, benzo(a)anthracene, 

benzo(b)fluoranthene, dibenzo(a,h)anthracene, indeno(l,2,3-cd)pyrene, and Aroclor 1254. Inorganic 

compounds that were exceeded included lead (in three samples) and arsenic (in 1 sample). 

Benzo(a)pyrene was the compound most frequently exceeded, however, six of the levels were below the __-. 
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TABLE 4-16 
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removal action clean-up goal (i.e., 2,500 ug/kg) for the Site 3 surface soil removal action, Sample SB-03- 

18, located along the eastern edge of the Site 3 investigation area, exhibited the highest observed levels 

of the detected PAH compounds. The PAH compounds detected in the subsurface are most likely the 

result of activities from the reported burn pit that was used for the disposal of solvents, paints, roofing 

materials, and other unspecified chemicals. The pit was reported to be approximately 10 feet in depth. 

4.5 IMPOUNDMENT AREA 

A total of 70 soil borings were located in this general area (see Figure 2-11). The locations were based 

on EM surveys, soil gas surveys, EPIC photographs, and previous investigations. Three of the 

confirmation borings encountered waste in a band from 4 to 5 feet bgs. Fill material ranged in depth from 

0 to 3 feet, and clean fill and native soils ranged from 3 to 10 feet. The results of subsurface work at each 

impoundment are described below. 

IMI 

Five borings (IMIOI, IM103, IM104, IM105, and IM106) were located in this area. Two of the five borings, 

IM104 and IM106, encountered waste at a depth between 4 and 5 feet. The waste material was 

described as a rusty red sticky clay. In each of the soil borings, a layer from ground surface to 3 feet was 

fill material including rocks, clay, slag, coal, and roots. Clean fill or native soils were encountered from 3 

to 10 feet. No HNu readings were recorded above background at any location. 

IM2 

Seven borings (IM201 through IM207) were located in this area. No wastes were encountered in any of 

the borings. Fill material ranged in depth from ground surface to 4 feet. The fill material contained coal, 

brick, roots, ash, and cinders. Clean fill or native soils were encountered to a depth of 8 feet. No HNu 

readings were recorded above background at any location. 

IM3 

Nine borings (IM301 through IM309) were located in this area. No waste materials were encountered in 

any of the borings. Clean fill of native soils were encountered from ground surface to 6 to 8 feet. HNu 

readings were encountered in two borings, IM301 and IM302, at levels ranging from 1 to 87 ppm above 

background. 
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IM4 

A total of 13 borings were collected in this area, which was beneath the existing eastern lagoon. No 

wastes were encountered in any of the borings. Fill materials ranged in depth from ground surface to 2 

feet. Concrete, crushed stone, and screenings were encountered in the fill material. Clean fill or native 

soils were encountered from 2 to 5 feet bgs. HNu readings from 3 to 8 ppm above background were 

recorded in boring IM403. 

IM5 

Seven borings (IM501 through IM507) were drilled through this impoundment, which was also located 

beneath the eastern concrete lagoon. No waste materials were encountered in any of the borings. The 

boring logs for three borings did note a slight fuel odor; however, no HNu readings above background 

were noted. 

IM6 

Five borings (IM601 through IM605) were drilled through impoundment IM6, which was located under the 

western concrete lagoon in this area. No wastes were encountered in any of the borings. Fill material 

ranged in depth from ground surface to 1.5 feet and consisted of concrete, crushed stone, and 

screenings. Clean fill or native soils were encountered from 1.5 to 5 feet bgs. No HNu readings were 

recorded above background in any of the borings. 

IM7 

Ten borings (IM701 through IM710) were located in this area. One of the borings (IM705) encountered 

waste at a depth between 4 and 5 feet. The waste material consisted of a sticky red clay. In addition, 

four borings encountered clean fill or native soils from 6 to 8 feet. No HNu readings were recorded above 

background at any location. 

IM8 

A total of 14 borings were drilled in the vicinity of IM-8 during the OU-1 pre-design investigation and 

during the construction of the groundwater treatment plant. These borings ranged in depth from 4 to 14 

feet bgs. Brown, silty clay with little sandstone was encountered in most of these borings. Highly 

weathered red shale was noted at the bedrock interface. No significant waste materials were found, and 

no HNu readings above background were recorded. 
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4.5.1 Impoundment Area Geophysical Survey Results 

No significant EM survey anomalies unrelated to buried utilities or other known cultural features were 

observed in the northwestern portion of Area A where the former surface impoundments were located. 

The work was conducted as part of the Phase Ill RI. 

4.5.2 Impoundment Area Soil Gas Survey Results 

The most recent soil gas survey in the former Impoundment Area was conducted as part of the Phase Ill 

RI. No additional surveys were conducted subsequent to that work. As outlined in the Phase III RI 

Report (B&R Environmental, 1996a), the significant soil gas results (Figures 4-5 through 4-7) for this 

general area are as follows: 

. 

. 

-> 

. 

. 

. 

. 

. 

Several areas of positive soil gas detections were found near and within this area, which includes the 

existing concrete lagoons. 

Detected chemicals include PCE, CCL,, 1 ,l ,I ,-TCA, benzene, other BTEX compounds, TCE, and 

trans-1,2-DCE. 

Very low levels of PCE were detected at soil gas locations beneath the concrete lagoons, lM2, and 

IM3. Concentrations ranged from 0.08 to 0.42 ug/l. 

Low levels of Ccl,, were found at soil gas locations beneath the concrete lagoons, iM7, and IM8. 

Concentrations ranged from 0.01 to 3.6 ug/l. 

Very low levels of 1 ,l ,I-TCA were detected beneath the concrete lagoons and at one location within 

IM2. Concentrations ranged from 0.08 to 0.96 ug/l. 

Benzene was found beneath the eastern concrete lagoon and within IM7 and IM8. Concentrations 

ranged from 2.1 to 64 ug/l. The highest benzene levels were near the fuel farm area beneath the 

lagoon. 

Other BTEX compounds were detected beneath the eastern concrete lagoon, lM3, and IM8. 

Concentrations ranged from 1.5 to 170 ug/l. The highest BTEX levels were near the fuel farm area 

beneath the lagoon. 
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0 TCE .was detected at soil gas locations throughout the vicinity of the former impoundments. Higher 

concentrations were found along the northern edge of the Impoundment Area. These levels ranged 

from 0.11 to 7.1 ug/l. The highest TCE concentration was found within IMI . 

l Trans-1,2-DCE was detected throughout the Impoundment Area. Concentrations ranged from 1.5 to 

28 ug/l. The highest trans-1 ,ZDCE levels were near the groundwater treatment plant. 

l Higher VOC levels generally were found in the deeper soil gas samples taken at each soil gas 

location. 

l in general, VOCs were more frequently detected beneath the concrete lagoons (i.e., IM4, IM5, IM6) 

than from any other former impoundment in this area. Soil gas samples from IM5 generally showed 

the highest soil gas readings. 

4.5.3 Impoundment Area Subsurface Soil Results 

No surface soil samples were collected from the former Impoundment Area during the RI scope of work. 

Based on subsurface samples collected during the RI, a limited excavation of contaminated soils in the 

Impoundment Area was conducted by the Navy in 1995. Figure 4-17 outlines the areas of soil 

excavation. Table 4-17 details the occurrence and distribution of organics and inorganics in background 

and the former Impoundment Area subsurface soils that remained after the soil excavation work. 

Concentration data obtained from the analysis of the former Impoundment Area subsurface soil samples 

were compared to federal and state soil screening criteria for industrial exposure scenarios. Figure 4-18 

details those post-removal subsurface soil sample locations where contaminant concentrations exceeded 

both the highest observed background concentration and one of the screening criteria, as shown on the 

analytical summary tables contained in Appendix A. Benzo(a)pyrene was the only detected compound 

that exceeded the screening criteria; it was found in two samples. In sample IM107, collected from 

impoundment IMl, benzo(a)pyrene was detected at 3,000J ug/kg and in sample IM302, collected from 

impoundment IM3, benzo(a)pyrene was detected at 2,000J ug/kg. 
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4.17 

OCCURRENCE AND DISTRIBUTION OF ORGANICS AND INOR&NICS IN IMPOUNDMENT AREA SUBSURFACE SOIL (POST-REMOVAL) 
NAWC WARMINSTER, PENNSYLVANIA 

PAGE 1 OF 2 
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TABLE 4-17 
OCCURRENCE AND DISTRIBUTION OF ORGANICS AND INORGANICS IN IMPOUNDMENT AREA SUBSURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 
PAGE 2 OF 2 

15 
13.07 IM501 21 
2.80 IM501 3.47 
Rl” 

lENDKiN KETONE 1 0121 1 I I 
IM307 

I I 
a 1 

3130 I 
0.63 

0.12 - 13 I 2.49 I IMill R :fi I GAMMA-BHC (LINDANE) 0121 . . . - 
z30 

I 
GAMMA-CHLORDANE 0.14-0.19 1.41 0121 1 IM410-MAX I 

4130 
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0.067 - 13 1.69 ’ I.4-P.. 
0121 z30 HEPTACHLOR EPOXIDE 0.081 - 1.2 1.47 IM31 0121 ’ 

1130 METHOXYCHLOR 0.059 1.43 
1 . 

0121 
1130 0.81 13.62 Notes: 1 IM410-MAX I 

I IM, I I L.UZ 

~~ 37 1.2 
I IM412 0.06 

[ 0.81 

l - Minimum and maximum detected site-related concentrations are based on duplicate samples. 
Units are mg/kg for inorganics, us/kg for organics. 
Number of sample results exctudes rejected data or blank-qualified data. Duplicates are consolidated into one result. 
Mean of all data includes positive detentions and non-detected results. Detection limits are divided by two. 
The determination of representative concentrations is based on comparison of maximum to the 95% UCL. which is presented in a separate table. 
Frequency of detection refers to the number of times compound was detected among all samples versus total number of samples. 
Number of samples may vary based on the number of usable results. 
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4.6 COMPARISON OF SOIL CONCENTRATIONS TO OTHER SCREENING LEVELS 

The exposure point concentrations (EPCs) for post-removal surface and subsurface soils associated with 

Area A were compared to the generic soil screening levels (SSLs) for the migration to groundwater 

pathway. The SSLs were selected based on a default dilution-attenuation factor (DAF) of 20 to account 

for natural processes that reduce contaminant concentrations in the subsurface (EPA, 1996a). The SSLs 

assume that a receptor well is at the edge of a contaminated ‘source, which implies that there is no 

dilution from recharge downgradient of the site .being evaluated. In the case of Area A sites, there are no 

receptor wells within 1,000 feet of the site. 

The purpose of the comparison was to identify and screen those hazardous substance concentrations in 

soil that might have the potential to contaminate groundwater. Table 4-18 shows the results of the 

comparison. If the EPC for a particular site and medium was greater than the SSL, the post-removal 

analytical database for that site and medium was evaluated to identify specific sample concentrations that 

were greater than the respective SSL. This approach does not necessarily identify all SSL exceedances 

for post-removal Area A soils because the EPC value for a specific contaminant may not be greater than 

the SSL. However, the EPC was assumed to be the most representative contaminant level at the soil-to- 

groundwater interface, after accounting for fate and transport processes that might attenuate, biodegrade, 

or otherwise retard the mobility of soil contaminants migrating through the unsaturated zone. 

No soil-to-groundwater SSLs were exceeded for the post-removal Site 1 surface soil EPCs, and thallium 

was contained in one post-removal Site 3 surface soil sample (SS-03-02) slightly above the respective 

SSL. Among the Site 2 surface soil samples, chromium was detected in several samples above the SSL 

of 38 mg/kg. The maximum background level of chromium at the base was 35.3J mg/kg, which is near 

the SSL for this contaminant. The range of chromium detections varied from 39.4 to 116 mg/kg. No clear 

pattern of exceedances was observed. Only one organic compound was detected above its SSL; dieldrin 

was contained, in sample SS-02-14. Figure 4-19 shows SSL exceedances for Site 2 post-removal surface 

soil samples. Site 3 post-removal surface soil SSL exceedances are detailed in Figure 4-20. 

Figure 4-21 displays SSL exceedances for the Site 1 post-removal subsurface soil samples. No organic 

compound SSLs were exceeded for the post-removal Site 1 subsurface soil EPCs. Two inorganics, 

(cadmium and chromium) were contained in the Site 1 subsurface soil samples at EPC levels greater 

than the respective SSLs. Chromium was detected in all the samples that had at least one SSL 

exceedance for inorganics. Thallium (samples SB-01-20, S&01-25, SB-01-66, and SB-01-69) and silver 

(sample SB-OI-25) were also detected above their respective SSLs, however the EPCs for these 

substances did not exceed the SSLs. 
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TABLE 4-18 
OCCURRENCE AND COMPARISON OF SOIL EPCs TO SOIL-TO.GROUNDWATER SOIL SCREENING LEVELS FOR AREA A SITES (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 
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OCCURRENCE AND COMPARISON OF SOIL EPCs TO SOIL.TO-GROUNDWATER SOIL SCREENING LEVELS FOR AREA A SIT’ES (POST-REMOVAL) 
NAWC WARMINSTER, PENNSYLVANIA 
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In general, only inorganics were contained in the post-removal Site 2 subsurface soil samples at levels 

greater than the SSLs, as detailed in Figure 4-22. The SSLs for cadmium and chromium were most 

frequently exceeded, and, to a lesser extent, antimony. Antimony has not been found in on-base Area A 

groundwater samples to date. Among organic compounds, only pentachlorophenol (sample SB-02-08) 

and 3,3-dichlorobenzidine (sample SB-02-07) were detected above their SSLs. These compounds have 

not been contained in on-base Area A groundwater samples. 

For the post-removal Site 3 subsurface soil samples, antimony, cadmium, chromium, lead, and, less 

frequently, silver were found in one or more samples above the SSLs (see Figure 4-23). Similar to Site 1 

subsurface soil, chromium was detected in most samples that contained at feast one inorganic 

concentration above an SSL. Benzo(a)anthracene was found in five samples above its SSL, with 

concentrations ranging from 2,500J to 53,000 ug/kg. Methylene chloride, carbazole, benzo(a)pyrene, 

dibenz(a,h)anthracene, and hexachloroethane were each contained in only one Site 3 subsurface soil 

sample at levels greater than their respective SSLs, and benzo(b)fluoranthene was detected in two 

samples. Sample SB-03-18 contained the highest PAH concentrations in every instance, including the 

maximum benzo(a)anthracene concentration. The PAHs of concern have not been found in Area A 

groundwater. Aroclor-1254 was detected in sample SB-03-21 above its SSL; however, the EPC for 

Aroclor 1254 was not exceeded for Site 3 subsurface soil. 

Concerning the Impoundment Area, chromium and, less often, antimony were the most frequent 

contaminants detected above their SSLs (see Figure 4-24). The highest levels of chromium (3,760 and 

4,730 mg/kg) and antimony (57.8 and 144J mg/kg) were found in samples collected at the former 

locations of Impoundment Nos. 1 and 7. The other inorganic detected above its SSL at the Impoundment 

Area was lead in sample IM8-02. Only two organic compounds, dieldrin and pentachlorophenol, were 

contained in the Impoundment Area subsurface soil sample (samples IM1-07 and IM7-11) above the 

SSLS. 

The soil removal actions at Area A have helped to minimize the future release of contaminants through 

soil leaching and the transport of contaminants through soil and groundwater to nearby receptor wells. 

The small size of the sites being evaluated and the presence of relatively impenetrable surfaces (e.g., 

parking lots, paved roads, concrete-lined impoundments) upgradient and near the sites greatly reduce the 

amount of infiltration available to transport substances through the subsurface. In addition, the SSL 

inethodology does not consider physical and chemical processes that might attenuate contaminants ‘in 

subsurface soils. As such, the results of the comparison between SSLs and soil EPCs should be viewed 

as a conservative and simple evaluation of the potential for soil contaminants to significantly affect 
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groundwater quality. In addition, the ongoing pumping and treating of Area A groundwater for both 

organic and inorganic hazardous substances have a notable influence on controlling and preventing the 

widespread release of contaminants in the subsurface. 

4.7 SURFACE WATER 

The Area A surface water sample locations are shown on Figures 2-3 and 2-4. During Phase I and 

Phase II, two surface water samples were collected from the unnamed tributary north of Area A; the 

Phase II surface water samples were collected in approximately the same locations as the samples in 

Phase I. During Phase III, samples from 14 site-related surface water locations (Al through A12, A16, 

Al9, A20, and A22 including duplicates) were collected during two rounds of sampling. The designated 

background surface water samples (samples C8-SW, CIO-SW, and CIS-SW) were collected east of Area 

A (specifically Site 3) along a tributary of Little Neshaminy Creek. An additional background sample 

(sample A13-SW) was collected northwest of Area A along the tributary. These four background samples 

are in the same watershed as Area A (both tributaries empty into Little Neshaminy Creek) and showed 

lower concentrations of chemicals than other samples collected in the vicinity of Area A. Additionally, 

these samples were collected in a relatively non-urban area and are considered to be representative of 

undisturbed surface water and sediment for Area A. All other samples collected near Area A are 

considered to be potentially impacted by Area A, with sample Al I-SW considered the farthest 

downstream surface water sample. 

No organic chemicals were detected in the surface water background samples. The Area A site related 

surface water results are shown in Appendix A. Analytical data from the Area A background samples is 

contained in Appendix G. Several VOCs were detected in six site-related samples (samples A4-SW 

through A&SW and A29-SW). As shown on Figure 2-3, sample locations A6 through A8 are considered 

downstream of all known or potential sites within Area A and samples A4 and A5 are considered 

downstream of Sites 2 and 3 only. Location A29 is downstream of Site 3 only. The six samples all had at 

least one detected VOC. Chloromethane (4J ug/l) and carbon disulfide (6J ug/l) were detected in 

samples AG-SW and A’/-SW, respectively. Chloroethane was detected at 3J ugll in sample AG-SW. TCE 

was detected at levels ranging from 1 J ug/l to 2J ugll in samples AG-SW, A7-SW, and A8-SW. PCE (1 J 

ug/l) and 2-butanone (4J ugll) were also detected in sample A8-SW. Three VOCs, bromomethane, 1 ,l- 

DCA, and benzene, were detected in sample A29-SW, collected during a 1991 sampling event. The 

levels of these three VOCs ranged from 0.2J to 0.95J ug/l. 

Seven semivolatile organic compounds, including phthalates and PAHs, were detected in surface water 

samples A28-SW and A29-SW. As shown on Figure 2-3, sample location A28-SW was located 

downstream of Area A. Sample A28-SW had PAH concentrations ranging from O.lJ to 0.3J ug/l, 
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including fluoranthene, pyrene, benzo(a)anthracene, chrysene, and benzo(b)fluoranthene. Two 

phthalates, diethyl- and di-n-octyl-, were also found in sample A28-SW in the same concentration range. 

Sample A29-SW, located downstream of Site 3 only, showed the presence of only one PAH, di-n-octyl 

phthalate, at a concentration of 0.2J ug/l. 

No pesticides or PCBs were detected in the Area A surface water samples, with the exception of sample 

A12-SW. This sample was collected from a far downstream location (see Figure 2-4) and contained 

.O.O092J ug/l of 4,4’-DDD and 0.014J ug/l of 4,4’-DDT. Table 4-19 presents the occurrence and 

distribution of organic compounds in surface water samples from Area A. 

Generally, low levels of metals were detected in the Area A background surface water samples. Total 

metal concentrations for barium (69.7 ug/l), cadmium (4 ug/l), and manganese (83 ug/l) were detected in 

the background samples. Dissolved metal concentrations for barium (74.5 ug/l), copper (14.8L ug/l), and 

manganese (73 ug/l) were also found in at least one background surface water sample. Higher 

concentrations of metals were detected in other Area A samples. Dissolved metal concentrations for 

barium (ranging from 65.6 to 146ugll), copper (5.4J to 21.8K ug/l), and manganese (9.6J to 435 ug/l) 

were detected in most site-related surface water samples. Arsenic was detected in two site-related 

surface water samples, samples A2-SW-F and AG-SW-F, at concentrations of 2.1 and 2.3 ug/l, 

respectively. The highest total metal concentrations were detected in surface water samples A6 and 2A. 

Surface water sample A29-SW was collected from a location close to Jacksonville Road, and both 

thallium (2 ug/l) and chromium (4 ug/l) were detected at this November 1991 sample location. Thallium 

and chromium were not detected in any other Area A surface water samples collected since 1991. The 

Area A dissolved metal concentrations were generally lower than total metal concentrations. 

Figure 4-25 details Area A surface water sample results that exceed current Ambient Water Quality 

Criteria (AWQC), as discussed in Section 2.0. Fourteen samples had barium concentrations that 

exceeded the established criteria. The barium exceedances ranged from 59.5 ug/l to 147 ug/l. The 

criterion for manganese was exceeded in 11 samples, and the lead criterion was exceeded in five 

samples. Manganese exceedances ranged from 92.2 ug/l to 486 ug/l in a sample from location A6. 

Surface water samples from locations A6 and A31 had the most compounds with exceedances of the 

AWQC. 

Comparison of the site-related surface water results to background reveals that, with the exception of 

cadmium, the background results were generally lower. Lead concentrations ranging from 2.9J to 28.5 

ug/l and copper concentrations ranging from 101 to 106 ug/l were also detected in the site-related 

samples. Sample AG-SW generally had the highest levels of detected metals. Some analytes, such as 
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beryllium, mercury, selenium, silver, and vanadium, were not detected in the Area A surface water 

samples. 

Sample A22-SW, taken from within Outfall No. 1, contained total metal concentrations of barium (147 

ugll), lead (16.9 ugll), manganese (320 ug/l), and zinc (31.3J ug/l) that were greater than background 

levels. Comparison of the sample A22-SW results to results from sample A20-SW, which was taken 

downstream, shows that the downstream results were lower. Surface water results from sample Al g-SW, 

located at the confluence of unnamed streams south of the Wagner & Sons property and downstream of 

sample A20-SW, showed no elevated total metal concentrations. This indicates that elevated total metal 

concentrations downstream of Area A are probably not related to off-base properties and are perhaps 

associated with the discharge from Outfall No. 1. Tables 4-20 and 4-21 present the occurrence and 

distribution of total and dissolved inorganics in background and other Area A surface water samples. 

4.8 SEDIMENT RESULTS 

Sediment sample locations within Area A are shown on Figures 2-3 and 2-4. During Phase I, two 

sediment samples (A28-SD and A29-SD) were collected. Two sediment samples (A31-SD and ASO-SD) 

were collected during Phase II at approximately the same locations as the Phase I samples. During 

Phase Ill, sediment samples were collected from 23 locations (Al through A27, including duplicates) in 

the vicinity of Area A. Similar to the surface water samples, the designated background sediment 

samples (C&SD, CIO-SD, and Cl3-SD) were collected east of Area A along a tributary of Little 

Neshaminy Creek (see Figure 2-3). A far downstream background sample was also collected from 

location Al3 (see Figure 2-4). All other collected samples were considered to be potentially impacted by 

Area A. The Area A sediment results are shown in Appendix A for VOCs, semivolatile organics, 

pesticides/PCBs, and inorganics. Analytical data from the Area A background sediment samples are 

contained in Appendix G. 

No VOCs, pesticides, or PCBs were found in the background sediment samples collected from the 

nearby locations (Cl 0 and C13). The sample from location C8 was not analyzed for pesticides and PCBs 

but was analyzed for VOCs. No VOCs were detected in background sample C&SD. 2-Butanone and 

toluene were detected at 9.OJ ug/kg and 4.0 uglkg, respectively, in sample Al3-SD. The far downstream 

background sample also contained 4,4’-DDT at 4.95 ug/kg, endrin at 5.5J ug/kg, and Aroclor 1254 at 

24.05 uglkg. 

A number of VOCs were detected in the Area A sediment samples. Sediment samples A7-SD and A28- 

SD had the most frequent VOC detections with five and six hits, respectively. Seven locations each had 

two VOCs detected, while samples from ten locations had only one detected VOC each. TCE and PCE 
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TABLE 4.20 

OCCURRENCE AND DISTRIBUTION OF TOTAL INORGANICS IN SURFACE WATER AT AREA A 

NAWC WARMINSTER, PENNSYLVANIA 

wu 

BACKGROUND SITE-RELATED 

REPRESENTATWE FREQUENCY OF RANGE OF STATISTICAL REPRESENTATIVE 

SUBSTANCE CONCENTRATION. DETECTION POSITIVE DETECTION” DISTRIBUTION CONCENTRATION 

ALUMINUM 108 II 5 116 NONPARAMETRIC DIST 116 

BARIUM 69.7 161 16 59.5 - 172 NORMAL 142.56 

CADMIUM 4 II 16 2.5 NORMAL OVER LOGNORMAL 1.54 

CALCIUM 19400 161 16 11100 - 54300 NONPARAMETRIC DIST 39279 

CHROMIUM II 14 4 LOGNORMAL OVER NORMAL 3.26 

COPPER 41 6 5.6 - 166 NORMAL 64.71 

IRON 690 91 9 69 - 2420 NONPARAMETRIC DIST 2420 

LEAD 51 15 2.9 - 26.5 NORMAL OVER LOGNORMAL 9.69 

MAGNESIUM 7240 161 16 4470 - 23900 NONPARAMETRIC DIST 16615 

MANGANESE 83 15 I 16 15.1 - 466 NONPARAMETRIC OIST 362.34 

NICKEL 31 16 12.5 - 62.75 NORMAL OVER LOGNORMAL 16.57 

POTASSIUM 1706 121 12 1156 - 5366 NORMAL OVER LOGNORMAL 2434 

SODIUM 16200 161 16 6020 - 58900 NORMAL 30262 

THALLIUM II 15 2 LOGNORMAL OVER NORMAL 1.56 

ZINC 141 15 20.6 - 117 NORMAL OVER LOGNORMAL 55.62 

l = REPRESENTATIVE CONCENTRATION FOR BACKGROUND IS PRESENTED IN TABLE X-X l = REPRESENTATIVE CONCENTRATION FOR BACKGROUND IS PRESENTED IN TABLE X-X 

-I QUALIFIERS FOR DATA ARE PRESENTED IN DATA PRESENTATION TABLES 

Swsdoccb.z& 4l21100 12:21 PM 
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TAL’ 21 

OCCURRENCE AND DISTRIBUTION OF DISSOLVED INORGANICS IN SURFACE WATER AT AREA A 

NAWC WARMINSTER, PENNSYLVANIA 

SUBSTANCE 

BACKGROUND 

REPRESENTATIVE 

CONCENTRATION’ 

FREQUENCY OF 

DETECTION 

SITE-RELATED 

RANGE OF STATISTICAL REPRESENTATIVE 
POSITIVE DETECTION” DISTRIBUTION 

II CADMIUM II 16 2.2 1 NORMA 

l = REPRESENTATIVE CONCENTRATION FOR BACKGROUND IS PRESENTED IN TABLE X-X 

. q QUALIFIERS FOR DATA ARE PRESENTED IN DATA PRESENTATION TABLES 
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were the most frequently detected VOC compounds. TCE was detected in eleven sediment samples at 

concentrations ranging from 2J to 1300 ug/kg. PCE was detected in ten samples at concentrations 

ranging from 2J to 130 ug/kg. The highest concentration of TCE (1,300 uglkg) was found in sample A20- 

SD and elevated levels were also found in samples A7-SD (69.0 ug/kg) and A&SD (19.0 ug/kg), collected 

from locations on either side of sample A20-SD. The maximum concentration of PCE was detected in 

sample A-/-SD. Samples A20-SD and A8-SD also contained PCE at 98.0 ug/kg and 16.0 ug/kg, 

respectively. The three sample locations are downstream of Area A and outfall OFI. 

1,2-Dichloroethene (total) and 2-butanone were detected in five and three sediment samples, 

respectively. Concentrations of 1,2-dichloroethene ranged from 2.OJ to 22.0 uglkg. Samples A20-SD ’ 

and A7-SD had the most elevated concentrations, 22.0 ug/kg and 15.0 ug/kg, respectively. 2-Butanone 

was detected in samples Al l-SD, Al2-SD, and A23-SD at concentrations ranging from 3.OJ ug/kg (A12- 

SD) to 45OJ ug/kg (A23-SD). Chloroform was detected in two samples, A29-SD at 14.8J ug/kg and A20- 

SD at 4.OJ ug/kg. The remaining VOCs were detected only in one sample each and included l,l- 

dichloroethene, acetone, carbon tetrachloride, chloromethane, ethylbenzene, toluene, I, I, l- 

trichloroethane, and xylene. 

Some pesticides were detected in sediment samples A30-SD, Al-SD, A4-SD, and A7-SD, and PCBs 

were found in samples A28-SD and A7-SD. Two pesticides, 4,4’-DDT (1.3 ug/kg) and endrin aldehyde 

(30J ug/kg), were detected in sample Al-SD. 4,4’-DDD (11.0 ug/kg) and 4,4’-DDT (50.0 ug/kg) were 

also found in sample A30-SD, and 4,4’-DDE (7.OJ ug/kg) and 4,4’-DDT (8.6 ug/kg) were detected in 

samples A7-SD and A4-SD, respectively. 4,4’-DDD, 4,4’-DDE, and 4,4’-DDT were found frequently in 

samples Al I-SD through A27-SD. The highest concentration of 4,4’-DDT (600 ug/kg) was found at A14- 

SD. Al2-SD, A20-SD, A25SD, and A27-SD also had elevated levels of 4,4’-DDT. Al9-SD (56.OJ ug/kg) 

and A25SD (36.OJ ug/kg) also had elevated levels of 4,4’-DDD. The most frequently detected PCB was 

Aroclor 1254, detected in 16 of the 23 site-related sediment samples. Aroclor 1254 was found in A25-SD 

(950J uglkg) and A26-SD (280 ug/kg) at elevated levels. High levels were also observed in Al4-SD, A15- 

SD, Al8-SD, Al9-SD, and A22-SD. Aroclors 1248 and 1260 were both detected in sample A28-SD at 

concentrations of 1,500L ug/kg. Aroclors 1016 and 1260 were found in sample A7-SD at concentrations 

of 11 OJ and 61 OJ ug/kg, respectively. 

Several semivolatile organics, including PAHs or phthalates, were detected in all Area A sediment 

samples. Background sample 3A detected four PAHs with concentrations ranging from 19OJ to 380J 

ug/kg. Background sample 3B also contained PAH concentrations ranging from 53.OJ to 590 ug/kg. No 

phthalates were detected in the nearby background samples. Di-n-butyl phtalate was detected at 59.0 J 

ug/kg in far downstream background sample Al 3-SD. PAH concentrations in sample Al3-SD ranged 

from 47.OJ to 1400 ug/kg. 
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Samples A28-SD, A31-SD, A29-SD, Al-SD, A-/-SD, Al6-SD, A22-SD, A23-SD, and A24-SD had the 

highest semivolatile organic detections. Each sample contained at least one SVOC at a concentration 

greater than 10,000 ug/kg. Sediment sample A29-SD contained three phthalates, butylbenzyl-, di-n-octyl- 

, and bis(2-ethylhexyl)-, at concentrations ranging from IIOJ to 7,900J uglkg. Two phthalates, bis(2- 

ethylhexyl)- and butylbenzyl-, were detected in other samples at levels ranging from 41 J to 6,600 ug/kg. 

Some PAHs were also detected in sample 2A with levels ranging from 60J to 10,600 ug/kg. No 

phthalates were found in sediment sample Al-SD; however, PAH concentrations ranged from 860J to 

43,000 ug/kg. In other samples, PAH concentrations ranged from 445 to 38,000 ug/kg. The sample 

results for A28-SD, A31-SD, and A7-SD were generally 50 to 100 times higher than background 

concentrations; sample A7-SD generally had the highest PAH concentrations. In sample A7-SD, PAH 

levels ranged from 2,400J to 38,000 ug/kg. The PAH concentrations in sample A29-SD were generally 

five to IO times higher than PAH concentrations in samples A30-SD and A4-SD which, in turn, were 

slightly higher than background levels. Sample A-16-SD had hits of PAH levels ranging from 1,OOOJ to 

17,000J ug/kg; sample A22-SD had PAHs ranging from 1,300J to 27,000J ug/kg; and sample A27-SD 

showed PAHs ranging from 940J to 9,900J uglkg. Table 4-22 presents the occurrence and distribution of 

organics in Area A sediment samples. 

Table 4-23 presents the occurrence and distribution of inorganics in Area A sediment samples. 

lnorganics were detected in all sediment samples. Arsenic, beryllium, chromium, cobalt, lead, 

manganese, nickel, vanadium, and zinc were found in background samples. The other Area A sediment 

samples contained these metals, along with cadmium, mercury, selenium, and silver. These samples 

generally contained higher concentrations of beryllium, barium, cadmium, chromium, copper, lead, 

mercury, selenium, silver, and zinc than the background sediment samples. Samples A3-SD, A5-SD 

through AS-SD, A28-SD, and A31-SD generally contained higher metal concentrations than samples A2- 

SD, A4-SD, A22-SD, A25-SD, and A26-SD. Maximum metal concentrations included arsenic (14.3 

uglkg), barium (I,0605 ug/kg), beryllium (2.1 ug/kg), chromium (224J uglkg), copper (136 uglkg), lead 

(404 ug/kg), mercury (2.5 ug/kg), selenium (1.9J ug/kg), silver (2J ug/kg), and zinc (8,490 ug/kg). 

Figure 4-26 details Area A sediment sample results that exceeded the ER-L screening criteria. Samples 

from locations A25 and A27 located adjacent to Sites 2 and 3 had exceedances of 19 and 20 compounds, 

respectively. Sediment sample location A22, collected at the OF1 outfall, exceeded the screening criteria 

of 20 compounds. Downstream sample locations with a high number of exceedances were A23, A28, A7, 

and A16, as detailed on Figure 4-19. The compounds most frequently exceeded included PAHs, 4,4’- 

DDT, Aroclor 1254 and 1260, arsenic, copper, lead, mercury, and zinc. 

In general, the highest metal concentrations were from samples from locations A6 through A8 and A31, 
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TAL .23 

OCCURRENCE AND DISTRIBUTION OF INORGANICS IN SElilMENT AT AREA A 

NAWC WARMINSTER, PENNSYLVANIA 

(mglkg) 

SUBSTANCE 

BACKGROUND 1 

REPRESENTATIVE FREQUENCY OF RANGE OF STATISTICAL REPRESENTATlVE 

CONCENTRATION’ DETECTION POSlTlVE DETECTION” DISTRIBUTION CONCENTRATION 

COBALT 4.4 231 23 3.4 - 75.2 NORMAL OVER LOGNORMAL 21.96 

COPPER 0.2 26 I 26 13.5 - 136 NORMAL 62.35 

IRON 11200 271 27 10600 - 115500 NORMAL 34966 

l = REPRESENTATIVE CONCENTRATION FOR BACKGROUND IS PRESENTED IN TABLE X-X 

.. = QUALIFIERS FOR DATA ARE PRESENTED IN DATA PRESENTATION TABLES 
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which are downstream of Area A; from samples A5-SD and AS-SD, which are located generally 

downstream of Sites 2 and 3; and from samples A22-SD, A23-SD, and A25/25D-SD, which were 

generally downstream of Sites 2 and 3. 

4.9 CONCLUSIONS 

Significant conclusions regarding the nature and extent of contaminants in media other than groundwater at 

Area A are as follows: 

. 

. 

A-=-,, 
. 

. 

. 

. 

Post-removal surface soils within Area A exhibited the presence of only two compounds, benzo(a) 

pyrene and lead, above the screening criteria. The lead level was below the clean-up goal of 1,000 

mg/kg established for the removal of surface soils in Site 2. 

No soil-to-groundwater SSLs were exceeded for the post-removal Site 1 surface soils; thallium was 

contained in one post-removal Site 3 surface soil sample at a level slightly above the SSL. Chromium 

was detected in several Site 2 surface soil samples at levels above the SSL. No clear pattern of the 

chromium exceedances was observed. Dieldrin was the only organic compound detected above its 

SSL in Area A post-removal surface soils. 

Post-removal subsurface soils within Area A contained several PAHs, arsenic, and lead at 

concentrations greater than the screening criteria. 

Several inorganic compounds exceeded their respective SSLs in Area A subsurface soils, including 

antimony, cadmium, chromium, lead, thallium, and silver. Antimony has not been detected in on-base 

Area A groundwater samples to date. 

Organic compounds detected in post-removal subsurface soil samples that exceeded the SSLs 

included pentachlorophenol, 3,3-dichlorobenzidine, dieldrin, methylene chloride, carbazole, 

benzo(a)anthracene, benzo(a) pyrene, dibenz(a,h)anthracene, and hexachloroethane. To date, 

pentachlorophenol, 3,3-dichlorobenzidine, and the PAH compounds have not been detected in Area A 

groundwater. 

Low levels of VOCs were detected in Area A surface water, including TCE (maximum of 2J ug/l), PCE 

(maximum of IJ ug/l), carbon disulfide (6J ug/l), and cloromethane (45 ug/l). Semivolatile organics, 

pesticides, and PCBs were generally not found, and, if detected, these concentrations did not exceed 1 

ug/l in the Area A surface water samples. 
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l Sample A22-SW, taken from within Outfall No. 1, contained total metal concentrations of barium (147 

ug/l), lead (16.9 ug/l), manganese (320 ug/l), and zinc (31.3 J ugll) that were greater than background 

and were the maximum or near the maximum observed for Area A related surface water samples. This 

suggests that total metal concentrations observed in the OFI outfall sample are a contributing factor to 

elevated inorganic concentrations in surface waters adjacent to Area A. 

l Several VOCs were found above background concentrations in Area A sediment samples. Sediment 

samples collected closest to OFI had the most frequent VOC detections. The maximum TCE (1,300 

ug/l) and PCE (98 ug/lkg) concentrations were detected in sample A20-SD collected approximately 250 

feet downstream from OFI. 

l Several pesticides, PCBs, and semivolatile organics were detected in Area A sediment samples. The 

compounds most frequently detected above background in the sediment samples included PCBs and 

PAHs. The highest PAH concentrations were found in the sediment sample from OFI. At this location, 

PAH levels ranged from 1,300J to 27,000J ug/kg. 
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5.0 CONTAMINANT FATE AND TRANSPORT 

Several aspects ‘of contaminant fate and transport at Area A are discussed in this section. Various chemical 

and physical properties affecting contaminant migration are discussed in Section 5.1. Potential contaminant 

migration routes are identified and discussed in Section 5.2. Section 5.3 presents a brief discussion of 

contaminant persistence. 

5.1 PHYSICAL AND CHEMICAL TRANSPORT PROPERTIES 

This section provides a qualitative discussion of potential migration of the contaminants found at Area A. 

The physical and chemical properties of the chemicals found in the study area, where available, are 

presented in Table 5-1. These properties or parameters may be used to assess the behavior of a chemical 

in the environment. 

Empirically determined literature values of water solubility, octanol-water partition coefficient (Kow), organic 

carbon/chemical partitioning coefficient (Koc), vapor pressure, Henry’s Law constant, bioconcentration factor 

(BCF), and specific gravity are presented for organic chemicals, as available. Many of these parameters 

are not applicable to inorganic chemicals. For inorganics, specific gravity and BCFs have been presented, 

along with qualitative descriptions of important environmental fate properties. Calculated values, which 

were obtained using approximation methods, are presented when literature values are unavailable. A 

discussion of the environmental significance of each of these parameters follows. 

The rate at which a chemical is leached from a waste deposit by infiltrating precipitation is a function of its 

water solubility. More soluble chemicals are expected to enter water much more readily and rapidly than 

less soluble chemicals. The water solubilities presented in Table 5-l indicate that the VOCs are several 

orders of magnitude more water soluble than SVOCs (including phthalates and PAHs), pesticides, or PCBs. 

This conclusion is reinforced by the fact that VOCs are typically discovered more frequently and at greater 

concentrations in groundwater than less soluble chemicals. (Volatilization of VOCs from surface media is 

also an important factor in the observed distribution of these chemicals.) 

Although phthalates, PAHs, and PCBs were detected in soil, such compounds have not been detected to a 

great extent in groundwater. When detected, they are observed in monitoring wells, where they may be part 

of the sediment in the sample instead of the aqueous fraction. This is a manifestation of their limited water 

solubility and tendency to adsorb onto soil/sediment particles. 

The Kow is a measure of the equilibrium partitioning of a chemical between octanol and water. The Kow is 

also used to estimate BCFs in aquatic organisms. A linear relationship between the Kow and the uptake of 

chemicals by fatty tissues of animal and human receptors has been determined (Lyman et al., 1990). 
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PAHs, phthalates, and PCBs are several orders of magnitude more likely to partition to fatty tissues than the 

more water-soluble VOCs. The Kow is also useful in characterizing the sorption of compounds by organic 

soils when experimental values are not available. 

The Koc is related to the water solubility and the Kow. This parameter indicates the tendency of a chemical 

to bind to soil particles containing organic carbon. Chemicals with high Koc generally have low water 

solubilities and vice versa. Chemicals such as phthalates, PAHs, pesticides, and PCBs are relatively 

immobile in the subsurface environment and are preferentially bound to the soil phase. These compounds 

are not subject to groundwater transport to the same extent as compounds with high water solubilities. 

Koc may be used to infer the relative rates at which the more mobile chemicals are transported in the 

groundwater. The Koc and the fractional organic carbon content of the soil (FOC) may be used to 

determine an equilibrium distribution coefficient (Kd) for the solid and aqueous matrices using the following 

relationship: 

Kd = Koc X FOC 

where: Kd = Distribution coefficient 

FOC = Soil organic carbon content 

Koc = Organic carbon partition coefficient 

TOC results may be used to calculate FOC for soils. One subsurface soil taken at Area A was analyzed for 

TOC, and the result was 2,600 mglkg. Thus, 

FOC = (2600 mg/kg) (1 E-6 kglmg) 

= 0.0026 kg organic carbon/kg soil 

Vapor pressure provides an indication of the rate at which a chemical volatilizes from both soil and water. It 

is of primary significance in instances where environmental interfaces such as surface soil/air and surface 

water/air are important, rather than in evaluation of groundwater and subsurface soils. Vapor pressures for 

VOCs are generally many times higher than vapor pressures for phthalate esters and PAHs. Chemicals 

with higher vapor pressures are expected to enter the atmosphere much more readily than chemicals with 

lower vapor pressures. Volatilization has also been reported to be one of the environmental fate pathways 

of PCBs. For example, of 700,000 pounds of PCBs in uncapped landfills in the Hudson River Basin area, 

an estimated 3,000 pounds (about four percent) volatilize annually (Lunsford, 1982). Volatilization depends 

upon such factors as total exposed surface area, PCB concentrations, and amount of organic matter in the 

soil. 
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Both vapor pressure and water solubility are of use in determining volatilization rates from surface water 

bodies. The Henry’s Law Constant is the equilibrium vapor pressure of a chemical above a solution divided 

by its concentration in the solution (for dilute systems). The Henry’s Law Constant may also be used to 

calculate the equilibrium contaminant concentrations in the vapor versus liquid phases for dilute solutions 

commonly encountered in environmental settings. The Henry’s Law Constant is also useful for mass 

transfer applications for air-stripping column design. 

BCFs represent the ratio of aquatic-organism tissue concentration to water concentration. The ratio is both 

contaminant and species specific, as well as tissue specific. When site-specific values are not measured, 

literature values may be used or the BCF may be derived from the Kow. Phthalate esters, PAHs, and 

pesticides will bioconcentrate at orders of magnitude greater than those concentrations found in the water 

where the exposed species reside. Bioconcentration is a well-known property of PCBs; PCBs can be stored 

in fatty tissues of exposed organisms at concentrations much higher than the environmental concentration. 

VOCs are not as readily bioconcentrated as pesticides or PCBs. 

Specific gravity is the ratio of the mass of a given volume of pure chemical at a specified temperature to the 

mass of the same volume of water at a given temperature. Its primary use is to determine whether 

immiscible compounds or very high concentrations of a pure contaminant will float or sink in water. As 

shown in Table 5-1, most of the chemicals detected in this study area were denser than water, although 

ethylbenzene and xylenes are less dense. 

According to EPA’s Soil Screening Guidance (EPA, 1996a), most of the inorganic chemicals have a strong 

tendency to adsorb onto sediment particles, a factor that greatly reduces their mobility. For some metals, 

such as cadmium, lead, and mercury, bioaccumulation also plays an important role in environmental fate. 

While the metals themselves are insoluble in water, soluble species of some metals, such as chromium and 

antimony, can increase contaminant mobility. 

5.2 POTENTIAL MIGRATION ROUTES 

In general, numerous potential migration routes exist in areas contaminated with hazardous materials. Such 

migration routes include, but are not limited to, atmospheric migration via particulate or volatile/semivolatile 

emissions, overland migration of dissolved or adsorbed contaminants, surface water transport, and 

groundwater transport. 

5.2.1 Atmospheric Migration via Vapor Emissions 

The first possible route for contaminant migration from sites from within Area A through the air is the 

volatilization of compounds from surface water or subsurface soil (especially if exposed through excavation, 

erosion). The RI did not confirm that volatilization was occurring at or within Area A in a significant manner. 
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During the soil gas survey and the drilling of the confirmation borings, uniformly low to non-detected levels of 

volatile organic vapors were found, with the exception of one soil boring at Site 3. Furthermore, ambient air 

readings taken during all the invasive tasks conducted within Area A did not exceed normal background 

levels. The concentrations of VOCs detected in subsurface soil were relatively low, and volatile emissions 

from exposed subsurface soil would be expected to be negligible. VOCs were not detected in surface water 

downstream of Area A. 

5.2.2 Atmospheric Migration via Particulate Emissions 

Another possible scenario for contaminant migration is the generation of contaminant dusts from surface 

and subsurface soils during excavation or other construction activities (sediments are covered by water). 

This would be potentially important for metals and would depend upon the soil materials being exposed in 

some way. The 1998 soil removal actions at Site 1, Site 2, and Site 3 addressed the more contaminated 

soils at these sites. The presence of backfill material over the excavated locations and a vegetated soil 

cover in the vicinity of these sites has greatly reduced the potential for risks due to dust emissions. In the 

event soils are disturbed in the future, this migration route may have some relevance. 

5.2;3 Subsurface Contaminant Miaration to Surface Water and Sediment 

Possible migration pathways for Area A soil contaminants to surface water are transport via groundwater or 

discharge of water perched above the water table. This process may be taking place because groundwater 

flow maps indicate that groundwater flow across Area A is to the north, toward the stream. Groundwater 

movement to the stream may be through both overburden and shallow bedrock. Some of the same 

compounds in monitoring wells, such as BTEX, PAHs, and phthalates, were detected in downstream 

surface water and sediment, although most of the chlorinated VOCs were not found. The conditions at 

Site 1 are not conducive to groundwater discharging to the stream, given groundwater flow directions, 

surface topography, and the greater distance to the stream. 

On some occasions, minor seeps have been observed along the southern bank of this stream near Site 3 

suggesting the potential for discharge of subsurface water perched above the water table. Seeps were 

observed along the creek embankment north of Site 3 during the Phase I and Phase III RI field work. 

During the Phase I RI, it was reported that a thin layer of orange-colored slime was observed at several 

points along the creek, suggesting that there may be more than one entrance point of the seep into the 

creek (SMC Martin, 1991). It was not known if the seep was spring fed. Seeps were not noticed during the 

Phase II RI. 

During Phase III, at least three separate seeps or springs were observed along the creek embankment 

between the guard house and Jacksonville Road. The seeps did not appear to be flowing and had oxidized 

the surrounding soils and rock fragments. Separate visits to this portion of the creek have not always 
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revealed the presence of these seeps or springs. As they are positioned above the water table and flow 

intermittently, they appear to be transient seeps that are related to localized perched conditions within the 

overburden. 

While shallow groundwater within Area A may discharge to the nearby stream, the stream’s function as a 

groundwater discharge point is expected to be minor. The low overall permeability and minor saturated 

thickness of the overburden suggests that significant quantities of groundwater are not transported laterally 

through this flow system. 

Groundwater seepage into the tributary might occur if the water table adjacent to the stream is higher than 

the stream’s surface elevation. Based on April 1995 water level measurements (Focused RI for 

Groundwater, HNUS, 1995) a slight downward hydraulic head differential was observed between 

overburden and shallow bedrock (less than 50 feet deep) wells at cluster locations near the northern edge of 

Area A. Staff gauge measurements revealed the stream water elevation to be slightly below the 

groundwater elevations at Site 3 and well above the shallow groundwater elevations near Site 2. These 

data indicate little or no groundwater discharge to the stream near Sites 2 and 3. 

Similarly a comparison of December 1997 water-level measurements (Summary Report for Areas A and D 

Groundwater Monitoring, B&R Environmental, 1998), elevations for overburden and shallow bedrock 

monitoring well pairs in the vicinity of Area A revealed a slight downward hydraulic head differential in these 

well pairs. The downward vertical hydraulic gradient indicates limited, if any, discharge of shallow 

groundwater to surface water. 

Soils near Sites 2 and 3 are characterized as Urban land-Lansdale complex (Section 3.0). Most soils have 

been regraded, disturbed, filled over, or otherwise altered due to construction. The original soils near the 

stream consist primarily of silt loams. These soils tend to have slow to moderate permeabilities. In addition, 

the presence of roadways, parking lots, and other structures has reduced the available area for precipitation 

and surface runoff to recharge groundwater near these sites. Based on this information and visual 

observations, most of the flow in the unnamed tributary appears to be from the stream’s headwaters area 

located across Jacksonville Road and upstream from Area A. However, during periods of high precipitation 

and storm events, seeps likely associated with perched water and subsurface flow above the water table 

have been observed. 

To help evaluate this potential migration route, groundwater, surface water, sediment, and seep analytical 

results for samples collected near Sites 2 and 3 (Figure 5-l) were evaluated to determine if soil 

contaminants may be migrating to surface water via subsurface pathways. The following table reflects this 

comparison: 
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CONTAMINANT 
PCE . -- 
TCE 

Total 1,2-DCE 
l,l,l-TCA 

CONTAMINANT CONCENTRATIONS 
GROUNDWATER’ 1 SURFACEWATERL 1 SEDIMENT/SEEPJ 
Non-detect - 7 us/l I Non detect - 1 J us/l 1 Non-detect - 130 un/ko 
Non-detect - 1 &I Non detect - 2J ~$1 
Non-detect - 2 ug/l Non detect 

Non-detect - 10 ug/l Non detect 

Non-detect. - 1300 us/kg 
Non-detect - 22 ug/kg 
Non-detect - 2J ug/kg. 

For VOCs, it does not appear that groundwater contaminants have significantly affected surface water, 

sediment, or seep chemical concentrations. Sediment and seep samples have contained varying levels of 

semivolatile organic compounds, pesticides, and PCBs. Pesticides and PCBs have historically not been 

detected in overburden and shallow Area A groundwater, while semivolatile organics have only been 

detected at trace levels. 

For inorganics, groundwater sample results (total inorganics) were compared to surface water samples 

tested for total inorganics and- sediment samples taken along the stream between OF1 and Jacksonville 

Road. The results were as follows: 

CONTAMINANT 
Beryllium 
Cadmium 
Copper 

Lead 
Vanadium 

Zinc 

CONTAMINANT CONCENTRATIONS 
GROUNDWATER SURFACE WATER SEDIMENT/SEEP 

Non-detect Non-detect 0.5 mg/kg - 2.1 mg/kg 
Non-detect Non-detect - 2.5J ug/l Non detect - 5.843 mg/kg 

Non-detect - 1660 ugll Non-detect - 106 ug/l 22.6 ugikg - 137 mglkg 
Non-detect - 233 ug/l Non-detect - 28.5 ug/l 23.9 mglkg - 404 mg/kg 
Non-detect - 53 ug/l Non-detect 14.8 mglkg - 157 mg/kg 

Non-detect - 1 ,010 ugll 20.8J ug/l - 117 ug/l 61 mg/kg - 8490 mg/kg 

5.2.4 Surface Water and Sediment Transport 

The primary migration route for stream contaminants in the surface water and sediment is via downstream 

flow. Contaminants may, to some degree, migrate from sediment to surface water and vice versa. 

However, metals and compounds with high organic carbon partition coefficient (Koc) such as PCBs and 

phthalates tend to bind strongly to sediment and migrate slowly, whereas lower-Koc, more highly soluble 

substances such as TCE and toluene would tend to stay in the surface water and migrate more rapidly 

(Versar, 1979). Bioconcentration by aquatic organisms may also be a significant environmental fate 

pathway for lead, mercury, DDT, PCBs (Versar, 1979; EPA, 1986a). 

5.2.5 Soil Transport and Migration to Groundwater and Other Media 

Rainwater that falls on the Area A sites may transport contaminants through runoff. Runoff can transport 

contaminants in surface soils in both the dissolved form and also in solid form sorbed to soil particles being 

eroded by the runoff. Contaminants that are transported with the surface water runoff migrate quickly (on 

the order of hours) so the contaminants do not have the opportunity to decay significantly before reaching 
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the receptor location. A surface water runoff fate and transport model can be used to estimate soil 

concentrations that are acceptable for protecting sediment quality. Appendix J provides such a model. 

5.3 CONTAMINANT PERSISTENCE 

Several transformation processes are believed to affect the persistence of organic chemicals in the 

environment. The primary processes affecting contaminant fate in the environment include microbial, 

photolytic, and chemical degradation. 

In general, photolytic degradation is not considered to be a relevant degradation mechanism for monocyclic 

aromatic compounds such as toluene (EPA, 1982). Furthermore, even photodegradable compounds must 

be present in media exposed to sunlight for such degradation to occur (such as surface soil). Since VOCs 

were detected in subsurface soil and groundwater but not surface water, photolytic degradation is not 

expected. For PCBs, photolysis from surface media can occur, especially in the more highly chlorinated 

compounds, although the process is reported to be slow (Versar, 1979). Photolysis is considered to be 

insignificant for phthalates and of unknown significance for PAHs (Versar, 1979). 

Generally, organic molecules are subject to several chemical reactions under environmental conditions. 

Such reaction mechanisms include acid/base reaction, addition, elimination, and hydrolysis. However, 

monocyclic aromatics are not particularly amenable to the majority of these degradation mechanisms. 

Hydrolysis is considered to be negligible for PAHs, halogenated hydrocarbon pesticides, and PCBs. 

Phthalates can be more susceptible (Versar, 1979; EPA, 1982; Lyman et al, 1990). Hydrolysis reactions 

can occur under acidic, basic, or neutral conditions. 

Another possible type of degradation is the dechlorination of PCE and TCE to 1,2-DCE, l,l-DCE, and 

ultimately vinyl chloride (Cline and Viste, 1984). A similar type of reaction has been reported for 1 ,I ,I-TCA 

in degradation to 1 ,ZDCA, I, I-DCA, and chloroethane. 

Bacterial degradation is a potential environmental fate mechanism. The compounds for which 

biodegradation is potentially considerable are toluene, 4-methylphenol, and, to some extent, naphthalene 

and phthalates (EPA, 1982; Verschueren, 1983). This degradation is primarily biological, and anaerobic 

conditions are typically required for these reactions to occur. 
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<,r -%-., 6.0 BASELINE RISK ASSESSMENT 

This section provides a description of the baseline risk assessment and risk ratio/toxicological evaluation 

(RR/TE) methods employed for Area A media other than groundwater, as well as a summary of the risk 

assessment results. The general objectives of the evaluation were to estimate the actual or potential 

risks to human health and the environment resulting from the presence of contamination in surface soil 

and subsurface soil following the removal action. Sections 6.1 through 6.6 discuss the human health 

portion of the risk assessment. For surface and subsurface soils, the evaluation was based on the nature 

and extent of contamination present at Area A after the soil removal actions were taken into 

consideration. Area A is divided into four areas: Site 1, Site 2, Site 3, and the Impoundment Area, 

Because these areas were initially investigated separately, the post-removal evaluation was also 

conducted separately and the results are presented and discussed for each of the four areas in this 

report. 

A risk assessment was also performed to evaluate the actual or potential risks to human health and the 

environment due to the presence of contamination in surface water and sediment in the stream (an 

unnamed tributary of Little Neshaminy Creek) adjacent to the Area A sites. Section 6.7 addresses the 

ecological risk assessment associated with the stream. 

,x-Y 
6.1 HUMAN HEALTH RISK EVALUATION 

The specific objectives of the ROUTE for surface and subsurface soils were as follows: 

l To estimate the actual or potential risks to human health resulting from the presence of contamination 

in surface and subsurface soils after remedial actions. 

l To provide a basis for attainment of concentrations that are protective of potential human receptors 

under industrial/commercial use, and hypothetical residential exposure scenarios. 

In addition to these objectives, this section estimates the actual, or potential risks to human health 

resulting from the presence of contamination in off-base surface water and sediment. These risks relate 

the stream adjacent to the Area A sites, which is an unnamed tributary of Little Neshaminy Creek. 

Three major aspects of chemical contamination must be considered when assessing public health risks: 

(1) contaminants with toxic characteristics must be found in environmental media and must be released 

by either natural processes or by human action; (2) potential exposure points must exist either at the 

source or via migration pathways if exposure occurs at a remote location other than the source; and (3) 
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human or environmental receptors must be present at the point of exposure. Risk is a function of both 

toxicity and exposure; without any one of the three factors listed above, there is no risk. 

In order to estimate the potential for human health risk attributable to post-remediation surface and 

subsurface soil, information regarding the toxicity of the compounds detected in the various media, the 

distribution of contamination, potential migration pathways, and a site-specific estimate of chemical intake 

via assumed exposure routes may be combined. 

At sites where a removal action has taken place, a formal human health risk assessment may not always 

be necessary. Rather, a risk-ratio/toxicological evaluation method can be employed at these sites to 

determine whether further investigation, or a more conventional evaluation of risk, would be beneficial for 

the decision-making process. In essence, this procedure allows for a preliminary indication of potential 

risk to humans once chemicals of potential concern (COPCs) in soil have been identified before 

performing a more rigorous assessment, if deemed appropriate. The RRITE method was not employed 

for the Area A stream, including affected surface water and sediment, since the quantitative evaluation of 

risk was deemed more appropriate. 

