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EXECUTIVE SUMMARY 

INTRODUCTION AND PURPOSE 

In response to Contract Task Order No. 159 under Contract N62472-90-D-1298, Tetra Tech NUS, Inc. 

(TtNUS) is submitting this remedial investigation (RI) report for Site 5 media other than groundwater 

(Operable Unit IO or OU-10) at the Naval Air Warfare Center (NAWC) (formerly the Naval Air Development 

Center), Warminster, Pennsylvania. OU-10 addresses soils associated with Site 5 along with surface water 

and sediment associated with Area B. Groundwater near Area B is being addressed under OU-*iB. 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 B, includes Site 5 as well as Sites 6 and 7, and lies in the southeastern corner of the 

base. Site 5, however, is the focus of this RI report. The objectives of the RI were to describe the nature 

and extent of contamination at OU-10 and to provide a baseline risk assessment based on this information. 

The results of the risk assessment were used to determine whether response actions were warranted for 

Site 5 and the Area B stream. 

Environmental investigations at Site 5 were conducted in several long-term remedial phases. Three 

separate investigations, Phases I, II, and III, were performed between October 1989 and December 1999. 

This report addresses Site 5 soils and the Area B stream. To the extent practicable, the results of all RI 

phases have been incorporated into this report; however, the report primarily focuses on the Phase Ill 

investigation. 

FACILITY HISTORY AND DESCRIPTION 

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

Pennsylvania. The total area of the facility is approximately 784 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 most 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. Site 5, however, 

continues to be retained by the Navy as an enlisted housing area for personnel stationed at the nearby 

Naval Air Station (NAS) WIIIOW Grove, Pennsylvania. 

BACKGROUND INFORMATION 

Site 5 lies in the southeastern corner of the base bordering a residential neighborhood. The site is 

located south of the inactive main runway and adjacent to a baseball field. Site 5 was initially reported to 

been used for waste disposal purposes in the Navy Shore Facility Fact Form (1980). It reportedly 

consisted of six to eight trenches which were used for the disposal of demolition wastes, paint, solvents, 

scrap metal, aircraft paints, cans, and asphalt. With the exception of a reported 30 drums of asphalt, the 

quantity of materials disposed was reported as unknown. The asphalt may have been related to 

expansion or repairs to the main runway at the base. These disposal trenches were reportedly within 100 

feet of the enlisted men’s housing units located south of the runway, within 700 feet of the Inertial 

Navigation facility and 400 feet from the NAWC property boundary. The trenches were reportedly 

operated from 1955 to 1970, were approximately 12 feet by 70 feet by 8 feet in dimension and were 

covered with 2 feet of fill, graded and seeded. The majority of the site probably lies under Building 401, 

which houses three separate and attached residences. 

An interpretation of historical aerial photographs taken between 1938 and 1990 identified at least two 

trenches that may be part of the disposal site reported as Site 5. Trench TR3 was identified in an aerial 

photo dated September 1958 and measured approximately 225 feet in length, while trench TR5 

measured 150 feet in length in a photograph dated March 1965. Both former trenches were located 

within the current enlisted men’s housing area at the base within Area B. It was reported that during the 

construction of Building 401 in the fall of 1970 or 1971, buried waste was encountered in the northwestern 

corner of this building. Construction ceased until the spring of the following year, when the waste was 

excavated and presumably disposed off base. It was hypothesized that the waste removed from the site 

was the reported 30 drums of asphalt as noted by the Navy’s 1980 Fact Form. While between six and 
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eight trenches were reportedly used for disposal in this area, only four general trench locatiions (i.e., 

trenches TR3, TR5, TR5B, and TR5C) in the housing area were initially identified. 

In addition to trenches TR3 and TR5, a more detailed review of additional aerial photographs between 

1965 and 1967 indicated several locations of apparent disturbed ground with areal dimensions similar to 

those of TR3 and TR5 immediately north of these trenches. The possible trenches were labeled as 

trenches TR5B and TRSC. 

SITE CHARACTERISTICS 

Soil thicknesses at Site 5 were between 4 and 14 feet. The soils at the site primarily consist of silt loam with 

slow to moderate permeability. Based on soil borings, the thickness of the waste materials at Site !5 ranged 

from 2 to 10 feet below the ground surface, and the thickness of clean fill varied between 3.5 and 8 feet. 

,f=---~ 

Surface topography across Area B slopes away from the main runway to the north, precluding surface water 

flow onto Area B in general from surrounding properties. The slope across Site 5 is about 3 percent. 

Stormwater collecting in the vicinity of Area B is piped underground (via Outfall No. 10) from the south- 

central NAWC Warminster property boundary to a point approximately 500 feet to the south, where it flows 

through a residential area in a concrete channel. The channel flows through the residential subdivision for 

about 1,000 feet and then travels through a road culvert before flowing into a streambed. This stream flows 

through a shaded 250ifoot reach before entering a small and shallow off-base pond, which overtlows into a 

second small pond, which in turn flows into Southampton Creek. The base flow rate was 98 gallons per 

minute, as measured in an area where the creek is contained within a cement culvert. There is very little 

flow and virtually no biotic component within the approximately l,OOO-foot length of the concrete-lined ditch. 

A second drainage channel exists near Building 108, located west of Site 5. This channel collects water 

from the vicinity of the building and discharges through Outfall No. 11, and then flows through the same 

residential neighborhood described above. A stormwater drain running parallel to the base property 

boundary east of Building 108 also collects surface water runoff and stormwater from Area B and other 

areas to the northeast and discharges at outfall No. 11. 

Several wetlands occur downstream along Southampton Creek south of the site. These wetlands are 

primarily palustrine, forested, broad-leaved deciduous, and temporary. There are no endangered or 

threatened species within the vicinity of the. base, including Area B. 

RI FIELD ACTIVITIES 

F=-- RI work at Site 5 and for the Area B stream focused on characterizing known and potential sources of 

contamination within Site 5. The results of previous investigations and analysis of historical aerial 
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photographs identified these sources. Field work included soil gas sampling, air monitoring, surface soil 

sampling and analysis, subsurface soil sampling and analysis, and a wetlands assessment. The subsurface 

studies consisted of drilling soil borings 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 Area B on the nearby stream. 

,--- 

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 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, 

Soil borings were used to characterize actual subsurface conditions at known or potential disposal sites. 

The locations-of the 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 fieldwork findings. Subsurface 

soil/waste samples were obtained from the borings to characterize the encountered materials. 

Surface soil and waste sampling and analysis were 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 soil results. Three rounds of 

surface water and sediment sampling and analysis were conducted to determine the nature and extent of 

contamination in 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 

Site 5 has apparently been reworked and filled with waste and natural clean soils used as backfill. Wastes 

were found north, east, and south of Building 401 and west of Building 403. The material that was 

encountered included ash, wood, glass, cardboard, paper, tree limbs, roots, brick fragments, wire, charcoal, 

and scrap metal pieces in a matrix of fill material. HNu readings were recorded above background in three 

soil borings; however, the VOC vapors may be attributable to water-saturated soil at these locations. The 

thickness of waste and clean fill ranged from 2 to IO feet below ground surface (bgs) and 3.5 to 8 feet bgs, 

respectively. A portion of trench TR3 probably lies under Building 401; this portion could not be investigated 

during the RI. 
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Low concentrations of VOCs were detected during the soil gas surveys at Site 5. Detected chemicals 

included BTEX compounds, PCE, and TCE. Only one soil gas sample location showed the presence of 

PCE or TCE. No clear pattern of subsurface contamination was noted, based on the soil gas results. 

A low concentration of toluene was reported in an air monitoring sample from Building 401. The source of 

the toluene was unknown but may be related to household materials rather than waste materials 

disposed at Site 5. 

Surface Soil 

Among the Site 5 surface soil results, the highest organic compound detections were found within trench 

TR5. Low levels of TCE (ranging from 5J to 33 ug/kg) were found in about 15 percent of the surface soil 

samples. Benzene, toluene, and xylene were also detected at very low levels in at least one sample. 

P-- 

A variety ,of semivolatile organic compounds [including polycyclic aromatic hydrocarbon (PAHs) and 

phthalates], pesticides, and polychlorinated biphenyls (PCBs) were detected in some surface soil samples. 

Most contaminant levels were at low levels and did not exceed risk-based soil screening concentrations 

(RBCs) for residential land use. Only copper (in one sample), lead (two samples), vanadium (two samples), 

benzo(a)pyrene (two samples), and the PCB Aroclor-1254 (three samples) were contained in samples at 

levels greater than RBCs. The highest surface soil concentrations for lead, vanadium, and Aroclor-1254 

were contained in samples collected beneath asphalt roadways. An elevated level (24,000 ug/kg) of 

Aroclor-1254 was reported for one sample collected west of Building 403 and beneath Skyhawk Drive. 

Given the magnitude of this concentration, it is suspected that PCBs may have been used as a dust 

suppressant during road construction. The semivolatile organic compounds and pesticide concentrations 

may be related to the urban environment (e.g., runoff from asphalt roads and roofs; application of pesticides 

and fertilizers for lawns and gardens) near Site 5. 

Several metals were also found in surface soil samples at levels above background soil concentrations. 

The presence of these compounds may be related to disposal operations; however, no consistent pattern of 

inorganic soil contamination was identified. The highest metal concentrations were from the middle and 

eastern ends of trench TR5. 
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Subsurface Soil 

VOCs, PAHs, and pesticides were detected in some subsurface soil samples. Most organic compounds 

detected in Site 5 subsurface soil samples were found at low concentrations, with the exception of the PCB 

Aroclor-1254, which was detected in two samples at concentrations of 340 and 395 ug/kg, and several 

PAHs, which were contained in one sample. These were the only organic compounds for which the soil 

screening criteria were exceeded. These samples were collected from locations near the estimated 

boundary of trench TR5. 

Several metals were present at concentrations above background soil levels in the northern portions of 

trenches TR3 and TR5, as well as outside the approximate boundaries of these trenches. The presence of 

these compounds may be related to disposal operations at the site. Arsenic, copper, lead, and vanadium 

concentrations all exceeded their respective RBCs at one or more subsurface sample locations. The metal 

concentrations that were greater than screening levels were either collected from samples near the western 

ends of trenches TR3 and TR5 or outside the estimated boundary of trench TR3 near Patrol Road and the 

eastern edge of Area B Site 7. 

Surface Water and Sediment 

Chloroform, carbon disulfide, and trace concentrations of two phthalates were detected in surface water 

downstream of Area B. No other organic compounds were found among the Area B surface water samples. 

The presence of a well-developed neighborhood just south of Area B may be contributing to surface water 

quality to the extent that the actual impact of suspected sources within Area B could not be fully evaluated. 

However, none of the organic compounds detected in surface water were at levels significantly above 

human health or ecological risk based screening criteria. 

Among the surface water metal results, downstream surface water concentrations were equal to or slightly 

greater than background surface water levels. None of the metal concentrations was considered to be 

significantly elevated. 

PAHs, phthalates, pesticides, and PCBs were found in sediment downstream of Area B. Aroclor-1260 

concentrations, ranging from 270J to 580KJ ug/kg, were detected in sediment samples collected along the 

drainage pathway emanating from the stormwater discharged from Building 108. Levels decreased in a 

downstream direction within this drainage pathway and no PCBs were detected in the actual open waterway 

below the base property line. No other PCBs were found in the Area B sediment samples. The highest 

levels of PAHs, phthalates and pesticides were detected in sediments in a portion of the drainage channel 

located below the discharge point of the stormwater outfall and other drainage pathways. This portion of the 

drainage channel is located within a developed area and does not provide significant aquatic habitat. These 
.- 
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compounds were found at significantly lower levels orders of magnitude lower in samples collected 

A---%. I downstream in the open waterway portion of the study area that exhibits a higher quality aquatic habitat. 

In general, pesticide levels in the sediments were higher than any levels detected in Area B (Sites 5, 6, and 

7) surface soils. Regional background soil samples also contained pesticide levels higher than within the 

study area. 

Inorganic contaminant levels slightly above screening criteria were also detected in sediments. In general, 

several of the detected elements were at similar levels in regional background soils. Levels of cadmium, 

copper, lead, thallium, and zinc appear to be elevated in stream sediments. 

ASSESSMENT OF 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 Site 5 soils. 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 (i.e., 

Southampton Creek and related Area B drainage) adjacent to the Area B sites. 

F-f-- The current and intended re-use for Site 5 is residential. Residential and industrial re-use or exposure 

scenarios was evaluated in the human health risk assessment. Both carcinogenic and noncarcinogenic 

risks were assessed. In general, carcinogenic risks in the range of 1 O4 to 10s6 are considered acceptable. 

Cumulative incremental cancer risks greater than 1 x IO* generally indicate that some degree of 

remediation is required, and cancer risks below 1 x 10V6 normally will not result in remedial efforts. A 

cancer risk of 1 x IO” 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 risk for exposure to surface of subsurface soil, under any of the risk scenarios, 

exceeded the 1 x 1 O4 to 1 x 1 OG risk range. The highest carcinogenic risks identified under the current or 

reasonably anticipated potential land use scenarios for Site 5 were for the residential child and lifetime 

exposure scenarios for subsurface soils. The total child carcinogenic risk was estimated at 8 x IO” and 

the total lifetime carcinogenic risk was 1.2 x 10s5. 
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Similarly, calculated noncarcinogenic risks, under all exposure scenarios, do not present an unacceptable 

risk. Noncarcinogenic risks for the residential child (the most sensitive receptor) exposed to subsurface 

soils was estimated at an HI of 1.3. This HI is associated with the potential ingestion of soils containing 

iron. No toxicity value for iron has been estimated in either IRIS or HEAST. The oral reference dose 

used for the risk assessment calculations was obtained from the EPA Region III RBC tables. This value 

is based on allowable daily intake and is not based on an adverse health effect level. Iron is considered 

an essential mineral. Consequentially, the estimated HI (1.3) calculated for the child ingestion of 

subsurface soil may not be indicative of adverse health effects and should not warrant action. 

Adverse effects to residential children (age 0 - 6) are not expected from lead concentrations in surface 

and subsurface soil at Site 5. 

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 10m6 ; all HIS less than 1 .O) for nearby Area B surface water and sediment. 

Ecolonical Risks 

A screening level ecological risk assessment was conducted to estimate potential risks to aquatic receptors 

from site-related contaminants in surface water and sediments. A screening food-web model was used to 

evaluate potential ecological risks to semi-aquatic receptors. 

Potential risks presented to aquatic and semi-aquatic receptors by surface water were .found to be low. 

Potential risks presented by sediments to aquatic and semi-aquatic receptors were found to be low to 

moderate. The compounds that present the highest potential risk to these receptors do not appear to be 

related to contamination identified in surface soils at Area B sites 5, 6, and 7. 

Southampton Creek and its headwaters originate from and receive runoff and channelized discharges from 

a large area that includes urbanized land, fields, and lawns as well as Area B sites 5, 6, and 7. The portion 

of the stream that contained the highest levels of contamination of concern consists of a drainage channel 

located in a developed area that contains lesser quality aquatic habitat. Areas downstream from this 

location, where habitat increases in quantity and quality, contained lower levels of contamination. Most 

levels were near or below screening levels, indicating a low potential risk to ecological receptors and limited 

migration of these contaminants. 
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CONCLUSIONS 

,,8----. 

Based on the findings of the RI, significant conclusions regarding the nature and extent of contamination at 

Site 5 included the following: 

l Most of the buried waste materials at Site 5 are covered by existing residences, roadways, and other 

impenetrable surfaces. The probability of encountering these materials is low. 

l Both surface and subsurface soils in the vicinity of the site are not significantly impacted by the historical 

disposal of potential waste materials at Site 5. 

l Site 5 does not show the presence of significantly contaminated soils above RBCs or SSLs and 

therefore does not appear to be a source of contamination in Area B groundwater. 

l Surface water and sediment samples collected from Southampton Creek and related drainage near 

Area B shows contaminant concentrations at slightly elevated levels. The highest concentrations of 

contaminants are restricted for low-quality areas subject to stormwater and outfall discharges. 

The total carcinogenic risks posed by subsurface soil to the residential child and lifetime resident were 8.2 x 
F=---- 1 Om6 and 1.2 x 1 Os5, respectively. These are the highest carcinogenic risks identified under the current and 

reasonably anticipated potential land use scenarios for Site 5. These carcinogenic risks fall within the range 

identified in the National Oil and Hazardous Substances Pollution Contingency Plan (NCP) and the 

Comprehensive Environmental Response, Compensation, and Liability Act (CERLCA, as amendecl) and 

therefore may be considered safe to human health. 

Noncarcinogenic risks to a specific target organ group were below EPA’s target risk level of 1.0 for the 

residential child in surface soil. In subsurface soil, the noncarcinogenic risk to the target organs liver and 

pancreas was 1.3 for the residential child. This risk marginally exceeded 1.0 and was driven by iron (an 

essential mineral) via ingestion. Noncarcinogenic risks were below 1.0 for the residential adult and adult 

industrial worker in all soils. 

f---- 

Potential risks to aquatic and semi-aquatic receptors in the natural streambed, ponds, and Southampton 

Creek appear to be low to moderate. Southampton Creek and its headwaters originate from and receive 

runoff and channelized discharges from a large area that includes urbanized land, fields, and lawns as well 

as Area B sites 5, 6, and 7. The compounds that present the highest potential risk to ecological receptors 

do not appear to be related to contamination identified at Area B sites. Sites 6 and 7 are being remediated 

to preclude migration of contaminants (if present) from this area. Site 5 is covered by impermeable 
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structures, roadways, and parking lots and/or grass covered lawns which preclude any erosion or migration 

of contaminants from this area. 

Based on the nature and extent of contamination at Site 5 as well as the Area B stream and the risk 

assessment results, and in accordance with CERCLA and the NCP and its related laws and regulations no 

response action is warranted at Site 5 or within Area B streams to protect human health and the 

surrounding environment. 
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1 .O INTRODUCTION 

In response to Contract Task Order No. 159 under Contract N62472-90-D-1298, Tetra Tech NUS, 

Incorporated (TtNUS) is submitting this remedial investigation (RI) report for Operable Unit 10 (C)U-10) (Site 

5 soil, surface water, and sediment) 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 an RI, which is 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 Ill IRP activities. 

1.1 PURPOSE OF REPORT 

The purpose of this report is to describe investigation results for Site 5 soils and nearby Area B surface 

water and sediment, draw conclusions based on these results, and recommend any additional actions. 

Data from these investigations support the baseline risk assessment, which is used to help identify disposal 

locations warranting possible remediation. The risk assessment is included as part of this report (Section 

6.0). 

This report addresses surface soils, subsurface soils, and wastes at Site 5. This report also addresses 

surface waters and sediments potentially impacted by the site as well as adjacent sites (i.e., Sites 6 and 

7). Groundwater impacts associated with this general area have previously been reported and are 

currently being addressed as Operable Unit 1 B (OU-IB) (Tetra Tech NUS, 2000a). Therefore, 

groundwater at Site 5 is not addressed by this 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-10 includes media other than groundwater associiated with 

Site 5. 
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The main focus of the RI was to characterize soils and wastes in potential source areas at the site, 

particularly for 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 

Site 5 and other adjacent sites. 

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. 

1.2.1 Facilitv Description 

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

be found on the United States Geological Survey (U.S.G.S.) Hatboro 75minute 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 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. 

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 3 to 5 

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 (Figure l-2). All sites are located within the NAWC Warminster property and include the following: 

l Three waste burn 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 

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

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 (Site 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 sit& are currently used for waste disposal. A description of Site 5 can be found in 

Section 1.3 of this report. 

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 comer of the facility. 

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, but 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 History Facility 

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 
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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 

now closed and is being redeveloped for non-military use by the 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-site contamination existed but 

probably was not affecting off-site water supply wells. 

In 1985, EPA completed a PAlSI 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 surroundjng 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, RNUS (formerly Halliburton NUS Corporation, then 

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

1.2.3 Environmental Investigations 

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 VOCs, and contamination by VOCs has made some 

groundwater unsuitable for potable use. 

Since 1989, several remedial investigations and feasibility studies 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 was 
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completed in June 2000 (Tetra Tech NUS, 2000a, 2000b, and 2000d: Halliburton NUS, 1994b). Phase 

Ill, which addresses potential source areas and their impacts to soils, surface waters, and sediments, 

began in January 1995 and was completed in July 2000. The Phase Ill RI field work for OU-IO was 

completed in December1 999. 

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

four areas of concern. A Technical Review Committee (later a Restoration Advisory Board), 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 

1.2.3.1 Area A Investigations and Response Actions 

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 new 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): RI/FS 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 RI/FS for Groundwater (1993 - 2000): 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 collected for analysis. A water-level study and a more comprehensive aquifer pump test 

were also performed. A final RI report for Area A groundwater was released in June 2000 (Tetra Tech 

NUS, 2000b). 
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l Phase Ill (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 a nearby stream. An assessment of wetlands near Area A was 

also conducted (HNUS, 1994d). The Area A RI/FS report for soil, surface water, and sediment was 

released in April 2000 (Tetra Tech NUS, 2000~). 

Response Actions 

Operable Unit 1 (OU-1): 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-I. The OU-1 

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

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

OU-1 will be prepared later this year. 

During the construction of the OU-1 remedy, the Navy excavated and disposed of contaminated soils in 

an off-base landfill that were beneath the footprint of the treatment plant building or along the route of 

groundwater transfer piping near Area A. This work was performed in 1996. 

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 Area A, 

specifically Site 2. 

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 1, 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. The ROD for OU-9 was signed in June 2000. 

1.2.3.2 Area B Investigations and Response Actions 

lnvestiaations 

l 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). 
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l Phase II (1992 - 1993): RI/FS 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, 1993a, and 1993b). 

l Focused RI for Groundwater (1993 - 2000): 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, the RI report for Area B groundwater was released in May 2000 (TtNUS, 2000a). 

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

primarily soils and wastes at known and potential waste disposal sites, RI work was similar to what was 

conducted for Area A. 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, 1999b and 1999c). A supplemental soil investigation for Site 5 

was conducted in December 1999. 

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 8. Extraction wells were installed in 

December 1994, however, the groundwater sample results indicated the general absence of 

significant contamination. The interim remedy is currently on-hold, and is now being reevaluated. A 

final ROD for Area B groundwater will be prepared later this year. 

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 of 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 was signed in June 2000. 

l OU-IO: Based on the results of the Phase III RI report findings, a supplemental investigation was 

conducted to more fully determine the lateral extent of the disposal locations and to more clealrly define 
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the nature and extent of the contamination associated with former disposal activities within Site 5. OU- 

10 is the subject of this report. 

1.2.3.3 Area C Investigations and Response Actions 

lnvestinations 

l Phase I (1989 - 1991): Activities were similar in scope to Area A (SMC Martin, 1991). 

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): Investigated groundwater conditions 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 were submitted for Area C groundwater in August 1994 reports 

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

July 1994. 

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

for Areas A and B. A maintenance area and septic drain field, both located between Site 4 and Site 8, 

were also investigated within Area C (TtNUS, 1999d and 2OOOf). An engineering evaluation/cost 

analysis (EE/CA) report was prepared to help support a removal action for Site 4 in July 1995 (HNUS, 

1995b). A supplemental study for Site 8 was conducted between July 1998 and March 1999 to 

complete RI work for this site (TtNUS, 1999a). 

Rewonse 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. 
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l OU-5: Based on the Phase Ill 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. The ROD for OU-5 (Site 8 media other than groundwater) was sigrned in June 

2000. 

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

Phase Ill RI and EUCA 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) was signed in June 2000. 

1.2.3.4 Area Cl Investigations and Response Actions 

lnvestinations 

l Focused RI for Groundwater (1993 - 2000): Investigated groundwater conditions within and 

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

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

groundwater in May 2000 (TtNUS, 2000d). 

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 in July 

1999. A final ROD for OU-4 was signed in June 2000. 
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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) was signed 

in 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 SITE 5 DESCRIPTION AND HISTORY 

Site 5, the former south runway landfill, is part of Area B. Area B includes Sites 6 and 7, which were 

reportedly used for disposal of wastes potentially containing CERCLA hazardous substances. Area B 

also includes nearby locations where releases may have resulted in groundwater contamination. Details 

regarding the nature and extent of groundwater contamination in this area can be found in the RI report for 

Area B groundwater (Tetra Tech NUS, 2000a). 

1.3.1 Site Description 

Site 5 is located south of the main runway and adjacent to a baseball field at NAWC Warminster (Figure l- 

3). Portions of the site are located under Building 401 in the Navy’s enlisted housing area. Sites 6 and 7 are 

south of the main runway and north of the patrol road near the eastern end of the facility. Groundwater and 

surface water flow and runoff are generally to the south for Area B. The history and status of Site 5 are 

discussed below. 

1.3.2 Site History 

The Navy initially reported Site 5 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). Site 5 reportedly consisted of 

six to eight trenches which were used for the disposal of demolition wastes, paint, solvents, scrap metal, 

aircraft paints, cans, and asphalt. With the exception of a reported 30 drums of asphalt, the quantity of 

materials disposed was reported as unknown. These disposal trenches were reportedly within 100 feet of 

the enlisted housing area (i.e., Shenandoah Woods) located south of the runway, within 700 feet of the 

inertial navigation facility, and 400 feet from the base property boundary. The trenches were reportedly 

operated from 1955 to 1970, were approximately 12 feet x 70 feet x 8 feet in dimension, and were 

covered with 2 feet of fill, graded, and seeded. 
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Significant 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 5 that suggested possible or probable 

disposal areas. These features are displayed on Figure l-3. The following information .regarcling the site 

analysis report is pertinent to this report. 

The historical aerial photos indicate that at least two general disposal locations were used toI deposit or 

bury debris and other potential wastes. Aerial photographs taken before the mid-1950s did not show the 

presence of any significant features. In a photograph from September 1958, a trench (TR3) was 

identified in the general vicinity of Site 5 (Figure l-4). No suspect materials were identified within TR3, 

which measured approximately 225 feet in length. By March 1965, TR3 had apparently been filled and a 

new and smaller trench (TR5) constructed adjacent and to the north of it (Figure l-5). TR5 measured 

about 150 feet in length. A small quantity of potential waste material was present within the estimated 

boundary of TR3. 

While six to eight trenches were reportedly used by the Navy for disposal in this area, only two trenches 

in the housing area were identified by historical aerial photos. The Navy and EPA subsequently reviewed 

additional photographs taken between 1965 and 1973. This review revealed the possible presence of 

apparent disturbed ground with areal dimensions similar to those of TR3 and TR5 immediately north of 

these trenches (EPA, 1999) (Figures 1-6 and l-7). The potential trenches were labeled as TR5B and 

TRSC. These apparent areas of disturbed ground were investigated to determine whether these features 

represent remnants of the other trenches that may have been used for disposal in this area. However, 

the discrepancy between the reported and the photo-identified number of trenches may be because the two 

long trenches (i.e., TR3 and TR5) are the expression of several shorter trenches dug end-to-end or because 

trenches related to other Area B sites (specifically Site 6) were added to the reported number for Site 5. 

By August 1971, TR5 had been filled and the area associated with both TR3 and TR5 had been 

revegetated (Figure l-8). In a photograph from March 1973, mounded debris was present on the top of 

the former location of TR3, while TR5 was still visible (Figure l-9). The March 1973 photograph revealed 

that the Navy had begun constructing multi-family housing near the estimated boundaries of TR3 and 

TR5. The specific housing unit (i.e., Building 401) built on top of the location of TR3, however, had not 

yet been constructed. By 1977, housing construction was completed and a majority of the surrounding 

area was revegetated. 
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Figure l-l 0 shows a hypothetical arrangement of at least seven trenches within Site 5. 

1.3.3 Previous Response Actions 

During the construction of Building 401 as part of family housing at the base, the Navy uncovered waste 

material in the northwest corner of the unit (SMC Martin, 1991). No additional available information 

regarding the type and quantity of waste materials excavated and/or removed from the site during the 

construction of Building 401 is available. Suspected materials disposed of within TR3 and TR5 included 

demolition wastes, paints, solvents scrap metal, cans, asphalt glass and general household refuse. 

1.4 SUMMARY OF PREVIOUS INVESTIGATIONS AT SITE 5 

In July 1982, one monitoring well was installed; this well has been sampled several times since 1982 (JRB 

Associates, 1983). Analysis of groundwater samples from monitoring wells near Site 5 detected copper, 

chromium, nickel, and zinc. Analysis in 1983 of a downstream surface water sample did not detect any 

priority pollutant list (PPL) contaminants. 

In October 1988, SMC Martin observed that the site was well vegetated and covered by roads, pavement, 

lawns, and buildings (SMC Martin, 1989). 

Air monitoring samples were obtained from three locations at Site 5 during Phase I RI work. Two air sample 

locations were indoors at 566 and 572 Skyhawk Drive on the western and eastern ends of Building 401. 

The third sample was collected outside Building 401 on the patio of 566 Skyhawk Drive. The results of the 

air monitoring survey are presented in Section 4.4. 

Also during Phase I, a soil gas survey was performed at Site 5. The survey consisted of 30 soil gas stations 

located north, west, and south of Building 401 on Skyhawk Drive. Ten confirmation borings were also drilled 

in the vicinity of this housing unit. 

Subsurface soil samples were obtained from three locations at Site 5 during the Phase II RI. These 

samples were taken from areas of high soil gas readings and/or waste material, based on the results of the 

confirmation borings. 
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Because of the proximity and large number of cultural sources of interference, including buildings, fences, 

utility lines, and parked vehicles, a geophysical (electromagnetic) survey of reasonable quality could not be 

conducted at Site 5. 

Both surface water and sediment samples were collected from Southampton Creek near Area B during 

Phase I. A biological characterization of the study area was also performed as part of Phase I. 

1.4.1 Groundwater Studies 

Several groundwater investigations have been conducted in and around Area B since the early 1980s. In 

January 1994, the Navy began focused RI activities for groundwater contamination associated writh Area B. 

Groundwater data suggest that releases from Site 5 may not be the primary source of VOCs in groundwater 

in this area (TtNUS, 2000a). The locations of monitoring wells within and adjacent to Area B are shown in 

Figure l-1 1. 

The results from the focused RI indicate that low concentrations of contaminants have been detected in 

some Area B monitoring wells (TtNUS, 2000a). Trichloroethene (TCE) concentrations above the MCL (5 

ug/l) have continued to be found in wells HN-36s and HN-03S. Maximum concentrations have ranged from 

5 ug/l to 12 ug/l. Monitoring of groundwater between and downgradient of these wells, which are 300 feet 

apart, has not detected TCE above the MCL. In addition, pumping tests conducted adjacent to HIV-03s did 

not detected the presence of TCE (RNUS, 2000a). The Area B Groundwater RI concluded that there are 

diffuse low-levels of TCE present in Area B groundwater; however, there is no discernable plume that 

exceeds the MCL of 5 ug/l. No other organic contaminant was identified at levels in excess of MCLs or at 

levels that presented human health concerns. 

Although several inorganics were detected in Area B groundwater, no significant patterns of contamination 

were noted. Based on comparison to upgradient data, and the occurrence and distribution of contaminant 

levels in relation to suspended solids in the groundwater samples, the results were characteristic of the 

normal variation in inorganics that would be expected in groundwater. 

In summary, the Area B groundwater RI concluded that the detected concentrations of VOCs in Area B 

groundwater do not present a threat to human health or the environment and the presence of inor;ganics is 

not related to Area B disposal activities. 
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1.5 CURRENT STATUS 

As part of the DOD realignment of NAWC Warminster, the FLRA has been charged with developing the 

property and bringing new opportunities for employment at the base. The redevelopment plan for the base 

calls for open-space recreational land use west of Site 5 (Ernst and Young, 1998; FLRA, 1999). Site 5 itself 

will be retained for Navy housing purposes, particularly for military personnel and their families stationed at 

the nearby Naval Air Station Willow Grove. 

1.6 REPORT ORGANIZATION 

This report presents the results and recommendations related to the following field activities performed at 

Site 5: 

l Air monitoring 

0 Soil gas surveys 

l Surface water and sediment sampling and analysis 

l Surface soil sampling and analysis 

l Subsurface soil sampling and analysis 

l Wetlands assessment 

l Surveying 

Section 1.0 discusses the purpose, scope, and objectives of the report and provides a brief background 

summary for Site 5. Section 2.0 details the field activities and other tasks performed (with an emphasis on 

Phase III 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 Site 5 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 SITE 5 INVESTIGATIONS 

2.1 INTRODUCTION 

This section summarizes the nature of RI work performed at Site 5. Specific findings regarding the 

physical characteristics of the site 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 Site 5 has been conducted in 

phases, as discussed in Section 1.4. The Phase I RI (SMC Martin, 1991) included limited soil gas and 

geophysical surveys, as well as 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 near Site 5. 

Based on the findings of the Aerial Photographic Site Analysis Report (EPIC, 1994), a more 

comprehensive Phase Ill RI was performed beginning in 1995. 

The Phase III RI work plan to study NAWC Warminster was submitted as a final document on January 16, 

1995 (HNUS, 1995a and 1995c). 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 Area B, including Site 5. 

Phase III RI field activities focused on characterizing surface soils, subsurface soils, buried materials, 

surface waters, and sediments potentially impacted by suspected sources at Site 5. The results from the 

Phase III RI for Site 5 were’reported in a draft Phase III RI report, which was issued in November 1996 

(Brown & Root Environmental, 1996a). Following the review of the draft Phase III RI report, the Navy 

conducted a supplemental soil investigation at Site 5 in December 1999 to address remaining concerns 

regarding the nature and extent of contamination related to the site. 

This section primarily discusses the field investigation procedures that were performed at Site 5 during 

the Phase III RI and supplemental soil sampling at Site 5. 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 

Site 5 are summarized in Section 4.0. Table 2-l summarizes the RI field work and supporting activities 

performed at Site 5 during all three RI phases. 
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TABLE 2-1 
SUMMARY OF RI FIELD WORK AND OTHER ACTIVITIES AT SITE 5 

NAWC WARMINSTER, PENNSYLVANIA 

TASK I PHASE I RI I PHASE I RI I PHASE Ill RI I COMMENTS I 

I Air Sampling and Analysis I x I I I I 

Soil Gas Survey 

Surface Soil Sampling and Analysis 

X X 

X X 
f 

Subsurface Soil Sampling and Analysis using Soil Borings 

Confirmation Soil Borings 

Surface Water and Sediment Sampling and Analysis 

Horizontal Survey 

Biological Characterization 

Wetlands Assessment 

Aerial PhotoaraDh Interpretation 

No Laboratory Analysis 
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2.2 GENERAL FIELD INVESTIGATION PROCEDURES ,” -\ 

Field activities performed during the Phase Ill RI at Site 5 are summarized in Sections 2.2.1 through 2.2.6. 

The following activities were conducted: 

. Air monitoring 

. Soil gas surveys 

. Surface water and sediment sampling and analysis 

. Surface soil sampling and analysis 

. Subsurface soil sampling and analysis, including test pits and soil borings 

. Wetlands assessment 

No geophysical survey was conducted during the Phase III RI due to the close proximity to sources of 

interference. These interferences included buildings, fences, underground and aboveground utilities, and 

parked cars that would have put in question the quality of a geophysical electromagnetic survey of the area. 

2.2.1 Scope of Work 

,F-. The Phase III RI work for Site 5 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 Site 5 on the nearby stream. 