Assessment of the potential health effects from lead was handled separately, as per EPA guidance. 

Appropriate lead models will be used, if warranted, for future hypothetical residential children should lead 

be selected as a COPC based on initial screening. 

This post-remedial human health risk assessment for Area A was generally divided into data evaluation, 

risk ratio analysis, toxicological evaluation/risk characterization, lead modeling, and conclusions. Each 

section is briefly discussed below. 

Data Evaluation (Section 6.2) is primarily concerned with data quality assessment, background 

comparison tests, identification of COPCs, distributional analysis of the data, and calculation of exposure 

point concentrations. The site-specific background and site data are analyzed and COPCs are selected 

that are representative of the environmental contaminants present at the site. Distributional analysis of 

the data is the basis for calculating an exposure point concentration (EPC), which provides the chemical 

input into each of the exposure pathways. 

Risk Ratio Analvsis (Section 6.3) describes the risk ratio process and contains tables of the results of this 

analysis for those chemicals identified as COPCs in the data evaluation and screening process. 

Toxicoloqical Evaluation and Risk Characterization (Section 6.4) presents the results of the evaluation for 

those COPCs that the risk ratio analysis determined warranted further evaluation. 

Lead Modeling (Section 6.5) describes the model used and the results of the lead analysis. 
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Conclusions (Section 6.6) presents major conclusions of the human health risk assessment. 

8.2 DATA EVALUATION 

This section presents the approaches for data quality assessment, background comparison tests, 

identification of COPCs, distributional analysis of the data, and the calculation of exposure point 

concentrations. Four environmental media were sampled at Area A: on-site surface soil, on-site 

subsurface soil, off-base sediment, and off-base surface water. 

6.2.1 Data Quality Assessment 

Data quality was assessed using data usability worksheets that are consistent with Risk Assessment 

Guidance for Superfund (RAGS) - Part A (EPA, 1989a) and data quality assessment guidance (EPA, 

1996a). These data usability worksheets act as a summary of important data quality issues and potential 

impacts of the issues on the quantitative HHRA. The data usability worksheets were divided into four 

main sections (Field Sampling, Analytical Techniques, Data Quality Objectives, and Data Validation and 

Interpretation). The results of the data usability worksheets for surface soil and subsurface soil show that 

no major data quality assessment issues were present for Area A; therefore, no impact on the quantitative 

HHRA was expected. 

6.2.2 Backaround ComParison Tests 

An array of statistical tests was performed to determine if results of samples from surface soil and 

subsurface soil were elevated relative to background sample results. The name of each test, the statistical 

question answered by the test, the assumptions required to run the test, and the criterion used by each test 

to judge whether site data are greater than background are delineated in the headings and footnotes to 

background comparison tables for surface and subsurface soils. These statistical procedures include 

quantitative tests that evaluate overall differences between the entire populations of site and background 

data values; hot spots; and the frequency of detection (proportion of detected versus non-detected values in 

site versus background) but not the magnitude of values. 

Each statistical test was performed using a decision-making probability level (P-level) of 0.05, which means 

that, in situations where the test conclusion states that site-related results are greater than background, the 

chance of the test yielding a false conclusion caused by random variations in the data set is fwe percent or 

less. The overall conclusion (whether site results are greater than background) was assumed to be “yes” if 

any one of the quantitative tests concluded that site data are elevated above background. If no conclusion 

could be reached for any of the quantitative tests (e.g., if the assumptions necessary to run each of the 
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various tests were not valid), then the overall decision was based on the conclusions of the qualitative tests 

alone. Further information regarding each statistical test is presented below: 

c The means of the two data sets were compared if the same type of distribution (normal or 

lognormal) was determined for both site and background data set. If the site and background data 

exhibited equal standard deviations (based upon Bartlett’s test for equal variances), then the 

students t-test was applied; otherwise, Satterthwaite’s t-test was performed to determine if the site 

mean is greater than the background mean. The t-test is valid only if at least 85 percent of site data 

and 85 percent of background data are positive detects, there are at least three sampling points in 

each data set, and the pooled standard deviation is not zero. 

. Nonparametric statistical tests, which do not require underlying ‘assumptions regarding equal data 

distributions, were also applied in each case. The Mann-Whitney U-test was used to determine 

whether the site and background data are from populations with identical medians and rank 

distributions. The Mann-Whitney test involves combining the two data sets, ranking results from 

smallest to largest, and evaluating whether the two sites have a similar distribution of data within the 

range of low to high ranks. If more than 40 percent nondetected results are present in either the 

site or the background data set or when multiple levels of detection limits are present, a different 

statistically valid test, Gehan’s test, was substituted because recent guidance (EPA, 1992b) _. 

indicates that the Mann- Whitney test is not valid in the aforementioned situations. (Gehan’s test 

is statistically equivalent to the Mann-Whitney Test if all results are positive.) For either of these 

tests to work, not all data points can be tied and there must be at least two background data 

points. The Mann-Whitney U test and the Gehan’s test statistics were computed using 

appropriate score adjustments for tied values and a normal approximation when sufficient data 

points were available; whereas, an exact computation of probabilities was used in the situations 

where there were very few (for example, less than eight) data points. 

. A 95 percent upper tolerance limit (UTL) test was applied to determine whether the maximum 

concentration detected in an area of interest was a hot spot of a magnitude exceeding 95 percent of 

the background population. The 95 percent UTL is defined as the calculated upper limit that, on the 

average, is expected to include 95 percent of the background population. If the background data 

were determined to match the shape of a normal or lognormal population, then the limit was 

calculated using the t-distribution and the appropriate normal or log-transformed mean and 

standard deviation from the background data set For this test to be valid, the background data set 

was required to be comprised of at least 85 percent detects and at least three data points. 

. A substitute procedure for the 95 percent UTL, called the 95 percent quantile test, was employed to 

test for hot spots if the background data were not determined to be normally or log-normally 
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distributed. For the quantile test to be valid, at least 19 background data points were required, no 

detection limit could be greater than the UTL, and at least IO percent of the data points must be 

detects in the background data set. 

. The upper ranks test (EPA, 1992b, 1996a) is another hot spot test. This test combines the site 

and background data into one set and ,determines whether the major portion of a subset of the 

largest detected results is comprised chiefly of site data rather than an equal mixture of site and 

background. In this procedure, the probability is calculated that k or more samples from the 

largest r data points in the combined data set are comprised of site data, assuming that the site 

and background populations are equal. In the event that there is less than a five percent chance 

that this could happen if the populations are indeed the same, then the test concludes that there 

is a hot spot comprised of k samples from the area of interest. 

. In the event that none of the above quantitative statistical tests yielded a definite “yes” or “no” 

decision, a test of proportions was used to determine if the percentage of positively detected results 

was greater in the site data versus the background data. When only a very small portion of results 

is positive detections (less than IO percent), this test is recommended (EPA, 1996a, 1989b). The 

test is routinely applied using a normal distribution approximation to the probability that site is 

above background but is not considered valid when fewer than five positive detections are 

reported in either site or background. 

. As recommended (EPA, 1996a, 1992a, 1989b), quantitative statistical tests were preceded by 

data analysis to evaluate the distributional shape for both positive and nondetected data, of which 

quantile plots or tables are one recommended (and efficient) approach. This data analysis is 

required because multiple detection limits bias or invalidate the conclusions of common statistical 

tests. For each chemical in each risk group, a quantile (percentile) range evaluation was required 

to compare the number and magnitude of site and background nondetects. In particular, some of 

the above tests do not tolerate any non-detects above a certain magnitude or portion of the total. 

In the case of the Mann-Whitney test, careful quantitative evaluation was used to determine if the 

site and background populations exhibited the same distributional spread of non-detected results 

and to determine if the Gehan’s test, a more robust test, should be used. 

6.2.3 Identification of COPCs 

The selection of COPCs was based on various aspects of chemical concentration, occurrence, 

distribution, and toxicity. COPCs were selected to represent site contamination and to provide the 

framework for the quantitative HHRA. The COPC selection protocols are defined in Table 6-1. 

Constituents were screened against background data as outlined in Section 6.2.2 and also against EPA 

Region III residential risk-based screening concentrations (RBCs). 
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TABLE 6-l 
SUMMARY OF COPC SELECTION CRITERIA, AREA A SURFACE SOIL AND SUBSURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

I ‘i 
f 

jackground Screening 
ti 

Compare inorganic contamlnante in surface and subsurface soil If a surface end/or subsutiace soil inorganic If stetlslical tests show surface and/or subsurface Background screening is only applicable for surface 
Applicable for Surfau, to background data set. contaminant is within the range of inorganic contaminant levels exceed background end subsurface soil Inorganic contamlnanlS. OrganlO 

s Ind Subsurface Soil Only) background, eliminate the chemical as COPC. check Frequency of Detection. contaminants ara subject lo a check for Frequency 
of Detection. 

F ‘requency of Oetrcllon Compare frequency of positive detectIons relative lo lotal number of If frequency of date&on is lass than 5 percent tffrequency of detection is greater than 5 percent. Frequency of detectton screening applies lo all Organic 
usable results lo determIne if a substance was detected and the number of samples collected was =20, do a Toxlclty Screen. and inorganic contaminants. Conteminants detected 
in greater than 5 percent of samples [Applicable only A the number of eliminate the chemical as a COPC. in less then 5 percent of samples ere eliminated from 
samples collected In each media of consideration wae >= 201. consideration. Thls screen could miss potential “Hot 

Spots”, however, any potenlial “Hot Spots” were 
eliminated durtng the removal actlons et the site. 

T oxlcily Screen vi. RBC Compare maximum concentrations of inorganicsubstances If maximum concentration of contaminant If me maximum concentration of a contaminant Cllemicals that are selected as COPCs MI be 
(only those that exceed ba&gmund) and organlo fflnlaminanls In Is less than the applicable RBC; eliminate exceeds the applicable RBC. the contaminant evaluated quantitatively In this HHRA. NOTE: The RSC 
surface and subsurface soil to Risk Based Screening Levels (RBCs).’ the contaminant as a COPC. Is selected as a COPC for hexavalenl chromium (Cr VI) Is used In this HHRA 
Compare maximum concentrations of inorganic and organic substances because specialion data (Cr VI vs. Cr Ill) were not 
substances in sediment and surface water lo Risk Based Screening available for soil samples. 
Levels (RBCs).” 

roll and sedlmenl lo a value of 400 me/kg (EPA, 1984):” sediment is less than 460 mg&g and/or lead In sediment exceeds 400 mg!kg and/or lead In 

i 

* Risk-Based Concentrations (RSCs; EPA 1999b) are chemical-specific benchmark crileria, prepared by EPA Region Ill, which represent the concentration of a substance that is estimated lo yield a lifetime cancar risk of lE-133 or a noncarclnagenlc hazard quotient (HP) of 1. 
RSCs are calculated assuming default exposure assumptions for soll ingestion for a lifetime resident (chlld plus adult exposure). Those RBCs which are based on non-cancer toxicity are first divided by 10 before being used for screening. 
(This step adds a safety factor in case more than one contemlnant is present that might cause an addittve risk of adverse effects.) 

** Risk-Based Concentrations (RBCs; EPA 199Qb) are chemical-speclflc benchmark dteda. prepared by EPA Reglon Ill, which represent the mncentratton of a substance thal Is estimated lo yield a lifetime cancer risk of lEd6 or a noncaroinogenlo hazard quotient (HO) of 1 
RBCs are calculated assuming default exposure assumptions for soil ingestion (for sediment screening) and drinking waler Ingestion (for surface waler ingestion) for a lifetime resident (chlld plus adult exposure). Those RBCs which are based on non-cancer toxicity 
toxicity are first divided by 10 before being used for saeaning. (This step adds a safety factor in case more than one eontamlnanl is preeent mat might cause en additive risk of adverse effecte.) 

_* The lead screening value was developed by the EPA (1994a) Office of Solid Waste and Emergency Response (OSWER). It is not en automatic cleanup goal but rather a level above which there is Mtdent conoem lo merit additional site-specific evaluation of risks. 

.’ l ‘** The lead sveenlng value was developed by the EPA (1996d). It is not en automatic cleanup goal but rather a drinking water ectlon level ebove which there is sufftclent concern to merit additlonal site-spedfic evaluation of risks. 
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The on-base portion of Area A was divided into four specific sites: Site 1, Site 2, Site 3, and the 

Impoundment Area. Following the removal action, there were no COPCs remaining in Site 1 surface soil 

that exceeded residential screening criteria and exceeded background for inorganics based on statistical 

tests. COPCs were identified in Site 1 subsurface soil, Site 2 surface and subsurface soils, Site 3 surface 

and subsurface soils, and subsurface soils in the Impoundment Area. These COPCs were carried 

through the RR/TE process for the hypothetical future residential child scenario. 

Identified COPCs for each site within Area A were then rescreened against EPA Region III industrial 

RBCs to determine COPCs to be carried through the RRITE process for the industrial/commercial worker 

scenario. 

; s---y 

Four media (surface soil, subsurface soil, off-base sediment, and off-base surface water) were evaluated 

for Area A human health risks. The results of the analysis of Area A post-removal soil samples are 

summarized in the occurrence and distribution tables for background soil [Section 2.2.7 - soils that were 

collected from various locations at NAWC Warminster (Figure 2-12) that are considered unaffected by 

past site-related activities; all surface and subsurface background samples were pooled together and 

used as background for any site-specific surface or subsurface data set], (2) surface soil, and (3) 

subsurface soil. For off-base sediment and off-base surface water, occurrence and distribution tables 

were prepared for those samples that were collected between 1989 and 1995. No post-removal sediment 

or surface water sample results were included in these tables. These tables contain statistics including 

frequency of detection, range of positive detection, and location of maximum detection. 

Subsets of the post-removal surface soil, post-removal subsurface soil, sediment, and surface water 

databases (Appendix A) were evaluated by including only those chemicals detected at least once in each 

medium at a suspected source concern. Concentrations of inorganic and/or organic constituents 

detected in surface soil, subsurface soil, sediment, surface water (total and dissolved inorganics), and 

sediment and results of background analysis are presented in the following tables: 

l Site 1 surface soil - Table 4-3 (no COPCs post-removal) 

l Site 1 subsurface soil -Table 4-6 

l Site 2 surface soil - Table 4-9 

l Site 2 subsurface soil -Table 4-12 

l ‘Site 3 surface soil - Table 4-15 

l Site 3 subsurface soil - Table 4-18 

l Impoundment area subsurface soil - Table 6-21 

l Off-base sediment - Tables 4-25 and 4-26 

l Off-base surface water - Tables 4-22 and 4-23 (total/dissolved inorganics), and 4-24 (organics) 
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Essential nutrients (iron, magnesium, potassium, and sodium) were not considered COPCs and were not 

evaluated, and therefore are not discussed further. 

6.2.3.1 Surface Soil COPC Selection 

Section 4.0 discusses the results of sampling surface soils at Area A. COPCs in surface soil for 

residential receptors (using the protocols established in Table 6-1) are listed in Table 6-2 for Site 2, in 

Table 6-3 for Site 3, and in the residential risk ratio summary table for surface soil (Table 6-4). COPCs in 

surface soil for industrial/commercial receptors for these areas are listed in the corresponding risk ratio 

summary table for surface soil (Table 6-5). No COPCs were identified for Site I surface soil. In addition, 

surface soil samples were not collected from the Impoundment Area. 

6.2.3.2 Subsurface Soil COPC Selection 

Section 4.0 presents the results of sampling subsurface soils at Area A. COPCs in subsurface soil for 

residential receptors are listed in Table 6-6 for Site I, in Table 6-7 for Site 2, in Table 6-8 for Site 3, in 

Table 6-9 for the Impoundment Area, and in the residential risk ratio summary table for subsurface soil 

(Table 6-10). COPCs in subsurface soil for ‘industrial/commercial receptors are listed in the 

corresponding risk ratio summary table for subsurface soil (Table 6-l 1). 

6.2.3.3 Surface Water COPC Selection 

Potential COPCs for surface water were chosen based on various aspects of their occurrence and 

distribution, mobility, persistence, and toxicity. These chemicals are selected to represent site 

contamination and will provide the framework for the quantitative risk assessment. Briefly, comparisons of 

site-related inorganic concentrations of chemicals detected in surface water were made to appropriate 

background concentrations and within these chemicals were essential nutrients or minerals. All organ& 

detected in surface water were selected as COCs. 

Metals were detected in downstream surface water. The chemicals that were positively detected in surface 

water in Area A (Tables 4-22,4-23, and 4-24) and selected as COPCs are presented below: 

l l,l-DCA w 2-Butanone . 4,4’-DDD 

* 4,4’-DDT . Benz(a)anthracene 0 Benzo(b)fluoranthene 

0 Chrysene i . Diethylphthalate 0 Fluoranthene 

l Pyrene . Benzene . Bromomethane 

l Carbon Disulfide l Chloroethane . Chloromethane 

l Di-n-octylphthalate l PCE * TCE 
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TABLE 69 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN, SITE 2 SURFACE SOIL (POST-REMOVAL) 
NAWC WARMINSTER, PENNSYLVANIA 

llinimum I 

142 
0.19 
0.88 
4.4 
0.63 
0.09 
1050 
1.1 

0.74 
5.7 

2380 
8 

1900 
169 
0.18 
4.9 
684 
0.89 
0.14 
84.6 
0.81 
24.1 
23 
46 
43 
44 
51 
190 
47 
300 
55 
110 
1000 
48 

260 
43 
37 
41 
390 
56 
37 
52 
120 
290 
2 
19 
7.9 
4.2 
4.6 

Minimum 
Puatiier 

Chemical 

2-METHYLMAPHTHALENE 
ACENAPHTHENE 
ACENAPHTHYLENE 
ANTHRACENE 
BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(B)FLtJORANTHENE 

DlBENZO(A,H)ANTHRACENE 
DIBENZOFURAN 

N-BUl-YL PHTHALATE 

HA-CHLORDANE 

J 
J 

J 
J 

J 

J 
J 

J 
J 

J 
J 

J 

J 
J 
J 
J 
J 
J 
J 
J 
J 

J 
J 
J 
J 
J 

J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

laximum ( 
:oncantratic 

=Ez- 
10.8 
13.1 
452 
1.4 

20.3 
215000 

133 
14.5 
1410 

38000 
994 

135000 
2080 
1.1 
47 

2590 
1.6 

58.4 
1870 
1.4 
119 

4800 
21000 

180 
440 
840 
3300 
3400 
5300 
4400 
1800 
1000 
560 

3300 
61 

470 
73 

6200 
250 
so00 
52 

3700 
46&l 

7. 
19 
7.9 
23 
160 

fleximu 
QUaIlIf 

Units 

=iiEE 
MO/K< 
MGIK< 
MG/K( 
MO/K< 
MO/KC 
MGIKC 
MGIKC 
MGIKC 
MGIKC 
MGIKC 
MGM 
MGIKC 
MGKC 
MGlKC 
MGIKC 
MG/KC 
MGIKC 
MGIKC 
MO/KC 
MGIKG 
MO/KC 
MGIKC 
UGlKG 
UGIKG 
UGlKG 
UGIKG 
UGIKG 
UGJKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGiKG 
UGIKG 
UGIKG 
UGiKG 
UGiKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGiKG 
UGIKG 
UGlKG 
UGIKG 

ss-02-63 
ss-0242 
Xi-0203 

SS-02-07~MAX 
SS-O2-16.MAX 

SS-D2-26 
S&02-56 

ss-02-05-MAx 
ss-02-06 
ss-O2-22 

S&02-07-MAX 
ss-o2-22 
ss-M-56 

ss-02-05NIAx 
S&02-14 

S&02-Or-MAX 
SS-O?-18 

SS-o2-07-MAX 
SSO2-07-MAX 

SSM-14 
SS-02-07-MAx 
SSO2-05-MAX 

sso2-22 
55-02-56 
ss-02-oc 

SSO2-07-MAX 
SS92-wMAX 
SS-O205-MAX 
SS-O2-05-MAX 
SS-o2-05-MAX 

SSM-39 
ss-O205-MAX 
S&02-?O-MAX 
ss-o2-05-MAX 
SS-O2-05-MAX 

ss-w2-02 
ss02-85-MAx 

s-02-02. ss-02-01 
SS-O2-05-MAX 
SS5255-MAX 

ss52-39 
ss-o2-!z 

SS.020~MAX 
SS-02-OSMAx 

SS52-03 
SS-O2-56 
SB-92-01 
ss-02-01 
885269 
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Ietectio 
requem 

=zzr 
24146 
20120 
2017.0 
19120 
36148 
20120 
24124 
2ol20 
44144 
20120 
48148 
20120 
20120 
6l20 
11120 
19/20 
3118 

25143 
12/20 
6Q.4 

20/20 
44144 
2120 
4120 
6120 
12L?o 
16123 
17124 
14/20 
23t38 
14120 
2120 
9120 
14120 
2120 
7l20 
4l20 
14120 
8l20 

31/41 
1120 

14/20 
14l20 
1112 
lH2 
Ill2 
4112 
2M2 

Ranoe of 

0.2 - 8.8 

0.1 
0.03 - 2.8 

0.04 - 0.25 
11.4-25.4 

57.2 
0.33 - 0.85 
0.04 - 2.3 
78.5 - 242 
0.39-1.1 

340-1700 
I40 - 33000 
140 * 33000 
160 - 33000 
160 - 33000 
160 - 33ow 
160 - 33000 
MO - 33000 
I80 - 33000 
75 - 33000 
I40 - 33wo 
I80 - 33000 
140 - 33000 
140 - 33008 
I40 - 33000 
160 - 33000 
ro - 33000 
60 - 33000 
40 - 33000 
80 - 33000 
80 - 33000 

IO-31 
3.4 - 4.1 
3.4 - 21 
3.5 - 21 
1.8-21 

Used fc 
Screeni! 

198oc 
10.8 
13.1 
452 
1.4 

20.3 
215001 

133 
14.5 
1410 

38000 
994 

135001 
2080 
1.1 
47 

2590 
1.6 

58.4 
1870 
1.4 
119 

4800 
21cOo 

180 
440 
840 

3300 
3400 
5300 
4400 
1800 
1800 
580 
3300 
61 

470 
73 

6200 
250 

5000 
52 

3700 
4800 

2 
19 
7.9 
23 
180 

Site 
Greater Tha 
sackground ( 

=-T-= 
N 
N 
Y 
N 
Y 
Y 
Y 
N 
Y 
N 
Y 
Y 
N 
Y 
Y 
N 
Y 
Y 
Y 
Y 
Y 
Y 

NIA 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
NIA 
N/A 
NIA 
N/A 
N/A 
N/A 
NIA 
N/A 
N/A 
NIA 
N/A 
NIA 
NIA 
N/A 
N/A 
N/A 

- 

T a, 
-I- 

T 

Screening (31 
Toxicity Value 

7800 
3.1 

0.43 
550 
16 
3.9 

23 
470 
310 

2300 
400 

160 
2.3 
160 

39 
39 

0.55 
55 

2300 
IWWO 
470000 
160000 

23000W 
870 
87 
870 

18OOW 
8700 

48OCO 
32000 
87000 

87 
31000 

780000 
3wJoO 
310000 

870 
16WW 

ISOOW 
230000 
1800000 
2700 
1900 
1900 
1800 

73 
N 

ii 
N 
N 
N 
N 
N 
N 
N 
C 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
C 
c 
C 
N 
C 
C 
C 
C 
C 
N 
N 
N 
N 
C 
N 
N 
N 
N 
C 
C 

E 

:OF 

Fla 

=E 
N 
N 
N 
N 
Y 
N 
Y 
N 
Y 
N 
Y 
N 
N 
N 
N 
N 
N 
Y 
N 
Y 
Y 
Y 
N 
N 
N 
N 
Y 
Y 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 

tationale for ( 
Contaminant 

Deletion 
07 Selection 

BKG 
BKG 
BKG 
BSL 
BKG 
ASL 
NUT 
ABL 
BSL 
ASL 
BKG 
ASL 
NUT 
BKG 
BSL 
BSL 
NUT 
BSL 
ASL 
NUT 
ASL 
ASL 
ASL 
BSL 
BSL 
BSL 
BSL 
ASL 
ASL 
ASL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
ASL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 



TABLE 8-2 
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN, SITE 2 SURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

(1) Mimimumlmaximum detected concentration 
(2) Refer to supporting information for background discussion. 

Y-Site (2) Background; N -Site (not 2) Background; NA - Not Applicable (inorganics - insufficient site 01 back info; Organis). 
(3)’ EPA Region Ill Risk-Based Concentration Screening Values (Residential Land Use) (EPA, 10/27/99). Office of Soild Waste and Emergency Response (OSWER) [for lead only] (EPA, $994). 
(4) Rationale Codes Selection Reason: Infrequent Detection but Associated Historically (HIST) 

Frequent Detection (FD) 
Toxicity Information Available (TX) 
Above Screening Levels (ASL) 

Deletion Reason: Infrequent Detection (IFD) 
Background Levels (EKG) 

Definitions: 
N/A = Not Applicable 
COPC = Chemical of Potential Concern 
J = Estimated Value 
C = Carcincgenio 
N = Non-Carcinogenic 

No Toxicity Infonation, discussed in uncertainty section of HHRA (NTX) 
Essential Nutrient (NUT) 
Below Screening Level (BSL) 
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TABLE 6.3 
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN, SITE 3 SURFACE SOIL (POST.REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

- 
Soenan’c Timeframe: Current/Future 
Medium: Surface Soil 
Exposure Medium: Surface Soil 
Exposure Point: Site 3 

CAS 
Number 

Chemical 

7429905 ALUMINUM 
7440-38-2 ARSENIC 
7440-39-3 BARIUM 
744041-7 BERYLLIUM 
7440-70-2 CALCIUM 
7440-47-3 CHROMIUM 
7440484 COBALT 
7440-50-B COPPER 
57-12-5 CYANIDE 

7439-88-6 IRON 
7439-92-1 LEAD 
7430-05-4 MAGNESIUM 
7430-985 MANGANESE 
7440-02-O NICKEL 
7440-09-7 POTASSIUM 
7440-23-5 SODIUM 
7440-28-O THALLIUM 
7440-52-2 VANADIUM 
7446666 ZINC 
208088 ACENAPHTHYLENE 
120-12-7 ANTHRACENE 
58-553 BENZO(A)ANTHRACENE 
50-32-8 BENZO(A)PYRENE 

20599-2 BENZQ(B)FLUORANTHENE 
191-24-2 BENZO(G,H,t)PERYLENE 
207-08-g BENZO(K)FLUORANTHENE 
218-01-9 CHRYSENE 
53-70-3 DlBENZO(A.H)ANTHRACENE 

206-44-O FLUORANTHENE 
86-73-7 FLUORENE 
103-395 INDENO(l,2,3-CD)PYRENE 
88-01-B PHENANTHRENE 
12900-O PYRENE 
7934-5 1.1.2,2-TETRACHLOROETHANE 
74859 BROMOMETHANE 
5029-3 4.4-DDT 
58-89-0 IGAMMA-BHC (LINDANE) 
) Mimimurn!mmdmum deteoted ooncentratton 

Jinimum (1 
:cncantratic 

-==zr 
3.5 

86.7 
0.82 
4080 
16.2 
7.0 
11 

0.51 
14800 
18.2 
3280 
401 
10.5 
600 
147 
1.1 

22.7 
34.5 
33 
65 
56 
52 
130 
59 
70 
79 
35 
120 
28 
43 
40 
100 

1 
21 
7.1 
1.0 - 

Minimum 
QtkMtY 

vlaximum 
:onc.antrat 

12800 
7.0 
90 

0.07 
30700 
38.8 
11.7 
42.3 
0.51 

28800 
30.4 

12300 
1180 
21.5 
2510 
3820 
1.1 

50.7 
187 
120 
220 
1200 
1400 
1300 
320 
1000 
1200 
99 

3300 
41 

380 
1100 
1809 

1 
21 
15 
2.5 - 

&sximu 
Qualifie 

J 
J 

J 

J 

J 
J 

J 

J 
J 

J 
J 
J 
J 
J 

J 
J - 

units 

MGlKO 
MO/KG 
MGIKG 
MGIKG 
MO/KG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
MGlKG 
MGIKG 
MGIKG 
MO/KG 
MO/KG 
MGIKG 
MGiUG 
MGIKG 
MGIKG 
MGIKG 
UGIKG 
UGlKG 
UGIKG 
UGlKG 
UGIKG 
UGIKG 
UGIKG 
UG/KG 
UG/KG 
UGIKG 
UGiKG 
UG/KG 
UGIKG 
UGIKG 
UGlKG 
UGIKG 
UG/KG 
UG/KG - 

Location 
of Maximun 
:oncantratk 

- 
ss-0502 
ss-03-08 
ss-03-08 
88-03-08 
ss-0358 
ss-03-05 
ss-0306 
ss-03-05 
ss-03-02 
SS-03-06 
SS-0302 
SS-03-08 
880351 
ss-03-06 
ss-03-02 
ss-0302 
ss-03-02 
ss-03-06 
ss-0505 
ss-0307 
SS-03-08 
SS-03-08 
ss-03.15 
SS-0508 
SS-O3-08 
SS-03-08 
ss-03.05 
SS5308 
ss-0515 
ss-03-07 
SS53-08 
ss-0355 
ss-0505 
SE0358 
SS-03-08 
ss-03-03 
58-03-03 

- 
Detectio 
rrequenr 

Range of 
Detection 

Limits 

5/5 ---IT- 
5/5 0 
515 0 
s/5 0 
5/5 0 
5/5 0 
515 0 
515 0 
l/2 0.52 
515 0 
515 0 
5/5 0 
515 0 
4/5 14.3 
515 0 
4/5 128 
115 0.55 - 0.95 
515 0 
5/5 0 
518 340 - 3000 

O/l 3 340 - 3000 
13113 0 
11113 3800 - 3900 
818 0 
618 I800 - 3900 
518 340 - 3900 
818 0 
318 z-lo - 3900 

11113 I800 - 3000 
218 340 - 3000 
618 I800 - 3900 
718 3000 
816 0 
111 0 
lli 0 
2l4 3.5 - 3.0 
274 1.8 - 1.0 - - 

:onoentratl~ 
Used for 

8CWSfliflQ 

- 
12800 

7.0 
09 

0.07 
30700 
36.8 
11.7 
42.3 
0.51 

28800 
30.4 

12300 
1180 
21.5 
2510 
3820 
1.1 

50.7 
167 
120 
220 
1200 
1400 
1300 
320 
IWO 
1200 
99 

3300 
41 

380 
1100 
1800 

1 
21 
15 
2.5 - 

Site 
Greater Thar 
lackground (: 

N 
N 
Y 
N 
Y 
Y 
N 
Y 
Y 
N 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

NYA 
NIA 
N/A 
N/A 
NIA 
NIA 
NIA 
NIA 
N/A 
N/A 
NJA 
N/A 
NIA 
N/A 
N/A 
NIA 
NIA 
NIA - 

Screening (3: 
Toxicity Value 

- 
7800 
0.43 
550 
18 

23 
470 
310 
160 

2300 
400 

180 
160 

0.55 
55 

2300 
160900 

2300000 
870 
87 

870 
160000 
6700 

87000 
87 

310000 
310000 

870 
160000 
230000 
25000 

1000 
400 - 

3 
N 

C 

N 
N 

N 

N 
N 

N 
N 

N 
C 
N 
N 

N 
N 
N 
N 

N 

f: 
N 
C 

C 
C 

N 
c 

c 
C 
N 
N 
C 
N 
N 

C 

c 
C 
= 

:op 
Flat 

= 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
Y 
N 
N 
N 
N 
Y 
Y 
Y 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N i 

:) Refer to supporting informatfon for backgrcund discussion, 
Y-Site (I) Background; N-Site (not >) Background: NA- Not Applicable (inorganics - insufftcient site or back info; organics). 

(3) EPA Region Ill Risk-Based Concentration Screening Values (Residential Land Use) (EPA, 10/27/99). OftIce of Solld Waste and Emergency Response (QSWER) [fortead only) (EPA, 1994). 
(4) RatIonale Codes Selection Reason: Infrequent Detection but Associated Historically (HIST) 

Deletion Reason: 

Frequent Detection (FD) 
Tmdcky Information Available (TX) 
Above Scraanlng Levels (ASL) 

Infrequent Detection (IFD) 
Background Levels (BKG) 
No Toxtdty InfcrmaUon, discussed In uncertainty section of HHRA (NTX) 
Essential Nutrient (NUT) 
Below Soreenlng Level (BSL). ’ 

Definitions: 
NIA = Not Applicable 
COPC = Chemical of Potential Concern 
J = Estimated Value 
C = Carcinogenic 
N = Non-Carcinogenic 

4l24lOO 

tationale for t 
Contaminant 

Deletion 
or Selection 

BKG 
BKG 
BSL 
ESL 
NUT 
ASL 
BSL 
BSL 
BSL 
BKG 
BSL 
NUT 
ASL 
BSL 
NUT 
NUT 
ASL 
BSL 
BSL 
BSL 
BSL 
ASL 
ASL 
ASL 
BSL 
BSL 
BSL 
ASL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 

BSL 
BSL 
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TABLE 6-4 
RESIDENTIAL RISK RATIO SUMMARY TABLE FOR COPCs IN AREA A SURFACE SOILS (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

Site 2 

Risk Ratio 
Maximum 
Detected 

Concentration RBC for RBC for Noncarcinogenic Carcinogenic 
COPC @-@kg) Noncarcinogens Carcinogens Endpoint Endpoint 

PAH(s) 
BENi![A]ANTHRACENE 3.30 

BENZO[A]PYRENE 3.40 

BENZO[B]FLUORANTHENE 5.30 

INDENO[1,2,9CD]PYRENE 5.00 

PESTICIDES 
AROCLOR-1254 

INORGANICS 
CADMIUM 

CHROMIUM VI 

COPPER 

LEAD 

SILVER 

THALLIUM 

VANADIUM 

ZINC 

Site 3 PAH(s) 
BENZ[A]ANTHRACENE 

BENZO[A]PYRENE 

BENZO[B]FLUORANTHENE 

DlBENZ[A,H]ANTHRACENE 

3.70 

20.30 3.90E+Ol 

133.00 2.3OE+O2 

1410.00 3.13E+03 

994 J N/A 

58.40 3.91 E+02 

1.40 5.48E+OO 

119.00 548E+02 

4800.00 2.35E+04 

1.20 

1.40 

1.30 

0.10 

N/A 8.75E-01 N/A 3.77E-08 

N/A 8.75B02 N/A 3.88E-05 

N/A 8.75B01 N/A 6.08E-06 

N/A 8.75E-01 N/A 5.71 E-06 

3.19E-01 3.19E-01 

N/A 8.75E-01 N/A 1.37E-06 

N/A 8.75E-02 N/A 1.60E-05 

N/A 8.75E-01 N/A 1.49E-06 

N/A 8.75E-02 N/A 1 .I 3E-06 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

TOTAL: 

11.59 

0.52 N/A 

0.58 N/A 

0.45 N/A 

N/A N/A 

0.15 N/A 

0.26 N/A 

0.22 N/A 

0.20 N/A 

13.97 6.59E-05 

l.l6E-05 
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TABLE 6-4 
RESIDENTIAL RISK RATIO SUMMARY TABLE FOR COPCs IN AREA A SURFACE SOILS (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

Site 3 

COPC 

INORGANICS 
CHROMIUM VI 

MANGANESE 

THALLIUM 

Risk Ratio 
Maximum 
Detected 

Concentration RBC for RBC for Noncarcinogenic Carcinogenic 

@-@kg) Noncarcinogens Carcinogens Endpoint Endpoint 

36.80 2.35E+02 N/A 0.16 N/A 

1180.00 I .56E+03 N/A 0.75 N/A 

1.10 548E+OO N/A 0.20 N/A 

TOTAL: 1.11 2.00E-05 

6-13 



TABLE 6-5 
INDUSTRIAL RISK RATIO SUMMARY TABLE FOR COPCs IN AREA A SURFACE SOILS (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

Risk Ratio 

Site 2 

Maximum Detected RBC for RBC for Noncarcinogenic Carcinogenic 
COPC Concentration (mglkg) Noncarcinogens Carcinogens Endpoint Endpoint 

PAH(s) 
BENZ[A]ANTHRACENE 3.30 N/A 7.84E+OO N/A 4.21 E-07 

BENZO[A]PYRENE 3.40 N/A ?.84E-01 N/A 4.34E-06 

BENZO[B]FLUORANTHENE 5.30 N/A 7.84E+OO N/A 6.76&07 

lNDENO[l,2,3-C,D]PYRENE 5.00 N/A 7.84E+OO N/A 6.38E-07 

PESTICIDES 
AROCLOR-1254 3.70 2.86E+OO 2.86E+OO 1.29 1.29E-06 

INORGANICS 
CADMIUM 

CHROMIUM VI 

COPPER 

SILVER 

THALLIUM 

VANADIUM 

ZINC 

20.30 1 .OOE+O3 N/A 

133.00 6.13E+03 N/A 

1410.00 8.20E+O4 N/A 

58.40 1 .OOE+04 N/A 

1.40 1.40E+02 N/A 

119.00 1.4OE+O4 N/A 

4800.00 6.10E+05 N/A 

TOTAL: 

0.02 N/A 

0.02 N/A 

0.02 N/A 

0.01 N/A 

0.01 N/A 

0.01 N/A 

0.01 N/A 

1.39 7.37E-06 

Site 3 PAH(s) 
BENZO[A]PYRENE 1.40 N/A 7.84E-01 N/A 1.79E-06 

TOTAL: 
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‘) 
TABLE 66 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN, SITE 1 SUBSURFACE SOIL (POST-REMOVAL) 
NAWC WARMINSTER. PENNSYLVANIA 

f 

Scenario Timeframe: 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 
Exposure Point: Site 1 

- 

Detectio 
:requenc 

7777 
9/30 
16117 
17117 
w17 
23140 
17117 
38139 
lwl7 
1707 
l/5 

17117 
24124 
17117 
17117 
7117 
14/17 
13117 
6117 
11117 
15117 
10124 
17117 
17117 
116 
l/2 
212 
116 
118 
118 
l/2 
116 - 

:oncentratic Site 
Used for GreaterThaI 

Screening lackground ( 

- 
33500 
15.2 
25.5 
210 
3.1 

61.4 
53400 
4600 
66.1 
299 
1.6 

251000 
135 

5690 
2630 
6.8 

87.9 
4600 
3.3 
360 
707 
1.7 

66.6 
451 
4.6 
55 
12 
1.6 
41 
40 
4.6 
2.9 

- 
N 
N 
N 
N 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
N 
Y 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A - 

Maximum ( Uaximur 
ConcantraUc Qualifies 

33500 
15.2 
25.5 
210 
3.1 

61.4 
53400 
4600 
66.1 
299 
1.6 

251000 
135 

5890 
2630 
6.8 

67.9 
4600 
3.3 
360 
707 
1.7 

66.6 
451 
4.6 
55 
12 
1.6 
41 
40 
4.8 
2.9 - 

7800 N N 
3.1 N Y 

0.43 C N 
550 N N 
16 N N 
7.8 N Y 
NIA N N 
23 N Y 

470 N N 
310 N N 
160 N N 

2300 N N 
400 C N 
NIA N N 

160 N Y 
2.3 N Y 
160 N N 
NIA N N 
39 N N 

39 N Y 
NIA N N 
0.55 N Y 
55 N N 

2300 N N 
4706000 N N 

2700 C N 
1900 C N 

630000 N N 
320 C N 

46000 C N 
2300 N N 

1600000 N N 

Minimum r Minimum 
Qualiier 

Units Location Range of CAS 
Number 

Chemical ?atfonale for 
Contaminan 

Deletion 
or Selection 

BKG 
ASL 
BKG 
BSL 
BSL 
ASL 
NUT 
ASL 
BSL 
BSL 
BSL 
ASL 
BSL 
NUT 
ASL 
ASL 
BSL 
NUT 
BSL 
ASL 
NUT 
ASL 
BKG 
ESL 
BSL 
BSL 
BSL. 
BSL 
BSL 
BSL 
BSL 
BSL 

Limits 

- 
SB-01-05 
SB-01-48 
SB-01-14 
SB-01-02 
58-01-14 
SB-OI-25 
88-01-25 
58-01-48 
SB-01-25 
SB-01-28 
SB-01-05 
SB-01-25 
w-01-25 
SB-01-16 
SE-01-02 
S&01-25 
SB-01-25 
SB-01-21 
SB-01-25 
58-01-25 
SB-01-25 
SB-01-25 
SB-01-05 
SB-01-25 
SB-Ot-30 

B-01-O6-MA)( 
B-Ol-064&u 

SB-01-30 
B-Ol-O6MA)( 
B-0%08-MAX 
B-OlO6MAx 
SB-01-30 - 

7429-905 ALUMINUM 
7440-36-O ANTIMONY 
7440-36-Z ARSENIC 
7440-39-3 BARIUM 
7440-41-7 BERYLLIUM 
7440439 CADMIUM 
7440-70-Z CALCIUM 
7440-47-3 CHROMIUM 
744048.4 COBALT 
7440-50-6 COPPER 
57-12-5 CYANIDE 

7438-09-6 IRON 
7439-92-l LEAD 
7439.954 MAGNESIUM 
7439985 MANGANESE 
743997-6 MERCVRY 
7440-02-O NICKEL 
744009=1 POTASSIUM 
7782-49-2 SELENIUM 
1440-22-4 SILVER 
7440255 SODIUM 
7440-28-O THALLIUM 
144062-2 VANADIUM 
7440-66-6 ZINC 

5580 
0.31 
1.3 

26.4 
0.41 
0.05 
314 

7 
7.1 
2.5 
1.6 

9560 
2.1 
380 
230 
0.1 
3.1 
320 
0.86 
0.67 
17.2 
0.4 
13.8 
11.8 
4.6 
55 

72-55-S 4.4-DDE 4.3 
lO8-lo-1 4-METHYL-Z.PENTANONE 1.6 
1097-69-I AROCLOR-1254 41 
117-81-7 BIS(Z-ETHYLHEXYL)PHTHAlATE 40 
72-20-8 ENDRIN 4.8 

2.9 

76-93-3 2-BUTANONE 
I 72-64-8 4.4’-DDD 

108-8~3 IT~LUENE 
) MimimumImaxtmum detected concentration 
) Refer to supporting information for background discussion 

0.73- 1.2 
0.05 - 1 

9.7 
4.5 

0.61 - 1.2 

0.05- 0.12 
10.2- 18 
190-300 
0.3- 1.2 

0.66- 1.1 
59.9-65.1 
0.37 - 1.2 

12-13 
4.1 

12-13 
37-41 

370-410 
4.1 

2-13 - 

MGIKG 

MGIKG 

MGIKG 
MGIlCG 
MGIKG 
MGIKG 

MG/lCG 
MGIKG 
MGMG 
MGIKG 
MGiKG 
MGKG 

J 
J 

J 
J 
J 
J 
J - 

MGKG 
MGKG 
MGKG 

MGIKG 

MGIKG 

UG/KG 
UG/KG 

UGIKG 
UGIKG 

Y - Site (>) Background; N - Site (not >) Background; NA - Not Applicable (inorganlcs - lnsufgclent site or back Info; organ&). 
(3) EPA Region ill Risk-Based Concentration Screening Values (ResldenUal Land Use) (EPA, 10/27/99). OflIce of Soild Waste and Emergency Response (OSWER) [for lead only] (EPA, 1994). 
(4) Ralionale Codes Selection Reason: Infrequent Detection but Associated Historically (HIST) 

Frequent DelecUon (FD) 
Toxicity Information Available (TX) 
Above Screening Levels (ASL) 

Deletion Reason: Infrequent Delactlon (IFD) 
Background Levels (BKG) 
No Toxicity Information, dlscussed In uncertainty section of HHRA (NTX) 
Essential Nutrient (NUT) 
Below Screening Level(BSL) 

Deflnitlons: 
N/A = Not Applicable 
COPC = Chemical of Potential Concern 
J = Estimated Value 
C = Carcinogenic 
N =Non-Cardnogenic 

4121/00 
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TABLE 6.7 

OCCURRENCE. DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN, SITE 2 SUBSURFACE SOIL (POST-REMOVAL) 
NAWC WARMINSTER, PENNSYLVANIA 

CAS 
Number 

Chemical 

7424-90-5 ALUMINUM 
7440-36-O ANTIMONY 

7 
7440-38.2 ARSENIC 
7440-38-3 BARIUM 
7440.41-7 BERYLLIUM 
7440-43-S CADMIUM 
7440-70.2 CALCIUM 
7440.475 CHROMIUM 
7440-48-4 COBALT 
7440-50-8 COPPER 
57-12-5 CYANIDE 

7439.895 IRON 
743&92-l LEAD 
7439-95-4 MAGNESIUM 
7439-96-5 MANGANESE 
743997.6 MERCURY 
7440.024 NICKEL 
7440.09-7 POTASSIUM 
778249.2 SELENIUM 
744g-224 SILVER 
7440.235 SODIUM 
744528-O THALLIUM 
744062-2 VANADIUM 
7440.66.6 ZINC 
75-34-3 l,l-DICHLOROETHANE 

540-59-O 1.2.DICHLOROETHENE (TOTAL) 
78.935 2.BUTANONE 

591-78-6 2-HEXANONE 
IOEIO-1 4.METHYL-2-PENTANONE 
67-64-l ACETONE 
71.43-2 BENZENE 
74-83-9 BROMOMETHANE 
75-15-O CARBON DISULFIDE 
75-00-3 CHLOROETHANE 

I 67.669 CHLOROFORM 
74-97-3 CHLOROMETHANE 
100.41-4 ETHYLBENZENE 

METHYLENE CHLORIDE 

91-94-I 3,3’-DICHLOROBENZIDINE 
83-32-Q ACENAPHTHENE 
120.12-7 ANTHRACENE 
56-55-3 BENZO(A)ANTHRACENE 
50-32-E BENZO(A)PYRENE 
20569.2 BENZO(B)FLUORANTHENE 
191-24-2 EENZOIG.H.IIPERYLENE 
207-06-9 BENZO(K)FLbORANTHENE 
117-81-7 BlS(2-ETHYLHEXYL)PHTHALATE 
85.68-7 BUTYL BENZYL PHTHALATE 
86-74-8 CARBAZOLE 
218-01-S CHRYSENE 
84-74-2 DI-N-BUTYL PHTHAL4TE 

linimum ( 
:oncentrati1 

==Fzx= 
0.37 
0.85 
21.6 
0.25 
0.14 
366 

4 
3.5 
4.6 

0.93 
4000 
1.5 
680 
127 
0.04 
3.1 
110 
0.78 
0.11 
45 

0.69 
5.7 
5.2 
16 
3 

4.5 
1 

0.9 
49 
1 

360 
2 
3 
1 

810 
3 
1 
2 
2 

97.75 
1 

68 
400 
75 
98 
49 
44 
51 
51 
23 
46 
55 
91 
42 
46 

Minimum 
Qualifier 

L 
L 

K 
.I 
K 

J 

J 

L 
L 

J 
L 

J 

J 

J 
J 
J 
J 

J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

J 
J 
J 
J 
J 
J 
J 
J 

J 
J 
J 

laximum (1 
:oncentmtio 

133ooo 
90.5 
19.6 
719 
8.2 
293 

74000 
3840 
24.6 
7890 
20.4 

103000 
2080 

29900 
1760 
0.98 
143 

2690 
7.3 
317 

2910 
0.69 
566 

5640 
16 
60 
20 
2 

110 
170 
8 

360 
10 
3 
1 

810 
13 
23 
36 
150 

97.75 
12 
68 
400 
1400 
2200 
5200 
3800 
4900 
2100 
2200 
2200 
110 

1300 
4900 
4200 

units 

- 
MG/KG 
MG/KG 
MO/KG 
MG/KG 
MO/KG 
MO/KG 
MG/KG 
MO/KG 
MG/KG 
MGIKG 
MGIKG 
MG/KG 
MO/KG 
MG/KG 
MO/KG 
MGlKG 
MG/KG 
MG/KG 
MO/KG 
MGlKG 
MO/KG 
MGlKG 
MO/KG 
MGIKG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UGlKG 
UG/KG 
UG/KG 
UGlKG 
UG/KG 
UG/KG 
UGlKG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UGiKG 
UG/KG 
UGlKG 
UGlKG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
IIG/KG 

Location 
af Maximum 
:oncentratio 

- 
TPl0-0207 
SE-02.16 
S&02-09 

0.02-20.MP 
88-02-42 
88-02-27 
88-02-15 
SB-02-16 
88-02-06 

B-02-75MA 
SB-02-16 
S&02.08 
SEt.02.71 
SB-02-32 

B-02-25MA 
SB-02-17 
S&02-42 
S6-02-37 

TPIO-0207 
0.02.7O.MA 
TPO2.02-02 
TPIO-0207 
5802.42 
SB-02-42 
SE-0295 
58-02-12 
S&02-02 

TPI I-0209 
S&02-31 
SB-02-10 

TPlO-0207 
6502-09 

TP14-0213 
TPli-0209 
TPO2-02.02 
S&02-09 
S&02-32 
SB02-32 

3.02-ll-MA 
S&02-32 
SB-02.07 
SB02-19 
SB-02-07 
SB02-07 
SE02-53 
6&02-53 
S&02-53 
88-02-53 
58-02-53 

TPIO-0207 
TPIO-0207 
68-02-41 
68-02-22 
SB-02.53 
SE-02.53 
88-02-41 

ZG 
36,76 
so/@3 
66/66 
56166 
44193 
65/66 
66166 

79,80 
4146 

66/66 
86193 
65/66 
65166 
25166 
57166 
60/66 
4i80 
30161 
33166 
1166 

66/66 
80/~0 
l/53 
3153 
3/53 
2/53 
4/53 
8/53 
3153 
l/52 
2153 
l/53 
l/53 
1153 
3153 
5153 
13/53 
6/53 
i/53 

12l53 
1138 
l/38 
6/38 
IO/38 
21138 
22i39 
21/36 
IQ/38 
20/38 
6/39 
3/33 
6l38 

22i38 
7138 

Range of 
Detection 

Limits 

0.32. 12.6 
1.1 -3 

0.48s 1.5 
0.05 - 3.8 

643 

7.2 
0.99 

0.53 - 3.2 

9.1 -43.9 
1720 

0.03 _ 0.13 
10.9 - 18.3 
345 - 785 
0.34 _ 1.2 
0.05 - 2.2 
20.8 - 460 
0.38 _ 12.9 

4 _ 1500 
5.1- 1500 
IO. 1600 
IO. 1500 
II_ 1500 
I- 1500 
5- 1500 
4.750 

4.1500 
4 - 1500 
1 - 1500 
4.490 
4 - 1500 
2 - 1300 

5.1 _ 1500 
l.B- 1500 
4- 1500 

5.1- 1500 
190-6100 
190-8100 
190-6100 
190-6100 
180 _ 430 
190 - 430 
190~430 
190 _ 430 
190.580 
47.8100 

360-8100 
190.6100 
190.430 
51~8100 

oncenlratk 
Used for 

Screening 

-333EF 
90.5 
19.6 
719 
8.2 
293 

74000 
3840 
24.0 
7990 
20.4 

103000 
2060 
29900 
1760 
0.96 
143 

2690 
7.3 
317 

2910 
0.69 
586 

6640 
16 
60 
20 
2 

110 
170 

6 
360 
10 
3 
1 

810 
13 
23 
36 
150 

97.75 
12 
68 

400 
1400 
2200 
5200 
3800 
4900 
2100 
2200 
2200 
110 

1300 
4900 
4200 

site 
Greater Thai 
lackground ( 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

N/A 
N/A 
N/A 
NIA 
N/A 
N/A 
NIA 
N/A 
NIA 
N/A 
N/A 
NIA 
NIA 
N/A 
N/A 
N/A 
N/A 
NIA 
NIA 
N/A 
N/A 
N/A 
N/A 
N/A 
NIA 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

- - 
7800 

3.1 
0.43 
550 
16 
3.9 

23 
470 
310 
160 

2300 
400 

160 
2.3 
160 

39 
39 

0.55 
55 

2300 
760000 
70000 

4700000 
310000 
630000 
7sdooo 
22000 
11000 

780000 
220000 
100000 
49000 
780000 
85000 
12000 

1600000 
3500 

58000 
27000 
1400 

470000 
2300000 

870 
87 

870 
160000 
6700 

46000 
1600000 

32000 
97000 

780000 

:oPI 
Flak 

T 
Y 
Y 
Y 
N 
Y 
N 
Y 
N 
Y 
N 
Y 
Y 
N 
Y 
N 
Y 
N 
N 
Y 
N 
Y 
Y 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
Y 
Y 
N 
N 
N 
N 
N 
N 
N 

ationale for ( 
Contaminant 

Deletion 
or Selection 

ASL 
ASL 
ASL 
ASL 
BSL 
ASL 
NUT 
ASL 
BSL 
ASL 
BSL 
ASL 
ASL 
NUT 
ASL 
BSL 
ASL 
NUT 
BSL 
ASL 
NUT 
ASL 
ASL 
ABL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
ASL 
ASL 
ASL 
BSL 
BSL 
BSL 
BSL 
BSL 
ESL 
BSL 

4/21/00 
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Li-9 
00/11/P 

7 
1% 
lS8 
1SE 
lS8 
1SQ 
1SEl 
1se 
1sa 
1SQ 
1s 
1SEl 
733 
1sa 
lS8 
1% 
1SV 
xv 
1% 
XEI 
1% 
lS8 
1sa 
1sa 
1SB 
1sv 
1% 
1% 
1SE 
lS8 
1sv 

uqpa,ag 10 
WIWO 

wa”pue,“o~ 
10, a,e”o”el 

T 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

Fi 
N 
N 
A 
A 
N 
N 
N 
N 
N 
N 
N 
h 
N 
N 
N 
N 
h = 

ei: 
50 

555x 
OQLZ 
F’P 
CP 

Kx)woBL 
OWL 
006C 
EZ 
OL 

OOQL 
06P 

OOEZ 
OOEZ 

OOOLV 
OOOLP 

OV 
OZE 
OZE 
OZE 

OOQL 
BE 

OOOOEz 
00009t 

ODEI 
WOOQb 

Of9 
OOOOIE 
OOOOLE 
IOOOOFQ 
OOOLE 

LQ - 

---Ti-- 
V/N 
ViN 
V/N 
V/N 
vi?4 
V/N 
VIN 
VIN 
V/N 
Vi?4 
V/N 
V/N 
VR4 
V/N 
ViN 
VI?4 
V/N 
V/N 
V/N 
V/N 
V/N 
V/N 
V/N 
V/N 
V/N 
V/N 
V/N 
V/N 
V/N 
V/N 

096 
ev 

sz’o 
89.0 
QF 
OQL 
ZQ 

69EOO'O 
SE 
P'E 
SZ 
SS 
oz 
9'6 
se 
6'S 

W9L 
OSbL 
OCL 
6's 
9x 

0096 
0066 

10 
osz 

oosz 
0001 

OWEI 
LQ 

OLS 
OSP 

- 
OOL9 -061 

OP.P'E 
sz'o - ZEO'O 

9Z.O 
oat- L'S 

OV-SE 
OP*r'C 

XT0 - vzooo 
oz-L'L 
OZ-SC 
oz-1'L 
OP - P'E 
OP'P‘F 
OP-P'E 
63-W 
0t-P'E 
EP-VE 
65'VE 

WV-VE 
oz- L'L 
oz-L'b 

OEP - 06L 
0.u _ 061 

moz - OQE 
0019-061 
OOb9-06C 
OOL9-06L 
OEC-06b 

0019-061 
0019-06~ 
ooL8-06L 

FE 
owv 
S/II- 
S/V 

ES/S 
69iL 
OWE 
0 us 
OWL 
99R 
OW 
OWE 
ow9 
OWL 
69R 
OPR 
ZVIL 
ZVIS 
ML 
OVR 
OVIb 

QElCZ 
9WBb 
8WL 
WC 

BE/L!. 
BE/L 

QWZZ 
QER 
em 
BE/Q - 

- 
EE-zoas 

QVZO-E~S 

zv-zoas 

op-zoas 

zeZVBS 

Iv-zoas 

zv-zoas 

vz-IO-ES 

QVZVES 

QVZO-as 

zo-zoas 

Lz-ZO-ES 

Lz-20-9s 

BOZO-Lldl 
LZ-zoas 
zv-zoas 
Lvzvo-Bs 
LO-ZO-ES 
Lz-zoas 
LZ-zoas 
Qo-zo-8s 
wzoas 
ES-zoas 
8010-8s 
ES-ZVBS 

LOZOQbdl 

ES-zoas 
ES-IO-OS 
wQs-zoas 
99-zvas 
Es-zoas 
- 

7== 
r 
r 
P 
r 
r 
r 
1 
r 

I: 
r 
r 
r 
r 
r 
r 
r 
r 

r 
r 

r 

Y!WD 
Ul!XeW 

=Tr 
SP 

SC0 
99’0 
SE 

OS1 
ZQ 

65900'0 
SE 
v-e 
SZ 
SS 
oz 
E'6 
S'S 
8'S 

OOQL 
0531 
Oil 
B'S 
91 

0096 
0086 

ZQ 
05-z 

oosz 
0001 

0009~ 
L9 

0.4 
OOP 

~!pJ,"Bo"O 
) w"lu!Yl? 