The primary tools of investigation included soil gas surveys, soil borings (with subsurface soil sampling), 

and surface soil sampling. These methods were applied, as appropriate, in an integrated manner to 

characterize the potential source areas of contamination targeted for investigation. 

Soil gas surveys were employed in areas of suspected disposal of wastes containing volatile organics. 

The 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 surveys took into consideration identified potential 

sources from aerial photos, past investigation data, field observations, and historic information regarding 

the locations of subsurface disposal sites. 

Coordinates of suspected subsurface disposal sites, provided by EPIC, were used to focus the surveys, 

along with other available information. These coordinates were field-located by the Navy using Global 

Positioning System (GPS) technology. For the Phase III RI work, GPS technology involved a hand-held 

receiver, taking a series of readings from satellites, to determine the coordinates of the receiver’s location. 

The location was adjusted until the readings matched with the desired coordinates, thereby locating the 

desired point. 

,- 
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Soil borings were used to characterize actual subsurface conditions in potential subsurface disposal sites. 

The locations of the borings were selected based on the results of the soil gas surveys, as well as on 

aerial photo records, field observations, and previous field work findings. Subsurface soil samples were 

obtained from the borings to characterize the materials encountered. 

Surface soil 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. 

In addition, a supplemental investigation was conducted after the draft Phase III RI report was submitted 

in order to further characterize the surface and subsurface soil contamination at Site 5: A sampling plan 

was prepared for the supplemental investigation. In December 1999, a total of 28 soil borings and 20 

surface soils were collected during supplemental sampling. The sampling was conducted to determine 

the lateral extent of trenches TR3 and TR5 and whether the six to eight trenches as reported were 

present. Sample locations were selected based on the Phase III RI results. Samples were analyzed for 

full TCL organics, TAL metals, hexavalent chromium, pH, Oxidation Reduction Potential, iron oxide, and 

sulfides. A separate letter was submitted summarizing the significant findings of this study (TtNUS, 

2000e). 

The methodologies for the Phase III RI field work are explained in the remainder of this section. 

2.2.2 Soil Gas Survey 

To determine the extent of Site 5 and to evaluate subsurface soil conditions in and around Site 5, a soil gas 

survey was performed during Phase Ill. The Phase I soil gas survey results, the EPIC aerial photograph 

analysis, and the findings from previous investigations (e.g., Phase I RI, Phase II RI) were used to focus 

the soil gas survey on the most likely suspected source locations. The soil gas survey spacing was 

irregular given the presence of buried utilities (e.g., telephone cable, stormdrains, and electrical lines) in 

the area. The samples were analyzed for both halogenated and aromatic volatile organic contamination. 

The soil gas survey was conducted across an irregular grid and consisted of obtaining soil gas readings at 

each grid node at depths of 2 to 3 feet and 4 to 6 feet (or until refusal) (Figure 2-l). The grid spacing was 

reduced in areas of elevated soil gas readings to more precisely delineate the soil gas anomalies. 

Additional soil gas points were added along the length of each trench at Site 5, as determined from the 

EPIC coordinates. 
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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 Phase III RI soil gas survey was combined with data from the 

Phase I RI soil gas survey to better locate subsurface soil borings. 

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. 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, l,l,l-trichloroethane, carbon tetrachloride, chloroform, 

1 ,I-dichloroethene, 1,2-dichloroethene, 1 ,Zdichloroethane, and 1 ,I-dichloroethane. 

Calibration standards were diluted from certified methanolic standards into water using 40 ml VOC vials, 

leaving a 10 ml headspace. 400 pl 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 ugll 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 verity stable system response; if 

response decreased by -60 percent or increased by +I00 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. 
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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. 

Syringes were repaired/replaced at the first symptom of malfunction. Analyses were generally performed 

within 8 hours of sample collection. 

Results were reported in units of aqueous ugll, 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. 

The Site 5 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 4.3 of this report. 

A summary of the Site 5 Phase Ill soil gas sample analyses is included in Appendix 8. 

2.2.3 Soil Borings 

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 

survey were 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. 
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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. Sampies selected for laboratory 

analysis were based on PID readings and visible evidence of wastes or buried materials. 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 Ill- 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 

observations. This information was recorded on logs presented in Appendix D. Each boring location was 

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. The locations of all soil boring samples are displayed in Figure 2-2. 

All field data were peer reviewed and checked for accuracy upon the completion of the boring survey. 

2.2.4 Stream Samplina and Analysis 

f-- Surface water and sediment samples were collected from the downgradient Area B stream during all three 

RI phases. Since the headwaters of Southampton Creek originate near the base boundary, no “true” 

upstream or downstream/background samples could be designated. Sample locations are shown in Figure 

2-3. Hydrologic characteristics for Area B are presented in Section 3.2. Surface water and sediment 

analytical results are discussed in Sections 4.5.3 and 4.5.4, respectively. 

2.2.4.1 Surface Water Sampling 

Designated site-related surface water samples were collected at one location in Phase I (sample B112), one 

location in Phase II (sample BIO), and two locations in Phase Ill (samples Bl and B2). Samples were taken 

from locations in the headwaters of Southampton Creek located south of Area B. Samples B2, BlO, and 

812 were located downstream of Area B, where the stream flows’from a concrete culvert passing under 

Byron Road. Sample Bl was collected from the location where the storm drain leaves Building 108. Except 

for sample 82, the surface water samples were analyzed for full TCL organics and TAL inorganiczs. The 

Phase Ill surface water samples were also tested for both total and dissolved inorganics. 

,-- 

Designated background surface water samples were als,o collected during the RI. These samples were 

collected in off-base locations (south of Area B) that were considered unaffected by past or current site- 

related activities. The background samples included B9 (obtained during Phase I), Bl 1 (Phase II), and B4 

(Phase Ill). Samples B9 and Bll were near the first of two small ponds downstream from Parmentier Road, 

while sample 84 was obtained from a culvert passing under Parmentier Road. Except for sample 84, the 
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surface water samples were analyzed for full TCL organics and TAL inorganics. The Phase III surface 

water sample was also tested for both total and dissolved inorganics. 

The background occurrence and distribution tables for surface water are shown in Table 2-2 (total 

inorganics) and Table 2-3 (dissolved inorganics). Two VOCs were detected at low levels iin these 

background surface water samples. Chloroform was found at 12 ug/l in sample 89, and sample 84 

contained carbon disulfide at an estimated concentration of 2J ug/l. Diethylphthalate was the only other 

organic compound detected. An estimated concentration of 0.2J ug/l was detected in sample B9. 

2.2.4.2 Sediment Sampling 

Potential site-related sediment samples were collected at one location in Phase II (sample BIO) and at five 

locations in Phase III (Bl, B2, B3, B6, B7, and B8). Sediment samples Bl, B6, B7, and B8 were taken from 

the drainage channel downgradient from Building 108 and before Outfall No. 11. Sample B3 was obtained 

from just below Outfall No. 10. Samples 81 and BIO were analyzed for full TCL organics and TAL 

inorganics, and sample was also tested for both total and dissolved inorganics. Samples B6, B7, and B8 

were tested for PCBs only (Figure 2-3). 

Designated background sediment samples were also collected during the RI. The background samples 

included B9 (obtained during Phase I), Bll (Phase II), and 84 (Phase Ill). Except for sample B4, the 

background sediment samples were analyzed for full TCL organics and TAL inorganics. The background 

occurrence and distribution tables for sediment are displayed in Table 2-4 (inorganics) and Table 2-5 

(organics). 

2.2.5 Surface Soil Sampling 

Surface soil sampling was performed at Site 5 during Phase III. Surface soil samples are shown in Figure 

2-4. Surface soil samples were collected and analyzed as part of the Phase III RI. A total of 16 surface 

soil samples (and two duplicate samples) were initially taken in the vicinity of Site 5 (Figure 2-4). All 

samples were collected from a depth between 6 and 24 inches. The sample locations were (chosen 

based on previous high soil gas readings an confirmation borings and the suspected location of trenches 

TR3 and TR5. All samples were analyzed for TAL metals, TCL semivolatile organics, TCL pesticides, 

and PCBs. In addition, 70 percent of the surface soil samples were analyzed for TCL volatile organics. 

The surface soil samples for Site 5 were obtained in the vicinity of Buildings 401, 402, and 403 and within 

trenches TR3 and TR5. 
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TABLE 2-2 

OCCURRENCE AND DlSTRlBUT,ON OF TOTAL INORGANICS IN SURFACE WATER IN BACKGROUND -AREA B 

WARMINSTER, PENNSYLVANIA 

(m-) 

II .---. ..-- I STATISTICAL 
I 

FREQUENCYOF RANGE OF REPRESENTATIVE 
^-..^-..--L-.^.* II --D-^-L., e.AC,.-#I,C .-+CTPzCZ#t-l.,t _.-_ . . 

BARIUM 

CALCIUM 

147.33 

28025 

,.,(-AK,~~AL"CT~lP n,ST ,,., ,.lY,,.I-.I..- -.-. I I 21 3 92- loo I 100 -. I 1 
NORI... _ _ _ _. __ _. ._ - UAI cX/FR I OGNORMAL t 21 2 I 27x0- 28100 I 2am , 

IRON 444.67 NONPARAMETRIC DIST I 21 3 I 389 - 89.5 I 895 _ 
,MDARAMFTRlr. ms1 I 21 2 I 105Oa - 111w I 10825 NL.. . . . .~ _ . . . -. .._ 11150 MAGNESIUM _._ 

MANGANESE 62.67 NONPARAMETRIC DIST 21 3 44- 154 154 

- POTASSIUM 1498 NONPARAMETRIC DIST 21 2 1450 1545 1545 
SODIUM 15375 NONPARAMETRIC DIST 2/ 2 14600 16150 - 16150 
ZINC 20.30 NONPARAMETRIC DIST II 2 30.6 30.6 
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OCCURRENCE AND DISTRIBUTION OF DISSOLVED INORCdJiS IN SURFACE WATER IN BACKGROUND -AREA B 

WARMINSTER, PENNSYLVANIA 

wu 

~J~STANCE MEAN 
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DISTRIBUTION 

BACKGROUND 

FREQUENCY OF 
DETECTION 

RANGE OF 
PtYW-WF “FTFCTlC,W 

REPRESENTATIVE 

CONCENTRATION 

II BARIUM . ! 62.30 ! NONPARAMETRIC DIST I 31 3 I --...----.--..-.. 53 - 74.5 I 74.50 il 
IICALCIUM 

COPPER 

LEAD 

MAGNESIUM 

MANGANESE 

I iaaoo.00 I NONPARAMETRIC DIST ~-1 

7.47 

0.67 

7253.33 

49.00 

31 3 I 15200 - 22100 22100 

NONPARAMETRIC DIST 213 5.6 - 14.8 14.80 

NONPARAMETRIC DIST II 3 1 1 

NONPARAMETRIC DIST 31 3 6230 - 7920 7920 

NONPARAMETRIC DIST 21 2 25- 73 73 4 
IIP~TASSIUM I 1356.67 I NONPARAMETRIC DIST I 31 31 129c .-.J - 1470 1470 

I 12456.67 I NORMAL I 31 3 I 9440- 18400 lB400 

6.25 NONPARAMETRIC DIST 112 10.5 - 10.5 10.50 

* = QUALIFIERS FOR DATA ARE PRESENTED IN DATA PRESENTATION TABLES 

TABLE 4-7.~1~ 7/6/00 3:09 PM 
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TABLE 2-4 

OCCURRENCE AND DlSTRlBUTiON OF TOTAL INORGANICS IN SEDIMENT IN BACKGROUND -AREA B 
WARMINSTER, PENNSYLVANIA 

lw&e) 

I STATISTICAL I FREQUENCYOF I RANGE OF 1 REPRESENTATIVE 

su--..~..-- IESTANCE I MEAN I DISTRIBUTION I DETECTION 1 ;POSlTlVE DETEClll DN’ 4 CONCENTRATION 

ALUMINUM 3572 NONPARAMETRIC DIST 31 3 I 
CM WV *anr, “““l 

I 
AAn5 ---- 

ARSENIC 1.07 NONPARAMETRIC DIST 31 3 I 0.31 - 3.1 3.7 

BACKGROUND 

BARIUM 40.90 NONPARAMETRIC DIST 21 3 I 43.9 - 53.8 53.60 

BERYLLIUM 0.66 NONPARAMETRIC DlST 21 2 0.61 - 0.7 0.70 

CADMIUM 1 NONPARAMETRIC DIST II 2 I 1.4 -I 

l = QUALIFIERS FOR DATA ARE PRESENTED IN DATA PRESENTATION TABLES 

TABLE 4-7.~1~ 716100 3:lO PM 
3-14 
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OCCURRENCE AND DISTRIBUTION OF ORGANICS IN SEMMENT IN BACKGROUND -AREA B 

WARMINSTER, PENNSYLVANIA 

fww 

TABLE 4-7.~1~ 76100 3:lO PM 
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As part of the December 1999 soil investigation, 20 surface soils were collected from 0 to 2 feet below 

ground surface or below asphalt and gravel base. The sample locations were chosen based on previous 

surface soil investigations and the suspected locations of trenches TR3 and TR5. The samples were 

analyzed for TCL organics, TAL metals, chromium, ferrous, iron, sulfides, pH, and ORP. 

2.2.6 Subsurface Soil Sampling 

Subsurface soil sampling and analysis was performed during Phase II and Phase III of the RI field work. 

A total of IO subsurface soil borings were advanced as confirmation borings during the Phase I RI (Figure 

2-5). 

During Phase II, three subsurface soil samples were obtained from three locations along the eastern, 

western, and southern sides of Building 401. These samples were chosen to correspond to areas of high 

soil gas readings or waste material present in confirmation borings. 

During Phase III, 20 subsurface soil samples (including duplicates were collected (SB-05-01 through SB- 

05-I 9). These samples were collected throughout the trenches TR3 and TR5. The locations were based 

on soil gas hot spots and aerial photographs and were collected to further investigate the nature and 

extent of subsurface soil contamination at trenches TR3 and TR5. The samples were analyzed for TCL 

VOA and TAL metals, about 30 percent were also analyzed for TCL semivolatile organic compound 

(SVOC), pesticides, and PCBs. 

./- 

As part of the December 1999 soil investigation, 27 soil borings were collected within the area of trenches 

TR3 and TR5. The locations were chosen based on previous subsurface soil investigations and the 

suspected locations of the trenches. The samples were analyzed for TCL organics, TAL metals, 

hexavalent chromium, ferrous iron, sulfides, pH, and ORP. All subsurface soil locations can be found on 

Figure 2-2. 

Most subsurface soil samples were obtained using hollow stem augers and split spoon samples. The 

samples were collected from the split spoon barrels using stainless steel sample trowels and were placed 

into sample containers supplied by the laboratory. Some subsurface soil samples were collected using a 

hand auger. The physical characteristics of the soil were described and recorded based on visual 

observation and were screened for VOCs using PID/FID equipment. Several soil borings showed . 

evidence of waste and had PID readiings above background. For additional information, Appendix C 

contains the soil boring logs for the Phase II and Phase Ill RI work. 

Sample logsheets including sample identification, date and time of collection, analytical parameters and 

other information were completed for each sample and can be found in Appendix F. 
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2.2.7 Wetlands Assessment 

To supplement the Phase III 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 Site 5 

were identified on United States Geologic Survey (USGS) maps. Plants and animas 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 Wildlife Service National Wetlands Inventory (NWI) maps, and site-specific vegetation, soils, and 

hydrological information. 

The results of the wetlands assessment are provided in Section 3.6. These results were used, along with 
r”A”z the Phase I RI biological characterization and the analytical results from surface water and 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. 

2.2.8 Backwound Samdinq 

2.2.8.1 Background Soil Sampling 

Background surface soil samples were collected during Phase III. A total of 10 surface soil samples were 

obtained from both ends of the main runway at the base. The background sample locations are shown in 

Figure 2-6. 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 plus were advanced to near the soil/bedrock 
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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 forbackground soil concentrations. 

The analytical results of the RI background soil samples are shown in Table 2-6. The results from all 

background surface and subsurface soil samples were combined into one data set for data evaluation 

purposes and to compare background soil levels to site-related soil concentrations. 

2.2.9 Survevinq 

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 F. 

LtDOCUMENTS/NAVY/I412/SITE5/13748/SEC2 2-21 



TABLE 2-6 

OCCURRENCE AND DISTRIBUTION OF ORGANICS AND INORGANICS IN BACKGROUND SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

Antimony 

AMXllC 

Banum 

BerylllUm 

Caluum 

Chromium 

Cobalt 

copper 

IrOn 

Lead 

Magneswm 

Thallwm 

Vanadum 

Zinc 

4.4’~DDD 

4,4.-DDE 

I 4.4’-DDT 

Ar&r-1254 

1.4.DKzhlorobenzene 

Benzo(b)fl”ora&&e 

Benzo(k)fluoranthene 

Bls(2-ethylhsxyl)phthalate 

Chrysene 

Fluoranthene 

Phenanthrene 

pyrene 

,. 
29l29 - --__ 
It21 

25/29 

25127 

25129 

23r27 

29l29 

25i26 

27129 

29129 

29129 

25l29 

29i-29 

l/27 

18R5 

25127 

4116 

329 

29129 

25l27 

l/20 

l/20 

1RO 

1120 

1111 

1111 

1111 

l/II 

1111 

1111 

l/II 

l/11 

4HB 

2119 

3119 

13.6 J 

0 26 - 121 J 

34.1 225 

0 31 - 1.7 K 

240 1910 

.~ 79-A - -“5:?--- A 
1.6 221 

36 K - 306 

6980 - 410500 

16 J - 96.5 J 

518 4960 

309 2010 

037 

41 J 217 J 

89 1 - 3050 

552 667 

0 37 - 0.42 

154 - 45 

9 60 

16JP 

620 - 
1440 JP 

51 

43 

5s; 

46 J 

50 J 

51 J 

92 J 

51 J 

IOOJ 

a - 12 J 

3.J 

BG-30 

BG-13 

BG-24 

BG-26 

86.23 

BG-23-D 

80.24 

BG-25 

BG-23-C 

BG-12 

BG-13 

BG-12 

BG-12 

BG-12 

BG-13 

BG-11 

BG-13 

BG-13 

BG-16 

BG-13 

BG-13 

BG-13 

BG-13 .~ -~. ~~ 
80-24 

BG-26 

34800 34800 

16 3 16 3 

2260 2260 

601 601 

0 0463 0 0463 

117 117 

1060 1060 

66 7 66 7 

0.42 0.42 

32.1 32.1 

32 9 32 9 

3.05 3.05 

174 174 

25 25 

43 43 

43 43 

58 58 

46 46 

50 50 

51 51 

92 92 

51 51 

100 100 

12 12 

3 3 

2 2 

Notes, 

Units are mg/kg for inorganics, ug/kg for orgamcs 
Number of sample results excludes rejected data or blank-qualified data. Duplicates are consokdated into one result. 
The determination of representative concentrations is based on comparison of maximum to the 95 % UCL. which is presented in a separ 
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. 

background soil for nawc site 5 occ-dist.xls 
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2.3 ANALYTICAL PROCEDURES AND DATA VALIDATION 

2.3.1 Analvtical 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 VOCs, TCL 

SVOCs, 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 organics, TAL inorganics, cyanide, total petroleum 

hydrocarbons (TPH), benzene, toluene, ethylbenzene, and xylenes (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. 

During Phase III, several laboratories analyzed aqueous and solid matrix samples for full TCL organics, 

TAL inorganics, cyanide, and dioxinslfurans. The most frequently used analytical methods selected for 

these analyses are presented in Table 2-7. Most data packages were submitted under Naval Facilities 

Engineering Service Center (NFESC) Level D requirements. 

For the supplemental Site 5 investigations, organic analysis was performed using SW-846 Methods 

82608, 827OC, and 8081A/8082. Inorganic analysis was performed using SW-846 Methods 60108 and 

7471A and Method 3060AI7196A for hexavalent chromium. All data packages were produced using 

CLP-like reporting protocols. 

The complete analytical database is presented in Appendix A. 

2.3.2 Data Validation 

Most of the Site 5 analytical data were fully validated as part of the scope of RI work. Some data were 

only reviewed for false positives and false negatives. All Phase III and supplemental sample results 

underwent full data validation using EPA Headquarters and EPA Region III functional guidelines. The 

data validation process served three basic functions: 

,,- 
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MEDIA 

Surface Water 

Soil,‘Sediment, and 
Waste 

TABLE 2-7 
SUMMARY OF ANALYTICAL PARAMETERS 

PHASE Ill RI 

ANALYSIS 

TCL volatile organics 

TCL semivolatile organics 

TAL metals 

Cyanide 

TCL pesticides/PCBs 

TCL volatile organics 

TCL semivolatile organics 

Cyanide 

TCL pesticides/PCBs 

TAL metals 

DioxinslFurans 

Hexavalent Chromium 

Total Organic Carbon 

Total Solids 

Grain Size 

METHOD CRQLKRDL 

CLP SOW OLMO 1.8 and OLMO 1.9 10 ug/l 

CLP SOW OLMO 1.8 and OLMO 1.9 IO to 25 ug/l 

CLP SOW ILMO 2.1 0.2 to 5000 ug/l 

CLP SOW ILMO 2.1 10 ugll 

CLP SOW OLMO 1.8 and OLMO 1.9 0.05 to 5.0 ug/l 

CLP SOW OLMO I .8 and OLMO 10 uglkg 
1.9 

CLP SOW OLMO 1.8 and OLMO 330 to 830 uglkg 
1.9 

CLP SOW ILMO 2.1 2 mglkg 

CLP SOW OLMO 1.8 and OLMO 1.7 to 170 ug/kg 
1.9 

CLP SOW ILMO 2.1 0.1 to 1000 mg/kg 

CLP SOW DFLMO 1.1 1 .O - 5.0 uglkg 

SW-846 - 3060/7197 1 .O mg/kg 

SW-846 - 906OA and EPA 5 mg/kg 
Method 415.1 

EPA Method 160.3 NA 

ASTM 421-85ID422-63 NA 
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. An independent quality assurance check of the truthfulness of laboratory results. 

. A means of evaluating laboratory performance and determining the impact of noncompliances to 

the data. 

. Through the use of data qualifiers, it lends interpretative guidance as to the proper usage and 

limitations of the data. 

The validation process was a systematic review and evaluation of the analytical data conducted 

according to applicable and relevant quality control criteria, including 

. EPA’s National Functional Guidelines for Evaluating Laboratory Analyses 

. Method-specific quality control criteria 

. Navy-specified technical guidelines 

. TtNUS data validation formats and standard operating procedures 

Organic data were evaluated based on 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

0 

. 

. 

Data completeness 

Holding times 

GC/MS tuning and mass calibration (when applicable) 

Initial and continuing calibrations 

Laboratory blank analyses 

Field blank analyses (when applicable) 

Internal standards performance 

Surrogate spike recoveries 

Matrix spike/matrix spike duplicate results 

Field duplicate precision (when applicable) 

Compound detection limits 

Compound identification 

Compound quantitation 

Tentatively Identified Compound (TIC) evaluation (when applicable) 

Inorganic data were evaluated on the basis of 

. Data completeness 

. Holding times 

* Initial and continuing calibrations 
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. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

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) 

Inductively Coupled Plasma (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: 

. Explanation of the findings of the data evaluation process, giving interpretations of actions taken 

on the data and limits of data usability. 

. Presentation of the qualified analytical results. 

. 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: 

. To ensure the accuracy and integrity of the analytical data 

. To ensure the defensibility of the data 

. To provide a platform from which remediation/risk 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. 
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2.4.1 Representative Concentrations 

To support the data evaluation process, a representative concentration for each chemical in each medium 

identified at Site 5 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 quantitatiion 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. 

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. 

‘A+--. 

Phase I data are from the SMC report (SMC Martin, 1991). Phase II and Phase III data were collected by 

TtNUS. 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 was a two-step process. First, the distribution of the 

data was determined as discussed in the preceding section. Then, based on the distribution of the data, 

a representative concentration was either calculated or selected. 

Several important points are associated with distribution of the data: 

. The distribution of a data set is determined using a Shapiro-Walk test. 

. The distributions are classified as either lognormal, normal, or unknown. 

. Environmental data are usually determined to be lognormally distributed (default). 
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. If the data are not determined to be either a lognormal or normal distribution, they are classified 

as an unknown distribution and a lognormai 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 -XrJ2/n-1 ]o.5 

where: S = Standard deviation of the log-transformed data 

Xi = Individual sample value (log-transformed) 

&7 = Arithmetic mean of the log-transformed n samples 

n = Number of samples 

The one-sided upper 95 percent confidence limit (UCL& is then calculated as follows: 

UCLLoG = exp[(X, + (0.5S2) + SH)/(n-1)0.5] 

where: ew = exponential function (inverse of the neutral log) 

&l = 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: 

S = [C (Xi -X,)z/(n-1)]o.5 

where: S = Standard deviation 

Xi = Individual sample value 

X,= Arithmetic mean for the n samples 

n = Number of samples 

The one-sided upper 95 percent confidence limit (UCLNoR) is then calculated as follows: 
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UCLNoR = X, + t(S/n0.5) 

where: X,,, = Arithmetic mean 

t = One-sided t distribution factor 

S = Standard deviation 

n 5 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 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 

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 Section 6 of this report. 
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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 2-6) 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-specific 

surface or subsurface data set. The background occurrence and distribution for soils are presented in 

Table 2-6. 

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 2-3 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. 

.- 

2.4.3 Comparison of Da@ 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 III Risk Based Concentration (RBC) Tables (EPA, 1996a) and Soil Screening Levels (SSLs) (EPA, 

IQQQb). Commonwealth of Pennsylvania criteria were obtained from the Statewide Health Standard 

Tables, Subchapter C, Section 256.312 of the PA Land Recycling Program Regulations. This includes 

the medium-specific concentrations (MSCs) for soils. For purposes of this report, residential exposure 

scenario criteria were used. The future intended use of Site 5 is residential. 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. 
.-- 
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Screenino 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 Screeninq 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 screening are based on a residential use scenario and are derived based on a IE- 

06 carcinogenic risk or hazard quotation (HQ) of 1.0 (for noncarcinogenic) risk. Soil concentrations were 

also compared to a soil-to-groundwater pathway SSL using a dilution and attenuation factor (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 contaminate groundwater. 

Medium-Specific Concentrations (MSCs) 

MSCs are non-enforceable standards derived from standard EPA equations used for risk assessrnents 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 lE-05 carcinogenic risk 

or an HQ of 1 .O (for noncarcinogenic effects). 

Values of the available TBCs for chemicals positively detected in Site 5 soils are presented in Table 2-8. 

This table presents values for chemicals having only carcinogenic or noncarcinogenic effects, and for 

chemicals having both carcinogenic and noncarcinogenic effects. 

Ambient Water Qualitv 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. 
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TABLE 2.8 (PAGE 1 OF 2) 

SOIL CRITERIA FOR CHEMICALS DETECTED IN SITE 5 SOILS 

NAWC WARMINSTER, PENNSYLVANIA 

-... -... -- 

I! 

. ---. .-.-- 

SUBSTANCE INDUSTRIAL SOIL NON RES. SOIL INDUSTRIAL SOIL RESIDENTIAL SOIL SOIL TO GROUNDWATER 
II PESTlClDESlPCBS tug/Kg) 

4,4’-DDD 

4,4’-DDE 
. . ^-m 

I 7.50E+04 I 3.30E+05 2.40EA”” I 9 nnl=&nQ I 1 RnF+flA II 

5.30lz+O4 2.30E+05 I .70E~“.. 
I r encln” I 3 -uv=m* 4 71c2,T1 I 

-v-a I “.““L. “Y ..--- - 
L”” I 2.00E+03 540E+04 

3.20E+04 4,4’-“” I cJ.i)“LT”-a I L.Y”L, “Y I ,.,“C--w I 2.00E+03 

ALPHA-CHLORDANE 1.30E+04 I 610E+04 1.60E+04 500E+02 1 .OOE+04 

PROCLOR-1242 3.60E+04 160E+05 2.90E+03 I .Y .-%nc,n* hll 
.---. -- .__^ ^..nr.nl) I * “ncsn” ^ ^^F.^,. 

4.L”C’“L I I.L 

AROGLUK-lZ45 Y.Y”c-“J Lt.-t”L-“-l Z.Y”t*“.¶ 3.20E+02 NL 

AROCLOR-1254 4.40E+03 4.40E+04 2.90E+03 3.20E+02 NL 

DELTA-BHC NL NL NL NL NL 

DIELDRIN l.lOE+03 500E+03 3.60E+02 4,00E+Ol 4.00E+oo 
-..-e,..*, r.., n,,, PATI-**. A anlzlnc 4 -7tlE.&“7 1 one tN”“b”LrnN D”Lr-n I e I ,.clYC-“” I 1,) v&-VI I I .L”F+o7 I 4.7OE+O5 I 1.80Et04 

ENDRIN 6.60E+04 840E+05 I 6.10E+05 2.30E+04 1 .OOE+03 
I ,.,?,.I-.,-,A I e rlncsnc ^ a..*.-.r I .-,,nr.nr I MI I ENDr.. . . --* ..,-- 

IIGAM 

<IN ALUtilYUt I o.o”e~“s I .J.-T”L. vu I 0. ,vc*ua I L.J”EI”-l I 8.L 

MA-CHLORDANE I 1.30E+04 I 6.10E+04 I 1.60E+04 1.80E+03 1 .OOE+04 
1 Ar.CIII-7 _ ^-v ^_ I rrnr.nc 1 4 cnc-nc II _ a^r_A,. 

_. 
METHOXYCHLUK 
SEMIVOLATILES (uglk! . 31 
, 4 r.IC.11 ~nn”cLI7chI -v,~nwnvrm.adE 

P-MC I “T LNPU-” I “t¶LC .r-, .\,I .I A “8 IT” A I Ir‘NE 

.,I- 4-METHYL-2-PENTANOnr 

I l.l”c*“o I I .‘t”CT”I 1 1.u0t+u/ I J.Y”t*“O I , .““LTY.J 
II 

I 7.50E+05 I 3.30E+06 2.00E-“7 T”I I 9 -7”ElnA L.,“L*V- I 7 nnF+nR -.--- -- II 

8.80E+06 1 .OOE+07 NL NL NL 
I e rant? NL I 

I 
I I “.a”~+06 NL 

2.00E+03 

LU(A)r Y KtzNt I I I , .O”C+“L I I “.““L . “Y 
-- .-.-. . .A_. ..-. a-..- I ?. cnr.n* I *nC&nc I - ^^r.^.. I ,.r.nr.nCL 1 E ntlC*n? II BEN~u(B)~LuuKAN I I-IIZNC I L.3”C-V4 I I, , “L-U.2 I ,.aJc+uJ v.vvc-“4 d.Y”L. “.a 

BENZO(G,H,I)PERYLENE 1.30E+07 I 1.70E+OB I NL NL NL 
BE”‘^‘V\C1 I I,-.~AkIT”C:LIC 500E+03 NL”(R,rL”“MI” I I ILI.L 

I 9 CnEInC 
L.V”L. “V 1 InF+nFi ..,“_ I- 7 a”=+05 , .““L 9.00E+03 

BIS\L-c I n 1 LT ‘- -l’ “‘I qEXYL)PHTHAlATE 1.30E+06 5.70E+06 4.10E1”., LtLc 

I 

4.60E+04 36OE+06 

II 
F.. . . . . . . ..r.*.- 
ldHKY3fNC 2.50E+06 l.lOE+07 7.80E+05 8.80E+04 1.60E+05 
^. . . ^.1.-.,. .-.I,.,-11.1 A-&-.- . nncLn7 .I, 
U, N ,,UIYLt-l-ll”HLnlC 

lb,,; 
I I .““Er”, I 

1 l-lncsn7 ,.““*.“I I NL I 7.80Et06 2.30E+06 
-,“lr.mA I n “#v!zrr.* 9 AnE*n? ..-,. . . . . . . -P*m.-..P.r.,r a. C,.t-.“J I .I ,nC.LnA 

FLUOKAN I HIZNIZ 

INDENO(1,2,3-CD)PYRENE 

NAPHTHALENE 

PHENANTHRENE 

PHENOL 
DVRFhl!= 

(I.O”CI”O I I. 8 “LT”” LI.ZUt+“~ I 3. l”C--u-4 I .t..z”L-“” 

2.50E+04 1 .I OE+05 7.80E+03 9.00E+02 1.40E+04 

8.80E+06 1 l.lOE+08 4.10E+07 3.1 OE+06 8.40E+04 

6.60E+07 1.90l308 NL NL NL 

1.30E+08 1.90Et08 1.20E+09 4.70Et07 1.00E+05 

6.60E+06 8.40E+07 R lnF+n7 2.30E+06 4.20E+06 

NL = NOT LISTED 

References: 

PADEP, 1996. Statewide Health Standard Tables; Subchapter C Section 260.312 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). EPA1540/R-95-128. Washington, DC. May. 

Criteria.xls2:44 PM7129100 
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TABLE 2-6 (PAGE 2 OF 2) 
SOIL CRITERIA FOR CHEMICALS DETECTED IN SITE 5 SOILS 

NAWC WARMINSTER, PENNSYLVANIA 

SUBSTANCE 

VOLATILES ha/La1 

PADEP MSC PADEP MSC 
RESIDENTIAL SOIL NON RES. SOIL 

EPA RBC EPA RBC 
INDUSTRIAL SOIL RESIDENTIAL SOIL SOIL TO GROUNDWATER 

---- I-u---Cal 

l,i-DICHLOROETHENE 
L-BUTANONE NL NL 4.70E+07 NL 
BHEXANONE 

NL 

ACETONE 1 .OOE+07 1 .OOE+07 2.00E+08 7.80E+06 
BENZENE I 

1.60E+O4 
3 .80E+04 2.00E+05 1 .OOE+05 1.20E+O4 

CARBON DISULFIDE 
3.00E+Ol 

1 .OOl :+07 1 .OOE+07 2.00E+08 7.80E+06 
CHLOROETHANE 

3.20E+04 

II CHLOROMETHANE 
I l.OOE+07 1 .OOE+07 2.00E+06 2.20E+05 NL 

NL NL A A”F+“fi LII .,I 

- 

. ..-- “1 
ETHYLBENZENE 1 .OOE+07 1 .OOE+07 2.00E+08 
METHYLENE CHLORIDE 1.80E+05 9.20E+05 7.60E+05 
TETRACHLOROETHENE 3.40E+05 1.50E+06 
TOLUENE 7.60E+06 1 .OOE+07 
TRICHLOROETHENE 1 
XYLENES (; 

VINYL CHL( 
TOTAL) 
IRIDE 

:S (mglkg) IBNORG*NIC 

..--- “, 
.QOE+05 

I 
9.70E+05 5.20E+05 

I 
I 

1 .ootz+07 1 .OOE+07 4.10E+OQ 1.6-L .a” I 

I 1 .QOE+05 I 1 QOF+“!i I 3 nnl=*nc I 7 enc*n.4 I .I, ..__- “_ e.““-. “” I .““L-“-? 
ANTIMONY 

I”L 
8.80E+ol l.lOE+03 8.20E+02 3.10E+Ol 

ARSENIC 
5.00E+oo 

1.20E+Ol 5.30E+Ol 3.80E+OO 4.30E-01 
BARIUM 

2.90E+Ol 
150E+04 1 .QOE+05 1.40E+05 5 Fi”F+“R -.--- _” 

BERYLLIUM 
I I 

1.60E+03 
4. 20E+OO I 1 .BOE+Ol I 4.10E+03 I ‘,,6”F+“P ----a I 

CADMIUM 
6.30E+Ol 

1. 1 OE+02 1.40E+02 1.00E+03 ..--- __ 7 A, 
CALCIUM 

I . .-OE+Ol 8.00E+OO 
NL NL 

CHROMIUM (+3) 
I NL I NL .NL 

l.QOE+05 I 1 .QOE+05 3 l”F+“R 7 I(“EA.“A *St 

/COBALT 
I -..-- _” I # .“YL . v-. 