r 
P 

: 
r 
I- 
r 
P 
P 
I- 
f 
1 

r’ 
r 
r 
r 
r 
P 
r 

r 
r 
r 
r 
r 
r 
r 
r 
r 

L 

reyywo 
U”U!“!yy 

-Tir 
E’Z 
51’0 
91’0 
8’1 
SL 
6’1 

ESIOO’O 
SE 
E’z 
S‘Z 
z’# 
L’Z 
9'6 
P'Z 
E'P 
6 
bC 

OLL 
6’1 
SE 
zv 
EP 
ZQ 
19 
62 
s9 
99 
8p 
99 

A 

WnllO~H3 lN3lVAV!ClH 66ZOPSB 
3alXOd3 klOlHWld3H E-LS-t’Z0 

3NVaklOlH3YWW~ Z-PL-EOI 
(3NVaNi-l) 3HSW’WW 6-68-9s 

3N013HNIYON3 ;-oL-b6H 
NIWNB Q-02-Zf 

31vTlns NvdlnSOaN3 9-LO’ICO 
II NvdlnSOaN3 fi-svELZf 

NkiaiSla m-09 
o9zL-Mol3oMv 3-28-9601 
v9ZC-b!0l30ww-m-L6oL 

NltlalV ZOOdOE 
3N3W.d OQOdZl 

3NStiHlNVN3Hd 6-1056 
lON3Hd0kf01H3ViN3d P-9PLQ 

3N3lVHlHdVN F-OZ-I6 
3N3YAd(a3-E’Z%)ON3aNl 5-69-96C 

3N3UOnld L-&L-Q9 
3N3HlNWOnlJ O-pPgOZ 

32VlVHlHd lAH13la Z-99-W 

hVAOW3WISOd) 110s 33VdklflSBCiS Z 311s ‘Nkl33N03 WllN3lOd JO SlV31W3H3 JO N0113313S CINV ‘NOIlilMllSI(I ‘33N3Wffl330 
L-9 3lEVl 



1Atx.E 6.8 
OCCURRENCE, DISTRIBUTION. AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN, SITE 3 SUBSURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

Exposure Medium: Subsurface Soil 

7440-36-O ANTIMONY 
7440-38-2 ARSENIC 
744039.3 BARIUM 
r44041-7 BERYLLIUM 
r440113-9 CADMIUM 
r44C-‘IO-2 CALCIUM 
7440.47-3 CHROMIUM 
7440-28-l COBALT 
r440-50-8 COPPER 
r439.898 IRON 
r439-92-I LEAD 
r439-954 MAGNESIUM 
r439-98-5 MANGANESE 
‘439-97-8 MERCURY 
‘440.020 NICKEL 
‘440-09-7 POTASSIUM 
‘782-49-2 SELENIUM 
‘440-22-I SILVER 
‘440.23-5 SODIUM 
‘440-28-O THALLIUM 
‘44062.2 VANADIUM 
‘44066.8 ZINC 
540.59.0 I,2DICHLOROETHENE (TOTAL) 
78-93-3 P-BUTANONE 
87-84-l ACETONE 
71-43-2 BENZENE 
75-15.0 CARBON DISULFIDE 
108-90-7 CHLOROBENZENE 
87-68-3 CHLOROFORM 
100-41-4 ETHYLBENZENE 
75-09-2 METHYLENE CHLORIDE 
10888-3 TOLUENE 
108-48-7 1,4-DICHLOROBENZENE 
83-32-S ACENAPHTHENE 
208-96-8 ACENAPHTHYLENE 
120-12-7 ANTHRACENE 
88-55-3 BENZO(AJANTHRACENE 
50-32-6 BENZO(A)PYRENE 
205-99-2 BENZO(B)FLUOl?ANTHENE 
191-24-2 BENZO(G.H,I)PERYLENE 
207-06-9 BENZO(K)FLUORANTHENE 
117-81-7 BlS(2-ETHYLHEXYL)PHTHAtATE 
85.68-7 BUTYL BENZYL PHTHAtATE 
88-748 CARBAZOLE 
218-01-S CHRYSENE 
84-74-2 DI-N-BUTYL PHTHALATE 
117-84.0 DI-N-OCTYL PHTtiALATE 
53-70-3 LIlBENZO(A,H)ANTHRACENE 
132-54-S DIBENZOFURAN 

linimum (i 
:oncenlratio 

--zzz- 
0.42 
1.1 

50.3 
0.83 
1.1 
600 
13.8 
4.9 
5.2 

IOQW 
5 

1710 
99.1 
0.15 
8.8 
379 
0.54 
0.96 
48.9 
1.1 
8.9 

21.8 
4 

5.8 
8.4 
5.1 
1.4 
11 
1 
4 

33M) 
2 

52 
110 

3”s 
1.2 
3 

1.7 
100 
3 

280 
41 
83 
1.1 
51 
320 
48 
57 

Minimum 
aualiier 

=-T=- 
J 

J 

J 
J 

J 
J 

J 
J 
J 
J 
J 
J 

;’ 

J 
J 
J 
J 

J 

J 
J 

J 
J 
J 
J 
J 
J 
J 
J 

taximum (1 
kmcentfatio 

=-mr 
18.8 
17.8 
1530 
3.1 

87.1 
42500 
83.4 
23.4 
3780 

89500 
4570 
15800 
2330 
9.7 
230 
3710 
2.9 
388 
1480 
I.4 
284 
9100 

4 
1000 
140 
5.1 
13 

140 
I 

130 
3300 
120 
120 

4400 
1200 

2IOO!l 
53000 
44oQo 
45oM) 
28000 
34OW 
4000 
41 

1000 
51000 

53 
320 

9400 
300 

lwimur 
3Udiiiel 

J 

J 

J 

J 
J 

J 
J 
J 
J 
J 

J 
J 

J 
J 

J 
J 
J 
J 

Units 

m 
MGIKG 
MG/KG 
MG/KG 
MO/KG 
MO/KG 
MGIKG 
MG/KG 
MG/KG 
MO/KG 
MG/KG 
MGIKG 
MG/KG 
MO/KG 
MGIKG 
MG’KG 
MGIKG 
MGIKG 
MG/KG 
MGIKG 
MGIKG 
MO/KG 
MO/KG 
L/G/KG 
UG/KG 
UGlKG 
UG/KG 
UGIKG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UGIKG 
UG/KG 
UG/KG 
t/G/KG 
L/G/KG 
L/G/KG 
UG/KG 
UGlKG 
UGlKG 
t/G/KG 
t/G/KG 
IIG/KG 
JO/KG 
JG/KG 

Location 
of Maximum 

Concentration 

TPO3-03-08 
tP03-O;M6 

SB-O3-I1 
TP03-03-06 
TP02-03-04 
TP03-03-08 
TP03-03-06 
TP03-03-W 
TP02-0344 
TP03-03-06 
SB-O3-11 
SB-O3-22 
88-03-07 

TPOI-03-03 
SB.0307 
SB-034 1 

TP02-03-04 
TP03-0306 
TP03-03-06 
TP03-03-05 

SB-0512 
SB-0512 

TP03-03-08 
SB-03.23-MAX 

TPOI-0301 
TPOl-0302 

SB-03.I I 
SB-o3-11 

TP03-0306 
‘020304. TP02-034 

58-03-12 
SB-03-09 
SB-0305 

TP03-03-08 
SB-0318 
BB-93-17 
S&03-I B 
88-03-18 
SB-03.18 
SB-O3-18 
58-03-18 
SB-O3-18 
58.03-10 

TP03-03-07 
58-03-21 
58-03-18 
SB-O3-I2 
SE-!l3-10 
SB-O3-I8 
58-03-12 

6-18 

I 

Oetectior 
‘requenc 

=zzT 
9RS 

25129 
28l29 
25i29 
15129 
27/29 
26R9 
26429 
2#29 
29RS 
35135 
27/29 
29/29 
18i29 
29RS 
29/29 
7R9 
16ns 
28&?9 
2129 

29i29 
28i29 
IRS 
8i29 
8X.29 
Ii29 
8429 
2/29 
2RS 
329 
IRS 
s/29 
Z-20 
S/28 
Q/28 
Is/26 
ISRS 
IS/26 
18/28 
15/26 
18i28 
220 
Ii20 
5120 
19126 
2120 
II20 
9128 
4120 

Range of 
Detection 

Limits 

0.33 - 13 
2.7 - 5.3 

74.7 
0.51 - 1.2 
0.52 - 3 

2090 - 8850 
6.3 
8.1 
13.1 

3300 - 5250 

0.05-0.12 

0.52 - 1.1 
0.7 - 2.3 

1320 
0.42 - I.2 

41.7 
5.8 - 2400 
IO-2900 
11-2900 
5.8 - 290 
IO-2900 
5.8 - 2900 
5.8 - 2900 
5.8-2900 
5.8 - 2200 
3.3 * 2900 

340.39Qo8 
20 * 39wo 
39-39cQ3 
2-39ooo 

340 - 39000 
340 - 39000 
340 - 39900 
3.9 - 39CCO 
2-39COO 

120 - 39300 
340 - 39000 
340 - 39000 
340 - 39000 
44 - 39000 
340 - 39000 
3.9 - 39wo 
340 - 39000 

:oncentratiol Site 
Used for Grealer Than 

Screening lackground (2 

==TEzr= ===T=- 
18.6 Y 
17.8 Y 
1530 Y 
3.1 Y 

87.1 Y 
42500 Y 
83.4 Y 
23.4 N 
3780 Y 

89500 Y 
4570 Y 
ISO0 Y 
2330 Y 
9.7 Y 
230 Y 

3710 N 
2.9 Y 
368 Y 
1484 Y 
I.4 Y 
284 Y 

9100 Y 
4 N/A 

1003 N/A 
140 N/A 
5.1 N/A 
13 N/A 

140 N/A 
I N/A 

130 N/A 
3300 N/A 
120 N/A 
120 N/A 

4400 N/A 
1200 N/A 

21000 N/A 
53000 N/A 
44ooo N/A 
45000 N/A 
26wo N/A 
34000 N/A 
4000 N/A 
41 N/A 

1000 N/A 
5Iwo N/A 

53 N/A 
320 N/A 

9400 N/A 
300 N/A 

T ) 
Screening (3) 

Toxicily Value 

=Yzr 
3.1 

0.43 
550 
I8 
3.9 

23 
470 
310 

23W 
400 

180 
2.3 
180 

39 
39 

0.55 
55 

2300 
7OwO 

47owM 
78OOoo 
22000 
78cwO 
IWOQO 
100000 
78wOO 
85OW 

18OC%0 
27WO 
47oooo 
18woo 

23ooow 
870 
87 

870 
IWWU 
8700 

48000 
1600000 
32000 
87ooO 
78wOO 
16MtC’J 

67 
31000 

‘j 
N 
C 
N 
N 
N 

N 
N 
N 
N 
C 

N 
N 
N 

N 
N 

N 
N 
N 
N 
N 
N 
C 
N 
N 
C 
N 
C 

E 
N 
N 
N 
C 
C 
C 
N 
C 
C 
N 

: 
N 
N 
C 
N 

:opc 
Flag 

T 
Y 
Y 
Y 
N 

ti 
Y 
N 
Y 
Y 
Y 
N 
Y 
Y 
Y 
N 
N 
Y 
N 
Y 
Y 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
Y 

;: 
Y 
N 
N 
N 
N 
N 
N 
Y 
N 

lationale for (, 
Contaminant 

Deletion 
or Selection 

- 
ASL 
ASL 
ASL 
BSL 
ASL 
NUT 
ASL 
BSL 
ASL 
ASL 
ASL 
NUT 
ASL 
ASL 
ASL 
NUT 
BSL 
ASL 
NUT 
ASL 
ASL 
ASL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
ASL 
ASL 
ASL 
BSL 
ASL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
ASL 
BSL 



TABLE 6.3 
OCCURRENCE, DISTRISUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN, SITE 3 SUBSURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

=-T- 
: 

--z- -7 
206-44-o FLUORANMENE 1.9 120000 
96-73-7 FLUORENE 31 J 4500 J 
67-72-l HEXACHLOROETHANE 640 040 
19339-5 lNDEND(l,2,3CD)PYRENE 3.2 29OOQ 
M-20-3 NAPHTHALENE 120 J 450 J 
65018 PHENANTHRENE 1.6 J 71000 
10696.2 PHENOL 150 J 150 J 
129ooO PYRENE 3.3 97000 
309-W-2 ALDRIN 2 J 180 J 
3469-21-g AROCLOR-1242 36 J 84 J 
2672-296 AROCLOR-1249 120 120 
1097-99-I AROCLOR-1254 04 5sw 
1036-32-5 AROCLOR-1260 59 J 290 J 
72-20-S ENDRIN 4.4 
6689.9 GAhMA~BtiC (LINDANE) 3.5 i :: 

J 
J 

ilO3-74-2 GAMMA-CHLORDANE 6 J 14 J 
024-57-3 HEPTACHLOR EPOXIDE 6.1 J 6.1 J 
72-55-S 4,SDDE 16 J 42 J 
50-29-3 4,4‘-PDT 11 J 31 J 
330-20-7 XYLENES, TOTAL 2.4 J 560 J 
b26B.67~9 OCDD 0.76 J 2.2 J 
72-548 4,4’-DDD 11 J 150 

66 690 - 
) Mimimum/maximum detected concentration 
:) Refer to supporting information for background discussion. 

CAS 
Number 

Chemical linimum ( 
:oncantratir 

Minimun 
Cualiim 

leximum (I laxirnl 
:oncentratiol aualii 

Untts 

-izz 
UGIKG 
UGIKG 
UGIKG 
UolKG 
UG/KG 
UGIKG 
t&/KG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGlKG 
UGIKG 
UGIKG 
UGIKG 
UGlKG 
UG/KG 
UG/KG 
UGlKG 
UGlKG 
UGIKG 

Location 
of Maximum 

Concentratton 

TP0393-06 
S&03-16 
SB-o3-18 

TP0163.03 
SBO3-18 

sB.034Q-MAx 
SB-O3-16 
SB-OQIO 
SB-O3-IS 
SB-O3-21 . 

TPO3-0306 
SB-O3-12 
SB-O3-21 

TP01-03-03 
s&03-21 

TP01-03-02 
SB-O3-21 

TP01-03-03 
TP0143-01 

SB-03-07 
SB-O3-11 

TPOi-OIQl 
TP01-03-02 
TP01-0303 

Detectlo 
w+m! 

Yir 
20/26 
10126 
IRO 

16i26 
w26 
18RB 
1120 

2OR6 
5/12 
2119 
Ill9 
WlV 
WI9 
4/l 3 
1112 
2/13 
II1 3 
4/13 
3113 
4579 
2l4 
5l12 
4R0 

Range of 
Detection 

Limits 

?TiizG 
340-400 

3.9 - 3wcC 
340-39Lw 
340-39ooo 
20.38ooo 

340-3QQDl 
340-39Ow 
340-400 
1.7-39 
34-750 
34-750 
34-750 
34-750 
3.4 - 75 
1.7-39 
1.7-39 
1.7-3s 
3.4 - 75 
3.4 - 75 

7.3-2900 
0.4 - 1.3 
3.4 - 75 

340 - 39040 

:oncentratil 
Used for 

Screening 

86 
12COOO 
4600 
&lo 

2wJo 
450 

71wO 
150 

97000 
180 

‘84 
120 

5900 
290 
24 
3.5 
14 
6.1 
42 
31 

580 
2.2 
150 
690 

site Screening (3) 
Greater Than Toxicity VaIu8 
8sckground (2) 

OPC Rationale for 
:lag Contamlnan 

Deletion 
or Sektlon 

N ESL 
N BSL 
N BSL 
N BSL 
Y ASL 
N BSL 
N BSL 
N BSL 
N BSL 

;: 
ASL 
BSL 

N BSL 
Y ASL 
N BSL 
N BSL 
N BSL 
N BSL 
N BSL 
N BSL 
N SSL 
N BSL 
N BSL 
N BSL 

Y - Site (>) Bar&ground: N - site (not a) Background; NA - Not Applicable (inorganics - insufficient site or back info; organics). 
(3) EPA Region 111 Riik-Based Concentration Screening Values (Residential Land Use) (EPA, lOi-27199). Dfftce of Sokd Waste and Emergency Response (OSWER) [for lead only) (EPA, 1994). 
(4) Rationale Codes Selection Reason: Infrequent Detection but Associated Historicatty (HIST) 

Frequent Detection (FD) 
Toxicity Information Available (TX) 
Above Screening Levels (ASL) 

Deletion Reason: Infrequent Detection (IFD) 
Background Levels (BKG) 
No Toxicity Information. discussed in uncertainty section of HHRA (NTX) 
Essential Nutrient (NUT) 
Below Screening Level (ESL) 

Definitions: 
N/A = Not Applicable 
COPC = Chemical of Potential Concern 
J = Estimated Value 
C = Carcinogenic 
N = Non-Carcinogenic 

6-19 



TAbk 6-Q 
OCCURRENCE, DISTRISUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN, IMPOUNDMENT AREA SUBSURFACE SOIL (POST.REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

MA-CHLORDANE 

PTACHLOR EPOXIDE 

linimum ( 
8oncantratl~ 

I 
6 

450 
16 
2 
14 
IO 
6 
2 

44 
160 
560 
510 
49 
45 
46 
46 
51 
45 
60 
34 
55 
46 

240 
45 
I20 
56 
42 

0.11 
0.29 
0.51 
2.3 
0.25 
31 
16 
21 

0.667 
OS!46 
0.071 
0.11 

0.094 
0.63 
0.12 
0.14 

0.067 
0.061 
0.059 
0.61 

Minimum 
Qua&r 

J 

J 
J 
J 
J 
J 

: 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

: 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

rlaximum (’ 
:oncanttatio 

2 
11 
23 

450 
1100 

2 
14 
IO 
s 
I5 
44 
15U 
560 
510 
2700 
3WD 
2600 
1700 
1100 
320 

3300 
34 
110 

3700 
240 
1300 
120 
1900 
7wo 
150 
3.7 
76 
2.3 

0.25 
31 
44 

930 
9.9 
21 
0.6 
I9 
I3 

0.63 
I3 

0.19 
I3 
I.2 

0.059 
0.61 

T 
J 

J 
J 
J 
J 

J” 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

J 

J” 
J 

J 

J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

Units Location 
of Maximum 
:oncanIraIiii 

I 
F 

n 

Detectic 
bquen 

Ra,-&Q~ Of 
Detection 

Limits 

m =-mEr 73 1o-2800 
UWKG IM201 269 IO-2800 
UWKG IMIOI 3159 5-2600 

UWKG IM504 1159 IO - 26W 
UWKG IM503 8/59 4-11000 
UG/KG IM406 1159 IO-17w 
UWKG IM504 1159 IO-2800 
UWKG tM403 l/59 IO-2800 
UG/KG IMIOI II59 IO-2800 
UWKG IM604 6/W IO-2600 
UG/KG IM505 II30 320-4200 
UWKG IM307 1130 320-4200 
UG/KG IM302 1130 320-4200 
UG/KG IM302 I/30 320-4200 
UG/KG IMIO? 8130 320-920 
UGIKG lM107 S/30 320-920 
UG/KG IMIO? 9130 320-920 
UG/KG IM107 7430 320-450 
UWKG IM107 6130 320-920 
UWKG IM711 16130 IW - 42W 
UWKG IMI07 8130 320-920 
UG/KG IM410 II30 320-4200 
UGIKG IMZOI 4/30 320-4200 
UGJKG IM107 1 II30 320.920 
UWKG IM302 II30 320-4200 
UGIKG IMI07 7130 320-920 
UGIKG lM711 II30 320-IWN 
UG/KG IM302 6130 320-920 
UGIKG IM107 1 l/30 320-920 
UG/KG IM501 11130 3.6 -4.5 
UGIKG IMSOI 7130 3.6-42 
UWKG IM711 9/30 3.6 -4.5 
UWKG IM301 1130 1.8-22 
UWKG IM309 1130 1.6-22 
UWKG IM30Q I/30 36-420 
UWKG IM410 6/30 38-420 
UG/KG IM711 5/30 36-420 
UGIKG IM71 I Z/30 0.34-22 
UWKG IM711 6/30 3.6 -4.5 
UG/KG IM307 z/30 1.6 - 22 
UGlKG IM711 4130 3.6 - 42 
UG/KG IM302 4/30 3.6- I6 
UGIKG IM307 II30 3.6 -42 
UGlKG lMI07 3/30 3.6-16 
UGIKG IM410 Z/30 0.3 -22 
UGIKG IM711 4/30 1.8-2.3 
UGlKG IM307 Z/30 1.8-22 
UGIKG IM412 l/30 0.29-22 
UGIKG IM410 1130 0.37 -220 

6-20 

loncentratio 
Used for 

Screening 

I1 
23 
450 
1IW 

2 
14 
10 
6 
15 
44 
160 
560 
510 

2700 
3Wo 
28W 
1700 
1100 
320 

3300 
34 
110 

3700 
240 
1300 
120 
l900 
7oW 
150 
3.7 
76 
2.3 

0.25 
31 
44 
930 
9.9 
21 
0.6 
19 
13 

0.63 
13 

0.19 
I3 
1.2 

0.059 
0.61 

Site 
Greater Thar 
IacaQround $ 

T 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
NIA 
N/A 
N/A 
N/A 
N/A 

Screening (3) 
Toxicity Value 

3200 C 
7m 

47aimO 
63WOo 
7aWo3 
49300 
76Woo 
12Dal 

ISWWO 
59wQ 
16OWO 
39ODO 
WOW0 

2SWm 
070 
67 

870 
16Ww 
6700 
46ow 
87ODO 

87 
76WW 
3IWW 
31ww 

670 
53oD 

16WW 
23WW 
27W 
1900 
1900 
36 

1800 
320 
320 
320 
100 
40 

47000 
47000 
2300 
23W 

2300 

490 

1800 

140 
70 

39000 

N 
N 
N 
N 
C 
N 
C 
N 
C 
N 
N 
N 
N 
C 
C 
C 
N 
C 
C 
C 
C 
N 
N 
N 
C 
C 
N 
N 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
N 
N 
N 
N 

: 
C 
C 

i 

:op 
Flal 

=r 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
Y 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

ktionale for 0 
Conlaminant 

Deletion 
or Seledion 

BSL 
BSL 
BSL 
BSL 
BSL 
ESL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
ASL 
ASL 
ASL 
BSL 
ESL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
ASL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
ASL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 
BSL 

316100 

! 



TAb.e 6-S 
OCCURRENGE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTlAL CONCERN, IMPOUNDMENT AREA SUBSURFACE SOIL (POST-REMOVAL) 

CAS 
Number 

Chemical 

744B3B2 ARSENIC 
7440-393 BARIUM 
74-I&41-7 BERYLLIUM 
7440-43-g CADMlUM 
7440-70-2 CALCIUM 
744r347-3 CHROMIUM 
744B-IB-I COBALT 
744B-W-S COPPER 

57-12-5 CYANIDE 
18540299 HEXAVALENT CHROMIUM 
7439896 lRON 
7439-92-I LEAD 
7439-954 MAGNESlUM 
7439-965 MANGANESE 
7439976 MERCURY 
744o-020 NICKEL 
7440-o&7 POTASSIUM 
7440-22-4 SILVER 
7440-23-5 SODIUM 
744528-O THALLIUM 

:I) Mimimumlmaximum da&tad concentral 
Refer to supporting information for background discussion. 
Y - site (a) Background; N - Site (not a) Background; NA - Not Applicable (inorganic-s - insufficient site or back info; organics). 
EPA Region III Risk-Based Concentration Screening Values (Residential Land Use) (EPA 10/27iQQ). office of Soild Waste and Emergency Response (OSWER) [for laad only] (EPA 1994). Definitions: 
Rationale Codas Salectkw Reason: Infrequent Demotion but Associated Historically (HIST) N/A = Not Applicable 

Frequent Detection (FD) COPC = Chemical of Potential Concern 
Toxicity Information Available (TX) J = Estimated Value 
Above Screening Levels (ASL) C = Carcinogenic 

Deletion Reason: Infrequent Detection (IFD) N = Non-Carcinogenic 
Background Levels (EKG) 
No Toxicity Information, discussed in uncertainty section of HHRA (NTX) 
Essential Nutrient (NUT) 
Below Soraening Level (BSL) 

linimum (I 
oncentratks 

==zr 
0.56 
0.42 
36 

0.37 
0.59 
552 
2.5 
2.2 
2.2 
0.66 
0.9 

3350 
0.59 
542 
90.3 
0.08 
3.3 
I89 
0.59 
66.6 
1.1 
4.0 
9.9 

Minimum 
Qualkr 

J 

J 

laximum (I] 
:oncentfation 

-zTr- 
144 
6.4 
316 
6.7 

91.1 
132000 
4730 
61.4 
707 
79.6 
22.5 

917W 
99.8 

42800 
6wo 
2.6 

62.7 
5wo 
373 
612 
I.1 

33.7 
327 

lualiier 
Units 

MWKG 
MGIKG 
MGIUG 
MWKG 
MGIKG 
MWKG 
MGIUG 
MGIUG 
W/KG 
MGJKG 
l&/KG 
W/KG 

MWKG 
MWKG 
MWKG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
MWKG 

Location Detection 
of Maximum Frequanq 
:oncentration 

IM409 65185 
IM711 10139 
lM711 4Lv65 
IM711 6555 
IM503 56ms 

IMlOIA 10165 
IM71 I 65/65 
IM711 65l65 
IM711 WI65 
IM711 49/65 
IM7II 9l37 
IM406 14/39 
IMlOl 65165 
lM711 WI65 
IM3Cll 65165 
IM503 65/65 
IM307 13l65 
IMIOI am5 
IM4BQ 62165 
IM7II 14165 
IM4BQ. 2Dr65 
IM3ClI II65 

Range of 
Datedion 

Limits 

-zi- 
0.4 - 10.1 
0.37 - 2.1 

NIA 
0.38-1.1 
0.04 -2.1 

N/A 
N/A 
6.9 

I.1 - 9.5 
0.55 - 3.1 
0.01 - 2.4 

N/A 
2.8 - 5.9 

N/A 
N/A 

0.04 - 0.12 
N/A 

667-864 
0.16 - 1.1 
44.9 - 527 
0.69 - 1.5 

N/A 
10.9 - 46.4 

:ancentratior 
Usedfor 

Screening 

Yzir- 
144 
6.4 
316 
6.7 
91.1 

132DW 
4730 
61.4 
707 
79.6 
22.5 

917w 
69.8 

42800 
so90 
2.6 

62.7 
5680 
373 
612’ 
1.1 

33.7 
327 

Site 
Greater Than 
lackQfOU”d (2: 

-N 
Y 
N 
N 
N 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
N 
N 
Y 
Y 
Y 
Y 
Y 
Y 
N 
N 
N 
Y 

Screening (3) 
Toxicity Value 

7800 N 
3.1 N 

0.43 c 
550 N 
16 N 
3.9 N 

N 
23 N 
470 N 
310 N 
160 N 
23 N 

2303 N 
4w c 

N 
IS0 N 
2.3 N 
160 N 

N 
39 N 

N 
0.55 N 
55 N 

2353 N 

:opc 
Flag 

T= 
Y 
N 
N 
N 
Y 
N 
Y 
N 
Y 
N 
N 
N 
N 
N 
Y 
Y 
N 
N 
Y 
N 
N 
N 
N - 

alionale for ( 
Contaminant 

Deletion 
or SeNotlon 

BKO 
ASL 
BKG 
BSL 
BSL 
ASL 
NUT 
ASL 
ESL 
ASL 
BSL 
BSL 
BKG 
BSL 
NUT 
ASL 
ASL 
BSL 
NUT 
ASL 
NUT 
BKG 
BSL 
BSL 
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Site 1 

TABLE 6-10 
RESIDENTIAL RISK RATIO SUMMARY TABLE FOR COPCs IN AREA,A SUBSURFACE SOILS (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

Maximum 
Detected 

Concentration RBC for RBC for 

Risk Ratio 

Noncarcinogenic Carcinogenic 
COPC 

INORGANICS 
b-u/kg) Noncarcinogens Carcinogens Endpoint Endpoint 

ANTIMONY 

CADMIUM 

CHROMIUM VI 

MANGANESE 

MERCURY 

SILVER 

THALLIUM 

Site 2 PAH(s) 
BENZ[A]ANTHFtACENE 5.20 

BENZO[A]PYRENE 3.80 

BENZO[B]FLUORANTHENE 4.90 

DIBENZ[A,H]ANTHRACENE 0.45 

INDENO[l,2,3-C,D]PYRENE 2.50 

PESTICIDES 
AROCLOR-1254 

AROCLOR-1260 

INORGANICS 
ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

CADMIUM 

CHROMIUM VI 

COPPER 

15.20 3.13E+Ol 

61.40 7.80E+Ol 

4600.00 2,35E+02 

2630.00 1.56E+03 

6.80 7.82E+OO 

360.00 3.91 E+02 

1.70 5.48E+OO 

N/A 

N/A 

N/A 

N/A 

N/A 

1.15 3.19E-01 

1.60 3.19E-01 

133000.00 7.82E+04 

90.50 3.13E+Ol 

19.60 4.26E-01 

620.00 5.48E+03 

293.00 7.82E+Ol 

3840.00 2.35E+02 

7050.00 3.13E+03 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

TOTAL: 

8.75E-01 N/A 5.94E-06 

8.75E-02 N/A 4.34E-05 

8.75E-01 N/A 5.60E-06 

8.75E-02 N/A 5.14E-06 

8.75E-01 N/A 2.86E-06 

3.19E-01 

3.19E-01 

N/A 1.70 N/A 

N/A 2.89 N/A 

4.26E-01 46.03 4.60E-05 

N/A 0.11 N/A 

N/A 3.75 N/A 

N/A 16.37 N/A 

N/A 2.25 N/A 

0.49 

0.79 

19.60 

1.68 

0.87 

0.92 

0.31 

24.66 

3.60 3.60E-06 

5.01 5.01 E-06 

N/A 

N/A ’ 

N/A 

N/A 

N/A 

N/A 

N/A 

0.00 



TABLE 6-10 
RESIDENTIAL RISK RATIO SUMMARY TABLE FOR COPCs IN AREA A SUBSURFACE SOILS (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

Maximum 
Detected 

Concentration RBC for RBC for 

Risk Ratio 

Noncarcinogenic Carcinogenic 
COPC @-@kg) Noncarcinogens Carcinogens Endpoint Endpoint 

Site 2 MANGANESE 1240.00 

NICKEL 143.00 

SILVER 168.00 

THALLIUM 0.69 

VANADIUM 586.00 

ZINC 5640.00 

Site 3 PAH(s) 
BENZ[AjANTHRACENE 

BENZO[A]PYRENE 

BENZO[B]FLUORANTHENE 

BENZO[K]FLUORANTHENE 

DlBENZ[A,H]ANTHRACENE 

lNDENO[l ,P&C,D]PYRENE 

PESTICIDES 
ALDRIN 

AROCLOR-1254 

INORGANICS 
ANTIMONY 

ARSENIC 

BARIUM 

CADMIUM 

CHROMIUM VI 

COPPER 

LEAD 

1.56E+03 

1.56E+03 

3.91 E+02 

5.48E+OO 

5.48E+02 

2.35E+04 

N/A 

NIA 

N/A 

N/A 

NIA 

N/A 

TOTAL: 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

8.75E-01 

8.75E-02 

8.75E-01 

8.75E+OO 

8.75E-02 

8.75E-01 

0.18 

5.90 

3.76E-02 3.76&02 

3.19E-01 3.19E-01 

16.60 3.13E+Ol N/A 

17.60 4.26E-01 4.26E-01 

1530.00 5.48E+03 N/A 

67.10 7.82E+Ol N/A 

83.40 2.35E+02 N/A 

3760.00 3.13E+03 NIA 

30.40 N/A NIA 

6-23 

0.79 

0.09 

0.43 

0.13 

1.07 

0.24 

84.45 

NIA 

N/A 

N/A 

N/A 

N/A 

N/A 

4.79 

18.47 

0.53 

41.33 

0.28 

0.86 

0.36 

1.20 

N/A 

1 

N/A 

NIA 

N/A 

N/A 

N/A 

N/A 

.18E-04 

6.06E-05 

5+03E-04 

5.14E-05 

3.89B06 

l.O7E-04 

3.31E-05 

4.79E-06 

1.85E-05 

4. 

N/A 

.13E-05 

N/A 

N/A 

N/A 

NIA 

N/A 



Site 3 

TABLE 640 
RESIDENTIAL RISK RATIO SUMMARY TABLE FOR COPCs IN AREA A SUBSURFACE SOILS (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

COPC 

Risk Ratio 
Maximum 
Detected 

Concentration RBC for RBC for Noncarcinogenic Carcinogenic 

OWW Noncarcinogens Carcinogens Endpoint Endpoint 

MANGANESE 

MERCURY 

NICKEL 

SILVER 

THALLIUM 

VANADIUM 

ZINC 

Impoundment Area PAH(s) 
BENZ[A]ANTHRACENE 

BENZO[A]PYRENE 

BENZO[B]FLUORANTHENE 

lNDENO~l,P,J-C,D]PYRENE 

PESTICIDES 
AROCLOR-1260 

INORGANICS 
ANTIMONY 

CADMIUM 

CHROMIUM VI 

COPPER 

MANGANESE 

MERCURY 

SILVER 

2330.00 1.56E+03 

9.70 7.82E+OO 

368.00 1.56E+03 

14400 3.91 E+02 

1.40 5.48E+OO 

284.00 5.48E+02 

9100.00 2.35E+04 

2.70 N/A 

3.00 N/A 

2.80 N/A 

1.30 N/A 

0.93 3.19E-01 

144.00 3.13E+Ol 

91.10 7.82EtOl 

4730.00 2.35Et02 

707.00 3.13E+03 

6090.00 1.56E+03 

2.60 7.82E+oo 

373.00 3.91 Et02 

6-24 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

TOTAL: 

8.75E-01 

8.75E-02 

8.75E-01 

8.75E-01 

3.19E-01 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

TOTAL: 

1.49 N/A 

1.24 N/A 

0.24 N/A 

0.37 N/A 

0.26 N/A 

0.52 N/A 

0.39 N/A 

72.32 8.24E-04 

N/A 

N/A 

N/A 

N/A 

3.09E-06 

3.43&05 

3.20E-06 

1.49E-06 

2.91 2.9lE-06 

4.60 N/A 

1.16 N/A 

20.16 NIA 

0.23 N/A 

3.89 N/A 

0.33 NIA 

0.95 NIA 

34.24 4.5OE-05 



TABLE 6-11 
INDUSTRIAL RISK RATIO SUMMARY TABLE FOR COPCs IN AREA A SUBSURFACE SOILS (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

COPC 

Site 1 INORGANICS 
CHROMIUM VI 

Site 2 PAH(s) 
BENZEAIANTHRACENE 

INORGANICS 
ANTIMONY 

ARSENIC 

CADMIUM 

CHROMIUM VI 

THALLIUM 

Site 3 PAH(s) 
BENZ[A]ANTHRACENE 53.00 

BENZO[A]PYRENE 44.00 

BENZO[B]FLUORANTHENE 45.00 

DlBENZ[A,H]ANTHRACENE 9.40 

INDENO[l ,P,BC,D]PYRENE 29.00 

PESTICIDES 
AROCLOR-1254 

INORGANICS 
ARSENIC 

Maximum 
Detected 

Concentration 
OWW 

RBC for RBC for Noncarcinogenic Carcinogenic 
Noncarcinogens Carcinogens Endpoint Endpoint 

4600.00 6.13E+03 

5.20 N/A 

90.50 8.18E+02 

19.60 3.82E+OO 

293.00 2.04E+03 

3840.00 6,13E+03 

0.69 1.43E+02 

N/A 

N/A 

N/A 

NIA 

N/A 

5.90 2.86E+OO 

17.60 3.82E+OO 

6-25 

Risk Ratio 

N/A 0.75 N/A 

TOTAL: 0.75 0.00 

7.84E+OO N/A 6.63E-07 

N/A 0.11 

3.82E+OO 5.14 

N/A 0.14 

N/A 0.63 

N/A 0.00 

TOTAL: 6.02 

7.84E+OO N/A 

7.84E-01 N/A 

7.84EtOO N/A 

7.84E-01 N/A 

7,84E+OO N/A 

2.86E+OO 2.06 

3.82EtOO 4.61 

TOTAL: 6.67 

N/A 

5.14E-06 

N/A 

N/A 

N/A 

5.80E-06 

6.76E-06 

561E-05 

5.74E-06 

1.20E-05 

3.70E-06 

2.08E-06 

4.61-06 

9.10E-05 



TABLE 6-l 1 
INDUSTRIAL RISK RATIO SUMMARY TABLE FOR COPCs IN AREA A SUBSURFACE SOILS (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

COPC 

Impoundment Area PAH(s) 
BENZO[A]PYRENE 

INORGANICS 
ANTIMONY 

CHROMIUM VI 

MANGANESE 

Risk Ratio 
Maximum 
Detected 

Concentration RBC for RBC for Noncarcinogenic Carcinogenic 
OwW Noncarcinogens Carcinogens Endpoint Endpoint 

3.00 N/A 7.84E-01 N/A 3.83E-06 

144.00 8.18E+02 N/A 0.18 N/A 

4730.00 6.13E+03 N/A 0.77 N/A 

6090.00 4.09Et04 N/A 0.15 N/A 

TOTAL: 1.10 3.83E-06 
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l Barium 

l Lead 

l Zinc 

l Thallium 

. Copper . iron 

. Manganese . Nickel 

. Aluminum . Chromium 

6.2.3.4 Sediment COPC Selection 

Potential COPCs for sediment water were based on various aspects of their occurrence and distribution, 

mobility, persistence, and toxicity. These chemicals are selected to represent site contamination and 

provide the framework for the quantitative risk assessment. Comparisons of site-related inorganic 

concentrations of chemicals detected in sediment were made to appropriate and whether these chemicals 

were considered to be background concentrations and essential nutrients or minerals. All organics detected 

in sediment were selected as COCs. 

A variety of metals, PAHs, VOCs, PCBs, and phthalates were considered to be notable in downstream Area 

A sediment. The chemicals that were positively detected in sediment in Area A are presented in Tables 4- 

25 and 4-26 The large number of COCs selected may reflect the chemicals being discharged through base 

ouffill no. 1. The following chemicals were selected as COCs in site-related sediment: 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

* 

;.M=x . 

. 

l,l,I-TCA 

2-B&none 

4,4’-DDT 

Acenaphthene 

Alpha-Chlordane 

Aroclor 1248 

Benz(a)anthracene 

l,l-DCE 

2-Methylnaphthalene 

4,4’-DDE 

Acetone 

Anthracene 

Aroclor 1254 

Benzo(a)pyrene 

Benzo(k)fluoranthene 

Benzo(b)fluoranthene 

Chrysene 

Di-n-butylphthalate 

Di-n-octylphthalate 

Endosulfan II 

Endrin Aldehyde 

Fluoranthene 

Naphthalene 

PCE 

Total Xylenes 

Barium 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

1,2-DCE (Total) 

4,4’-DDD 

4-Methylphenol 

Aldrin 

Aroclor 1016 

Aroclor 1260 

Benzo(b)fluoranthene 

Benzo(g,h,i)peryIene 

Bis(2-thylhexyl)phthalate 

Butylbenzylphthalate 

Carbon Tetrachloride 

Dibenz(a,h)anthracene 

Endosulfan Sulfate 

Endrin Ketone 

Fluorene 

Indeno( 1,2,3cd)pyrene 

Toluene 

Aluminum 

Beryllium 

Carbazole . 

Chloroform . 

Chloromethane . 

Delta-BHC . 

Dibenzofuran . 

Dieldrin . 

Endrin . 

Ethylbenzene . 

Gamma-Chlordane . 

Pyrene . 

TCE . 

Arsenic . 
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. Cadmium . Chromium . Cobalt 

. Copper . Iron . Lead 

. Manganese . Mercury . Nickel 

. Selenium . Silver . Vanadium 

. Zinc 

6.2.4 Distributional Analvsis of the Data 

This section presents the approaches taken for distributional analysis of the Area A analytical data. 

Distributional analysis of the sampling data is important in determining the exposure point concentration 

(EPC) used to quantitatively estimate risks at the site. Statistical analyses discussed in this section adhere 

to the guidance referenced in several EPA and related publications (EPA, 1989a, 1989b, 1992a, 1992b, and 

1996a). Before EPCs were estimated for each COPC, the underlying statistical distribution of data was 

determined. The Shapiro-Wilk ON) test or the Shapiro-Francis Test (EPA, 1992a) were performed to 

determine if the data set of chemical concentrations matched the shape of a normal or lognormal 

distribution. [The latter test is required if there are greater than 50 samples (EPA, 1992a, 1996a).] Normally 

distributed data exhibit a characteristic “bell-shape” curve that is symmetrical, whereas lognormal data have 

a skewed shape (a longer tail at the high-concentration tail). 

For each COPC, the W test was performed once using the original data and once after data were converted 

to their logarithms. A 5% level of significance was used to determine if the data deviated from either 

hypothesized distribution. If the W test indicated a normal distribution, then the estimation of the reasonable 

maximum exposure point concentration (using the upper 95th percentile confidence limit on the mean, as 

discussed in the next section) was based upon a normal distribution and standard deviation. If taking the 

logarithms of the data provided a better match than a normal distribution, a lognormal transformation of data 

was performed before the upper 95th percentile confidence limit on the mean concentrations was 

computed. If neither distribution matched the data set of interest, the default assumption of an underlying 

lognormal distribution was followed (EPA, 1989a). 

The distributional analysis results for residential COPCs in surface soil and subsurface soil are shown in the 

following tables: 

l Site 1 subsurface soil - Table 6-12 

l Site 2 surface soil - Table 6-l 3 

l Site 2 subsurface soil - Table 6-14 

0 Site 3 surface soil - Table 6-15 

l Site 3 subsurface soil - Table 6-16 

o Impoundment area subsurface soil - Table 6-l 7 

UDOCUMENTSINAVYl7603/1l9006/SEC6 
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TABLE 6.12 
REPRESENTATIVE CONCENTRATION AND STATISTICAL DISTRIBUTION - SITE 1 SUBSURFACE SOIL (POST-REMOVAL) 

NAWC WARMISTER, PENNSYLVANIA 

ALUMINUM 
ANTIMONY 

17 1 18 1 nonparametric(assumed lognorm.) 0.7383 0.7874 1 0.892 1.8988 0.3370 15,852 1 18,710 33,500 
I 30 I 29 I nonoarametric(assumed lognorm.) 0.5595 0.8553 1 0.927 3.0304 1.4493 1.91 1 3.80 15.2 

.gnormal 0.6388 0.9548 1 0.892 2.4886 0.8510 5.12 1 8.32 25.5 
JM”“nnl! na*a, now0 I Ill03 9 I?Gr. ” *ml* 013 I 93” 31l-l 

. _ . _ . 

ARSENIC ii 7s In 
BARIUM 17 18 L “~ll”,lll”l , “.“““h , “.““*I , “.““S , “..““” , “.“....- ““.” ..?- -.- 
BERYLLIUM 17 18 ,..“,-..W.’ I I ,*n I I --a,#7 

CADMIUM 40 39 normaram& 
47 

3lDE I 5 I 4 I lognormal 1 0.; 
I 17 16 I nonoaram@triciassumed loononnli 0.1 

ZINC 17 16 I nonparametric(assumed lognorm.)/ 0.4425 I 0.8803 I 0.892 I 2.4666 0.8495 67.1 104 451 
7sRIITAN(lNF - - - . -. . - I 6 I 5 I 

; 1 i 1 
nonoarametric (assumed lognorrn.)~ .._,. r-.- .._..._ \___- 0.7501 I 0.7304 I 0.788 1 1.984 0.1175 6.05 6.72 4.8 

4,4’-DDD unknown (assumed .-I ..-....., l”“““nn\ I , - I 1 I - 1 91.0493 , “. 2.3280 5.52 2.91E+23 1.6 
4,QDDE 2 I 1 I unknown(assumedlognonn.) I - I 1 - 1 6. 5483 0.7257 4.82 1,081 2.9 
&METHYL.2.PENTANONE ._.- . . ..--. - . . . . ..-..- 6 I 5 I nanoarametrtclassumed loanom.~I 0.5946 I 0.5516 I 0.768 I 
AROCLOR-1254 1 e i 

.._.. r_.- .._..._ *_ __-...-- __~ ._______, . -.-. . . ..__ . , _.. __ . 2 -.872 0.5608 175 12.0 40.0 
nonparametric (assumed lognorm.) 0.4998 0.5385 0.818 2.0353 0.2665 22.1 27.1 41.0 

BlS(2-ETHYLHEXYL)PHTHALATE 1 8 7 nonparametric (assumed tognorm.) 0.5347 0.477 0.818 2.4955 0.5598 3.43 316 4.8 
ENDRIN 1 2 I unknown (assumed lognorm.) - 5.4191 0.6016 28.5 97.9 55.00 
TOLU ENE I 6 I 5 I nonparametrlc(assumr !d lognon.) 0.7742 0.7242 0.788 3.451 0.7518 8.16 17.1 12.0 
Notes 

24 1 23 1 lognormal 1 0 
I I 4f I I , 

Bold Text Indicates selected COPC for this media. 
Untts are mg/kg for inorganics, @kg for organics. 
Number of sample results excludes rejected data or blank-qualified data. Duplicates are consolidated into one resutt. Non-detected rest& are treated as present at one-half the detection limit in all calculations. 
Statistical distribution of data is determined using Shapko-Wilk test for n <= 50, Shapiro-Francta test for n > 50. Statistical signKzance level is 0.05. 
A normal distribution is assumed 1 the test statistic W-norm, is >= the reference value (W-table) and W-norm. > W-lognorm. 
A lognonnal distribution is assumed if the test statistic W-lognorm. Is >= the reference value ON-table) and W-lognorm. > W-nom. A lognonnal distribution is also the default assumption if nether distribution passes the W-test. 
H-values and standard deviations of log-transformed data are used to calculate the UCL if the data are assumed to be lognormally distributed. Student’s t-values and standard deviations are used for normally distributed data sets. 
Ariihmetic mean includes positive detections and non-detected results (detection limits are divided by two). 
The representative concentration is select ed as the lowr of the 95% UCL on the mean and the maximum posfiive site concentration. 

table8-12.xls Page 1 
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TAbs 6-13 
REPRESENTATIVE CONCENTRATION AND STATISTICAL DISTRIBUTION - SITE 2 SURFACE SOIL (POST-REMOVAL) 

NAWC WARMISTER, PENNSYLVANIA 

L1 
20 - 1 

-. .- - - 20. 1 19 
:T)rt IR” I WI I 90 I 

bl 20 18 normal I 1 
16 17 non-parametric (assume lognormal) 1 i.- __-.. -. .-- 

SILVER 43 42 “~“~p~~m~~~,nauna hl”“rmal\ I nml35 I “Q&M I no&7 I 3 !mm I * DSfl, I 9RII I 933 I 584 I 
rrvlu IM an 40 I.% 

,----...- ._~ .._...._., -. . --- - .- .-- - .- - -.---- ..---- -.-- --.- __. 

“.,“._... *.. .” .” JllOmlal 0.5543 0.9374 0.905 2.6655 2.2146 273 500 1,670 
THALLIUM 24 23 non-parametfic(assuma lcgnormsl) 0.7402 0.8366 0.916 2.1395 1.2264 0.51 0.69 1.4 
VANADIUM 20 19 non-parametric (assume lognormal) 0.6469 0.6307 0.905 I.9133 1.4674 39.1 46.0 119 

M AA Ion-parametric (assume Icgnormal) 0.4095 0.9 0.944 2.6616 3.665 319 426 4.600 
n MI 9, Ml-l 

ACENAPHTHYLEN- 
\_ ___..._ __~ .._.... -., _.-_. -.._. _,__- _-. 

F I 

20 ii 
I trio (assume 

G&G&ic(assume 
lognormal) 0.264 0.6742 0.005 2.6646 2.4292 1,027 962 440 

ANTHRACENE 1 1 1 lognormal) 0.2675 0.7591 0.805 2.9078 2.4096 1,037 1,056 640 
BENZO(A)ANTHf?FCL’= ’ ** ’ “I ’ --- -----tric(assume lcgnomwl) 0.3764 0.6352 0.914 2.7992 2.4971 1.413 2,196 3,300 
BENZO(A)PVRFNF Icvl”rum~l n.3623 0.9364 0.916 2.8653 2.7622 1,433 2,590 3.400 
RT;hl7l-WRlE ,c.,‘), no,,%? nofx a nca* 9 tYl)40 3n4.7 AnA, Gum 
YL’.L”\“,% ‘,‘,’ &.I. I Ll4.L 

I - “I II”II-pII~II,~“,*,~~DY1III ,ug”V,,,~“, “.dIIU “.Gl I.2 “.SIIY L_WII.J “..89”I 1,1&1 I ,.m.L ‘,-I”” 
BENZO(K)FLUORANTHENE 1 20 19 non-parametfic(aseume lognormal) 0.3294 0.6267 0.905 2.7626 2.136 1.314 1,756 1,600 
SlS(2-ETHYLHEXYL)PHTHAlATE 1 .20 19 non-parametric(assume lognormal) 0.3114 0.6578 o.Qo5 3.4277 1.5153 1,115 2,093 1,800 

I 9n n MC. ran 
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TAbd 6-13 
REPRESENTATIVE CONCENTRATION AND STATISTICAL DISTRIBUTION - SITE 2 SURFACE SOIL (POST-REMOVAL) 

NAWC WARMISTER, PENNSYLVANIA 

ENDRIN I 12 I 11 I non-parametric(aesumelognomtal) I 0.3596 I 0.7123 0.659 4.0714 1 8.5915 36.4 1 123 1 370 
GAMMA-BHC (UNDANE) I 12 I 11 I non-paramebfc(assumelognonnal) 1 0.6767 I 0.5492 0.659 2.577 1 1.3962 2.65 1 4.64 I 5 
GAMMA-CHLORDANE I 12 I II I non-parameblc(assumelognonnal) I 0.4609 I 0.5117 0.659 2.8236 1 1 2.56 1 4.96 11 
Notes: 
Bold Text Indicates selected COPC for this media. 
Units am mgntg for inorgantcs. ugikg for organics. 
Number of sample results excludes rejected data or blank-quallfiad data. Duplicates are mnsolideled inlo one result. Non-detected results are treated as present at onehalfthe d&action limit in all calculations. 
Statisttcal disbfbution of data is detenined ush-ig Shapiro-Wilk test for n c= 50, ShapirwFranda test for n r 60. Statistlea slgnhlcanca level is 0.05. 
A normal diskibutlon Is assumed if the test statistic W-norm. is >a the reference value (W-table) and W-norm. + W-tognorm. 
A lognormal disbtbutlon Is assumed if the test statistic W-lognonn. is >= the reference value (W-table) and W-lognomt. > W-nomf. A lognonnal dlsbibutton is also the default assumption if nehher distribution passes the W-test. 
H-values and standard davlatlons of log-transfomwd data are used to cakxdate the UCL K the data ara assumed to be lognormally distributed. Studanfs t-values and standard deviations are used for normally distributed data sets. 
Adthmattc mean indudae posiltva detactions and non.detected results (detection limtts am divided by two). 
The representative concenbation is selected as the lower of the 95% UCL on the mean and the msximum positive she concentretion. 

Slte2 Surface Soil Table 3 Rev 3.xlo 

. . 

Page 2 

fal 

3/6/W 11:55 AM 



TABLE 6.14 
REPRESENTATIVE CONCENTRATION AND STATISTICAL DISTRIBUTION -SITE 2 SUBSURFACE SOIL (POST-REMOVAL) 

NAWC WARMISTER, PENNSYLVANIA 

4-METHYL-SPENTANONE 46 45 nonparemetdc (assume lognormal) 0.2631 0.8234 0.945 2.5898 1.2065 42.5 27.6 110 
ACETONE 46 45 nonparamebic (assume lognormal) 0.437 0.9108 0.945 3.042 1.6851 64.6 109 170 
BENZENE 46 45 nonparametric (assume lognormal) 0.2412 0.5715 0.945 2.5095 1.1534 39.7 21.7 8.00 
BROMOMETHANE 45 44 nonparametric (assume lognormal) 0.2655 0.5184 0.945 2.3228 0.9823 23.6 17.1 380 
CARBON DISULFIDE 46 45 nonparametric (assume lognormal) 0.2413 0.5521 0.945 2.4905 1.1367 39.7 21.4 10.0 
CHLOROETHANE 48 45 nonparametric (assume lognonnal) 0.2392 0.4828 0.945 2.4513 1.1022 39.8 21.0 3.00 
CHLOROFORM 46 45 nonparemetrtc (assume tognormal) 0.2419 0.6057 0.945 2.553 1.1917 39.5 22.0 4.00 
CHLOROMETHANE 48 45 nonparametrlc (assume lognormal) 0.2263 0.5126 0.945 2.3503 1.0133 30.0 17.6 810 
ETHYLBENZENE 46 45 nonparametric (assume lognonal) 0.2324 0.5308 0.945 2.457 1.1072 38.6 19.1 13.0 
METHYLENE CHLORIDE 48 45 nonparametric (assume tognormal) 0.2327 0.7812 0.945 2.4857 1.1325 24.3 15.8 23.0 
TETRACHLOROETHENE 46 45 nonparametric (assume lognormal) 0.2486 0.6423 0.945 2.5276 1.1693 40.5 23.9 23.0 
TOLUENE 48 45 nonparametric (assume lognonal) 0.265 0.6708 0.945 2.6464 1.2718 41.9 28.2 150 
TRANS-1.8DICHLOROPROPENE 46 45 nonparametric (assume lognormal) 0.2591 0.5847 0.945 2.5829 1.2004 41.6 25.0 97.8 
TRICHLOROETHENE 46 45 nonparametrtc (assume tognormal) 0.2443 0.8568 0.945 2.5578 1.1959 39.7 22.5 12.0 
1 ,CDICHLOROBENZENE 33 32 nonparametric (assume lognormal) 0.329 0.6513 0.931 2.1039 0.7097 374 403 68.0 
3,3’-DICHLOROBENZIDINE 33 32 nonparametric (assume lognormal) 0.3266 0.6142 0.931 2.0736 0.6773 364 410 400 
ACENAPHTHENE 33 32 nonparametric (assume lognonnel) 0.3982 
ANTHRACENE 33 32 nonparametn’c (assume lognormal) 0.4408 0.7617 0.931 2.2028 0.8092 454 528 2,200 
BENZO(A)ANTHRACENE 33 32 nonparametric (assume lognormal) 0.5394 0.6468 0.931 2.5726 1.1302 612 882 5,200 
BENZO(A)PYRENE 33 32 nonparametrtc (assume lognormal) 0.5552 0.8417 0.931 2.5376 1.1018 556 810 3,800 
BENZO(B)FLUORANTHENE 33 32 nonparametdc (assume lognormal) 0.57 0.8382 0.931 2.5786 1.1349 639 941 4,900 
EENZO(G,H,t)PERYLENE 33 32 nonparametric (assume lognonnal) 0.6171 0.8054 0.931 2.2385 0.0427 338 451 2,100 
BENZO(K)FLUORANTHENE 33 32 nonparametric (assume lognormal) 0.8413 0.9296 0.931 2.4003 0.9901 365 546 2.200 
BIS(Z-ETHYLHEXYL)PHTHALATE 34 33 lognormal 0.5269 0.9543 0.933 2.6533 1.2012 437 700 2,m 
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TABLE 6.14 
REPRESENTATIVE CONCENTRATION AND STATISTICAL DISTRIBUTION. SITE 2 SUBSURFACE SOIL (POST-REMOVAL) 

NAWC WARMISTER, PENNSYLVANIA 

Bold Text Indicates selected COPC for this media. 
Units are mgAg for Inorganics, ugAg for organlcs. 
Number of sample results exctudes rejected data or blank-qualified date. Duplicates are consolidated into one result. Nondetected results are treated as present at one-half the detection limit in all calculations. 
Statistical distiibution of data is determined using Shapiro-Wlk test for n <= 58, Shapiro-Francla test for n > 50. Statistical significance level is 0.05. 
A normal distdbution Is assumed If the test statistic W-norm. is .= the reference value (W-table) and W-norm. > W-lognorm. 
A lognormal distribution Is assumed if the test statistic W-lognorm. is 21 the reference value (W-table) and W-lognon. > W-norm. A tognormal dlstdbutton is also the default assumption If neither distribution passes the W-test. 
H-values and standard deviations of tog-transformed data are used to calculate the UCL tf the data are assumed to be lognormally distdbuted. Student’s t-values and standard deviattons are used for normally disbibuted data sets. 
Artthmeticmean Includes positive detectlons and non-detected results (detection limits are divided by two), 
The representative wncsntratton Is selected as the lowr of the 95% UCL on the mean and the maxlmum posttiwe site concentration. 