I 1.30E+04 I 
I 

1.70E+05 I 1.20E+05 I NL 
m . . ..r_^. . ! 

COPPER 

CYANIDE 

HEXAVALENT CHROMIUM 
IRON 

LEAD 

MAGNESIUM 

..- __ 
8.10E+03 1 .QOE+05 I CI.L”t*“4 I NL 

4.40E+03 5.60E+04 1 4.1 OE+04 1.60E+03 
l.lOE+03 1.40E+04 I 6.10E+03 I 

I 3 nOE+02 -._. 

6.60 ‘E+04 I 1 .QOE+05 I 8.1 OE+05 . ..- __ I NL I 
500E+02 l.OOE+03 I NL I 4.00E+02 

NL I NL NI UI 
MANGANE I ..- __ 
MERCURY I l.QOE+Ol I 2.40E+02 
NICKEL 4.40E+03 5 A”F+“A 

P( ._- 
SELENIUM 

..” 
l.lOE+03 I .40E+04 1 .OOE+04 3.90E+02 

SILVER 
5.00E+oo 

l.lOE+03 1.40E+04 1 .OOE+04 3.90E+02 
SODIUM 

3.40E+ol 
NL NL NI UI LIII 

..- I.L 
SE I 1 .OOE+04 I 1 30l!+0.5 4.10E+04 NL NL 

6.10E+02 NL NL 

t -.--- -. 4.10E+04 1.60E+03 
DTASSIUM I 

1.3OE:+O2 
NL I NL NL NI MI 

tHALLlUM 
.- ..- I.L ,.lL 

1.80E+ol 2.20E+02 I .40E+02 NL 
VANADIUM 

7.00E-01 
1.30E+Ol 1.60E+02 1.40E+04 5.50E+02 

jZlNC 
6.00EI+03 

6.60E+04 1 .QOE+05 6.10E+05 2.30E+04 1.20E+04 
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 Ill Risk-Based Concentration (RBC) Table. Philadelphia, Pennsylvania, April 13. 

EPA, 1998e. Soil Screening Guidance (Appendix A), EPA/540/R-95-128. Washington, DC. May. 
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Effects Ranqe-Low (ERLsj 

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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3.0 PHYSICAL CHARACTERISTICS 

Several environmental studies applicable to NAWC Warminster sites have been completed over the last 10 

years. A number of these studies, including 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 hydrogeollogy. 

A 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 both Area B and Site 5. 

3.1 METEOROLOGY 

The climate of the area is humid continental and is modified by the Atlantic Ocean. Temperatures range 

between an average of 76’F (24.4’C) in July and 32’F (O’C) in January. The average daily temlperature 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 of west-southwest (NAWC Warminster Emergency Response 

Plan, August 13, 1990). 

3.2 SURFACE WATER HYDROLOGY AND TOPOGRAPHY 

NAWC Warminster is situated on an upland area divided between two local drainage basins, the Little 

Neshaminy Creek Basin to the north and the Southampton Creek Basin to the south. The northern 65 

percent of the facility 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 Sites 5, 6, 

and 7) 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. 

NAWC Warminster is located on a local topographic high. The crest of the hilltop trends east-west within 

the facility and is roughly coincident with the location of the main runway. Surface topography across Area 6 

slopes away from the main runway to the north, precluding surface water flow onto Area B in general from 

surrounding properties. Slopes range from nearly level to 15 percent and average 3 to 5 percent. The slope 
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across Site 5 is approximately 3 percent. The surface elevation of Site 5 ranges from a high of 

approximately 344 feet mean sea level (msl) to low of approximately 336 feet msl. 

A series of storm drains is present in the vicinity of Area B, including Site 5 (Figure 3-l). Stormwater that 

collects near Site 5 is piped underground (via Outfall No. 10) from the south-central NAWC Warminster 

property boundary to a point approximately 500 feet to the south, where it flows through a residential area 

in a concrete channel. The channel flows through the residential subdivision for approximately 1,000 feet 

and travels through a road culvert before flowing into a natural streambed. This stream flows through a 

shaded 250 feet reach before entering a small and shallow off-base pond, which overflows into a second 

small pond, which in turn flows into Southampton Creek (Figure 2-4). At this location, the creek is less 

than 4 feet wide and 6 inches deep with a rocky substrate; there are mowed and maintained lawns at this 

point to the water’s edge. The base flow rate is 98 gpm, as measured in an area where the creek is 

contained within a cement culvert (SMC Martin, 1991). Southampton Creek continues south under 

County Line Road, the Pennsylvania Turnpike, and Byberry Road to Pennypack Creek. 

The elevations at Sites 6 and 7, which are topographically higher and northwest of Site 5, range from about 

360 feet msl closest to the main runway to approximately 345 feet msl adjacent to Site 5. Surface 

topography across a majority of Sites 6 and 7 is relatively flat, except for steeper slopes just west of Patrol 

Road, which separates Site 5 from the other Area B sites. The land at Sites 6 and 7 consists of open fields 

and woodlots that generally act to retard surface runoff toward the south. Some runoff from the steeper 

slopes is directed toward Site 5, while the majority of the runoff flows to a recharge area between Site 5 and 

Building 108. 

_- 

A second drainage channel exists near Building 108, located west of Site 5. This channel collects water 

from the vicinity of Building 108. The channel discharges through Outfall No. 11, before being discharged 

through the same residential neighborhood described above. A stormwater drain running parallel to the 

base property boundary east of Building 108 also drains water from the vicinity of Area B and northeast of 

Outfall No. 11 (Figure 3-l). 

Based on historic aerial photography, Southampton Creek and associated drainage pathways may have 

extended north to Navy property east of Building 108 prior to the 1950s. The area lying between Building 

108 and Site 5 and downgradient of both Sites 6 and 7 is relatively flat and serves as a recharge area for 

surface runoff. Ponding of water in this general area was observed during RI work. The distance from Sites 

5, 6, and 7 (i.e., greater than 1,000 feet) to the current headwaters of Southampton Creek near Outfall No. 

11, along with the relatively flat terrain between the sites and the creek, suggests that surface runoff from 

Area B to Southampton Creek is not a significant transport process. 
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3.3 SOILS 

Soil thicknesses observed during the Phase I subsurface investigations at this area were between 4 and 

14 feet. The soil thicknesses are generally uniform across the sites, with only local areas of variation. 

SCS has mapped the soils at Site 5 as Doylestown silt loam with slow permeability, Lawrenceville silt 

loam with moderately slow permeability, and the Duncannon silt loam with moderate permeability. 

3.4 GEOLOGY 

3.4.1 Reslional Geoloav 

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. 

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, that outcrops 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 c:oalescing 

alluvial fans that deposited sediment eroded from highlands to the south (Slot0 and Davlis, 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 gradationa,l contacts 
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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. 

The lower arkose member of the Stockton Formation underlies the middle arkose member and is projected 

to outcrop 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. 

3.4.2 Geoloav of Site 5 

The geology within Area B 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 extend 

to an average depth of about 10 feet below ground surface. The transition from soils to weathered bedrock 

to competent bedrock occurs gradually over a distance of about 5 to 10 feet due to the effects of weathering 

on the bedrock surface. 

The bedrock within Area B consists of alternating sequences of fine- and coarse-grained, gently dipping 

rock units. Lithologic units vary in thickness from less than a foot to a maximum observed thickness of 

about 60 feet. The fine-grained units consist primarily of reddish-brown siltstones and shales. The coarse- 

_.-. 
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grained units consist primarily of fine- to coarse-grained arkosic sandstones that range in color ,from reddish 

to brown to gray-green. Well-defined, gradational fining-upward sequences were encountered in some 

areas; in other areas, fairly sharp transitions between sandstones and mudstones were identified. 

Individual rock units vary both in thickness and in areal extent, with some lithologies extending for significant 

distances across Area B and others pinching out within relatively short distances. Thicker beds typically 

extend laterally for greater distances than the thinner beds, which tend to be localized in areal extent. Finer 

grained beds tend to be more laterally extensive than coarser-grained beds, although coalescing sandstone 

beds may form laterally (and vertically) extensive packages of coarse grained rock units, which is typical for 

sedimentary units deposited in an alluvial fan environment. 

Bedding within the Stockton Formation strikes approximately north 71 degrees east and dips approximately 

5 to 8 degrees to the northwest. The dip of the rock units is approximately opposite to the overall 

topographic slope of the ground surface within Area B. Bedrock fractures were encounterecl at varying 

depths within the Area B boreholes. Based on geophysical and boring log information, the fractures 

included both bedding plane fractures and cross-cutting fractures. Fractures were observed within both the 

coarser- and finer-grained units; the fractures in the sandstone typically yielded greater quantities of water. 

3.5 HYDROGEOLOGY 

3.5.1 Regional Hvdroneologv 

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 porosiQ, 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 one of three different aquifer types 

which, in descending subsurface order, include 
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. 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 (where present) generally extends 

to an average depth of about 20 feet. 

The shallow bedrock aquifer may extend to depths of about 75 to 120 feet below the ground surface. The 

shallow bedrock aquifer is recharged by vertical percolation through the overburden 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 fracture zones. Horizontal 

groundwater migration in response to regional gradients (controlled by topography or long-term well 

pumping) is significant in the shallow bedrock aquifer. 

The deeper bedrock aquifers underlie the shallow bedrock aquifer and typically occur at depths greater than 

about 75 to 120 feet below the ground surface. Water within the deeper bedrock 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 

3.5.2 Hvdrogeolonv of Site 5 

Groundwater within Area B is primarily encountered within the bedrock of the Stockton Formation. The 

overlying residual soils contain minor amounts of water in some places, but the saturated thickness is 

generally limited to a few feet or less. The majority of the groundwater within the bedrock primarily moves 

through interconnected networks of fractures that, on a local scale, represent discrete flow zones but are 

regionally part of a complex, hydraulically interconnected groundwater flow system. The primary porosity 

also contributes some (but significantly less) groundwater to the wells, especially in the coarser-grained 

units. 
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In general,, the groundwater flow directions within the bedrock beneath Area B mimic the ground surface 

topography and are controlled by the topography and locations of streams in the area. The overall direction 

of groundwater flow across Site 5 is to the south (opposite to the dip of the bedrock), although local 

variations to this flow pattern do exist (TtNUS, 2000a). 

Based on the vertical distribution of hydraulic head within Site 5(as measured in clusters of wells completed 

at different depths), the overall vertical groundwater flow gradient is downward. Hydraulic heads within the 

shallow bedrock wells are generally higher than the heads in the deeper wells, with a few exceptions. This 

pattern of vertical flow indicates that the source of water to the deeper groundwater flow zones within the 

bedrock primarily is leakage from overlying flow zones. 

More detailed information on the geology and hydrogeology of Area B (including Site 5) is provided in the RI 

Report for Area B Groundwater (RNUS, 2000a). 

3.6 ECOLOGY 

During the Phase I RI, a biological characterization was conducted to support the evaluation of ecological 

risks (SMC Martin, 1991). The characterization identified and described the types of ecosystems (e.g., 

terrestrial, aquatic, and semi-aquatic) and ecological components associated with Area B. The biological 

characterization also helped to identify any ecologically significant effects that might be apparent and 

which could be attributable to the base. These types of effects include, but were not limited to, reductions 

in organism populations, changes in community structure, and changes in ecosystem structure function. 

The biological characterization was completed on a qualitative, descriptive level, and did not include the 

collection of any biological samples. Biotic and abiotic components were described for habitats in the 

vicinity of Area B and nearby Southampton Creek, and these habitats were classified lbased on 

hydrological, soil, and vegetative characteristics (e.g., forested riparian wetlands). Specific characteristics 

of drainage features were also described. The relative abundance of specific vegetation was noted and 

observations made regarding the occurrence of aquatic and terrestrial animals, including benthic 

invertebrates, amphibians; reptiles, fish, birds, and mammals. Based on these observations, 

representative upper-level receptors were selected to evaluate potential risks via the food web. 

Specifically, literature-derived values for food and water ingestion rates and body weights of 

representative receptors were used together with stream analytical data to characterize exposure and 

ecological risks associated with Area B. 

The Area B biological characterization indicated that there was very little flow and virtually no biotic 

component within the approximately l,OOO-foot length of the concrete-lined ditch draining stormwater 

UDOCUMENTSINAWl1412lSlTE5/13748/SEC3 3-8 



from the base boundary to Southampton Creek. Amphipods were observed at the point where this 

channel flows through the road culvert and into the natural streambed. Midge larvae were found in the 

fine (i.e., silt) sediments at the head end of the first pond. Fish were not observed, but mallard ducks and 

Canada geese were active in and around each of the ponds. Raccoon tracks were observed along the 

shore of the pond as well (SMC Martin, 1991). 

Wetlands were evaluated during Phase III along Southampton Creek, which begins outside the 

southeastern comer of the base and flows south under Street Road at its junction with Davisville Road. 

Approximately 1,000 feet south of the base boundary, Southampton Creek exits a storm sewer and flows an 

additional 500 to 1,000 feet through a subdivision. Nine locations (Points 12 through 20) along 

Southampton Creek were evaluated for the wetlands assessment south of Area B (Figure 3-2). With the 

exception of Points 12 and 13, all other points were considered to be too far away from the base to draw 

any conclusions about the potential influence of base property on wetlands quality. 

Wetlands along Southampton Creek are primarily palustrine, forested, broad-leaved deciduous, temporary 

(PFOIA) and are characterized by green ash, silver maple, box elder, black cherry, and spicebush in the 

canopy and sub-canopy. Blackberry, Japanese honeysuckle, jewelweed, poison ivy, and skunk cabbage 

are the dominant species in the herbaceous layer. 

While the PFOIA wetland type dominates the wetlands along Southampton Creek, palustrine emergent 

(PEM) wetlands are also common between the streambank and the wetland hardwood forest. These 

emergent wetlands may have a small open water area in the center surrounded by a marsh dominated by 

cattails. A strip of alder, spicebush, jewelweed, skunk cabbage, and black willow surrounds the marsh and 

grades into the surrounding PFOIA forested wetland. 

Two types of soils were encountered along Southampton Creek. Bowmansville silt loam was the dominant 

soil type, and Hatboro silt loam was also found at the intersection of Southampton and Pennypack Creeks. 

Both soils are considered to be hydric soils in both Bucks and Montgomery Counties; however, the 

Bowmanville silt loam was found in both wetland and non-wetland areas of the floodplain. The non-hydric 

Hatboro silt loam was found only at the mouth of Southampton Creek. 

Specific descriptions of the points evaluated during the wetlands assessment, which were within a 0.5 mile 

of the base boundary and Outfall No. 11 (i.e., Points 12, 13, 14, and 15) are provided below. With the 

exception of Points 12 and 13, all other points were considered to be too far away from the base to draw 

any conclusions about the potential influence of base property on wetlands quality. 
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Point 12, located 500 feet of Joseph Avenue, was the closest point to Area B. The creek consisted of storm 

sewers flowing under streets and through yards in a developed subdivision. All drainage between this point 

to the base is below ground through storm sewers. 

At Point 13, downstream from Point 12, the creek was 4 feet wide and 6 inches deep and had a rocky 

bottom. This point was the first readily accessible surface water downstream from the base property 

boundary. The creek collects stormwater runoff from the subdivision in this neighborhood. The banks were 

3 feet high and the Bowmansville silt loam floodplain soils were classified as hydric. The NWl map indicated 

no wetlands in this area; however, the field inspection indicated a PFOlA wetland adjacent to the creek. 

The floodplain was characterized by green ash, silver maple, black willow, and box elder, and the 

understoty consisted of green ash saplings and spicebush with an herbaceous layer of jewelweed. 

Evidence of children playing in the creek was common along. Fish up to 6 inches long were seen and gray 

squirrels, blue jays, and American robins were observed near the creek. 

Downstream of the road crossing at Point 13, the stream flows through a wooded wetland corridor before 

flowing through a channeled portion adjacent to a shopping center parking lot at the intersection of Street 

and Davisville Roads. Downstream of Street Road to the junction with Pennypack Creek, Southampton 

Creek widens from 10 to 20 feet and deepens to 3 feet in holes. The stream flows through a wooded 

wetland corridor up to 1,000 feet wide that separates subdivisions, apartment complexes, shopping centers, 

and several industrial areas. The downstream portions of the stream are characterized by sandy bottoms 

with 4- to 7-foot-high cut banks. Downstream of County Line Road, the stream shows evidence of episodic 

flooding following storm events. Brush, leaves, and trash were observed piled into wrack lines in the 

floodplain and suspended from trees more than 2 feet above the top of the bank. 

North of Street Road (Point 14), Southampton Creek was wider (8 feet) and still had a rocky bottom. The 

banks were 4 feet high. The NWI map indicated that the streambed and banks were classified as a PFOIA 

wetland. Mature silver maple, tulip poplar, and sycamore shaded the banks. The dense subcanopy was 

dominated by black cherry saplings and spicebush with an herbaceous layer of poison ivy, Virginia creeper, 

and daylilies. The Bowmansville silt loam soil was hydric with saturated conditions located 6 inches below 

the surface. Much of the floodplain and wetlands downstream from the road crossing were filled and only a 

20-foot wide vegetation fringe remained. Maintained lawns extended to the edge of the floodplain, but a 20- 

to 40-foot buffer zone existed throughout much of this area. A green-backed heron was observed near 

Point 14. 

At the intersection of Davisville and Street Roads (Point 15), the creek was IO feet wide and up to 24 inches 

deep in holes. The creek had a rocky bottom and the banks were 4 feet high. The NWI map indicated the 

streambed and banks were classified as a PFOIA wetland at this location. Mature silver maple and black 

cherry dominated the overstory with an herbaceous layer of Virginia creeper. The Bowmansville silt loam 

soil was not hydric, mottled, or saturated within 18 inches of the surface. Fish up to 6 inches long were 
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observed in the creek, and the wide upland corridor provided fairly good wildlife habitat in this area. 

Upstream of the intersection, the creek was a channeled ditch flowing beside a supermarket parking lot and 

collecting stormwater runoff from a large paved area. 

A wooded wetland corridor approximately 1,000 feet wide occurs along the lower reaches of Southampton 

Creek and provides some of the best wildlife habitat observed in the highly urbanized landscape. Mammals 

such as the white-tailed deer, raccoon, and gray squirrel are common here. Commonly observed birds 

included the American robin, gray catbird, northern cardinal, black-capped chickadee, mourning dove, 

common crow, wood thrush, and common grackle. No reptiles and few amphibians were located on the 

stream, although an unidentified frog was observed near the mouth of Southampton Creek. Unidentified 

fish more than 6 inches long were observed in the creek. Crawfish and aquatic insect larvae were also 

observed. 

In general, Southampton Creek and associated wetlands appear to be fairly healthy, and some forested 

areas provide good wildlife habitat within an urbanized landscape. While no evidence of pollution, fish kills, 

or stressed vegetation was observed and aquatic invertebrates and fish inhabit the creek, urban trash and 

litter were very common. Tires, boards, bottles, cans, paper, and plastic were common in the creek and 

scattered throughout the floodplain. 

_-7 

3.7 GROUNDWATER USE 

Residents near Area B rely exclusively on groundwater sources for their water supply. Most of the domestic 

wells immediately southeast of Site 5 were decommissioned when public water connections were made in 

the Casey Village area as part of the OU-2 removal action. The nearest active well is about 2,000 feet 

southeast of Site Salong Davisville Road. 

The nearest municipal water-supply well is owned by Northampton, Bucks County Municipal Authority 

(NBCMA). This well (NBCMA Well No. 1) is a least 1 mile east of Area B. Well No. 1 is an 8-inch diameter 

well and is 590 feet deep. 

The largest concentration of off-base domestic wells is in the Flying Heels neighborhood, approximately 

3,000 feet southwest of Site 5. The enlisted housing area and other nearby buildings and residences 

(e.g., inertial guidance facility and Quarters B) are now served by municipal water from Warminster 

Municipal Authority. Before 1998, these structures were served by the base water-supply system, 

primarily base supply well SW-IO. 
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4.0 NATURE AND EXTENT OF CONTAMINATION 

4.1 INTRODUCTION 

The nature and extent of environmental soil contamination at Site 5 and for the nearby Area B 

stream are discussed in this section. The discussion summarizes the distribution and concentration 

of contaminants detected in site soils as well as nearby surface water and sediment. The validated 

data generated during the RI work and subsequent investigations provide the basis for this 

information. The complete analytical database is included in Appendix A. 

For purposes of interpretation, the two general trench locations at Site 5 (i.e., the estimated 

locations of trenches TR3 and TR5) were used to focus the data evaluation process. As described 

in Section 1 .O, several trenches may be present in each of the general trench locations. 

4.2 GEOPHYSICAL SURVEY 

Because of the proximity and large number of cultural sources of interference (e.g., buildings, 

fences utility lines, and parked vehicles), a geophysical survey of reasonable quality could not be 

conducted at Site 5. 

4.3 SOIL GAS SURVEY RESULTS 

4.3.1 Phase I RI 

Soil gas surveys were performed as part of both Phase I and Phase III RI work. The Phase I soil 

gas survey results for Site 5 are shown on Figure 4-l. The soil gas survey indicated VOC 

concentrations of 1 - 1.8 parts per million (ppm) at one survey point east of Site 6 and the Patrol 

Road and west of Building 401. Four survey points had slightly elevated readings of between 0.2 - 

1 ppm. Three of the points were located south and east of Building 401 and one point was located 

west of Building 401 and northeast of Site 6. The three locations south and east of Building 401 

were intended to delineate the southeastern border of trench TR3 and the one soil gas location east 

of Building 401 were used to delineate the farthest southwestern point of trench TR5. 

4.3.2 Phase Ill RI 

During the Phase III soil gas survey, no real pattern of subsurface contamination was identified 

based on the soil gas results (Figures 4-2, 4-3, and 4-4). The Phase Ill soil gas survey results are 
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presented in Appendix B. Most soil gas samples contained non-detects. A few scattered 

detections were observed at two locations to the south and southwest of Building 401 with PCE at 

0.26 ppm and benzene, toluene, ethylbenzene, and xylene (BTEX) at 3.6 ppm. Four locations west 

of Building 401 contained elevated soil gas readings; three were for BTEX ranging from 1.7 to 3.6 

ppm and one sample location detected TCE at 0.09 ppm. The two samples showing PCE and TCE 

may represent the estimated edges of trench TR3. The BTEX compounds might be associated 

with runoff from the driveway and parking areas and may not be associated with disposal trenches. ,. 

4.4 AIR MONITORING RESULTS 

Air monitoring was performed as part of the Phase I RI work. Air sampling locations are shown on 

Figure 4-5. The air monitoring samples were collected using Tenax and charcoal tubes. Samples 

were collected inside Building 401 and from a back porch south of Building 401 that was reportedly 

built over top of trench TR3. Sample numbers and locations can be found in Table 4-l. The results 

of Tenax tube analysis are found in Table 4-2 and the charcoal tube analysis results are shbown in 

Table 4-3. 

The results of GCYMS analysis of Tenax indicated the presence of organic compounds at 10 ppb or 

less (Table 4-2). The Tenax concentrations were only estimates of concentrations due to spectra 

comparisons. Charcoal tubes were used to provide specific concentrations of contaminants. 

The results of the charcoal tube analysis indicated concentrations less than the detection limits in all 

but one sample (i.e., sample 89-12-14-C-002) (Table 4-3). This sample had an elevated 

concentration of toluene at 9 ppb. The level of toluene presents no known human health risks and 

did not appear to be associated with any disposal operations at Site 5. 

4.5 EXTENT OF POTENTIAL BURIED WASTES 

The results of the Phase I RI soil confirmation borings (Figure 4-6) and the Phase II and Phase Ill 

RI soil borings were used to estimate locations within Site 5 that might contain potential waste 

materials or non-native soils. A total of IO soil borings were advanced during the Phase I RI. 

These borings were used to confirm waste material at Site 5 and were based on soil gas readings. 

No samples were collected from the borings, Five borings encountered waste and the remaining 

five found non-native clean fill or native soil. However, the boring locations were relatively far apart 

and may not accurately reflect the actual presence of waste material. The thickness of the waste 

material averaged 4 to 5 feet. The average thickness of non-native clean fill was 5 to 6 feet. 

UDOCUMENTSINAVWI 41 ZSITE5/13748/SEC4 4-6 



I I LEGEND 
0 50 100 A001 - AIR SAMPLING 

LOCATION 

SCALE IN FEET u570 - UNIT IDENTIFICATION 



TABLE 4-1 
SITE 5 AIR SAMPLING LOCATIONS 

NAWC WARMINSTER, PENNSYLVANIA 

SAMPLE NUMBER ADDRESS 
89-12-14-T-001 572 Skyhawk Drive 
89-l 2-14-C-00 1 572 Skyhawk Drive 

89-12-14-SG-001 572 Skyhawk Drive 

89-12-14-T-002 566 Skyhawk Drive 
89-l 2-l 4-C-002 566 Skyhawk Drive 

89-12-l 4-SG-002 566 Skyhawk Drive 

89-l 2-l 4-T-003 566 Skyhawk Drive 
89-12-14-C-003 566 Skyhawk Drive 

89-12-l 4-SG-003 566 Skyhawk Drive 

LOCATION 
Living Room - Front Wall 
Living Room - Front Wall 
Living Room - Front Wall 

Living Room - Rear ‘Wall 
Living Room - Rear Wall 
Living Room - Rear Wall 

Outside - On Patio 
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TABLE 4-2 
AIR MONITORING 

GAS CHROMATOGRAPHY - MASS SPECTROMETRY RESULTS 
SAMPLE MATRIX: TENAXR TUBE 

Volatile Compounds 

Benzene 

2-Butanone 

1,2-Dichloroethane 

Ethyl Benzene 

2-Hexanone 

4-Methyl-2-Pentanone 

Styrene 

Tetrachloroethylene 

I, I, 1 -Trichloroethane 

Trichloroethylene 

Toluene 

Xylenes 

89-12-14-T-001 89-12-14-T-002 
Concentration Concentration 

Wsl) (Wm3) m.l) Ws/m3) 

0.06 0.7 0.1 1 

0.01 1 0.2 3 

0.01 1 0.1 1 

0.1 1 0.2 3 

0.1 1 0.05 0.7 

0.03 0.3 0.05 0.7 

0.01 0.1 0.01 0.1 

0.5 6 0.8 10 

0.7 8 1 10 

89-12-14-T-003 
Concentration 

044) Wm3) 

0.6 4 

0.2 1 

0.6 0.4 

0.2 1 

0.08 0.06 

0.06 0.04 

0.1 0.7 

0.2 1 

0.2 1 

0.1 0.7 

1 7 

1 7 

Blank Limit of 
Concentration Detection 

(W W) 

<O.Ol 0.01 

co.1 0.1 

co.01 0.01 

0.04 0.01 

co.05 0.05 

co.05 0.05 

0.01 0.01 

co.01 0.01 

co.01 0.01 

0.01 0.01 

0.1 0.01 

0.1 0.01 

Please note that the results are semi-quantitative and the collection efficiencies of many compounds on Tenax have not been validated. 

Results have been blank corrected. 

3 
= micrograms = 1 X 10’ grams 
= cubic meter 
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Volatile Compounds 

Benzene 
2Butanone’ 
Ethyl Benzene 
2-Hexanone2 
4-Methyl-2-Pentanone3 
Styrene4 
Tetrachloroethylene 
1 ,l ,I-Trichloroethane 
Trichloroethylene 
Toluene 
Xylenes 

89-12-14-c-001 89-12-14-0002 
Concentration Concentration 

(mg) (ppm) 6-w) (ppm) 

co.002 
40.003 
co.002 
co.003 
co.002 
eo.005 
<0.004 
co.003 
co.004 
<0.004 

<O.Ol 
eO.008 
~0.008 
<O.OOQ 
<0.006 
co.01 

co.007 
co.007 
<O.OOQ 
<O.Ol 

eo.004 <o.oi 

TABLE 4-3 
AIR MONITORING 

SAMPLE MATRIX: CHARCOAL TUBE 

co.002 co.005 co.002 co.005 co.002 
eo.003 <O.OOQ co.003 co.008 co.003 
co.002 co.004 co.002 co.004 co.002 
co.003 co.006 co.003 co.006 co.003 
co.002 co.004 eo.002 co.004 co.002 
co.005 so.01 co.005 co.01 co.005 
co.004 qo.005 co.004 co.005 co.002 
co.003 co.005 co.003 co.004 co.005 
co.004 ~0.006 co.004 <0.006 co.004 
0.004 0.009 co.002 <0.004 co.002 

co.004 co.084 co.004 <0.008 co.004 

Ppm = Parts per million 

‘The results for 2-butanone have been corrected for a desorption efficiency of 74%. 
2The results for 2.hexanone have been corrected for a desorption efficiency of 81%. 
?he results for 4-methyl-2-pentanone have been corrected for a desorption efficiency of 88%. 
?he results for styrene have been corrected for a desorption efficiency of 37%. 

Note: Other significant peaks were present in the chromatograms of the charcoal tube samples. 
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89-12-14-c-003 
Concentration 
(mg) @pm) 

Concentration 
0-w) 

Limit of 

(w) 

0.003 
0.002 
0.002 
0.003 
0.002 
0.005 
0.004 
0.003 
0.004 
0.002 
0.004 

NIOSH 
Method 
Number 

1500 
s3 

1501 
1300 
1300 
1501 
1003 
1003 
1022 
1500 
1501 
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Based on the results of all borings, Figure 4-7 shows the four general locations that exhibited the 

presence of waste materials. For trench TR3, this figure may be inaccurate since borings were not 

advanced beneath Building 401. However, the absence of waste materials south of Building 401 

near subsurface soil sample locations SB-05-09 and SB-05-10 as well as east of Building 401 (i.e., 

sample locations SB-05-01 and SB-05-25) suggests that these materials might not have been 

uniformly distributed beneath the entire length of the existing building and that these materials are 

probably not present under Buildings 402 and 403. 

For trench TR5, waste materials were found in the western end of the estimated location of trench 

TR5 and beneath the parking area along Skyhawk Drive (Figure 4-7). The absence of waste 

materials in the eastern end of trench TR5 suggests that these materials might not be present 

beneath Building 403. 

The estimation and delineation of potential buried materials at Site 5 are inherently hypothetical and 

should be viewed with caution, given the presence of housing units and the inability to excavate test 

pits to better determine the limits of the buried waste materials. 

4.6 SURFACE SOIL RESULTS 

Following the majority of Phase Ill RI work at Site 5, additional surface and subsurface soil sampling 

and analysis were conducted to better delineate the areal extent of trenches TR3 and TR5 and to 

evaluate potential new trenches (i.e., trenches TR5B and TR5C) based on newer EPA aerial 

photographic interpretation (EPA, July 1999). Surface soils were defined as those generally within 

2 feet of the ground surface. The average depth of the Site 5 surface soil samples ranged from 6 to 

36 inches after accounting for topsoil or asphalt and roadbed material. 

A total of 39 surface soil samples were collected in the vicinity of Site 5. In three samples (i.e., SS- 

05-17, SS-05-36, and SS-05-37) surficial waste was encountered and consisted of glass, ash, 

wood, cinders, wire, or brick fragments. For purposes of interpretation, the two general trench 

locations at Site 5 (i.e., the estimated locations of trenches TR3 and TR5) were used to focus the 

data evaluation process. However, several trenches may be present in each of the general trench 

locations. 

Table 4-4 provides the occurrence and distribution of organics and inorganic compounds in 

background and Site 5 surface soil samples. Figure 4-8 details those surface soil sample locations 
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where contaminant concentrations exceeded both the highest observed background concentration 

for that contaminant and one of the soil screening criteria for residential land use, as shown on the 

analytical summary tables contained in Appendix A. 

Several VOCs were contained in the Site 5 surface soil samples for trench TR5. 2-Butanone was 

detected at 35.0 uglkg (sample SS-05-07) and 42 ug/kg (sample SS-05-28) located in the central 

eastern portion of estimated trench TR5 location. 2-Hexanone was contained at concentra:tions of 

51 ug/kg (sample SS-05-21) and 31 uglkg (sample SS-05-22) located in the western end of trench 

TR5. 4-Methyl-2-Pentanone was also detected at 6 ug/kg (sample SS-05-28) located in the central 

eastern portion of this trench. 

Benzene was detected at concentrations less than or equal to 2 ug/kg in samples SS-05-‘17, SS- 

05-26, SS-05-33, and SS-05-08. Carbon disulfide was detected at 1 ug/kg in sample SS-05-28 in 

the central portion of trench TR5. Chloroethene and chloromethane were detected at 2 and 5 

uglkg, respectively, in sample SS-05-37. Sample SS-05-34 contained chloromethane at I ug/kg. 

Sample SS-05-37 was located in the south-central portion of trench TR5 and sample SS-05-34 

was located in the northeastern corner of TR5. Ethylbenzene was detected at 3 ug/kg in sample 

SS-05-21 located along the northeastern end of trench TR5. Methylene chloride, a common 

laboratory contaminant, was detected at 2, 2, and 320 ug/kg in samples SS-05-02, SS-05-04, and 

SS-05-I 1, respectively, located near the northcentral and the central eastern sections of trench 

TR3. Toluene was detected at concentrations ranging from 1 to 40 ug/kg in several samples 

throughout Site 5. Xylene was contained at levels ranging from 1 to 19 ug/kg in samples SS-05- 

02, SS-05-21, SS-05-26, and SS-05-35. TCE was contained in samples SS-05-02, SS-05-04, 

SS-05-06, SS-05-05-07, and SS-05-08; the maximum level was 33 ug/kg in sample SS-05-06. 

No VOC was present in any surface soil sample at levels greater than the residential RBCs. 

Several semivolatile organic compounds (including PAHs and phthalates) were detected in surface 

soil samples collected at Site 5. The PAHs were found within the estimated location of trench TR5 

and may be associated with disposal practices at the site. PAHs are generally associated with 

incomplete combustion of materials or runoff from asphalt surfaces. PAHs present in the surface 

soils were located throughout the estimated trench locations of TR3 and TR5 and may be 

associated with runoff or leaching from asphalt surfaces. However, only benzo(a)pyrene was 

identified at a level (90 ug/kg) greater than the residential RBCs. Sample SS-05-38 contained 

benzo(a)pyrene at 92 ug/kg and sample SS-05-06 contained 205 ug/kg (270 ug/kg in the duplicate 

sample). 
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Phthalates [including bis (2:ethyhexyl) and di-n-butyl] were detected in samples to the north ancl 

east of trench TR3 and to the east and central portions of trench TR5. The phthalate 

concentrations ranged from 39 to 270 ug/kg. These compounds may be associated with disposal 

activities, the burning of trash, or runoff or leaching of asphalt materials. However, all phthalate 

detections were below residential RBCs. 

Aroclor-1254 was detected in 19 of 36 samples at Site 5. The samples may be associated with 

dust suppression techniques used during construction of the housing units. Sample concentrations 

ranged from 20 to 24,000 uglkg with the majority of samples being twice the background 

concentration of Aroclor-1254. However, only three samples (see Figure 4-8) contained Aroclor- 

1254 at levels in excess of residential RBCs. Several pesticides (e.g., 4,4’-DDD, 4,4’-DDE, 4- 

4’DDT, Beta-BHC, dieldrin, endosulfan sulfate, endrin aldehyde, gamma chlordane, and heptachlor 

epoxide) were detected throughout the general Site 5 area and might be associated with disposal 

and spreading of material or by past or present application of pesticides around the housing areal. 

No pesticide levels exceeded RBCs. 

Among surface soil inorganic results, a variety of metals were detected at levels above background 

soil concentrations. The highest inorganic results were contained in samples SS-05-36 and SS-05- 

37 located north and south of the estimated location of trench TR5. The highest cadmium, leacl, 

mercury, and zinc levels were at these two locations. Figure 4-8 depicts surface soil samples witlh 

inorganic contaminant levels greater than residential RBCs. 

4.7 SUBSURFACE SOIL 

The nature and extent of subsurface soil contamination at Site 5 are discussed in this section. 

Subsurface soils were defined as those at depths generally greater than 2 feet from below ground 

surface. All subsurface soil samples were collected at depths between 3 and IO feet below ground 

surface during the RI. Additional subsurface soil sampling was conducted to further delineate the 

nature and extent of contamination. 

A total of 32 soil borings were drilled at Site 5, and 51 subsurface soil samples (plus duplicates) 

were collected at Site 5 during the Phase II and III RI work. Table 4-5 provides the occurrence and 

distribution of organics and inorganic compounds in background and Site 5 subsurface soil 

samples. Figure 4-9 details those subsurface soil sample locations where contaminant 

concentrations exceeded both the highest observed background concentration for that contaminant 

and one of the soil screening criteria for residential land use, as shown on the analytical summalry 

tables contained in Appendix A. 
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TABLE 4-5 
OCCURRENCE AND DISTRIBUTION OF ORGANICS AND INORGANICS IN SITE 5 SUBSURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 
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Several VOCs were contained in the RI soil boring samples. I,1 -Dichiorothene (I,1 -DC:E) was 

detected in one soil boring location at two separate depths in samples SB-05-51 and SB-05-53 at 2 

ug/kg. The sample location was located on the northeastern border of trench TR5. 2-Hexanone 

was detected in two sample locations (SB-05-29 and SB-05-34) at concentrations of 2 and 1 ug/kg 

respectively. Sample SB-OS-29 was located in the northeastern corner of trench TR3 and sample 

SB-05-34 was on the eastern border of trench TR5. All VOC detections were well below residential 

RBCs. 

4-Methyl-2-Pentanone was detected in six sample locations with concentrations ranging from 1 to 4 

uglkg. These samples were collected in the northeastern section of trench TR3 and the 

northeastern, southeastern, and central western potions of trench TR5. Acetone was detected in 

four sample locations SB-05-29, SB-05-40, SB-0548, and SB-0549 at concentrations ranging from 

94 to 300 ug/kg from the eastern end of trench TR3 and the eastern central portion of trench ‘TR5. 

BTEX compounds were contained in boring samples SB-05-29 and SB-05-35 with concentrations 

ranging from 2 to 24 ug/kg. The boring locations were on the eastern sides of trenches Tfi3 and 

TR5 adjacent to Patrol Road. Carbon disulfide was detected in four boring samples ranging from 5 

to 13 ug/kg. Three samples (SB-05-26, SB-05-29, and SB-05-49) were located on the eastern 

border of trench TR3 and the fourth was located in the central portion of trench TR5. 

Toluene was detected in 13 boring samples. Concentrations ranged from 1 to 13 ug/kg, orders of 

magnitude below the residential RBC. Xylene was detected in five borings plus one duplicate 

sample (SB-05-03, SB-05-04, SB-05-24, SB-05-29, and SB-05-35) ranging in concentrations from 1 

to 34 uglkg. Concentrations were highest in the area of trench TR5 with samples being located in 

the central and eastern portion of that trench. Two samples (SB-05-29 and SB-05-24) were located 

on the eastern and western ends of trench TR3. All concentrations were below the residential RBC. 

Tetrachloroethene (PCE) was contained in one soil boring sample (SB-05-02) at 9 ug/kg (4 q/kg in 

SS-05-02 and 14 uglkg in the duplicate sample) located on the southwestern corner of what 

appeared to be trench TR3. This level is well below all screening criteria. 

Several semivolatile organic compounds (including PAHs, phthalates, and 1,4-dichloroberzene) 

were detected in subsurface soil samples. However, only four boring samples contained these 

compounds (samples SB-05-29, SB-05-21, SB-05-32, and SB-05-51). PAHs were generally 

contained in those samples adjacent to or just downgradient of paved surfaces at Site 5. This may 

be an indication that the presence of these compounds is associated with paving materials used in 

the roadways. 
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A few phthalates [bis(Zethylhexyl)phthalate and di-n-butylphthalate] were detected in samples 

adjacent to or under roadway or asphalt surfaces. The phthalate concentrations ranged from 41 to 

170 uglkg. 1,Cdichlorobenzene was also contained in sample SB-05-51, located on the 

downgradient side of Patrol Road. These semivolatile organics may be present due to runoff or 

leaching of asphalt materials. 

Pesticides were detected in four subsurface soil samples, All sample locations were adjacent to or 

under roadway surfaces and may indicate that pesticides are present due to application of storage 

of materials rather than disposal. Aroclor-1254 was contained in nine samples. Concentrations 

varied from 22 to 395 uglkg. Two samples, SB-05-51 and SB-05-14 (see Figure 4-9), contained 

levels above screening criteria. 

Three subsurface soil samples (SB-05-03, SB-05-14, and SB-05-22) at Site 5 were tested for 

BTEX via Method 8020 as part of Phase II RI work. The results agreed with the TCL results; only 

toluene, of the BTEX compounds, was detected at 3 uglkg in sample SB-05-14. The 

concentration varied only by 1 ug/kg. The BTEX results are presented for comparison only; TCL 

results were used for the risk assessment. 

The same three samples were also analyzed for total petroleum hydrocarbons (TPH) during the 

Phase II RI. Sample SB-05-14 contained TPH at 430 mg/kg; the other two samples did not 

exhibit the presence of TPH. These results are presented for comparison only; the risk 

assessment was performed using the TCL results, in which individual petroleum hydrocarbons 

were identified and quantified. 

4.8 COMPARISON OF SOIL CONCENTRATIONS TO OTHER SCREENING LEVELS 

The exposure point concentrations (EPCs) for surface and subsurface soils associated with Site 5 

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 Site 5, 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 4-6 shows 
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the results of the comparison. If the EPC for a particular medium was greater than the SSL, and 

if the value for an inorganic substance was greater than the maximum soil background level, the 

analytical database for that 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 Site 5 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. 

The SSLs for thallium and methylene chloride were exceeded for Site 5 surface soil EPCs (Figure 

4-10). Thallium was detected in several surface soil samples above the SSL of 0.7 mg/kg. The 

maximum background concentration for thallium was 0.42 mg/kg which is near the SSL for this 

contaminant. The range of thallium detections varied from 0.47 to 2.0 mg/kg. Methylene chloride 

was not present in the background samples, but it was detected in one surface soil sample (SS- 

05-12). The value detected was 320 ug/kg, which is above the SSL of 20 uglkg for methylene 

chloride. The evaluation of Area B groundwater sampling results did not identify these 

contaminants as contaminants of concern (TtNUS, 2000a). It should also be noted, as indicated 

in Section 4.6, that methylene chloride is a common laboratory contaminant. 

The SSLs for silver and thallium were exceeded for Site 5 subsurface soil EPCs (Figure 4-11). 

Neither of these contaminants were identified at levels of concern in Area B groundwater (TtNUS, 

2000a). No organic contaminant SSLs were exceeded for the subsurface soil samples. Silver 

was detected in several subsurface soil samples above the SSL of 34 mg/kg. Silver was not 

detected in the background samples. The range of silver detections varied from 44 to 1 II mg/kg. 

Thallium was detected in several subsurface soil samples above the SSL of 0.7 mg/kg. The 

maximum background concentration for thallium was 0.42 mg/kg which is near the SSL for this 

contaminant. The range of thallium detections varied from 0.45 to 1.1 mg/kg. Note that silver 

and thallium have not been detected in Area B groundwater (Tetra Tech NUS, 2000a). 

4.9 SURFACE WATER RESULTS 

The Area B surface water sample locations are shown on Figure 4-12. During Phase I, two 

surface water samples (B9 and B12) were collected in Area B; the Phase II surface water 

samples (BIO and Bl 1) were collected in approximately the same locations as Phase I samples. 

During Phase III, three surface water samples (81, B2, and B4) were taken. The designated 

background surface water samples were collected in Southampton Creek (samples B4, B9, and 

UDOCUMENTS/NAW/1412/SITE5/13i’48lSEC4 4-27 



.’ 
,_’ ,” 

;, I 
I 

N 326000 

rl 
III 

DATE 1-7 AREA B - SITE 5 APPROVED BY DAT 
Tetra Tech FORMER NAWC WARMINSTER r@ @G 

i, Inc. WARMINSTER, PENNSYLVANlA 
DRAWNG NO. 

Rw FIGURE 4- 0 

4-28 



DPAWN BY DATE 
LDL 7/l z/o0 

CHECKED !a DATE 

SCALE 
AS NOTED 

0 R 
Tetra Tech 

NUS, Inc. 

\ J--k1 
-.._ .- .._.._ 

hESURFACE SOIL CONCiNTRATlONSl 
CONTRAcr NO. 

1412 

SSL EXCEEDANCES OWNER NO. 
6010 

AREA B - SITE 5 DATE g 
FORMER NAWC WARMINSTER “pT: By (3!d oD8 

” RW. 
_ 

DRAWING NO. 2 
WARMINSTER. PENNSYLVANIA FIGURE 4-11 - ; 

4-29 



SCALE IN FEET 

AWN BY DATE 
DL 7/7/00 
,ECKED BY DATE 

STAFF GAUGE 

SURFACE WATER 
SAMPLE LOCAlON 

SURFACE WATER AND 
SEDIMENT SAMPLE 
LOCAllON 

s/Em BY DATE 0 R SURFACE WATER EXCEEDANCES ““%% No. 

AREA B STREAM ""~~ c? 

Tetra Tech FORMER NAWC WARMINSTER 5TBI 13a,JLg 
SCALE NUS. Inc. WARMINSTER, PENNSYLVANIA 

DRAWNG NO. 

AS NOTED FIGURE 4-12 Rn 

4-30 



Bll), which were south of Area B. These three background samples showed lower chemical 

concentrations than all other Area B samples. All other samples collected near Area B were 

considered to be impacted by NAWC Warminster with 82 considered the farthest downstream 

sample. No “true” upstream samples could be collected in the vicinity of Area B. 

Table 4-7 presents the occurrence and distribution of organics in surface water samples collected 

immediately downstream of the Navy property. Two VOCs were detected at low levels in the 

background Area B surface water samples (see Section 2.2.4.1). Chloroform (12 ug/l) was 

detected in sample B9 and carbon disulfide (2J ug/l) was found in sample B4. VOCs were not 

detected in any other Area B surface water samples. Two semivolatile organics at low 

concentrations were detected among the Area B surface water samples. Diethyl phthalate (0.2J 

ug/l) was found in background sample B9 and bis(2-ethylhexyl) phthalate (IJ ug/l) was detected 

in sample BIO. As shown in Figure 4-12, sample BlO was located potentially downstream of 

Area B. Pesticides and PCBs were not detected in surface water. 

Tables 4-8 and 4-9 present the occurrence and distribution of total and dissolved inorganics in 

background and site-related surface water samples at Area B. Generally, low total metal 

concentrations were detected in all Area B surface water samples. Barium, manganese, and zinc 

were the only significant metals found in the background samples. Background or reference 

samples contained equal concentrations of barium, manganese and zinc as compared to other 

Area B samples. Barium (ranging from 80.9 to 94 ug/l), manganese (55 to 119 ug/l), nickel (20 

ug/l), thallium (4.9 ug/l), and zinc (ranging from 9 to 27.6 ug/l) were the only metals detected in 

potentially site-related surface water samples. In all downstream samples, barium concentrations 

were equal to or higher than concentrations detected in background samples. In samples B2 and 

B4, zinc was detected at higher concentrations downstream than in background samples. Nickel 

(sample BIO) and thallium (sample 82) were each detected once in downstream surface water 

samples; these analytes were not found in the background samples. 

Low concentrations of dissolved metals were also found in all surface water samples. Amimony, 

barium, manganese, thallium and zinc were the only metals detected in the background samples, 

while barium, manganese, mercury, thallium, and zinc were the only metals detected in the 

downstream samples. Mercury was detected in one sample (B2) and was not detected in 

background samples. 

Figure 4-12 details those surface water sample locations where contaminant concentrations 

exceeded one of the federal Ambient Water Quality Criteria (AWQC) for surface water as shown on 

the analytical summary tables contained in Appendix A. In summary, VOCs in Area B surface 
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TABLE 4-7 

OCCURRENCE AND DISTRIBUTION OF ORGANICS IN SURFACE WATER AT AREA B 

NAWC WARMINSTER, PENNSYLVANIA 

oJt-l~L) 

I 
BACKGROUND SITE-RELATED 

REPRESENTATIVE FREQUENCYOF RANGE OF STATISTICAL REPRESENTATIVE 

SUBSTANCE CONCENTRATION’ DETECTION POSITIVE DETECTION* DISTRIBUTION CONCENTRATlON 

BlS(2-ETHYLHEXYL)PHTHALAT I/ 2 1 NONPARAMETRIC DIST 1 

* = REPRESENTATIVE CONCENTRATION FOR BACKGROUND IS PRESENTED IN TABLE X-X 

+. = QUALIFIERS FOR DATA ARE PRESENTED IN DATA PRESENTATION TABLES 
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TABLE 4-8 

OCCURRENCE AND DISTRIBUTION OF TOTAL INORGANICS IN SURFACE WATER AT AREA 8 

NAWC WARMINSTER, PENNSYLVANIA 

WL) 

l = REPRESENTATIVE CONCENTRATION FOR BACKGROUND IS PRESENTED IN TABLE X-X 

* = QUALIFIERS FOR DATA ARE PRESENTED IN DATA PRESENTATION TABLES 

TABLE 4-7.~1s 7/l 1100 12:58 PM 
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water do not appear to be a concern near Area B because of the low frequency of detection and 

the low concentrations of three VOCs. One phthalate was detected in an Area B surface water 

sample at a concentration greater than background. For metals, it appears that downstream 

surface water concentrations were equal to or slightly greater than background surface water 

levels. However, none of the metal concentrations were significantly elevated. The presence of 

a well-developed urban neighborhood in the vicinity of Area B may be contributing to surface 

water quality to the extent that the impact of Area B cannot be assessed. Possible sources of 

surface water contamination in this area include runoff from roads, sidewalks, roofs, and the use 

of household lawn and garden products. 

4.10 SEDIMENT RESULTS 

Sediment sample locations near Area B are shown on Figure 4-13. During Phase I, one 

sediment sample (B9) was collected; during Phase II, two sediment samples (BlO, Bl:I) were 

taken. Sample Bll was collected from the same location as Phase I sample B9. During Phase 

III, four sediment samples (Bl through B4) were taken in January 1996, while three sediment 

samples (B6, B7, and B8) were collected in May 1996. The designated background sediment 

samples (B4, B9, and Bll) were collected from Southampton Creek downstream from Area B. 

All other Area B samples were considered to be potentially impacted by NAWC Warminster with 

sample B2 the farthest downstream sediment sample collected. No “true” upstream samples 

could be collected in the vicinity of Area B. 

Table 4-10 presents the occurrence and distribution of organics in Area B sediment samples. 

Acetone (670J ug/kg) was the only VOC detected in any Area B sediment sample (B9). Acetone 

may be a common laboratory contaminant. Several semivolatile organics, primarily PAHs and 

phthalates, were detected in the Area B sediment samples, with generally the same compounds 

detected in samples Bl, B9, BIO, and Bll. In downstream sediment samples, PAHs (ranging 

from 96J to 17,000J ug/kg), phthalates (ranging from 915J to 18,000 ug/kg), 4-methylphenol, and 

n-nitrosodiphenylamine were all detected. Generally, sample BIO had the highest PAH and 

phthalate concentrations and both methylphenol (560J uglkg) and n-nitrosodiphenylamine 

(1,700J ug/kg) were detected in this sample. Sample BIO generally contained phthalate and PAH 

concentrations four times higher than background concentrations detected in samples B9 and 

Bll. 

Sediment sample Bl generally showed PAH and phthalate levels comparable to background 

levels. PAH concentrations ranging from 65J to 1,200 uglkg were found in this sample. Three 
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TABLE 4.10 

OCCURRENCE AND DISTRIBUTION OF ORGANlCS IN SEDIMENTATAREA B 

NAWC WARMINSTER, PENNSYLVANIA 

WM) 

SUBSTANCE 

BACKGROUND 

REPRESENTATlVE 

CONCENTRATION’ 

FREQUENCY OF 

DETECTlON 

SITE-RELATED 

RANGE OF STATlSTlCAL REPRESENTATIVE 
POSITIVE DETECTION” WSTRIBUTION CONCENTRATlON 

AMETRIC DIST 24 

I. .*.n..L. , . . “55 

‘4.4-DDE 21 5 9 - 24 NONPAR 
4,4’-DDT II 5 439 NORMAL OVER LOGNC’QM”’ 1 ,79-l 

IALDRIN 31 5 3.6 - 4.7 NONPARAMETRIC C -_...- JST 4.7 

ALPHA-CHLORDANE 5.05 II 5 15 NORMAL OVER LOGNORMAL 10.03 

AROCLOR-1260 41 5 270 - 1900 NONPARAMETRIC DIST 1900 

DELTA-BHC II 5 4 NONPARAMETRIC DIST 4.w 

DIELDRIN II 5 13 NORMAL 9.41 

METHOXYCHLOR II 5 79 NORMAL 55.91 

BENZO(K)FLUORANTHENE 1000 21 2 250 - 2190 NONPARAMETRIC DIST 2199 

BlS(Z-ETHYLHEXYL)PHTHAlAT 1900 21 2 560 - 1ww NONPARAMETRIC DIST 19OGQ 

BUTYLBENZYLPHTHALATE 11 2 120 NONPARAMETRIC DIST 120 

CARBAZOLE 267.5 21 2 120 - 1100 NONPARAMETRIC DIST 1100 

CHRYSENE 1500 21 2 550 - 5600 NONPARAMETRIC DIST 5wo 

DI-N-BUTYLPHTHALATE II 2 5100 NONPARAMETRIC DIST 5100 

DI-N-OCTYLPHTHALATE II 2 79 NONPARAMETRIC DIST 79 

DIBENZ(A,H)ANTHRACENE 96 Ii 2 55 NONPARAMETRIC DIST 55 

FLUORANTHENE 3400 21 2 1200 - 17cm NONPARAMETRIC DIST 17090 

FLUORENE 190 21 2 65 - 600 NONPARAMETRIC DIST em 

INDENO(1,2,ECD)PYRENE 600 21 2 320 - 2400 NONPARAMETRIC DIST 2400 

N-NITROSODIPHENYLAMINE II 2 1700 NONPARAMETRIC DIST 1700 

PYRENE 2900 21 2 1200 - 9900 NONPARAMETRIC DIST woo 

l = REPRESENTATIVE CONCENTRATION FOR BACKGROUND IS PRESENTED IN TABLE X-X 

. = QUALIFIERS FOR DATA ARE PRESENTED IN DATA PRESENTATION TABLES 

TABLE 4-7.~1~ 7/l II00 12:56 PM 
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phthalates, di-n-octyl-, bis(2-ethylhexyl)-, and butylbenzyl-, were detected in sample 61 ranging 

from 795 to 580 ug/kg. 

Several pesticides, including dieldrin, 4,4’-DDE, 4,4’-DDT, methoxychlor, and alpha-chlordane 

were detected in sample BIO; concentrations ranged from 13J to 430J ug/kg. Alpha-chlordane 

(5.85J ug/kg) was also detected in background sample Bl 1. Pesticides were not detected in any 

other Area B sediment sample. 

Aroclor-1260 (1,900 ug/kg) was detected in sample Bl. Based on this detection, three additional 

samples (B6, B7, and B8) were collected between 81 and Outfall No. 11 and tested for PCBs. 

The results showed a decline in Aroclor-1260 concentrations along the drainage pathway, 

ranging from 580J ug/kg (sample B8) to 270J ug/kg (sample B6). No other PCBs were detected 

in the remaining Area B sediment samples. 

Table 4-l 1 presents the occurrence and distribution of inorganics in Area B sediment samples. 

Metals were present in all downstream Area B samples. In general, all the metals detected in 

Area B sediment appear to be in the same range regardless of whether the sample was collected 

background or downstream, with the exception of sample B9. Samples Bl and B3 contained 

concentrations of arsenic, barium, beryllium, cadmium, chromium, copper, lead, manganese, 

nickel, vanadium, and zinc. In addition, sample Bl showed levels of cobalt and thallium. Metal 

concentrations in background sediment samples were generally contained the same metals as 

the other Area B samples but at lower concentrations. 

Figure 4-13 details those sediment sample locations where contaminant concentrations exceeded 

one of the screening criteria (primarily the effects range low (ER-L) values for sediment as shown 

on the analytical summary tables contained in Appendix A. Semivolatile organic compounds, 

including both PAHs and phthalates, and several pesticides were detected at higher 

concentrations upstream than downstream in Area B. Only one pesticide (alpha-chlordane) was 

contained in any downstream sediment sample. 

For metals, it appears that downstream sediment sample concentrations were equal to or slightly 

higher than upstream sediment concentrations. Regardless, the presence of a well-developed 

urban neighborhood in the vicinity of Area B may be contributing to the nature of sediment 

contamination such that the impact of Area B cannot be assessed. Possible sources of 

contamination in this area include runoff,from roads, sidewalks, roofs, and the use of household 

lawn and garden products. 
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TABLE 4-l 1 

OCCURRENCE AND DlSTRlBUTlON OF INORGANICS IN SEDIMENT AT AREA B 

NAWC WARMINSTER, PENNSYLVANIA 

Owm) 

MANGANESE 284 41 4 135 - 628 NORMAL 554.78 

NICKEL 14.2 4/ 4 8.6 - 16.8 NONPARAMETRIC DIST 16.8 

POTASSIUM 1325 41 4 397 - 767 NONPARAMETRIC DIST 767 

SILVER I/ 2 0.71 NONPARAMETRIC DIST 0.71 

THALLIUM II 4 0.96 NONPARAMETRIC DIST 0.96 

VANADIUM 25.4 41 4 13.6 - 22.7 NONPARAMETRIC DIST 22.7 
ZINC 129 41 4 111 - 486 NONPARAMETRIC DIST 486 

l = REPRESENTATIVE CONCENTRATION FOR BACKGROUND IS PRESENTED IN TABLE X-X 

1 = QUALIFIERS FOR DATA ARE PRESENTED IN DATA PRESENTATION TABLES 
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4.11 SUMMARY AND CONCLUSIONS 

Three inorganics (copper, vanadium, and lead) and two organics (Aroclor-1254 and 

benzo(a)pyrene) were identified in surface soils at concentrations above residential RBCs (Figure 

4-8). The occurrence and distribution of these contaminants appears to be disperse and at 

relatively low-levels with the exception of Aroclor-1254, which was detected in three samples 

located in the central portion of trench TR5. 

Similarly, subsurface samples contained few contaminants at levels above residential RBCs 

(Figure 4-9). Like the surface soil samples, copper, lead, and vanadium were identified in at least 

one sample at levels above residential RBCs. Arsenic was also identified in one sample at levels 

greater than the residential RBC. The presence of these contaminants does not appear to be 

widespread. Aroclor-1254 was identified in two subsurface samples at levels slightly above the 

residential RBC in two different areas of the site. PAHs, identified in only one sample, were the 

only other organic contaminant identified at levels above the residential RBC. 

Based on soil sampling results, a comparison to groundwater protection criteria, and groundwater 

monitoring results, Site 5 does not appear to be a source or a potential source of groundwater 

contamination. 

VOCs in surface water and sediments do not appear to be a concern for the Area B stream 

because of the low frequency of detections of three VOCs. Semivolatile organic compounds 

were detected in upstream and downstream Area B sediment samples and two phthalates were 

detected in downstream Area B surface water samples. The semivolatile organic compounds, 

including both PAHs and phthalates, were detected at higher concentrations downstream than 

upstream in Area B. While Site 5 may be contributing to this contamination in Area B, it is 

possible that a contribution of the PAHs and phthalates detected in Area B are originating 

upstream of the Area. 

Several pesticides were detected in downstream Area B sediment samples. No pesticides were 

detected in any upstream sediment samples, therefore, pesticide contamination is probably 

originating in the vicinity of Area 6, but not necessarily from Sites 5, 6, and 7. For metals, it 

appears that the downstream sample concentrations for surface water and sediment were equal 

to or slightly higher than upstream surface water and sediment sample concentrations. It is 

possible that the slightly elevated metals detected downstream in surface water are attributable to 

Area B sites. 
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The PCB Aroclor-1260 was contained in sediment samples along the drainage ipathway 

emanating from Building 108. These levels decreased downstream of the storm drain discharge 

point and appear to be localized along a 250-foot stretch. 
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5.0 CONTAMINANT FATE AND TRANSPORT 

Various aspects of contaminant fate and transport at Site 5 and Area B in general 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 in 

the vicinity of Site 5. The physical and chemical properties of these chemicals, where available, 

are presented in Table 5-l. These parameters may be used to evaluate the behavior of a 

chemical in the environment and assess exposures in the risk assessment. 

Empirically determined literature values of water solubility, octanol-water partition coefficient 

(Kow), 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. 

5.1 .I Solubilitv 

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 5-1 

indicate that the VOCs are several orders of magnitude more water soluble than semivolatile 

organic compounds (SVOCs) (including phthalates and PAHs) or PCBs. This conclusion is 

reinforced by the fact that VOCs were 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 PAHs and PCBs were detected in soil in this study area, such compounds have not 

been detected in groundwater. This is a manifestation of their limited water solubility and 

tendency to adsorb onto soil/sediment particles. 
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TABLE 5-I 
SUMMARY OF PHYSICAL AND CHEMICAL DATA FOR SITE 5 CONTAMINANTS 

NAWC WARMINSTER, PENNSYLVANIA 
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TABLE 5-I 
SUMMARY OF PHYSICAL AND CHEMICAL DATA FOR SITE 5 CONTAMINANTS 

NAWC WARMINSTER, PENNSYLVANIA 

llalumir 
II 

ium 26.98 s 

arsenic 74.92 25 - 31 44 

-trium 137.34 12-52 1 

~ryllium 9.01 26 - 100,000 19 

admium 112.40 17 - 4,300 64 

Vomium. trivalent 52.00 1,900 - 4,300,000 16 cl 
chromium, hexavalent 
cobalt 
copper 
:,.., 

52.00 
I 

14 - 31 16 
58.93’ 0.2 - 3,800 1 
63.54 1.4 -333 36 
CC QK 1.4 1.000 - 

Ilni&ol I 58./l I 

4.5 - 71640 1 
0.2 - 10,000 1 
0.06 - 200 1 
18 - 1,900 47 

0.5 IlL-~; 
I # 
I 107.87 1 0.13 AlO -.. . -, 
I 

thallium 204.37 45-96 116 

vanadium 50.94 1 
zinc 65.37 18-530 47 

* = & values are fromTable C-4 in EPA Soil Screening Guidance: User’s Guide. 9355.4-23 (April 1966). 

& values are for pH range of 5.0 to 8.0. 

** = & values are from Table 4.2 in The Soil Chemistry of Hazardous Materials, James Dragun, Ph. D. (1988). 
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5.1.2 Octanol-Water Partitioning Coefficient (Kow] 

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). 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. 

5.1.3 Organic Carbon Partitioninn Coefficient (Koch 

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, 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 estimate 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 

Total organic carbon (TOC) results may be used to calculate FOC for soils. One subsurface soil 

taken at Area B was analyzed for TOC, and the result was 23,400 mg/kg. Thus 

FOC = (23400 mg/kg) (1 E-6 kg/mg) 

= 0.0234 kg organic carbon/kg soil 
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5.1.4 Vapor Pressure 

Vapor pressure provides an indication of the rate at which a chemical volatilizes from hoth 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. 

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 albove 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. 

5.1.5 Bioconcentration Factor (BCF) 

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 and PAHs 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 PCBs. 

5.1.6 Specific Gravitv 

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 
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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 toluene is less dense. 

As shown in Table 5-1, 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. For cyanide, environmental fate is 

mainly controlled by biodegradation. 

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 Miaration via Vapor Emissions 

The first possible route for contaminant migration through the air is the volatilization of 

compounds from subsurface soil or surface water (especially if exposed through excavation, 

erosion, etc.). Phase I did not confirm that volatilization was occurring at Site 5 in a significant 

manner. 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 two confirmation 

borings at Site 5 (VOC vapor up to 20 ppm). However, ambient air readings taken during all 

invasive tasks conducted at Site 5 did not exceed normal background levels. The only VOC 

detected in subsurface soil during the Phase II RI was toluene, and the representative 

concentration was low (4 uglkg). 

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 presence of asphalt surfaces, buildings, and a 

vegetated soil cover in the vicinity of Site 5 has greatly reduced the potential for risks due to dust 
-. 

L/DOCUMENTS/NAVY/l412/SITE5/13748/SEC5 5-6 



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 

Chemicals found in soil, especially subsurface soil, can leach into groundwater. This is especially 

likely to happen with soluble compounds with low organic carbon partition coefficients (Kocs) 

such as the VOCs. Leaching of organic compounds was estimated using Kocs, site-specific 

dilution factors, and analytical data. This model is discussed in more detail in Section 5.1.13. 

One possible migration route is from groundwater at Area B into Southampton Creek, which is 

located downstream of Site 5. Groundwater primarily moves through interconnected networks of 

fractures within the bedrock. Lateral groundwater and contaminant migration directions are to the 

south across Area B and are controlled by topography and by the presence of Southampton 

Creek and its tributaries south of Site 5. Groundwater flow follows the slope of the ground 

surface topography across Area 8, flowing against the dip direction of bedrock units. In general, 

Area B groundwater will eventually discharge to streams within the Southampton Creek drainage 

basin (TtNUS, 2000a). 

For VOCs, it does not appear that any potential Area B groundwater contaminants have 

significantly affected surface water or sediment contaminant concentrations. The Area B 

sediment samples contain varying levels of semivolatile organic compounds, pesticides, and 

PCBs. Pesticides and PCBs have historically not been detected in shallow Area B groundwater, 

while semivolatile organics have only been detected at trace levels. 

In addition, contaminants in shallow groundwater may be potentially discharging to the storm 

drains associated with the Area B outfalls along the base property boundary. In some cases, 

these drains may act as preferential pathways if they are lined with gravel and other permeable 

substrate materials, when compared to the permeability of native soils. However, the available 

stream and water-table elevations, soil permeability data, groundwater and stream analytical 

results, and visual observations indicate that Area B groundwater is not significantly contributing 

to stream flow south of Site 5. 

The second possible route of groundwater migration is from areas immediately beneath Site 5 

into deeper portions of the bedrock aquifer. Once contaminants have entered the bedrock 

aquifer, this deeper migration may occur along geologic structures such as permeable bedding 

planes, subsurface fractures, and joints. The overall vertical groundwater flow gradient is 
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downward in this area and indicates that flow is downward from the overburden toward the 

shallow bedrock aquifers. 

The third possible route of groundwater migration is from Site 5 to off-base areas. The nature 

and extent of groundwater contamination for Site 5 indicate this migration process is not 

significant, since elevated contaminant levels were not detected in downgradient Area B 

monitoring well samples (TtNUS, 2000a). 

The conditions at other sites within Area B (namely Sites 6 and 7) are not conducive to 

groundwater discharging to Southampton Creek and its tributaries, given surface topography and 

the greater distance to the creek itself. 

5.2.4 Surface Water and Sediment Transport 

The primary migration route for stream contaminants in surface water and sediment is via 

downstream flow. Contaminants may, to some degree, migrate from sediment to surface water 

and vice versa. However, chemicals such as metals and compounds with high Koc tend to bind 

strongly to sediment and migrate slowly, whereas lower-Koc, more highly soluble substances 

would tend to stay in the surface water and migrate more rapidly (Versar, 1979). 

5.2.5 Soil Transport and Migration to Groundwater and Other Media 

Rainwater that falls on Site 5 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 surface water runoff 

migrate quickly (on the order of hours) so that contaminants do not have the opportunity to decay 

significantly being reaching the receptor location. 

The urban setting of Site 5 contains storm drains that transport water through a series of outfalls 

located along the base property boundary. A majority of the Site 5 runoff travels over asphalt 

roads and parking areas and other relatively impenetrable surfaces. Based on the comparison of 

soil concentrations to SSLs, and the comparison of groundwater concentrations to soil 

concentrations, it does not appear that potential contaminant soil levels are adversely impacting 

groundwater quality in the vicinity of Site 5. 
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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). For PCBs, photolysis 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, chlorinated alkanes and alkenes and monocyclic aromatics are not 

particularly amenable to the majority of these degradation mechanisms. Hydrolysis is considered 

to be negligible for PAHs 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 tetrachloroethene (PCE) and TCE to 

1,2-dichloroethene (1 ,ZDCE), 1, I-dichloroethene (1 ,I-DCE), and ultimately vinyl chloride (Cline 

and Vi&e, 1984). A similar type of reaction has been reported for l,l,l-TCA in degradation to 

1,2-dichloroethane (1,2-DCA), I,1 -dichloroethane (1, I-DCA), and chloroethane. 

Bacterial degradation is a potential environmental fate mechanism. This degradation is primarily 

biological, and anaerobic conditions are typically required for these reactions to occur. The 

compounds for which biodegradation is potentially considerable are toluene, and, to some extent, 

naphthalene and phthalates (EPA, 1982; Verschueren, 1983). It should be noted that, for 

cyanide, environmental fate is mainly controlled by biodegradation (volatilization is a primary 

pathway for hydrogen cyanide). Some metallocyanide complexes may be more persistent in the 

environment (Versar, 1979). Cyanides usually are not observed as widespread, higlh-level 

contaminants in the environment, since they are metabolized so readily. The frequency of 

cyanide detections in the vicinity of Site 5 was very low. 
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6.0 BASELINE RISK ASSESSMENT 

This section provides a description of the risk assessment methods employed for Site 5 soils and Area B 

surface water and sediment, as well as a summary of the risk assessment results. The general objectives 

of the risk assessment were to estimate the actual or potential risks to human health and the environment 

resulting from the presence of contamination in surface soil, subsurface soil, surface water, and sediment. 

Sections 6.1 through 6.7 discuss the human health risk assessment (HHRA). Section 6.8 addresses the 

ecological risk assessment (ERA). The risk assessment was based on the nature and extent of 

contamination at Site 5 taking into consideration the results of the Phase III RI (B&R Environmental, 

November 1996) and the supplemental investigation conducted in December 1999. 