Iable14x1s Page 2 
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TABLc 6.11 

REPRESENTATIVE CONCENTRATION AND STATISTICAL DISTRIBUTION - SITE 3 SURFACE SOIL (POST-REMOVAL) 
NAWC WARMISTER, PENNSYLVANIA 

I I 
; 1 

I 
; 1 

, “.I‘LII “.,OL , ‘.‘WL . .--- , --__ .--_-._--- .---- 

1 lognormal I 0.6963 09118 0.762 1 2.5067 1.4070 5.9 9.1806 7.9 

1 5 1 4 1 lOQfl0flflal 1 0.862S 6.8645 0.762 2.1754 1.2045 83.3 102.3869 98 

1 5 1 4 1 lognormal 1 0.9318 0.9367 0.762 2.9497 1.0716 0.88 0.9749 0.97 

1 6 1 4 1 normal 1 0.0415 0.7928 0.762 2.132 9620.860 16732 27805.1078 30700 
0.0732 0.9732 0.762 2.4723 1.3885 25.68 38.0819 38.8 

LtAU 5 4 
MAGNESlUM 5 4 
MANGANESE 5 4 I& 
NICKEL 6 4 n 
POTASSFVM 5 4 ” 
SODIUM I li A tnf 

THALLIUM I s 
I .‘L 

I 4 1 Iq 
VANADIUM 1 6 1 4 1, n 
_...^ 
LINL; 

1.1.2,2-TETRACHLOROETHANE 
FANE 
YLENE 
E 
rHR4CENE 

.LITYCkIC 

BROMOMETF 
ACENAPHTH 

ANTHRACEN. 
EENZO(A)AN’t . . . _ 
BENZO(A)PYRENE 
BENZ0 B FLUORA,. , n,z..,z 
EENZO(G,H.I)PERYLENE 
BENZO(K)FLUORANTHENE 
CHRYSENE 
DlBENZO(A,H)ANTHRACENE 
FLUORANTHENE 
FLVORENE 
INDENO(l,2,3CDJPYRENE 
PHENANTHRENE 
PYRENE 
GAMMA-BHC (LINDANE) 
4,4’-DDT 
Notes: 

5 

1 
I 
8 
13 
13 
13 
0 0 
8 
8 
8 
8 
13 
8 
8 
8 
8 
4 
4 

4 
0 
0 
7 
12 
12 
12 
7 

t 1 , I 
72 27M I 

xmormal) ’ 
. I ” t 

lo( 
nonparametdc (assume k 
nonpammeb 

nonpammeL .- ,----. 
normal 
nomml 
^^-^I 

dc(assun .’ 
lognomla, “.PID, “.O.TJ.Y “.O,O 0. IOL . ..__I - .-.-. - .--_I.“.-- .-- 

I+ r=*we lognormal) 0.514 0.759s 0.866 29703 1.5158 417.2306 882.6122 1 220 
0.9566 0.8246 0.866 1.782 337.1319 610.6@23 766.3156 1200 

0.9327 0.8567 0.866 1.782 509.8231 907.0769 1203.5322 1400 

, 
1 ; 

IIYIIII~I 0.0803 0.9026 0.818 1.805 376.1133 693.75 947.0797 1300 

Fognormal 0.6451 0.8522 0.818 4.3145 1.7486 599.875 5273.3236 320 

’ 7 lognonal 0.8858 09024 0.616 3.8187 2.7764 888.625 5550.0196 1660 
7 normal 0.958 0.8878 0.818 1.895 366.887 621.125 800.333 1260 

7 lognomtal 0.7235 0.9071 0.618 4.9535 1.6843 642.125 14648.4035 99 
12 normal 0.9711 0.7904 0.866 1.782 860.7793 1509.2308 2024.6605 3300 
7 lognormal 0.7639 0.928 0.818 5.1523 1.3095 673.625 22738.8320 41 

7 lognonal 0.6694 0.8095 0.618 4.4533 2.691 612.875 6700.4745 360 
7 lognormal 0.8694 0.9442 0.818 4.0309 3.0171 661.25 5265.179 11w 

7 normal 0.9523 0.8631 0.818 I.895 590.3994 050 1345.557s 1800 

3 normal 0.877 0.8649 0.748 2.353 0.7761 1.5625 2.4756 2.5 

3 lognormal 0.8577 0.8834 0.748 9.3281 I.697 6.45 2030.8198 15 

Bold Text Indicates selected COPC for this media. 
Units am mg/kg For inorganiw, U@lkg For organics. 
Number of sample results excludes rejected data or blank-qualified data. Duplicates are consolidated into one result. Non-detected results are treated es present at one-half the detection limit in all calculations. 
Statistical dlstrtbutlon of data Is determined using ShaplroWllk test For n <= 50, ShaplroFrancla test for n > 60. Statlsttcal signiRcance level Is 0.05. 
A normal distribution is assumed if the test statistic W-norm. is >= the reference value (Wtabla) and W-norm. z W-lognonn. 
A lognonnal distribution is assumed if the test statistic W-lognorm. is z-f the reference value (W-table) and W-lognorm. > W-norm. A lognonnal distdbution is also the default assumption if neither distribution passes the W-test, 
H-values and standard deviations of Fog-bansfomted data are used to calculate the UCL if the data are assumed to be tognormally diotdbuted. Student’s t-values and standard deviations are used For nonnatty distributed data sets. 
Arithmeticmean indudes positive detecttons and non-detected results (detection limits are divided by two). 
The representative concentration is select ad as the low of the 95% UCL on the mean and the maximum positive site concentration. 

Site 3 Surface Soil Table 3.~1~ Page 1 3/8/00 1 I:56 AU 
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TASLC 6-16 

REPRESENTATIVE CONCENTRATION AND STATISTICAL DISTRISIJTION . SITE 3 SUBSURFACE SOIL (POST-REMOVAL) 
NAWC WARMISTER, PENNSYLVANIA 

Site 3 Subsurface Soil Table 3.h Page 1 
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TABLG 6-16 
REPRESENTATIVE CONCENTRATION AND STATISTICAL DISTRIBUTION . SITE 3 SUBSURFACE SOIL (POST-REMOVAL) 

NAWC WARMISTER, PENNSYLVANIA 

.ENE 
VYTHRENE 

PYRENE 

26 
26 
20 
26 

25 nonparametdc(assume tcgmomlat) I 0. 
25 I 
19 
25 lognonnal 

ALDRfN 1 12 I 11 I non arnmebfc(assumelogmarm 
, ,Q , ,* I “.!-.& _,_^__. - _I__ --- 

B 1 19 1 10 I rt 
4 1 19 1 18 1 tr 

,L”n- WJO 1 19 1 18 1 nt 

14.4’~DOD 
12.METHYLNAPHTHALSNE 
Notes: 

I 12 1 11 I nonpammetrt 
1 20 1 19 I nonparanv 

2d 1 1.8205 1 46.3 1 56.7 I 84 
20 1 l.OOtIO 1 47.7 I 61.7 1’” 

^^. I 

38 1 3.152 ,.,lVI , w11 , LO.1 I 
_- ’ 3.5719 9.5637 1 130 I 220 1 s”Bb 

695 ) 0.748 1 8.8176 2.120,? 
. _-- .“. ^_ 

026 1 0.859 1 4.861- n Aen, 

389 1 0.905 1 3.21L , - .--, - . I--- _,_ .- --- 

Bold Text Indicates selected COPC for this media. 
Units are mg&Q for inorganlcs. uglkg for organics. 
Number of sample results excludes rejected data or blank-qualified data. Duplicates are consolidated into one result. Non-detected results are treated as present at one-half the detection limit in all WtCUlatiOnS. 
Stattsttcal distribution of data is determined using Shapir&vllk test for n <= 50. Shapirc-Francis test for n x 50. Statistical slgnlncance level Is 0.05. 
A normal dtstdbutton is assumed if the test statistic W-norm. is >= me reference value (W-table) and W-norm. > W-tognonn. 
Alognormal distdbutlon is assumed if the test stattstic W-tognorm. is >= the reference value (W-table) and W-lognorm. z W-norm. A lognomtal distdbutton is also the default assumption If neither distribution passes the W-last. 
H-values and standard deviations of log-transfomwl data are used to calculate the UCL if the data are assumed lo be lognormally distributed. Studenrs t-values and standard deviations ere used for normally dlsttibuted data sets. 
Arithmetic mean includes positive detecttons and non-detected results (detectton llmlts are divided by two). 
The representative concentratton is selected as the low of the 95% UCL on the mean and the maximum posittve site wncentratton. 

Site 3 Subsurface Sol1 Table 3.~1~ Page 2 3/6/00 11:56 AM 
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TABLE 6-17 

REPRESENTATIVE CONkENTRATlON AND STATISTICAL DISTRIBUTION - IMPOUNDMENT AREA SUBSURFACE SOIL (POST-REMOVAL) 
NAWC WARMISTER, PENNSYLVANIA 

Impoundment Subsurface Soil Table 3.~1~ Paae 1 
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TABLI; 617 
REPRESENTATIVE CONCENTRATION AND STATISTICAL DISTRIBUTION - IMPOUNDMENT AREA SUBSURFACE SOIL (POST-REMOVAL) 

NAWC WARMISTER, PENNSYLVANIA 

Bold Text Indicates selected COPC for this media. 
Units are mgikg for inorganlw, uglkg for organiw. 
Number of sample results excludes rejected data or blankqualifed data. Duplicates are consolidated into one resuft. Non-detected resutts are treated as present at one-half the detection limit in all wlculations. 
Stalisliwl distribution of data is determined using Shapiro-Wkk test for n c= 50, Shapirdia&a test far n a 5.0. St&l&& signficmw level 1s 0.05. 
A normal distribution is assumed lf the test statlstio W-norm. is >= the reference value (W-table) end W-norm. r W-lcgnonn. 
A lcgncmat distribution is assumed if the test statistfc W-lognon. is >* the referenw value (W-table) and W-lognorm. > W-norm. A lognormal distribution Is also the default assumption 1 neither distribution passes the W-test. 
H-values and standard deviations of log-transformed data are used to calculate the UCL lf the data are assumed to be lognormally distributed. 
Arithmetic mean includes poskive detections and non-detected resuts (detedion limits are divided by two). 

Student’s t-values and standard deviations are used for nonnally distributed data sets. 

The representative wnwntratlon is select ed as the lowr of the 95% UCL on the mean and the maximum posftive site concentration. 

Impoundment Subsurface Soil Table 3.~1~ 
Page 2 
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As shown in these tables, the COPCs in surface soil and subsurface soil generally exhibited a lognormal or 

nonparametric (assumed lognormal) distribution better than a normal distribution, with the exception of the 

PAHs in Site 3 surface soil. 

6.2.5 Exposure Point Concentrations 

An EPC was calculated for each COPC selected for the various environmental media data sets. Post- 

remedial concentrations of detected chemicals in surface and subsurface soils were evaluated, along with 

pre-removal concentrations of detected substances in off-base sediment and off-base surface water. 

Usability of results is discussed below. The EPC was calculated using the latest risk assessment 

guidance from EPA (1985, 1989a, 1991 a, 1991 b, 1998a) and Gilbert (I 987). 

6.2.5.1 Calculation of Exposure Point Concentrations 

Where available, validated data were used to calculate EPCs. The validated data for Area A were 

generated between 1991 and 1999 as part of RI field work. For purposes of calculating the EPC, a value 

of one-half the sample quantitation limit was assumed for non-detect (U, UJ, and UL qualified) results. 

Estimated values (J qualified), biased values (L and K qualified), and other qualified values (N and P 

qualified) were used as the reported value. Rejected (R and UR qualified) and blank-contamination (B 

and BJ qualified) values were eliminated from further consideration. 

Duplicate samples were averaged together and considered as one result. For duplicates, where one 

result was positive and the other result was a non-detect, the problem of calculating an average result 

arose whenever ‘half the detection limit exceeded the positive result. In these situations, the positive 

result was used to represent the duplicate pair. 

The calculation of an EPC involves two steps. First, the distribution of the data was determined as 

discussed in the preceding section. Then, based on the distribution of the data, an EPC was either 

calculated or selected. 

Several important assumptions were used to evaluate the distribution of the data (Section 6.2.4): 

. The distribution of a data set was determined using a Shapiro-Wilk test. 

0‘ The distributions were classified as lognormal, normal, or unknown. 

. By default, environmental data are generally determined to be lognormally distributed. 

UDOCUMENTSINAWl76031119006/SEC6 
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. If the data were not determined to be either a lognormal or normal distribution, they were classified 

as an unknown distribution and a lognom-ial distribution was assumed. 

If the data were considered to be lognormally distributed, then the standard deviation of the log- 

transformed sample set was determined. The one-sided upper 95 percent confidence limit (UCL,,e) was 

then calculated. The EPC was then selected as the lesser value of the one-sided 95 percent UCL and 

the maximum positive value in the data set. 

If the data were determined to be normally distributed, then the standard deviation of the sample set was 

used to calculate the one-sided 95 percent UCL. The one-sided upper 95 percent confidence limit 

(UCL,,) was calculated. The EPC was then selected as the lesser value of the one-sided 95 percent 

UC1 and the maximum positive value in the data set. 

For small sample sets or sample sets in which all positive results equal less than one-half the detection limit, 

the UC1 can sometimes exceed the maximum detected concentration. In these cases, the maximum 

concentration was selected as the EPC. 

6.2.5.2 Reasonable Maximum Exposure EPCs 

Reasonable maximum exposure (RME) EPCs were considered for use in the human health risk 

assessment. RME is the exposure that is expected to represent an upper-bound exposure in a given 

medium of interest. RME EPCs are selected from the maximum value, 95% upper confidence limit on the 

mean of normally distributed data (95% UCL-N), or the upper 95% upper confidence limit on log 

transformed data (95% UCL-T). As explained in Section 62.51, the RME EPC is the lower of the 

maximum value and the 95% UCL-N or 95% UCL-T (selected based on distribution of the data). 

6.2.5.3 EPCs for Current/Future Industrial/Commercial Adults and Future Hypothetical 

Residential Children Surface Soil Exposure Pathways 

Surface soil EPCs for the current/future industrial/commercial adult, and future residential child are shown 

in the following tables: 

l Site 2 surface soil - Table 6-18 

o Site 3 surface soil - Table 6-19 

The calculated UCL-statistic was less than the reported maximum for all of the surface soil COPCs; 

therefore, RME EPCs for each of these contaminants was the 95% UCL-T statistic. The rationale for each 

L/D0CUMENTS/NAVY/7603/119006/SEC6 
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TABLIZ 6-18 
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SITE 2 SURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

kenario Timeframe: Current/ Future 
Medium: Surface Soil 
Exposure Medium: Surface Soil 

Chemical 
of 

Potential 
Concern 

, 
ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 
2-METHYLNAPHTHALENE 
ACENAPHTHENE 
ACENAPHTHYLENE 
ANTHRACENE 
BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(B)FLUORANTHENE 
BENZO(G,H,I)PERYLENE 
BENZO(K)FLUORANTHENE 
BlS(2-ETHYLHEXYL)PHTHAl-ATE 
CARBAZOLE 
CHRYSENE 

Units Arithmetic 
Mean 

96% UCL of 
Normal 

Data (1) 

Maximum 
Detected 

Concentration 

MG/KG T 33,366 ==yEr 
MO/KG 2.18 3.81 10.8 
MGIKG 5.40 7.10 13.1 
MGIKG 119 224 462 
MGIKG 0.94 1.06 1.4 
MGlKG 2.55 7.66 20.3 
MG/KG 19,443 42,064 215,000 
WIG/KG 46.6 87.6 133 
MO/KG 11.0 16.8 14.5 
MO/KG 114 161 1410 
MGIKG 22,818 25,933 38,000 
MGIKG 108 152 994 
MGIKG 12,346 16,429 135,000 
MGlKG 711 903 2,080 
MGIKG 0.25 0.67 1.1 
MO/KG 15.3 20.7 47 
MO/KG 1,403 1,679 2,590 
MO/KG 0.47 0.61 1.6 
MGIKG 3.83 23.3 58.4 
MGIKG 273 500 1,870 
MG/KG 0.51 0.68 1.4 
MGlKG 39.1 46.0 119 
MGIKG 319 428 4,800 
UGIKG 1,264 1,033 21,000 
UGIKG 1,033 923 180 
UGIKG 1,027 982 440 
UGIKG 1,037 1,058 640 
UGIKG 1,413 2,198 3,300 
UGIKG 1,433 2,590 3,400 
UGlKG 2,615 4,841 5,300 
UG/KG 1,129 1,522 4,400 
UG/KG 1,314 1,756 1,800 
UGIKG 1,115 2,093 1,800 
UGlKG 1,000 825 560 
UGlKG 1,633 3,009 3,300 
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Maximun 
Qualihei 

J 

J 

J 

J 

J 

J 

J 

J 
J 
J 
J 

J 

J 

Units 

MGlKG 
MGIKG 
MGIKG 
MO/KG 
MGIKG 
MGIKG 
MGlKG 
MGlKG 
MGIKG 
MGIKG 
MG/KG 
MGIKG 
MO/KG 
MG/KG 
MG/KG 
MGIKG 
MGIKG 
MGIKG 
MO/KG 

MGlKG 
MGIKG 
MGlKG 
UGlKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGiKG 
UGlKG 

- 

11 Reasonable Maximum Exposure 

Medium 
EPC 

Value 

19,800 
3.81 
7.10 
224 
1.06 
7.7 

42,064 
87.6 
14.5 
161 

26,933 
152 

16,429 
903 
0.57 
20.7 

1,679 
0.61 
23.3 
500 
0.68 
46.0 
428 

1,033 
180 
440 
640 

2,198 
2,590 
4,841 
1,522 
1,756 
1,800 
560 

3.009 

EPC 
Statistic 

Mpx 
95%UCL-T 
95%UCL-T 
95%UCL-T 
95%UCL-N 
95%UCL-T 
95%UCL-T 
95%UCL-T 

MAX 
95%UCL-T 
95%UCL-N 
95%UCL-T 
95%UCL-T 
95%UCL-T 
95%UCL-T 
95%UCL-T 
95%UCL-N 
95%UCL-T 
95%UCL-T 
95%UCL-T 
95%UCL-T 
SS%UCL-T 
95%UCL-T 
95%UCL-T 

MAX 
MAX 
MAX 

95%UCL-T 
95%UCL-T 
95%UCL-T 
95%UCL-T 
95%UCL-T 

MAX 
MAX 

95%UCL-T 

Medium 
EPC 

Rationale 

WcWt;log def 
WcWtjog def 

wllo~=wt & WI! 
W<wt;log def 

wno>=wt 8 WI! 
WIg>+Vt 8 Wnl 
Wlg>=Wt & Wnc 

WcWt;log def 
W-+&log def 
WcWt;log def 

Wno>=Wt 8 WI! 
W+/t;log def 
W<Wt;log def 

WIg2=Wt 8 Wnc 
WIgs=Wt 8 Wnc 
WIgs=Wt & Wnc 
Wno>=Wt 8 WI! 

W+Vt;log def 
W+Vt;log def 

WIg>=Wt & Wnc 
WcWt;log def 
WcWt;log def 
W+Vt;log def 
W+Vt;log def 
W<Wt:log def 
W<Wt;log def 
WQYt;log def 
W+Vt;log def 

WIg>=Wt 8 Wnc 
WIg>=Wt 8, Wnc 

W<wt;log def 
W+Vt;log def 
W<Wt;log def 
WQVt;log def 
W<Wt;log def 

3i8lOO 



Units Arithmetic 95% UCL of Maximum Maximum 
Mean Normal Detected Qualifier 

Data (I) Concentratio Medium Medium 
EPC EPC 

Value Statistic 

I-N-BUNL PHTHAtATE UGlKG 1,633 ==G= 61 J 61.0 MAX 
lBENZO(A,H)ANTHRACENE UGIKG 994 979 470 J 470 MAX 
IBENZOFURAN UG/KG 1,022 958 73 J 73.0 MAX 
LUORANTHENE UGIKG 2,141 5,211 6,200 5,21 I 95%UCL-1 
LUORENE UG/KG 997 782 250 J 250 MAX 
IDENO(l,Z,J-CD)PYRENE UG/KG 1,151 1,717 5,000 .I 1,717 95%UCL-T 
APHTHALENE UGIKG 1,039 907 52 J 52.0 MAX 
HENANTHRENE UGIKG 1,511 2,742 3,700 2,742 95%UCL-T 
YRENE UG/KG 1,925 4,297 4,600 4,297 95%UCL-T 
DLUENE UGIKG 6.08 8.04 2 J 2.00 MAX 
4’DDD UGIKG 3.28 4.57 19 J 4.57 95%UCL-T 
4-DDE UGIKG 3.08 4.54 7.9 J 4.54 95%UCL-T 
4’.DDT UGlKG 5.32 10.3 23 J 10.3 95%UCL-T 
LPHA-CHLORDANE UGIKG 15.3 50.4 160 50.4 95%UCL-T 
ROCLOR-1254 UG/KG 284 596 3,700 596 95%UCL-T 
POCLOR-1260 UGIKG 27.7 33.5 110 J 33.5 95%UCL-T 
IELDRIN UGIKG 5.08 9.05 32 J 9.05 95%UCL-T 
UDRIN UGlKG 35.4 123 370 J t23 95%UCL-T 
AMMA-BHC (LINDANE) 
AMMA-CHLGRDANE ’ 

UGIKG 2.65 4.84 5 J 4.84 95%UCL-T 
UGlKG 2.58 4.98 11 J 4.98 95%UCL-T 

‘his screening is also valid for Currenl Iture/SurfacelKParticulate:ontact(lnhaion)with8url zzEz 
“This screening is also valid for CurrentlFuturelSurface Soil/Surface Soil/Contact (Ing. 8 Der.) with Surface Soil Casual User Child (Age l-6). 
LThis screening is also valid for Current/Future/Surface Soil/ ParticulateslContact (Inhalation) with Surface Soil Casual User Child (Age l-6). 
*This screening is also valid for Current/Future/Surface Soil/Surface Soil/Contact (lng. & Der.) with Surface Soil Casual User Pre-Adolescent/Adolescent (Age 7-16). 
“This screening is also valid for Current/Future/Surface Soil/ ParticulatesIContact (Inhalation) with Surface Soil Casual User Pre-Adolescent/Adolescent (Age 7-16). 
‘This screening is also valid for Current/Future/Surface Soil/Surface Soil/Contact (lng. 8, Der.) with Surface Soil Casual User Adult. 
*This screening is also valid for Current/Future/Surface Soil/ ParticulatesIContact (Inhalation) with Surface Soil Casual User Adult. 
*This screening is also valid for Current/Future/Surface Soil/Surface Soil/Contact (Ing. 8, Der.) with Surface Soil Residential Child. 
*This screening is also valid for Current/Future/Surface Soil/ Particulates/Contact (Inhalation) with Surface Soil Residential Child. 
This screening is also valid for Current/Future/Surface Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Residential Adult. 
*This screening Is also valid for Current/Future/Surface Soil/ ParticulateslContact (Inhalation) with Surface Soil Residential Adult. 

7 

D 
D 
D 
FI 
FI 
Ih 
N, 
PI 
P 
TC 

4, 
4, 
4, 
Al 
Al 
Al 
DI 
El 
Gi 
G, 

7 

Chemical 
of 

Potential 
Concern 

EPC 
Units 

Reasonable Maximum Exposure 

UGlKG 
UGlKG 
UGlKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGlKG 
UGIKG 
UGIKG 
UGlKG 
ZGr 

Medium 
EPC 

Rationale 

WcWt;log def 
W+Vt;log def 
WcWt;log def 

WIgs=Wt 8 Wnc 
WcWt;log def 

Wlg>=Wt 8 Wnc 
WcWt;log def 
WcWt;log def 

WIg>=Wt 6 Wna 
Wcwt;log def 
WcWt;log def 
WcWt;log def 
WcWt;log def 
WcWt;log def 
WcWt;log def 
WcWt;log def 
Wat;log def 
WcWt;log def 
WcWt;log def 
WcWt;log def 

TABLe: 6-I 8 
MEDIUM-SPECIFIC EXPOSURE’ POINT CONCENTRATION SITE 2 SURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 
Medium: Surface Soil 
Exposure Medium: Surface Soil 
Exoosure Point: Contact (lnct. 8 Der.) with Surface Soil. Industrial Adult” 

(1) Represents the 95% UCL of normal data for normal distributions; Represents the log-transformed 95% UCL for lognormal distributions. 
Statistics: Maximum Detected Value (Max); 95% UCL of Normal Data (95%UCL-N); 95% UCL of Log-transformed Data (95%UCL-T); Mean of Log-Transformed Data (Mean-T) 

Mean of Normal Data (Mean-N). 
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TABLE 6-19 
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SITE 3 SURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

Exposure Point: Contact (Ing. & Der.) with Surface Soil, Industrial Adult’ 

Chemical 
of 

Potential 
Concern 

ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
CYANIDE 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
NICKEL 
POTASSIUM 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 
ACENAPHTHYLENE 
ANTHRACENE 
BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(B)FLUORANTHENE 
BENZO(G,H,I)PERYLENE 
BENZQ(K)FLUORANTHENE 
CHRYSENE 
DIBENZO(A,H)ANTHRACENE 
FLUORANTHENE 
FLUORENE 
INDENO(l,S,J-CD)PYRENE 
PHENANTHRENE 
PYRENE 
1,1,2,2-TETRACHLOROETHANE 

- 
1 
i 

Units Arithmetic 
Mean 

95% UCL 01 
Normal 

Data (I) 

Maximum 
Detected 

MGlKG 9,560.OO 12,ooo.29 ==mr= 
MGlKG 5.90 9.18 7.9 
MG/KG 83.30 102.36 99 
MGIKG 0.68 0.97 0.97 
MGIKG 18,732.OO 27,905.l I 30700 
MGlKG 25.68 38.98 36.8 
MGlKG 9.38 11.01 11.7 
MGiKG 23.04 55.39 42.3 
MGIKG 0.39 3.15 0.51 
MGlKG 20,560.OO 28,406.16 28600 
MGlKG 23.14 28.70 30.4 
MGlKG 8,476.OO 11,642.44 12300 
MGlKG 701 .oo 1.270.17 1186 
MG/KG 14.93 20.79 21.5 
MGlKG 1,670.OO 2,484.39 2610 
MO/KG 861.40 213,194.09 3620 
MGIKG 0.49 1.27 1.1 
MO/KG 34.60 46.24 50.7 
MGIKG 71.58 204.29 167 
UGlKG 545.88 13,840.57 120 
UGlKG 417.23 882.61 220 
UGlKG 619.69 786.32 1200 
UGlKG 907.08 1,203.53 1400 
UGIKG 693.75 947.08 1300 
UG/KG 599.88 5,273.32 320 
UGlKG 888.63 5,550.02 1000 
UGIKG 621.13 880.33 1200 
UGlKG 642.13 14,548.40 99 
UGlKG 1,599.23 2,024.66 3300 
UGlKG 673.63 22,738.83 41 
UGlKG 612.88 6,709.47 380 
UGiKG 661.25 5,265.18 1100 
UGIKG 950.00 I,34556 is00 
UG/KG 1.00 0.00 1 
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Maximu 
Qualifir 

J 
J 

J 

J 

J 
J 

J 

J 
J 

J 
J 
J 
J 
J 

EPC 
Units 

- 
MG/KG 
MGIKG 
MGIKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGIKG 
MGlKG 
MGIKG 
MGlKG 
MGlKG 
MO/KG 
MGIKG 
MGIKG 
MGIKG 
MGiKG 
MGlKG 
MGIKG 
UGtKG 
UGIKG 
UG/KG 
UGIKG 
UGlKG 
UGIKG 
UGiKG 
UGIKG 
UG/KG 
UGtKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
JGIKG 

- 

11 Reasonable Maximum Exposure 

Medium Medium 
EPC EPC 

Value Statistic 

12,000.29 95%ucL-T 
7.90 MAX 

99.00 MAX 
0.97 MAX 

27,905.11 95%UCL-N 
36.80 MAX 
11.01 95%UCL-T 
42.30 MAX 
0.51 MAX 

28,406.16 95%UCL-T 
28.70 g5%UCL-T 

11,642.44 95%UCL-N 
1,180.OO MAX 

20.79 95%UCL-N 
2,464.39 95%UCL-N 
3,620.OO MAX 

1.10 MAX 
46.24 95%UCL-N 
167.00 MAX 
120.60 MAX 
220.00 MAX 
786.32 95%UCL-N 

1,203.53 95%UCL-N 
947.08 95%UCL-N 
320.00 MAX 

1 ,ooo.oo MAX 
880.33 95%UCL-N 
99.00 MAX 

2,024.66 95%UCL-N 
41 .oo MAX 

380.00 MAX 
1,100.00 MAX 
1345.56 95%UCL-N 

1.00 MAX 

Medium 
EPC 

Rationale 

Wlg>=Wt & Wnc 
MaxcU95log 
MaxcU95log 
MaxclJ95log 

Wno>=Wt & Wit 
MaxcU95log 

Wlg>=Wt & Wnc 
MaxcUOdlog 
MaxcU95log 

WIg>=Wt & Wnc 
Wfg>=Wt & Wnc 
Wno>=Wt & Wit 

Max<UOBlog 
Wno>=Wt & WI{ 
Wno>=Wt & WI! 

Max<UOBlog 
MaxcU95log 

Wno>=Wt & Wlf 
MaxcU95log 
MaxcU95log 
MaxcU95log 

Wno>=Wt & WI{ 
Wno>=Wt & Wig 
Wno>=Wt & WIG 

MaxcU95log 
MaxcU95log 

Wno>=Wt & WI9 
MaxcU95log 

vVno>=Wt & Wig 
MaxslJ95log 
Max<U95log 
MaxcU95log 

Nno>=Wt & Wlg 
MaxcU95log 



TABLE 6-19 
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SITE 3 SURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 
Medium: Surface Soil 
Exposure Medium: Surface Soil 
Exposure Point: Contact (Ing. 8 Der.) with Surface Soil, Industrial Adult* 

Chemical 
of 

Potential 
Concern 

Units Arithmetic 
Mean 

95% UCL of 
Normal 

Data (I) 

BROMOMETHANE UGlKG 21.00 0.00 
4,4’-DDT UGIKG 6.45 2,030.62 
GAMMA-BHC (LINDANE) UG/KG 1.56 2.40 

‘This screening is also valid for Current/Future/Surface Soil/ Patticulates/Contact (Inha tion) with Surface Soil Industrial Adult. 

Reasonable Maximum Exposure 

*This screening is also valid for Current/Future/Surface Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Casual User Child (Age l-6). 
*This screening is also valid for Current/Future/Surface Soil/ Particulates/Contact (Inhalation) with Surface Soil Casual User Child (Age l-6). 
*This screening is also valid for CurrenffFuturelSurface Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Casual User Pre-Adolescent/Adolescent (Age 7-16). 
*This screening Is also valid for Current/Future/Surface Soil/ Particulates/Contact (Inhalation) with Surface Soil Casual User PreAdolescent/Adolescent (Age 7-16). 
“This screening is also valid for Current/Future/Surface Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Casual User Adult. 
*This screening is also valid for Current/Future/Surface Soil/ ParticulateslContact (Inhalation) with Surface Soil Casual User Adult. 
‘This screening is also valid for Current/Future/Surface Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Residential Child. 
*This screening is also valid for Current/Future/Surface Soil/ Particulates/Contact (Inhalation) with Surface Soil Residential Child. 
“This screening is also valid for Current/Future/Surface Soil/Surface SolllContact (Ing. 3 Der.) with Surface Soil Residential Adult. 
This screening is also valid for Current/Future/Surface Soil/ Particulates/Contact (Inhalation) with Surface Soil Residential Adult. 

(1) Represents the 95% UCL of normal data for normal distributions; Represents the log-transformed 95% UCL for lognormal distributions. 
Statistics: Maximum Detected Value (Max); 95% UCL of Normal Data (95%UCL-N); 95% UCL of Log-transformed Data (95%UCL-T); Mean of Log-Transformed Data (Mean-T) 

Mean of Normal Data (Mean-N). 
J - Estimated Value 

4/25/00 
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95% UCL-statistic was based on determination of the data distributional shape (normal, lognormal, 

nonparametric [assumed lognormal) and statistical scores that were presented in Tables 6-11 and 6-13. 

6.2.5.4 EPCs for Current/Future Industrial/Commercial Adults and Future Hypothetical 

Residential Children Subsurface Soil Exposure Pathways 

Subsurface soil EPCs for the current/future industrial/commercial adult and hypothetical future residential 

child are shown in the following tables: 

l Site 1 subsurface soil - Table 6-20 

l Site 2 subsurface soil - Table 6-21 

l Site 3 subsurface soil - Table 6-22 

l Impoundment Area subsurface soil - Table 6-23 

The maximum detected concentration was less than the calculated UCL-statistic for 

dibenz(a,h)anthracene (Site 2) and silver (Site 3) in subsurface soil; therefore, the maximum detected 

concentrations were selected as the RME EPCs. The calculated UCL-statistic was less than the reported 

maximum for each of the remaining subsurface soil COPCs; therefore, RME EPCs were based on the 

95% UCL-T statistic. The rationale for each 95% UCL-statistic was based on determination of the data 

distributional shape (normal, lognormal, nonparametric [assumed lognormal], and statistical scores that 

were presented in Tables 6-10, 6-12, 6-14, and 6-15. 

6.2.5.5 EPCs for Current/Future Surface Water Exposure Pathway 

Surface Water (total inorganics, dissolved inorganics, and organics) EPCs for the current/future 

recreational pre-adolescent (age 7 - 12) are shown in Tables 4-23,4-23, and 4-24. 

6.2.5.6 EPCs for Current/Future Sediment Exposure Pathways 

Sediment EPCs for the recreational pre-adolescent (age 7 - 12) are shown in Tables 4-25 and 4-26. 

6.3 RISK RATIO ANALYSIS 

6.3.1 Cancer Effects 

The maximum level of each COPC in two environmental media of concern, surface and subsurface soil, 

was compared to either an industrial or residential soil EPA Region Ill RBC, as appropriate. The potential 

UDOCUMENTS/NAVYl7603/119006lSEC6 
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TABLE 6-20 
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY SITE 1 SUBSURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 
Exposure Point: Contact (Ing. & Der.) with Subsurface Soil, Industrial Adult* 

Chemical 
of 

Potential 
Concern 

ALUMINUM 
- 

MGIKG 15,852 18,710 
ANTIMONY MGlKG 1.91 3.60 
ARSENIC MGtKG 5.12 8.32 
BARIUM MGIKG 93 130 
BERYLLIUM MGlKG 1.40 2.03 
CADMIUM MGIKG 6.01 15.5 
CALCIUM MGIKG 4,220 5,468 
CHROMtUM MGIKG 250 233 
COBALT MGIKG 17.2 25.8 
COPPER MGlKG 65.7 310 
CYANIDE MGIKG 0.69 2.29 
IRON MGIKG 38,462 53,412 
LEAD MGIKG 19.7 31.3 
MAGNESIUM MGlKG 3,084 6,769 
MANGANESE MGIKG 848 1,264 
MERCURY MO/KG 0.47 0.46 
NICKEL MGIKG 18.0 28.6 
POTASSIUM MO/KG 1,888 8,820 
SELENIUM MGlKG 0.72 1.29 
SILVER MGlKG 22.0 17 
SODIUM MGIKG 134 226 
THALLIUM MGIKG 0.55 0.69 
VANADIUM MGIKG 30.1 38.4 
ZINC MGlKG 67.1 104 
2-BUTANONE UGIKG 6.05 6.72 
4-METHYL-2-PENTANONE UGlKG 5.52 2.91E+23 
4,4’-DDD UGIKG 4.8 1,081 
4,4-DDE UGlKG 175.00 12.0 
AROCLOR-1254 UGlKG 22.1 27.1 
BlS(2-ETHYLHEXYL)PHTHALATE UGlKG 3 316 
ENDRIN 

ITOLUENE 
UGIKG 28.53 97.9 
UGIKG 8.15 17.1 

‘This screening is also valid for Currenb 
- 

ture/Surface ! I/ Particulate: :ontact (Inl 
*This screening is also valid for Current/Future/Surface Soil/Surface Soil/Contact (In$ 

Units 
Mean 

35% UCL r 
Normal 

Data (1) 

L 
iak 

I. & 

Maximum 
Detected 

Concentratior 

33500 
15.2 

, 25.5 
210 
3.1 

61.4 
53400 
4600 
66.1 
299 
1.6 

251000 
135 

5890 
2630 
6.8 

87.9 
4600 
3.3 
360 
707 
1.7 

66.6 
451 
4.8 
55 
12 
1.6 
41 
40 
4.8 
2.9 

ttion) witti:~Su~ 
Der.) witti Si 

L 

iifa 

Maximum EPC 
Qualifier Units 

J 

J 

J 
J 
J 
J 
J 
J 
J 
J 

:e Soil lndi 

MGlKG 
MGIKG 
MGIKG 
MGIKG 
MGlKG 
MGIKG 
MGlKG 
MGlKG 
MGlKG 
MGIKG 
MGIKG 
MGIKG 
MG/KG 
MGIKG 
MGIKG 
MGlKG 
MGlKG 
MGIKG 
MGIKG 
MGlKG 
MGfKG 
MG/KG 
MGlKG 
MO/KG 
UGIKG 
UGIKG 
UGlKG 
UGIKG 
UGIKG 
UGIKG 
UG/KG 

Reasonable Maximum Exposure 

Medium Medium Medium 
EPC EPC EPC 

Value Statistic Rationale 

18,710 95%UCL-T W<Wt;log def 
3.60 95%UCL-T W<Wt;log def 
8.32 95%UCL-T Wtg>=Wt & Wn’ 
130 95%UCL-T Wlgz=Wt & Wrr 
2.03 95%UCL-T Wlg>=Wt & Wnl 
15.5 95%UCL-T WcWt;log def 

5,468 95%UCL-T W+Vt;log def 
233 95%UCL-T W<Wt;log def 
25.8 95%UCL-7 WIg>=Wt & Wn 
299 MAX MaxcU95log 
1.60 MAX MaxcU95log 

53,412 95%UCL-T W<Wt;log def 
31.3 95%UCL-T Wlgs=Wt & Wnr 

5,890 MAX MaxcU95log 
1,264 95%UCL-T WIg>=Wt & Wnc 
0.46 95%UCL-T W<Wt;log def 
28.6 95%UCL-T WIg>=Wt 8 Wnc 

4,600 MAX MaxcU95log 
1.29 95%UCL-T Wlg>=Wt & Wnc 
17 95%UCL-T W<Wt;log def 

226 95%UCL-T Wlg>=Wt & Wnc 
0.69 95%UCL-T WIg>=Wt & Wnc 
38.4 95%UCL-T Wtg>=wt & wnc 
104 95%UCL-T W<Wt;log def 
4.80 MAX MaxcU95log 

55.00 MAX Max<lJ95log 
12.00 MAX MaxcU95log 
1.60 MAX MaxcU95log 
27.1 95%UCL-T W<Wt;log def 
40.0 MAX Max<U951og 
4.80 MAX Max<U95log 
2.90 MAX MaxeU95log 

IX? Soil Casual User Child (Age l-6). 

4/21/00 
F 
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TABLE 6-20 
MEDIUM-SPECIFIC EXPOSURE POJNT CONCENTRATION SUMMARY SITE 1 SUBSURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

*This screening is also valid for Current/Future/Surface Soil/ ParticulateslContact (Inhalation) with Surface Soil Casual User Child (Age l-6). 
*This screening is also valid for Current/Future/Surface Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Casual User Pre-AdolescenVAdolescent (Age 7-16). 
‘This screening is also valid for Current/Future/Surface Soil/ ParticulatesKontact (Inhalation) with Surface Soil Casual User Pre-Adolescent/Adolescent (Age 7-16). 
*This screening is also valid for Current/Future/Surface Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Casual User Adult. 
*This screening is also valid for Current/Future/Surface Soil/ ParticulateslContact (Inhalation) with Surface Soil Casual User Adult. 
*This screening is also valid for Current/Future/Surface Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Residential Child. 
*This screening is also valid for Current/Future/Surface Soil/ Particulates/Contact (Inhalation) with Surface Soil Residential Child. 
‘This screening is also valid for CurrentlFuturelSurface Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Residential Adult, 
This screening is also valid for Current/Future/Surface Soil/ ParticulateslContact (Inhalation) with Surface Soil Residential Adult. 

(3) Represents the 95% UCL of normal data for normal distributions; Represents the log-transformed 95% UCL for lognormal distributions. 
Statistics: Maximum Detected Value (Max); 95% UCL of Normal Data (95%UCL-N); 95% UCL of Log-transformed Data (95%UCL-T); Mean of Log-Transformed Data (Mean-T) 

Mean of Normal Data (Mean-N). 
J - Estimated Value 
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TABLE 6-21 
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SITE 2 SUBSURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 
Exposure Point: Contact (Ing. & Der.) with Subsurface Soil, Industrial Adult’ 

ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
CYANIDE 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 
1 ,I-DICHLOROETHANE 
1 ,L-DICHLOROETHENE (TOTAL) 
P-BUTANONE 
P-HEXANONE 
4-METHYL-2.PENTANONE 
ACETONE 
BENZENE 
BROMOMETHANE 
CARBON DISULFIDE 
CHLOROETHANE 

Units Arithmetic 
Mean 

95% UCL 01 
Normal 

Data (1) 

Maximum 
Detected 

?oncentratiol 

MG/KG 15,500 16,637 133,ooo 
MG/KG 7.27 11.47 90.5 
MGlKG 4.94 8.28 19.8 
MO/KG 104.7 121 820 
MGIKG 0.88 0.92 8.20 
MG/KG 8.10 7.70 293 
MGlKG 8,947 9,428 74,000 
MG/KG 189 95.2 3,840 
MGIKG 9.71 10.7 24.8 
MGIKG 381 398 7,050 
MGIKG 1.03 0.91 20.4 
MGIKG 23,450 28,992 103,000 
MGIKG 153 230 2,080 
MGIKG 3,251 3,522 29,900 
MGIKG 507 583 1,240 
MO/KG 0.12 0.14 0.98 
MGlKG 18.9 18.7 143 
MGlKG 785 948 2,890 
MGlKG 0.54 0.54 7.30 
MGlKG 10.4 12.4 188 
MGlKG 140 134 2,910 
MGlKG 0.50 0.51 0.89 
MGIKG 39.6 41.4 588 
MGIKG 388 535 5,840 
UGIKG 39.8 21.7 18.0 
UGIKG 40.3 22.0 60.0 
UGIKG 42.8 25.5 24.0 
UGIKG 46.3 22.9 2.00 
UGlKG 42.5 27.8 110 
UGlKG 84.8 109 170 
UGIKG 39.7 21.7 8.00 
UG/KG 23.8 17.1 380 
UGIKG 39.7 21.4 10.0 
UGIKG 39.8 21..0 3.00 
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Maximurr 
Qualifier 

EPC 
Units 

7z7iz 
MG/KG 
MGIKG 
MGIKG 
MGlKG 
MGIKG 
MGlKG 
MGlKG 
MGlKG 
MGIKG 
MG/KG 
MGIKG 
MGIKG 
MGlKG 
MGlKG 
MGlKG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
MGlKG 
MGIKG 
MGlKG 
MGlKG 
UG/KG 
UGlKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGlKG 
UGlKG 
UGIKG 
UGIKG 

Reasonable Maximum Exposure 

Medium Medium 
EPC EPC 

Value Statistic 

18,837 95%ucL-T 
11.47 95%UCL-T 
8.28 95%UCL-T 
121 95%UCL-T 
0.92 95%UCL-T 
7.70 95%UCL-T 

9,428 95%UCL-T 
95 95%UCL-T 

10.7 95%UCL-T 
398 95%UCL-T 
0.91 95%UCL-T 

28,992 95%UCL-T 
230 95%UCL-T 

3,522 95%UCL-T 
583 95%UCL-T 
0.14 95%UCL-T 
18.7 95%UCL-T 
948 95%UCL-T 
0.54 95%UCL-T 
12.4 95%UCL-T 
134 95%UCL-T 
0.51 95%UCL-T 
41.4 95%UCL-T 
535 95%UCL-T 
18.0 MAX 
22.0 95%UCL-T 
24.0 MAX 
2.00 MAX 
27.8 95%UCL-T 
109 95%UCL-T 
8.00 MAX 
17.1 95%UCL-T 
10.0 MAX 
3.00 MAX 

Medium 
EPC 

Rationale 

W<wt;log def 
WeWt;log def 
W<wt;log def 
W<Wt;log def 
WcWt;log def 
W<Wt;log def 
W<Wt;log def 
WcWt;log def 
W<Wt;log def 
WcWt;log def 
W<Wt;log def 
WcWtjog def 
W<Wt;log def 
W<Wt;log def 

Mg>=Wt & Wnc 
WcWt;log def 
W<Wt;log def 
W<Wt;log def 
W<Wt;log def 
W<Wt;log def 
W<Wt;log def 
W+Vt;log def 
W<Wt;log def 
W<Wt;log def 
WeWt;log def 
W<Wt;log def 
WcWt;log def 
W<Wt;log def 
WcWtjog def 
W<Wt;log def 
W<Wt;log def 
W<Wt;log def 
W<Wt;log def 
WcWt;log def 
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TABLE 6-21 
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SITE 2 SUBSURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/future 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 
Exposure Point: Contact (Ing. 8 Der.) with Subsurface Soil, Industrial Adult’ 

Chemical 
of 

Potential 
Concern 

[CHLOROFORM 
CHLOROMETHANE 
ETHYLBENZENE 
METHYLENE CHLORIDE 
TETRACHLOROETHENE 
TOLUENE 
TRANS-1 ,bDICHLOROPROPENE 
TRICHLOROETHENE 
1 ,GDICHLOROBENZENE 
3,3’-DICHLOROBENZIDINE 
ACENAPHTHENE 
ANTHRACENE 
BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(B)FLUORANTHENE 
BENZO(G,H,l)PERYLENE 
BENZO(K)FLUORANTHENE 
BIS(P-ETHYLHEXYL)PHTHALATE 
BUTYL BENZYL PHTHALATE 
CARBAZOLE 
CHRYSENE 
DI-N-BUTYL PHTHALATE 
DIBENZO(A,H)ANfHRACENE 
DIBENZOFURAN 
DIETHYL PHTHALATE 
FLUORANTHENE 
FLUORENE 
INDENO(1,2,3-CDjPYRENE 
NAPHTHALENE 
PENTACHLOROPHENOL 
PHENANTHRENE 
PYRENE 
ALDRIN 
ALPHA-CHLORDANE 

Units 

- 
I 

Arithmetic 
Mean 

UGIKG 39.5 
UGlKG 30.0 
UGIKG 36.6 
UGIKG 24.3 
UGIKG 40.5 
UGIKG 41.9 
UGIKG 41.6 
UG/KG 39.7 
UGIKG 374 
UGIKG 364 
UGIKG 416 
UGIKG 454 
UGIKG 612 
UGIKG 556 
UGlKG 639 
UGIKG 338 
UG/KG 365 
UGIKG 437 
UGlKG 371 
UGIKG 422 
UGIKG 597 
UGIKG 466 
UGlKG 360 
UGIKG 363 
UG/KG 373 
UGIKG 1,157 
UGlKG 419 
UGIKG 472 
UGlKG 372 
UGlKG 686 
UGlKG 644 
UGlKG 1,009 
UGIKG 1.34 
UGlKG 1.47 

95% UCL oi 
Normal 

Data (1) 

22.0 
17.8 
19.1 
15.6 
23.9 
26.2 
25.0 
22.5 
403 
410 
471 
528 
862 
610 
941 
451 
646 
700 
406 
480 
922 
651 
417 
417 
409 

1.711 
496 
636 
406 

1,007 
1,161 
1,640 
1.42 
1.59 

- 
! 

Maximum 
Detected 

Concentration 

4.00 
810 
13.0 
23.0 
23.0 
150 
97.6 
12.0 
68.0 
400 

1,400 
2,200 
5,200 
3,800 
4,900 
2,100 
2,200 
2,200 
110 

1,300 
4,900 
4,200 
450 
570 
46.0 

13,000 
1,000 
2,500 
250 
62.0 

9,900 
9,800 
3.60 
5.90 
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Qualifier 

- 
J 
J 
J 
J 
J 

J 

J 

J 
J 

J 

J 
J 

EPC 
Units 

- 
UG/KG 
UGIKG 
UGlKG 
UGIKG 
UGlKG 
UGlKG 
UGIKG 
UG/KG 
UG/KG 
UGlKG 
UGlKG 
UGlKG 
UGlKG 
UGlKG 
UGlKG 
UGIKG 
UG/KG 
UGIKG 
UGlKG 
UGlKG 
UGlKG 
UGlKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGlKG 
UG/KG 
UGIKG 

Medium Medium Medium 
EPC EPC EPC 

Value Statistic Rationale 

4.00 MAX WcWt;log def 
17.6 95%UCL-T W<Wt;log def 
13.0 MAX W<Wt;log def 
15.6 95%UCL-T WcWt;log def 
23.0 MAX WcWtjog def 
26.2 95%UCL-T WcWt;log def 
25.0 95%UCL-T W+Vt;log def 
12.0 fvw WcWtjog def 
68.0 MAX W<wt;log def 
400 MAX W<Wt;log def 
471 95%UCL-T W+Vt;log def 
528 95%UCL-T W<Wt;log def 
662 95%UCL-T WcWt:log def 
610 95%UCL-T WcWt;log def 
941 95%UCL-T WcWt;log def 
451 95%UCL-T WcWt;log def 
546 95%UCL-T W<Wt;log def 
700 95%UCL-T Wlg>=Wt & wnc 

110.0 MAX Wwt;log def 
480 95%UCL-T WcWt;log def 
922 95%UCL-T W<Wt;log def 
651 95%UCL-T W<Wt;log def 
417 95%UCL-T W+Vt;log def 
417 95%UCL-T W<wt;log def 
48.0 MAX WcWt;log def 
1,711 95%UCL-T W<Wt;log def 
496 95%UCL-T WcWt;log def 
636 95%UCL-T W<Wt;log def 
250 MAX W<Wt;log def 
62.0 MAX WcWtjog def 

1,181 95%UCLiT W<Wt;log def 
1,640 95%UCL-T WcWt;log def 
1.42 95%UCL-T W<Wt;log def 
1.59 95%UCL-T WcWt;log def 

Reasonable Maximum Exposure 

4l21lOO 



TABLE 6-21 
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SITE 2 SUBSURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

kkenario Timeframe: Current/Future II 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 
Exposure Point: Contact (Ing. & Der.) with Subsurface Soil, Industrial Adult’ 

Chemical 
of 

Potential I 
EPC 
Units 

- 

11 Reasonable Maximum Exposure Units Arithmetic 95% UCL of Maximum Maximum 
Mean Normal Detected Qualifier 

Data (1) Concentration Medium Medium 
Concern EPC EPC 

Value Statistic 

AROCLOR-1246 UG/KG 27.5 29.1 110 J 29.1 95%UCL-T 
AROCLOR-1254 UGlKG 52.2 37.5 1,150 J 37.5 95%UCL-T 
AROCLOR-1260 UGIKG 66.3 65.3 1,600 J 65.3 95%UCL-T 
DIELDRIN UGIKG 2.69 2.67 5.60 J 2.67 95%UCL-T 
ENDOSULFAN II UGlKG 2.19 2.34 a.50 J 2.34 95%UCL-T 
ENDOSULFAN SULFATE UGlKG 2.73 2.90 9.30 J 2.90 95%UCL-T 
ENDRIN UGIKG 3.96 4.46 20.0 J 4.46 95%UCL-T 
ENDRIN KETONE UGiKG 2.60 2.75 5.50 J 2.75 95%UCL-T 
GAMMA-BHC (LINDANE) UGIKG 1.32 1.39 2.50 J 1.39 95%UCL-T 
GAMMA-CHLORDANE UGiKG 1.40 1.50 3.40 J 1.50 95%UCL-T 
HEPTACHLOR EPOXIDE UGIKG 1.34 1.42 3.50 J 1.42 95%UCL-T 
HEXAVALENT CHROMIUM UGlKG 0.0011 0.0064 0.0036 L 0.0036 MAX 
4,4-DDE UGlKG 5.04 4.45 62.0 J 4.45 95%UCL-T 
4,4’-DDT UGiKG 7.62 6.16 150 J 6.16 95%UCL-T 
XYLENES, TOTAL UGlKG 39.6 20.7 36.0 J 20.7 95%UCL-T 
OCDD UGiKG 0.36 1.15 0.68 J 0.66 MAX 
OCDF UGIKG 0.10 2.01 0.25 J 0.25 MAX 
4,4’-DDD UG/KG 3.93 3.92 45.0 J 3.92 95%UCL-T 
2-METHYLNAPHTHALENE UGiKG 379 406 J 360 MAX 

This screening is also valid for Current rture/Surface : il/ Particulate >ontact (Inha 
“This screening is also valid for Current/Future/Surface Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Casual User Child (Age l-6). 
*This screening is also valid for Current/Future/Surface Soil/ ParticulateslContact (Inhalation) with Surface Soil Casual User Child (Age l-6). 
“This screening is also valid for Current/Future/Surface Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Casual User PreAdolescenVAdolescent (Age 7-16). 
“This screening is also valid for CurrenVFuture/Surface Soil/ Particulates/Contact (Inhalation) with Surface Soil Casual User Pre-AdolescenVAdolescent (Age 7-16). 
This screening is also valid for CurrenVFuturelSurface Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Casual User Adult, 
*This screening is also valid for Current/Future/Surface Soil/ ParticulateslContact (Inhalation) with Surface Soil Casual User Adult. 
*This screening is also valid for Current/Future/Surface Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Residential Child. 
*This screening is also valid for CurrenVFuturelSurface Soil/ Particulates/Contact (Inhalation) with Surface Soil Residential Child. 
*This screening is also valid for Current/Future/Surface Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Residential Adult. 
*This screening is also valid for Current/Future/Surface Soilf ParticulatesIContact (Inhalation) with Surface Soil Residential Adult. 

360 

Medium 
EPC 

Rationale 

WcWtjog def 
W<Wt;log def 
WcWt;log def 
WeWt;log def 
WcWt;log def 
W+Vt;log def 
W<Wt;log def 
WcWt;log def 
WcWt;log def 
W<Wt;log def 
W<Wt;log def 

WIg>=Wt & Wnc 
WcWt:log def 
WcWt;log def 
WcWt:log def 

WIg>=Wt & Wnc 
WIg>=Wt & Wnc 

W<Wt;log def 
W<Wt;log def 

ion) with Surface Soil lndus 

- 
UGIKG 
UGiKG 
UGlKG 
UGiKG 
UGlKG 
UGiKG 
UGlKG 
UGlKG 
UGIKG 
UGiKG 
UGiKG 
UGlKG 
UGIKG 
UG/KG 
UG/KG 
UGiKG 
UGiKG 
UGiKG 
UGiKG 
- 
al Adult. 

(1) Represents the 95% UCL of normal data for normal distributions; Represents the log-transformed 95% UCL for lognormal distributions. 
Statistics: Maximum Detected Value (Max); 95% UCL of Normal Data (95%UCL-N); 95% UCL of Log-transformed Data (95%UCL-T); Mean of Log-Transformed Data (Mean-T) 

Mean of Normal Data (Mean-N). 