HUMAN HEALTH RISK ASSESSMENT 

The specific objectives of the HHRA were as follows: 

l To estimate the actual or potential risks to human health resulting from the presence of contamlination 

in Site 5 surface soil. 

e---.. 

l To estimate the actual or potential risks to human health resulting from the presence of contamination 

in Site 5 subsurface soil. 

l To estimate the actual or potential risks to human health resulting from the presence of contamination 

in Area B sediment. 

l To estimate the actual or potential risks to human health resulting from the presence of contamination 

in Area B surface water. 

l To provide a basis for attainment of concentrations that are protective of potential human receptors 

under industrial and residential exposure scenarios. 

l To determine the need for remedial measures (if applicable) for these media. 

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 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 were combined. The risk assessment processes were performed in accordance with 

current EPA risk assessment guidance. 

The current and future anticipated land use at Site 5 residential (military enlisted and family housing). 

Likely potential receptors include light industrial workers, recreational children (age 6-12) and residential 

persons. Industrial risks presented in the HHRA are purely hypothetical in nature. If the land use 

designation were to change in the future (e.g., recreational use), quantitative risks estimated in this 

section should be re-evaluated. Recreational risks are associated with nearby streams that may be 

frequented by local children. 

The HHRA for Site 5 was divided into Data Evaluation, Exposure Assessment, Toxicity Assessment, Risk 

Characterization, Uncertainty Analysis, and Conclusions. Each section is briefly discussed below. 

Data Evaluation (Section 6.2) is primarily concerned with background comparison tests, identification of 

contaminants of potential concern (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 type expected for potential human health exposure. Distributional 

analysis of the data is the basis for calculating an exposure point concentration, which provides the 

chemical input into each of the exposure pathways. 

Exposure Assessment (Section 6.31 identifies potential human health exposure, including a 

characterization of the site setting, selection of potential receptors, selection of exposure routes by 

medium, a presentation of a site-conceptual model, derivation of exposure estimates for each pathway, 

and a special explanation of the blood-lead modeling. This section identifies potential pathways of COPC 

migration, selected potential receptors, and the estimated intakes of COPCs for the identified receptors. 

Toxicity Assessment (Section 6.4) presents available reference doses, cancer slope factors, EPA weight 

of evidence, adjustment of the dose-response parameters, relative potencies for polycyclic aromatic 

hydrocarbons (PAHs), and toxicity criteria for chromium. Quantitative toxicity indices, where available, 

are presented in this section, including any applicable regulatory standards and criteria. 
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Risk Characterization (Section 6.5) presents the approaches for determining carcinogenic risks, 

noncarcinogenic risks, and lead risks. The risk characterization evaluates the potential for adverse health 

effects from exposure to COPC concentrations in environmental media by integrating information 

developed during the toxicity and exposure assessments. 

Uncertaintv Analysis (Section 6.6) is a discussion of the general and site-specific uncertainties associated 

with the HHRA. 

Conclusions (Section 6.7) presents major conclusions of the HHRA. 

6.2 DATA EVALUATION 

This section presents the approaches for background comparison tests, identification of contaminants of 

potential concern (COPCs), distributional analysis of the data, and exposure point concentrations. Four 

environmental media were sampled at (or in the vicinity of) Site 5: on-site surface soil, on-site subsurface 

soil, off-site sediment, and off-site surface water. Surface water was sampled for total inorganics and 

organics. 

6.2.1 Backaround Comparison Tests 

To determine if results of samples from surface soil, subsurface soil, surface water, and sediment were 

elevated relative to background sample results, an array of statistical tests were performed. 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 soil, subsurface soil, surface water, 

and sediment presented in Appendix G, Part II. These statistical procedures include three quantitative tests 

that look for overall differences between the entire populations of site and background data values; four 

quantitative tests that essentially look for hot spots; and two qualitative tests that examine only 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 run 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 five 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 
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reached for any of the quantitative tests (e.g., if the assumptions necessary to run each of the 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: 

l The means of the two data sets were compared if both site and background matched the same type of 

distribution (normal or lognormal). If the site and background data exhibited equal standard deviations 

(based upon Bartlett’s test for equal variances), then the student’s t-test was applied; otherwise, 

Satterthwaite’s t-test was performed to see 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 of 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. 
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l A substitute procedure for the 95 percent UTL, called the 95 percent quantile test, was employed to test 

I for hot spots if the background data were not in the shape of a lognormal or a normal population. 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 10 percent of the data points must be detects in the background 

data set. 

l 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 are detected 

(less than 10 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 samples are detected in either site or background. This 

limitation for the routine test of proportions precluded any comparison of site to background for nearly 

all volatile organic compounds (VOCs) in surface water, although most were not detected at all in 

background. To reach a confident decision regarding VOCs in surface water, a generalized version of 

the test of proportions, called the Fisher Exact Test, was required (Brownlee, 1965). This test can be 

applied to all situations because it calculates the exact probability for all combinations of possible 

outcomes and gives a probability level for the condition where the observed frequency of site detects 

is greater than background, given the number of samples involved. 

l As recommended (EPA, 1996a, 1992a, 1989b), quantitative statistical tests were preceded bjy data 

analysis to evaluate the distributional shape for both positive and non-detected 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 non-detects. 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 
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background populations exhibited the same distributional spread of non-detected results and whether ~ 

to instead use the more robust Gehan’s test. 

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. 

Four media (surface soil, subsurface soil, off-site sediment, and off-site surface water) were assessed for 

Site 5 human health risks. The results of the Site 5 soil sample analysis are summarized in the 

occurrence and distribution tables for (1) background soil [Section 2.0 - soils that were collected from 

various locations at NAWC Warminster (Figure 2-6) 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) off-site background sediment and surface water 

[Section 2.0 - sediment and surface water (total inorganics and organics) that were collected from off-site 

areas near Site 51; (3) surface soil [Section 4.01; (4) subsurface soil [Section 4.01; (5) off-site sediment 

[Section 4.01; and (6) off-site surface water [See Section 4.0 - for total inorganics and organics]. These 

tables contain statistics including frequency of detection, range of positive detection, and location of 

maximum detection. 

Subsets of the surface soil, subsurface soil, sediment, and surface water (total inorganics and organics) 

databases were analyzed in this HHRA by including only those chemicals with positive detections in each 

media at a suspected source concern. Concentrations of inorganic and/or organic constituents detected 

in surface soil, subsurface soil, sediment, and surface water (total inorganics and organics), and results of 

background analysis (for surface soil, subsurface soil, sediment, and surface water) are presented in 

Section 4.0. The COPC selection protocols are defined in Table 6-1. 

6.2.2.1 Surface Soil COPC Selection 

Section 4.4 discusses the results of sampling surface soils at Site 5. COPCs in surface soil for all 

potential receptors (selected using residential soil RBC screening criteria set at cancer risk levels of 1 .O x 

1 Ow6 and HQs of 0.1) are shown on Table 6-2 and listed below: 
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SUMMARY OF COPC SELECTION CRITERIA, SITE 5 SURFAL. .;fiL, SUBSURFACE SOIL, SEDIMENT, AND SURFACE WATER 
NAWC WARMINSTER, PENNSYLVANIA 

ening Levels (RECs).’ 
Compare maxtmum concentrations of inorganic and organic substances 

sediment and surface water to Risk Based Screening 

l Risk-Based Concentrations (RBCs; EPA 29CXlb) are chemical-spedfic benchmark criteria. prepared by EPA Region III, which represent the concantration of a substance that is estimated to yield a lifetime cancar risk of iE-06 or a noncarcinogenic hazard quotient (HQ) of I, 
RBCs are calculated assuming default exposure assumptions for soil ingestion for a lifetime resident (child plus adult exposure). Those RBCs which are based on non-cancer todcity are first divided by 10 before being used for screening. 
(This step adds a safety factor in case more than one contaminant is present that might cause an additive risk of adverse affects.) 

- Risk-Based Concentrations (RBCs: EPA 2999b) are chemical-spadftcbanchmark crttena, prepared by EPA Region III, which represent the concentration of a substance that is estimated to yield a lifetime cancer&k of lE-06 ora noncarcinogenic hazard quotient (HC) of 1. 
RECs are cakxlated assuming default exposure assumptions for soil ingestion (for sediment screening) and drinking water ingestion (for surface water ingestion) for a lifetime resident (child plus adult exposure). 
toxicity are first divided by 10 before being usad for screening. 

Those RBCs which are based on non-cancer toxicby 
(This step adds a safety factor in case more than one contaminant is present that might cause an addittve risk of adverse effects.) 

** The lead screening value was developed by the EPA (1994a) ORice of Solid Waste and Emergency Response (OSWER). it is not an automatic cleanup goal but rather a level above which there is sufficient concern to merit additional site-specific evaluation of risks 

l *** The lead screening value was developed by the EPA (1993d). It is not an automatic deanup goal but rather a drinking water action level above which there is suffcient concern to mein additional site-spedfic evaluation of risks. 
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TABLE 6-2 

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY 

NAWC WARMINSTER, PENNSYLVANIA - SITE 5, SURFACE SOIL 

Medium: Surface Soil 

Exposure Medium: Surface Soil 
Exposure Point: Contact (Ins. & Der.) with Surface Soil 

Chemical 

of 

Potential 

Concern 

Units 4rithmetic 

Mean 

k5% UCL 0 Maximum 

Normal Detected 

Data (I) :oncentratior 

Maximum 

Qualifier 

Aluminum 

Cadmium 

Copper 

Lead 

Manganese 

Mercury 

Silver 

Thallium 

Vanadium 

Zinc 

Aroclor-1242 

Aroclor-1254 

Benz(a)anthracene 

Benzo(a)pyrene 
Benzo(b)fluoranthene 

Benzo(k)Ruorenthene 

Chrysene 
Dibenz(a,h)anthracene 
Indeno(l,2,3-cd)pyrene 

I) Represents the 95% UCL of normr 

Statistics: Maximum Detected Value (Max); 95% UCL of Normal Data (95% UCL-N); 95% UCL of Log-transformed 

Mean of Normal Data (Mean-N). 

NA - Not Applicable. 

- 
mg4 

me/kg 

mg/kg 

mglkg 

@kg 

mglkg 

Wb 

wh 

wkJ 

mdkg 

Wkg 

Wkg 

Wkg 

Wkg 

UN@ 

w/kg 

Klkl 

w&i 
@kg 

- 
ata for nc 

- 
12500 

1.88 

133 

85.1 

640 

0.688 

12.2 

0.694 

32.6 

273 

31.8 

754 

321 

318 

313 

314 

326 

317 
316 

aldistribu 

- 
13200 

4.05 

297 

130 

785 

1.63 

29.2 

0.818 

35.3 

371 

32.9 

312 

293 

290 

286 

287 

301 

295 
296 

rs; 

18500 

10.5 

875 

1020 

2550 

12 

87.2 

2 

60.9 

4180 

260 

24000 

330 

270 

120 

90 

450 

40 
60 

the log-trans 

J 

K 

K 

L 

J 
J 

ned 95% UCL for I 

EPC 

Units 

- 

ll- Reasonable Maximum Exposure 

- r Central Tendency 

Medium 
EPC 

Value 
- 

13200 

4.05 

297 

77.5 

765 

1.63 

29.2 

0.818 

35.3 

371 

32.9 

312 

293 

270 

120 

90 

301 

40 
60 

- 

Medium 

EPC 
Statistic 

Ti?mErf 

SS%UCL-T 

95%UCL-T 

Mean-T 

95%UCL-T 

95%UCL-T 

95%UCL-T 

95%UCL-T 

95%UCL-T 

95%UCL-T 

95%UCL-T 

95%UCL-T 

95%UCL-T 

Max 

Max 

Max 

95%UCL-T 

Max 
Max 

- 

Medium 

EPC 
Rationale 

wlg>=Wt& Wno 

Wlg>=Wt& Wno 

Wt >IMg>=Wno 

IEUBK Uses Lg 
Wlg>=Wt& Wno 

Wlg>=Wt& Wno 

Wgr=Wt& Wno 

Wt >Wlg>=Wno 

Wg>=W& Wno 

wIg>=Wt& Wno 

Wt zWlg>=Wno 

Wt zWlg>=Wno 

Wt >Wlg>=Wno 

Max < u951og 

Max < U95log 

Max c. U95log 

WI >Wlg>=Wno 

Max c U951og 
Max < U95log 

= 

12500 1 Mean-T 
2.02 Mean-T 
140 Mean-T 
77.5 Mean-T 
640 Mean-T 
0.5 Mean-T 
14.2 Mean-T 

0.661 Mean-T 

32.6 Mean-T 
207 Mean-T 
26.9 Mean-T 
141 Mean-T 

213 Mean-T 
211 Mean-T 

120 RME Cork 

90 RME Cone 

220 Mean-T 
40 RME Con 
80 1 RME Con 

Medium 

EPC 
Rationale 

TTzizzg 

CTE uses LgAV 

CTE uses LgAV 

IEUBK Uses Lg 

CTE uses LgAV 

CTE uses LgAV 

CTE uses LgAV 

CTE uses LgAV 

CTE uses LgAV 

CTE uses LgAV 

CTE uses LgAV 

CTE uses LgAV 

CTE uses LgAV 

CTE uses LgAV 

Log AVG > Max 

Log AVG > Max 

CTE uses LgAV 

Log AVG > Max 
Log AVG > Max 

normal distnbutior 
ta (95% UCL-T); Minimum variance unbiased estimate of arithmetic mean for lognormally distributed data (Mean-T); 
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l Aluminum l Thallium 

l Cadmium 

l Copper 

l Lead 

l Manganese 

l Mercury 

l Silver 

l Vanadium 

l Zinc 

l Aroclor-1242 

l Aroclor-1254 

. Benz(a)anthracene 

l Benzo(a)pyrene 

l Benzo(b)fluoranthene 

l Benzo(k)fluoranthene 

l Chrysene 

. Dibenz(a,h)anthracene 

. Indeno( 1,2,3cd)pyrene 

For lead, the Integrated Exposure and Uptake Biokinetic (IEUBK) Model (Version 0.99) was used to 

evaluate this contaminant as a COPC. The maximum concentration of lead exceeded the RBC, while the 

arithmetic mean, which was used as the exposure point concentrations (EPC) in this model, was below 

the RBC. 

The maximum detects, arithmetic means, and EPCs (discussed in Section 6.25) for aluminum, 

manganese, thallium, and benzo(a)pyrene exceeded their respective RBCs. Notable trends for each of 

these COPCs were as follows: 

l Aluminum was detected in all 36 surface soil samples and all 36 had positive detects greater than the 

RBC. 

l Manganese was detected in all 36 surface soil samples and 35 of the 36 samples had positive 

detects greater than the RBC. 

l Thallium was detected in 7 out of 36 surface soil samples and 6 of the 7 samples had positive detects 

greater than the RBC. 

l Benzo(a)pyrene was detected in 3 out of 29 surface soil samples and 2 of the 3 samples had positive 

detects greater than the RBC. 

The maximum detect and arithmetic mean for Aroclor-1254 exceeded the RBC, however, the EPC was 

less than the RBC. Aroclor-1254 was detected in 19 out of 36 surface soil samples and 3 of the 19 

samples had positive detects greater than the RBC. 

The maximum detects and reasonable maximum exposure (RME) EPCs for mercury exceeded the RBC, 

however, the arithmetic mean and central tendency exposure (CTE) EPC were less than the RBC. 
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Mercury was detected in 20 out of 28 surface soil samples and 5 of the 20 samples had positive detects 

greater than the RBC. 

The arithmetic mean for dibenz(a,h)anthracene exceeded the RBC, however, the maximum detect and 

EPCs were less than the RBC. Dibenz(a,h)anthracene was detected in 1 out of 29 surface soil samples 

but did not have any positive detects greater than the RBC. Dibenz(a,h)anthracene was selected as a 

COPC because it is a carcinogenic polycyclic aromatic hydrocarbon (PAH) and other members of this 

chemical family were detected at concentrations greater than their respective RBCs. 

The maximum detect was less than the RBC for Aroclor-1242. This substance was selected as a COPC 

because it is a carcinogenic polychlorinated biphenyl (PCB) and other members of this chemical family 

were detected at concentrations greater than their respective RBCs. 

The maximum detects for benz(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, 

and indeno(l,2,3-cd)pyrene were less than their respective RBCs. These substances were selected as 

COPCs because they are carcinogenic PAHs and other members of this chemical family were detected at 

concentrations greater than their respective RBCs. 

The maximum detects of cadmium, copper, lead, silver, vanadium, and zinc exceeded their respective 

RBCs, however, their arithmetic means and EPCs were less than their respective RBCs. Notable trends 

for these COPCs were as follows: 

l Cadmium was detected in 18 out of 34 surface soil samples and 1 of the 18 samples had a positive 

detect greater than the RBC. 

l Copper was detected in all 36 surface soil samples and 7 of the 36 samples had positive detects 

greater than the RBC. 

l Lead was detected in all 36 surface soil samples and 1 of the 36 samples had a positive detect 

greater than the RBC (location: SS-05-01). 

l Silver was detected in 27 out of 29 samples and 2 of the 27 samples had positive detects greater 

than the RBC. 

l Vanadium was detected in all 36 surface soil samples and 1 of the 36 samples had a positive detect 

greater than the RBC (location: SS-05-09). 
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l Zinc was detected in all 36 surface soil samples and 1 of the 36 samples had a positive detect greater 

than the RBC (location: SS-05-37). 

6.2.2.2 Subsurface Soil COPC Selection 

Section 4.5 discusses the results of sampling subsurface soils at Site 5. COPCs in subsurface soil for all 

potential receptors (selected using residential soil RBC screening criteria set at cancer risk levels of 1 .O x 

ID6 and HQs of 0.1) are shown on Table 6-3 and listed below: 

l Aluminum 

l Arsenic 

l Barium 

l Cadmium 

l Copper 

. Iron 

l Mercury 

l Nickel 

l Silver 

l Thallium 

. Vanadium 

l Zinc 

. 4,4’-DDT 

l Aroclor-1242 

l Aroclor-1248 

l Aroclor-1254 

. Benz(a)anthracene 

. Benzo(a)pyrene 

l Lead . 4,4’-DDD 

l Manganese . 4,4’-DDE 

l Benzo(b)fluoranthene 

l Chrysene 

For lead, the IEUBK Model was used to evaluate this contaminant as a COPC. The maximum 

concentration of lead exceeded the RBC, while the arithmetic mean, which was used as the EPC: in this 

model, was below the RBC. 

The maximum detects, arithmetic means, and EPCs for aluminum, arsenic, iron, manganese, thallium, 

and benzo(a)pyrene exceeded their respective RBCs. Notable trends for these COPCs were as follows: 

l Aluminum was detected in all 55 subsurface soil samples and 52 of the 55 samples had positive 

detects greater than the RBC. 

l Arsenic was detected in 46 out of 53 subsurface soil samples and 45 of the 46 samples had positive 

detects greater than the RBC. 

l Iron was detected in all 55 subsurface soil samples and all 55 had positive detects greater than the 

RBC. 

l Manganese was detected in all 55 subsurface soil samples and 47 of the 55 samples had positive 

detects greater than the RBC. 

UDOCUMENTS/NAVY/1412/13748 

6-l 1 



TABLE 6-3 
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY 

NAWC WARMINSTER, PENNSYLVANIA -SITE 5, SUBSURFACE SOIL 

Scenario Timeframe: Future 

Medium: Subsurface Soil 

Exposure Medium: Subsurface Soil 
Exposure Point: Contact (Ing. & Der.) with Subsurface Soil 

Chemical 

of 

Potential 

Concern 

Units Arithmetic 95% UCLof Maximum Maximum EPC Reasonable Maximum Exposure Central Tendency 

Mean Normal Detected Qualifier Units 

Data (1) Concentration Medium Medium Medium Medium Medium Medium 

EPC EPC EPC EPC EPC EPC 

Value Statistic Rationale Value Statistic Rationale 

Arsenic 

Barium 

Cadmium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Nickel 

Silver 

Thallium 

Vanadium 

Zinc 

4/s-ODD 

4.4’-DDE 

4,4’-DDT 

Aroclor-1242 

Aroctor-1248 

Aroctor-1254 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 
Chrysene 

wlkg 

w/kg 

w/kg 

mglkg 

mdkg 

mah 

msb 

mgb 

w/kg 

w/kg 

w&2 

mgk7 

w/kg 

w/kg 

w/kg 

w/kg 

‘NM 

WNI 

@kg 

udkg 

udkg 

wh 
w&i 

2.22 

182 

4.65 

636 

26600 

136 

740 

0.246 

39 

13.6 

0.622 

180 

265 

297 

68.3 

157 

33.6 

37 

59 

316 

310 

302 
336 

3.06 

217 

5.5 

602 

33700 

142 

937 

0.347 

39.3 

38.3 

0.703 

61.6 

286 

19.4 

11.1 

13.3 

32.7 

34 

63 

384 

375 

371 
403 

12.9 

1030 

137 

19300 

92600 

2400 

9240 

2.6 

625 

III 

1.1 

8510 

4760 

12000 

2600 

6300 

100 

315 

395 

1100 

920 

1000 
2000 

J 

K 

J 

K 

L 

K 

J 

J 

J 

J 
J 

f-%Vkg 

mdkg 

w&I 

mslks 

mgkg 

mcVkg 

mglkg 

mglkg 

mg/kg 

mg& 

msks 

n’Wg 

Wkg 

Wkg 

ucdkg 

wm 

@kg 

Wkg 

wM4 

uah 

@kg 

ugh 
uglkg 

3.06 

217 

5.5 

602 

33700 

72.7 

937 

0.347 

39.3 

38.3 

0.703 

61.6 

286 

19.4 

11.1 

13.3 

32.7 

34 

63 

384 

375 

371 
403 

95%UCL-T 

95%UCL-T 

95%UCL-T 

95%UCL-T 

95%UCL-T 

Mean-T 

95%UCL-T 

95%UCL-T 

95%UCL-T 

95%UCL-T 

95%UCL-T 

95%UCL-T 

95%UCL-T 

95%UCL-T 

95%UCL-T 

95%UCL-T 

95%UCL-T 

95%UCL-T 

95%UCL-T 

95%UCL-T 

95%UCL-T 

95%UCL-T 
95%UCL-T 

Wt >Wlg>=Wno 

wt >wg>=Wno 

Wt >Wlg>=Wno 

wt >wlg>=wno 

Wt zWlg>=Wno 

IEUEK Uses Lg 

Wt >Wlg>=Wno 

Wt >Wlg>=Wno 

Wt >Wrg>=Wno 

Wt >Wlg=-=Wno 

Wt >Wlg>=Wno 

Wt SAflg>=Wno 

Wt =Wg>=Wno 

Wt >Wlg>=Wno 

Wt >Wlg>=Wno 

Wt >Wg>=Wno 

Wt >Wlg>=Wno 

Wt >Wlg>=Wno 

WI >wlg>=Wno 

Wt >Wlg>=Wno 

Wt >Wlgs=Wno 

Wt >Wlg>=Wno 
Wt >Wrg>=Wno 

2.21 

169 

2.47 

237 

26500 

72.7 

693 

0.17 

30 

15.3 

0.57 

45.7 

170 

9.03 

6.23 

6.95 

27 

27.4 

44.1 

265 

262 

252 
270 

Mean-T 

Mean-T 

Mean-T 

Mean-T 

Mean-T 

Mean-T 

Mean-T 

Mean-T 

Mean-T 

Mean-T 

Mean-T 

Mean-T 

Mean-T 

Mean-T 

Mean-T 

Mean-T 

Mean-T 

Mean-T 

Mean-T 

Mean-T 

Mean-T 

Mean-T 
Mean-T 

CTE uses LgAV 

CTE uses LgAV 

CTE uses LgAV 

CTE uses LgAV 

CTE uses LgAV 

IEUBK Uses Lg 

CTE uses LgAV 

CTE uses LgAV 

CTE uses LgAV 

CTE uses LgAV 

CTE uses LgAV 

CTE uses LgAV 

CTE uses LgAV 

CTE uses LgAV 

CTE uses LgAV 

CTE uses LgAV 

GTE uses LgAV 

CTE uses LgAV 

CTE uses LgAV 

CTE uses LgAV 

CTE uses LgAV 

CTE uses LgAV 
CTE uses LgAV 

(I) 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); Minimum 

Mean of Normal Data (Mean-N). 

NA - Not Applicable. 

variance unbiased estimate of arithmetic mean for lognormally distribute 
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l Thallium was detected in 7 out of 52 subsurface soil samples and 4,of the 7 samples had positive 

detects greater than the RBC. 

l Benzo(a)pyrene was detected in 1 out of 32 subsurface soil samples and 1 sample had a positive 

detect greater than the RBC (location: SB-05-54). 

The maximum detects, arithmetic means, and. RME EPCs for copper and vanadium exceecled their 

RBCs, However, their CTE EPCs were less than their respective RBCs. Notable trends for these COPCs 

were as follows: 

. Copper was detected in all 42 subsurface samples and 9 of the 42 samples had positive detects 

greater than the RBC. 

? Vanadium was detected in all 54 Subsurface samples and 3 of the 54 samples had positive detects 

greater than the RBC. 

,-, 
The maximum detects for barium, cadmium, lead, mercury, nickel, silver, zinc, 4,4’-DDD, 4,4’-DDE, 4,4’- 

DDT, Aroclor-1254, benz(a)anthracene, and benzo(b)fluoranthene exceeded their respective RBCs. 

However, their arithmetic means and EPCs were less than their respective RBCs. Notable trends for 

these COPCs were as follows: 

l Barium was detected in all 54 subsurface soil samples and 4 of the 54 samples had positive detects 

greater than the RBC. 

l Cadmium was detected in 13 out of 54 subsurface soil samples and 6 of the 13 samples had positive 

detects greater than the RBC. 

. Lead was detected in all 54 subsurface soil samples and 5 of the 54 samples had positive detects 

greater than the RBC. 

l Mercury was detected in 22 out of 50 subsurface soil samples and 6 of the 22 samples had positive 

detects greater than the RBC. 

l Nickel was detected in all 55 subsurface soil samples and 3 of the 53 samples had positive detects 

greater than the RBC. 

LtDOCUMENTSINAVYI1412f13748 

6-13 



l Silver was detected in 33 out of 52 subsurface soil samples and 7 of the 33 samples had positive -.-. 

detects greater than the RBC. 

l Zinc was detected in all 52 subsurface soil samples and 1 of the 52 samples had a positive detect 

greater than the RBC (location: SB-05-29). 

l 4,4’-DDD was detected in 5 out of 41 subsurface soil samples and 1 of the 54 samples had a positive 

detect greater than the RBC (location: SB-05-54). 

. 4,4’-DDE was detected in 5 out of 40 subsurface soil samples and 1 of the 54 samples had a positive 

detect greater than the RBC (location: 88-05-54). 

. 4,4’-DDT was detected in 4 out of 41 subsurface soil samples and 1 of the 54 samples had a positive 

detect greater than the RBC (location: SB-05-54). 

l Aroclor-1254 was detected in 9 out of 41 subsurface soil samples and 2 of the 9 samples had positive 

detects greater than the RBC. 

/-- 
l Benz(a)anthracene was detected in 1 out of 32 subsurface soil samples and 1 sample had a positive 

detect greater than the RBC (location: SB-05-54). 

l Benzo(b)fluoranthene was detected in 3 out of 32 subsurface soil samples and 1 of the 3 samples 

had a positive detect greater than the RBC (location: SB-05-54). 

The maximum detects for Aroclor-1242 and Aroclor-1248 were less than their respective RBCs. These 

substances were selected as COPCs because they are carcinogenic PCBs and other members of this 

chemical family were detected at concentrations greater than their respective RBCs. 

The maximum detect for chrysene was less than the RBC. Chrysene was selected as a COPC because 

it is a carcinogenic PAH and other members of this chemical family were detected at concentrations 

greater than their respective RBCs. 

6.2.2.3 Sediment COPC Selection 

Section 4.7 discusses the results of sampling sediment downgradient of Site 5 and Area B in general. 

For metals, COPCs in sediment were selected based on comparing concentrations to background. For 

organics, all positively detected chemicals were retained as COPCs. Sediment COPCs are listed below: 

.-. 
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l Aluminum 

l Arsenic 

l Barium 

l Beryllium 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Cadmium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Manganese 

Nickel 

Thallium 

Zinc 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

4,4’-DDD 

4,4’-DDT 

4-Methylphenol 

Acenaphthene 

Aldrin 

Alpha-Chlordane 

Anthracene 

Aroclor-I 260 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(g,h,i)perylene 

Benzo(k)fluoranthene 

Bis(2-ethylhexyI)phthalate 

. Butylbenzylphthalate 

. Carbazole 

. Chrysene 

. Delta-BHC 

. Di-n-butylphthalate 

. Di-n-octylphthalate 

. Dibenz(a,h)anthracene 

. Dieldrin 

. Fluoranthene 

. Fluorene 

. Indeno(l,2,%cd)pyrene 

. tiethoxychlor 

. N-nitrosodiphenylamine 

. Pyrene 

6.2.2.4 Surface Water COPC Selection 

Section 4.6 discusses the results of sampling surface water at off-base areas near Site 5. S&en 

samples, including three background samples, were collected. For metals, the COPCs in surface water 

(total inorganics and organics) were selected if their representative concentrations were greater than the 

representative concentration of the background. For organics, all positively, detected chemicals were 

retained as COP&. These COPCs are listed below: 

l Nickel 

. Thallium 

l Bis(2-ethylhexyI)phthalate 

Notable trends for these COPCs are as follows: 

l Nickel was detected in 1 surface water sample at a concentration of 20 ug/L, which exceeded the 

background representative concentration. 

l Thallium was detected in 1 surface water sample at a concentration of 4.9 ug/L, which exceeded the 

background representative concentration. 
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l Bis(2-ethylhexyl)phthalate was detected in 1 surface water sample at a concentration of 1 ug/L, which II-T 

exceeded the background representative concentration. 

6.2.3 Distributional Analvsis of the Data 

This section presents the approaches taken for distributional analysis of the Site 5 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 for each COPC. The Shapiro-Wilk W 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 assumption of the better fitting of the two types of distributions was 

followed (EPA, 1989a). 

The distributional analysis results for COPCs in surface soil, subsurface soil, sediment, surface water are 

shown in Tables 6-4 through 6-7, respectively. As shown on Table 6-4, the COPCs in surface soil generally 

matched a lognormal or nonparametric (assumed lognormal) distribution better than a normal distribution, 

especially aluminum, barium, beryllium, cadmium, chromium, cobalt, iron, lead, manganese, mercury, 

nickel, potassium, silver, sodium, vanadium, and zinc. Only arsenic and cyanide fit a normal distribution 

better than a lognormal distribution. As shown on Table 6-5, the COPCs in subsurface soil generally 

matched a nonparametric (assumed lognormal) distribution better than a normal distribution. Cyanide 

matched a lognormal distribution, however, because of the low number of sampling locations, there is less 

confidence in the shape of the distribution. Only aluminum, magnesium, 2-hexanone, and 4-methyl-2- 

pentanone fit a normal distribution better than a lognormal distribution. As shown on Tables 6-6 and 6-7 the 

COPCs in sediment and surface water were matched with a particular distribution (normal, lognormal, 
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Table 6-4 
REPRESENTATIVE CONCENTRATION AND STATISTICAL DlSTRlBUTlON OF CONTAMINANTS - SITE 5 SURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 
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Table 6-4 

REPRESENTATIVE CONCENTRATION AND STATISTICAL DISTRIBUTION OF CONTAMINANTS - SITE 5 SURFACE SOIL 
NAWC WARMINSTER, PENNSYLVANIA 

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. 

Non-detected results are treated as present at one-half the detection limit in all calCula5ons. 

Statistical distribution of data is determined using Shapiro-Walk test for n c= 50, ShapiroFrancia test for n > 50. Statistical significance level is 0.05. 

A normal distribution is assumed if the test statistic W-norm. is >= than the reference value (Wtable), and W-norm. > W-lognonn. 
A lognormal distribution is assumed if the test statistic W-lognorm. 

is x the reference value (W-table), and W-lognorm. >= W-norm. A lognormal distribution is also the default assumption if neither distribution passes Shapiro test 

H-values and standard deviations of log-transformed data are used to calculate the UCL if data are assumed to be lognormally distributed. 
Student’s T-values and standard deviations are used for normally distributed data. 

Arithmetic mean indudes positive detections and non-detected results (detection limits are divided by two). 
The representative concentration is selected as the lower of the 95 % UCL on the mean and the maximum positive site concentration. 
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Table 6-5 
REPRESENTATIVE CONCENTRATION AND STATISTICAL DISTRIBUTION OF CONTAMINANTS - SITE 5 SUBSURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 
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Table 6-5 
REPRESENTATIVE CONCENTRATION AND STATISTICAL DISTRIBUTION OF CONTAMINANTS - SITE 5 SUBSURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

Units are mglkg for inorganics, uglkg for organics. 
Number of sample results exdudes 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 calculations. 

Statistical distribution of data is determined using Shapiro-Wilk test for n <= 50. Shapiro-Francis test for n > 50. Statistical significance level is 0.05. 
A nom’ral distribution is assumed if the test statistic W-norm, is z= than the reference value ON-table), and W-norm. > W-lognorm. 
A lognormal distribution is assumed if the test statistic W-lognorm. is >= the reference value (W-table), and W-Iognorm. >= W-norm. A lognormal distribution is also the default assumption if neither distribution passes Shapiro test. 

H-values and standard deviations of log-transformed data are used to calculate the UCL if data are assumed to be lognormally distributed. Students T-values and standard deviations are used for normally distributed data. 
Arithmetic mean includes positive detections and non-detected results (detection limits are divided by two). 
The representative concentration is selected as the lower of the 95 % UCL on the mean and the maximum positive site concentration. 
*Distributional shape based on n<5. Evaluation may not be accurate. 
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64 

OCCURRENCE AND DlSTRlBUTlON OF CONTAMINANTS IN SEDIMENT 

NAWC WARMINSTER, PENNSYLVANIA 

bwht) 

* = REPRESENTATIVE CONCENTRATION FOR BACKGROUND IS PRESENTED IN TABLE X-X 

.. = QUALIFIERS FOR DATA ARE PRESENTED IN DATA PRESENTATION TABLES 
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TABLE 6-6 (continued) 

OCCURRENCE AND DISTRIBUTION OF CONTAMINANTS IN SEDIMENT 

NAWC WARMINSTER, PENNSYLVANIA 

WW 

l = REPRESENTATIVE CONCENTRATION FOR BACKGROUND IS PRESENTED IN TABLE X-X 

* = QUALIFIERS FOR DATA ARE PRESENTED IN DATA PRESENTATION TABLES 
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OCCURRENCE AND DlSTRlEUTlON OP NTAMINANTS IN SURFACE WATER 

NAWC WARMINSTER, PENNSYLVANIA 

wu 

1 

IJBSTANCF -.... _-- 

U 

II IRON 

II MAGNESIUM 

II MANGANESE 

NICKEL 

POTASSIUM 

SODIUM 
UI, I II I.8 

,- 

-. .-* .-. .--._- 0, I SzncLcI I CY 
REPRESENTATPJE FREQUENCY OF RANGE OF STATlSTlCAL REPRESENTATIVE 
CONCENTRATION’ DETECTION POSlTlVE DETECTION” DISTRIBUTION CONCENTRATION 

I 100 I 31 4 

! ! 

I -- 80.9 - 94.2 NORMAL OVER LOGNORMAL 94.2 

28100 31 3 I 21800 - 24300 NONPARAMETRIC DIST 24300 

I 895 ! 11 I I : I88 NONPARAMETRIC DIST 388 

! 11150 I 31 3 I 0270 - QLJQQ NONPAFLAMETRIC DIST Qow 
154 31 3 I 5.5 - 119 NONPARAMETRIC DIST 119 

II 4 20 LlfiDLIAI a-5 

I!545 31 3 910 - 1180 1 NONPARAMETRIC DIST 1 1180 
161!iO 31 3 9760 - 13600 NONPARAMETRIC DIST 13600 

I 
rlMLLI”M I I l! 4 I 4.9 I NORMAL I 4.3 

IFINC 30.60 21 2 9 - 27.6 NflNPARAMFTRIC nl.sT ‘76 I 

l = REPRESENTATIVE CONCENTRATION FOR SACkGROUND IS PRESENTED IN TABLE X-X 
- = QUALIFIERS FOR DATA ARE PRESENTED IN DATA PRESENTATION TABLES 
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TABLE 6-7 (continued) 

OCCURRENCE AND DlSTRlBUTlON OF CONTAMINANTS IN SURFACE WATER 

NAWC WARMINSTER, PENNSYLVANIA 

(UQM 

BACKGROUND SITE-RELATED 

REPRESENTATIVE FREQUENCYOF RANGE OF STATIStICAL REPRESENTATIVE 

SUBSTANCE CONCENTRATION’ DETECTlON POSlTlVE DETECTION” DlSTRlBUTlON CONCENTRATlON 

BlS(2-ETHYLHEXYL)PHTHALAT II 2 1 NONPARAMETRIC DIST 1 

l = REPRESENTATIVE CONCENTRATION FOR BACKGROUND IS PRESENTED IN TABLE X-X 

* = QUALIFIERS FOR DATA ARE PRESENTED IN DATA PRESENTATION TABLES 
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nonparametric [assumed lognormal], however, because 5 or less samples were collected in sediment and 4 

or less samples were collected in surface water, there is low confidence in the shapes of these distributions. 

6.2.4 ExDosure Point Concentrations 

An EPC was calculated for each COPC identified in the surface and subsurface soil data sets. Post- 

remedial concentrations of detected chemicals at each medium were evaluated. Usability of results is 

discussed below. The EPC was calculated using the latest risk assessment guidance from EPA (1985, 

1989a, 1991 a, 1998a) and Gilbert (1987). 

6.2.4.1 Calculation of Exposure Point Concentrations 

Where available, validated data were used to calculate EPCs. The validated data for Site 5 were 

generated between 1989 and 1999 as part of RI fieldwork. 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), 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 

arises whenever half the detection limit exceeded the positive result. In these situations, the positive 

result was used to represent the non-detect. 

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): 

l The distribution of a data set was determined using a Shapiro-Wilk test. 

l The distributions were classified as lognormal, normal, or unknown. 

. If the data were not determined to match either a lognormal or normal distribution, they were classified 

as the better fitting of the two types of distributions. 
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If the data were considered to be lognormally distributed, then the standard deviation of the log- 

transformed sample set was determined, as follows: 

where: 

s = Standard deviation of the log-transformed data 

Xi = Individual sample value (log-transformed) 

CL = Arithmetic mean of the log-transformed n samples 

n = Number of samples 

The one-sided upper 95 percent confidence limit (UCL,,) was then calculated as follows: 

where: 

e = constant (base of the natural log, equal to 2.718) 

CL = 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 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, as follows: 

First, the standard deviation of the sample set was determined: 
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s= c (“i-d* 

J-r-l 
n-l 

where: 

s = Standard deviation of the data 

Xi = Individual sample value 

P = Arithmetic mean of the n samples 

n = Number of samples 

The one-sided upper 95 percent confidence limit (UCL,,,) was calculated as follows: 

(t*S) UCLNOR = y + - 
Jn 

where: 

s = Standard deviation of the data 

t = One-sided t distribution factor 

P = Arithmetic mean of the n samples 

n = Number of samples 

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: 

For small sample sets or sample sets in which all positive results equal less than one-half the detection limit, 

the UCL can sometimes exceed the maximum detected concentration. In these cases, the maximum 

concentration was selected’as the EPC. 

6.2.4.2 Reasonable Maximum Exposure EPCs 

Reasonable maximum exposure (RME) EPCs were considered for use in this HHRA. 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 6.2.4.1, 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). 
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6.2.4.3 EPCs for Current/Future and Future Surface Soil Exposure Pathways 

Surface soil EPCs for the current/future industrial adult, future residential child, and future residential adult 

are shown on Table 6-2. The RME EPC in surface soil for lead was based on an estimate of the mean (in 

this case the minimum variance unbiased estimate of the arithmetic mean of lognormally distributed data) 

as required by the IEUBK Model. The maximum detected concentration was less than the calculated 

UCL-statistic for benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, dibenz(a,h)anthracene, 

and indeno(l,2,3-cd)pyrene; therefore, the RME EPC in surface soil for these COPCs were based on the 

maximum detected concentration. The calculated UCL-statistic was less than the reported maximum for 

each of the remaining surface soil COPCs [aluminum, cadmium, copper, manganese, mercury, silver, 

thallium, vanadium, zinc, Aroclor-1242, Aroclor-1254, benz(a)anthracene, and chrysene], therefore, RME 

EPCs for each of these contaminants 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], or nonparametric [assumed normal]) and statistical scores that were 

presented on Table 6-4. 

6.2.4.4 EPCs for Current/Future and Future Subsurface Soil Exposure Pathways 

Subsurface soil EPCs for the current/future industrial adult, future residential child, and future residential 

adult are shown on Table 6-3. The RME EPC in subsurface soil for lead was based on an estimate of the 

mean as required by the IEUBK Model. The calculated UCL-statistic was less than the reported maximum 

for aluminum, therefore, the RME EPC was based on the 95% UCL-N statistic. The calculated UCL-T 

statistic was less than the reported maximum for arsenic, barium, cadmium, copper, iron, manganese, 

mercury, nickel, silver, thallium, vanadium, zinc, 4,4’-DDD, 4,4’-DDE, 4,4’-DDT, Aroclor-1242, Aroclor- 

1248, Aroclor-1254, benz(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and chrysene, therefore, 

the RME EPC was 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], or nonparametric [assumed normal]) and statistical scores that were presented on Table 6-5. 

6.2.4.5 EPCs for Future Sediment Exposure Pathways 

Sediment EPCs for the future recreational child (age 6 - 12) are shown on Table 6-6. The UCL-statistic 

could not be calculated for most organic and some inorganic compounds because of the low number of 

data points. Therefore, the majority of RME EPCs in sediment for these COPCs were based on the 

maximum detected concentration. 
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.-. 6.2.4.6 EPCs for Future Surface Water Exposure Pathways 

Surface water EPCs for the future recreational child (age 6 - 12) are shown on Table 6-7. The calculated 

UCL-statistics were less than the reported maximums for nickel and thallium, therefore, the RME EPC 

was based on the 95% UCL-N statistic. The reported maximum was less than the calculated UCL 

statistcs for bis(2-ethylhexyl)phathalate; therefore, the RME EPC was based on the maximum 

concentration. 

6.3 EXPOSURE ASSESSMENT 

The exposure assessment evaluates the potential for human exposure to the chemicals detected in the 

environmental media at Site 5 investigated during the RI. This section presents a characterization of the 

exposure setting, characterizes the exposed populations, identifies actual or potential exposure routes, 

and summarizes the methods used to generate exposure estimates. The nature and extent of 

contamination for each media of interest for which exposures were based are presented in Section 4.0. 

6.3.1 Characterization of the Exposure Setting 

A characterization of the site setting (e.g. land use, hydrology, and soil characteristics) is presented in 

Section 3.0. The Site 5 area is comprised of media of interest at or surrounding the site including surface 

soil, subsurface soil, sediment, and surface water. Any media contamination occurring within the study 

area that were attributable to Site 5 would generally be present as the result of migration of contaminants 

away from the site via spills, infiltration, overland runoff, or fugitive dust emissions. Contaminant migration 

and accompanying receptor exposures within the study area would have to be associated with primary, 

secondary and tertiary release mechanisms and transport processes. Section 5.0 provides a more 

thorough discussion of these mechanisms and processes. 

6.3.2 Potential Recetdors 

The potential receptors chosen for Site 5 are discussed in detail in this section. Figure 6-1 displays the 

conceptual model for human health risks related to site 5. 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: 
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6.3.2.1 Surface Soil Exposure 

The surface soil exposure scenarios are presented below (a more detailed explanation of each exposure 

parameter selected for each potential receptor is provided in Section 6.3.3): 

l Current/Future Industrial Adult - This receptor is an adult who uses Site 5 for work-related industrial 

purposes 250 days/year. This receptor is potentially exposed via ingestion of, dermal absorption 

with, and inhalation of COPCs in surface soil. 

l Future Residential Child - This receptor is a child (age 1 - 6) who resides at or near Site 5 for 350 

days/year. This receptor is potentially exposed via ingestion of, dermal absorption with, and 

inhalation of COPCs in surface soil. 

l Future Residential Adult - This receptor is an adult who resides at or near Site 5 for 350 days/year. 

This receptor is potentially exposed via ingestion of, dermal absorption with, and inhalation of COPCs 

in surface soil. 

l Future Lifetime Resident - This receptor is a residential child (age 1 - 6) and a residential adult who 

resides at or near Site 5 for 350 days/year. This receptor is potentially exposed via ingestion of, 

dermal absorption with, and inhalation of COPCs in surface soil. [This additive residential exposure 

scenario is included to estimate the lifetime cancer risk under a residential land use scenario]. 

6.3.2.2 Subsurface Soil Exposure 

The subsurface soil exposure scenarios are presented below. A more detailed explanation of each 

exposure parameter selected for each potential receptor is provided in Section 6.3.3. The exposure 

scenarios for subsurface soils included: 

. Current/Future Industrial Adult - This receptor is an adult who uses Site 5 for work-related industrial 

purposes 250 days/year. This receptor is potentially exposed via ingestion of, dermal absorption 

with, and inhalation of COPCs in subsurface soil. 

l Future Residential Child - This receptor is a child (age 1 - 6) who resides at or near Site 5 for 350 

days/year. This receptor is potentially exposed via ingestion of, dermal absorption with, and 

inhalation of COPCs in subsurface soil. 

,p-. 

. Future Residential Adult - This receptor is an adult who resides at or near Site 5 for 350 days/year. 

This receptor is potentially exposed via ingestion of, dermal absorption with, and inhalation of COPCs 

in subsurface soil. 
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l Future Lifetime Resident - This receptor is a residential child (age 1 - 6) and a residential adult who 

resides at or near Site 5 for 350 days/year. This receptor is potentially exposed via ingestion of, 

dermal absorption with, and inhalation of COPCs in subsurface soil. (This additive residential 

exposure scenario is included to estimate the lifetime cancer risk under a residential land use 

scenario.) 

6.3.2.3 Sediment Exposure 

The sediment exposure scenario is presented below. A more detailed explanation of each exposure 

parameter selected for the potential receptor is provided in Section 6.3.3. The exposure scenario for 

sediment included: 

l Future Recreational Child (age 6 to 12 years) - The future recreational child will live in a future 

residence at or near Site 5. This receptor contacts sediment present in streams through wading 

activities This receptor is potentially exposed via ingestion of and dermal absorption with COPCs in 

sediment. Noncarcinogenic and carcinogenic risks were estimated for the recreational child receptor. 

6.3.2.4 

, 

Surface Water (Total lnorganics and Organics) Exposure 

The surface water (total inorganics and organics) exposure scenario is presented below. A more detailed 

explanation of each exposure parameter selected for the potential receptor is provided in Section 6.3.3. 

The exposure scenario for surface water (total inorganics) included: 

l Future Recreational Child (age 6 to 12 years) - The future recreational child will live in a future 

residence at or near Site 5. This receptor wades in surface water present in streams near Site 5. 

This receptor is potentially exposed via ingestion of and dermal absorption with COPCs in surface 

water (total inorganics and organics). Noncarcinogenic and carcinogenic risks were estimated for the 

recreational child receptor. 

6.3.3 Exposure Estimates 

The estimation routes, methods, and models presented in this section are consistent with current EPA 

risk assessment guidance (EPA, 1989a, 1991 b, 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 Site 5 through which potential receptors can be either 

directly or indirectly exposed to site-related COPCs: surface soil, subsurface soil, sediment, and surface 

water. ^ 
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Noncarcinogenic risks were estimated using the concept of an average annuai 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) were 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, incorporate terms to represent 

the exposure duration (years) over the course of a lifetime (70 years). 

6.3.3.1 Surface and Subsurface Soil Exposure Estimates 

Three potential exposure routes were associated with direct exposure to surface and subsurface soil at 

Site 5, including: 

. Ingestion 

l Dermal absorption 

l Inhalation of fugitive dust 

For surface soil, all three exposure routes were evaluated using the current/future industrial adult 

receptor, future residential child receptor, future residential adult receptor, and future lifetime residential 

receptor [cancer risks only]. These receptors were chosen because they are expected to be 

representative of typical industrial or residential exposures at Site 5. 

For subsurface soil, all three exposure routes were evaluated using the current/future industrial adult 

receptor, future residential child receptor, future residential adult receptor, and future lifetime residential 

receptor [cancer risks only]. These receptors were chosen because they are expected to be 

representative of typical industrial or residential exposures at Site 5. 

Ingestion of and dermal contact with soil are expected to contribute to the majority of the risk under the 

soil exposure scenarios, whereas risks based on exposure to fugitive dust are expected to be low. For 

fugitive dust emissions under industrial and residential exposure, the fraction of vegetative surface cover 

was assumed to be 50% of the surface area. Derivation of the particle emission factor is presented in 

EPA’s Soil Screening Guidance (EPA, 1996b). Concentrations of VOCs in surface soil and subsurface 

soil do not exceed inhalation of volatile soil screening levels (SSLs; EPA, 1996b), therefore., these 

exposure pathways were not quantitatively evaluated in this HHRA. 
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Table 6-8 through Table 6-l 1 present the RME input parameters selected for the surface and subsurface 

exposure pathways for the future residential child. Table 6-12 through Table 6-15 present the RME input 

parameters selected for surface and subsurface exposure pathways for the future residential adult, Table 

6-16 through Table 6-19 present the RME input parameters selected for the surface and subsurface 

exposure pathways for the current/future industrial adult. 

..I 

The only input values not shown on the exposure input tables (Tables 6-10 through 6-21) are the 

chemical-specific absorption factors for the dermal pathway. These values were provided by EPA Region 

Ill. For surface soil and subsurface soil COPCs, absorption factors were as follows (EPA, 1995): 

aluminum (I%), arsenic (3%) barium (I%), cadmium (I%), copper (I%), iron (I%), lead (I%), 

manganese (I%), mercury (I%), nickel (I%), silver (I%), thallium (I%), vanadium (I%), zinc (I%), 4,4’- 

DDD (IO%), 4,4’-DDE (IO%), 4,4’-DDT (IO%), Aroclor-1242 (6%), Aroclor-1248 (6%) Aroclor-1254 (6%) 

benz(a)anthracene (1 O%), benzo(a)pyrene (IO%), benzo(b)fluoranthene (IO%), benzo(k)fluoranthene 

(IO%), chrysene (IO%), dibenz(a,h)anthracene (IO%), and indeno(l,2,3-cd)pyrene (10%). Derivation of 

the surface areas (used in all dermal exposure equations in this risk assessment) for each of the potential 

receptors was based on the sum of the surface areas for contributing body parts. These were derived 

from several sources (EPA, 1997b and EPA, 1985) and are shown in detail in a table in Appendix J. This 

table also shows the input values used to derive the average body weights for the age-range categories 

for the residential child (age 1 - 6). Sample calculations for ingestion, dermal absorption, and inhalation 

of fugitive dust of COPCs in surface and subsurface soil are provided in Appendix G, Part 3. 

- 

6.3.3.2 Sediment Soil Exposure Estimates 

Two potential exposure routes were associated with direct exposure to sediment at off-site areas near 
Site 5, including ingestion and dermal absorption. 

For sediment, both exposure routes were evaluated using the future recreational child (age 6 - 12) 

receptor. This receptor was chosen because it is expected to be representative of typical recreational 

exposures at off-site areas near Site 5. 

Tables 6-20 and 6-21 present the RME input parameters (and rationale) selected for the sediment 

exposure pathways for the future recreational child. The only input values not shown on the exposure 

input tables are the chemical-specific absorption factors for the dermal pathway. These values were 

provided by EPA Region IH. For sediment COPCs, absorption factors were as follows (EPA, 1995): 1% 

for inorganics, 10% for semivolatile organic compounds and pesticides, 6% for polychlorinated biphenyls, 

0.05% for any volatile organic compound with a vapor pressure greater than that of benzene, and 3% for 

any volatile organic compound with a vapor pressure less than that of benzene. Derivation of the surface “-’ 
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VALUES USED FOR DAILY INTAKE CALCULATIONS. Rb, - r/ ILD RESIDENT CONTACT WlTti SITB 5 SURFACE SOIL 

NAWC WARMINSTER. PENNSYLVANIA 

Scenario Timeframe: Future 

Medium: Sutiaca Soil 

Exposure Medium: Surface Soil 

Exposure Point’ Contact (Ing. & Der.) with Site 5 Surface Soil 

Receptor Population: Resident 

Recaptor Age: Child 

Exposure Route Parameter Parameter Definition Units RME RME CT CT Intake Equation/ 

Code V.4Ue Rationale/ Value RatfOIl&/ Model Name 

Reference Reference 

Ingestion 

DBmal 

cs Chemical Concentration in Soil 

IR-S Ingestion Rate of Soil 

FI Fraction Ingested Fmm Contaminated Source 

EF Exposure Frequency 

ED Exposure Duration 

CF3 Conversion Factor 3 

BW Body Weight 

AT-C Averaging Time (Cancer) 

AT-N Averaging lime (Non-Cancer) 

cs Chemical Cona?tration in S&l 

SMAFE Summation [Adherence Factor per Body Part Exposed] 

DABS Dental Absorption Factor (Solid) 

EV Event Frequency 

EF Exposure Frequency 

ED Expnrure Duration 

CF3 Conversion Factor 3 

BW Body Weight 

AT-C Averaging Time (Cancer) 

AT-N Averaging Time (Nor!-Canw) 

mglkg 

mYdaY 

days/year 

YWS 

kg/m 

kg 

days 

days 

w% 

mgevent 

events/day 

dayslysar 

ye%3 

Wms 

kg 

days 

days 

See Table 3 

2oa 

1 

350 

6 

1 E-06 

16.6 

25550 

2190 

Sea Table 3 

95 

ChemicaCSpedfic 

1 

350 

6 

iE-06 

16.8 

25550 

2190 

See Table 3 

EPA, 1997 

(a) 

EPA, 1997 

EPA, 1997 

EPA, 1997 

EPA, 1969 

EPA, 1999 

See Table 3 

(b) 

EPA, 1995 

t-3 

EPA, 1997 

EPA, 1997 

EPA, 1997 

EPA. 1969 

EPA, 1969 

Intake (mg&g-day) = 

CSrIR-SxFIxEFxEDxCF3x1/(BWxAT) 

Dem\al Absorbed Dose (mg&day) = 

CSxSAxSSAFxDABSxEVxEFxEDxCF3x1/(BWxATJ 
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TABLE 6-9 

VALUES USED FOR DAILY INTAKE CALCULATIONS - RME CHILD RESIDENT PARTICULATE DUST INHALATION FROM SITE 5 SURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANlA 

Scenario Timeframe: Future 

Medium: Surface Soil 

Exposure Medium: Parliculates 

Exposure Point Inhalation of PartMates from Site 5 Surface Soil 

Receplor Population: Resident 

ixposure Route Parameter 

Code 

Parameter Dsfinitio” Units RME 

Value 

RME 

Rationale/ 

Refemncs 

CT 

V&M! 

CT 

RZltiC!“&! 

Reference 

Intake Equation/ 

Model Name 

Inhalation cs Chemical Concentration in Soil 

PEF Particulate Emission Factor from Soil 

IR-A Inhalation Rate 

ET Exposure Time 

EF Exposure Frequency 

ED Exposure Duration 

BW Body Weight 

AT-C Averaging Time (Cancer) 

w% 

m3ikg 

mfhr 

houmlday 

dayslye% 

yC?BS 

kg 

&YS 

See Table 3 See Table 3 

1.32E+O9 w 

1.2 EPA 1997 

24 (b) 

350 EPA, 1997 

6 EPA. 1997 

16.6 EPA. 1997 

25550 EPA 1969 

Intake (mglk$day) = 

(CWEF) x If?-A x ET x EF x ED x iI(BWx Al-) 

Lifetime e~.posures for future residents (M&adult) till be quanthied indirectly. by adding child and adult cancer risks in the Risk Chanfferization section of this risk assessment. 

(a). Site Specific PEF. See Appendix G for derivation. 

(b). Pmfessional Judgment. 24 Hours per day of exposure based on entire day spent at residence. 

EPA. 1989. Risk Assessment Guidance for Supafund. Volume I, Human Health Evaluation Manual (Part A). EPA 54011-891002. Offw of Emrgency and Remedial Response. Washington, DC. 

EPA, 1997. Exposure Factors Handbook. Update to Exposure Factors Handbook. EPAmOO/S-89/043 _ May 1989. Oflice of Research and Development. 
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VALUES USED FOR DAILY INTAKE CALCULATlONS _ RME CiLD RESIDENT CONTACT WlTli SITE 5 SUBSURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

Scenarfo Timeframe: Future 

Medium: Subsurface Soil 

Exposure Medium: Subsurface Soil 

Exposure Point: Contact (Ing. & Der.) with Site 5 Subsurface Soil 

Receptor Population: Resident 

Receotor Aoe Child 

Exposure Routs c 
Ingestion 

De”“al 

- 
I 

Parameter 

Cod0 

cs 
IR-S 

FI 

EF 

ED 

CF3 

BW 

AT-C 

AT-N 

cs 
SMAFB 

DABS 

EV 

EF 

ED 

CF3 

BW 

AT-C 

AT-N 

Chemical Concentration in Soil 

Ingestion Rate of Soil 

Fraction Ingested From Contaminated Source 

Exposure Frequency 

Expaxe Duration 

Conversion Factor 3 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Chemical Cxmcanb-aUon in Soil 

summation [Adherence Factor per Body Part Exposer 

Dermal Absorption Factor (Solid) 

Event Frequency 

Exposure Frequervzy 

Exposure Duration 

Conversion Factor 3 

S&y Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Units 

mgncg 
“Way 

days/year 

years 

Wma 

kg 

days 

days 

mm 

mglevent 

events/day 

days&ear 

YSWS 

W”Q 

kg 

days 

davs 

I 

- 

RME 

Value 

See Table 3 

200 

1 

350 

6 

lE-08 

16.6 

25554 

2190 

See Table 3 

05 

Chemical-Specific 

1 

350 

6 

E-W 

16.6 

25550 

2190 

RME 

Rationale/ 

Referenca 

See Table 3 

EPA, 1997 

(4 

EPA, 1997 

EPA, 1907 

EPA, 1997 

EPA, 1989 

EPA, 1989 

See Table 3 

@I 

EPA, 1995 

(d 

EPA, 1997 

EPA, 1997 

EPA, I997 

EPA, 1969 

EPA, 1989 

CT 

Value 

CT 

Rationale/ 

Reference 

Intake Equation! 

Model Name 

Intake (mg!kg-day) = 

CSxIR-SxFIxEFxEDxCF3x1/(BWxAT) 

Dermal Absorbed Dose (mglkgday) = 

CSxSAxSSAFxDABSxEVxEFxEDxCF3x1/(BWxATj 

Notes!Sourc&s: 

Llfetlme exposures for future residents (child/adult) till be quantified indirectly. by adding child and adult cancer risks in the Risk Cnaractertzation section of this risk assessment. 

(a). Professional Judgment. Fraction ingested is IOQ% from SOUM. 

(b). Summation of (body part specific adherence factor (mglunbevent) * applicably exposed body part surface area <represented by face, hands, forearms. lower legs. and feet of Residential Child of age 1 thmugh 6 years, for soil (cm2)]. See Appendix J. 

(c). Professional Judwent. 1 Event per day. 

EPA, 1999. Risk Assessment Guidance for Superlund, Volume I, Human Health Evaluation Manual (Pad A). EPA 54O/l-S9/002. Offw of Emergency and Remedial Response. Washington, DC. 

EPA. 1995. Assessing Dermal Exposure from soil, EPA Region Ill Technical Guidanw Manual. EPA@QbK-95QQ3. December 

EPA, 1997. Exposure Factors Handbook. Update to Exposure Factors Handbook. EPA/SMUS89D43 - May 1989. office of Research and Development. 
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TABLE 6-11 

VALUES USED FOR DAILY INTAKE CALCULATIONS - RME CHILD RESIDENT PARNCULATE DUST INHALATION FROM SITE 5 SUBSURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 

Medium: Subsurface Soil 

Exposure Medium: Particulates 

Exposure Point: Inhalation of Particuates from Site 5 Subsurface Soil 

Receptor Population: Resident 

Parameter Definition 

Inhalation CS Chemical Concantmtion in Soil 

PEF 

IR-A 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

Particulate Emission Factor from Soil 

Inhalation Rate 

Expsure Time 

Exposure Frequency 

Eqwrure Duration 

Body Weight 

Averaging T’ims (Canutr) 

Averaging Tims (Non-Cancer) 

Units RME 

Value 

RME 

RZ7tiOfXM 

Reference 

CT 

Value 

CT 

RationaM 

R&PXlCe 

Intake Equatianl 

Model Name 

m&a See Tabie 3 

m3kg 1,32E+O9 

m3lhr 1.2 

hours/day 24 

dsp.lY*ar 350 

years 6 

kg 16.6 

days 25550 

See Table 3 

(a) 

EPA. iSS7 

(4 

EPA. lSS7 

EPA, 1997 

EPA, 1997 

EPA. 1969 

Intake (mgkgday) = 

(CSIPEF) x IR-A x ET x EF x ED x </(SW X AT) 

Lifetime exposures for future residents (child/adult) till be quantified indlrectly. by adding child and adult cancar risks in the Risk Characterization section of this risk assessment. 

(a). Side Specific PEF. See Appendix G for derivation. 

(b), Pmfessional Judgment. 24 Hours par day of exposure based on entire day spant at residence. 

EPA, 193s. Risk Assassmant Guidance for Superfund, Volume I, Human Health Evaluation Manual (Pal A), EPA 54O/i-S9/002. Offw of Emergency and Remedial Response. Washington. DC. 

EPA, 1997. EXJYJSU~~ Factors Handbook Update to Exposure Factors Handbook. EPABWlS-891043 - May 1989. Offw of Research and Development 
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T. 2 

VALUES USED FOR DAILY INTAKE CALCULATIONS - RMt ADULT RESIDENT CONTACT WITH SITS 5 SURFACE SOIL 

NAWC WARMINSTER. PENNSYLVANIA 

Scenario Timefreme: Future 

Medium: Surface Soil 

Exposure Medium: Surface Soil 

Exposure Point: Contact (Ing. 8 Der.) with Site 5 Surface Soil 

Receptor Population: Resident 

Receptor Age: Adult 

Parameter 

Cbde 

cs Chemical Concentration in Soil 

IR-S Ingestion Rate of Soil 

FI Fraction Ingested From Contaminated Sourea 

EF Exposure Frequency 

ED Exposure Duration 

CF3 Conversion Factor 3 

BW Body Weight 

AT-C Averaging Time (Cancer) 

AT-N Averaging Time (Non-Cancer) 

CS Chemical Conoentfetion in Soil 

SMAFS ;“mmation [Adherence Factor per Body Part Exposec 

DABS Dermal Absorption Factor (Solid) 

EV Event Frequency 

EF Exposure Frequency 

ED Exposure Duration 

CF3 Convenian Factor 3 

Bw Body Weipht 

AT-C Averaging Time (Cancer) 

AT-N Averaging Time (Non-Cancer) 

Parameter Definition Units 

msnc9 

m&v 

days/year 

y*WS 

Ww 

kg 

days 

days 

mglk9 

mg/event 

evenwday 

days/year 

years 

Ww 

kg 

diys 

days 

RME 

ValUe 

See Table 3 

100 

1 

350 

24 

1 E-D6 

70 

25550 

87wJ 

See Table 3 

297 

Chemical-Spechi 

1 

350 

24 

IE-08 

70 

25550 

9780 

RME 

Rationale/ 

Reference 

See Table 3 

EPA, 1997 

(4 

EPA, 1997 

EPA, 1997 

EPA, 1997 

EPA, 1989 

EPA, 1999 

See Table 3 

ON 

EPA, 1995 

m 

EPA, 1997 

EPA, 1897 

EPA, 1937 

EPA, 1989 

EPA, 1999 

CT CT 

Rationale/ 

Reference 

Intake Equation! 

Model Name 

Intake (mghg-day) = 

CSxlR-SxFlxEFxEDxCF3xl/(BWxAT) 

Dermal Absorbed Dose (mglkg-day) = 

CS x SA x SSAF x DABS x EV x EF x ED x CF3 x l/(BWx AT) 

Notes/Sources: 

Lifetie exposures for future residents (child/adult) will be quanttfied indirectly, by adding child and adult cancer risks in the Risk CharacterizaUon section of this risk areessment 

(a). Professional Judgment. Fraction ingested is lW% from source. 

(b). Summation of (body pert specific adherence factor (mg/cm2-event) * applicably exposed body part surface area vepresented by face. hands, forearms. lower legs. and feet of Residential AdulP for soil (cm2)]. See Appendix J. 

(c). ProfessIonal Judgment. 1 Event per day. 

EPA, 1989. Risk Assessment Guidance for Superfund. Volume I, Human Health Evaluation Manual (Part A). EPA 540/l-99/002. ORice of Emergency and Remedial Response. Washington, DC. 

EPA, 1995. Assessing Dwmal Exposure from Soil. EPA Region Ill Technical Guidance Manual, EPABCISK-95-003. December 

.EPA. 1997. Exposure Factors Handbook. Update to Exposure Factors Handbook. EPAB00/889/043 - May 19.99. Offfceof Research and Development. 

Warm-Site-S-Table 4-Surface Soil-lng and Der-Adult-ResidentiaI.xls 7/l 4100 
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tnhaletion 

TABLE 6-l 3 

VALUES USED FOR DAILY INTAKE CALCULATIONS -RYE ADULT RESIDENT PARTtCULATE DUST tNHALATlON FROM StTE 5 SURFACE SOIL 

NAWC WARYINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 

Medium: Surface Soil 

Exposure Medium: hticdates 

Exposure Poinl: Inhalation of Particulates from Site 5 Surface Soil 

Receptor Population: Resident 

Parsmeter 
Code 

- 
cs 

PEF 

IR-A 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

Parameter Definition 

Chemical Concenbation in Soil 

Particulate Emission Factor from Soil 

Inhalation Rate 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

wh 

m3kg 

m?Jhr 

ho&day 

days&x 

years 

kg 

daYS 

&YS 

RME RME 

VdU.9 Rationale/ 

Reference 

See Table 3 

1.32E+a9 

1.6 

24 

350 

24 

70 

25550 

8760 

See Table 3 

(4 

EPA, 1997 

(b) 

EPA, 1997 

EPA, 1997 

EPA, 1997 

EPA, 1989 

EPA, 1989 

CT 

Rationale/ 

R&ntnce 

Intake Equation! 

Model Name 

Intake (mglkgday) = 

(CS/PEF) x IR-A x E7 x EF x EDx lI(BWxAT) 

NoteslSources: 

Lifetime exposures far future residents (child’adult) will be quantified indirectly, by adding child and adult cancer risks in-the Risk Characterization section of this risk assessment 

(a). Site Specific PEF. Sea Appendix G for derivation. 

(b). Professional Judgment. 24 Hours per day of exposum based on entire day spent at msidsnce. 

EPA, 1989. Risk Assessment Guidance far Superfund. Volume I, Human Health Evaluation Manual (Part A). EPA 540/l-891W2. Dff~ce of Emergency and Remedial Response. Washington, DC. 

EPA, 1997. Expcsure Factors Handbook. Update to Exposure Faders Handbook. EPA16D0/S-S9/043 - May 1989. Office of Research and DevelopmenL 

Warm-Site-5-Table 4-Surface Soil~lnh~Adult~Residential.xls 

t 
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VALUES USED FOR DAILY INTAKE CALCULATlONS _ RME AD;LT RESIDENT CONTACT WlTH SITE 5 SUBSURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 

Medium: Subsurface Soil 

Exposure Medium: Subsurface Soil 

Exposure Point: Contact (Ing. a Dar.) with Site 5 Subsurface Soil 

Receptor Population: Resident 

Exposure Route Parameter Parameter Definition Units RME RME CT CT Intake Equation/ 

Code Vd”* Rationale/ Value Rationale/ Model Name 

ReferelU.9 Reference 

Ingestion 

Daflllal 

cs Chemical Concentration in Soil 

IR-S Ingestion Rate of Soil 

FI Fradion ingested From Contaminated Source 

EF Exposure Frequency 

ED Exposure Duration 

CF3 Conversion Fador 3 

BW Body Wetght 

AT-C Averaging Time (Cancer) 

AT-N Averaging Time (Non-Cancer) 

CS Chemical Concentration in Soil 

SMAFB Summation [Adherence Factor per Body Part Exposed) 

DABS Dermal Absorption Factor (Solid) 

EV Event Frequency 

EF Exposure Frequency 

ED Exp~sura Duration 

CF3 Conversion Factor 3 

BW Body Weight 

AT-C Averaging Time (Cancer) 

AT-N Averaging Time (Non-Cancer) 

mg/kg 

WW 

days/year 

y*XS 

k&w 

kg 

days 

days 

m*a 

mglevent 

events/day 

dayslyear 

years 

b’me 

kg 

days 

days 

See Table 3 

100 

1 

350 

24 

1 E-06 

70 

25550 

8760 

See Table 3 

297 

Chemical-Specific 

1 

350 

24 

1 E-06 

70 

25550 

8760 

Sac Table 3 

EPA, 1997 

(a) 

EPA, 1997 

EPA, 1997 

EPA, 1997 

EPA, 1989 

EPA, 1989 

See Table 3 

@) 

EPA, 1995 

(C) 

EPA, 1997 

EPA, 1997 

EPA, 1997 

EPA, 1989 

EPA, 1989 

intake (mglkgday) = 

CSxIR-SxFIxEFxEDxCF3x1/(BWxATl 

D%mw.l Absorbed Dose (mgfkg-day) = 

CSxSAxSSAFxDABSxEVxEFxEDxCF3x1I(BWxAT) 

Notes/Sources: 

Lifetime exposures for future residents (child/aduit) will be quantified indiredly, Dy addins child and adun cancer risks in the Risk Characterization saction of this risk assessment 

(a). Professional Judgment. Fraction ingested is 100% from source 

(b). Summation of [body pa~I specific adhemnca pdor (mg/cm2%vent) ’ applicably expoaad body part surface area <represented by face, hands, forearms, lower legs. and feet of Residential Adult> fur soil (cm2)]. See Appendix J. 

(c). Professional Judgment I Event per day. 