4/21/00 
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TABLE 6-29 
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SITE 2 SUBSURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 
Exposure Point: Contact (Ing. & Der.) with Subsurface Soil, Industrial Adult’ 

Chemical 
of 

Potential 
Concern 

J - Estimated Value 

Units Arithmetic 95% UCL of Maximum Maximum EPC Reasonable Maximum Exposure 

Mean Normal Detected Qualifier Units 

Data (1) Concentration Medium Medium Medium 

EPC EPC EPC 
Value Statistic Rationale 

4/21/00 
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TABLE 6-22 
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SITE 3 SUBSURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

IF; 
LI 
M 
M 
M 
NI 
P1 
SI 
SI 
SC 
TI 
Vi 
ZI 
1,; 
2- 
A( 
Bf 

ct 
ct 
El 
MI 
TC 
1,’ 

Chemical 
of 

Potential 
Concern 

LUMINUM 
NTIMONY 
RSENIC 
ARIUM 
ERYLLIUM 
ADMIUM 
ALCIUM 
HROMIUM 
OBALT 
OPPER 
ION 
EAD 
AGNESIUM 
ANGANESE 
ERCURY 
ICKEL 
3TASSIUM 
ELENIUM 
!LVER 
3DIUM 
+ALLIUM 
4NADIUM 
NC 
Z-DICHLOROETHENE (TOTAL) 
BUTANONE 
:ETONE 
ENZENE 
4RBON DISULFIDE 
-lLOROBENZENE 
-lLOROFORM 
‘HYLBENZENE 
STHYLENE CHLORIDE 
ILUENE 
I-DICHLOROBENZENE 

Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 
Exposure Point: Contact (Ing. 8 Der.) with Subsurface Soil, Industrial Adult* 

Units 

MGIKG 
MGlKG 
MGlKG 
MGlKG 
MO/KG 
MGlKG 
MGIKG 
MGIKG 
MGlKG 
MO/KG 
MGIKG 
MGlKG 
MO/KG 
MO/KG 
MGIKG 
MGIKG 
MGlKG 
MGlKG 
MGlKG 
MGIKG 
MG/KG 
MG/KG 
MGIKG 
UGIKG 
UGIKG 
UGlKG 
UGIKG 
UGIKG 
UGIKG 
UGlKG 
UGIKG 
UGIKG 
UG/KG 
UGIKG 

Arithmetic 
Mean 

12,725 
5.41 
5.02 
289 
1.12 
7.96 

10,744 
30.8 
10.7 
332 

23,293 
330 

5,588 
733 
1.26 
34.5 

1,354 
0.58 
34.0 
342 
0.41 
47.7 
725 
107 
119 
117 
107 
107 
112 
107 
113 
177 
111 

1,519 

95% UCL of 
Normal 

Data (I) 

14,010 
9.67 
6.74 
419 
1.36 
32.9 

22,175 
39.7 
12.3 

1,390 
26,714 
1,016 
7,149 
1,073 
8.20 
44.7 
1,407 
0,68 
462 
486 
0.47 
59.0 

1,970 
93.4 
128 
223 
92.6 
102 
127 
109 
141 
159 
148 

2,502 
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Maximum 
Detected 

:oncentratio 

29,500 
16.6 
17.6 

1,530 
3.1 

67.1 
42,500 

83.4 
23.4 

3,760 
89,500 
4,570 
15,600 
2,330 

9.7 
230 

3,710 
2.9 
368 

1,460 
1.4 
284 

9,100 
4 

1,000 
140 
5.1 
13 

140 
1 

130 
3,300 
120 
120 

Maximum 
Qualifier 

J 

J 

EPC 
Units 

- 
MGIKG 
MGlKG 
MGIKG 
MO/KG 
MGtKG 
MGIKG 
MGlKG 
MG/KG 
MGlKG 
MGlKG 
MGlKG 
MGtKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGIKG 
MGIKG 
MGlKG 
MGlKG 
MO/KG 
MO/KG 
UG/KG 
UGIKG 
UG/KG 
UGlKG 
UG/KG 
UGlKG 
UGlKG 
UGIKG 
UGIKG 
UGlKG 
UGIKG 

Reasonable Maximum Exposure 

Medium Medium 
EPC EPC 

Value Statistic 

14,010 95%UCL-T 
9.67 95%UCL-T 
6.74 95%UCL-T 
419 95%UCL-T 
1.36 95%UCL-T 
32.9 95%UCL-T 

22,175 95%UCL-T 
39.7 95%UCL-T 
12.3 95%UCL-1 

1,390 95%UCL-T 
26,714 g5%UCL-T 
1,016 95%UCL-T 
7,149 95%UCL-T 
1,073 95%UCL-T 
8.20 95%UCL-T 
44.7 95%UCL-T 
1,407 95%UCL-T 
0.68 95%UCL-T 
368 MAX 
486 95%UCL-T 
0.47 95%UCL-T 
59.0 95%UCL-T 

1,970 95%UCL-T 
4.00 MAX 
128 95%UCL-T 
140 MAX 
5.10 MAX 
13.0 MAX 
127 95%UCL-T 
1.00 MAX 
130 MAX 
159 95%UCL-T 
120 MAX 
120 MAX 

Medium 
EPC 

Rationale 

WIg>=Wt & wrl 
WcWt;log def 

Wlg>=Wt & wn 
Wlg>=Wt & Wn 
WIg>=Wt 8 Wn 

W<Wt;log def 
Wlg>=Wt & Wn 

W+Vt;log def 
WIg>=Wt 8 Wn 

WcWt;log def 
Wlg>=wt & WI-I 

WcWt;log def 
WIg>=Wt 8 wrl 
Wlg=Wt & Wnl 

W<Wt;log def 
W+Vt;log def 

WIg>=Wt & Wnl 
W<Wtjog def 
MaxcU95log 

WIg>=Wt & Wn 
W<Wt;log def 

Wlg>=Wt & Wnc 
W+Vt;log def 
MaxcU95log 
W<Wt;log def 
Max<Ug5log 
MaxcU95log 
Max<U95log 

W<Wt;log def 
Max<U95log 
Max<U95log 

W<Wt;log def 
Max<U95log 
MaxcUSBlog 

3/8lOO 



TABLE 6-22 
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SITE 3 SUBSURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

‘Scenario Timeframe: Current/Future 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 
Exposure Point: Contact (Ing. & Der.) with Subsurface Soil, Industrial Adult* 

1 
Chemical 

of 
Potential 
Concern 

ACENAPHTHENE UGIKG 1,422 

ACENAPHTHYLENE UGlKG 1,556 
ANTHRACENE UGlKG 2,154 
BENZO(A)ANTHRACENE UG/KG 3,725 
BENZO(A)PYRENE UG/KG 
BENZO(B)FLUORANTHENE 

3,407 
UGIKG 3,576 

BENZO(G,H,I)PERYLENE UGlKG 2,251 
BENZO(K)FLUORANTHENE UGIKG 2,751 
BlS(2-ETHYLHEXYL)PHTHALATE UG/KG 1,682 
BUTYL BENZYL PHTHAIATE UG/KG 1,525 
CARBAZOLE UGiKG 1,505 
CHRYSENE UGIKG 3,703 
DI-N-BUTYL PHTHALATE UGiKG 1,482 
DI-N-OCTYL PHTHALATE UG/KG 1,539 
Dll3ENZO(A,H)ANTHRACENE UWKG 1,544 
DIBENZOFURAN UGIKG 1,522 
DIETHYL PHTHALATE UGIKG 1,524 
FLUORANTHENE UG/KG 6,677 
FLUORENE UG/KG 1,405 
HEXACHLOROETHANE UGIKG 1,555 
INDENO(l,Z,B-CD)PYRENE UGIKG 2,476 
NAPHTHALENE UGIKG 1,560 
PHENANTHRENE UGIKG 4,634 
PHENOL UGIKG 1,530 
PYRENE UG/KG 5,541 
ALDRIN UGIKG 19.4 
AROCLOR-1242 UGIKG 46.3 
AROCLOR-1248 UG/KG 47.7 
AROCLOR-1254 UGIKG 381 
AROCLOR-1260 UGIKG 70.8 
ENDRIN UGIKG 7.26 
GAMMA-BHC (LINDANE) UGIKG 3.07 
GAMMA-CHLORDANE UGIKG 3.98 
HEPTACHLOR EPOXIDE UGIKG 3.11 

Units Arithmetic 
Mean 

95% UCL of Maximun 
Normal Detected 

Data (1) Conoentrati 

3,646 4,400 
4,063 1,200 

21,352 21,000 
37,125 53,000 
24,550 44,000 
35,976 45,000 
15,030 26,000 
32,962 34,000 
5,094 4,000 
2,566 41 
2,492 1,000 

38,764 51,000 
4,562 53 
2,254 320 
9,291 9,400 
2,553 300 
2,333 86 

64,827 120,000 
9,115 4,500 
2,360 540 
10,710 29,000 
3,875 450 

36,617 71,000 
2,257 150 

36,810 97,000 
123 180 
58.7 84 
61.7 120 
597 5,900 
118 290 
15.7 24 
5.79 3.5 
9.68 14 
5.81 6.1 
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Qualifier 

- 

EPC 
Units 

UGIKG 
UGIKG 
UGlKG 
UGiKG 
UG/KG 
UG/KG 
UGIKG 
UGIKG 
UGIKG 
UGlKG 
UGlKG 
UGlKG 
UG/KG 
UGIKG 
UGlKG 
UGlKG 
UG/KG 
UG/KG 
UGIKG 
UGlKG 
UGlKG 
UG/KG 
UGIKG 
t.JG/KG 
UGlKG 
UGIKG 
UG/KG 
UGIKG 
UGiKG 
UGlKG 
UG/KG 
UGIKG 
UGIKG 
UGIKG 

Reasonable Maximum Exposure 

Medium Medium 
EPC EPC 

Value Statistic 

3,646 95%ucL-T 
1,200 MAX 

21,000 MAX 
37,125 95%UCL-T 
24.550 95%UCL-T 
35,976 95%UCL-T 
15,030 Q5%UCL-T 
32,962 95%UCL-T 
4,000 MAX 
41.0 MAX 
1,000 MAX 

38,764 95%UCL-T 
53.0 fax 
320 MAX 

9,291 95%UCL-T 
300 MAX 
66.0 MAX 

64,827 95%UCL-T 
4,500 MAX 
640 MAX 

10,710 95%UCL-T 
450 MAX 

36,617 95%UCL-T 
150 MAX 

36,810 95%UCL-T 
123 95%UCL-T 
58.7 95%UCL-T 
61.7 95%UCL-T 
597 95%UCL-T 
118 95%UCL-T 
15.7 95%UCL-T 
3.50 MAX 
9.68 95%UCL-T 
5.81 95%UCL-T 

I 7 
Medium 

EPC 
Rationale 

W+lt;log def 
Max<U951og 
MaxcU95log 

WIga=Wt 8 Wnc 
Wlg>=Wt 8 Wnc 
Wlg>=Wt & Wnc 

WcWt;log def 
WIga=VVt & Wnc 

Max<lJ95log 
Max<U95log 
Max<U95log 

Wlg>=Wt 1L Wnc 
Max+J95log 
Max<U95log 

W+Iklog def 
Max<U95log 
Max<UOEilog 

Wlg>=Wt 8 Wnc 
MaxeU95log 
Max<U95log 

WcWt;log def 
Max<UOtilog 

Wlg>=Wt & Wna 
MaxGU95log 

Wtg>=Wt & Wno 
W#t;log def 
W<Wt;log def 
W~Wt;log def 
W<Wt;log def 
W++Vt;log def 
WcWt;log def’ 
MaxsU95log 

W<Wt;log def 
W<Wt;log def 



TABLE 6-22 
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SITE 3 SUBSURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 

Chemical 
of 

Potential 
Concern 

Units Arithmetic 
Mean 

95% UCL of 
Normal 

Data (I) 

s 
4,4’-DDE UGIKG 11.7 44.7 
4,4’-DDT UG/KG 9.11 26.1 
XYLENES, TOTAL UG/KG 130 220 
OCDD UGIKG 0.95 164 
4,4’-DDD UGIKG 37.9 755 
j2-METHYLNAPHTHALENE 1 UG/KG 1 1,538 1 2,640 
*This screening is also valid for Current/Future/Surface Soil/ ParticulateslContact (Inhalation) Y 

Maximum Maximum EPC Reasonable Maximum Exposure 

Medium EPC 

42 J 

11 Value 1 Statistic 1 Rationale 

1 UGlKG 11 42.0 1 MAX 1 Max<lJBBlog 
32 

560 
2.2 
150 

J 
J 
J 

UG/KG 26.1 95%UCL-T W~Wt;log def 
UGIKG 220 95%UCL-T W<Wt;log def 
UGlKG 2.20 MAX MaxcU95log 
UGlKG 150 MAX Max<UOSlog 

h Surface Soil Industrial Adult. 

690 I MAX I MaxcUBBlog 

*This screening is also valid for Current/Future/Surface Soil/Surface SoiUContact (Ing. & Der.) with Surface Soil Casual User Child (Age l-6). 
This screening is also valid for Current/Future/Surface Soil/ ParticulateslContact (Inhalation) with Surface Soil Casual User Child (Age l-6). 
*This screening is also valid for Current/Future/Surface Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Casual User Pre-Adolescent/Adolescent (Age 7-16). 
_-. . . - 
“rhis screening is also valld for Current/Future/Surface Soil/ Particulates/Contact (Inhalation) with Surface Soil Casual User Pre-Adolescent/Adolescent (Age 7-16). 
This screening is also valid for Current/Future/Surface Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Casual User Adult. 
‘This screening is also valid for Current/Future/Surface Soil/ Particulates/Contact (Inhalation) with Surface Soil Casual User Adult. 
“This screening Is also valid for Current/Future/Surface Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Residential Child. 
‘This screening is also valid for Current/Future/Surface Sail/ ParticulateslContact (Inhalation) with Surface Soil Residential Child. 
*This screening is also valid for Current/Future/Surface Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Residential Adult. 
“This screening is also valid for Current/Future/Surface Soil/ ParticulateslContact (Inhalation) with Surface Soil Residential Adult. 

(1) Represents the 95% UCL of normal data for normal distributions; Represents the log-transformed 95% UCL for lognormal distributions. 
Statistics: Maximum Detected Value (Max); 95% UCL of Normal Data (95%UCL-N); 95% UCL of Log-transformed Data (95%UCL-T); Mean of Log-Transformed Data (Mean-T) 

Mean of Normal Data (Mean-N). 
J - Estimated Value 

3/6/00 
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TABLE 6-23 
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION IMPOUNDMENT AREA SUBSURFACE SOIL (POST-REMOVAL] 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 

Chemical 
of 

Potential 
Concern 

1,1,2,2-TETRACHLOROETHANE 
1 ,2-DICHLOROETHENE (TOTAL) 
BBUTANONE 
4-METHYL-2-PENTANONE 
ACETONE 
CHLOROMETHANE 
ETHYLBENZENE 
TETRACHLOROETHENE 
TOLUENE 
TRICHLOROETHENE 

i 2-METHYLNAPHTHALENE 
4.METHYLPHENOL 
ACENAPHTHYLENE 
ANTHRACENE 
BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(B)FLUORANTHENE 
BENZO(G,H,I)PERYLENE 
BENZO(K)FLUORANTHENE 
BlS(Z-ETHYLHEXYL)PHTHALATE 
CHRYSENE 
DlBENZO(A,H)ANTHRACENE 
DI-N-BUTYL PHTHAtATE 
FLUORANTHENE 
FLUORENE 
INDENO(l,P,I-CD)PYRENE 
PENTACHLOROPHENOL 
PHENANTHRENE 
PYRENE 
4,4’-DDD 
4$-DDE 
4,4’-DDT 
ALDRIN 
ALPHA-CHLORDANE 

Units Arithmetic 
Mean 

95% UCL 01 
Normal 

Data (1) 

Maximum 
Detected 

Soncentratior 

uo/KG 95 ==?z= 2 
UG/KG 95.1 65.0 11 
UG/KG 87.8 59.6 23 
UG/KG 102 73.7 450 
UGIKG 265 423 1100 
UG/KG 79 55.0 2 
UGlKG 94.3 58.8 14 
UGlKG 94.8 60.5 IO 
UGlKG 95.1 62.5 8 
UGlKG 94.1 60.7 15 
UGlKG 294 339 44 
UGIKG 297 326 160 
UGlKG 285 308 560 
UGIKG 283 305 510 
UGIKG 317 374 2700 
UGlKG 341 394 3000 
UG/KG 352 410 2800 
UGIKG 272 326 1700 
UGIKG 250 298 1100 
UGlKG 225 292 320 
UGlKG 357 398 3300 
UG/KG 306 338 34 
UGlKG 273 314 110 
UGlKG 398 446 3700 
UG/KG 274 292 240’ 
UGlKG 256 331 1300 
UGlKG 697 789 120 
UGIKG 277 322 1900 
UGIKG 532 545 7000 
UGIKG 13.1 20.8 150 
UGIKG 2.8 3.54 3.7 
UG/KG 6.8 7.67 78 
UG/KG 1.54 1.68 2.3 
UGIKG 1.47 1.68 0.25 
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lualifie 

- 
J 
J 

J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

J 

J 
J 

EPC 
Units 

UGIKG 
UGIKG 
UG/KG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGlKG 
UGlKG 
UGIKG 
UGIKG 
UGIKG 
UG/KG 
UGIKG 
UGIKG 
UGlKG 
UGIKG 
UGlKG 
UGIKG 
UGIKG 
UGIKG 
UGlKG 
UGlKG 
UGIKG 
UGlKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 

- 
T Reasonable Maximum Exposure 

Medium Medium 
EPC EPC 

Value Statistic 

2 Max 
11 Ma 
23 Max 

73.7 95%UCL-T 
423 95%UCL-T 

2 Max 
14 Max 
10 Max 
8 Max 
15 Max 
44 Max 
160 Max 
308 95%UCL-T 
305 95%UCL-T 
374 95%UCL-T 
394 95%UCL-T 
410 95%UCL-T 
326 95%UCL-T 
298 95%UCL-T 
292 95%UCL-T 
396 95%UCL-T 
34 Max 

110 Max 
448 95%UCL-T 
240 Max 
331 95%UCL-T 
120 Max 
322 95%UCL-T 
545 95%UCL-T 
20.8 95%UCL-T 
3.54 95%UCL-T 
7.67 95%UCL-T 
1.68 95%&L-T 
0.25 Max 

Medium 
EPC 

Rationale 

MaxcU95log 
MaxelJ951og 
MaxcU95log 

WcWt;log def 
WcWt;log def 
MaxcU95log 
MaxcU95log 
Max<U95log 
Max<U95log 
MaxcU95log 
MaxeU95log 
Max<U95log 
W<wt;log def 
W*Wt;log def 
WcWt;log def 
W-+Jt;log def 
WcWt;log def 
W<Wt;log def 
W+Vt;log def 
W<wt;log def 
W+Vt;log def 
Max<U95log 
Max<U95log 

WzWt;log def 
MaxeU95log 

WcWt;log def 
MaxcU95log 

W+Vt;log def 
WcWt;log def 
W<Wt;log def 
WcWt;log def 
WcWt;log def 
WcWt;log def 
MaxcU95log 
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TABLE 6-23 
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION IMPOUNDMENT AREA SUBSURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 

Chemical 

Potential 
Concern 

AROCLOR-1254 
AROCLOR-1260 
DELTA-BHC 
DIELDRIN 
ENDOSULFAN I 
ENDOSULFAN II 
ENDRIN 
ENDRIN ALOEHYDE 
ENDRIN KETONE 
GAMMA-BHC (LINDANE) 
GAMMA-CHLORDANE 
HEPTACHLOR 
HEPTACHLOR EPOXIDE 
METHOXYCHLOR 
ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
CYANIDE 
HEXAVALENT CHROMIUM 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 

i 

Units Arithmetic 
Mean 

95% UCL 01 
Normal 

Data (1) 

Maximum 
Detected 

~oncentratb 

UGlKG 29.3 31.7 31 
UGIKG 30.6 33.8 44 
UGlKG 60.4 55.2 930 
UGlKG 1.6 2.17 9.9 
UGIKG 2.57 5.54 21 
UG/KG 1.45 1.85 0.8 
UGIKG 3.13 4.5 19 
UG/KG 2.6 4.12 13 
UG/KG 2.84 3.15 0.63 
UGlKG 2.49 3.65 13 
UG/KG 1.41 1.87 0.19 
UG/KG 1.6 2.08 13 
UGlKG 1.47 1.91 1.2 
UG/KG I .43 2 0.059 
UGIKG 13.62 33 0.81 
MMKG 11,340 12,361 20100 
MGlKG 10.2 21.1 144 
MG/KG 1.76 2.33 6.4 
MGIKG 101 111 316 
MGIKG 1.04 1.16 6.7 
MGIKG 4.45 3.56 91.1 
MGIKG 6,994 6,066 132000 
MGIKG 252 244 4730 
MGIKG 14.8 16.4 61.4 
MG/KG 27.3 34.7 707 
MGlKG 4.67 5.49 79.6 
MGIKG 1.61 16.3 22.5 
MG/KG 19,646 23,272 91700 
MGlKG 14.1 19.2 89.8 
MGIKG 3,767 4,271 42800 
MGIKG 1,077 1,355 6090 
MGIKG 0.14 0.11 2.6 
MGIKG 17.7 19.7 62.7 
MGIKG 1,518 2,030 5680 
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Maximum EPC 
Qualifier Units 

J 

J 

J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

J 

J 

J 

- 
UGlKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UGIKG 
UG/KG 
UGIKG 
UG/KG 
UGIKG 
UGIKG 
MGIKG 
MGlKG 
MO/KG 
MGIKG 
MGlKG 
MGIKG 
MGIKG 
MGIKG 
MG/KG 
MGIKG 
MG/KG 
MGIKG 
MG/KG 
MGlKG 
MGlKG 
MG/KG 
MGIKG 
MGIKG 
MGIKG 

T Reasonable Maximum Exposure 

Medium Medium 
EPC EPC 

Value Statistic 

31 Max 
33.8 95%UCL-T 
55.2 95%UCL-T 
2.17 95%UCL-T 
5.64 95%UCL-T 
0.8 Max 
4.5 95%UCL-T 

4.12 95%UCL-T 
0.63 Max 
3.85 95%UCL-T 
0.19 Max 
2.08 95%UCL-T 
1.2 Max 

0.059 Max 
0.81 Max 

12,361 95%UCL-T 
21.1 95%UCL.T 
2.33 95%UCL-T 
111 95%UCL-T 
1.16 95%UCL-T 
3.56 95%UCL-T 

6,068 95%UCL-T 
244 95%UCL-T 
16.4 95%UCL-T 
34.7 95%UCL-T 
5.49 95%UCL-T 
16.3 95%UCL-T 

23,272 95%UCL-T 
19.2 95%UCL-T 

4,271 95%UCL-T 
1,355 95%UCL-T 
0.11 95%UCL-T 
19.7 95%UCL-T 

2,030 95%UCL-T 

Medium 
EPC 

Rationale 

MaxcUOBlog 
Wcwt;log def 
WcWt;log def 
Wcwt;log def 
WcWt;log def 
MaxcU95log 

WcWt;log def 
W+Vt;log def 
Max<UOllog 

W<Wt;log def 
Max<UOBlog 

WsWt;log def 
MaxcU95log 
MaxcU95log 
MaxcU95log 

W<Wt;log def 
W<Wt;log def 

Nlg>=Wt 6 Wnc 
W+Vt;log def 
Wcwt;log def 
WcWtjog def 
WcWtjog def 
W<wt;log def 
WcWt;log def 
W+VLlog def 
WcWt;log def 
W<Wt;log def 

rVlg>=Wt & Wno 
W<wt;log def 
WcWt;log def 
W<Wt;log def 
WcWt;log def 
WcWt;log def 
WcWtjog def 
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TABLE 6-23 
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION IMPOUNDMENT AREA SUBSURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: CurrenffFuture 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 

Chemical Units Arithmetic 95% UCL of Maiimum Maximum EPC Reasonable Maximum Exposure 

of Mean Normal Detected Qualifier Units 
Potential Data (1) Concentration Medium Medium Medium 

Concern EPC EPC EPC 
Value Statistic Rationale 

SILVER 
SODIUM MGIKG 116.8 127.4 612 MGIKG 127.4 95%UCL-T W<wt;log def 

THALLIUM MG/KG 0.47 0.49 1.1 J MO/KG 0.49 95%UCL-T WcWt;log def 

VANADIUM MGlKG 17.9 19.9 33.7 MG/KG 19.9 95%UCL-T W-+&log def 

ZINC MG/KG 44.2 52.2 327 J MGlKG 52.2 95%UCL-T WcWt;log def 

rhis 
*This screening is also valid for Current/Future/Surface Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Casual User Child (Age l-6). 
‘This screening is also valid for CurrenVFuturelSurface Soil/ Particulates/Contact (Inhalation) with Surface Soil Casual User Child (Age l-6). 
“This screening is also valid for CurrentlFutureBurface Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Casual User PreAdolescent/Adolescent (Age 7-16). 
“This screening is also valid for Current/Future/Surface Soil/ ParticulateslContact (Inhalation) with Surface Soil Casual User Pre-Adolescent/Adolescent (Age 7-16). 
“This screening is also valid for Current/Future/Surface Soil/Surface SoiVContact (kg. 8 Der.) with Surface Soil Casual User Adult. 
This screening is also valid for Current/Future/Surface Soil/ ParticulateslContact (Inhalation) with Surface Soil Casual User Adult. 
This screening is also valid for Currenl/future/Surface Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Residential Child. 
7hiS screening is also valid for Current/Future/Surface Soil/ ParticulateslContact (Inhalation) with Surface Soil Residential Child. 
“This screening is also valid for Current/Future/Surface Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Residential Adult. 
This screening is also valid for CurrentlFuturelSurface Soil/ ParticulatesIContact (inhalation) with Surface Soil Residential Adult. 

(1) Represents the 950/b UCL of normal data for normal distributions; Represents the log-transformed 95% UCL for lognormal distributions. 
Statistics: Maximum Detected Value (Max); 95% UCL of Normal Data (95%UCL-N); 95% UCL of Log-transformed Data (95%UCL-T); Mean of Log-Transformed Data (Mean-T) 

Mean of Normal Data (Mean-N). 
J - Estimated Value 

6-57 
3/8/00 



risk associated with exposure to an individual COPC was then estimated by multiplying the risk at the 

RBC by a simple ratio involving the appropriate RBC and the RME EPC. Finally, COPC-specific risks 

were summed to determine whether the estimated cumulative cancer risk for the assessed exposure 

route exceeds the benchmark of 5 x 1 OW5. 

_- 

Typically, action is initiated at a site when the cumulative cancer risk for all pathways and routes of 

exposure surpasses 1 x 104. For screening purposes, a benchmark of 5 x IO* was instituted to account 

for potential risks posed by pathways and routes not considered by the described process. As a 

preliminary assessment, the risk-ratio comparison is regarded as a reasonable approach for determining 

the need for a more detailed and site-specific evaluation. 

6.3.2 Non-Cancer Effects 

As with the carcinogens, the maximum detected concentrations .of each non-cancer COPC was 

compared to the appropriate RBC. The potential risk associated with exposure to an individual COPC 

was then estimated by multiplying the hazard index at the RBC by a simple ratio involving the respective 

RBC. COPC-specific risks were then summed to determine whether the estimated cumulative non- 

cancer risk for the assessed exposure route exceeds the established benchmark of 0.5. 

Typically, action is initiated at a site when the cumulative non-cancer risk for all pathways and routes of 

exposure surpasses the benchmark of 1.0. For screening purposes, a benchmark of 0.5 was instituted to 

account for potential risks posed by pathways and routes not considered by the described process. As a 

preliminary assessment, the risk-ratio comparison is regarded as a reasonable approach for determining 

the need for a more detailed and site-specific evaluation. 

If the non-cancer and cancer benchmarks are not exceeded, no additional human health risk assessment 

would be required. If either of the risk-ratio screening levels (5x 1 O5 for excess lifetime cancer risk and/or 

0.5 for non-cancer hazard) is exceeded, a site-specific quantitative assessment of risk will be estimated 

considering all pathways and routes of exposure 

6.3.3 Risk Ratio Comparison Results 

The future anticipated land use at Area A is expected to be light industrial/commercial. Likely potential 

receptors include light industrial workers and office workers from surrounding neighborhoods. Residential 

land use is not anticipated for this site. Risks estimated assuming residential land use provide a baseline 

to which all receptor risks can be compared; however, residential risks are purely hypothetical in nature. 

If the land use designation were to change in the future, quantitative risks estimated in this section should 

be re-evaluated. 
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,/--\ Risk ratio comparisons were determined for surface and subsurface soils separately for chemicals 

identified as COPCs by screening against both residential and industrial RBCs. The results of the risk 

ratio comparison are shown in Tables 6-4 and 6-5 for surface soil and Tables 6-10 and 6-11 for 

subsurface soil. 

6.3.3.1 Site 1 Soils 

There were no COPCs in surface soil at Site 1; therefore, the risk ratio analysis was not performed for this 

site or medium. No carcinogenic COPCs were selected for Site 1 subsurface soil. Consequently, there is 

no need for a toxicological evaluation for the carcinogenic COPCs. However, based on 

industrial/commercial COPCs, the noncancer hazard risk ratio sum was 0.75 for subsurface soil, 

indicating that a toxicological evaluation is necessary for noncarcinogenic COPCs. 

Based on residential COPCs, the noncancer hazard risk ratio sum for Site I subsurface soil was 24.66, 

indicating that a toxicological evaluation is also necessary for noncarcinogenic COPCs. 

6.3.3.2 Site 2 Soils 

/I--.. 
Based on industrial/commercial COPCs, the total carcinogenic risk ratio sum for Site 2 surface soil was 

7.37 x IO&, below the risk ratio cutoff of 5 x 1O5. Consequently, there is no need for a toxicological 

evaluation for the carcinogenic COPCs. Further, the noncancer hazard risk ratio sum was 1.39, 

indicating that a toxicological evaluation is necessary for noncarcinogenic COPCs. 

The total carcinogenic risk ratio sum for Site 2 surface soil, based on residential COPCs, was 6.59 x I 05, 

above the risk ratio cutoff of 5 x 10q5. Consequently, there is a need for a toxicological evaluation for the 

carcinogenic COPCs. Further, the noncancer hazard risk ratio sum was 13.97, indicating that a 

toxicological evaluation is also necessary for noncarcinogenic COPCs. 

The total carcinogenic risk ratio sum for Site 2 subsurface soil, based on industrial/commercial COPCs, 

was 5.80 x 1 O”, below the risk ratio cutoff of 5 x 1 Om5. Consequently, there is no need for a toxicological 

evaluation for the carcinogenic COPCs. ‘However, the noncancer hazard risk ratio sum was 6.02, 

indicating that a toxicological evaluation is necessary for noncarcinogenic COPCs. 

Based on residential COPCs, the total carcinogenic risk ratio sum for Site 2 subsurface soil was 1.18 x 

1 Od, above the risk ratio cutoff of 5 x 10”. Consequently, there is a need for a toxicological evaluation for 

the carcinogenic COPCs. Further, the noncancer hazard risk ratio sum was 84.45, indicating that a 

toxicological evaluation is also necessary for noncarcinogenic COPCs. 
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6.3.3.3 Site 3 Soils 

The total carcinogenic risk ratio sum for Site 3 surface soil, based on industrial/commercial COPCs, was 

1.79 x 104, below the risk ratio cutoff of 5 x 1 05. Consequently, there is no need for a toxicological 

evaluation for the carcinogenic COPCs. Further, the noncancer hazard risk ratio sum was 0 (no 

noncarcinogenic COPCs), indicating that a toxicological evaluation is also not necessary for 

noncarcinogenic COPCs. 

Based on residential COPCs, the total carcinogenic risk ratio sum for Site 3 surface soil was 2 x 1O5, 

below the risk ratio cutoff of 5 x 10m5. Consequently, there is a no need for a toxicological evaluation for 

the carcinogenic COPCs. However, the noncancer hazard risk ratio sum was 1 .?I, indicating that a 

toxicological evaluation is necessary for noncarcinogenic COPCs. 

The total carcinogenic risk ratio sum for Site 3 subsurface soil, based on industrial/commercial COPCs, 

was 9.10 x IO”, above the risk ratio cutoff of 5 x 10a5. Consequently, there is a need for a toxicological 

evaluation for the carcinogenic COPCs. Further, the noncancer hazard risk ratio sum was 6.67, 

indicating that a toxicological evaluation is also necessary for noncarcinogenic COPCs. 

Based on residential COPCs, the total carcinogenic risk ratio sum for Site 3 subsurface soil was 8.24 x 

IO”, above the risk ratio cutoff of 5 x 10q5. Consequently, there is a need for a toxicological evaluation for 

the carcinogenic COPCs. Further, the nonc&rcer hazard risk ratio sum was 72.32, indicating that a 

toxicological evaluation is also necessary for noncarcinogenic COPCs 

6.3.3.4 Impoundment Area Subsurface Soil 

There was no surface soil sampling at the Impoundment Area, thus, only subsurface soil is evaluated. 

Based on industrial/commercial COPCs, the total carcinogenic risk ratio sum for the impoundment area 

subsurface soil was 3.83 x 10s6, below the risk ratio cutoff of 5 x 10m5. Consequently, there is no need for 

a toxicological evaluation for the carcinogenic COPCs. However, the non-cancer hazard risk ratio sum 

was 1 .I 0, indicating that a toxicological evaluation is necessary for noncarcinogenic COPCs. 

The total carcinogenic risk ratio sum for the Impoundment Area subsurface soil, based on residential 

COPCs, was 4.5 x 10W5, and below the risk ratio cutoff of 5 x 10s5. Because the sum was close to the 

cutoff, a toxicological evaluation for the carcinogenic COPCs was performed. Further, the noncancer 

hazard risk ratio sum was 34.24, indicating that a toxicological evaluation is necessary for 

noncarcinogenic COPCs. 
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6.4 TOXICOLOGICAL EVALUATION AND RISK CHARACTERIZATION 

A toxicological evaluation and more quantitative risk characterization were conducted to evaluate 

potential cancer and non-cancer health risks from ingestion of soil for COPCs exceeding risk ratio 

benchmarks. Cancer slope factors (CSFs) and reference doses (RfDs) for each COPC used in this 

toxicological evaluation are presented in Tables 6-24 and 6-25. 

If the toxicological evaluation indicates that there are no excess lifetime cancer and/or non-cancer risks to 

the maximally exposed populations, then no corrective action would be required to be protective of 

human health. If the toxicological evaluation indicates that there are excess lifetime cancer or non-cancer 

risks to the maximally exposed populations, then further site assessment may be necessary. The 

following risk management options may be considered: (1) additional sampling and reassessment of 

human health risks by conducting a toxicological evaluation on the expanded data set; (2) hot spot 

identification and remediation and confirmation sampling and assessment; and/or (3) additional sampling 

(if necessary) and performance of a complete CERCLA risk assessment. 

For the purpose of this toxicological evaluation, an industrial/commercial adult worker was chosen as the 

maximally exposed human receptor population. Residential reuse of Area A is not planned; however, 

risks were evaluated for the future hypothetical residential child for informational purposes only. For 

purposes of this risk assessment, the residential child exposure scenario represents the relative worst- 

case scenario. The construction worker scenario was not considered in this evaluation because under 

standard default exposure assumptions, the industrial/commercial worker is considered to be at 

approximately four-fold risk over that of the construction worker. Therefore, if there are no risks to the 

industrial/commercial worker, it can be assumed that there would be no risks to the construction worker. 

Figure 6-l displays the conceptual site model for human health risks related to Area A. 

Potential human health risks resulting from the exposures outlined in the preceding sections are 

characterized on a quantitative and qualitative basis in this section. Quantitative risk estimates were 

generated based on risk assessment methods outlined in current EPA guidance (EPA, 1989a). 

Noncarcinogenic risk estimates were presented in the form of Hazard Quotients (HQs) and Hazard 

Indices (HIS) that are determined through comparison of estimated intakes with published RfDs. 

Incremental cancer risk estimates were provided in the form of dimensionless probabilities based on 

slope factors (SFs). 
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TABLE 6-24 

CANCER TOXICITY DATA -- ORAL 

NAWC WARMINSTER, PENNSYLVANIA 

Chemical 

of Potential 

Concern 

Oral Cancer Slope Factor Units Weight of Evidence/ 

Cancer Guideline 

Description 

Source 

Target Organ 

Date (2) 

(MMIDDIYY) 

ALDRIN 1.70E+Ol 

AROCLOR-1254 2.00E+OO 

AROCLOR-1260 Z.OOE+OO 

ARSENIC 1.50E+OO 

BENZ[A]ANTHRACENE 7.30E-01 

BENZO[A]PYRENE 7.30E+OO 

BENZO[B]FLUORANTHENE 7.30E-01 

DlBENZ[A,H]ANTHRACENE 7.30E+OO 

INDENO[l,P,J-C,D]PYRENE 7.30E-01 

mg/kg B2 

wUkg 82 

mcdkg 82 

w/kg A-inhalation 

mgM 82 

wM 82 

wdkg 82 

w/kg 82 

w&i B2 

IRIS 10/01/99 

IRIS 1 o/o1199 

IRIS 10/01199 

IRIS 10/01/99 

IRIS 10/01/99 

IRIS IO/O1199 

IRIS 10/01/99 

IRIS 10/01/99 

IRIS 10/01199 

IRIS = Integrated Risk Information System 

HEAST= Health Effects Assessment Summary Tables 

(1) Provide equation for derivation in text. 

(2) For IRIS values, provide the date IRIS was searched. 

For HEAST values, provide the date of HEAST. 

For NCEA values, provide the date of article provided by NCEA. 

4/21/00 
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TABLE 6-26 

NON-CANCER TOXICITY DATA -- ORAL 

NAWC WARMINSTER, PENNSYLVANIA 

Chemical 

of Potential 

Concern 

ALDRIN 

ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

CADMIUM 

CHROMIUM VI 

COPPER 

MANGANESE 

MERCURY 

NICKEL 

SILVER 

THALLIUM 

VANADIUM 

ZINC 

Chronic/ Oral RfD Oral RfD 

Subchronic Value Units 

Chronic 3.OOE-05 mglkg-day 

Chronic 1 .OOE+OO mglkg-day 

Chronic 4.00E-04 mglkg-day 

Chronic 3.00E-04 mglkgday 

Chronic 7.00E-04 mglkg-day 

Chronic 5.00E-04 mglkg-day 

Chronic 3.00E-04 ma/kg-day 

Chronic 4.OOE-02 mglkg-day 

Chronic 7.OOE02 mglkg-day 

Chronic 3.00E-04 mglkgday 

Chronic Z.OOE-02 mg/kg-day 

Chronic 5.00E-03 mglkg-day 

Chronic 7.00E-05 mglkg-day 

Chronic 7.OOE-03 mg/kg-day 

Chronic 3.00E-01 mg!kg-day 

Units 

mdM 

m9k9 

mg&t 

mgh 

mglkg 

mg/kg 

msfkg 

wfkg 

Wkg 

wlkg 

wlkg 

w&t 

wlkg 

mglkg 

Wka 

Primary 

Target 

Organ 

Liver 

CNS 

Longevity/Blood 

Skin 

Blood Pressure 

Kidney 

NOAEL 

CNS 

Autoimmune System 

Decreased Body/Organ 

Argyria 

Lifetime 

Blood Pressure 

Combined 

Uncertainty/Modifying 

Factors 

100 

1,000 

3 

1,000 

10 

1,000 

1,000 

300 

3E+OO 

1 E+02 

3 

Sources of RfD: Dates of RfD: 

Target Organ Target Organ (3; 

(MMIDDIYY) 

IRIS 1 O/l 199 

IRIS IO/1199 

IRIS 1 o/1/99 

IRIS IO/1199 

IRIS IO/l/99 

IRIS IO/l/99 

IRIS 1011/99 

IRIS 1 o/1/99 

IRIS 1 O/l 199 

IRIS 1 O/l/99 

IRIS 1 o/1/99 

IRIS 1011199 

IRIS IO/l/99 

N/A = Not Applicable 

(1) Refer to RAGS, Part A 

(2) Provide equation used for derivation. 

(3) For IRIS values, provide the date IRIS was searched. 

For HEAST values, provide the date of HEAST. 

For NCEA values, provide the date of the article provided by NCEA. 

4/21/00 
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Estimated human intakes were developed for the ingestion route of exposure as discussed in Section 

6.451. Both noncarcinogenic and carcinogenic risks were summarized for all COPCs in a series of 

tables in this section. 

6.4.1 Noncarcinogenic Risks 

Noncarcinogenic risk was assessed using the concept of HQs and HIS. The HQ is defined as the ratio of 

the estimated intake and the RfD for a selected chemical of concern, as follows: 

Intake 
HQ=- 

EP 

HIS were generated by summing the individual HQs for the COPCs. If the value of the HI exceeds unity 

(1 .O), the potential for noncarcinogenic health risks associated with exposure to that ,particular chemical 

mixture cannot be ruled out (EPA, 1986b). In that case, particular attention should be paid to the target 

organ(s) affected by each chemical because these are generally the organ(s) associated with RfD- 

derived effects, and results (HIS) for different organs are not truly additive. The HI is not defined as a 

mathematical prediction of the severity of toxic effects; it is simply a numerical indicator of the possibility 

of the occurrence of noncarcinogenic (threshold) effects. 

6.4.2 Carcinoqenic Risks 

Incremental cancer risk estimates were generated for each,of the exposure pathways using the estimated 

intakes and published SFs, as follows: 

Risk = Intake * SF 

If the above equation results in a risk greater than 0.01, the following equation was used: 

The risk determined using these equations is defined as a unitless expression of an individual’s increased 

likelihood of developing cancer as a result of exposure to carcinogenic chemicals. An incremental cancer 

risk of 1 x IV6 indicates that the exposed receptor has a one in a million chance of developing cancer 

under the defined exposure scenario. Alternatively, such a risk may be interpreted as representing one 

additional case of cancer in an exposed population of one million persons. The calculated cancer risks 

should be recognized as upper-limit estimates. SFs are defined as,the upper 95 percent confidence limit 
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of a dose-response curve generally derived from animal studies. Actual human risk, while not identifiable, 

is not expected to exceed the upper limit based on the SFs and may, in fact, be lower. 

EPA has generally defined risks in the range of IO” to 1 Om6 as being acceptable for most hazardous waste 

facilities addressed under CERCLA. For CERCLA activities, residual risks on the order of 10V6 are the 

primary goal but are often modified by such regulatory requirements as MCLs or chemical-specific clean- 

up goals. 

6.4.3 Comparison of Quantitative Risk Estimates to Benchmark Criteria 

In order to interpret the quantitative risks and to aid risk managers in determining the need for 

remediation at a site, quantitative risk estimates are compared to typical benchmarks. 

An HI exceeding unity (1.0) indicates that there may be potential noncarcinogenic health risks associated 

with exposure. If an HI exceeds unity, target organ effects from individual COPCs contributing to the risk 

are considered. Only those chemicals that impact the same target organ(s) or exhibit similar critical 

effect(s) will be regarded as truly additive. Thus, COPCs contributing to an HI greater than 1.0 on the 

basis of a single target organ/effect are considered to be COCs. 

EPA has defined the range of lOA to IO6 as the incremental cancer risk (ICR) “target range” for most 

hazardous waste facilities evaluated. Cumulative ICRs greater than IO4 generally will indicate that some 

degree of remediation is required, and ICRs below IO6 normally will not result in remedial efforts. 

Whenever ICRs fall between 10” to 10m6, decisions for remediation will be made on a case-specific basis. 

Individual chemicals contributing significantly to risks above the target range are considered to be 

chemicals of concern (COCs). _ 

Potential RME hazard indices and RME cancer risks were estimated for current and future potential 

receptors using the methodologies presented in Sections 6.2 through 6.4. The following sections present 

a summary of the results of the estimation of risk at Area A. 

Receptor risks are presented for each area of interest in the form of tables and summary text. Each of 

these sections includes summaries of risks estimated by the exposure scenarios. It should be noted 

that, in each risk summary table where HQs are reported as “N/A,” the HQs were not calculable because 

no RfD has been established. Usually in such cases, carcinogenic@ is considered to be more important, 

since carcinogenic@ will generally be seen at lower doses than noncarcinogenic effects. Cancer risks 

that are reported as “N/A” generally indicate that the chemical is not carcinogenic or that an SF has not 

yet been developed. 

LfDOCUMENTSINAVY/7603I119006/SEC6 
6-66 



6.4.4 Potential Receptors 

The potential receptors chosen for Area A are discussed in detail in this section. The on-/off-base 

receptors were selected based on several criteria (i.e., current and anticipated future land use, 

accessibility to the site, and media of interest sampled) and are listed as follows: 

6.4.4.1 Surface and Subsurface Soil Exposure 

The surface and subsurface soil exposure scenarios are presented below: 

l Current/Future Industrial/Commercial Adult - This receptor is an adult who uses Area A for work- 

related industrial purposes 250 days/year. This receptor is potentially exposed via ingestion of 

COPCs in surface and subsurface soils. 

l Future Residential Child - This receptor is a child (age 0 to 6) who resides at or near Area A for 350 

days per year. This receptor is potentially exposed via ingestion of COPCs in surface and subsurface 

soils. 

6.4.4.2 Surface Water Exposure 

Two potential exposure routes were associated with direct exposure to off-base Area A surface water: 

incidental ingestion and dermal contact. Surface water samples collected in Area A were evaluated using 

recreational child receptors. The surface water adjacent to Area A is reported to be not large enough to 

support food fish or.swimming; therefore, only a wading scenario was evaluated. It was assumed that the 

recreational children in this wading scenario would be older than the standard IBkilogram child 

(approximately age three) used in standard residential child scenarios. For surface water exposure, a 25 

kilogram child (approximately 6 years old) was used. Therefore, the selected receptors were 25-kilogram 

recreational children and the exposure pathways were incidental ingestion and dermal contact with surface 

water. Inhalation of chemicals in surface water vapors was eliminated as a pathway because volatilization 

is not expected to be significant. Furthermore, the frequency of contact with surface water by recreational 

children is expected to be low since the nearby stream north of Area A lies on a private property, which is 

used for commercial land use. 

6.4.4.3 Sediment Exposure 

The exposure routes for sediment were the same as for Area A surface water. Two potential exposure 

routes (ingestion and dermal absorption) were associated with direct exposure to sediment at off-base 

areas adjacent to Area A. For sediment, both exposure routes were evaluated using the 
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currentlfuturerecreational pre-adolescent (age 7 to 12) receptor. This receptor was chosen because it is 

expected to be representative of typical recreational exposures at off-base areas. 

6.4.5 Exposure Estimates 

The exposure routes, methods, and models presented in this section are consistent with current EPA risk 

assessment guidance (EPA, 1989a, 1991c, 1996b, and 1998b). Exposure estimates associated with 

each exposure route are presented below. All exposure scenarios incorporate RME EPCs in the 

estimation of intakes. There are four environmental media for Area A through which potential receptors 

(see previous section) can be either directly or indirectly exposed to site-related COPCs: surface soil, 

subsurface soil, off-base sediment, and off-base surface water. 

Exposure doses for the evaluation of noncarcinogenic risks were estimated using the concept of an 

average annual exposure. The intake incorporates terms describing the exposure’time and/or frequency 

that represent the number of hours per day and the number of days per year that exposure occurs. This 

is used along with the “averaging time,” which converts the daily exposure frequency and duration to an 

annual exposure by dividing by 365 days per year of exposure. Noncarcinogenic risks for some exposure 

routes (e.g., soil) are generally greater for children than for adults because of differences in body weight 

and intake. Carcinogenic risks, on the other hand, were calculated as an incremental lifetime risk and, 

therefore, the exposure dose for the evaluation of cancer risk incorporates terms to represent the 

exposure duration (years) over the course of a lifetime (70 years). 

6.4.5.1 Surface and Subsurface Soil Exposure Estimates 

Only the ingestion exposure pathway was considered for this toxicological evaluation. Although there are 

three potential exposure routes that may be associated with direct exposure to surface and subsurface 

soil at Area A, the dermal and inhalation pathways are not expected to significantly increase the 

calculated risks through the ingestion pathway and are therefore not calculated in this evaluation. 

Because of low permeability rates of substances through the skin, the dermal pathway for soils typically 

contributes less than 20% of the total risk. The inhalation pathway for soils typically contributes two to 

four orders of magnitude lower risk than the ingestion pathway. 

For surface and subsurface soils, the ingestion exposure route was evaluated using the current/future 

industrial/commercial adult receptor and hypothetical future residential child receptor. These receptors 

were chosen to provide reasonable assessments of industrial/commercial or hypothetical residential 

exposure scenarios at Area A. 

Table 6-26 presents the RME input parameters selected for the surface and subsurface exposure 

pathways for the current/future industrial/commercial adult. Table 6-27 presents the RME input 
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TABLE 6-26 

VALUES USED FOR DAILY INTAKE CALCULATIONS (POST-REMOVAL) 

Exposure Roul 

Ingestion 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 

Medium: Soil 

Exposure Medium: Surface and Subsurface 

Exposure Point: Sites 1, 2,3 & Impoundment area 

Receptor Population: Industrial/Commercial 

Receptor Age: Adult 

ADI Average Daily Intake mglkglday 

cs Soil Concentration mgb 

IR Ingestion Rate mg soil/day 

FI Fraction Ingested unitless 

EF Exposure Frequency days/year 

ED Exposure Duration years 

BW Body Weight kg 

ATcancer Averaging Time -cancer days 

\Tnoncancer Averaging Time - noncancer days 

Units RME 

Value 

them-specific 

50 

1 

250 

25 

70 

25,550 

9,125 

RME 

Rationale/ 

Reference 

USEPA 1991 

USEPA 1991 

USEPA 1991 

USEPA 1991 

USEPA 1991 

USEPA 1991 

USEPA 1991 

Intake Equation/ 

Model Name 

,DI=(CSxIRxFIxEFxED)I(BWx 

I A-0 

1. 

3/9/00 
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TABLE 6-27 

VALUES USED FOR DAILY INTAKE CALCULATIONS (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future (Hypothetical) 

Medium: Soil 

Exposure Medium: Surface and Subsurface 

Exposure Point: Sites I, 2, 3 & Impoundment area 

Receptor Population: Residential 

Receptor Age: Child (O-6 years) 

ixposure Route Parameter Parameter Definition 

Code 

Ingestion ADI Average Daily Intake 

cs Soil Concentration 

IR Ingestion Rate 

FI Fraction Ingested 

EF Exposure Frequency 

ED Exposure Duration 

BW Body Weight 

ATcancer Averaging Time - cancer 

ATnoncancer Averaging Time - noncancer 

Units 

mglkglday 

mgN 

mg soil/day 

unitless 

days/year 

years 

kg 

days 

days 

RME RME Intake Equation/ 

Value Rationale/ Model Name 

Reference 

them-specific ADI=(CSxIRxFIxEFxED)/(BWxAT 

200 USEPA 1991 

1 USEPA 1991 

350 USEPA 1991 

6 USEPA 1991 

15 USEPA 1991 

25,550 USEPA 1991 

2,190 USEPA 1991 

3/9/00 
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,.w parameters selected for the surface and subsurface exposure pathways for the hypothetical future 

residential child. The rationale for each exposure surface and subsurface soil input parameter is 

presented in these tables. 

6.4.5.2 Sediment Exposure Estimates 

Tables 6-28 (ingestion) and 6-29 (dermal contact) present the RME input parameters (and rationale) 

selected for the sediment exposure pathways for the current/future recreational pre-adolescent. A soil-to- 

skin adherence factor of 0.2 mg/cm*/event was used for sediment, since the nearby stream is often void 

of water and more closely resembles dry soil. The only input values not shown on the exposure input 

tables are the chemical specific absorption factors for the dermal pathway. These values are provided by 

EPA Region 111. For sediment COPCs, absorption factors are as follows (EPA, 1995a): arsenic (3%) iron 

(I%), and manganese (1%). Note: EPA (1989a) states that it is inappropriate to estimate the risks 

associated with dermal exposure to PAHs, which cause cancer through a direct action at the point of 

application. Deviation of the surface areas (used in ail dermal exposure equations in this risk 

assessment) for the potential receptor was based upon the sum of the values for contributing body parts. 

6.4.5.3 Surface Water Exposure Estimates 

Tables 6-30 (ingestion) and 6-31 (dermal contact) present the RME input parameters (and rationale) 

selected for the surface water exposure pathways for the current/future recreational pre-adolescent. The 

only input values not shown on the exposure input tables are the chemical specific permeability constants 

for the dermal pathway. Derivation of the surface areas (used in all dermal exposure equations in this 

risk assessment) for the potential receptor was based upon the sum of the values for contributing body 

parts. 

6.4.6 SiteSpecific Noncarcinoaenic Risks for Soils 

Noncarcinogenic risks estimated for potential receptors are discussed below and presented in the 

appropriate tables. For purposes of this assessment, risks were not examined by target organs as many 

of the calculated hazards for individual COPC concentrations were above unity (i.e., 1 .O). 

6.4.6.1 Site 1 Soils 

The estimated RME hazard indices for an industrial/commercial adult or for a future hypothetical 

residential child exposed to surface soil at Site 1 were not calculated because no COPCs failed screening 

criteria. 
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TABLE 6-26 
EXPOSURE INPUT PARAMETERS - SEDIMENT INGESTION 

NAWC WARMINSTER, PENNSYLVANIA 

Incidental Ingestion of Sediment 

Input 
Parameter Description Value Rationale 

C Exposure concentration Representative concentration Upper 95% confidence limit on 

(mdkg) arithmetic average (based upon 
normal or log-transformed data 
distribution) (EPA, 1989a) 

IR 

FI 

Ingestion rate 

Fraction ingested from 
contaminated source 

200 mg/day (recreational child: (EPA, 1991a) 

1.0 Professional judgement based on 
current and projected future land use 
and observed activity patterns 

EF Exposure frequency 

ED Exposure duration 

BW Body weight 

7 days/year (recreational child) (EPA, 1991a) 

6 years (recreational child) (EPA, 1991a) 

25 kg (recreational child) Wading is expected to occur for older 
children (age 6 and older; weight 25 kg 
(EPA, 1991a) 

AT Averaging time ED x 365 days/year Noncarcinogens (EPA, 1989a) 

70 years x 365 days/year Carcinogens (EPA, 1989a) 

tableG-28.XLS 4/21/00 11:41 AM 
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TABLE 6-29 
EXPOSURE INPUT PARAMETERS - DERMAL CONTACT WITH SEDIMENT 

NAWC WARMINSTER, PENNSYLVANIA 

Dermal Contact with Sediment 

Input 
Parameter Description Value Rationale 

C Exposure concentration Representative concentration Upper 95K confidence limit on arithmeti 

(mgW average (based upon normal or log- 
transformed data distribution) (EPA, 198 

SA 

AF 

ABS 

Skin surface area available 792 sq. cm/day Feet only; child; sediment 
for contact (EPA, 19919) 

Soil-to-skin adherence factc 0.2 mg/sq. cm (EPA, 19929 

Absorption factor lnorganics = 0.01 (except arsenic) Feldman and Maibach (1970) 
SVOCs/Pest = 0.1 Webster and Maibach (1985) 
PCBs = 0.06 EPA (1984a) 
VOCs = if VPabenzene, 0.0005 EPA (1995) 

if VPcbenzene, 0.03 

Exposure frequency 7 days/year (recreational child) 

25 kg (recreational child) Wading is expected to occur for older 
children (age 6 and older; weight 25 kg) 

Noncarcinogens (EPA, 1989a 

tableG-2Q.XLS 4125100 IO:20 AM 
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TABLE 630 
EXPOSURE INPUT PARAMETERS -SURFACE WATER INGESTION 

NAWC WARMINSTER, PENNSYLVANIA 

arithmetic average (based upon 
normal or log-transformed data 
distribution) (EPA, 1989a) 

ED x 365 days/year Noncarcinogens (EPA, 1989a) 

table&3O.XLS 4l21100 1 I:41 AM 

6-74 



TABLE 631 
EXPOSURE INPUT PARAMETERS i DERMAL CONTACT WITH SURFACE WATER 

NAWC WARMINSTER, PENNSYLVANIA 

Dermal Contact with Surface Water 

Input 
‘arameter Description Value Rationale 

C Exposure concentration Representative concentration Upper 95% confidence limit on 
OwlL) arithmetic average (based upon 

normal or log-transformed data 
distribution) (EPA, 1989a) 

SA 

ET 

EF 

Skin surface area available3.580 sq. cm/day 
for contact ’ 

Exposure time 2.6 hours/day 

Exposure frequency 7 days/year 

Wading: legs, feet, and hands 
(EPA, 1989b) 

(EPA, 1989a) 

(EPA, 1989a) 

25 kg (recreational child) ding is expected to occur for older 
hildren (age 6 and older; weight 25 I 

70 years x 365 days/year Carcinogens (EPA, 1989a) 

Permeability coefficients 

6 Partition coefficient Contaminant-specifc (EPA, 19929 

table631 .XLS 4/21/00 1 I:41 AM 
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The estimated RME hazard index for an industrial/commercial adult exposed to subsurface soil at Site 1 

was 0.04 from the ingestion pathway, which was below the acceptable level of 1.0 (Table 6-32). The 

estimated RME hazard index for a hypothetical future residential child exposed to Site 1 subsurface soil 

was 2.2 from the ingestion pathway, which was above the acceptable level of 1 .O (Table 6-33). 

6.4.6.2 Site 2 Soils 

For Site 2 surface soil, the estimated RME hazard index for an industrial/commercial adult was 0.05, 

below the acceptable level of 1 .O (Table 6-34). The estimated RME hazard index for a hypothetical future 

residential child exposed to surface soil at Site 2 was 1.19 from the ingestion pathway, which is above the 

acceptable level of 1 .O (Table 6-35). 

The estimated RME hazard index for an industrial/commercial adult exposed to Site 2 subsurface soil 

was 0.04 from the ingestion pathway, which was below the acceptable level of 1.0 (Table 6-36). The 

estimated RME hazard index for a hypothetical future residential child exposed to Site 2 subsurface soil 

was 2.07 from the ingestion pathway, which was above the acceptable level of 1 .O (Table 6-37). 

6.4.6.3 Site 3 Soils 

The estimated RME hazard index for an industrial/commercial adult exposed to surface soil at Site 3 was 

not calculated because no COPCs failed screening criteria. The estimated RME hazard index for a 

hypothetical future residential child exposed to surface soil at Site 3 was 1.11 from the ingestion pathway, 

which is above the acceptable level of 1 .O (Table 6-38). 

The estimated RME hazard index for an industrial/commercial adult exposed to subsurface soil at Site 3 

was 0.03 from the ingestion pathway, which was below the acceptable level of 1.0 (Table 6-39). The 

estimated RME hazard index for a hypothetical future res,idential child exposed to Site 3 subsurface soil 

was 5.01 from the ingestion pathway, which was above the acceptable level of 1 .O (Table 6-40). 

6.4.6.4 Impoundment Area Subsurface Soil 

The estimated RME hazard index for an industrial/commercial adult exposed to subsurface soil at the 

Impoundment Area was 0.10 from the ingestion pathway, which was below the acceptable level of 1.0 

(Table 6-41). The estimated RME hazard index for a hypothetical future residential child exposed to 

Impoundment Area subsurface soil was 2.67 from the ingestion pathway, which was above the 

acceptable level of 1 .O (Table 642). 
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TABLE 6-32 

CALCULATION OF NON-CANCER HAZARDS -ADULT INDUSTRIAL WITH SITE 1 SUBSURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 

Medium: Soil 

Exposure Medium: Subsurface 

Exposure Point: Site 1 

Receptor Populailon: Industrial/Commercial 

Receotor Aae: Adult 

Exposure 

Route 

Chemical Medium 
OF Potential EPC 

Concern Value 

Medium 

EPC 

Units 

Route 

EPC 

Value 

Route 

EPC 

Units 

EPC Intake Intake Reference Reference Reference Reference Hazard 
Selected (Non-Cancer) (Non-Cancer) Dose (2) Dose Units Concentretlon Concentration Quotienl 

for Hazard Units Units 
Calwlalion (I) 

lgeation 

CHROMIUM VI 233.00 ‘mg/kg 233.00 mglkg 

I 

1 l.lE-04 mglkglday 3.OE-03 mglkglday 3.OE-03 mglkglday 0.04 

(1) Specify Medium-Specfflc (M) or Route-Specific (R) EPC selected For hazard calurlation. 