EPA, 1989. Risk Assessment Guidance for Superfund. Volume I, Human Health Evaluation Manual (Part A). EPA 540/l-89/002. ORice of Emergency and Remedial Response. Washington, CC. 

EPA, 1995. Assessing Denal Exposure hum Soil, EPA Region Ill Technical Guidance Manual, EPA1903K-95.003. Decembar 

EPA, 1997. Exposum Factors Handbook. Update to Exposure Factors Handbook. EPABOO/&89/043 - May 1989. ORce of Research and Development. 

Warm-Site-5-Table 4-Subsurface Soil-lng and Der-Adult-ResidentiaLxls 

f..:, 
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TABLE B-15 

VALUES USED FOR DAILY INTAKE CALCULATIONS -RME ADULT RESIDENT PARTICULATE DUST INHALATlON FROM SITE 5 SUBSURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 

Medium: Subsurface Soil 

Expasure Medium: Partiw!ates 

Exposure Point: Inhalation of Paticulates from Sile 5 Subsurface Soil 

Recsptor Population: Resident 

Parameter Definition 

Inhalation CS Chemical Concentration in Soil 

Units 

I 

RME 

Value 

m3fhr 1.6 

hours/day 24 

days&ear 350 

YEWS 24 

kg 70 

days 2.5550 

days 8760 

RME 

Rationale/ 

CT 

Value 

CT 

I 

Intake Equation/ 

Rat&X&/ Model Name 

Refersrice 

PEF 

IR-A 

ET 

EF 

ED 

EW 

AT-C 

Particulate Emission Factor fmm Soil 

Inhalation Rate 

Expcsure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancar) 

See Table 3 

(a) 

EPA. 1997 

(b) 

EPA, 1997 

EPA. 1997 

EPA, 1997 

EPA 1889 : 

sourcas: 

Lifetime exposures for future residents (childladult) will be quantified indirectly. by adding child and adult cancer risks in the Risk Characlsrization section of this risk BSSefSment. 

(a). Site Specific PEF. See Appendix G For derivation. 

(b). Professional Judgment 24 Hours per day of exposure based on entire day spent at residace. 

EPA, 1989. Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation Manual (Part A). EPA 540/l-89/W2. 0%~ of Emergency and Remedial Respanse. Washington. DC. 

EPA, 1997. Exposure Factors Handbook. Update to Exposure Factors Handbwk. EP,M00/8-89,&%3 - May 1989. Ofiiree oFResearch and D.svelapmsnt. 

Intake (mgilcg-day) = 

(CSiPEF) x IR-AX ET x EFx ED x fI(SWxAT) 

6-42 
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VALUES USED FOR DAILY INTAKE CALCULATIONS - RME ADULI iNDUSTRlAL WORKER CONTACTWlTH SITE 5 SUBSURFACE SOIL 
,’ 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 

Medium: Subsurface Soil 

Exposure Medium: Subsurface Soil 

Exposure Point: Contact (Ing. & Der.) with Site 5 Subsurface Soil 

Receptor Population: Indusbial Worker 

Receptor Age: Adult 

Exposure Route 

I-- 
Ingestion 

Deolla1 

Parameter 

Code 

cs 
IR-S 

FI 

EF 

ED 

CF3 

BW 

AT-C 

AT-N 

cs 

SMAFS 

DABS 

EV 

EF 

ED 

CF3 

SW 

AT-C 

AT-N 
- 

Chemical Concentmtion in Soil 

Ingestion Rate of Soil 

Fraction Ingested From Contaminated Source 

Exposure Frequency 

Exposure Duration 

Conversion Factor 3 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancar) 

Chemical Concentration in Soil 

Summation [Adherence Factor par Body Part Exposed 

Dental Absorption Factor (Solid) 

Event Frequency 

Exposure Frequency 

Exposure Duration 

Conversion Factor 3 

Sody Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

days/year 

YBZS 

kg/w 

kg 

days 

days 

wh 

mglevent 

eventsldey 

days/year 

yeal 

Ww 

kg 

days 

days 

RME 

Value 

See Table 3 

50 

1 

250 

25 

1 E-C6 

70 

25550 

9125 

See Table 3 

599 

Chemical-Specific 

1 

250 

25 

1 E-06 

70 

25550 

9125 

RME 

Ration&l 

Reference 

See Table 3 

EPA, 1997 

(a) 

EPA, 1997 

EPA, 1997 

EPA, 1997 

EPA, 1989 

EPA, 1989 

See Table 3 

(b) 

EPA, 1995 

@I 

EPA, 1997 

EPA, 1997 

EPA, 1997 

EPA, 1989 

EPA, 1989 

CT 

Value 

CT 

Retionelel 

Reference 

Intake Equationl 

Model Name 

Intake (mgikgday) = 

CSxlR-SxFlxEFxEDxCF3xl/(SWxAT) 

Dwmal Absorbed Dose (megday) = 

CSxSAxSSAFxDASSxNxEFxEDxCF3xl/(SWxAT) 

sources: 

(a). Pmfersional Judgment. Fraction ingested is 100% from source. 

(b). Summation of [body pafl specific adherence factor (mg!cmZ-event) * applicably exposed body part surface area <represented by face, hands. and forwms of Indusbfal Worker> for soil (cmz)]. See Appendix J 

(c). Professional Judgment 1 Event per day. 

EPA. 1989. Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation Manual (Part A). EPA 540/l-89/002. office of Emergency and Remedial Rerpanse. Washington, DC. 

EPA, 1995. Assessing Dermal Exposure from Soil, EPA Region III Technical Guidance Manual. EPABO3.K-96003. Decamber 

EPA. 1997. Exposure Factors Handbook. Update to Exposure Factors Handbook. EPABOO/S-99/C43 - May 1999. Office of Research end Development 

Warm-Site-5-Table 4-Subsurface Soil-lng and Der-Adult-IndustriaLxls 7/14/00 



TABLE 9.19 

VALUES USED FOR DAILY ,NTAKE CALCULATIONS - RME ADULT INDUSTRIAL WORKER PARTICULATE DUST INHALATION FROM SITE 5 SUBSURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: CurrenVFuiure 

Medium: Subsurface Soil 

Exposure Medium: PartMates 

Exposure Point: Inhalation of Padiculatos from Site 5 Subsurface Soil 

Receptor Population: Industrial Worker 

Notes/Sources: 

- 
I 
I - 

- 
Parameter 

Code 

- 
CS 

PEF 

IR-A 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

Parameter Definition 

Chemical Cancantilian in Sail w% See Table 3 

Paltiwlate Emission Factor from Soil mW i.JZE+OQ 

Inhalation Rate m3hr 1.6 

Exposure Time hours/day 8 

Exposun Frequency days/year 250 

Exposun ouratlon yS?US 25 

Body Weight kg 70 

Averaging Time (Cancer) days 25550 

Averaging Time (Non-Cancer) days 9125 

RME 

Value 

RME CT 

RationaY Value 

Referelm 

See Table 3 

(a) 

EPA. 1997 

W 

EP4 1997 

EPA, 1997 

EPA. 1997 

EPA, 1989 

EPA. 1989 

(a). Site Specific PEF. See Appendix G for derivation. 

(b), Professional Judgment. 8 Hours per day of expcasure based an an average workday 

EPA, 1959. Risk Assessment Guidance for Superfund. Volume I. Human Health Evaluation Manual (Part A). EPA 54O/MS/W2. Omu, of Emergency and Remedial Response. Washington. DC 

EPA. 1997. Exposure Factors Handbook. Update to Exposure Factors Handbook. EPA1600&89/043 _ May 1989. Office of Research and Developmsnl. 

Intake Equation! 

Model Name 

take bw’@-da~) = 

WPEF) x IR-A x ET x EF x ED x tI(BW x AT) 

Warm-Site-5-Table 4-Subsurface Soil~lnh~Adult~lndustrial.xls 

j 
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TABLE 6-20 
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 

@-@kg) arithmetic average (based upon 
normal or log-transformed data 
distribution) (EPA, 1969a) 

IR 

FI 

Ingestion rate 

Fraction ingested from 
contaminated source 

200 mg/day (recreational child: (EPA, 1991a) 

1 .O 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, 1991 a) 

25 kg (recreational child) Wading is expected to occur for olde 
children (age 6 and older; weight 25 I 
(EPA, 1991a) 

AT Averaging time ED x 365 days/year Noncarcinogens (EPA, 1989a) 

70 years x 365 days/year Carcinogens (EPA, 1989a) 

6-47 
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TABLE 6-21 
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 95% confidence limit on arithme 

(WW average (based upon normal or log- 
transformed data distribution) (EPA, IE 

SA Skin surface area available 792 sq. cm/day Feet only; child; sediment 

for contact (EPA, 19919) 

AF Soil-to-skin adherence factc 0.2 mg/sq. cm (EPA, 1992f) 

‘ABS Absorption factor lnorganics = 0.01 (except arsenic) Feldman and Maibach (1970) 
SVOCsIPest = 0.1 Webster and Maibach (1985) 
PCBs = 0.06 EPA (1984a) 
VOCs = if VP>benzene, 0.0005 EPA (1995) 

if VP<benzene, 0.03 
Arsenic = 0.03 

EF Exposure frequency 7 days/year (recreational child) (EPA, 1991a) 

ED Exposure duration 6 years (recreational child) (EPA, 1991a) 

BW Body weight 25 kg (recreational child) Wading is expected to occur for older 
children (age 6 and older; weight 25 kg 
(EPA, 1991 a) 

AT Averaging time ED x 365 days/year Noncarcinogens (EPA, 1989a) 

70 years x 365 days/year Carcinogens (EPA, 1989a) 

--. 

_-- 

tableG-2Q.XLS 7/3/00 I:34 PM 
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areas (used in all dermal exposure equations in this risk assessment) for each of the potential receptors 

was based upon the sum of the surface areas for contributing body parts. These were derived from 

several sources (EPA, 1997b and EPA, 1985) and are shown in detail in a table in Appendix G, Part 3. 

This table also shows the input values used to derive the average body weight for the recreational child 

(age 6 - 12). Sample calculations for ingestion and dermal absorption of COPCs in sedirnent are 

provided in Appendix G, Part 4. 

6.3.3.3 Surface Water Exposure Estimates 

Two potential exposure routes were associated with direct exposure to surface water at off-site areas 

near Site 5, including ingestion and dermal absorption. For surface water, both exposure routes were 

evaluated using the future recreational child (age 6 - 12) receptor. This receptor was chosen because it 

is expected to be representative of typical recreational exposures at off-site areas near Site 5. 

Tables 6-22 and 6-23 presents the RME input parameters (and rationale) selected for the surface water 

exposure pathways for the future recreational child. The only input values not shown on the exposure 

input tables are the chemical-specific permeability constants for the dermal pathway. For the surface 

water COPCs, nickel, thallium and bis(2-ethylhexyl)phthalate, the permeability constants were obtained 

from EPA (1992e). Derivation of the surface areas (used in all dermal exposure equations in this risk 

assessment) for each of the potential receptors was based upon the sum of the surface areas for 

contributing body parts. These were derived from several sources (EPA, 1997b and EPA, 1985) and are 

shown in detail in a table in Appendix J. This table also shows the input values used to derive the 

average body weight for the recreational child (age 6 - 12). Sample calculations for ingestion and dermal 

absorption of COPCs in surface water are provided in Appendix G, Part 3. 

6.3.4 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 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. 

No threshold has been defined for effects related to blood-lead increases. Effects below blood-lead levels 

’ of 10 ug/dL are difficult to define. Inhibition of certain enzymes involved in red blood cell metabollism has 

UDOCUMENTS/NAW/1412/13748 
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TABLE 6-22 
EXPOSURE INPUT PARAMETERS - SURFACE WATER INGESTION 

NAWC WARMINSTER, PENNSYLVANIA 

Input 
Parameter 

C 

Incidental Ingestion of Surface Water (Recreational Children) 

Description Value Rationale 

Exposure concentration Representative concentratioUpper 95% confidence limit on 

O-g/L) arithmetic average (based upon 
normal or log-transformed data 
distribution) (EPA, 1989a) 

IR Ingestion rate 

EF Exposure frequency 

ED Exposure duration 

BW Body weight 

0.2 L/day (EPA, 1989a) 

7 days/year (EPA, 1989a) 

6 years (EPA, 1991 a) 

25 kg (recreational child) Wading is expected to occur for older 
children (age 6 and older; weight 25 I 
(EPA, IQQla) 

AT Averaging time ED x 365 days/year Noncarcinogens (EPA, 1989a) 

70 years x 365 days/year Carcinogens (EPA, 1989a) 

tableGSO.XLS 713100 I:34 PM 6-50 



TABLE 6-23 
EXPOSURE INPUT PARAMETERS - DERMAL CONTACT WITH SURFACE WATER 

NAWC WARMINSTER, PENNSYLVANIA 

Dermal Contact with Surface Water 

Input 
Parameter Description ’ Value Rationale 

C Exposure concentration Representative concentration Upper 95% confidence limit on 

(m9W arithmetic average (based upon 
normal or log-transformed data 
distribution) (EPA, 1989a) 

SA 

ET 

EF 

ED 

BW 

Skin surface area availabltG,580 sq. cm/day 
for contact 

Exposure time 2.6 hours/day 

Exposure frequency 7 days/year 

Exposure duration 6 years 

Body weight 25 kg (recreational child) 

Wading: legs, feet, and hands 
(EPA, 1989b) 

(EPA, 1989a) 

(EPA, 1989a) 

(EPA, 1991a) 

Wading is expected io occur for older 
children (age 6 and older; weight 25 k 
(EPA, 1991 a) 

AT Averaging time ED x 365 days/year Noncarcinogens (EPA, 1989a) 

70 years x 365 days/year Carcinogens (EPA, 1989a) 

K, KP Permeability coefficients Contaminant-specific (EPA, 19929 

(cm/hour) 

TAU Lagtime (hours) Contaminant-specific (EPA, 19929 

B Partition coefficient Contaminant-specific (EPA, 19929 

6-51 
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been reported to occur at 10 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. 

For drinking water exposure, children 0 through 6 months old are expected to experience blood lead 

increases at the rate of 0.26 ug/dL per ug/L lead in water up to 15 ug/L and at the rate of 0.04 ug/dL for 

every ug/L lead in water above 15 ug/L (EPA, 1994b). For older children, the ratio is 0.12 ug/dL blood lead 

per ug/L lead in water up to 15 ug/L and 0.06 ug/dL for every ug/L lead in water above 15 ug/L (EPA, 

1994b). For adults, the ratio is approximately 0.06 ug/dL blood lead per ug/L in water (EPA, 1994b). 

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 0 - 6) were estimated using the Integrated Exposure and 

Uptake Biokinetic (IEUBK) Model (version 0.99) developed by EPA (EPA, 1994b). The model is applied 

using the average surface soil at Site 5. As discussed in Section 6.2.2, lead was selected as a COPC in 

surface soil and subsurface soil [the maximum detection of lead (1,020 mg/kg in surface soil and 2,400 

mg/kg in subsurface soil) exceeds the 400 mg/kg OWSER Directive benchmark criterion]. 

For the assessment of ingestion of lead in surface soil and subsurface 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 put into the IEUBK Model is the average lead concentration of 77.5 mg/kg in surface soil 

and 72.7 mg/kg in subsurface soil. 

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 10 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 G, Part 1. The estimated percentage of residential 

UDOCUMENTSINAVY~1412/13748 
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children (age 0 through 6 years) with a blood-lead level above 10 ug/dL is also presented in Section 6.5.6. 

Uncertainties associated with the IEUBK model are discussed in Section 6.6.4. 

6.4 DOSE-RESPONSE ASSESSMENT 

The dose-response assessment identifies the potential health hazards associated with exposure to each 

of the COPCs. A toxicological evaluation characterizes the inherent toxicity of a compound. The 

literature indicates that the COPCs have the potential to cause carcinogenic and/or noncarcinogenic 

health effects in humans. Although the COPCs may cause adverse health effects, dose-response 

relationships and the potential for exposure must be evaluated before the risks to receptors can be 

determined. Dose-response relationships correlate the magnitude of the intake with the probability of 

toxic effects, as discussed below. Toxicity information for the COPCs in surface soil, subsurface soil, 

sediment, and surface water at Site 5 are presented in Tables 6-24 through 6-27 and Appendix 1-I in the 

form of toxicological profiles. 

An important component of the risk assessment process is the relationship between the intalke of a 

compound (the amount of a chemical that is absorbed by a receptor) and the potential for adverse health 

effects resulting from exposure to that dose. Dose-response relationships provide a means b!y which 

potential public health impacts can be quantified. The published information of doses and responses is 

used in conjunction with information on the nature and magnitude of human exposure to develop an 

estimate of potential health risks. 

Dose-response values [reference doses (RfDs) and slope factors (SFs)] have been developed by EPA 

and other sources for many organics and inorganics. This section provides a brief description of these 

parameters. 

6.4.1 Reference Doses 

The RfD is developed by EPA for chronic and/or subchronic human exposure to hazardous chemicals 

and is based solely on the noncarcinogenic effects of chemical substances. Subchronic RfDs are 

specifically developed to be protective for a portion of a lifetime exposure to a compound (as a Super-fund 

program guideline, 2 weeks to 7 years). Chronic RfDs are specifically developed to be protective for 

long-term exposure to a compound (as a Super-fund program guideline, 7 years to lifetime). The RfD is 

usually expressed as a dose (mg) per unit body weight (kg) per unit time (day). It is generally derived by 

dividing a No-Observed-(Adverse)-Effect-Level (NOAEL or NOEL) or a Lowest-Observed-Adverse-Effect- 

Level (LOAEL) by an appropriate uncertainty factor. NOAELs, etc. are determined from laboratory or 

epidemiological toxicity studies. The uncertainty factor is based on the availability of toxicity data. 
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TABLE 6.24 

NbN-CANCER TOXICITY DATA -- ORAUDERMAL 

NAWC WARMINSTER, PENNSYLVANIA 

Lead 

Manganese 

N/A = Not Applicable 

(I) Refer to RAGS, Part A 

(2) Adjusted Dermal Value = Oral RfD Value l Oral to Dermal Adjustment Factor 

(3) For IRIS values, provide the date IRIS was searched. 

For HEAST values. provide the data of HEAST. 

For NCEA values, provide the date of the article provided by NCEA. 

War )e-5-RAGS-D51 .xls 

- 
I 

Chronic/ Oral RfD 

Subchronic Value 

Chronic 

Chronic 

Chronic 

- 
1 .OOE+OO 

3.00E-04 

7.00E-02 

Chronic 

N/A 

Chronic 

Chronic 

Chronic 

Chronic 

Chronic 

Chronic 

Chronic 

N/A 

NIA 

Chronic 

N/A 

N/A 

Chronic 

N/A 

NIA 

N/A 

N/A 

N/A 

N/A 

N/A 

i.OOEd3 

4.00E-02 

3.00E-01 

N/A 

2.40E-02 

l.OOE-04 

2.00E-02 

5.00E-03 

7.OOE-05 

?.OOE03 

3.OOE-!Il 

NIA 

NIA 

5.OOE-04 

N/A 

NIA 

2.OOE-05 

N/A 

N/A 

N/A 

N/A 

NIA 

N/A 

N/A 

- 

Oral RfD 

Units 

mwk3-W 

m@w-day 

mgb-dw 

mglkg-day 

wb-day 

mglkgday 

N/A 

wWW 

WWW 

mzv%dv 

mg&Nv 

w%dw 

w&day 

mglkg-dv 

N/A 

NIA 

mglkg-day 

N/A 

NIA 

wMdJay 

N/A 

NIA 

N/A 

N/A 

N/A 

N/A 

N/A 

Oral to Dermal 

Adjustment Factor (1) 

2.70601 

950E61 

1 .OOEtOO 

500E62 

6.DlE-01 

1 .WE+OO 

N/A 

1 .OOE+00 

1.50E-01 

i.OOE-01 

1.00E+C10 

l.OOE+C9 

2.00E-02 

2.50E-01 

N/A 

NIA 

1.3OEtCO 

N/A 

NIA 

19OE+OO 

N/A 

N/A 

N/A 

N/A 

NIA 

N/A 

N/A 

Adjusted 

Dental 

RfD (2) 

2.70E-01 

2.85E-04 

7.00E-02 

5.OOE-05 

2.40E-02 

3.WE-01 

N/A 

2.40E-02 

t 50E-05 

2.OOE-03 

5.OOE-03 

7.OOE-05 

1.40E-04 

7.50E-02 

N/A 

NIA 

5.09E-94 

NIA 

N/A 

2.CCE-05 

NIA 

NIA 

N/A 

N/A 

NIA 

N/A 

N/A 
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Units 

m@@daY 

mgWJw 

mglkgdw 

W’w-W 

mgnwW 

m@wW 

N/A 

WWW 

mg@-day 

mglkgdw 

mglkgdw 

WwW 

mglkgday 

mgkg-W 

N/A 

N/A 

WM-daY 

NIA 

NIA 

WM-dw 

N/A 

NIA 

N/A 

N/A 

NIA 

N/A 

N/A 

Primary 

Target 

Organ 

CNS 

Skin 
3ardiovascularl 

Kidney 

Kidney 

Gl Tract 

LiverlPancreas 

NIA 

CNS 

CNS 

Dew Org. Wt. 

Blood 

NOAEL 

Blood 

NIA 

N/A 

Liver 

NIA 

NIA 

Skin/Eye 

N/A 

NIA 

N/A 

NIA 

NIA 

N/A 

N/A 

UncertaintyAfodiiing 

Factors 

3 
3 

IO 

N/A 

10 

300 

3 

3COO 

100 

3 

N/A 

NIA 

100 

NIA 

N/A 

300 

N/A 

NIA 

NIA 

N/A 

NIA 

N/A 

N/A 

Sources of RfD: 

Target Organ 

EPA-NCEA 

IRIS 
IRIS 

IRIS 

HEAST 

EPA-NCEA 

N/A 

IRIS 

IRIS 

IRIS 

IRIS 

IRIS 

HEAST 

IRIS 

N/A 

N/A 

IRIS 

N/A 

N/A 

IRIS 

NIA 

NIA 

NIA 

N/A 

NIA 

N/A 

NIA 

Dates of RfD: 

rarget Organ (3) 

(MMIDDIW) 

04101100 

06/09/w 
06109l00 

C6/09/00 

1997 

04/01/00 

N/A 

06/0mo 

08/09lOO 

08/09/00 

06/09/00 

06/09lL?u 

1997 

06/09/00 

NIA 

N/A 

c6/09/00 

NIA 

NIA 

c6/09/00 

&A 

N/A 

N/A 

N/A 

NIA 

NIA 

N/A 
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TABLE 6-26 

CANCER TOXICITY DATA - ORAUDERMAL 

NAWC WARMINSTER, PENNSYLVANIA 

Chemical Chemical 

of Potential 

Concern 

i 

luminum 

rsenic 

Berfum 

Cadmium 

Iron 

I Lead 

Manganese Mercury 
Nickel 

1 Silver 

hellium 

zinc 

4.4’~DDD 

4.4-DDE 

4,$-DDT 

Amcior-1242 

Am&r-1248 

Amdor-1254 

Benz(a)anthracane 

Benzo(a)pyrene 

Banzo(b)nuoranfhene 

Benzo(k)fluorenthene 

Chrysene 

Dibenz(a.h)anthracene 

Indeno(l,2,3cd)pyrene 

Oral Cancer Slope Factor 

N/A 

1.50E+OO 

N/A 

N/A 

NIA 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

2.40E-01 

3.40E-01 

3.40E-01 

2.00E;OO 

Z.tTtIE+OO 

2.00E+00 

7.3OE-of 

7.30E+OO 

7.30E61 

7.30E-02 

7.30E-03 

7.30E+OO 

7.3OE-01 

IRIS = Integrated Risk Information System 

HEAST= Health Effects Assessment Summery Tables 

l * = Dennal slope factor not applicable for carcinogenic PAHs 

(1) Oral Cancer Slope Factor/Oral to Denel Adjustment Factor. 

(2) For IRIS velues, pmvide the date IRIS wes searched. 

For HEAST values, provide the date of HEAST. 

For NCEA values. provide the dale of article provided by NCEA. 

,jJjJAGSJGl .xls 

Oral to Dennal 

Adjustment 

Factor 

Adjusted Dental 

Cancer Slope Factor (1) 

N/A N/A 

9.50E-01 1.58E+W 

N/A N/A 

NIA 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 

1 .OOE+CQ 2.40E-01 

l.OOE+M) 3.4OE-01 

1 .ooE+OO 3.40E-01 

1.00E+OO Z.OOE+CQ 

i.OOE+CKI 2.00E+M) 

1.00E+00 2.OOE+OO 

1.00E+IlO N/A** 

1 .OOE+OO NIA- 

l.OOE+M) N/A” 

l.M)E+OO N/A** 

l.OOE+Ml N/A’* 

l.OOE+OO N/A** 

1 .OOE+O+l N/A*’ 

Units Weight of Evidence/ 

Cancer Guideline 

Description 

N/A 

A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

NIA 

N/A 

82 

82 

82 

82 

82 

82 

82 

82 

82 

82 

82 

82 

82 

Source 

Target Organ 

EPA Group: 

A _ Human carcinogen 

Bl - Probable human carcinogen-indicates that limited human data are available 

82 - Probable human carcinogen -indicates suffrdent evidence in enimels and 

inadequate or no evidence in humans 

C-Possible human carcinogen 

D _ Not classifiable as a human carcinogen 

E _ Evidence of noncercinogenicity 

Weight of Evidence: 

Known/Likely 

Cannot be Determined 

N/A 

IRIS 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

NIA 

N/A 

NIA 

IRIS 

IRIS 

IRIS 

IRIS 

IRIS 

IRIS 

EPA-NC.54 

IRIS 

EPA-NCEA 

EPA-NCEA 

EPA-NCEA 

EPA-NCEA 

EPA-NCEA 

Date (2) 

(MMIDDIYY) 

N/A 

ixvo9mo 

N/A 

N/A 

NIA 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

08nl9mo 

06D91M3 

o6m9mo 

08109100 

o6m9mo 

06m9mo 

wmimo 

o6m9mo 

04mimo 

o4mimo 

o4mimo 

04mimo 

04mvoo 

Warr 

Not Likely 
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Uncertainty factors are generally applied as multiples of 10 to represent specific areas of uncertainty in 

the available data. A factor of 10 is used to account for variations in the general population (to protect 

sensitive subpopulations), when test results from animals are extrapolated to humans (to account for 

interspecies variability), when a NOAEL derived from a subchronic study (instead of a chronic study) is 

used to develop the RfD, and when a LOAEL is used instead of a NOAEL. In addition, EPA reserves the 

use of a modifying factor of up to 10 for professional judgment of uncertainties in the data base not 

already accounted for. The default value of the modifying factor is 1. 

The RfD incorporates the surety of the evidence for chronic human health effects. Even if applicable 

human data exist, the RfD (as diminished by the uncertainty factor) still maintains a margin of safety so 

that chronic human health effects are not underestimated. Thus, the RfD is an acceptable guideline for 

evaluation of noncarcinogenic risk, although the associated uncertainties preclude its use for precise risk 

quantitation. Oral and dermal RfDs, primary target organs, uncertainty/modifying factors, and sources for 

selected COPCs in surface soil, subsurface soil, sediment, and surface water are provided in Table 6-24. 

Inhalation RfDs, primary target organs, uncertainty/modifying factors, and sources for selected COPCs in 

surface soil and subsurface soil are provided in Table 6-25. 

Target organ data have been extracted from the Integrated Risk Information System (IRIS; EPA, 2000a), 

Health Effect Assessment Summary Tables (HEAST; EPA, 1997a), or other applicable sources. Only the 

target organs that are affected in the applicable study in which the RfD was derived have been included in 

Tables 6-24 and 6-25. When multiple target organs are cited in the applicable RfD-derivation study, only 

the primary target organ will be selected and used in this HHRA. 

, ‘-‘*., 

Noncarcinogenic risks for lead were not quantified and compared to RfDs, because EPA has 

implemented an approach to evaluating lead risks that does not provide a single-point estimate output. 

Instead, potential lead exposures are evaluated using a biokinetic model to estimate expected blood-lead 

increases. The blood-lead model is discussed in Section 6.3.4. A discussion of the results of the blood- 

lead model estimates is presented in Section 6.5.6. 

6.4.2 Cancer SloPe Factors (SFsl 

SFs are applicable for estimating the lifetime probability (assumed 70-year lifespan) of human receptors 

developing cancer as a result of exposure to known or potential carcinogens. This factor is generally 

reported in units of l/(mg/kg/day) and is derived through an assumed low-dosage linear relationship of 

extrapolation from high to low dose responses determined from animal studies. The value used in 

reporting the slope factor is the upper 95 percent confidence limit. 
..-. 
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Oral and dermal SFs, weight of evidence, and sources for selected COPCs in surface soil, subsurface 

soil, sediment, and surface water are provided in Table 6-26. Inhalation SFs, weight of evidence, and 

sources for selected COPCs in surface soil and subsurface soil are provided in Table 6-27. 

Carcinogenic risks for lead were not quantified, because EPA has not published a SF for inorganic lead. 

Instead, potential lead exposures were evaluated using a biokinetic model to estimate expected blood- 

lead increases. A discussion of these results is presented in Section 6.56. 

EPA Weiqht of Evidence 

The weight-of-evidence designations indicate the preponderance of evidence regarding carciinogenic 

effects in humans and animals. The categories are defined as follows (EPA, 1992c): 

1 WEIGHT OF EVIDENCE CATEGORY 1 DEFINTION 
A 
Bl 
B2 

C 
D 
E 

Known human carcinogen 
Probably human carcinogen, limited human data are 
Probable human carcinogen, sufficient animal 
available but inadequate human data are available 
Possible human carcinogen 
Not classifiable as to human carcinogenicity 
Evidence of noncarcinogenicity in humans 

6.4.4 Adiustment of Dose-Response Parameters for Dermal Exposure 

Risks associated with dermal exposures were evaluated using toxicity values that are specific to 

absorbed dermal doses. Most oral toxicity values are based on administered doses rather than absorbed 

doses (TCE being an important exception). Therefore, in accordance with EPA Region III (19!35) and 

EPA (1989a, Appendix A) guidance, the toxicity values based on administered doses were adjusted 

before they were used for evaluating absorbed doses. 

Dermal RfDs and SFs were obtained from oral RfDs and SFs via the following relationships: 

P-- SFAdjusted = sFora1 GI / Od 
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where: 

Glora~ = Gastrointestinal (GI) Absorption Efficiency (EPA, 1995) 

RfDorai = Oral Reference Dose (EPA, 2000a; EPA, 1997a; or EPA-NCEA) 

SFora~ = Oral Slope Factor (EPA, 2000a; EPA, 1997a; or EPA-NCEA) 

Dermally adjusted RfDs and SFs for COPCs are presented in Tables 6-24 and 6-26, respectively. 

6.4.5 Carcinoqenicitv of PAHs 

Carcinogenic PAHs are related by chemical structure. Only benzo(a)pyrene has an EPA published SF 

(EPA, 2000a). All other carcinogenic PAHs, except carbazole, have SFs based on their potency relative 

to benzo(a)pyrene. The relative potency factors (RPF) for carcinogenic PAH COPCs at Site 5 were as 

follows: (EPA, 2000b): 

l Benzo(a)pyrene (RPF = 1 .O) 

l Benz(a)anthracene (RPF = 0.1) 

l Benzo(b)fluoranthene (RPF = 0.1) ,..-- 

l Benzo(k)fluoranthene (RPF = 0.01) 

l Chrysene (RPF = 0.001) 

l Dibenz(a,h)anthracene (RPF = 1 .O) 

l Indeno(l,2,3-cd)pyrene (RPF = 0.1) 

6.4.6 Toxicitv Criteria for Chromium 

The toxicity criteria for trivalent chromium (III) were used in this HHRA evaluation because hexavalent 

chromium was not detected in any of the samples collected in Site 5 media. Chromium speciation data 

were available for surface soil data and subsurface soil data for a representative number of samples. 

6.5 RISK CHARACTERIZATION 

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). 
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r-. Noncarcinogenic risk estimates were presented in the form of HQs and 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 SFs. 

Estimated human intakes were developed for each of the specific exposure routes discussed in the 

preceding sections. Both noncarcinogenic and carcinogenic risks were summarized for each exposure 

route on a series of tables in this section. 

6.5.1 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=- 

Rfo 

:- 

HIS were generated by summing the individual HQs for the COPCs. If the value of the HI exceeds unity 

(l.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. 

6.5.2 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: 

Risk = 1 _ e-(‘n’ake*SF) 
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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 .O x la6 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 

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 1 .O x 1 Om4 to 1 .O x 1 Om6 as being acceptable for most 

hazardous waste facilities addressed under CERCLA. For CERCLA activities, residual risks on the order 

of 1.0 x 10e6 are the primary goal but are often modified by such regulatory requirements as MCLs or 

chemical-specific clean-up goals. 

6.53 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 .O) 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 1 .O x 1 Om4 to 1 .O x 1 Om6 as the incremental cancer risk (ICR) “target range” 

for most hazardous waste facilities evaluated. Cumulative ICRs greater than 1.0 x 10s4 generally will 

indicate that some degree of remediation is required, and ICRs below 1 .O x 1 Oe6 normally will not result 

in remedial efforts. Whenever ICRs fall between 1 .O x 1 Ow4 to 1 .O x 1 Ow6, 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 Site 5. 
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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, carcinogenicity is considered to be more important, 

since carcinogenicity 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. 

6.5.4 Site-Specific Noncarcinonenic Risks 

Noncarcinogenic risks estimated for potential receptors are discussed below and presented on Tables 6- 

28 through 6-41. 

6.5.4.1 Surface Soil 

The total of the HQs for a residential child exposed to surface soil at Site 5 was 1.41 (Table 6-28, 

contribution from ingestion/dermal absorption and Table 6-29 inhalation of fugitive dust), indicating that 

individual HQs and target organ His should be evaluated. Ingestion exposure contributed the major 

portion of the noncarcinogenic risk. The principal COPC contributing to the HI was manganese liO.38 - 

target organ central nervous system (CNS)]. Additional COPCs with minor contributions, between 0.1 

and 0.2 HQ, include aluminum, mercury, thallium, and Aroclor-1254. 

For the residential child, in order to evaluate the possibility of additive noncarcinogenic effects to the 

same target organ, noncarcinogenic risks were grouped according to target organ. In combination, none 

of the above HIS would yield an HI greater than 1.0, the cutoff point below which adverse noncarcinogenic 

effects are not expected to occur. 

The total of the HQs for a residential adult exposed to surface soil at Site 5 was 0.21 (Table 6-30, 

contribution from ingestion/dermal absorption and Table 6-31 inhalation of fugitive dust), which was below 

the acceptable level of 1 .O. 