(2) Specify ifsubchronic. 
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TABLE 6.33 
CALCULATION OF NON-CANCER HAZARDS - CHILD RESIDENT CONTACT WITH SITE 1 SUBSURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Exposure Medium: SubsurFace Soil 

Receptor Population: Resident 

Exposure 

Route 

Chemical 

of Potential 

Concern 

Medium 

EPC 

Value 

Medium 

EPC 

Units 

Route 

EPC 

Value 

Route 

EPC 

Units 

EPC Intake Intake Reference Reference Referenca Reference Hazard 

Selected (Non-Cancer) (Non-Cancer) Dose Dose Units Concentration COnCentraiiOn Quotient 

For Hazard Units Units 

Calculation (I) 

Ingestion Antimony 360E+OO 

Cadmium 1.55E+ol 

Chromlum 2.33Et02 

Manganese 1.26E+03 

Mercury 4.80E-01 

Silver 1.70E+Ol 

Thallium 6.90E-01 

mskt 

mQk@ 

mQfi@ 

mm3 

mgh 

mgh 

m0M 

360E+OO 

1.55E+Ol 

2.33E+02 

I .26E+03 

4.6OE-01 

1.70E+Ol 

6.00E-01 

N/A N/A M 4.60b05 mQk@-day 4.OOE-04 mglkg-day 0.12 

M 1.96E-04 mglkg-day 1 .OOE-03 mglkg-day N/A N/A 0.20 

M 2.98E.03 mglkg-day 3.00E-03 mglkg-day N/A NIA 0.99 

M 1.61E-02 mglkg-day 2.40&02 mglkg-day N/A NfA 0.87 

M 588E-g6 mglkg-day 1 .OOE-04 mgkg-day N/A NIA 0.06 

M 2.17E-04 mglkg-day 5.00E-03 wWdw N/A NIA 0.04 

M 8.82E-08 mgikg-day , 7.00E-05 , mg/kg-day , N/A NfA 0.13 

Total of Routeslj 2.21 II 

TABLE 6-33.~1~ 

6-78 

4126100 



TABLE 6-34 
CALCULATION OF NON-CANCER HAZARDS -ADULT INDUSTRIAL WORKER CONTACT WITH SITE 2 SURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scanario Timeframe: Fulure 1 
Medium: Surface Soil 

Exposure Medium: Sulfate Soil 

Ekposure Point: Contact with Site 2 Surface Soil 

Receptor Population: Industrial Walker 

Receptor Age: Adult 

Exposure 

I 

Chemical 

I 

Medium 

Route of Potential EPC I 

Medium 

EPC 

Concern Value Units 

Ingestion Cadmium 

Chromium 

Copper 

Silver 

Thallium 

Vanadium 

Zinc 

Arodor-1254 

7.70E+OO m9k9 
8.76BO1 m&9 
1.61E+OZ wfkt 
233E+Ol wk2 
6.80E-01 m9kg 
4.60E+Ol wfie 
4.28E+02 m&3 
596E+02 uam I - 

I I I 
Route 

EPC 

Value 

Route 

EPC 

Units 

EPC Intake =-=l=- Selected (Non-Cancer) 

for Hazard 

Calculation (1) 

Intake 

:Non-Cancer) 

Units 

Reference Reference 

Dose Dose Units 

- 
7.70E+OO 

8.76E+Oi 

1.81 E+02 

233E+Ol 

6.8OE-01 

4.60E+Ol 

4.28E+02 

596E+02 
- 

mglkg-day 

mg/kg-day 

mgikg-day 

mg/kg-day 

mg/kg-day 

wm-daY 
mg/kg-day 

mg/kg-day 
- 

- 
1 .OOE-03 

3.OOE-03 

4.OOE-02 

5.00E-03 

7.OOE-05 

7.OOE-03 

3.OOE-01 

2.OOE-05 
- 

(1) Specify Medium-Specific(M) or Route-Speciftc (R) EPC selected for hazard calculation. 

- - 

- 
mg/kg-day 

mg/kg-day 

mglkg-day 

mtkNw 
mglkg-day 

menCs-day 
mgikg-day 

m@WdaY - 

Reference 

Concentratior 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

NIA 

N/A 

Reference 

Units 

NIA 

NIA 

NIA 

N/A 

NIA 

NIA 

NIA 

N/A 
- 
stal of Route 

WAA2SSIDIl RNC.xls 
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Exposure 

Route 

ngestion ANTIMONY 

ARSENIC 

CADMIUM 

CHROMIUM VI 

- 

TABLE 6-36 

CALCULATION OF NON-CANCER HAZARDS -ADULT INDUSTRIAL CONTACT WITH SITE 2 SUBSURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 

Exposure Medium: Subsurface 

Exposure Point: Site 2 

Receptor Population: IndustriayCommercial 
Receotar Aoe: Adult 

Chemical Medium Medium 

of Potenttal EPC EPC 

Concern Value Units 

11.47 

6.26 

7.70 

95.00 

- 
mg& 

Wks 

mglkg 
ms& 

Route RouLe 

EPC EPC 

Value unns 

11.47 

6.26 

7.70 

95.00 

- 
w/kg 
mg/ks 
mg/kg 
wvkg 

EPC 

Selected 

for Hazard 

Calculation (I) 

(1) Specify Medium-Specific (M) or Route-Speciffc (R) EPC selected for hazard calculation. 

(2) Specify ff subchronic. 

intake 

(Non-Cancel 

Intake 

(Non-Cancer) 

Units 

5.6E-06 mglkglday 

3.1 E-06 mglkglday 

3.8P06 mglkglday 

4.7E-0.5 mglkglday 

rotal Hazal 

Reference Reference Reference 

Dose (2) Dose Units :oncentraiiot 

c - 
4.OE-04 mglkglday 

3.OE-04 mglkglday 

1 .OE-03 mg/kg/day 

3.OE-03 mglkglday 

4.OE-04 mglkglday 

3.OE-04 mglkglday 

1 .OE-03 mglkglday 

3.OE-03 mglkglday 

- - - 
Index AC is All Exp ure Route 

- 

Reference 

:oncenlratio 

Unks 

- 
‘athways 

Hazard 

Quotient 

- 
0.01 

0.01 

0.00 

0.02 

- 
0.04 

- 
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TABLE 6-37 
CALCULATION OF NON-CANCER HAZARDS - CHILD RESIDENT CONTACT WITH SITE 2 SUBSURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Receptor Age: Child 

Exposure 

Route 

Chemical 

of Potential 

Concern 

Medium 

EPC 

Value 

Medium 

EPC 

Units 

Route 

EPC 

Value 

Route 

EPC 

Units 

EPC Intake Intake Reference Reference Reference Reference Hazard 

Selected (Non-Cancer) (Non-Cancer) Dose Dose Units Concentration Concentration cluottent 

for Hazard Units Units 

CalculaUon (1) 

Ingestion Aluminum 1.66E+04 

AnUmony 1.15E+01 

Arsenic 626E+OO 

Barium 1.21E+02 

Cadmium 7.70EtOO 

Chromium 9.50E+Ol 

Copper 3.96E+02 

Manganese 563E+02 

Nickel 1.87E+Oi 

Silver 1.24E+Ol 
Thallium 5.lOE-01 

Vanadium 4.14E+Ol 

Ztnc 535E+02 

Aroctor-1254 3.75E+Ol 
Aroclor-1250 6.53E+Ol 

mwM 

mQkQ 

me&t 

mQ&Q 

mQ&Q 

mQM 

mQ&Q 

mQ& 

W&Q 

mQ&l 

m@kQ 

mQk9 

Mb 

uD&l 
UQkQ 

1.66E+O4 

I .15E+ol 

6.26EtOO 

1.21m02 

7.70E+OO 

9.50E+Ol 

3.96E+O2 

5.83Et02 

1.87E+Ol 

1.24E+Ol 

5.lOE-01 

4.14E+Ol 

535E+O2 

3.75E+Ol 

653E+Oi 

mgh 

mQkQ 

mw@ 

mD&Q 

mQkQ 

Wl~Q 

rnQk@ 

mD*Q 

mQkQ 

mQkQ 

mQk@ 

m&g 

mQk@ 

WQ 
UQkQ 

M 2.12E-01 mgrkg-day l.OOE+OO mQ/kQ-day N/A N!A 0.21 

M 1.47E-04 mglkg-day 4.00E-04 mgigday N/A N/A 0.37 

M 8.00E.05 mglkg-day 3.00E-04 mQ/kQ-day NIA NIA 0.27 

M 1.55E-03 tllQk@-day 7.00E-02 m@kQ-day NIA N/A 0.02 

M 9.84ls05 mglkg-day 1 .OOE-03 mgikg-day NIA N/A 0.10 

M 1.2lE-03 mgrkg-day 3.00E-03 mg/kQday N/A N/A 0.40 

M 5.06E-03 mg/kg-day 4.00E-02 mQkQ-daY N/A N/A 0.13 

M 7.458-03 mQ/kQ-day 2.40802 mQkQ-daY N/A N/A 0.31 

M 2.39E-04 mQ"CQ-day 2.00E-02 mQ&QdaY N/A N/A 0.01 

M 1.59P04 mglkg-day 5.OOE-03 wtM4dw N/A N/A 0.03 

M 6.52G08 m&g-day 7.00E-05 WWW N/A N/A 0.09 

M 6.29E-04 tnQ!kQ-day 7.OOE-03 mgikg-day N/A N/A 0.06 

M 6.84@-03 IllQRQ-day 3.00E-01 mgikp-day N/A N/A 0.02 

M 4.79E-07 mgikg-day 2.00E-05 mglkg-day N/A N/A 0.02 

M 8.35E-07 mglkg-day -- mglkg-day N/A N/A _. 

Total of Routes[l 2.p7 

table6-37.xls 
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TABLE 6.36 

CALCULATION OF NON-CANCER HAZARDS - CHILD RESIDENT CONTACT WITH SITE 3 SURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Exposure Medium: Surface 

Exposure Point: Site 3 

Receptor Population: Residential 

(1) Specify Medium-Specific(M) or Route-Specific(R) EPC selected for hazard calculation. 

(2) Specify if subchronic. 
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TABLE 6-39 
CALCULATION OF NON-CANCER HAZARDS -ADULT INDUSTRIAL WORKER CONTACT WITH SITE 3 SUBSURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 

Medium: Subsurface Soil 

Exposure Medium: Subsurface Soil 

Exposure Point: Contact with Site 3 Subswface Soil 

Receptor Population: Industrial Worker 
Refrntor Aoa 

Exposure 

Route 

Chemical Medium Medium 

of Potential EPC EPC 
Concern Value Units 

Ingestion Arsenic &74E+OO 

Aroclor-1254 5.97E+OZ 

Route 

EPC 

Units 

m6W 
wg - 

EPC 

Selected 

for Hazard 

Calculation (1) 

M 
M 

Reference Reference 

Concentration Concentration I I Units 

lLiGz$ 
- 

Hazard 

Quotient 

7 
0.01 

0.01 

0.03 

1 
1 1 

TABLE 6-39.~1~ 4/26/00 
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TABLE 6-40 
CALCULATION OF NON-CANCER HAZARDS - CHILD RESIDENT CONTACT WITH SITE 3 SUBSURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Exposure Point: Contact with She 3 Subsurface Soil 

Receptor Population: Resident 

Exposure I Chemical 

Route of Potential 

Concern 

Ingestion Antimony 

Arsenic 

Barium 

Cadmium 

Chromium 

Copper 

Manganese 

Mercuiy 

Nickel 

Silver 

Thallium 

Vanadium 

Zinc 

Afdrtn 

Arodor-1264 

TABLE 6-40.~1~ 

Medium 

EPC 

Value 

9.67E+OO 

674E+OO 

4.lQE+02 

329E+Ol 

3.97E+Ol 

1.39PO3 

l.O7E+Q3 

6.20E+OO 

4.47E+Ol 

365E+O2 

4.?OE-01 

5.QOE+Ol 

l.Q7E+O3 

1.23E+02 

5,97E+02 

Medium 

EPC 

Units 

Route 

EPC 

Value 

967E+OO 

6;74E+O6 

4.19E+O2 

3.29E+Ol 

3.97E+Ol 

I .39E+O3 

l.O7E+03 

&20E+OO 

4.47E+Ol 

3.66E+02 

4.7OE-01 

5.90E+Ol 

1.97E+03 

1.23E+02 

5.97E+02 

Route 

EPC 

Units 

EPC 

Selscted 

for Hazard 

Calculation ( 

, 
M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 
- 
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Intake 

(Non-Cancer] 

1.24E-04 

6.62B05 

5.36E-03 

4.21 E-04 

5.OQE-04 

1.78E-02 

1.37E-02 

l.O5E-04 

5.72E-04 

4.71803 

6.0%06 

7.54E-64 

2.52E-02 

I .57E-06 

7.63806 
- 

intake 

(Non-Cance 

Units 

m&-day 

mgikg-day 

mg/kQ-day 
mg/kg-day 

WWdaY 

w%-day 
mgfkg-day 

wvRMaY 

maIk&daY 

mw%-W 

mgnCwW 

mgncc!-day 

nWWdaY 

mgb-day 

wWW - 

Reference 

Dose 

4.OOE-04 

3.00E.04 

7.OOE-02 

I .OOE-03 

3.OOE-03 

4.OOE-02 

2.40B02 

1 .OOE-04 

2.00E-02 

5.OOE-03 

7.00G05 

7.00E-03 

3.OOE-01 

3.OOE-05 

2.00E-05 

Reference 

Dose Units 

mglkg-day 

mgrkg-day 

mgikg-day 

mgrkg-day 

mgkg-day 

mglkgaw 
mgrkg-day 

mg/kg-day 

mgikg-day 

mgikg-day 

mgrkg.day 

mgtkg-day 

mgikg-day 

mglkg-day 

mglkg-day 
- 

NIA 

NIA 
N/A 

NIA 

NIA 

N/A 

N/A 

NIA 

N/A 

N/A 

N/A 

NIA 

N/A 

N/A 

N/A 

:oncentratior 

Units 

NIA 

NIA 

NtA 

NrA 

N/A 

NIA 

N/A 

N/A 

NIA 

N/A 

NIA 

NIA 

NIA 

NIA 

NIA 

otal of Router 

Hazard 

Quotient 

- 
0.31 

0.29 

0.06 

0.42 

0.17 

0.44 

0.57 

1.05 

0.03 

0.94 

0.09 

0.11 

0.06 

0.05 

0.36 
- 
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TABLE 641 

CALCULATION OF NON-CANCER HAZARDS -ADULT INDUSTRIAL CONTACT WITH IMPOUNDMENT AREA SUBSURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Exposure Point: Impoundment area 

Receptor Population: IndustriaiaVCommercial 

Receptor Age: Adult 

Exposure 

Route 

Chemical Medium 

of Potential EPC 

Concern Value 

Medium 

EPC 

Units 

Route 

EPC 

Value 

Route 

EPC 

Units 

EPC 

Selected 

for Hazard 

Calculation (1) 

rgestion ANTIMONY 

CHROMIUM VI 

MANGANESE 

21.11 Wkg 21.11 mg/kg 1 

243.50 mglkg 243.56 wlkg 1 

1355.14 mdkg 1355.14 msk3 1 

(1) Specify Medium-Specific(M) or Route-Specific (R) EPC selected for hazard calculation 

(2) Specify if subchronic. 

Dose Units Concentration Concentratlon 

(No;;;cer) 1 Pee7:;” 1 Reference / Reference 1 Refe;; ) Hs;;zt 

mg/kglday 4.OE-04 mglkglday 4.OE-04 mglkglday 0.03 

mglkglday 3.OE-03 mglkglday 3.OE-03 mglkg/day 0.04 

mglkglday 2.OE-02 mglkglday 2.OE-02 mglkglday 0.03 

I I I I I 

1 
1 Total Hazard Index Across All Exposure Routes/Pathways v 



“1 
P i 

TABLE 642 

CALCULATION OF NON-CANCER HAZARDS - CHILD RESIDENT CONTACT WITH IMPOUNDMENT AREA SUBSURFACE SOIL 

REASONABLEMAXfMUMEXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future (Hypothetical) 

Exposure Point: Impoundment area 

Receptor Population: Residential 

Receptor Age: Child (O-6 years) 

Chemical Medium Medium Route Route 

of Potential EPC EPC EPC EPC 

Concern Value Units Value Units 

EPC 

Selected 

for Hazard 

Calculation (1 

Intake 

[Non-Cancer 

Units 

Reference Reference Reference 

Dose (2) Dose Units :oncantratic 

Reference 

:oncentratior 

Unks 

Hazard 

Quotient 

Exposure 

Route 

21.11 

3.56 

243.58 

34.61 

1355.14 

0.11 

7.23 

Intake 

(Non-Cancer) 

= 
2.7E-04 mglkglday 

4.6E-05 mglkglday 

3.1E-03 mglkglday 

4.4804 mglkgiday 

1.7E-02 mglkglday 

1.4E-06 mg/kg/day 

9.2E-05 mg/kg!day 

1 
gestion 

1 
ANTIMONY I 21.11 

CADMIUM 3.56 

CHROMIUM VI 243.58 

COPPER 34.67 

MANGANESE 1355.14 

MERCURY 0.11 

SILVER 7.23 

4.OE-04 mglkglday 

1 .OE-03 mglkglday 

3.OE-03 mglkglday 

4.OE-02 mglkglday 

2.OE-02 mg/kg/day 

1 .OE-04 mglkg/day 

5.OE-03 mglkglday 

4.OE-04 mglkglday 0.68 

1 .OE53 mglkglday 0.05 

3.OE-03 mglkglday 1.04 

4.OE-02 mglkglday 0.01 

2.OE-02 mglkglday 0.87 

1 .OE-04 mglkglday 0.01 

5.OE-03 mglkglday 0.02 

I - 
Index ACrOSS All Exp ure Rout 

- 
‘athways 

- 
2.67 ‘otal 

= 
1 

(I) Specify Medium-Specific(M) or Route-Specific (R) EPC selected for hazard calculation. 

(2) Spectfy if subchronic. 
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6.4.7 Site-Specific Carcinogenic Risks for Soils 

Carcinogenic risks estimated for potential receptors are discussed below and in the appropriate tables. 

6.4.7.1 Site 1 Soils 

The RME cancer risks for an industrial adult and a hypothetical future residential child exposed to. Site I 

surface soil was not calculated because no COPCs failed screening criteria. The RME cancer risks for an 

industrial/commercial adult and for a hypothetical future residential child exposed to subsurface soil at 

Site 1 were also not calculated for the same reason. 

6.4.7.2 Site 2 Soils 

The RME cancer risk for an industrial/commercial adult exposed to surface soil at Site 2 was not 

calculated as there were no COPCs that failed the risk ratio screening process. The RME cancer risk for 

a hypothetical future residential child exposed to Site 2 surface soil was estimated at 2.9 x 10M5 from the 

ingestion pathway, which is within EPA’s target risk range of 1 O4 to IO” (Table 6-43). 

The RME cancer risk for an industrial/commercial adult exposed to Site 2 subsurface soil was not 

calculated because no COPCs failed the risk ratio screening process. The RME cancer risk for a 

hypothetical future residential child exposed to subsurface soil at Site 2 was estimated at 2.23 x IO5 from 

the ingestion pathway, which is within EPA’s target risk range (Table 6-44). 

6.4.7.3 Site 3 Soils 

The RME cancer risks for an industrial/commercial adult and for a hypothetical future residential child 

exposed to surface soil at Site 3 were not calculated because no COPCs failed screening criteria. 

The RME cancer risk for an industrial/commercial adult exposed to Site 3 subsurface soil was estimated 

at 5.58 x IO” from the ingestion pathway, which is within EPA’s target risk range of IO”’ to 10s6 (Table 6- 

45). The RME cancer risk for a hypothetical future residential child exposed to subsurface soil at Site 3 

was estimated at 3.55 x IO4 from the ingestion pathway, which is above EPA’s target risk range (Table 

6-46). 

6.4.7.4 Impoundment Area Subsurface Soil 

The RME cancer risk for an industrial/commercial adult exposed to subsurface soil at the Impoundment 

Area was not calculated because no COPCs failed screening criteria. The RME cancer risk for a 

UDOCUMENTSINAWl7603I1190061SEC6 
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TABLE 6-43 
CALCULATION OF CANCER RISKS - CHILD RESIDENT CONTACT WITH SITE 2 SURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINTER, PENNSYVANIA 

Scenario Timeframe: Future 

Medium: Surface Soil 

Exposure Medium: Surface Soil 

Exposure Point: Contact with Site 2 Surface Soil 

Receptor Population: Resident 

Receptor Age: Child 

Exposure 

Route 

Chemical 

of Potential 

Concern 

ingestion Cadmium 

Chromium 

Copper 
Silver 

Thallium 

Vanadium 

Zinc 

Aroclor-1254 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b)ftuoranthene 

Indeno(l,2,3-cd)pyrene 

(Total) 

Medium Medium 

EPC EPC 

Value Units 

7.7OE+00 

&76E+Ol 

1.61E+02 

2.33E+Ol 

6.8OE-01 

4.60E+Ol 

4.28E+02 

596E+02 

2.20E+03 

2.5OE+03 

4.84E+03 

1.72E+03 

msb 

m/kg 

mglkg 

w/kg 

mgfks 

m/kg 

wncS 

udkg 

w&I 

@kg 

w/kg 

Wkg 

Route 

EPC 

Value 

7.70E+fnl 

8.76E+Ol 

1.61 E+02 

2,33E+Ol 

6.8OE-01 

4.60E+Ol 

4.28E+02 

596E+O2 

2.20E+03 

2.59E+03 

4.84E+03 

1.72E+O3 

Route 

EPC 

Units 

w%t 
wdkg 
mglkg 
w/kg 
Wks 
w/kg 
wlkg 
w/kg 
Wkg 
w/kg 
w/kg 
w/kg 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 

EPC Selectee 

for Risk 

3alculation (1 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

Intake 

(Cancer) 

- 
8.44E-06 

9.6OE-05 

1.76&04 

2.55G05 

7.45E-07 

5.04E-05 

4.69E-04 

653G07 

2.41 E-06 

2.84E-06 

5.30E-06 

1.88E-06 

Intake 

(Cancer) 

Units 

mglkg-day 

mgikg-day 

mglkg-day 

mglkg-day 

mgikg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

Cancer, Slope 

Factor 

_- 

_- 

_- 

__ 

-- 

_- 

-- 

2.OOE+OO 

7.30E-01 

7.30E+OO 

7.3OE-01 

7.30E-01 

Cancer Slope 

Factor Units 

Il(mglkg-day) 

ll(mglkg-day) 

Il(mglkg-day) 

l/(mg/kg-day) 

l/(mglkg-day) 

l/(mg/kg-day) 

Il(mglkgday) 

l/(mg/kg-day) 

l/(mglkg-day) 

l/(mg/kgday) 

l/(mg/kg-day) 

l/(mglkg-day) 

Total of Routes 

Cancer 

Risk 

- 
__ 

__ 

__ 

-- 

__ 

-_ 

I .31 E-06 

1.76E-06 

2.07L05 

3.87E-06 

1.38E-06 

2.90E-05 
- 
2.90E-05 
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TABLE 6-44 
CALCULATION OF CANCER RISKS - CHILD RESIDENT CONTACT WITH SITE 2 SUBSURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 

Medium: Suburface Soil 

Exposure Medium: Subsurface Soil 

Exposure Point: Contact with Site 2 Subsurface Soil 

Receptor Population: Resident 

Exposure 

Route 

Chemical 

of Potential 

Concern 

Ingestion Arsenic 

Aroclor-1254 

Aroclor-1260 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Dibenz(a,h)anthracene 

Indeno(l,2,3cd)pyrene 

EPC 

Value 

EPC 

Route 

EPC 

Value 

Route 

EPC 

units 

EPC Selected 

for Risk 

Calculation (1) 

1 I I 

626E+oo w/kg 1 6.26E+OO 1 mgh M 

375E+Ol 

6.53E+Ol 

862E+02 

8.lOE+02 

9.41 E+O2 

4,17E+O2 

1 6.36E+02 

u@kg 3.75E+ol wh M 

w$kg 653E+Ol uglkg M 

4l~g 8.82E+02 ush M 

ush 8.lOE+02 ugki M 

Wkg 9.41 E+02 w/kg M 

Wkg 4.17E+02 wm M 

w/kg 1 6.36E+02 w/Q M 

Intake 

(Cancer) 

Intake 

(Cancer) 

Units 

Cancer Slope 

Factor 

686E-06 

4.llE-08 

7.16E-08 

9.67E-07 

8.88E-07 

l.O3E-06 

4.57E-07 

6.97E-07 
- 

mg/kg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mg/kg-day 

mglkg-day 

1.50EtOO 

2.00E+OO 

2.00E+OO 

7.30E-01 

7.30E+OO 

7.3OE-01 

7.30E+OO 

mglkg-day 7.30E-01 

Cancer Slope 

Factor Units 

ll(mg/kg-day) 

l/(mg/kg-day) 

l/(mglkg-day) 

l/(mglkg-day) 

l/(mglkg-day) 

l/(mg/kg-day) 

ll(mglkg-day) 

1.03E-05 

8.22E-08 

1.43E-07 

7.06E-07 

6.48E-06 

7.53&07 

3.34E-06 

l/(mg/kg-day) LOQE-07 

otal of Routes j-2.23E-05 

(1) Specify Medium-Specific(M) or Route-Speciftc (R) EPC selected for risk calculation. 
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TABLE 646 

CALCULATION OF CANCER RISKS -ADULT INDUSTRIAL CONTACT WITH SITE 3 SUBSURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINBTER, PENNSYLVANIA 

Scenario Timeframe: Future 

[ 
In 

~ I 

Exposure 

Route 

Chemical Medium 

of Potential EPC 

Concern Value 

Medium 

EPC 

Units 

gestion ARSENIC 6.74 ms&t 6.74 wh 1 l.l8E-06 mglkglday 15OE+OO mglkglday 1.77E-06 

BENZ[A]ANTHRACENE 37.13 w/kg 37.13 mglkg 1 6.49E-06 mglkglday 7.3OE-01 mglkglday 4.74E-06 

BENZO[A]PYRENE 24.55 w#g 24.55 m&i 1 4.29E-06 mglkglday 7.30E+OO mglkglday 3.13G05 

BENZO[B]FLUORANTHENE 35.98 wk9 35.98 wh 1 6.29E-06 mglkglday 7.30E-01 mglkglday 4.59E-06 

DlBENZ[A,H]ANTHRACENE 9.29 mgh 9.29 mg&t 1 1.62E-06 mglkglday 7.30E+OO mglkglday l.l8E-05 

INDENO[1,2,3-C,D]PYRENE 10.71 mgh 10.71 mdkg 1 1 .QE-06 mglkglday 7.30E-01 mglkglday 1.37E-06 

AROCLOR-1254 0.60 mgN 0.60 mgfkg 1 E+OO 1 .OE-07 mglkglday 2.00E+OO mglkglday 2.08E-07 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 
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TABLE 6-46 

CALCULATION OF CANCER RISKS ~ CHILD RESIDENT CONTACT WITH SITE 3 SUBSURFACE SClL 

REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future (Hypothetical) 

Medium: Soil 

Exposure Medium: Subsurface 

Exposure Point: Site 3 

Receptor Population: Residential 

Rnmntnr Aae: Child 10-6 vearsl 

Exposure 

Route 

Chemical 

of Potential 

Concern 

ARSENIC 

BENZ[A]ANTHRACENE 

BENZO[A]PYRENE 

BENZO[B]FLUORANTHENE 

BENZO[K]FLUORANTHENE 

DIBENZ[A,H]ANTHRACENE 

INDENO[l,Z,3-C,D]PYRENE 

ALDRIN 

AROCLOR-1254 

Medium 

EPC 

Value 

6.74 

37.13 

24.55 

35.98 

32.96 

9.29 

10.71 

0.12 

0.60 

Medium 

EPC 

Units 

Route 

EPC 

Value 

6.74 

37.13 

24.55 

35.98 

32.96 

9.29 

10.71 

0.12 

0.60 

Route 

EPC 

Units 

EPC Selectee 

for Risk 

>alculation (1 

Intake 

(Cancer) 

7.39E-06 

4.07E-05 

2.69E-05 

3.94E-05 

3.61 E-05 

I .OE-05 

l.l7E-05 

I .4E-07 

6.5E-07 

Intake 

(Cancer) 

Units 

mglkglday 

mglkglday 

mglkglday 

mglkglday 

mglkglday 

mglkglday 

-- - 
mglkglday 

Cancer Slope 

Factor 

1 .SOE+OO 

7.3OE-01 

7.30E+OO 

7.30E-01 

7.30E-02 

7.30E+OO 

7.30E-01 

1.70E+Ol 

2.00E+OO 

Cancer Slope 

Factor Units 

mglkglday 

mglkglday 

mglkglday 

mglkglday 

mglkglday 

mglkglday 

mglkglday 

mglkglday 

mglkglday 

Cancer 

Risk 

l.llE-05 

2.97E-05 

1.96E-04 

2.66E-05 

2.64E-06 

7.45E-05 

8.54E-06 

2.3OE-06 

1.31 E-06 

3.6E-04 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 
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residential child exposed to subsurface soil was estimated at 4.14 x IO” from the ingestion pathway 

which is within the target risk range (Table 6-47). 

6.4.8 Sediment Risks 

Tables 6-48 and 649 present estimated noncarcinogenic HQs and carcinogenic risks, respectively, to 

recreational children exposed to sediment via wading, The individual noncarcinogenic HQs weie less 

than 1.0 for ingestion and dermal contact with COCs in sediment at Area A by recreational child 

receptors. The combined estimated cancer risks were 1.5 x lo* for ingestion and 3.1 x 10m7 for dermal 

contact for recreational child receptors. 

6.4.9 Surface Water Risks 

Tables 6-50 and 6-51 present estimated noncarcinogenic HQs and carcinogenic risks, respectively, to 

recreational children exposed to Area A surface water via wading. The individual noncarcinogenic HQs 

were less than 1.0 for ingestion and dermal ,contact with COCs in surface water by recreational child 

receptors. The estimated cancer risks are less than 1 .O x 1 O*. This is below the target risk range. 

6.5 LEAD RISKS 

6.5.1 Blood-Lead Modeling 

As outlined in OSWER Directive 9355.4-12, EPA (1994a) has developed an approach to evaluating lead 

risks that recognizes the multimedia nature of lead exposures, incorporating absorption and 

pharmacokinetic information. Research has been conducted concerning lead intake and resultant blood- 

lead levels. Determinations of lead uptake from several sources (including soil and drinking water) were 

considered. Potential blood-lead level increases are estimated and are discussed, along with the potential 

implications of blood-lead results for residential children. The following discussion presents information that 

is useful in estimating lead exposure for surface soil exposure. 

No threshold has been defined for effects related to blood-lead increases. Effects below blood-lead 

levels of IO ug/dL are difficult to define. Inhibition of certain enzymes involved in red blood cell 

metabolism has been reported to occur at IO to 15 ug/dL and possibly lower. Small increases in blood 

pressure have been observed in adults with blood-lead levels down to 7 ug/dL (EPA, 1994b). The most 

sensitive subpopulation to effects below 7 ug/dL would be infants, whose early neurological development 

can be affected by blood-lead concentrations reportedly down to 5 ug/dL (EPA, 1994b). Lead is also a 

fairly common environmental contaminant and, for this reason, typical blood-lead levels in the population 

at large may already exceed the concentrations discussed here. 
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TABLE 6-47 

CALCULATION OF CANCER RISKS -CHILD RESIDENT CONTACT WITH IMPOUNDMENT AREA SUBSURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future (Hypothetical) 

Medium: Soil 

Exposure Medium: Subsurface 

Exposure Point: Impoundment area 

Receptor Population: Residential 

Raennfnr Ann. Child KM vaarsl 

Exposure 

Route 

igestion 

Chemical 

of Potential 

Concern 

BENZ[A]ANTHRACENE 0.37 

BENZO[A]PYRENE 0.39 

BENZO[B]FLUORANTHENE 0.41 

INDENO[l,P,B-C,D]PYRENE 0.33 

AROCLOR-1260 0.06 

Medium 

EPC 

Value 

Medium 

EPC 

Units 

Route 

EPC 

Value 

Route 

EPC 

Units 

0.37 m/kg 
0.39 mg/kg 
0.41 mcdkg 
0.33 mdkg 
0.06 mdkg 

EPC Selectee 

for Risk 

Calculation (1 

Intake 

(Cancer) 

4.05E-07 

4.27G07 

4.49E-07 

3.62E-07 

6.58E-06 

Intake 

(Cancer) 

Units 

mglkglday 

mglkglday 

mglkglday 

mglkglday 

mglkglday 

Cancer Slope 

Factor 

7.30E-01 

7.30E+OO 

7.30E-01 

7.30E-01 

2.OOE+OO 

Cancer Slope 

Factor Units 

mglkglday 

mglkglday 

mg/kglday 

mglkglday 

Cancer 

Risk 

2.96B07 

3.12E-06 

3.28E-07 

2.64E-07 

1.32E-07 

4.1E-06 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 
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NONCARCINOGENIC HQS, WADING, FUTURE RECREATIONAL RECEPTORS -AREA A 

SEDIMENT 
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TABLE 6-49 
CARCINOGENIC RISK, WADING, FUTURE RECREATIONAL RECEPTORS -AREA A 

SEDIMENT 
NAWC WARYINSTER, PA 

SEDIMENT SEDIMENT 
INGESTION DERMAL CONTACT 

4 OE-10 
5:8E-11 

5ot-11 
2:8E-11 

6 3F.10 2.W.10 
09 2.: 

I L 

08 7.i 
6 f .I_ 

._-- 09 8.C- . iizr- 
s II I N/A N/A 
L, RI II FATF I MIA N/A II 

-.---. . 

ENDOSULFAt. 
ENDOSULFAh v-w. . . . _ , ..,~. I ..,-. 
ENDRIN I N/A I WA 
ENDRlN-L-L-.,,wL I ,V_ I .UJA 

I 
. .._ 
N/A U/A 

E-1 1 -. ..- 6.7E-11 3.L 
ITYALENE 1 NIA NIA 
,-- I NIA N/A 
E NlA NlA II 

. . . - . -. . . . . . 
4-METHYLPHENn’ 
ACENAPH-IHEN, 
ACENAPHTHYLENE 
ANTHRACEN!= 

I ..I_ I I .,- 
I NIF I N/A 

NIL WA II -. .- . : I-.. 
NTURACFNF I 9 s-08 t 

n7 t 

12 

I NIA 
.09 * 

.,n I 

I-RIITVL PHTHAI A-E N/A N/A 
L-IF N/A N/A 

.,.._. ,-JE 7.7E-07 l 

rl NIA 1 
_... . . . 

; 3sCn\PVRFNF I 
-4 I NJA 

5 RF-M l 

I 
7.: 

N/A I 

4 

-.---I 1 7.,.- 
A I ‘I 7F-12 23F.15 II 

-17 I? 

_... . 
DROFTHFNF I 7 RF.1 1 I 3 RF.33 II 

t . ., A I N/A 
,111 I NlA Ll,d I 

I 

q-&N -~ 
I . . . . 

I NIA NIA II 
L. 
Ii.-.. I . . . I . . . . . 
Lwn .- I 

I 
NlA . . . . . I N/A I 

MAI .-, . . .-.,- NCANFRF I “‘A I .I, N/A 
MERCURY NI A N/A 
NICKEL NJ, A N/A 
‘SELENIUM N/A I N/A 
RII VFF Nld 

l CANCER RISK FOR PAHS NOT ESTIMATED FOR DERMAL EXPOSURE 

:35 PM 
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. ..-. TABLE 6-50 
NONCARCINOGENIC HQS, WADING, FUTURE RECREATIONAL RECEPTORS - AREA A 

SURFACE WATER 
NAWC WARMINSTER, PA 
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TABLE 6-61 
CARCINOGENIC RISK, WADING, FUTURE RECREATIONAL RECEPTORS -AREA A 

SURFACE WATER 
NAWC WARMINSTER, PA 

* = DERMAL CONTACT WITH CARCINOGENIC PAHs IS NOT ESTIMATED 

-. 
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Dietary intake of lead is assumed to produce increases of 0.02 to 0.04 ug/dL blood lead per ug/day ingested 

by adults and 0.16 ug/dL blood lead per ug/day ingested by infants (EPA; 1986a). Blood-lead levels are 

estimated to increase by 0.6 to 6.8 ug/dL per 1,000 mg/kg lead in soil (EPA, 1986a). 

Blood-lead levels in residential children (age 1 to 6) were estimated using the Integrated Exposure and 

Uptake Biokinetic (IEUBK) Model (version 0.99d) developed by EPA (EPA, 1994b). The model is applied 

using the average surface soil concentration at Area A. As discussed in Section 6.1.3.1, lead was selected 

as a COPC in surface soil in Site 2 (the maximum detection of lead was 994J mg/kg) and in subsurface soil 

at Site 2 and at Site 3 (the maximum detections of lead were 2,060 and 4,570 mg/kg, respectively). These 

values exceed the 400 mg/kg OSWER Directive benchmark criterion. Blood-lead levels in industrial or 

commercial workers were not estimated as part of the human health risk assessment since children were 

considered to be the most sensitive receptor to the effects related to blood-lead level increases. 

For the assessment of ingestion of lead in surface soil by residential children, default values in the model 

are used to represent background lead concentrations in air, house dust, water, and the level of material 

contribution. Additionally, the model’s default values are used to represent respiratory rate, soil and water 

ingestion rates, and the percent of lead absorption by the various exposure routes. The only site-specific 

factor entered into the IEUBK Model is the average lead concentration (108, 167, 330 mglkg) in Site 2 

surface soil, Site 2 subsurface soil, and Site 3 subsurface soil, respectively (the sites within Area A that 

failed screening). 

The output of the IEUBK Model is a histogram that presents the estimated percentage of residential children 

(age 0 through 6 years) with a blood-lead level above 10 ug/dL (considered to be the threshold significance 

level above which adverse effects cannot be ruled out). When the percentage of the population estimated 

to have blood-levels above IO ug/dL is greater than five percent, then EPA considers the potential for 

adverse effects to be significant (EPA, 1994a). This histogram, along with input information particular to 

‘each run of the IEUBK model, is presented in Appendix I. The estimated percentage of residential children 

(age 0 through 6 years) with a blood-lead level above 10 ugldL is presented below. 

6.5.2 Lead Risks 

Lead was identified as a COPC in surface and subsurface soils at Site 2 and in subsurface soil at Site 3 

in Area A. However, as previously discussed, lead was not quantitatively evaluated in the risk tables. 

This was necessary because EPA’s approach to evaluating lead risks goes beyond providing a single 

point estimate output and incorporates absorption and pharmacokinetic properties. Section 6.3.4 

discusses background information related to blood-lead estimation methods. Exposure to lead in surface 

soil was evaluated using the EPA IEUBK Lead Model, and those results are described below. 

UD0CUMENTS/NAVY/7603/119006lSEC6 
6-99 



___ 
The average concentration of lead in Site 2 surface soil (108 mglkg), Site 2 subsurface soil (167 mglkg), 

and Site 3 subsurface soil (330 mg/kg) were used as input into the IEUBK Model. All other media inputs 

into the IEUBK Model were default parameters. The estimated percentages of residential children with a 

blood-lead level above IO ug/dL were 0.26% for surface soil and 0.73% for subsurface soil at Site 2. 

These are below EPA’s protective level cutoff of 5%. Adverse effects to residential children (age 1 to 6) 

are not expected from lead concentrations in subsurface soil at Site 2. 

The estimated percentage of residential children with a blood lead level above 10 ug/dL was 7.75% for 

subsurface soil at Site 3. This is above EPA’s protective level cutoff of 5%; however, the model also 

predicted that most children would have a blood-lead level of 5.24 ug/dl, which is below the EPA’s 

protective level cutoff of 10 ug/dl. Therefore, adverse effects to residential children (age 1 to 6) may 

result from lead concentrations in subsurface soil at Site 3 might be unacceptable. The model histograms 

and model-specific input parameters are shown in Appendix I. 

6.6 HUMAN HEALTH RISK ASSESSMENT CONCLUSIONS 

No estimated carcinogenic risks or noncarcinogenic risks above EPA’s target risk levels of 1 x IO” and 

I .O, respectively, were present for the industrial/commercial scenario evaluated for COPCs in surface soil 

and subsurface soil in the human health risk assessment. These are the highest carcinogenic risks 

identified under intended reuse. These risks fall within EPA’s target risk range of 1 X lOA to 1 X IO” and 

therefore may be considered acceptable. The estimated cancer risks associated with the most likely 

future land use scenario (industrial/commercial) were within the target risk range. A summary of all Area 

A carcinogenic and noncarcinogenic risks for each exposure scenario is presented in Table 6-52. 

Both noncarcinogenic and carcinogenic risks above EPA’s target risk levels of 1.0 and 1 x lOA, 

respectively, were estimated for the hypothetical future residential child scenario evaluated for COPCs in 

surface soil and subsurface soil. Specifically, non-cancer risks were identified in Site 2 surface soils, and 

in subsurface soils in all four sites at Area A. Cancer risks were identified in subsurface soils in Site 3. 

The removal action was not intended to remove contaminants to a level protective of this scenario, as the 

intended reuse is expected to be industrial/commercial. Therefore, deed restrictions might be required to 

limit reuse to industrial/commercial purposes. If the land use designation were to change in the future, 

quantitative risks estimated in this section should be reevaluated. 
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TABLE 6-52 

r 
Receptor Populabon: Resrdentral 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs (POST-REMOVAL) 

REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

=I 
/ Medium / Eze~ 1 Expose / Chemical 

Soil Soil StIrfaCe StIrfaCe Site 2 Site 2 all 

Site 3 Site 3 all 

Subsurface Subsurface site 1 site 1 all 

Site 2 Site 2 all 

Site 3 Site 3 all 

Impoundment area Impoundment area all 

i” Soil surface Site 2 

Site 3 

Subsurface site 1 

Site 2 

Site 3 

1 / lEr!ndrnent area 

Medium Medium Exposure Exposure 

Medium I/ I Medium I 
Exposure Exposure 

Point Point 

i 
Impoundment area 

Ingestion 

2.90G05 

N/A 

N/A 

2.23E-05 

355E-64 

4.14E-08 

Carcinogenic Risk 

Inhalation Denllal 

NIA N/A 

NIA N/A 

N/A N/A 

NIA N/A 

N/A N/A 

N/A N/A 

Exposure 

Routes Total 

2.90E-05 

N/A 

N/A 

2.23E-05 

3.55E-64 

4.14E-06 

Chemical 

all 

all 

all 

all 

all 

all 

1 

i - 

Non-Carcinogenic Hazard Quotient 

Primary 

‘arget Orgr 

Ingestion 

1.19 

1.11 

2.21 

2.07 

5.01 

2.67 
- 

lnhalatior 

N/A 

NIA 

N/A 

N/A 

N/A 

N/A 
- 

NIA 

N/A 

N/A 

N/A 

N/A 

N/A 
- 

T 
Exposure 

Routes Tota 

1.19 

1.11 

2.21 

2.07 

5.01 

2.67 
- 

Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

- 
Prin nary 1 Ingestion 1 Inhalation 1 Derma I Exposure 

rarget Organ Routes Total 

0.05 NIA NIA 0.05 

N/A N/A NIA N/A 

0.04 NIA NIA 0.04 

0.04 N/A NIA 0.04 

0.03 N/A N/A 0.03 

0.10 NIA N/A 0.1 

Medium 

Stream 

Exposure 

Medium 

Surface Water 

Sediment 

Exposure 

Point 

Chemical 

all 

all 

tngestion 

4.70E-09 

1.50E-CC 

Carcinogenic Risk 

Inhalation Denllal 

N/A 1.20E-67 

N/A 3.10E-07 

Exposure 

Routes Total 

1.25E-07 

1.61E-06 

Chemical 

all 

a11 

Non-Carcinogenic Hezard Quotient 

Primary Ingestion Inhalation Derrilal Exposure 

Target Organ Routes Total 

290E-05 N/A 5.30E-06 3.33E-95 

560E-04 N/A 8.90E-05 6.49E04 

4/26lQO 
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The estimated percentages of residential children exposed to surface soil (0.26%) and subsurface soil 

(0.73%) at Site 2 with blood-lead levels above 10 ugldl are below EPA’s protective level cutoff of 5%. 

Therefore, lead levels in soils do not present an unacceptable risk at Site 2 to hypothetical future 

residential children. The estimated percentage of residential children exposed to subsurface soil (7.75%) 

at Site 3 with a blood-lead level above IO ugldl is above EPA’s protective level cutoff of 5%. However, 

the model also predicted a blood lead level of 5.24 ug/dl for most children, which is below ‘EPA’s 

protective level cutoff of lOug/dl. Therefore, lead levels in subsurface soil may present an unacceptable 

risk at Site 3 to hypothetical future residential children. 

Estimated cancer and noncancer risks for recreational children exposed to surface water via wading and to 

sediment via ingestion and dermal contract were not found to be significant (i.e., all cancer risks less than 

1 .O x IO”; all HQs less than 1 .O) for nearby Area A surface water and sediment. 

The presence of several PAHs and metals in nearby Area A stream sediments indicated the potential for a 

combined toxic effect to aquatic organisms. These potential risks to aquatic organisms may result in risks to 

semi-aquatic receptors that feed on them. This is of the most concern downstream of NAWC Warminster 

property, where aquatic habitat in the tributary and nearby wetlands increases in quality and quantity. 

Although nearby industrialized and off-base areas may contribute PAHs to the stream, the presence of 

highly elevated PAH concentrations adjacent to Area A suggests significant contaminant inputs from base- 

related activities. 

6.7 UNCERTAINTY ANALYSIS FOR ASSESSING HUMAN HEALTH RISKS 

The goal of the uncertainty analysis is to identify important uncertainties and limitations associated with 

the HHRA. Uncertainties are related to each of the main components of the assessment (i.e., data 

evaluation, dose-response assessment, exposure assessment, and risk characterization). The effect of a 

particular uncertainty on the outcome of the assessment (i.e., risk estimates) is also indicated, where 

possible. 

As discussed in EPA (1989a), the risk measures used in Superfund site risk assessments are not fully 

probabilistic estimates of risk but rather are conditional estimates based on a considerable number of 

assumptions about exposure and toxicity. There are uncertainties associated with each aspect of risk 

assessment, from environmental data collection through risk characterization. To support decision-making 

processes, significant HHRA uncertainties are noted below. 
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f--Y 6.7.1 Uncertainties Associated with Data Evaluation 

Major uncertainties associated with data evaluation are discussed below. The areal extent of the 

samples (including the number collected and location of the sampling points) in a particular medium 

impacts the calculation of EPCs. Several removal actions for. surface and subsurface soils were 

conducted in the vicinity of Area A. Every effort was made to collect samples (both recent samples and 

historical samples that were not excavated) that reflect actual site conditions and to include areas thought 

to contain the most significant contamination or exposure problems. This uncertainty is expected to be 

low for surface and subsurface soil data sets given the large number of soil samples collected over a 

relatively small site area. This uncertainty is expected to be higher for sediment and surface water 

samples given the small number of sampling locations in off-base locations near Area A. 

Established data validation procedures were applied to define analytical uncertainties in terms of qualifying 

data as inaccurate or imprecise and to eliminate data points that are unusable for risk assessment. This 

treatment does not eliminate all uncertainty but focuses attention on potential areas of concern regarding 

accuracy and precision. 

Uncertainties exist regarding selection of a concentration for input into the quantitative risk assessment. 

The use of the exposure point concentration to estimate risk is generally regarded as a conservative 

estimate since this entails using either the upper 95 percent confidence limit on the arithmetic mean (based 

on normal or log-transformed data distribution) or the maximum concentration. The use of the EPC as the 

input value into the quantitative risk assessment as a representation of site concentrations of COPCs 

generally lowers the chances of underestimating the actual risk present in a exposure pathway to a potential 

receptor. However, the use of the exposure point concentration may overestimate the actual risk present in 

an exposure pathway at a particular area of interest. To help avoid this problem, the maximum value was 

used in place of the upper 95 percent limit when the latter was larger. 

The ability (power) of the W test to be able to correctly identify genuine differences between the shape of a 

sample population versus a reference normal or lognormal population is reduced when too few samples are 

collected. If an incorrect distributional assumption is made based on this test, this could lead to an over- or 

underestimate of the upper 95 percent UCL on the mean, which in turn would create some additional 

uncertainty as to whether the estimated risk is a reasonable approximation of high end exposure. To help 

limit the potential for overestimation , the maximum value was used in place of the upper 95 percent UCL on 

the mean when the latter was larger. 

The chemical analytical database has some limitations regarding the representativeness of the laboratory 

results, the inclusion of nondetected data, data gaps, number of samples collected, and heterogeneity of 

sample data. The effects of these limitations on the results of the risk assessment are varied. However, 

every effort was made to collect and use samples that reflect actual site conditions. Nondetected results 
UDOCUMENTS/NAVYi76O3/119006/SEC6 
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were treated using one-half the detection limit in all statistical functions. These actions should minimize 

uncertainty in the database. 

The use of screening concentrations that are based on a single route of exposure (i.e., ingestion) may 

lead to the underestimation of risks since they do not account for the additive effects across various 

exposure pathways. The resultant effects of the risks are not considered significant because 

conservative values, derived from a target HI of 0.1 for noncarcinogens and a target risk of 1 x IO” for 

carcinogens, were employed. 

The use of residential surface soil screening concentrations for COPC selection under an industrial 

exposure scenario represents a conservative approach since exposure under an industrial scenario is 

expected to be lower than exposure under a residential scenario which are the basis of the RBC values. 

Consequently, COPCs may be selected that are not truly reflective of significant risk exposures under an 

industrial scenario which is evident from the noncarcinogenic and carcinogenic industrial risks estimated 

in the risk assessment. 

The use of residential surface soil screening concentrations for COPC selection under an casual user 

exposure scenario represents a conservative approach since exposure under an casual user scenario is 

expected to be lower than exposure under a residential scenario which are the basis of the RBC values. 

Consequently, COPCs may be selected that are not truly reflective of significant risk exposures under an 

casual user scenario, which is evident from the estimated noncarcinogenic and carcinogenic casual user 

risks. 

The use of residential surface soil screening concentrations for sediment COPC selection and residential 

tap water screening concentrations for surface water under a recreational exposure scenario represents a 

conservative approach since exposure under an recreational scenario is expected to be lower than 

exposure under a residential scenario which are the basis of the RBC values. Consequently, COPCs 

may be selected that are not truly reflective of significant risk exposures under an recreational user 

scenario that is evident from the estimated noncarcinogenic and carcinogenic recreational risks. 

6.7.2 Uncertainties Associated with Exposure Estimates 

Major uncertainties associated with identifying potential receptors, exposure routes, and exposure 

estimates are discussed below. The likelihood of the occurrence of the defined exposure scenarios is not 

always known. Identified land use and activity patterns at a site are limited to the observations made 

during the field investigation, known land uses in the surrounding area, and information provided by the 

Navy on anticipated future land use. 
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Several receptor characteristics, such as selection of casual user and recreational receptor age groups, 

exposure frequency, and exposure duration are generally based on professional judgment. There are 

limitations to using various models and/or equations to estimate exposure doses or contaminant 

concentrations. For example, modeled concentrations may not be indicative of actual site conditions 

during exposure. 

In general, the underestimation of risks was prevented using conservative exposure assumptions and 

exposure concentrations. Maximum detected concentrations are sometimes used as EPCs in exposure 

pathways at the site. Although maximum concentrations are not a reasonable estimate of the 

concentration expected to be experienced by a receptor over time, the use of these values does provide a 

highly conservative estimate of risk to potential receptors. 

The model for dermal exposure to sediment assumes that only a very thin, constant thickness layer of solid 

media is available for contaminant transfer to the stratum comeum and that a constant amount of 

contaminant, proportional to the soil or sediment concentration, will be absorbed per unit area of skin and 

per exposure event. However, adherence to skin varies with such factors as particle size, soil type, and 

organic carbon content. As estimated by EPA (1992e), the absorbed dermal dose could vary by as much 

as a factor of 50 from the model estimates, even assuming that activity patterns lead to the exposure 

duration applied in the experimental trials used to develop absorption factors. 

Prediction of absorption rates for lipophilic compounds is difficult due to, among other reasons, the 

possibility of a second absorption pathway that depends on the lipid content of the stratum comeum at the 

application site. Experimental determination of absorption rates indicates that interspecies differences are 

considerable, which, along with other variability’s related to condition and age of skin, differences in lag time, 

and site of application effects, yields appreciable uncertainty in estimated dermal exposures by using 

published chemical-specific permeation functions. In addition, literature data indicate a variation by as much 

as a factor of 300 in chemical absorption rates for skin in different anatomical areas of the body. It should 

also be noted that children generally have greater absorption rates than adults. 

Exposure assumptions can add uncertainty into the risk assessment process based on input values 

selected for each exposure route. The rationale for each assumption was provided in each table of input 

parameters. Receptor characteristics, such as age and skin surface areas, are based on published values. 

Conservative values (based on reasonable maximum exposure or professional judgment) are used in most 

exposure equations, except where average values are expected to better correspond to actual site 

conditions. 
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6.7.3 Uncertainties Associated with Toxicological Evaluation 

The major uncertainties associated with the toxicological evaluation, which was performed after the risk 

ratio analysis was conducted for post-removal surface and subsurface soils, are discussed in this section. 

There is uncertainty associated with the RfDs and SFs. The uncertainty results from the extrapolation of 

animal data to humans, the extrapolation of carcinogenic effects from the laboratory high-dose to the 

environmental low-dose scenarios, and interspecies and intraspecies variations in toxicological endpoints 

caused by chemical exposure. The use of EPA RfD values is generally considered to be conservative 

because the reference doses are based on no-effect or lowest-observed-effect levels and then further 

reduced with uncertainty factors to increase the margin of safety by a factor in the neighborhood of 10 to 

1 ,OOO-fold. 

The RfDs and SFs of some chemicals have not been established, and therefore toxicity could not be 

quantitatively assessed. In most cases, where RfDs were unavailable for carcinogens, the carcinogenic risk 

is considered to be much more significant since carcinogenic effects usually occur at much lower doses. 

The uncertainty associated with the dermal exposure risk estimates is high because of the derivation of 

the dermal slope factor and reference dose. The dermal toxicity factors are based on default oral 

absorption factors. This can result in an over- or underestimation of the toxicity factors. It can cause the 

dermal exposure to be a primary contributor to the cumulative cancer risk and/or hazard index. The 

uncertainty associated with the dermal exposure route may overestimate the risk posed by the Area A 

sites. 

Dermal carcinogenic risks were not estimated for PAHs. EPA (1989a) states that it is inappropriate to use 

the oral slope factor to evaluate the risks associated with dermal exposure to carcinogens such as 

benzo(a)pyrene, which cause cancer through direct action at the point of application. The uncertainty 

associated with not quantitatively evaluating these chemicals may underestimate the carcinogenic risk for 

Area A sites. 

Nonthreshold (carcinogenic) effects are extrapolated from the high doses administered to laboratory 

animals to the low doses received under more common human exposure scenarios, Results of 

laboratory animal studies are extrapolated to human or environmental receptors. 

There is considerable interspecies variation in toxicological endpoints used in characterizing potential 

health effects resulting from exposure to a chemical. In addition, there is considerable variability in 

sensitivity among individuals of any particular species. Short-time toxicological studies are used to 

predict long-term effects. 
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Established RfDs have an inherent amount of uncertainty. Some chemical-specific uncertainties are 

noted below. 

Although the more restrictive basis for evaluating risk associated with exposure to arsenic is to assume it 

is a carcinogen, carcinogenic effects are not the primary health effects expected to be manifested upon 

exposure to arsenic. The preponderance of scientific information indicates that humans are capable of 

metabolizing arsenic to expedite its elimination from the body (ATSDR, 1988). Its elimination from the 

body obviously mitigates the possibility for arsenic to manifest carcinogenic effects. Therefore, evaluating 

arsenic as a noncarcinogen would be more appropriate. [Specifically, the body methylates the arsenic to 

form monomethyl arsenic and dimethyl arsenic. There is a limited capacity for the body to metabolize 

methylate arsenic, but this limit is generally reached when the body’s intake of arsenic approximately 

exceeds 500 t.rg/day. Concentrations of arsenic in surface soil for potential receptors evaluated in this 

HHRA result in intakes that are well within the body’s ability to metabolize arsenic. Although some 

humans may be more sensitive to arsenic, in that they are “poor methylators,” the average exposure 

concentration for the site is more than three orders of magnitude below the normal limit of metabolic 

saturation and is most likely below levels that would trigger responses in sensitive individuals.] 

In nature, chromium (Ill) predominates over chromium (VI) (Lang&d and Norseth 1986). Little chromium 

(VI) exists in biological materials, except shortly after exposure, because reduction to chromium (Ill) 

occurs rapidly. Toxicity criteria are available for two different forms of chromium, the trivalent state and 

the hexavalent state, the latter that is considered to be more toxic. However, Area A chromium speciation 

was not available for sampled media. Therefore, it was conservatively assumed that chromium is present 

in the hexavalent form. This would tend to overestimate the noncarcinogenic risks at the site. 

6.7.4 Uncertainties Associated with Risk Characterization and Blood-Lead Model 

Several uncertainties are associated with the risk characterization process, including the model used to 

assess blood-lead levels and risks. Incremental cancer risks (ICRs) and HIS are summed for all potential 

COPCs and for all applicable routes of exposure. Summing the risks implies that no antagonistic or 

synergistic effects exist between chemicals. It also assumes that similar mechanisms of action and 

metabolism are prevalent. Therefore, the use of this approach may either underestimate or overestimate 

the risks, depending on the chemical-specific interactions, which cannot be predicted. The direction of 

the uncertainty cannot be defined, but the methodology used is based on current EPA guidance. 

Risks to any individual may also be overestimated by summing multiple assumed exposure pathway risks 

for any single receptor. Although every effort was made to develop reasonable scenarios, not all 

individual receptors may be exposed via all pathways considered. 
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The blood-lead model accounts for the multimedia nature of lead exposure, incorporates absorption and 

pharmacokinetic information, and allows the risk manager to consider the potential distributions of exposure 

and risk likely to occur at a site (the model goes beyond providing a single point estimate output). Although 

uncertainties are associated with blood-lead modeling, these uncertainties are considered lower than those 

that conceivably would result from similar lead evaluations performed using a traditional toxicity slope-based 

approach. 

Several uncertainties and limitations in the use of the blood-lead model are relevant to the human health 

risk assessment. The model uses a default of 30 percent lead absorption from soil. However, the 

bioavailability of lead from different sources may be variable due to differences in lead speciation, particle 

size, and mineral matrix and may also vary as a function of physiological parameters such as age, 

nutritional status, gastric pH, and transit time. For example, lead absorption from paint chips in soil may 

be different than lead absorption from other chemical forms. 

Also, blood-lead. variability in the model is characterized by a single number, the geometric standard 

deviation, which is set to a default value of 1.6. This value represents the aggregate uncertainty in all 

sources of population variability, including biological, uptake, exposure, sampling, and analytical 

components. Child blood-lead level predictions reflect only the contributions of sources entered into the 

model and do not take into account any existing body burden that may be the result of prior exposures or 

any exposures that may have taken place at alternate locations away from the household or neighborhood 

level, such as parks or daycare centers. 

6.8 AREA A ECOLOGICAL RISK EVALUATION 

Ecological receptors on- or off-base, such as aquatic and semi-aquatic biota, may be at risk from 

contaminants released from Area A, specifically Sites 2 and 3. Accordingly, a screening-level ecological risk 

assessment (ERA) was performed to characterize the potential risks from site-related contaminants to 

ecological receptors that inhabit the installation area. The ERA was conducted for Area A in accordance 

with EPA guidance (EPA, 1994a, 1994b). Representative exposure point contaminant concentrations in 

surface water and sediment were compared to benchmark toxicity values (BT’Vs) that are protective of 

ecological receptors near the site. . Potential risks to ecological receptors were investigated in the form of 

environmental effects quotients (EEQ) values, which are the ratio of the representative contaminant 

concentration to the BTV. EEQ values were summed in each medium at each site to generate 

environmental effects index (EEI) values. Risks were considered possible when an EEQ or EEI value was 

greater than I, but other quantitative and qualitative factors were investigated to more fully assess potential 

risks 
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6.8.1 EM Approach 

This section provides an outline of the general approach that was taken to assess the impacts of site 

contamination on ecological receptors and the habitats that support these organisms. This assessment 

generally followed a two-step process, as follows: 

Step 1: Preliminary Problem Formulation and Ecological Effects Characterization 

. Preliminary Problem Formulation (Section 6.8.2) - This is the first phase of an ERA, which discusses the 

goals, breadth, and focus of the assessment. It includes general descriptions of NAWC Warminster RI 

areas with emphasis on the habitats and ecological receptors present. This phase also involves 

characterization of contaminant sources and migration routes, evaluation of routes of contaminant 

exposure, and selection of ecological contaminants of potential concern (COCs). Assessment and 

measurement endpoints that will be evaluated are also selected. Finally, a conceptual model is 

developed that describes how contaminants associated with Area A may come into contact with 

ecological receptors. 

l Ecological Effects Characterization (Section 6.8.3) - In this component, medium-specific ecological 

benchmarks for each COC (i.e., concentrations of each contaminant above which adverse effects to 

ecological receptors may occur) are identified. This step is undertaken concurrently with the exposure 

assessment described below. 

Step 2: Preliminary Exposure Assessment and Risk Characterization 

l Preliminary Exposure Assessment (Section 6.8.3) - This portion of the ERA includes the identification of 

the data used to represent concentrations of contaminants to which ecological receptors may be 

exposed in various media and the actual selection of exposure point contaminant concentrations from 

those data. 

l Risk Characterization (Section 6.8.4) - In this step, exposure point concentrations are compared to 

benchmarks in order to characterize potential risk to ecological receptors of concern from contaminant 

exposure. COPCs found to pose potential risk after these comparisons are placed on a list of ecological 

contaminants of concern. 

When these two steps are completed, the results can be interpreted and the uncertainties associated with 

the ERA can be addressed (Section 6.8.5). The above process, described in further detail below, 

represents the general ERA approach and is a summation of EPA Region III BTAG-recommended ERA 

guidelines (EPA, 1994b), which served as the basis for the ERA methodology (Figure 6-2). Furthermore, 
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the ERA was conducted in accordance with other available ERA guidance documents (EPA, 1992; Wentsel 

et al., 1994) and recent publications (Suter, 1993; Calabrese and Baldwin, 1993). Due to the potential 

complexity of ERAS, they are often conducted using a tiered approach and punctuated with 

scientific/management decision points (SMDPs; Figure 6-I) which are meetings involving the risk 

assessors, risk managers, and client to control costs, prevent unnecessary analyses, and ensure that the 

ERA is proceeding in an efficient, timely manner. Information analyzed in one tier is evaluated to determine 

whether the objectives of the study have been met and then may be used to identify the data required for 

the next tier, if necessary. This ERA can be considered a “screening-level” assessment, ‘or “Tier I” 

assessment, since it is based on only a conservative initial screening of contaminant concentrations against 

contaminant-specific benchmarks (EPA, 1994b). Tier 2 and Tier 3 assessments, referred to as “semi- 

quantitative” and “quantitative” assessments, respectively, are more focused studies that incorporate the 

initial screening but also encompass detailed laboratory and field studies or extensive modeling (EPA, 

1994b). The same process summarized above was used to assess potential ecological risks for Site 5. 

___ 

6.8.2 Preliminary Problem Formulation 

Area A is located along a headwater tributary of Little Neshaminy Creek on the west side of Jacksonville 

Road and to the north of the main building complex at NAWC Warminster (Figure 4-4). Surface water runoff 

from suspected sources within Area A enters the tributary, and groundwater flow patterns indicate that minor 

amounts of localized perched water within the unsaturated zone may discharge to the tributary. The 

tributary originates from a stormwater outfall under Jacksonville Road. Surface water drainage from 

portions of the NAWC airfield discharges from this culvert. 

Sites 2 and 3 extend along a channeled portion of the stream approximately 600 feet downstream from the 

road/culvert. Area A itself contains no significant terrestrial habitat, and therefore, the focus of this 

assessment is limited to the tributary and to those riparian areas adjacent to (i.e., within approximately 

50 feet 09 the stream bank. 

The unnamed tributary is the focus of the Area A ecological risk assessment. Therefore, many terrestrial 

exposure routes were not applicable. However, terrestrial receptors may come into contact with 

contaminants in surface water by using it for drinking water, although this exposure route represents a 

negligible portion of total exposure for most receptors. Aquatic and semi-aquatic organisms inhabiting the 

unnamed tributary, of Neshaminy Creek and the surrounding riparian habitats may be exposed to 

contaminants via direct contact with surface water and sediments, incidental ingestion of surface water and 

sediments, and consumption of contaminated food items. Aquatic and semi-aquatic organisms may also be 

exposed to constituents from contaminated groundwater that flows into surface water in the tributary. 

However, potential risks to semi-aquatic receptors were investigated only qualitatively. 
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As discussed in Section 1.8, the Navy is conducting a long-term monitoring program for the Area A stream. _ 

Two quarterly rounds of sampling and analysis were performed in September 1999 and November 1999 

(Tetra Tech NUS, 1999b). The results from this monitoring have not been included in this RI report. _ 

6.8.2.1 Description of Ecological Setting and COPCs 

The urban headwater reach of the unnamed tributary is small (average width 4 feet, average depth 

5 inches) but appears to be perennial. The tributary flows to the northwest and contains pool-type areas 

located near the Jacksonville Road culvert and at the opposite end of the reach where the tributary exits 

NAWC Warminster property through a concrete pipe. The channeled segment, which is located on the 

installation property, has a high (10 to 12 feet) and steeply-sloped (4:l to 5:l) south bank which leads up to 

a paved driveway and parking area near Site 2, and to a gravel parking area in the vicinity of Site 3. 

The south bank of the stream is sparsely vegetated with various wildflowers, vines, and shrubs, including 

goldenrod (Solidago sp.), greenbriar (Smilax sp.) and blackberry (Rubus sp.). The north bank of this stream 

reach is more gradually-sloped and is vegetated with similar herbaceous plants and shrubs. A small 

forested wetland dominated by mature red-maple (Acer rubrum) and arrowwood (Viburnum dentafum) 

exists just to the north of the tributary and beyond the fence-line delineating the base property boundary. 

During the biological characterization, an orange-colored flocculent, presumed to be oxidized iron 

precipitate, was observed in certain sections of’the channeled stream reach. A relatively small amount of 

epilithic and filamentous algae was covered with the orange material, as were nearby sediments. 

Substrates in this stream reach are sands and small gravel, and fine sediments (i.e., silts) have 

accumulated in each of the pools. 

Snails (Physidae) and earthworms (Oligochaeta) were observed in this part of the stream. Larval insect 

families (e.g., midges, mayflies) were not collected during the characterization. Small fish, believed to be 

creek chubs (Semotilus atromaculatus), were observed in the pool near Jacksonville Road but were not 

seen in the pool at the opposite end of the Area A. Leopard frogs (Rana spenocephala) were observed 

along the edge of the stream. No turtles or snakes were observed, but they are believed to inhabit the 

riparian zone of the stream and adjacent wetland. Songbirds including sparrows (Spizella sp.), red-winged 

black birds (Age/aim phoeniceus), and goldfinches (Car&e/is fristis) were common in shrubs and trees 

near the edge of the stream. During investigations at a later date, a nesting female duck (species unknown) 

was also observed along the edge of the stream. Raccoon (Procyon /oror) tracks were observed on a sand 

bar in the stream. No rare, threatened, or endangered species are known to occur on or near Area A (TNC, 

1992). 

The major contaminant sources near Area A affecting ecological receptors include at least four general 

waste disposal locations. Precipitation runoff or stormwater outfalls from’these sites may carry constituents 
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to nearby surface waters and sediments in the unnamed tributary. Also, infiltrating precipitation may cause 

the contamination of subsurface soil and groundwater at Area A. Groundwater from the site may eventually 

discharge to surface water in the tributary; contaminants may be subsequently deposited in sediment or 

they may accumulate in the tissues of aquatic organisms. 

Since most of Area A and the surrounding area is composed of asphalt, roadways, or mowed grass, no 

significant terrestrial habitat is present. Hence, drainage pathways and the unnamed tributary of Little 

Neshaminy Creek are the focus of the assessment and many terrestrial exposure routes were not 

applicable. However, terrestrial receptors may come into contact with contaminants in surface water by 

using it for drinking water, although this exposure route represents a negligible portion of total exposure for 

most receptors. Aquatic and semi-aquatic organisms inhabiting the creek and the surrounding riparian 

habitats may be exposed to contaminants via direct contact with surface water and sediments, incidental 

ingestion of surface water and sediments, and consumption of contaminated food items. However, potential 

risks to semi-aquatic receptors were investigated only qualitatively. 

COCs were all contaminants detected during RI surface water and sediment sampling within Area B. 

Calcium, magnesium, potassium, and sodium were excluded as COCs in all media since they are essential 

nutrients that are toxic only in extremely high concentrations. Also, contaminants that were detected in 5 

percent or less of the samples in a given medium at each area were excluded as COCs. 

Descriptions of habitat types and ecological receptors downgradient from Area A are presented in Section 

3.6. These encompass both aquatic and terrestrial habitats, although aquatic habitats were the only 

habitats quantitatively assessed in this ERA. Wetlands on and near the installation were assessed in 1994 

(HNUS, 1994c), and the results were incorporated into Section 3.6. Data from a base species inventory 

were also utilized in this ERA (TNC, 1992), as are the results of biological characterizations conducted at 

the base during 1990 media sampling for this study. An evaluation of threatened and endangered species 

on and around the three areas was also provided, in accordance with Endangered Species Act (ESA) 

requirements. ARARs pertinent to this assessment are listed below: 

l Executive Order 11988, Protection of Floodplains. 

l Executive Order 11990, Protection of Wetlands. 

l Clean Water Act (Section 404 40 CFR 230.10). 

l Migratory Bird Treaty Act (16 USC 703 et seq.). 

l Fish and Wildlife Coordination Act (16 USC 661 et seq.) 

l Endangered Species Act (16 USC 1531 et seq.). 

l Federal Water Quality Criteria. 

-. 
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6.8.2.2 Potential Release Pathways and Exposure Routes 

Aquatic and semi-aquatic organisms inhabiting the study may be exposed to contaminants via direct contact 

with surface water and sediments, incidental ingestion of s.urface water and sediments, and consumption of 

contaminated food items. Aquatic and semi-aquatic organisms may also be exposed to constituents from 

contaminated groundwater that flows into surface water. 

To select ecological COPCs, an initial screen of the RI surface water and sediment sample results was 

performed, Calcium, magnesium, potassium, and sodium were excluded as COPCs in all media since they 

are essential nutrients that are toxic only in extremely high concentrations. Also, contaminants that were 

detected in 5 percent or less of the samples collected in a given medium at each area were initially excluded 

as COPCs. 

6.8.2.3 Measurement Endpoints and Ecological Risk Model 

As discussed in EPA (1994a) and Wentsel et al. (1994), one of the major tasks in problem formulation is the 

selection of assessment and measurement endpoints. An assessment endpoint is defined as “an explicit 

expression of actual environmental values that are to be protected” (EPA, 1994a). Measurement endpoints 

are “measurable ecological characteristics that are related to the valued characteristic chosen as the 

assessment endpoinr (EPA, 1994a). For this ERA, the most appropriate assessment endpoint was the 

maintenance of aquatic receptor populations. Therefore, the specific objectives of this assessment were to 

determine if exposure to contaminants present in the surface water and sediments near Site 5 is likely to 

result in declines in ecological receptor populations. Declines in populations could result in a shift in 

community structure and possible elimination of resident species from aquatic environments. 

As indicated above, measurement endpoints are related to assessment endpoints, but these endpoints are 

more easily quantified or observed. In essence, measurement endpoints serve as surrogates for 

assessment endpoints. While declines in populations and shifts in community structure can be quantified, 

studies of this nature are generally time consuming and difficult to interpret. However, measurement 

endpoints indicative of observed adverse effects on individuals are relatively easy to measure in toxicity 

studies and can be related to the assessment endpoint. For example, contaminant concentrations that lead 

to decreased reproductive success or increased mortality of individuals in toxicity tests could, if found in the 

environment, result in shifts in population structure, potentially altering the community composition 

associated with the three areas investigated in this ERA. 

For surface water, the measurement endpoints will be contaminant concentrations in surface water 

associated with adverse effects on growth, survival, and reproduction of aquatic organisms (surface water 

benchmark values). For sediments, the measurement endpoints will be contaminant concentrations in 
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sediment associated with adverse effects on growth, survival, and reproduction of benthic organisms 

(sediment benchmark values). 

Semi-aquatic receptors, such as piscivorous mammals, may also be exposed to aquatic contaminants. 

However, the investigation of potential risks to those receptors is more complex and is beyond the scope of 

this initial screening. Nonetheless, the determination of potential risks to aquatic receptors, as reflected in 

the measurement endpoints described above, may indirectly indicate potential risks to semi-aquatic 

receptors. For example, potential risks to .aquatic receptors from bioaccumulatable contaminants may 

indicate potential risk to semi-aquatic receptors that feed on them. Therefore, endpoints and potential risks 

for semi-aquatic receptors will be qualitatively assessed in this ERA. 

A conceptual ecological risk model was formatted to identify potentially exposed receptor populations and 

applicable exposure pathways, based on the physical nature of the site and the potential contaminant 

source areas. Actual or potential exposures of ecological receptors associated with Area A were 

determined by identifying the most likely pathways of contaminant release and transport. A complete 

exposure pathway has three components: a source of contaminants that can be released to the 

environment, a route of contaminant transport through an environmental medium, and an exposure or 

contact point for an ecological receptor. The conceptual ecological model for the site is presented in Figure 

6-3. 

6.8.3 Ecological Effects Characterization 

For this ERA, ecologically based benchmark toxicity values (BTVs or “benchmarks”), concentrations of 

contaminants in various media protective of ecological receptors, were selected to screen exposure point 

concentrations of COPCs in surface water and sediment to determine if they should be retained as COPCs. 

Methods used for the selection of media-specific benchmarks used in this ERA are provided below. 

Actual exposures of aquatic receptors to COPCs were assumed to be primarily chronic (long-term) 

exposures, usually at sublethal concentrations. For this ERA, benchmark values used to identify surface 

water COCs were chronic screening values, primarily federal AWQCs presented as EPA Region Ill BTAG 

screening levels (EPA, 1995) or in 40 CFR Part 131, March 4, 1995. AWQCs are ARARs and are 

protective of a wide variety of sensitive species. Site-specific surface water benchmarks were calculated 

from AWQCs using a site-specific water hardness of 115 mg/L for several inorganic contaminants, as 

recommended by EPA (1996). In addition, both dissolved and total metals in surface water were assessed 

at each area, using appropriate BTVs described above. Dissolved metals are the more bioavailable, and 

therefore the more toxic, form of metals in surface water. Surface water benchmarks used in this ERA and 

their sources are presented in area-specific ERA data summary tables. 
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BTVs for sediment-dwelling organisms were gathered from the most widely accepted guidance. EPA 

Region Ill BTAG screening levels were preferentially used; these are primarily Effects Range-Low values 

from NOAA (Long et al., 1995; Long and Morgan, 1991). When values were not available from these 

sources, BTVs were obtained from most recent EPA guidance (1996), which includes EPA sediment quality 

criteria (SQC) and EPA sediment quality benchmarks (SQB) calculated using equilibrium partitioning 

methods. Other sources include Wrsconsin DNR BTVs (1985, 1990), Washington Department of Ecology 

BNs (1991), and the Ontario Ministry of the Environment sediment guidelines (MOE, 1993). Sediment 

benchmarks used in this assessment are summarized in area-specific ERA data summary tables. Although 

total organic carbon (TOC) data were available, the calculation of site-specific sediment benchmarks using 

TOC was beyond the scope of this initial screening. However, site-specific TOC data and their relation to 

sediment toxicity at each site are discussed qualitatively in area-specific sections, along with sediment grain 

size data. 

For this ERA, ecologically-based benchmark toxicity values (BTVs) were selected to screen exposure point 

concentrations of COCs in surface water and sediment to determine if they should be retained as COCs. 

BTVs used for the Area A ERA are presented in Tables 6-53 through 6-56. 

6.8A Preliminaw Exposure Assessment 

Data used to obtain exposure point contaminant concentrations in environmental media used for this ERA 

were those generated during RI sampling activities. The maximum detected contaminant concentrations or 

the 95 percent UCL were used as exposure point concentrations in surface water and sediment, in 

accordance with EPA Region Ill BTAG guidelines for data usage in E,RAs (1994b). Since most of the 95 

percent UCL values were less than 80 percent of the maximum detected value, the maximum was used in 

almost all cases, as recommended by EPA Region Ill BTAG (1994b). Background data are presented for. 

comparative purposes and were obtained from facility-wide background sampling. Detailed descriptions of 

sampling locations, data validation, data treatment, and data selection were presented in previous sections. 

Site-specific sampling data for streams or drainage pathways near Area A are summarized in Sections 4.6 

and 4.7. 

6.8.5 Risk Characterization 

As identified by EPA (1994a), the second step in the ecological risk assessment process compares 

exposure point contaminant concentrations with benchmark concentrations protective of ecological 

receptors. Once this step was completed for this study, the results were reviewed to determine whether 

little or no ecological risk is associated with activities on the installation or additional information must be 

generated to verify that ecological receptors are at risk. The ratio of the exposure point contaminant 

LlD0CUMENTS/NAW/7603/119006fSEC6 
6-117 



TABLE 6.53 

DATA SUMMARY FOR SURFACE WATER ORGANICS -AREA A 

NAWC WARMINSTER, PENNSYLVANIA 

Wl) 

NA = Benchmarknotavailable. 

1: Benchmarks are for freshwater and npresentknblent Water Quality Clilefia (USEPA, 1991, Water Quality Criteria Summary Concentrations. dated May 1). unless othstise indicated. 

2: Corresponds to acute LOEUtO (USEPA, 1991). 

3: Region III BTAG acute sweenhg level (Augusl 9.1995): acute screening IevoVlO. 

4: Chmnic Ambient Waler Quality Crilsria (USEPA, 199i) for l,2-Dichlwoethaos. 

5: Corresponds lo chmnic LOEL value (USEPA, 1991). 

6: Region III BTAG chronic screenin level (Augud 8.1995). 

7: Region Ill BTAG acute marine screening level (August 9, 1995): acute screening IeveUlO. 

table&52x1s 4/26/00 1 I:08 AM 
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TABLE 644 

DATA SUMMARY FOR SURFACE WATER INORGANICS (TOTAL METALS) -AREA A 

NAWC WARMINSTER, PENNSYLVANIA 

(Nl~~) 

OF POTENTIAL 

* = Based on site-specile hardness value (115 mg CaC0311) for hardnets-dependent metals: cadmium, chmmium (calculation assuming chromium Ill), copper. lead, nickel. and zinc. 

1: Benchma*s are for freshwater and represent Ambient Water Quality Criteria (USEPA, 1995.40 CFR Pall 131, Revision of Metals Criteria. dated May 4), unless otherwise indicated. 

2: Region III BTAG acute screening level (August 9, 1995): acute screening IevelllO. 

3: Region Ill BTAG chronic screening level (August 9. 1995). 

table&53x1s 4/26/00 12:19 PM 
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TABLE 6.55 (PAGE 2 OF 2) 

DATA SUMMARY FOR SEDIMENT ORGANICS -AREA A 
NAWC WARMINSTER, PENNSYLVANIA 

(Wkg) 

NAP = Not applicable since frequency of detection is 6% 

NA * Benchmark not available. 

AET = Apparent Effects Threshold Value as developed for Puget Sound. State of Washington. 

ER.L = Effects RangeLow; value from data based on studies conducted primarily on cosstal marine and &wine envimnments. 

LEL q Lowest Effect Level; level olcontamination tolerated by the majority of benlhic organisms. 

1: Benchmarks are for freshwater sediments, unless otherwise indicated. 

2: Wisconsin Department of Natural Rssou~s (1985, iSSO), Criteria for Sediments from Great Lakes hartrors for disposal in water, in: Washington Depadment of Ecology, t991, Summary of Criteria and Guidelines for Conteminsted 

Freshwater Sediments: value calculated for sediments conlaining 5% of total OrSonic carbon (TOC). 

3: NOAA, 1994. NOAA Screening GuIdelines for Organics and tnorganicr, Quick Refemnce Cards, HAZMAT REPORT 94-9. 

4: Long and Morgan, 1991. The Potential for BIological Effects of Sedlmenl-Sorbed Conlaminantr Tested in the National Status and Trends Program. NOAA TechnicsI memorandum NOS OMA 52 (August). 

5: Region III STAG screening level (Augusl 9.1995). 

6: MOE, 1993. Guidelines for the Protection and Management of Aquatic Sediment Ouality in Ontario, Ministry of Environment and Energy, Ontsrio, Canada (August). 

7: USEPA (1996) 

lable6-55.xls4/26/0012:21 PM 
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TABLE S-56 

DATA SUMMARY FOR SEDIMENT INORGANICS -AREA A 

NAWC WARMINSTER, PENNSYLVANIA 

@Wa) 

NA = Benchmark not available. 

ER-L = Effects Range-Low; value from data bawd on studies conducted primarily on coastal marine and cstusrtne environments. 

LEL = Lowest Effect Level: level of canlamination tolerated by the major@ of benfhic ar&rmr. 
1: SenEnmarks sreforfrerhwter sediments, untess othe!-.Use Indicated. 

2: Region Ill BTAG saaeninQ level (August 9. 1995). 

3: Wisconsin Departmenl of Natural Resources (1955, IQQO), Criteria for Sediments from Great Lakes harbors for disposal In water, in: Washington Depallment of Ecology, 1991, Summary of Criteria and GuIdelInes forContar&~ 

4: NOAA, 1994. NOAA Screening Guidelines for Organic4 and Inorganics Quick Reference Cards, HMMAT REPORT 94.5. 

5: MOE, 1993. Guidelines for the Protection and Managwnent of Ayattc Sedknent Quality in Ontario, Ministry of Environment and Energy, Ontario, Canada (August). 

6: Open Water Disposal Guideline, in: MOE, 1993 (see footnote 5). 

table&56.xls 4/26/00 1230 PM 
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concentration to the benchmark value is called the Ecological Effects Quotient (EEQ) and is defined as 

follows: 

EEQi = EPCJBTVi 

where: EEQi = Ecological Effects Quotient for COPC ‘7” (unitless) 

EPCi = Exposure Point Concentration for COPC ‘7” (ug/l or mg/kg) 

BTVi = Benchmark Toxicity Value for COPC “i” (@I or mglkg) 

When the ratio of the exposure point concentration to its respective benchmark value exceeded 1.0, 

adverse impacts were considered possible and the COPC was retained. The EEQ value should not be 

construed as being probabilistic; rather, it is a numerical indicator of the extent to which an exposure point 

concentration exceeds or is less than a benchmark. When EEQ values exceed 1.0, it is an indication that 

ecological receptors are potentially at risk; additional evaluation or data may be necessary to confirm with 

greater certainty whether ecological receptors are actually at risk, especially since most benchmarks are 

conservatively derived. Furthermore, other factors, such as low frequency of detection, may mitigate 

potential risks for a COC with an elevated EEQ value. As a result of the conservatism inherent in most 

benchmark derivation, EPA Region Ill (1994) has suggested that EEQs greater than one are indicative of 

low to moderate potential risk; EEQs greater than 10 are indicative of moderate potential risk; and EEQs 

greater than 100 are indicative of high potential risk. 

The use of EEQs is probably the most common method used for risk characterization in ERAS. Advantages 

of this method, according to Barnthouse et al. (1986), include the following: 

l The EEQ method is relatively easy to use, is generally accepted, and can be applied to any data. 

l The method is useful when a large number of contaminants must be screened. 

This method of risk characterization has some inherent limitations. One primary limitation is that it is a 

“no/maybe” method for relating toxicity to exposure. That is, it uses single values for exposure 

concentrations and benchmark values and does not account for the variability in both these parameters or 

for incremental or cumulative toxicity. To address cumulative toxicity, EEQs were summed for all 

contaminants in a given medium to obtain an Ecological Effects Index (EEI). Although similar to an EEQ in 

that an EEI value of one or greater indicates potential risk, the EEI should be interpreted with caution. The 

EEI value may exacerbate the preceding uncertainties in the assessment For example, most of an EEI 

value may be due to a single contaminant that has a high EEQ but a low frequency of detection. Also, 

ecological toxicity is not necessarily additive. As mentioned above, multiple contaminants may have 

synergistic, and even ameliorating, effects. Different types of contaminants also have different target organs 

and modes of action, confounding additive effects. 
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The comparisons described above are presented in area-specific screening tables to select COCs in 

surface water and sediment in each individual area assessment section. In addition, a data summary table 

is presented for surface water and sediment data at each area. Data summary tables include the frequency 

of detection for each COPC, as well as the range of detections, exposure point concentration, and, as 

mentioned earlier, contaminant-specific benchmarks and their sources, Background values are also 

presented on data summary tables for comparative purposes. These values need to be taken into account 

when making risk management decisions, since concentrations of inorganic contaminants can be naturally 

elevated and exceed screening values. Qualitative discussion is provided when inorganic contaminants that 

were retained as COCs were present in concentrations comparable to background. Some contaminants 

were present in some media for which no suitable benchmark values were available. In these instances, 

these contaminants were conservatively retained as COCs and qualitatively assessed. 

Data used to obtain representative exposure point contaminant concentrations were those generated from 

RI sampling activities. Sampling locations are shown in Figures 2-3 and 2-4. Area A surface water and 

sediment data are summarized in Tables 4-22 through 4-26. Sample-specific data are presented in 

Appendix A. 

For total metals in Area A surface water, cadmium, copper, and lead exceeded BlVs and were retained as 

COCs, and the EEI value equaled 21.67 (Table 6-57). The EEI value for organ& in surface water was 

14.94, although organics bromomethane, carbon disulfide, chloroethane, and chloromethane were 

conservatively retained as surface water COCs since no BTVs were available (Table 6-58). 

Of the sediment inorganics at Area A, several COCs exceeded BTVs and were retained as COCs, and 

beryllium and vanadium were conservatively retained since no suitable BTVs were available (Table 6-59). 

The total EEI for sediment inorganics was 144.24. Several sediment organics exceeded BTVs and were 

retained as COCs and acetone, 1,2-Dichloroethene, 2-Butanone, and carbazole were conservatively 

retained as COCs since no suitable BTVs were available (Table 6-60). PAHs comprised most of the 

elevated EEQ values for organics in sediment. In addition, PCBs (Aroclor 1264 and 1260) and 4,4’-DDT 

had EEQs indicative of high potential risk. The EEI value for organics was 2153.4. 

6.8.6 Uncertaintv Analysis 

Uncertainty is associated with all aspects of the ERA process. This section provides a summary of the 

uncertainties involved in this ERA, with a discussion of how they may affect the final risk values and 

conclusions. Once an ERA is complete, the results must be reviewed and evaluated to identii the types 

and magnitudes of uncertainties involved. Relying on results from a risk assessment without consideration 

of uncertainties, limitations, and assumptions inherent in the process can be misleading. If numerous 

conservative assumptions are combined in the ERA process, the resulting calculations will propagate the 
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TABLE q.57 

SELECTION OF ECOLOGICAL CONTAMINANTS OF CONCERN FOR SURFACE WATER INORGANICS (TOTAL METALS) -AREA A 

NAWC WARMINSTER, PENNSYLVANIA 

(lm 

CONTAMINANT BENCHMARK ECOLOGICAL EFFECTS 

OF POTENTIAL CONCENTRATION QUOTIENT (EEQ) 

tabI&-57x1s 4/21/00 11:40 AM 
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TABLE 6.58 

SELECTION OF ECOLOGICAL CONTAMINANTS OF CONCERN FOR SURFACE WATER ORGANICS -AREA A 

NAWC WARMINSTER, PENNSYLVANIA 

Wl) 

CONTAMINANT EXPOSURE 

OF POTENTIAL CONCENTRATION 

BENCHMARK ECOLOGICAL EFFECTS RETAINED 

(W) QUOTIENT (EEQ) AS COC? 

1: COPC was retainedas a COC lffhe banchmarkw8s exceeded or If nobenchmar&was available 

NA = No benchmark available. 

tabW5&xls4/21/00 11:40AM 
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TABLE 6-59 

SELECTIQN OF ECOLOGICAL CONTAMINANTS OF CONCERN IN SEDIMENT: INORGANICS -AREA A 

NAWC WARMINSTER, PENNSYLVANIA 

(molko) 

1: COPC was retained 8s B COC ifths benchmark was exceeded or if no benchmarkwas available 

NA= No benchmarkavailable. 

table&59x1s 4/21/00 11:41 AM 

6-127 



TABLE 6-60 (PAGE 1 OF 2) 

SELECTION OF ECOLOGICAL CONTAMINANTS OF CONCERN IN SEDIMENT: ORGANICS -AREA A 
NAWC WARMINSTER, PENNSYLVANIA 

(vo,ko) 

[cONTA~IINANT t EXPOSURE t BENCHMARK 1 ECOLOGICAL EFFECTS 1 RETAINED AS 

l.l,I-TRICHLOROETHANE 
TRICHLOROETHENE 
XYLENE (TOTAL) 
SemlvOlaUl6 Organic Chemicals 

ACENAPHTHENE I 
ACFNAD!-tTUYI FMF 

62 
2 

1300 
19 

3500 
‘)7l-l 

NAP NO 
NAP NO 
1600 0.61 NO 
NAP NO 

I 16 I 210.75 I YE: 
1” a a ., “EC 

3 
..--._.. ..*.,.-w..b &I” I I 0.19 9,s 
ANTHRACENE 63W *F3 I 97.30 YES 
BENZ(A)ANTHRACENE 2oow I 261 76.63 YES 
RFN7CTAIDYRFNF “CC 

-....-. ---- 

ICHRYSENE 
I,“” I ,.n I 

24000 I 2RA P’) q YES I 
h-N-BUNLPHTHALATE 

-- * 1 -a.“. 
I R4t-l I c%?4 I nnc I Nl-l I 

DI-N-OiNLPHTHALATE 
-.- “a”” “.“II .,- 
860 6200 0.14 NO 

DlBENZ(A.H)ANTHRACENE 5300 63.4 83.60 YES 
DIBENZOFURAN 2400 540 4.44 YES 
FLUORANTHENE 43ooo 6m-l 71 c7 YES 

INDENO(l.2.3-CD)PYRENE 
BMETHYLNAPTHALENE 
4-METHYLPHENOL 
NAPHTHALENE 
PYRENE 

CJ”” 310.5; 1c3 
14000 8z 23.33 YES 
320 70 4.57 YES 
1400 670 2.09 YES 
530 160 3.31 YES 

40000 665 60.15 YES 
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TABLE S-60 (PAGE 2 OF 2) 

SELECTION OF ECOLOGICAL CONTAMINANTS OF CONCERN IN SEDIMENT: ORGANICS - AREA A 
NAWC WARMINSTER, PENNSYLVANIA 

Wo/ko) 

1: COPC was relained as a COC if it exceeded the benchamark value or no benchmark was available 

NA = No benchmark available. 

NAP = Not applicable since frequency of de!eclion Is ~5%. 
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uncertainties associated with each of those assumptions. The resulting bias is toward overpredicting risks. 

Thus, both the results of the risk assessment and the uncertainties associated with those results must be 

considered when making risk management decisions. 

Generally, risk assessments carry two types of uncertainty: measurement and informational. Measurement 

uncertainty refers to the variability inherent in measured data. The risk assessment reflects the 

accumulated variances of the individual values used for several different parameters. Informational 

uncertainty stems from the limited availability of necessary information. &ten the gap between what is 

needed and what is available is significant; information regarding the effects of some contaminants on 

wildlife receptors, the biological mechanism of a contaminant, the impact of physiological differences on 

exposure pathways, or the behavior of a contaminant in various environmental media is often absent. 

l Uncertainty is associated with each of the steps of the risk assessment process: 

l Uncertainty in preliminary problem formulation can result from limited information regarding contaminant 

sources, release mechanisms, and exposure routes. 

l Uncertainty in the ecological effects characterization arises from the quality of the existing benchmark 

values and toxicity data to support a determination of potential adverse impacts to ecological receptors. 

l Uncertainty associated with the exposure assessment includes the methods used and the assumptions 

made to determine exposure point concentrations. 

l Uncertainty in risk characterization includes that associated with the potential effects of exposure to 

multiple contaminants and the cumulative uncertainty from combining conservative assumptions made 

in earlier activities. 

6.8.6.1 Uncertainty in the Preliminary Problem Formulation 

The site investigated in this ERA received contaminant inputs from more than one source, although initially 

contaminants are conservatively assumed to stem directly from area-related activities. Each of the areas 

had multiple contaminant sources of concern specific to the area, but the waterways also receive 

contaminant inputs from roadway and parking lot runoff (e.g., roads, parking lots, and other developed areas 

near Area B) as well as from off-site sources, including residential developments and commercial 

businesses. Since contaminant concentrations may reflect inputs from many sources, uncertainties exist 

regarding whether risk characterized at a discrete area stems from area-related contaminants. Also, 

different sites and their contaminants may possess different contaminant exposure routes for ecological 

receptors. Difficulties and limitations exist in trying to obtain exposure routes for individual sites for 
UDOCUMENTSINAVYl7603I1190061SEC6 
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individual receptors. Since exposure routes may be quite different for different species, risk may be over- or 

underestimated if this information is not known. 

6.8.6.2 Uncertainty in the Ecological Effects Characterization 

A great deal of uncertainty in this risk assessment arises from the nature and quality of the available toxicity 

data used to derive BTVs. This uncertainty is reduced when similar effects are observed across species, 

strain, sex, and exposure route; when the magnitude of the response is clearly dose related; and when 

postulated mechanisms of toxicity are similar for laboratory and wildlife species. Most benchmark values 

are based on the most conservative assumptions possible. As such, though an inherent level of 

conservatism is needed in a screening-level ecological risk assessment to ensure that the most sensitive 

receptors are protected, conservative BTVs may heavily overestimate potential risks and the resulting EEQ 

values may be misleading. Both AWQCs and most sediment screening values used in this assessment are 

based on laboratory studies that do not take into account mitigating or ameliorating physical and chemical 

conditions in the environment. Therefore, uncertainty is introduced into the assessment, and the results 

tend to overestimate potential risks. 

In addition, ERAS, unlike human health risk assessments, must consider risks to many different species. 

However, calculation of risk values for each potential receptor species is not possible. For this ERA, 

conservative BTVs protective of a wide range of ecological receptors were sought. The underlying 

assumption associated with the use of these benchmarks is that contaminant concentrations in excess of 

these BTVs are indicative of potential impacts to actual receptors inhabiting the area. However, species- 

specific physiological differences that may influence an organism’s response to a contaminant or subtle 

behavioral differences that may increase/decrease a receptor’s contact with a contaminant are seldom 

known. Also, some contaminants were present in some media for which no suitable BTVs were available, 

and as a result, they could not be quantitatively assessed. For these reasons, the use of benchmark values, 

while necessary, will introduce error into the results of an assessment. 

6.8.6.3 Uncertainty in the Exposure Assessment 

Uncertainty in the exposure assessment arises mainly in the methods used to obtain exposure point 

concentrations. The maximum detected contaminant concentrations were generally used to represent 

the highest contaminant concentrations to which ecological receptors might be exposed. If the samples 

evaluated in this ERA are representative of contaminant concentrations associated with the station, then 

this approach is conservative and should overestimate potential risks to ecological receptors. The 

maximum concentration of a contaminant in a given medium may have been collected in a “hot spot” of 

contamination and may be much higher than the remaining values in the data set. Again, although use of 

maximum values is appropriate for screening in an ERA, they may grossly overpredict potential risks. 
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6.8.6.4 Uncertainty in the Risk Characterization 1 

All aspects of the- ERA process described in the above sections affect uncertainty in the risk 

characterization. Uncertainty in risk characterization also stems, in part, from the fact that this process does 

not fully or toxicologically consider antagonistic or synergistic effects. Little or no information is available to 

determine the potential for antagonism or synergism for the contaminants evaluated. As mentioned above, 

the EEI is only an additive measure of total potential risk. Toxicity may actually increase, or even decrease, 

geometrically based on synergistic or antagonistic effects. Additionally, contaminants that account for a 

large percentage of potential risk may be mitigated by several factors, including a low frequency of detection 

or elevated concentrations in areas with no significant habitat. For these reasons, the EEI can be used as a 

rough estimate of total risk, but it contains uncertainty and must be interpreted with caution. 

6.8.7 ERA CONCLUSIONS FOR AREA A 

Area A is located in the northwestern section of NAWC Warminster., The area is situated along a tributary of 

Little Neshaminy Creek. Contaminant inputs from suspected Area A sources were the focus of this 

assessment. Surface water runoff from these sites enters the tributary, as does a minor amount of localized 

perched water within the unsaturated zone. Aquatic habitat is limited in the tributary near Area A, but 

increases in quantity and quality as the tributary exits the installation boundaries. Wetland areas are located 

downstream of the stretch of the tributary near NAWC Warminster. 

EEQ values for dissolved and total metals in surface water were indicative of relatively low potential risk, 

although the EEQs for both forms of lead were indicative of low to moderate risk. Yet, total lead was only 

detected in one-third of the surface water samples collected and dissolved lead was only detected in two of 

fifteen samples. Antimony was conservatively retained as a dissolved COC in surface water since no 

suitable BTV was available, but was only detected in one of fifteen samples. Potential risk from organ& in 

surface water were negligible. Four organics were conservatively retained as COCs since no surface water 

BTVs were available, but were all detected in only one sample and in ‘relatively low maximum 

concentrations (near detection limits). 

In sediments, several inorganics had EEQs indicative of low to moderate potential risk. In particular, lead, 

manganese, mercury, and zinc accounted for the majority of the elevated EEI value for sediment inorganics. 

The maximum concentration of zinc was comparable to the maximum concentration of zinc detected in 

background samples. Beryllium and vanadium were conservatively retained as sediment COCs since no 

suitable BTVs were available, but beryllium was only detected in a maximum concentration slightly above 

background. The maximum concentration of vanadium was elevated, but most of the other positive 

detections were an order of magnitude lower than the maximum. Most of the maximum concentrations of 
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inorganic COCs in Area A sediments were detected in samples A5 through A8, and samples A23, A25, and 

A26. These sampling locations are located adjacent to or near Site 2. The concentrations of most metals in 

samples taken further downstream (samples Al4 through A16) were much lower and near or below BTVs, 

with the exception of lead, manganese, and zinc. In general, these three metals were elevated in samples 

taken slightly downstream (samples A14, Al 5, A16). However, concentrations of these three metals, and all 

others, were relatively low in samples All through A13, which were collected far downstream near Bristol 

Road. 

For sediment organic& a multitude of PAHs had EEQs indicative of moderate to high potential risk. 

Frequencies of detection were high for most of these compounds and elevated concentrations were 

detected in samples taken several hundred feet from the base property boundary. Concentrations of some 

PAHs, including chrysene, fluoranthene, phenanthrene, and pyrene were also elevated in samples All 

through Al 3, which were collected far downstream of Area A, but were not as high as those detected on the 

installation. The developed areas and roadways located along the tributary near samples A-l 1 through A- 

13 could contribute, at least in part, to the elevated PAH concentrations at these locations. 

In addition, the organochlorine pesticide 4,4’-DDT and the PCB mixtures Aroclor-1254 and -1260 had 

relatively high EEQs, but the maximum detected concentration of 4,4’-DDT was one or two orders of 

magnitude higher than all of the other detections, suggesting a “hot spot” of contamination. Also, Aroclor 

1260 was only detected in 3 of 21 samples; Aroclor-1254 was detected in roughly half of all samples and the 

maximum detected concentration was an order of magnitude higher than most of the other positive 

detections. Four organics were detected in sediments for which no suitable benchmarks were available. 

These compounds had low frequencies of detection, with the exception of carbazole. Several elevated 

concentrations of carbazole were detected. 

In summary, potential risks from metals in surface water in the tributary of Little Neshaminy Creek are 

generally indicative of low potential risk, as are potential risks from surface water organics. In sediments, 

inorganic EEQs were also mostly indicative of low potential risk, although some elevated EEQs were 

calculated for lead, manganese, and zinc and concentrations of these metals were elevated downstream 

from Area A. EEQs for PCBs and some pesticides were indicative of moderate to high potential risk, but 

potential risks were heavily mitigated by several factors. Potential ecological risks for several PAHs in 

sediment were moderate to high, and frequencies of detection were generally high. Also, elevated 

concentrations of some PAHs were detected in samples taken several hundred feet from Area A and far 

downstream of Area A near Bristol Road. Heavily developed areas exist off-base near the tributary that 

could contribute PAHs to the waterway. 

The presence of elevated PAH concentrations in sediment samples adjacent to Area A suggests significant 

contaminant inputs in the stretch of the stream just north of Sites 2 and 3. However, this stretch receives 

stormwater discharges and overland runoff from large paved parking areas at the base and Jacksonville 
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Road. Additional sampling and analysis would be necessary to differentiate between potential sources and 

characterize any related Area A impacts. 

Total organic carbon (TOC) data were also collected for sediment samples at Area A. TOC concentrations 

for samples A14, A15, and A16, which were taken several hundred feet from the base boundary, were 

slightly higher than EPA’s (1996) suggested average value of 1 percent (1.4 to 2.7 percent). Since TOC is 

known to bind organics and decrease their bioavailability, the site-specific toxicity of PAHs may be 

ameliorated. Conversely, sediment grain size analysis for samples Al 5 through Al8 indicated that 

sediments slightly downstream of Area A were sandy to silty (approximately 35 percent of particles passing 

through a 60 urn sieve). These types of substrates tend to have fewer binding sites for organic 

contaminants than finer silty to clayey sediments, increasing bioavailability. Therefore the bioavailability of 

sediment contaminants at Area A is unknown. 

The combination of several PAHs and’ metals in sediments indicates the potential for toxic effects to aquatic 

organisms and semi-aquatic receptors that feed on them. Potential ecological risks were estimated by 

comparing stream sediment sample analytical results to published conservative benchmarks established for 

sensitive receptors. The greatest estimated and potential risk identified was associated with sediment 

contamination in the stretch of the stream north of Sites 2 and 3. However, this stretch also receives 

stormwater discharges and overland runoff from large paved parking areas at the base and Jacksonville 

Road. Additional sampling and analysis might be needed to differentiate between potential sources of 

contamination other than the Area A sites themselves and to better characterize any related acute or 

chronic impacts or risks to ecological receptors. 
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.SS=% 
7.0 FEASIBILITY STUDY 

7.1 INTRODUCTION 

Based on the RI results, this feasibility study (FS) was prepared for contaminated sediment associated with the 

stream adjacent to Area A stream as well as contaminated soils associated with Area A. This FS develops and 

evaluates potential remedial alternatives for addressing unacceptable risks to human health at Area A and 

ecological receptors associated with the stream. The estimated human health risks were summarized in 

Section 6.6. The potential ecological risks were evaluated in Section 6.8. The results of the ecological risk 

assessment indicated that Area A sediment poses a potential for toxic effects to aquatic organisms. 

7.1.1' Area A Soils 

For Area A surface and subsurface soils, no unacceptable carcinogenic or noncarcinogenic risks were present 

above EPA’s target risk levels of 1 x IO4 and 1.0, respectively, for the industrial land use. Industrial use is the 

reasonably anticipated land use for Area A. While not reasonably anticipated; soils at Site 1, Site 2, Site 3 and 

:- the Impoundment Area were determined to present unacceptable non-carcinogenic risks under potential 

residential use. In this case, institutional controls should be implemented to limit reuse of Area A to 

industrial/commercial purposes. In addition, the RI indicated that Area A soils present a potential threat to 

stream sediment and associated ecological receptors. As such, this FS evaluates alternatives for preventing 

the potential migration of soil contaminants to the nearby Area A stream. 

7.1.2 Area A Sediment 

The RI indicated that Area A sediment presents a potential threat to ecological receptors. As a result, remedial 

technologies, and process options for Area A sediment were evaluated and screened to select those that are 

most viable for the site conditions and contaminants. The technologies and process options that passed the 

screening process were combined to form remedial alternatives that will address site contamination. The 

remedial alternatives were then evaluated to distinguish positive and negative aspects of each alternative and 

then compared to one another. 

Potential risks from metals in surface water in the tributary of Little Neshaminy Creek were generally indicative 

of low potential risk, as were potential risks from surface water organics. In sediment, inorganic Environmental 

Effects Quotients (EEQs) were also mostly indicative of low potential risk, although some elevated EEQs were 

calculated for lead, manganese, and zinc and concentrations of these metals were elevated downstream from 
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Area A.’ EEQs for PCBs and some pesticides were indicative of moderate to high potential risk, but potential 

risks were heavily mitigated by several factors, Potential ecological risks for several PAHs in sediment were 

moderate to high, and frequencies of detection were generally high. Also, elevated concentrations of some 

PAHs were detected in samples taken several hundred feet from Area A and far downstream of Area A near 

Bristol Road. Heavily developed areas exist off-base near the tributary that could contribute PAHs to the 

waterway, but the presence of elevated concentrations of PAHs and metals in sediment samples adjacent to 

Area A suggested significant contaminant inputs from base-related activities. 

7.2 REMEDIAL ACTION OBJECTIVES 

Stream sediment adjacent to Area A was determined to present estimated potential risks to ecological 

receptors. In response, one objective of remedial action is to mitigate these potential risks. In addition, Area A 

soil contaminants were determined to present a potential threat to ecological receptors if allowed to migrate to 

surface water and sediment. In this case, a second remedial action objective is to prevent such migration. 

Finally, while not reasonably anticipated, Area A soils present a potential unacceptable risk to human health 

under residential use. In this case, institutional controls should be implemented to preclude residential use. 

7.2.1 Chemicals and Media of Concern 

Stream sediments exceeding ecological benchmark values in Section 6.8 were determined to present 

potential ecological effects. The specific contaminants’of concern (COCs) in this case are identified below. 

Sediment COC concentrations that are protective of ecological receptors are considered to the preliminary 

remediation goals for these COCs and appear in Section 7.3.1. 

The ecological COCs addressed in this FS are as follows: 

I norclanics 
Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Silver 

Vanadium 

Zinc 
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Oroanics 

1,2-Dichloroethene (total) 

2Butanone 

2-Methylnapthalene 

4,4’-DDD 

4,4’-DDE 

4,4’-DDT 

I-Methylphenol 

Acenaphthene 

Acenaphthylene 

Acetone 

Anthracene 

Aroclor-1254 

Aroclor-I 260 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(g,h,i)perylene 

Benzo(k)fluoranthene 

Bis(2-ethylhexyl)phthalate 

Butylbenzylphthalate 

Carbazole 

Chrysene 

Dibenzo(a,h)anthracene 

Dibenzofuran 

Endosulfan II 

Fluoranthene 

Fluorene 

Indeno(l,2,3cd)pyrene 

Naphthalene 

Pyrene 

Tetrachloroethene 

Soils that present a potential threat to ecological receptors, if allowed to migrate to stream sediment via 

surface runoff, are those soils that contain contaminant concentrations exceeding surface soil PRGs 

protective of sediment as identified in Section 7.3.2. The COCs in surface soils include the following: 

lnomanics 

Cadmium 

Copper 

Lead 

Silver 

zinc 

Oraanics 

Anthracene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(g,h,i)perylene 

Dibenzo(a,h)anthracene 

Fluoranthene 

Indeno(l,2,3-cd)pyrene 
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In addition, any subsurface soil concentrations in Area A that exceed the surface soil PRGs identified in 

Section 7.3.1 would present a potential threat to ecological receptors if they were excavated, placed on the 

ground surface, and allowed to migrate to the stream via surface runoff. 

-- 

While the RI determined that Area A soil contaminants may potentially migrate to the nearby stream via 

subsurface flow, the extent of such potential migration cannot be reasonably quantified. It has been 

assumed that the surface soil PRGs referenced above would be protective of this pathway. 

7.2.2 Compliance with ARARs and TBC Criteria 

ARARs consist of any standard, requirement, criterion, or limitation under federal environmental law and any 

promulgated standard, requirement, criteria, or limitation under a state environmental or facility-siting law that is 

more stringent than the associated federal standard, requirement, criterion, or limitation. 

To be considered (TBC) criteria are nonpromulgated, nonenforceable guidelines or criteria that may be useful 

for developing a remedial action or are necessary for determining what is protective to human health and/or the 

environment. Examples of TBC criteria include EPA Drinking Water Health Advisories, Reference Doses, and 

Cancer Slope Factors. 

ARARs fall into three categories, based on the manner in which they are applied. The characterization of 

these categories is not perfect, because many requirements are combinations of the three types of ARARs. 

These ARAR categories can be described as contaminant-specific [e.g., Clean Water Act (CWA) Ambient 

Water Quality Criteria), location-specific (e.g., wetland regulations), and action-specific (e.g., off-base disposal 

of wastes). Table 7-l presents a summary of the more relevant ARARs and TBCs addressed in this FS. 

7.2.2.‘l Contaminant-Specific ARARs 

The Clean Water Act (CWA) sets EPA Ambient Water Qualitv Criteria (AWQCs) that are non-enforceable 

guidelines developed for pollutants in surface waters pursuant to Section 304(a)(l) of the CWA. Atthough 

AWQCs are not legally enforceable, they have been used by many states to develop enforceable water 

quality standards; they should be considered as potential ARARs, as specified by CERCLA. AWQCs are 

available for the protection of human health from exposure to contaminants in surface water as well as from 

ingestion of aquatic biota and for the protection of freshwater and saltwater aquatic life. Table 7-2 presents 

AWQCs for COCs addressed in this FS. 
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SUMMARY OF ARARs AND TBC CRliERlA FOR AREA A SEDIMENT 
NAWC WARMINISTER, PENNSYLVANIA 

Requirement status 

TBC 

Synopsis Comment 

products may be collected. AWQCs are 
TBC if this water is discharged to surface 
waters. 

During remedial activities, groundwater or 
treatment by-products may be collected. 
AWQCs are applicable if this water is 

Wetlands were assessed along the 
unnamed tributary of Little Neshaminy 
Creek. Retained in the event that wetland 
areas are affected. - 

Water quality criteria are non-enforceable guidance and 
are used by the state in conjunction with the designed 
use for a stream segment to establish water quality 
standards under CWA 303. 

33 USC 1251 et seq. 

Section 304(a)(l) Ambient Water Quality Standards 

Pennsylvania Water Quality Standards Standards applicable for actions involving the discharge 
of pollutants to surface water. Based upon water uses 
that are protected and will be considered by PADEP. 

PA Code, Title 25, 
Chapter 16 and 93 

Potentially 
Applicable 

E.O. 11990 Potentially 
Applicable 

Requires the action of federal agencies to minimize the 

I Executive Order destruction, loss, or degradation of wetlands and 
preserve and enhance the natural and beneficial values 
of wetlands. 

Protects fish and wildlife when federal actions result in 
the control or modification of a natural stream or body 

16 USC 661 Potentially 
Applicable 

The Fish and Wildlife Coordination Act 

The Fish and Wildlife Improvement 
Act of 1978 

The Fish and Wildlife Conservation 
Act of 1980 

Applicable if surface water is diverted or. 
disturbed during remedial actions. 

of water. 

This Act protects fish and wildlife against impacts that 
may affect their protected habitats. 

16 USC 742a Applicable because fish are present in 
Area A surface water, and wildlife is 
present in Area A. 

Applicable because fish are present in 
Area A surface water, and wildlife is 
present in Areas A. 

Applicable if surface water is diverted or 
disturbed during remedial actions. 

16 USC 2901 Applicable This Act protects fish and wildlife against impacts that 
may affect their protected habitats. 

Federal Floodplain Management I Potentially 
Applicable 

Requires federal agencies to evaluate the potential 
effects of impacts associated with occupancy and 

E.O. 11988 

modification of a floodplain. 

40 USC 6901 Potentially 
Applicable 

Establishes design and operating criteria for solid waste 
(nonhazardous) landfills. 

Potentially applicable if sediment is 
determined to be nonhazardous. 

40 CFR Part 257 Potentially 
Applicable 

Criteria to determine which solid waste disposal 
facilities pose a probability of adverse health effects 
and therefore prohibit open dumps. 

RCRA Criteria for Classification of Applicable if sediment is stockpiled at 
various locations on site. Solid Waste Disposal Facilities and 

Practices 

Department of Transportation (DOT) 
Rules for Hazardous Materials 
Transport 

49 CFR Parts 107 
and 171 - 179 

Potentially 
Applicable 

Regulations for the transportation of hazardous 
materials. Requirements cover packaging, marking, 
labeling, and transportation methods. 

Off site shipments of any contaminated 
sediment that is classified as a hazardous 
material from this site would have to 
comply with these regulations. 
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TABLE 7-1 
SUMMARY OF ARARs AND TBC CRITERIA FOR AREA A SEDIMENT 

NAWC WARMINISTER, PENNSYLVANIA 

Requirement Citation status 

The Clean Water Act (CWA) - National 40 CFR Part 122 Potentially 
Pollutant Discharge Elimination Applicable 
System (NPDES) 

National Environmental Policy Act 42 USC 4321 Potentially 
(NEPA) 40 CFR Part 6 Applicable 

The Occupational Health and Safety 29 USC Sections Potentially 
Act 651 through 678 Applicable 

Synopsis Comment 

Regulations for discharge, dredge, or fill materials and These requirements are applicable for all 
oil or hazardous waste spills into the United States alternatives that include a water discharge. 
waters. 

Act, that requires federal agencies to evaluate the Alternatives could constitute significant 
environmental impacts associated with major actions activities, thereby making NEPA 
that they fund, support, permit, or implement. requirements ARARs. Activities 

conducted in accordance with the NCP are 
considered to meet the substantive NEPA 
requirements. 

Act that regulates worker health and safety during As this is a federal Supetfund site, these 
implementation of remedial actions. regulations are applicable to all 

investigations and remedial activities at 
NAWC Warminster. 

Pennsylvania Solid Waste Disposal PA Code 25, Potentially 
Regulations Chapter 75 Applicable 

Regulations that establish the disposal of solid wastes Applicable for removal of site solid wastes 
including municipal and industrial materials. including municipal and industrial 

materials. 

Pennsylvania Industrial Waste PA Code 25, Potentially 
Management Regulations Chapter 97 Applicable 

Pennsylvania Stormwater Act NO. 167 Potentially 

Management Act Applicable 

Pennsylvania Special Water Pollution PA Code, Title 25, Potentially 
Regulations Chapter 101 Applicable 

Pennsylvania Erosion Control PA Code, Title 25, Potentially 

Regulations Chapter 102 Applicable 

Pennsylvania Hazardous Substances PA Code, Title 13 Potentially 
Transportation Regulations and Title 15 Applicable 

Rules that regulate the disposal of industrial waste Applicable for removed site wastes that 
materials. are classified as industrial. 

Act that requires measures to control stormwater runoff Required if remedial actions take place. 
during remedial alternatives or development of land. 

Regulations, that establish a procedure for mandatory These regulations may be applicable for 
notification of downstream users in the case of an remedial actions that include on-base 
accident in which a toxic substance enters, surface treatment of sediment. 
waters. 

Regulations which requires measures to control These regulations may be potentially 
stormwater runoff during remedial alternatives or applicable if remedial actions disturb 
development of land. sediments at the site. 

Regulations that govern the transport of flammable Off-site shipments of any contaminated 
liquids and solids, oxidizing materials, poisons, and sediment that is classified as a hazardous 
corrosive liquids. material would have to comply with these 

regulations. 
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Pennsvlvania Water Qualitv Standards (PA Code, Title 25, Chapter 16 and 93) are based upon water 

uses that are to be protected and will be considered by PADEP in its regulation of discharges to surface 

water. The standards may be applicable for actions involving the discharge of pollutants to surface water. 

Chapter 93.5 specifies the procedures for applying water quality criteria for discharge of pollutants 

including design conditions (i.e., the use of stream flow rates) that are potentially applicable to discharge 

of treated groundwater from the sites. Chapter 93.9 provides designations to site-specific surface waters 

based on drainage areas of river basins in question. Little Neshaminy Creek is designated as a second 

generation tributary of the Delaware River. This designation may be potentially useful for applying the 

designated water use and specific water quality criteria (if any) for potential on-base treatment 

requirements of contaminated sediment (i.e., process water from sediment treatment). Also, Chapter 16 

contains ambient water quality criteria for toxics for the protection of human health and aquatic life. 

Table 7-2 provides state water quality standards applicable to surface waters in Pennsylvania. 

7.2.2.2 Location-Specific ARARs and TBC Criteria’ 

Federal Protection of Wetlands Executive Order (E.O. 11990) requires federal agencies, in carrying out 

their responsibilities, to take action to minimize the destruction, loss, or degradation of wetlands and to 

preserve and enhance the natural and beneficial values of wetlands. According to the published definition 

of national wetlands, Federal Register 40 CFR Appendix C, several small areas of palustrine forested 

wetlands are present along intermittent tributaries to Little Neshaminy Creek or Southampton Creek. This 

ARAR has been retained in the event that wetland areas may be affected. 

The Fish and Wildlife Coordination Act (16 USC 661) provides for consideration of the impacts on 

wetlands and protected habitats, The act requires that federal agencies, before issuing a permit or 

undertaking federal action for the modification of any body of water, consult with the appropriate state 

agency exercising jurisdiction over wildlife resources to conserve those resources. Consultation with the 

United States Fish and Wildlife Service is also required. 

The Fish and Wildlife Improvement Act of 1978 (16 USC 742a) and The Fish and Wildlife Conservation 

Act of 1980 (16 USC 2901) provide for consideration of the impacts on wetlands and protected habitats. 

Federal Floodplain Mananement Executive Order (E.O. 11988) requires federal agencies to avoid to the 

extent possible the long- and short-term adverse impacts associated with occupancy and modification of 

flood plains. 

UDOCUMENTSINAVW7603I14093/SEC7 7-7 



TABLE 7-2 
FEDERAL AND STATE WATER QUALITY STANDARDS AND AWQCs FOR AREA A SEDIMENT 

NAWC WARMINSTER, PENNSYLVANIA 

COCW) 

INORGANICS 

Antimony 

Arsenic 

Barium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Nickel 

Silver 

Vanadium 

Zinc 

~ ORGANICS 

~ Acenaphthene 

Acenaphthylene 

Acetone 

Anthracene 

Federal AWQC for 
Ingestion”) 

VW) 

State AWQC for Protection of 
Aquatic Life(‘) 

State AWQC for State Health Standard 
Protection of Human for Groundwater@)(pg/L) 

Water and Organisms Continuous(‘g’L) Maximum 
Health@)(pg/L) I 2500 TDS I > 2500 TDS 

Organisms Concentration Concentration 

14 4,300 219 1.095 10 61600 

.0018 0.14 190@’ 360(‘) 50 50 /5,000 

NA NA 4,100 20,500 1,000 2000 / 200,000 

NA NA 1 O(3)@) 3.7(3w3) IO 51500 

NA 670,000 1 (y7w3) 15(3)(7)@) NP 100 I 10,000(~~ 

NA NA 19 95 NP None 

1300 NA 1 l(3)(3) 17(3W) 1,000 1,000 / 100,000 

50 NA 2 5(3)W 65P)P) 50 5/500 

50 100 NP NP NP 1, ooo’g’ 

0.14 0.15 0.012 2.1@’ 0.144 21200 

610 4,600 160'3"8' 1,400(3)@) 600 100 / 10,000 ’ 

NA 50 NP 3 5(W) 200 100 / 10,000 

NA NA 103 515 NP None 

NA NA 1 (J)(3)(8) 1 1()(3M3) 5,000 None 

1,200 2,700 17 85 20 None 

NA NA NP NP NP None 

NA NA 86,000 446,000 4,000 None 

9,600 110,000 NP NP 10,000 None 
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FEDERAL AND STATE WATER QUALITY STANDARDS AND AWQCs FOR AREA A SEDIMENT 
NAWC WARMINSTER, PENNSYLVANIA 

COCs(4) 

Aroclor-1254 

Aroclor-1260 

Benzo(a)anthracene 

~ Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(g,h,i)perylene 

~ Benzo(k)fluoranthene 

Federal AWQC for State AWQC for Protection of State AWQC for State Health Standard 
Ingestion(‘) Aquatic Life(*) Protection of Human 

W&W 
for Groundwater@)(pg/L) 

Continuous@g’L) Maximum 
Health(2) @g/L) I 2500 TDS I > 2500 TDS 

Water and Organisms 
Organisms Concentration Concentration 

4.4E-05 4.5E-05 0.014 1.0 0.00004 0.5150 

4.4E-05 4.5E-05 0.014 1.0 0.00004 0.5150 

0.0028 0.031 

NA NA 

NA NA 

0.0028 0.031 

NP 

NP 

NP 

NP 

NP 0.003 

NP 0.003 

NP NP 

NP 0.003 

0.2 I20 

None 

None 

None 
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TABLE 7-2 
FEDERAL AND STATE WATER QUALITY STANDARDS AND AWQCs FOR AREA A SEDIMENT 

NAWC WARMINSTER, PENNSYLVANIA 

COCs(4) 

Fluoranthene 

Fluorene 

Indeno(l,2,3-cd)pyrene 

2-Methylnaphthalene 

4-Methylphenol 

Naphthalene 

Pyrene 

Tetrachloroethene 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
03) 
(9) 
TDS 
NA 

Federal AWQC for State AWQC for Protection of 
Ingestion(‘) Aquatic Life(*) 

WhW 
Continuous@g’L) Maximum Water and Organisms 

Organisms Concentration Concentration 
300 300 40 200 

1,300 14,000 NP NP 

.00028 .0031 NP NP 

NA NA NP NP 

NA NA NP NP 

NA NA 43 135 

960 11,000 NP NP 

0.8 8.85 139 695 

State AWQC for State Health Standard 
Protection of Human for Groundwaterc5)(pg/L) 

Health”(pg/L) I 2500 TDS I > 2500 TDS 

300 None 

1,000 None 

0.003 None 

NP None 

NP None 

10 20 / 2,000 

1,000 None 

0.7 5/500 

EPA, 1993. Water Quality Criteria Summary-Draft. Office of Science and Technology, Health and Criteria Division (4304) Washington, DC. 
25 PA Code Chapter 16 
Based on assumed hardness of 100 ug/L, must be evaluated on a site-specific basis for receiving stream(s) of concern. 
COCs include risk-based COCs for soil and ecological COCs for Area A sediment. 
PADEP Land Recycling Program Technical Guidance Manual Supplement, November 1996. 
Value for total chromium. 
Value for Chromium VI. 
Dissolved criteria. 
25 PA Code, Chapter 93. 
Total Dissolved Solids. 
Not Available/Not Promulgated 

,’ 
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7.2.2.3 Action-Specific ARARs 

Action-specific ARARs and TBCs are technology- or activity-based regulatory requirements or guidances that 

would control or restrict remedial action. The following ARARs and TBCs might relate to remedial action at 

NAWC Warminster. 

RCRA Subtitle D establishes design and operating criteria for solid waste (nonhazardous) landfills. In 

general, RCRA Subtitle D establishes minimum design and operating criteria for all solid waste landfills that 

l Receive municipal solid waste as defined in 40 CFR Part 258 

l Codispose sewage sludge with municipal solid waste 

l Receive nonhazardous municipal solid waste combustion ash 

l Are not regulated under Subtitle C of RCRA 

The closure and post-closure care requirements under RCRA Subtitle D may be relevant and appropriate to 

the contaminated waste fill and soils at the site. These requirements are intended to minimize the infiltration 

of water into the landfill and maintain the integrity of the cover during the post-closure period by minimizing 

cover erosion. They include closure and post-closure plans (post-closure plans must include a description of 

monitoring and maintenance activities as well as a description of any uses of the property during the post- 

closure period) and minimum requirements for a final landfill cover. In states with EPA-approved programs, 

the director of the program may approve alternative cover designs. Post-closure care must be conducted for 

30 years except in states with EPA-approved programs where the director of the program has the authority to 

lengthen or shorten the post-closure period. 

RCRA Subtitle C regulates the treatment, storage, and disposal of hazardous waste from its generation 

until its ultimate disposal. In general, RCRA Subtitle C requirements for the treatment, storage, or 

disposal of hazardous waste will be applicable if the waste is a listed or characteristic waste under RCRA 

or if the waste was treated, stored, or disposed after the effective date of the RCRA requirements under 

consideration. The Area A sediments are not considered to be RCRA hazardous waste, based on the 

available analytical data for sediment samples. Thus, RCRA Subtitle C requirements are not applicable 

for this FS. Pennsvlvania Hazardous Waste Manaaement Regulations (PA Code, Title 25, Article VII) 

essentially parallel RCRA Subtitle C hazardous waste management regulations and are also not likely to 

be ARARs. 
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RCRA Criteria for Classification of Solid Waste Disposal Facilities and Practices (40 CFR Part 257) 

establish criteria for use in determining which solid waste disposal facilities and practices pose a 

reasonable probability of adverse effects on health and thereby constitute prohibited open dumps. 

Department of Transportation (DOT) Rules for Hazardous Materials Transport (49 CFR Parts 107 and 

171-179) regulate the transport of hazardous materials, including packaging, shipping equipment, and 

placarding. These rules are considered applicable to wastes shipped off site for laboratory analysis, 

treatment, or disposal. 

The Clean Water Act (CWA), as amended, governs point-source discharges through the National 

Pollutant Discharge Elimination System (NPDES), discharge or dredge or fill material, and oil and 

hazardous waste spills to United States waters. NPDES requirements (40 CFR Part 122) will be 

applicable if the direct discharge of pollutants into surface waters is part of the remedial action such as 

dewatering sediments. 

National Environmental Policy Act (NEPA) (42 USC 4321 / 40 CFR Part 6) requires federal agencies to 

evaluate the environmental impacts associated with major actions that they fund, support, permit, or 

implement. Specifically, NEPA requires federal agencies to consider five issues during the planning of major 

actions: the environmental impact of the proposed action; any adverse impacts that cannot be avoided with 

the proposed implementation; alternatives to the proposed action; the relationship between short-term and 

long-term effects; and any irreversible and irretrievable commitments of resources that would be involved in a 

proposed action. 

The Occupational Health and Safetv Act (29 USC, Sections 651 through 678) regulates worker health and 

safety during implementation of remedial actions. 

Pennsvlvania Solid Waste Disposal Regulations (PA Code 25, Chapter 75) regulate the disposal of solid 

wastes including municipal and industrial materials. The regulations set operating and permitting 

standards for disposal areas and characterize waste materials to achieve proper disposal. Any remedial 

actions resulting in the generation of waste material for on-base or off-base disposal are governed by 

these regulations. Pennsylvania Industrial Waste Manaqement Regulations (PA Code 25, Chapter 97) 

regulate the disposal of industrial waste materials. The regulations characterize wastes and set permitting 

and disposal standards. Remedial activities resulting in the generation of industrial waste, such as 

wastewater treatment plant sludges, are regulated under this statute. 
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Pennsvlvania Stormwater Mananement Act (Act No. 167) requires measures to control stormwater runoff 

during remedial alternatives or development of land and would be applicable if intrusive activities take 

place at the site. 

Pennsylvania Special Water Pollution Regulations (PA Code, Title 25, Chapter 101) establish a procedure 

for mandatory notification of downstream users in the case of an accident in which a toxic substance 

enters surface waters. These regulations also specify bonding requirements for solid waste facilities that 

would ensure closure of a permitted site in a manner that would abate or prevent water pollution. The 

regulations may be applicable for remedial actions that include on-site treatment of solid waste. 

Pennsvlvania Erosion Control Reaulations (PA Code, Title 25, Chapter 102) provides requirements for 

erosion and sedimentation control plans, permits, etc. These regulations may be potentially applicable if 

remedial actions involve disturbance of Area A sediments. 

Pennsylvania Hazardous Substances Transportation Requlations (PA Code, Title 13 and Title 15) govern 

the transport of flammable liquids and solids, oxidizing materials, poisons, and corrosive liquids. These 

regulations may be applicable to certain wastes that are shipped off site for laboratory analysis, treatment, 

or disposal. These regulations are generally equivalent to federal DOT regulations. 

7.3 PRELIMINARY REMEDIATION GOALS 

7.3.1 Sediment PRGs Protective of Ecological Receptors 

Area A sediments were found to pose estimated ecological risk levels. To mitigate these risks to potential 

ecological receptors, ecological-based PRGs were developed for Area A sediments, as presented in Table 

7-3. The chemicals considered for PRG evaluation consist of those chemicals identified as ecological 

cots. ‘. 

Ecological PRGs were primarily gathered from Preliminary Remediation Goals for Ecological Endpoints 

(Efroymson et al., 1996). Efroymson et al. gathered ecological PRGs from widely accepted sources of 

ecological benchmarks or derived them with methodologies commonly used to calculate sediment 

benchmarks. To obtain appropriate PRGs, Efroymson et al. obtained the lowest value for. each 

contaminant from the following sediment toxicity. 

l Sediment quality criteria proposed by EPA (EPA, 1996). 

o Sediment quality criteria based on chronic AWQC). 
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l Sediment quality criteria calculated using the lowest chronic value (LCV) for fish, daphnids, or other 

invertebrates in surface waters. 

l NOAA Effects Range-Median (ER-M) values (Long et al., 1995). 

l Probable Effects Levels (PELs) from the Florida Department of Environmental Protection (FDEP, 

1994). 

If values were not available from the sources listed above, Efroymson et al. used either the sediment 

benchmark calculated using the secondary chronic value for aquatic toxicity or the Ontario Ministry of the 

Environment Severe Effect Level (SEL) (OME, 1992) whichever was lower. Brief descriptions of these 

values are provided, as follows. 

EPA has published sediment quality criteria for five contaminants (EPA, 1996). Of the five contaminants 

for which SQC were calculated, two of them, acenaphthene and fluoranthene, were ecological COCs in 

Area A sediments. However, since lower values were available from the other sources, the SQC for these 

two organics were not presented as PRGs (Efroymson et al., 1996). 

Equilibrium Partitioning (EqP) was also used to generate PRGs for some non-ionic organic contaminants. 

The EqP method allows the use of water-quality benchmarks to calculate sediment quality benchmarks, 

which can be used as PRGs. The formula to calculate these values also incorporates the total organic 

carbon (TOC) in the sediments and the organic carbon partition coefficient (K& as follows: 

SQB=foc*&*WQB 

where: 

SQB = Sediment Quality Benchmark (for use as PRG) 

foe = mass fraction of organic carbon in the sediments 

Kc = organic carbon partition coefficient 

WQB = water quality benchmark 

For the calculation of PRGs, Efroymson used a foe value of I%, as recommended by EPA (EPA, 1996). 

WQB that were used to obtain PRGs using this method were, in order of preference, AWQC, LCVs for 

fish, daphnids, or other invertebrates, and SCVs. LCVs were not used if they were estimated from acute 

toxicity. 
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j TABL, ,h 
SOIL AND SEDIMENT PRGs PROTECTIVE OF ECOLOGICAL RECEPTORS 

AREA A SEDIMENT 
NAWC WARMINSTER, PENNSYLVANIA 

I I I UAXIMUM SURFACESOIL i I 
I cots 1 SEDIMENTSAMPLE 1 SEDIMENT PRG 

Iivsenc I 2-14.05 7 

ICobalt 
I 
I 

I . ..s 
3.4 - 75.2 AA I n.i 7 

Manganese 
Mercury 

115 - 11,400 t 289 I 

ORGANICS (pgl 

2-Butanone 3-45 9 20,700 24,500 270t4' I 
2-Methylnapthalene 320 129 153 

4/I'-DDD 

4$-DDE 

4,4'-DDT 

I Acenaphthylene 
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TABLE 7-3 
SOIL AND SEDIMENT PRGs PROTECTIVE OF ECOLOGICAL RECEPTORS 

AREA A SEDIMENT 
NAWC WARMINSTER, PENNSYLVANIA 

I I MAXIMUM 1 SURFACESOIL 
SEDIMENT SAMPLE BACKGROUND PRG PROTECTIVE SEDIMENT PRG 

I ( Bis 2-ethylhexyl)phthalate 

Butylbenzylphthalate 

I I , I 

Chrysene I 390 - 24,000 590 1 2820 2820 
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TABL, j-3 
SOIL AND SEDIMENT PRGs PROTECTIVE OF ECOLOGICAL RECEPTORS 

AREA A SEDIMENT 
NAWC WARMINSTER, PENNSYLVANIA 

i 
,p 

I I MAXIMUM SURFACESOIL I I 
SEDIMENT PRG 

I I I I I I I 

A shaded cell indicates that the COC analytical results exceed the PRG protective of sediment. 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
63) 
(9) 

(10) 

Cited in Efroymson et al. (1996); Probable Effects Level (PEL) from Florida Dept. Of Environmental Protection. 
No suitable PRG was available. 
Ontario Ministry of the Environmental (OME) Severe Effects Level (SEL) from OME, 1992. 
Chronic Value (SCV). 
Cited in Efroymson et al. (1996); Effects Range-Median (ER-M) value from NOAA. 
Cited in Efroymson et al. (1996); Calculated using Equilibrium Partitioning with Lowest Chronic Value (LCV) for fish. 
Cited in Efroymson et al. (1996); Calculated using Equilibrium Partitioning with Lowest Chronic Value (LCV) for daphnids. 
NOAA, 1994. NOAA Screening Guidelines for Organics and lnorganics, Quick Reference Cards, RAZMAT Report 94-8. 
MOE, 1993. Guidelines for the protection and Management of Aquatic Sediment Quality in Ontario, Ministry of Environment and Energy, 
Ontario, Canada (August). 
Region III BTAG Screening Levels (August 9, 1995) 
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Effects Range-Median (ER-M) values were also presented as PRGs by Efroymson et al. (1996). These 

are commonly referred to as the “NOAA” values (Long et al., 1995). Effects Range-Low (ER-L) and ER-M 

values were calculated by Long et al. (1995) by obtaining laboratory sediment toxicity data, modeling 

data, and effects data from field studies and ranking them in ascending order by toxic concentration for 

each contaminant. The lower 10th percentile and 50th percentile of the effects data for each contaminant 

were identified and designated as the ER-L and ER-M, respectively. ER-M values are defined as the 

concentrations above which “frequent” and below which “occasional” adverse effects are expected to be 

observed. The ER-L concentration is the level below which “infrequent” effects may be expected and are 

therefore potentially over protective for remedial goals. By setting the ER-M as a maximum value for 

remediation, the mean contaminant concentration following remediation will be within the range of 

“occasional” adverse effects, which is assumed to be acceptable. Therefore, ER-M values appear to be 

adequate for use as PRG values. 

Sediment quality assessment guidelines presented by the FDEP were used to obtain sediment PRGs 

(FDEP, 1994). Similar to Long et al., FDEP guidelines were derived using, toxicity information from a 

large, diverse database. FDEP utilized the expanded National Status and Trends Program (NSTP) 

database, which contains information from EqP modeling, laboratory-spiked sediment bioassays, and field 

investigations of sediment toxicity and benthic community composition. From this database, an effects 

data set (EDS) and no effects data set (NEDS) were developed and were each placed in ascending order 

of toxic contaminant concentration for each constituent. From these lists, a threshold effects level (TEL) 

and probable effects level (PEL) were calculated. The TEL is the square root of the 15th percentile of the 

effects data set multiplied by the 50th percentile of the no effects data set. The PEL is the square root of 

the 50th percentile of the effects data set multiplied by the 85th percentile in the no effects data set. 

Efroymson et al. used the PEL values as PRGs, presumably since the TEL is quite conservative and may 

be overprotective of benthic receptors. 

,- 

In addition, Efroymson et al. obtained PRGs from Ontario Ministry of the Environment sediment quality 

guidelines (OME, 1992). OME presents Lowest Effect Levels (LEL) and Severe Effect Levels (SELs). 

The LEL is calculated for a contaminant by first plotting contaminant concentration versus the 

corresponding abundance of a given species from several studies to obtain a species screening level 

concentration (Species SLC). From this plot, the 90th percentile of the concentration distribution is 

determined. Then, the 90th percentiles for several species are plotted. The 5th percentile and 95th 

percentile of these concentrations are determined and represent the LEL and SEL, respectively. Due to 

the heavily conservative nature of the LEL, SEL values were used as PRGs by Efroymson et al. (1996). 
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If Efroymson et al. did not propose a PRG level for a sediment COC identified in the Phase III RI report, 

the benchmark toxicity value used in the RI report was identified as a tentative PRG . These PRG levels 

contain more uncertainty than the PRGs suggested by Efroymson et al. since they were not identified as 

PRGs by Efroymson. 

It should be noted that none of the authors of individual benchmark sets discussed above has explicitly 

recommended the use of their benchmarks as PRGs. Efroymson et al. (PRGs) has suggested their use 

as remedial goals in lieu of widely accepted standard PRGs. Furthermore, Efroymson et al. preferentially 

used the lowest value among the sources used to obtain the PRGs. Hence, PRGs for some contaminants 

may be overly conservative and therefore overprotective of ecological receptors. None of the sediment 

PRG levels presented in Table 7-3 are site specific. Ideally, site-specific toxicity studies could be 

performed, and site-specific parameters should be used, to develop PRG levels that, due to their site- 

specific nature, would reduce the uncertainty in the PRG levels and reduce the probability that the PRG 

levels are overprotective. Overprotective PRG levels could result in unnecessary remediation of the 

sediment that could potentially result in more harm to aquatic ecological receptors than the contaminants 

present in the sediments. 

7.3.2 Surface Soil PRGs for the Protection of Sediments 

Surface soil PRGs are soil concentrations that are protective of the migration of residual surface soil 

contaminants to sediment. Surface soil PRGs were primarily developed through the use of a surface water 

runoff contaminant fate and transport model. The subset of chemicals considered for PRG evaluation 

consists of the ecological COCs identified for Area A sediments. The list of COCs was narrowed based 

on the following criteria: 

l Ecological COCs found only in Area A surface soil were retained. 

l Inorganic ecological COCs found below background concentrations were eliminated from the list of 

COCs. Organic ecological COCs, regardless of the concentration, were retained if detected in surface 

soil. 

The sediment contaminant concentrations were estimated at the receptor locations (base property boundary) 

based on the assumed concentrations in the surface soil at various source locations. The assumed source 

concentration was then iteratively changed until the model predicted concentration at the exposure point was 

just below the acceptable PRG concentration. The final assumed source concentration is the surface soil 

PRG for the protection of sediments. 
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Table 7-3 illustrates the surface soil PRGs protective of sediments for Area A. For a derivation of these 

PRGs, refer to Appendix J, Development of Surface Soil Preliminary Remediation Goals. Among the post- 

removal surface soil PRGs for Sites 2 and 3, several PAH and metal results exceed these PRGs. For Site 

2, the presence of a vegetated soil cover and drainage structure installed after the soil removal actions 

has greatly minimized the potential of any remaining Site 2 surface soil contaminants from migrating to the 

nearby stream via overland runoff. 

For Site 3, the presence of a vegetated slope between the site and the stream acts to inhibit the transport 

of soil contaminants to Area A sediment. 

Figure 7-l displays the sample locations and surface soil contaminant concentrations that exceed the soil 

PRGs protective of sediment. Conditions at Site 1 are not conducive to the migration of soil contaminants 

to Area A sediments (primarily due to the greater distance to the stream and surface topography). There 

were no exceedances of soil PRGs protective of sediment among the Site 1 and Site 3 surface soil 

samples. 

In addition, the maximum sediment concentrations contained in Area A stream samples for the ecological 

COCs were generally greater than the respective post-removal surface soil maximum concentrations. 

Exceptions for organic compounds were noted for 2-methylnapthalene, (320 ug/kg in sediment; 21,000 

ug/kg in surface soil) acenaphthylene (270 ug/kg in sediment; 440 ug/kg in surface soil) and Aroclor-1254 

(615 ug/kg in sediment; 3,700 ug/kg in surface soil) in Site 2 surface soils. For’inorganic compounds 

contained in Site 2 surface soils, cadmium (8.4 mg/kg in sediment; 20.3 mg/kg in surface soil), copper 

(136 mg/kg in sediment; 1,410 mg/kg in surface soil), lead (404 mg/kg in sediment; 994J mglkg in surface 

soil), and silver (2 mg/kg in sediment; 58.4 mg/kg in surface soil) maximum concentrations were greater 

than the highest sediment levels. Less than 10 percent of the Site 2 surface soil samples detected 

cadmium and lead levels greater than their sediment maximum concentrations. For copper and silver, the 

percentages were 18 and 33 percent, respectively. Thus, only a very small portion of Site 2 has the low 

potential to significantly affect future sediment quality. There were no exceptions for Site 3 surface soil 

and one exception for aluminum contained in Site 1 surface soil (15,650 mg/kg in sediment; 16,600 mg/kg 

in surface soil). 

For these reasons, there is no apparent need to excavate or other aggressively remediate contaminated 

Area A surface soils to adequately protect stream sediment. and associated ecological receptors. 
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7.4 IDENTIFICATION AND SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS 

Identification, screening, and evaluation of potentially applicable technologies and process options are steps 

in the FS process. The primary objective of this phase of the FS is to develop an appropriate range of 

remedial technologies and process options that will be formulated into preliminary remedial alternatives. 

._Scrmening typically involv.es~e foNwing steps: ___._.. 

l Establish remedial action objectives (Section 7.2) 

l Identify general response actions 

l Identify and screen remedial technologies and process options 

. Evaluate and select representative process options 

As part of the abbreviated FS process, the more applicable technologies were screened and a 

representative process option was selected in order to streamline the development of alternatives for 

detailed evaluation. By using this approach, the general response actions by themselves were used to 

develop viable remedial alternatives. 

7.4.1 General Response Actions 

General response actions (GRAS) describe categories of actions that could be implemented to satisfy or 

address a component of a PRG for the site. Typically, the formation of remedial action alternatives 

represents the coupling of general response actions to fully address remedial action objectives. When 

implemented, the coupled GRAS are capable of achieving the PRGs, that have been generated for each 

contaminated medium at the site. 

The following GRAS were considered for Area A sediment: and soils 

l No action 

l Environmental monitoring 

0 Containment 

l Removal, treatment, and disposal 
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For Area A soils, the no action and institutional control GRAS were evaluated to meet applicable remedial 

action objectives. 

7.4.1 .I No Action 

The no-action response is retained throughout the FS process and provides a comparative baseline against 

which other alternatives can be evaluated. Under this response, no remedial action would be taken. In the 

no-action alternative, the contaminated media are considered to be left “as is,” without the implementation of 

any institutional controls, containment, removal, treatment, or other mitigating actions. 

7.4.1.2 Environmental Monitoring 

Environmental monitoring would be conducted to ensure that hazardous substances are not migrating and to 

help assess potential,effects on ecological receptors. The volume, mobility, and toxicity of the contaminants 

are not be reduced. 

7.4.1.3 Institutional Controls 

Institutional controls such as deed restrictions may be utilized to control construction and/or excavation 

activities that may disturb Area A soils in a manner which results in migration of Area A soil contaminants 

exceeding PRGs to the nearby stream. In addition, while residential use is not reasonably anticipated, 

institutional controls such as deed restrictions and zoning should be implemented to prevent residential 

land use. 

7.4.1.4 Containment 

Another method of reducing risk to the public and the environment is through containment, which involves the 

application of physical measures to reduce the potential for exposure to contaminants and/or contaminant 

migration. To reduce the migration of contaminants, the contaminated media must be isolated from the 

primary transport mechanisms, such as wind, erosion, surface water, and groundwater. Contaminated 

media may be isolated by installing surface and subsurface barriers that either block or divert transport media 

(e.g., groundwater, wind) or exposure pathway from the contaminants. 
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7.4.1.5 Removal, Treatment, and Disposal 

Technologies under the removal response action category are used to move contaminated media from their 

present location in order to be treated and/or disposed elsewhere. Removal process options are combined 

with treatment and/or disposal process options to develop alternatives. 

The treatment response action includes treatment .process options. (both in situ and .ex situ) and. physical, 

chemical, biological and/or thermal measures designed to reduce the toxicity, mobility, and/or volume of the 

contaminants present. The treatment process options are used with removal and disposal process options to 

develop alternatives. 

Disposal technologies include placement of removed or treated materials in an on-base or off-base disposal 

facility. The toxicity, mobility, or volume of the contaminants is not reduced through the singular application of 

disposal. This response action will reduce or eliminate exposure pathways related to direct contact with 

contaminated sediment. 

7.4.2 Screening of Technolonies and Process Options 

The evaluation criteria for detailed screening are effectiveness, implementability, and cost. The following are 

descriptions of the evaluation criteria: 

l Effectiveness 

- Protection of human health and environment; reduction in toxicity, mobility, and volume; and 

permanence of solution. 

- Ability of the technology to address the estimated areas or volumes of contaminated medium. 

- Ability of the technology to meet the remediation goals identified in the remedial action objectives. 

- Technical reliability (innovative versus well-proven) with respect to contaminants and site conditions. 

l Implementability 

- Overall technical feasibility at the site. 

7 Availability of vendors, mobile units, storage and disposal services, etc. 

- Administrative feasibility. 

- Special long-term maintenance and operation requirements. 

l Cost (Qualitative) 

- Capital cost. 
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- Operation and maintenance (O&M) costs. 

Screening evaluations at this stage generally focus on effectiveness and implementability, with less emphasis 

on cost evaluations. Technologies whose use would be precluded by waste characteristics and 

inapplicability under the given site conditions are screened and eliminated from further consideration. At this 

stage, no technologies will be eliminated based’ on cost. Each technology presented in this section is not 

necessarily intended- to be implemented alone,- as -it may be combined with other technologies into remedial 

action alternatives. 

7.4.2.1 No Action 

The no-action alternative consists of maintaining the status quo at the site. No action is retained as a 

baseline for comparison purposes. 

Effectiveness: No action would not be effective in meeting the preliminary remediation goals for the site or 

the remedial action objectives for contaminated soils.. Potential exposure to contaminated sediments and 

soils could pose an unacceptable level of health hazard to current and future receptors. 

Implementability: There are no implementability concerns. 

Cost: There are no costs associated with the no-action alternative. 

Conclusion: The no-action alternative is retained as required by the NCP to provide a baseline comparison. 

7.4.2.2 Environmental Monitoring 

Monitoring may consist of collection of environmental samples such as surface water, leachate, sediment, 

and biological, followed by analysis for target contaminants. 

Effectiveness: Sampling and analysis of environmental media by themselves are ineffective in minimizing 

the migration of contaminants in the environment, but they can assess the migration of contaminants. In 

particular, they can be used to determine if actual migration of contaminants is occurring or if natural 

attenuation is occurring. Sampling and analysis of environmental samples would also be required to assess 

the progress and ensure completion of any future response actions at Area A. 
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Implementability: Monitoring is readily implementable. There are no significant technical or administrative 

difficulties. 

Cost: Costs associated with sampling and analysis are low. 

Conclusion: Retain environmental monitoring as a viable remedial alternative for Area A sediment. 

---------Compared-to Alternative I-, monitoring provides added protectiveness over either a short- or long-term period- 

for little additional cost. 

7.4.2.3 Institutional Controls 

Institutional controls can be used to limit land use and activities which expose contaminated soils to migration 

pathways. Prohibitions on excavation and other construction work without adequate safeguards (e.g., 

erosion and sedimentation control plans) would greatly reduce contaminant migration from surface soils into 

Area A sediment. 

Effectiveness: Institutional measures such as fencing, security, and future land use restrictions would 

reduce the opportunity for exposing contaminated soils to surface runoff. Control of any access restrictions 

(e.g., fencing and gates) would need to be enforced by the new property owner and may not be very effective 

in the long term. These measures would also be effective in preventing the erosion and migration of 

contaminants from Site 2 and 3 surface soils to the nearby stream, thus protecting ecological receptors from 

any adverse effects that may result from additional contaminant loading. 

Implementability: Institutional controls would be imposed by deed restrictions, covenants, or zoning 

restrictions to eliminate or limit human exposure of contaminated Area A soils. Land use restrictions would 

prohibit residential use over surface and subsurface soils. The metes and bounds of Area A would be 

surveyed and recorded in the appropriate property deed(s). The deed will become the legal document 

included during all subsequent property transfer actions. Records on the presence, nature, and extent of 

contamination would be maintained to ensure that adequate measures are implemented in the future to 

minimize exposure to contaminants. Every 5 years, a review will be conducted by the Navy and EPA to 

evaluate the status of Area A and determine whether further action is warranted. 

Cost: Costs associated with institutional controls are minor, primarily consisting of administrative costs to 

process property transfer documents and to perform 5-year reviews. 
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Conclusion: Retain the use of institutional controls to enforce access and land use restrictions with regard 

to contaminated Area A soils and to protect Area A sediment and associated ecological receptors from any 

site disturbances. 

7.4.2.4 Containment 

The technologies being considered under containment are surface water controls. Surface water controls 

consist of the use of stream diversion or other erosion control measures. Stream diversion involves the 

construction of channels, dikes, or berms to provide a preferential pathway for surface water, collected from 

rainfall, to run off. Such preferential pathways minimize contact with the surface soils and consequently 

reduce the migration of contaminants from the surface soils into the environment. Other erosion control 

measures consist of vegetative cover and/or rip-rap (i.e., rocks, stones, etc.) placed over the contaminated 

area and a topsoil cover to minimize the entrainment of contaminated material or clean soil (cap material) in 

surface water runoff. Vegetation is usually seeded in a topsoil covering the wastes, whereas rip-rap material 

is used on the surface of the soil. 

Sediment traps also fall within the category of surface water controls. The purpose of such measures is to 

prevent suspended solids in surface runoff from discharging to nearby waterways. In typical sediment trap 

designs, surface runoff is diverted to a retention pond that facilitates the settling of suspended solids. Water 

is then slowly discharged to a natural waterway. Sediment traps require periodic maintenance consisting of 

the removal of settled suspended solids. 

Effectiveness: Given a large volume of rainfall or overland runoff, surface water controls might be effective 

in the collection of rainfall and diversion of surface water flow. Such measures would mitigate erosion and 

the migration of contaminants from surface soil to the environment. The main concern with the effectiveness 

of erosion controls is to ensure that the integrity of such controls is maintained by preventing natural and 

human interference. Because the’ ownership of the base would change under the BRAC Program, 

responsibility for this maintenance would need to be assigned to the new owner. 

Erosion control measures have already been implemented at Site 2 to minimize the overland runoff of water 

and suspended materials (such as soils) to the nearby tributary to Little Neshaminy Creek. These controls 

consist of a concrete hem-r and rip-rap to protect extraction well locations, increase the infiltration of rainfall 

and overland runoff into the ground, and divert any remaining runoff to a specific location. Combined with the 

1998 Site 2 removal actions to excavate and dispose of contaminated surface and subsurface soils at three 

separate locations, the need for additional surface water control measures at Site 2 is not warranted. The 

largest removal action at Site 2 was immediately adjacent to the base property line and upgradient of the 

nearby tributary that flows near this boundary. 
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For Site 3, the 1998 removal action addressed the excavation and disposal of contaminated surface soils 

adjacent to Jacksonville Road and extended to about 30 feet from the nearby tributary. 

Implementability: The construction of simple surface water controls can be implemented. Such controls 

require the selectidn of an appropriate discharge location into a storm sewer or surface water body so that 

----hydraulic capacities are not exceeded:- Erosion control measures have-already been -implemented at~Site-2 

to minimize the overland runoff of water and suspended materials (such as soils) to the nearby tributary to 

Little Neshaminy Creek. 

The construction of sediment traps and stream diversion measures is .more complex for the Area A stream, 

given the small size of the waterway, relatively steep embankments along both sides of the stream, and 

difficulty in accessing the stream due to mature vegetation and the slopes themselves. The portion of the 

stream within the base property is channeled with a very high (10 to 12 feet) and steeply sloped (4:l to 51) 

southern bank. The stream channel averages about 4 feet in width and 05foot in depth. The long-term 

periodic maintenance of sediment traps or stream diversion channels also limits the effective implementation 

of these techniques. 

Cost: Construction of surface water channels and erosion controls are low to moderate, depending on the 

complexity of the controls selected. 

Conclusion: Eliminate the use of surface water controls as a potential means of reducing the migration of 

contaminated material into the environment. The more complex surface water controls (specifically sediment 

traps and stream diversion measures) will not be evaluated due to implementability concerns. 

7.4.2.5 Removal, Treatment, and Disposal 

Dredging is one type of removal alternative that is applicable to removing sediments from the unnamed 

tributary adjacent to Area A. Clamshells, draglines, or similar equipment can perform dredging. The type of 

equipment that is selected must take into consideration several factors, such as type .of material, load- 

supporting ability of the soil, rate of required excavation, depth of excavation, etc. Usually power shovels, 

draglines, clamshells, or backhoes are used for deep excavation and/or when required excavation rates are 

high. These types of equipment are typically mounted on mobile units,and operated hydraulically. 

The logistics of dredging must take into account the available space for operating the equipment and 

loading/unloading to transport the removed material. Additionally, other location factors such as the presence 
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of electric, sewage, and other utility lines must also be considered. After contaminated sediment is removed, 

the excavated location is filled and graded with clean fill material or treated soils. 

CERCLA includes a statutory preference for treatment of site contaminants that pose a principal threat. This 

would be coupled with dredging. For purposes of this FS, chemical fixation was selected as the 

representative treatment process. Other processes, such as thermal desorption, incineration, and 

-- vitrification, were also briefly-considered, but were dismissed as part of the streamlined FS process for.this 

report. 

Off-base disposal entails transport of excavated sediment to an off-base disposal facility. A permitted 

treatment, storage, and disposal (TSD) facility would be required for any hazardous waste, as defined by 

RCRA. In addition, land disposal restrictions currently require that most wastes be treated to render them 

nonhazardous prior to disposal. A permitted, solid waste disposal facility would be used for all nonhazardous 

waste, as defined by RCRA. 

On-base disposal was ruled out due to property transfer issues. The availability of adequate clean land area 

at the base is an important consideration for the implementation of a disposal cell because of the impact on 

future land use. Potentially, deed restrictions would be required on any site where wastes are allowed to 

remain with or without treatment. On-base disposal could be difficult to implement due to future land use 

considerations. 

Effectiveness: Dredging would be effective in removing existing or historical contaminated sediment from 

the stream because it is applicable to the complete range of contaminant groups with no particular target 

group. The volume of contaminated sediment does not prohibit the use of such measures. Confirmatory 

sampling is required to indicate the completion of the removal action. Samples must be taken from the 

exposed faces of the dredged area and analyzed for the contamihants of concern to ensure that the residual 

material is not contaminated at unacceptable levels. 

In general, ttie Area A streambed is rocky and gravelly, while the few deeper (1 to 2-foot depths) and slower 

moving ponds within that portion of the stream near Sites 2 and 3 contain a layer of finer sediment. Grain 

size analysis for Area A sediment samples indicated that sediments adjacent to Sites 2 and 3 were 

predominantly sandy and sediments slightly downstream of Area A were sandy to silty. These types of 

substrates tend to have fewer binding sites for contaminants than finer silty to clayey sediments. Due to 

these reasons,. the amount of contaminated sediment that could effectively be dredged appears to be quite 

limited. Dredging may also facilitate the release of any existing contaminated sediment into more 

downstream portions of the Area A stream. In addition, dredging by itself will not be effective in eliminating 

UDOCUMENTS/NAVYl7603/14093/SEC7 7-29 



,dmb., the opportunity for future sediments to become contaminated, since the transport processes (e.g., runoff from 

roadways and parking lots; potential groundwater discharges to the stream; overland runoff of rainfalland 

suspended material; and stormwater outfalls) related to potential stream contamination will not be addressed. 

As discussed in Section 7.4.2.4, the removal actions (including the installation of erosion control measures at 

Site 2) at Sites 2 and 3 have already addressed a majority of the contaminated surface soils that could erode 

-and subsequently transport residual contaminants to the nearby-stream.- Assuch;the potentialfor significant 

additional contaminant sediment loading due to surface soil migration in the future is low. 

Chemical fixation is a viable option for contaminated sediments located at NAWC Warminster and should be 

effective in solidifying the sediment matrix and immobilizing inorganic and organic contaminants found in 

Area A sediment. Fixation would only be required for sediment determined to be hazardous, as needed to 

comply with land disposal restrictions. Implementation should not cause any adverse effects on human 

health and the environment. Nonhazardous sediment would be disposed in a Subtitle D landfill. 

The disadvantages to this process are as follows: Solidification ,will minimize migration of these 

contaminants; however, long-term stability and leachability are potential concerns because the contaminants 

are not destroyed but remain within the solidified mass. 

Off-base disposal at a landfill is effective because all contaminated sediment would be taken away and no 

residual risks would remain. Landfills are effective at isolating wastes from the environment. The waste- 

specific requirements vary from state to state and by individual landfills. The selection is based on waste- 

specific effectiveness,. permitting, and cost considerations. 

Implementability: Dredging is implementable. Equipment is readily available and the technology is 

proven and established in the construction/remediation industry. However, CERCLA includes a statutory 

preference for treatment of site contaminants that pose a principal threat, and excavation and off-site 

disposal are now less acceptable than in the past. During excavation, OSHA requirements must be met to 

ensure that the exposure of the workers to potential COCs is minimized. Dredging may require the use of 

temporary containment measures to minimize release of contaminated sediments into other portions of 

the Area A stream. 

,mz%,, 

Similar to the implementability of more complex surface water controls, dredging will be relatively 

complicated due to accessibility concerns (e.g., narrow stream channel, steep embankments, and 

presence of mature vegetation, including trees). While the technologies available for dredging are 

implementable, they have one or more significant disadvantages with regard to Area A sediment. The 
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more common technologies include in-stream mechanical dredging and low-turbidity hydraulic dredging. 

The small size of the stream, the limited amount of significant sediment deposits, and the potential need to 

dewater dredged materials and revegetate any damaged wetlands, further limits the ability to adequately 

perform this type of work. 

Chemical fixation is implementable. Sediments would need to be dewatered prior to treatment. Monitoring 

for physicalintegrity of the treated-material and the-effectiveness of the’process is typically required. The- - --- 

equipment and resources necessary to solidify the soil and waste/fill material on site are readily available, 

with several vendors capable of performing this work. The equipment necessary for this process is similar to 

that used for cement mixing and handling. It includes a feed system, mixing vessel, and a curing area, a bulk 

storage area for the solidification agents, and trucks to transport cured material to a land disposal area. 

Fixation is performed at TSD facilities prior to land disposal. Several TSD facilities are available and can 

potentially accept the contaminated sediment from the Area A stream. The most cost-effective type of 

required treatment would ultimately be determined by the TSD facility. To clearly evaluate the effectiveness 

of the remedial technology, a treatability study would be required. 

Off-base landfilling of soil wastes is implementable. Permitting requirements vary based on the particular 

state and landfill. In general, the more protective a landfill is, the easier it is to obtain waste approval. The 

chemical properties of the wastes are also a factor. Another common requirement for landfilling is the 

absence of free water in the waste. Dewatering sediments would be required before disposal. 

Cost: Dredging costs are directly proportional to the extent of excavation required but are typically low to 

moderate. Dredging costs also depend upon the accessibility of the sediments. Capital and O&M costs are 

moderate for chemical fixation. It is anticipated that only materials classified as RCRA-hazardous waste 

would require treatment. An environmental monitoring program would also be required to verify the 

completeness of the dredging work, to assess the long-term effectiveness of the removal, and to determine 

the impact, if any, of future operations at the base on the unnamed tributary to Little Neshaminy Creek. 

The cost of off-base landfilling is highly variable, ranging from low to high for nonhazardous and hazardous 

waste landfills, respectively. 

Conclusion: Eliminate dredging, treatment, and disposal of contaminated sediment due to the limited 

effectiveness of dredging itself and implementability concerns regarding accessibility and unfavorable stream 

conditions. 
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7.4.3 Summary of Screeninzl and Selection of Process Options 

As a result of the screening process, the following technologies have been retained and are summarized as 

follows. 

General Response Action Remedial Technolony 

__~ ._... .- ..i’.. s 

No Actron 
I\;Sone 

Monitoring Environmental 

Monitoring 

Institutional Controls Use Restrictions 

Process Options 

Stream and Sediment Sampling 

and Analysis 

Deed Restrictions and 

Covenants; Local Ordinances 

7.5 ANALYSIS OF ALTERNATIVES 

The technologies and representative process options that passed the screening step were evaluated with 

regard to the reasonably anticipated land use exposure scenarios, and accommodation of PRGs and 
/,o-vy ARARs. Although the ownership of the base has been transferred from the Navy to the Federal Lands 

Reuse Authority (FLRA), it is anticipated that Area A will remain an industrial area in the future, based on the 

future land use plan for the base. Remedial alternatives for Area A soils and sediment were developed for 

the industrial land use scenario. Two alternatives were evaluated: 

1. No Action 

2. Institutional Controls and Environmental Monitoring 

In general, remedial alternatives should be developed to achieve compliance with ARARs and PRGs. 

However, in certain cases, technical limitations and cost prevent development of alternatives that comply with 

all ARARs and PRGs. For example, waste areas that pose relatively low levels of risk over long time frames 

are considered appropriate for containment technologies (e.g., capping) when combined with institutional 

controls. 

In cases where background levels of an inorganic COC exceed the most stringent PRG for a given risk level 

and land-use scenario, the background concentration of the COC was used as the remedial standard. 
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7.5.1 Criteria for Detailed Analvsis 

The following nine criteria were used for the detailed analysis for each remedial alternative: 

1. 

2. 

3.... 

4. 

5. 

6. 

7. 

a. 

9. 

Overall protection of human health and the environment 

Compliance with ARARs and TBCs 

.Long-term effectiveness and permanence 

Reduction of toxicity, mobility, and volume through treatment 

Short-term effectiveness 

Implementability 

cost 

State and EPA acceptance 

Community acceptance 

The first seven criteria are specifically addressed in this FS. State and EPA acceptance will be evaluated 

after the State and EPA Region III have reviewed and commented on the draft FS report. Community 

acceptance will be addressed in the Record of Decision that will be finalized after the public comment period 

for the FS and Proposed Plan. State, EPA, and community acceptance must be considered during remedy 

selection. 

7.5.2 Alternative 1: No Action 

No action is required for this alternative. This alternative is required by the NCP and is used as a baseline 

comparison with other alternatives. 

Overall Protection of Human Health and the Environment 

Alternative 1 may not be protective of ecological receptors. The potential for inorganic, semivolatile organics 

and PCB contaminants in the sediment to pose potential risks to ecological receptors would continue to exist. 

However, none of the authors of individual benchmark sets presented in Table 7-3 has explicitly 

recommended the use of their benchmarks as PRGs. In the absence of regulatory criteria for ecological 

protection or site-specific toxicity tests, these benchmarks have been used as PRGs. 
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Compliance with ARARs and TBCs 

Alternative 1 will not comply with ecological TBC benchmarks for inorganic, semivolatile organic, and PCB 

contaminants; however, these TBCs have not been explicitly recommended for use as PRGs and may be 

overly conservative in regards to estimating the risks posed to the tributary’s flora and fauna. 

--.. -Lon. ;;Term .E~~ctiveness-and.-permane.n~e- ---... __ ._..... ._. I . ..-. ..-. _ __.. ._ _ .._. .._ _.. 

This alternative may not be effective in the long-term or permanently. The potential risk to ecological 

receptors would remain and Area A soil contaminants may migrate to the stream. Under this alternative, 

there are no construction or excavation controls for the Area A sites. Also, there would be no long-term 

monitoring programs to assess the potential migration of contaminants from the site. 

Reduction of Toxicitv, Mobilitv, and Volume through Treatment 

Alternative I does not include treatment to reduce toxicity, mobility, or volume of the contaminants in the 

sediment. There are no treatment processes employed, and therefore no substances are treated or 

destroyed. 

Short-Term Effectiveness 

Since remedial actions would not occur, Alternative 1 would not pose risks to the local community or on- 

base workers during implementation and there would be no environmental impacts from implementation. 

However, none of the ecological PRGs would be achieved. 

lmplementabilitv 

Implementability is not applicable because actions would not occur. 

There are no costs associated with the no-action alternative. 

7.5.3 Alternative 2: Institutional Controls and Environmental Monitoring 

This alternative consists of institutional controls and environmental monitoring. 
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The institutional controls would consist of deed restrictions which would control construction and/or 

excavation activities that may disturb Area A soils in a manner which results in migration of Area A soil . 

contaminants exceeding PRGs to the nearby stream. In addition, while residential use is not reasonably 

anticipated, institutional controls such as deed restrictions and zoning should be implemented to prevent 

residential land use. 

Environmental monitoring would consist of periodic sampling to characterize surface water and sediment and 

to evaluate the resulting data. The purpose of the sampling would be to assess the extent of any 

contaminant loading to the stream, to assess the ecological effects of such loading, and to determine whether 

actions are needed based on these assessments. 

Surface water, sediment, and biological samples (e.g., benthic macroinvertebrates) would be sampled on a 

periodic basis to assess the level of contaminants over time. Benthic organisms (e.g., periphyton, flatworms, 

insects, snails, midges) live on or at the bottom (i.e., not in the water column) of water bodies for most of their 

adult life cycle. Stream flow and other physical measurements (e.g., dissolved oxygen, turbidity, and pH) 

would also be recorded. The objectives of the monitoring program would be to establish baseline chemical 

and biological conditions of the Area A stream and to determine if stream conditions vary over time. The 

monitoring program would identify any impacts on the stream, help determine the cause of any impacts 

and the nature of any necessary actions help determine the cause of any actual or potential impacts to the 

stream and related ecological receptors. If necessary, modifications to the monitoring program would be 

made to further define or quantify the extent of these impacts and to identify possible causes of the 

contamination. 

Toxicity testing would be performed on Area A sediment, if needed. The scope of this testing would be to 

determine the bioavailability of sediment contaminants in the tributary by evaluating the chronic toxicity of 

sediments in controlled laboratory tests. The test would consist of exposing an ecological receptor to 

tributary sediments over a IO-day period and monitoring the survival and growth of the test organism over 

this period. The methods of this test are described in detail in EPA’s Methods for Measuring the Toxicity 

and Bioaccumulation of Sediment-associated Contaminants with Freshwater (EPA, 1994c). The results of 

this test would provide a better understanding of the risks posed by contaminants in the sediment to 

ecological receptors. 

For costing purposes, it is assumed that monitoring would be performed for 5 years. Surface water, 

sediment, and benthic macroinvertebrates would be sampled quarterly for the first year, semiannually for 

the second year, and annually for the next three years. A 5year review would take place at the end of the 
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initial monitoring program to evaluate the stream and determine whether further action is necessary. The 

review would be required because this alternative allows contaminants to remain at concentrations that 

exceed sediment PRGs. The review will support the scope of any additional environmental monitoring or 

termination of the monitoring program altogether. 

Alternative 2 also consists of implementing institutional controls to prevent construction or excavation 

activities that may mobilize Area A soil contaminants to the stream. Land use restrictions would preclude 

residential land use in Area A. Construction/excavation restrictions or controls .would be imposed by deed 

restrictions, covenants, or zoning restrictions. Records of the presence, nature, and extent of soil 

contamination would be maintained to ensure adequate measures are implemented in the future to minimize 

exposure. Every 5 years, a review would be conducted by the Navy and EPA to evaluate the sites and 

determine whether further action is warranted. Periodic reviews would also be required since this alternative 

allows contaminants to remain at unacceptable concentrations for residential property use. 

Overall Protection of Human Health and the Environment 

Compared to Alternative 1, Alternative 2 is protective of ecological receptors. In addition, given the 

limitations of all other technologies and process options for protecting ecological receptors from potential 

risks associated with sediment contamination, ‘including containment (e.g., surface water controls) and 

removal of the sediments of concern (e.g., dredging), no other remedial alternative offers a more effective 

and implementable solution to ensure the protection of aquatic and terrestrial ecosystems. The potential 

for inorganic, semivolatile organ@ and PCB contaminants in the sediment to pose risks to ecological 

receptors would continue to exist; however, these risks are uncertain. This alternative is protective of human 

health by limiting the potential for exposure to soil contaminants through land use restrictions. Inspections 

and reviews would ensure restrictions are effectively enforced. 

Compliance with ARARs and TBCs 

Alternative 2 does not propose active treatment of contaminated sediment within the tributary; therefore, it 

does not comply with ecological TBC criteria. However, none of the authors of individual benchmark sets 

presented in Table 7-3 has explicitly recommended the use of their benchmarks as PRGs, and the use of 

these values may be overprotective. Institutional controls would achieve the primary remedial action 

objective for Area A soil contaminants which is to migration to surface water. 
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Long-Term Effectiveness and Permanence 

Alternative 2 may not be effective in the long term because it is uncertain whether other on-base and off-base 

sources are contributing to contaminant loading of the sediment. Even if Alternative 2 is coupled with 

institutional controls for Area A soils, concentrations of COCs in sediment may increase over time due to 

contribution from other sources. However, contribution by these uncharacterized sources may not be 

significant and contamination may attenuate over time. Institutional controls would prevent or limit migration 

of soil contaminants by controlling intrusive activities such as excavation. The degree of effectiveness for the 

institutional controls would depend of the reliability and enforcement of these measures. 

Reduction of Toxicitv. Mobilitv, and Volume throuah Treatment 

Alternative 2 does not include treatment to reduce toxicity, mobility, or volume of the contaminated media at 

the site. There are no treatment processes employed, and therefore no materials are treated or destroyed. 

Short-Term Effectiveness 

Alternative 2 would have minimal short-term effectiveness concerns. Any exposure of workers to sediment 

during monitoring would be minimized by the use of personal protective equipment (PPE). There would be 

no immediate risks to the community or environmental impacts upon implementation of the monitoring 

program. Institutional controls would not pose short-term risks to human health, however, it is anticipated 

that the development of deed restrictions and other administrative controls may take up to 6 months to place 

into effect. 

Implementability concerns associated with Alternative 2 are expected to be minimal. Monitoring activities 

could be implemented immediately. Prior to property transfer, the Navy would be required to prepare a 

finding of suitability to transfer (FOST) for the property and then a deed. Appropriate deed restrictions/ 

covenants, including those necessary to control excavation activities or procedures for soil excavation work, 

would be addressed during the preparation of both the FOST and deed. The implementation of these 

restrictions is administratively possible through Navy legal actions. The Navy would retain the primary 

responsibility to conduct 5-year reviews for the property, assisted by EPA as required by law. 
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The estimated costs for this alternative are: 

. Estimated capital costs for institutional controls: $20,000 

q Estimated capital costs for environmental monitoring: $21,483 

l Estimated O&M costs for Year 1 of environmental monitoring: $100,474 

l Estimated O&M costs for Years 2 through 5 of environmental monitoring: $143,746 

l Estimated costs for 5-year review: $12,000 

o Estimated 30-year present worth: $275,360 

The present-worth cost estimate of this alternative is based on a 5-year operation period for the monitoring of 

surface water, sediment, and benthic macroinvertebrates. Sampling would be conducted quarterly for the 

first year, semiannually for the second year, and annually for the next 3 years. Toxicity testing is not included 

for the environmental monitoring program. The details of the cost estimations are provided in Appendix K. 

7.6 COMPARATIVE ANALYSIS OF ALTERNATIVES 
/SC=\ 

The remedial alternatives were compared using the same criteria used in the previous section. 

7.6.1 Overall Protection of Human Health and the Environment 

The main concern addressed in this section is the protection of ecological receptors from adverse effects 

from contact with Area A sediment. Alternative 1 is not protective of the environment. Actions are not 

conducted that limit migration of soil contaminants that exceed sediment PRGs for .the protection of 

aquatic and terrestrial receptors. 

Alternative 2 is protective by limiting the migration of soil contaminants to the nearby stream. This alternative 

provides long-term monitoring to evaluate stream conditions in the event that these conditions significantly 

change over time. If necessary, modifications to the monitoring program would be made to further define 

or quantify any actual or potential impacts to the stream and related ecological receptors. Therefore, 

Alternative 2 provides a greater measure of protectiveness for ecological receptors than Alternative 1. 

7.6.2 Compliance with ARARs AND TBCs 

The concerns addressed in this section are compliance with chemical-specific, location-specific, and action- 

specific ARARs and TBCs. Alternative 1 does not comply with chemical-specific ARARs and TBCs 
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regarding sediment for protection of ecological receptors. For Alternative 2, contaminants remain in sediment 

at concentrations that exceed TBCs. However, these’ TBCs may be overly conservative estimates of the 

risks posed to ecological receptors. Since no aggressive remedial action (e.g., excavation and disposal) 

would be taken under these alternatives for contaminated soils, there are no ARARs or TBCs. 

7.6.3 Long-Term Effectiveness 

The main concerns in this category are the reliability of controls over the residual ‘risks associated with 

untreated contaminants at the site and the permanence of the effectiveness of each alternative. 

Alternative 1 is not effective in the long term because,it does not involve controls and allows residual risk 

associated with sediment to remain uncontrolled. Both alternatives do not provide measures to mitigate the 

possible contamination of sediment from uncharacterized sources. 

Alternative 2 provides for the management of risks associated with Area A soils through institutional 

controls. The effectiveness of these controls depends on their reliability and continued enforcement. 

Deed restrictions are an effective option for prohibiting certain type of land uses since these restrictions 

are inherently part of the property transfer process, regardless of the status of property ownership. 

7.6.4 Reduction of Toxicitv, Mobilitv. or Volume through Treatment 

The major concerns addressed are reduction in toxicity, reduction in mobility, and reduction in volume of 

contaminants. 

Alternatives 1 and 2 do not reduce the toxicity and volume of ecological COCs in media of concern. 

However, technologies that reduce the toxicity and volume of metals, a major category of COCs found in 

Area A sediment, are not readily available. These alternatives also do not reduce the mobility or COCs in 

media of concern. 

7.6.5 Short-Term Effectiveness 

The main concern is potential effects to the workers, community, and ecological receptors during remedial 

action. This criterion is not relevant to Alternative 1, where no action is involved. 

Alternative 2 would be effective over the short-term period to monitor the overall quality of Area A sediments 

and the Area A stream in general. Periodic monitoring would ensure that sediments are not adversely 

impacted by either sources of hazardous substance contamination (e.g., Sites 2 and 3) or by urban runoff. 
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Along with institutional controls, these activities do not pose short-term risks to human health and the 

environment. The stream monitoring results could be used to evaluate another type of remedial alternative 

for the unnamed tributary, if warranted.. 

7.6.6 lmplementabilitv 

The major concerns in this category consist of the ease of implementation, including availability of equipment 

and services, the technical complexity of the processes, and the ease of obtaining permits. This criterion is 

not applicable to Alternative 1. Alternative 2 is readily implementable. 

7.6.7 costs 

The capital, operation and maintenance (O&M), and present-worth costs are presented as follows. 

O&M Cost O&M Cost 30-Year Present 
Alternative Capital Cost Year 1 YearsZ-5 Worth Cost 

($1 (Wear) (Wear) (millions of $) 

1 N/A N/A N/A N/A 

/,mz& 2 41,483 100,474 143,746 275,360’ 

Note: 

l Includes estimated costs ($12,000) for one 5-year review. 
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