The estimated RME hazard index for an industrial adult exposed to surface soil at Site 5 was 0.10 (Table 

6-32, contribution from ingestion/dermal absorption and Table 6-33, inhalation of fugitive dust), which was 

below the acceptable level of 1 .O. 
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TABLE 6-28 (continued) 
CALCULATION OF NON-CANCER HAZARDS - CHILD RESIDENT CONTACT (ING. & DER.) WITH SITE 5 SURFACE SOIL 

REASONABLE MAXIMUM EXPOSUkE 
NAWC WARMINSTER, PENNSYLVANIA 

Exposure Point: Contact (Ins. 8 Dar.) with Site 5 Surface Soil 
Receptor Population: Resident 

EPC 
Sekcted 

for Hazard 

Calculation (1) 

Intake 
:NowCan& 

Reference 
Concenbattot 

Units 

Intake 
;Non-Cancar: 

Units 

Medium 

EPC 
Units 

Route 
EPC 
Units 

Reference 
Dose 

Reference 

Dose Units 
Reference Exposure 

Route 
Chemical 

of Potential 

Cowam 

Route 
EPC 

Value 

1.32E+O4 
4.05E+OO 
2.97E+02 
7.7x+01 
7.65E+02 
1.63E+M) 

2.92E+Ol 
6.16E-01 
353E+Ol 
3,71E+02 
3,29E+Ol 
3.12E+02 
2,93E+02 

2.70E+02 
1.20E+02 

e.OOE+O1 
3,01E+02 
4.OOE+Ol 

6.OOE+Ol 

Medium 
EPC 

Value 

Iermal Absorption Aluminum 
Cadmium 
Copper 
Lead 

Manganese 
Mercury 
Silver 

Thallium 
Vanadium 
Zinc 
Aroctor-1242 
Amdor-1254 

Benz(a)anthrecene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 

Benzo(k)tluorenthena 
Chrysene 
Dibenz(a,h)anthrecene 
Indeno(l.2.3cd)pyrene 
(Total) 

1.32E+O4 
4.05E+OO 
2.97E+02 
7.7x+01 

7.659+02 
1.63E+OO 
2.92E+Ot 

6.16EJJl 
3.53E+ol 
3.71E+02 
3.29E+Ol 
3.12E+02 
2.93E+02 

270E+02 
1.20E+02 
e.OcrE+ol 

3.01E+02 
4.OOE+ol 
6!JOE+ol 

(1) Specify MadiumSpectfic (M) or Route-Spactfic (R) EPC selected for hazard calculation 

- 
2.70E-91 
5.WE05 
2.40E-92 

NIA 
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 

- 
2.66E-03 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 

7.24E-04 wWJay 
2.22E.97 “@e-W 
1.63E-05 WkHaY 
4.25E-tX wWdaY 
4.31E-05 mm-day 
6.94E06 mN9-W 
16OEd6 mm9-w 
4.49E-08 wM?aW 
1.94E-06 mmeday 
2.04E-05 mglkg-day 
1.6lE-06 WTWaY 
1.71E-07 mgPlcgdw 
1.61E-07 mmeday 
1.46E-07 mm9-W 
6.69E-06 wk3-W 
4.94E-06 wk7-W 
165E07 WNdaY 
2.20E.06 mglke-dw 
3.29E06 mti9-W 

M 
M 
U 
M 
M 
M 
M 

M 
u 

M 
.u 
M 

M 
u 
M 

M 

M 
M 
M 

4.45E-03 
6.79E-04 

1.79E-03 
5.93E-03 
3.2OE64 

6.41E-04 
1.36E-02 
2.71E-04 

6.56E-03 

2.40E02 
l.WE-95 

5.09E-Q3 
7.OOE-05 

1.40E04 
7.5OE-02 

2.OOE-05 

N/A 

3.92E-02 
- 
1.35E+O’J 
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TABLE 6-29 

CALCULATION OF NON-CANCER HAZARDS - CHILD RESIDENT PARTICULATE DUST INHALATION FROM SITE 5 SURFACE SOIL 
REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Exposure Chemical 
Route of Potential 

Concern / Value j Units 

Inhalation Aluminum 
Cadmium 

Copper 
Lead 
Manganese 
Mercury 
Silver 

Thallium 
Vanadium 
Zinc 
Aroctor-1242 

Aroctor-1254 
Eenz(a)anthrawne 
Benzo(a)pyrene 

Benzo(b)fluoranfhene 
Benzo(k)Ruoranthene 
Chrysene 
Dibenz(a,h)anthracene 

Indeno(l,2,3cd)pyrene 

1.32E+M m3N 
4.05E+OO mqncg 
2.97E+02 mm3 
7.7tx+01 mwM 
7.65E+02 mwW2 
163E+OO WQ 
2.92E+Ol wN 
6.16E-01 mgncs 
353E+Ol msM 
3.71E+02 wh 
3.29E+Ol WKI 
3.12Et02 uglkg 
2.93E+02 wm 
270E+02 Whl 
1.20E+02 usncs 
9.OOE+Oi ww 
3.OlE+02 wb 
4.09E+Ol wm 
609E+Ol wh 

- 
I 

Route 
EPC 

Value 

Route EPC Intake Intake 

EPC Selected (NonCancer) (Non-Cancer) 

Units for Hazard Units 

Calculation (1) 

--- 
1.32EtO4 msncs M 1.66E-05 wWW 
4.05E+OO m4n(g M 5.10E59 wM-W 
2.97E+02 mg/kg M 3.74E-07 mglkg-w 
7.7%+01 mgncs M 9.77E56 mqlkgday 
7.65E+02 mmg M 9.69E-07 mc!MtdaY 
163E+OO mm M 2.05E-09 WWdaY 
2.92E+Oi m&3 M 3.66E-68 m9ncwW 
8.16E-01 wW M 1.03E59 mglkgdaY 
3.53EtOl mgfig M 4.45E-06 w&day 
3.71E+02 m*s M 4.66E-07 wkwW 
3.29E+Ol ww M 4.15E-11 m&t-day 
3.12E+O2 wm M 3.93E-10 msncodw 
2.93E+O2 wk3 M 3.69E-10 mc!kdaY 
2.70E+02 ug/kg M 3.40E-10 w&day 
1.20E+02 wm M 1.51E-10 WwJw 
9.OOE+Ol WM M 1.13E-10 mglkgdw 

1 3.01E+02 ugncs M 3.79E-10 mglkgdw 
1 4.WE+Ol ww M 5.04E-11 @W-W 
1 6.00E+Ol WM M 7.56E-11 WkvW 

(1) Specify Medium-Spedfic (M) or Route-Specific (R) EPC selected for hazard calculation. 

Warm-Site-S-Surface Soil-lnh NonCancer Risk Res-Child RME.xls 
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1 

Reference 
Dose 

i - 

Reference 1 Reference / Referenca 1 hl;;z, 
Dose Units Concentration Concentration 

Units 

WWaY - 

I .43E-O5 
6.60E-05 

wM-day 
wWW 

mv’%daY 
m!Nt-W 

w%daY 
wvWaY 

wmday 
mg/kg-daY 
ms@W 
WWaW 

wW-W 

w%daY 
mg/kg-W 
mglkgday 
mglkg-day 
mwkgdw 

w’@-W 

6.92E-02 
2.39E.05 

6.92E52 
+ 
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TABLE 6-30 
CALCULATION OF NON-CANCER HAZARDS - ADULT RESIDENT CONTACT (ING. (L DER.) WITH SITE 5 SURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Receptor Population: Resident 

Benz(a)anthracene 

Warm-Site-fi_Surface Soil-lng and Der NonCancer Risk Res-Adult RME.xls 
6-67 
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TABLE 6-30 (continued) 
CALCULATION OF NON-CANCER HAZARDS -ADULT RESIDENT CONTACT (ING. & DER.) WITH SITE 5 SURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Receptor Population: Resident 

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) oose Dose Units Concentration Concentration Quotient 

for Hazard Units Units 

Calculation (1) 

Iem Absorption Aluminum 

Cadmium 

Copper 
Lead 
Manganese 
Mercury 

Silver 
Thallium 
Vanadium 

Zinc 
Arodor-1242 

Aroclor-1254 
Benz(a)anthrecene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Llibenz(a.h)anthracene 

Indeno(l,2,3-cd)pyrene 
(Total) 

1,32E+O4 
4.0!x+OO 
2.97E+02 

7.75E+Ol 

?.05E+O2 
1.63E+OLi 
2.92E+Ol 
6.16E-01 
3.53E+Ol 
3.71E+02 

329E+Ol 
3.12E+02 

2.93E+02 
2.70E+02 
1.20E+02 

9.00E+Ol 
3.01E+02 
4.09E+Ol 

6.OOE+ol 

mm3 
mwW 

msncg 
mgncg 

mr3h 
mm4 

mfl9 
mgncg 
mW4 
msn(s 

uglkg 

usncs 

w% 
wmg 
UPN 

WRJ 
um 
WhJ 

wk! 

1.32E+O4 mm 
4.05E+OO mgnce 
2,97E+02 mgArg 

7.75E+ol mcm4 
795E+02 @g 

163E+CQ m&g 
2.92E+Ol mEJka 
6.18E-91 mms 
3,53E+Ol mik3 
3.71E+02 m&3 
3.29E+Ol us@ 
3.12E+02 wcg 
2.93E+02 w-a 
2.70E+02 wm 
1.20E+02 Km 
9.03E+Ol umg 
3.01E+02 um 
4.00E+Ol usncs 
6.06E+ol umg 

M 5.37E-64 wYwW 2.70E-01 wM@aY N/A N/A 1.99E-03 

M 1.65E-07 mww-dw 5.00E-05 wb%W N/A N/A 3.30E-93 

M 1.21E-05 W&W 2.40E-02 wW-W N/A N/A 5.03E-94 

M 3.15E06 mm-W - nWwW N/A N/A 

M 3.19E-05 m&May 2.40E-02 mgncgd~ay N/A N/A 1.33E.03 

M 6.63E-06 WwJw 1.50Ed5 mglkg-day N/A N/A 4.42E-03 

M 1.19E-06 mYWay 5.OOE-03 wvwday N/A N/A 2.36E-04 

M 3.33E-06 wWdw 7.9OE-05 mm-W N/A N/A 4.75E-04 

M 1.44E-06 WW-W 1.40E-04 mglkgday N/A N/A I .03E.62 

M 1.51E-05 wWdw 7.50E-02 w&W N/A N/A 2.01E.04 

M 1.34E-06 w&W - mg/kg-daY N/A N/A 

M 1.27E-07 WM-W 2.OOE-05 mmcg-day N/A N/A 6.35E.03 

M 1.19E-07 mgncgday - wwdaY N/A N/A 

M l.lOE-07 mmsday - mglkg-day NIA NIA 

M 4.66E-06 w&!-W - maMday N/A N/A 

M 3.66E-06 mgncgdw - mWkg-day N/A N/A 

M 1.22E-07 mg/kwJay - w&g-W N/A N/A 

M 1.63E-06 wk3-W - m$WW N/A N/A 

M 2.44E-06 m%WW - w%-W N/A N/A 

1 2.91E-02 

(I) Specify Medium-Specific(M) or Route-Specific(R) EPC selected for hazard calculation 

Warm-Site-5-Surface Soil-lng and Der NonCancer Risk Res-Adult RME.xls 6-68 6/30/00 
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TABLE 6-32 
CALCULATION OF NON-CANCER HAZARDS -ADULT INDUSTRIAL WORKER CONTACT (ING. 8 DER.) WITH SITE 5 SURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: CurrenUFulure 

Exposure Point: Contact (Ing. & Der.) with Site 5 Surface Soil 
Receptor Population: Industrial Worker 

Exposure 
Route 

Chemical 

of Potential 
Medium 

EPC 
Concern Value 

Ingestion Aluminum 
Cadmium 

copper 

Lead 
Manganese 
h4erwry 

Silver 

Thallium 
Vanadium 
Zinc 

Arodor-1242 
Arodor-1254 
Benz(a)anthracene 

Benzo(a)pyrene 
Benzo(b)fluorantiene 
Benzo(k)fluoranthene 
Chrysene 

Dibenz(a,h)anthracene 

Indeno(l.2J-cd)pyrene 
(Total) 

1.3x+04 
4.05E+cO 

2.97E+02 
7.75E+ol 
7.65E+02 
1.63E+OO 

2.92E+Ol 

6.16E-01 
353E+Ol 
3.71 E+02 

3.29E+Ol 

3.12E+02 
2.93E+02 
2.70E+02 
1.20E+02 
9.00EiOl 
3.0lE+02 

4.00E+Ol 
6OOE+Ol 

Medium 

EPC 
Units 

Route Route 

EPC EPC 
Value Units 

- 
1.32E+O4 
4.05E+OO 
2.97E+02 

7.75E+Ol 
7.65E+02 

1.63E+W 
2.92E+Ol 

6.16E-01 
3.53E+Ol 
3.71 E+02 
3.29E+Ol 

3.12E+O2 

293E+O2 
2.70E+02 
1.20E+02 
9.00E+Ol 

3.0lE+OZ 
4.00E+Ol 

6.OOE+Ol 

EPC 
Selected 

for Hazard 
Calculation (1) 

Intake Intake 
(Non-Cancer) (Non-Cancer) 

Units 

6.46E-03 

1.96E-06 

1.45E-04 
3.79E-05 
3.64E-04 
7.97E-07 
1.43E-05 

4.OOE-07 
1.73E-05 
1.62E-04 
1.6lE-06 

1.53E-07 

1.43E57 
1.32E-07 
5.67E-06 
4.40E-06 

1.47E-07 

1 .%E-96 
2.94E-06 

Reference 
Dose 

- 
l.OOE+OO 
1 .OOE-O3 

4.OOE-02 

2.40E-02 
1 .OOE-O4 

5.OOE-03 
7.00E-05 

7.00E-03 
3.OOE-01 

2.00E-95 

Reference Reference 
Dose Units Concantratior 

-=I- wkwW N/A 

WQ-W N/A 

w’4-W 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 

Reference Hazard 
Concentration Quotient 

Units 

N/A 6.46E-03 
N/A 1.96E-03 
N/A 3.63E-03 
N/A 
NIA 1.60E-02 
N/A 7.97E-03 
N/A 2.66E-03 
N/A 5.72E-03 
NIA 2.47E-03 
N/A 6.05E-04 
N/A 

N/A 7.63E-03 
N/A 

N/A 
N/A 
N/A 

N/A 

N/A 

NIA 

1 5.53E-02 

6-70 
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TABLE 6-32 (continued) 

CALCULATION OF NON-CANCER HAZARDS -ADULT INDUSTRIAL WORKER CONTACT (ING. 8 DER.) WITH SITE 5 ‘SURFACE SOIL 
REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 
Medium: Surface Soil 

Exposure Medium: Surface Soil 

Exposure Point: Contact (Ing. & Der.) wiM Site 5 Surface Soil 
Receptor Population: Industrial Worker 
Receptor Age: Adult I 

(1) Spedfy Medium-Specific(M) or Route-Specific(R) EPC selected for hazard calculation. 

6-71 
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TABLE 6-33 
CALCULATION OF NON-CANCER HAZARDS -ADULT INDUSTRIAL WORKER PARTICULATE DUST INHALATION FROM SITE 5 SURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: CurrentFuture 

11 
Exposure Point Inhalation of Part&Mates from Site 5 Surface Soil 
Receptor Population: Industrial Worker 

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 Dose Units Concentration Concentration Quotient 

for Hazard Units Units 

Calculation (1) 

--n=-=- 
Inhalation Aluminum 1,32E+O4 mgncg 1.32E+O4 msncg M 1.25E-06 mm?W - wW-dw 

Cadmium 4.05E+90 m3.W 4,05E+OO mgncg M 3.&lE-10 m@w@ - m&!-day - 

copper 2.97E+02 WQ 2.97E+02 mvW M 2.62E-06 mglkg-day - wQ-W - 

Lead 7.75E+Oi mm 7.75E+Ol mm M 7.35E-09 wWW - wk3-W - 

Manganese 765E+02 wMw 795E+02 mgn(s M 7.45E-98 wW-W - 1.43E.05 WMtdaY 5.21E-O? 

Mercury 1,63E+OO mgncg 1.63E+O6 m&3 M 1.55E-10 mglkgday - 6.60E-05 wWaY 1.6OE-95 

Silver 2.92E+01 mww 2.92E+Ol m&3 M 2.77E-09 wWdaY - wW-day - 

Thallium 6.16E-01 m3h 619E01 mm2 M 7.76E-11 m#wW - mglkg-day - 

Vanadium 353E+Ol wQ 3.53E+Ol mgncs M 3.35E-09 wkaW - mh?W - 

Zinc 3,71E+O2 mm 3.71E+02 my%7 M 3.52E-98 mgncs-day - - - mvWW - 

Arocfor-1242 3.29E+Ol uglkg 3.29E+Ol mm M 3.12E-12 wJw@ - wW-W - 

Anodor-1254 3.12E+02 WM 3.12E+02 usncs M 296E-11 wRwQ - wvQdaY - 
Benz(a)anthracene 2.93E+02 wg 2.93E+02 wb M 2.76E-11 w’ktdw - wPwtaY - 

q anzo(a)pyrene 2.70E+02 wg 2.70E+02 Km M 2.56B-11 w!MdaY - maWdaY - 
Benzo(b)fluoranthene 1.20E+02 wm 1.2OE+O2 w-v M l.f4E-fl mWWW - wW-W - 
Benzo(k)fluoranthene 99OE+Ol wh 9,00E+Ol uY% M 654E-12 mg/kg-W - w#wW - 
Chrysene 3.01 E+02 usncg 3.01E+02 Mm M 2.66E-11 wWW - wwday - 
Dibenz(a.h)anthracene 4.09E+Oi umg 4.99E+Ol wsm I.4 3.6OE-12 WMdw - wtM-w - 
Indeno(l,2,3.@pyrene G.OflE+Ol wm 6.OOE+o.l wmg M 5.69B12 NWaY - w%-day - 

(Tow 5.21E.0: 

(1) Specify Medium-Specific(M) or Route-Specific(R) EPC selected for hazard calculation 
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6.5.4.2 Subsurface Soil 

The total of the HQs for a residential child exposed to subsurface soil at Site 5 was 2.9 (Table 6-34, 

contribution from ingestion/dermal absorption and Table 6-35, inhalation of fugitive dust), inddicating that 

individual HQs and target organ His should be evaluated. Ingestion exposure contributed the major 

portion of the noncarcinogenic risk. The principal COPCs and their HQ contributions to the HI are (copper 

[0.23 - target organ gastro intestinal tract], iron [I.3 - target liver/pancreas] and manganese (0.45 - 

target organ CNS). Additional COPCs with minor contributions, between 0.1 and 0.2 HQ, include 

aluminum, arsenic, thallium, and vanadium. 

For the residential child, in order to evaluate the possibility of additive noncarcinogenic effects to the 

same target organ, noncarcinogenic risks were grouped according to target organ. In this case the HI 

from exposure to iron for the target organs liver and pancreas both are 1.3, which marginally exceeds 

unity (1.0). Adverse noncarcinogenic effects cannot be ruled out when the HI is greater than 1.0 for a 

particular target organ, however, it should be noted that iron is an essential mineral that is ubiquitous in 

the soil. 

The total of the HQs for a residential adult exposed to subsurface soil at Site 5 was 0.39 (Table 6-36, 

contribution from ingestion/dermal absorption and Table 6-37, inhalation of fugitive dust), which was 

below the acceptable level of 1 .O. 

The total of the HQs for an industrial adult exposed to subsurface soil at Site 5 was 0.18 (Table 6-38, 

contribution from ingestion/dermal absorption and Table 6-39, inhalation of fugitive dust), which was 

below the acceptable level of 1 .O. 

6.5.4.3 Sediment 

The total of the HQs for a recreational child (age 6 - 12) exposed to sediment at off-site areas near Site 5 

was 0.03 (Table 6-40, contribution from ingestionldermal absorption), which was below the acceptable 

level of 1 .O. 

6.5.4.4 Surface Water (Total lnorganics and Organics) 

The total of the HQs for a recreational child (age 6 - 12) exposed to surface water (total inorganics and 

organics) at off-site areas near Site 5 was O.OlE-3 (Table 6-41, contribution from ingestion/dermal 

absorption), which was below the acceptable level of 1 .O. 
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TABLE 634 

CALCULATION OF NON-CANCER HAZARDS - CHILD RESIDENT CONTACT (ING. 8 DER.) WITH SITE 5 SUBSURFACE SOIL 
REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 
Exposure Point: Contact (Ing. & Der.) with Site 5 Subsurface Soil 

Receptor Population: Resident 

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 HZWd 

Selected (Non-Cancer) (Non-Cancer) Dose Dose Units Concentration Concentration Quotient 

for Hazard units Units 

Calculation (1) 

Ingestion Aluminum 
Arsenic 

Barium 

Cadmium 
Copper 
Iron 

Lead 
Manganese 
Mercury 
Nickel 

Silver 
Thallium 
Vanadium 

Zinc 

4,4-DDD 
4,4-DDE 
4.4’-DDT 

Aroclor-1242 
Amdor-1248 
Arodor-1254 
Benz(a)anthracene 

Banzo(e)pyrene 
Benzo(b)iTuoranthene 

Chrysene 
(Total) 

134E+04 
3.06E+C9 

2.171X+02 

55OE+OO 
8.02E+02 
3.37E+O4 

7.27E+Ol 
9.37E+O2 
3.47E-01 
3.93E+Ol 

3.83E+ol 
7.03E-01 
6.16E+ol 

2.86E+02 
194E+OI 

l.llE+Ol 
1.33E+Ol 
3.27E+Ol 
3.40E+Ol 

6.30E+Ol 
3.84E+OZ 
3.75E+02 

3.7lE+02 
4.03E+02 

mSncg 134E+O4 mwk7 M 1.55E-01 Wki-day 1.00E+Q6 w+wW N/A FJB. 1.55E-01 

mgncg 3.ffiE+W mm M 3.54E-05 mWW 3.BlE-04 w’@-W N/A N/A 1.18E-01 

mms 2.17E+02 m9w M 2.51E-03 w.Wdw 7.00E-92 m&Mw N/A NJA 3.53E-02 

mm 5.50E+@l wtm u 6.35E-05 wR3-W l.JOE-03 mwWiaY N/A N/A 6.35E-QZ 

m&3 8.02E+02 wk3 u 9.27E-03 wVQ-dw 4.OOE-02 mgllcg-day N/A N/A 2.32E-01 

mm3 3.37E+O4 mm9 I.4 3.89E-01 mg/kgday 3.OOE-01 mb-dw N/A N/A 1.30E+OO 

mm 7.27E+Ol mm u 8.40E-04 wk?W - whdw N/A N/A 

mw% 9.37E+02 wvW M 1.08E-02 ww-day 2.40E-92 WRMw N/A N/A 4.51E-01 

ma% 3.47E-01 ww4 M 4.01E-06 mgncsday l.OOE-04 m9ncsdw N/A N/A 4.01E-02 

mgncs 3.93E+Ol mglkg M 4.54E.04 mglkg-day 2.OOE-02 mglkg-daY N/A N/A 2.27E.02 

mams 3.83E+Oi mm u 4.42E-04 WWW 5.00E-03 mglkg-dw N/A N/A 8.85E-02 

mtig 7.03E-01 msncg M 8.12E-96 wt&tdaY 7.WEd5 wW+v N/A N/A 1.16E-01 

mv% 6.16E+oI mwm M 7.12E.O.l mgncsday 7.0QE-93 wQ-W N/A N/A 1.02E-01 

mgnce 2.86E+OZ mww u 3.30E-03 mw’kg-day 3.OOE-Ol wVkw@ N/A N/A l.10E-92 

ww I.Q4E+Ol usncg U 2.24E-07 mm% - WWW N/A N/A 

u&J l.llE+Ol wm u 1.28E-07 m&!-W - mglkg-day N/A N/A 

u&g 1.33E+OI WMJ M 1.54E-07 WWJaY 5.09E.04 m&-W N/A N/A 3.07E-04 

usncg 3.27E+Ol UQkl M 3.78E-07 wMwM - mg/kg-W N/A N/A 

WRJ 3.40E+OI UQNl M 3.93E-07 wMdw - mhdw N/A N/A 

usncg 6.30E+Ol um M 7.28E-07 w&-day 2.OOE-05 w’Ww N/A N/A 3.84E.02 

ms 3.84E+02 ww M 4.44E-06 wWW - wWW N/A N/A 

usnca 3.75E+02 w3hl M 4.33E-06 w’@daY - mg/kgdw N/A N/A 

ww 3.7lE+02 ws M 4.29E-96 mwWw - wWW N/A N/A 

Km 4.03E+OZ ww M 4.66E-08 n?@wW - wWW N/A N/A 

2.77E+OC 
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TABLE 6-34 (continued) 
CALCULATION OF NON-CANCER HAZARDS -CHILD RESIDENT CONTACT (ING. 8 DER.) WITH SITE 5 SUBSURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Exposure Medium: Subsurface Soil 

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 

Selecied (Non-Cancer) (Non-Cancer) Dose Dose Units Concentration Concentration Quotient 

for Hazard Units Units 

Calculation (1) 

Fennal Absorption Aluminum 134E+tM mgncg 134E+O4 mgncs M 7.35E-04 w.Mdw 2.70E-01 w#hIdaY N/A N/A 2.72E-63 

Arsenic 3.06E+Dl mgncg 3.06E+00 m&3 M 5.37E-07 WkvJaY 2.85E-04 w’@day N/A NIA 1.89E-03 

Barium 2.17E+02 mm 2.17E+02 m@s M l.lSE-05 w%daY 7.00E-02 w%daY N/A N/A 1.70E-04 

Cadmium 55OE+OO w&3 550E+‘Xl mm3 M 3.02E-07 nWWW 5.OOE-05 wk3-W N/A N/A 6.04E-03 

Copper 6.02E+02 mmg &02E+02 mg/kg M 4.40E-05 mwwdw 2.40E-02 WMtdw N/A N/A 1.83E-03 

tmn 3.37EW4 msncg 3.37E+O4 m&3 M 1.85E-03 WWW 3.WE-01 wNWY NIA N/A 6.16E-03 

Lead 7.27E+Ol mgmg 7.27E+Ol mgncg M 3.99E-06 mg/kWY - m&t-day N/A N/A 

Manganese 9.37E+02 ms#s 9,37E+02 mgncg M 5.14E-05 wuW-W 2.40E-02 m&kg-day N/A N/A 2.14E03 

Mercury 3.47E-01 msn1g 3.47E-01 m&3 M 1.93E-08 WWdaY 1.5OE-05 wWday N/A N/A 1.27E-03 
Nickel 3.93E+Ol mmo 3.93E+Ol mwW M 2.16E-06 @w-W 2.06E-03 w%dw N/A N/A 1.08E-03 

Silver 3.63E+Ol mgncg 3.63E+ol mgncg M 2.10E-06 wk?-daY 5.OOE-03 wW4-W N/A N/A 4.20i-04 

Thallium 7.03E-01 m&3 7.03E-01 mgncg M 3.86E-06 mqntg-day 7.OOE-05 mkvJv N/A NIA 5.51E-04 
Vanadium 6.16E+ol mv% 6.16Etol mm3 M 3.38E.W fw%W 1.40E-04 mx%daY N/A N/A 2.41 E-02 
Zinc 2.&x+02 m@g 2&3E+02 msncg M 1.57E-05 mmgday 7.50E-02 m@N-day N/A N/A 2.99E-134 
4.4’-DDD 194E+Ol WM 194E+Ol UP% M 1 .ffiE-O)8 w%day - mgncgday N/A N/A 

4.4-DDE l.llE+Ol um l.llE+Ol ww M 6.09E-09 wk3-W - mglkgdw N/A N/A 

4,4’-DDT 1.33E+Ol w&l 1.33E+Ol WJW M 7.30E-09 fxtb-day 5.OQE04 whdw N/A N/A 1.46E.05 
Aroctor-1242 3.27E+Ol WM 3.27E+Ol ww M 1.79E-08 wWW - wWW N/A N/A 

Amclor-1248 3.40E+Ol wml 3.40EtOl ww M 1.87E-08 wh-dw - w%-day N/A N/A 

Amdor-1254 6.30E+Ol usncs 6.30E+Ol ww M 3.46E-06 m+?Hv 2.OilE-05 WM-daY N/A N/A 1.73E-03 
Benz(a)anthracene 3.84E+02 usncs 3.64E+02 ww M 2.11E-07 w&!-W - rwWW NIA N/A 

Benzo(a)pyrene 3.75E+02 ugncg 3.75E+02 ugncg M 2.OBE.07 m@wJay - mglkgday N/A N/A 

Benzo(b)fluoranthene 3.71E+02 ww 3.71E+02 wk! M 2.04E-07 WKtdw - wh-dv N/A N/A 

Chrysene 4.03E+02 um 4.03E+02 w% M 2.21 E-07 mWdw - fwkaday N/A N/A 

crotal) 5.04E-02 

(1) Specify Medium-Specific(M) or Route-Spedfic (R) EPC selected for hazard calculation. 
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TABLE 6-35 
CALCULATION OF NON-CANCER HAZARDS - CHILD RESIDENT PARTICULATE DUST INHALATION FROM SITE 5 SUBSURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Medium: Subsurface Soil 

Exposure Medium: Particulates 
Exposure Point: Inhalation of Pamculates from Site 5 Subsurface Soil 
Receptor Population: Resident 
Receptor Age: Child 

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 Ha??& 

Selactad (Non-Cancer) (Non-Cancer) Dose Dose Units Concentration COnCentWtiOn Quotient 

for Hazard Units Units 

Calculation (1) 

Inhalation Aluminum 
Arsenic 

Barium 
Cadmium 

Copper 
Iron 
Lead 

Manganese 
Mercury 
Nickel 
Silver 
Thallium 

Vanadium 
Zinc 
4.4’-DDD 

4,4-DDE 

4.4’-DDT 
Amclor-1242 
Am&x-1248 

Amctor-1254 
Benz(a)anthracene 
Benzo(a)pyrene 

Benzo(b)fluoranthene 
Chtysene 
(Total) 

1.34E+O4 

3.05E+OO 
2.17E+02 
5.50E+O6 
&02E+O2 
3.37E+O4 
7.27EtOl 

9.37E+02 
3.47E.01 
3.93E+Oi 
3.83E+Ol 
7.03E-01 
6.16E+ol 
266E+02 
1 .Q4E+Ol 

l.llE+Ol 
1.33E+Ol 
3.27E+Ol 
3.40E+Ol 
6.30E+Ol 
364E+02 

3.75E+02 
3.71Et02 
4.03E+02 

mm 1.34E+o4 mgncg M 1.69E-05 wWdw - 

mm 3.06E+@O msn(g M 3.66E-09 WWdw - mg/kgday _ 

ww’ 2.17E+02 mwM M 2.73E-07 mglkg-day - 1.43E-04 mWW 1.91 E-03 

mmg 5.50E+W msn(s M 6.93E.09 mMc+W - mJWW - 

msM &02E+02 mgncg u l.OlE-06 m&g-W - m!YQ-W - 

mm 3.37E+O4 msncg M 4.25E-05 muWaY - WWw - 

mm 7.27E+Ol wW u 9.16E-08 mglkgdw - wWaY - 

mvm 9.37E+OZ mc& M 1.18E-06 m0M-W - 1.43E-05 mgfng-day 8.26E-02 

mgQ 3.47E-01 mgncg M 4.37E-10 mglkg-day - 6.60E-05 wWW 5.09E-06 

mg/kg 3.93E+Ol mm3 U 4.95E-08 mWW - wW-W - 

wW 3.63E+Ol m*s u 4.63E-06 wJwJw - w’wW - 

m@g 7.03E-01 w% U &36E-10 wkadw - wwdw - 

vtk3 6.16E+Ol wW U 7.76E08 mmg-daY - mvWdw - 

mgncg 2.86E+02 mgncs M 3.60E-07 m&!-day - mglkgday _ 

um 1.94E+Oi um U 2.45E-11 w%daY - mgnrgday - 

usncs i.ilE+Ol ma u 1.4OE-11 mgfkgday - mYw-W - 

Km 1,33E+Ol wfig M l.%E-11 fW@W - wWW - 

w&l 3.27E+Ol usm u 4.12E-11 mYWay - mg/kgday _ 

WJW 3.40E+Ol ug/)cg M 4.298-l 1 mglkgday - wkgdw - 

W-Q 6.30EtOl urns M 7.94E-11 WWJw - mgt’kgday _ 

uww 3.&IE+O2 usn(g U 4.64E-10 m&Hay - w&t-W - 

um 3.75E+02 umg u 4.73Es10 mglkgday - __ mgfkgday _ 

ww 3.71E+02 usncs M 4.66E-10 wWaY - mgMgday - 

uw=m 4.03E+OZ umg u 5.08E-10 WQdaY - mW-dw - 

8.45E-02 

(1) Specify MediumSpecific (U) or Route-Specific (R) EPC selected for hazard calculation. 
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TABLE 6-36 
CALCULATION OF NON-CANCER HAZARDS -ADULT RESIDENT CONTACT (ING. & DER.) WITH SITE 5 SUBSURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenarlo Timeframe: Future 
Medium: Subsurface Soil 

Exposure Medium: Subsutfaca Soil 
Exposure Point: Contact (Ing. & Dar.) with Site 5 Subsurfaca Soil 
Receptor Population: Resident 

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) (NonCancer) Dose Dose Units Concentration Concentration Quotient 

for Hazard Units Units 

Calculation (1) 

Ingestion Aluminum 1.34E+O4 wh 134E+O4 m3M M 1.64E-92 m&-day 1.KE+OO mW-W N/A N/A 1.64E-02 

Arsenic 3.06E+M) m9n(g 3.06E+M) mgncg M 4.19E-06 wW-W 3.OOE-04 WW-dw N/A N/A 1.40E-02 

Barium 2.17E+02 wm 2.17E+02 msn(g M 2.97E-94 mwWJaY 7.OOE-02 M?Mv N/A N/A 4.25E-03 

Cadmium 5.50E+W mgncg 55OE+OO m&7 M 7.53E.06 W+wW 1 .OOE-03 wW-4 N/A N/A 7.53E-03 

Copper E.OZE+OZ mgncg 602E+02 mgncg M l.lOE-03 wN-dw 4.OOE-02 Wv-day N/A N/A 2.75E-02 

Iron 3.37E+O4 m&g 3.37E+O4 mv% M 4.62E-02 fvb-dw 3.OOE-01 m9M-W N/A N/A 1.64E.01 

Lead 7.27E+Ol mgncg 7.27E+Ol mqn(g M 9.96E-05 mumdaY - wh-dw N/A N/A 

Manganese 9.37E+02 mm3 9.37E+02 mwM M 1.26E-03 WwW 2.40E-02 mglkg-day N/A N/A 5.35E-02 

Mercury 3.47E-01 mm 3.47E-01 mms M 4.75E-07 wWW l.OOE-04 mmgday N/A N/A 4.75E-03 

Nickel 3.93E+Ol mm 3,93E+Ol wv% M 5.38E-05 m3JWaY 2.tiE-02 m3hdaY N/A N/A 2.69E-03 

Silver 3.63E+Ol mm 3.63E+Ol mfw M 5.25E-05 WWJaY 5.OOE-03 mPWW N/A N/A 1.05E-02 
Thallium 7.03E.01 w&4 7.03E-01 mpn(9 M 9.68-07 mmgdw 7.OOE-05 m@gdw N/A ‘N/A 1.36E.02 
Vanadium 6.16E+ol mm 6.16Etol msn(g M 6.44E-05 wMdw 7.OOE-03 mg/kgdw N/A N/A l.ZlE-02 
Zinc 2.66E+02 m&3 2.86Et02 mgncs M 3.92E.04 w-W-W 3.OOE-01 mg/kg-day N/A N/A 1.31E-03 
4.$-DDD I .ME+Ol ww l%E+Ol ww M 2.66E-06 rWt+W - mglkgday N/A N/A 

4.4-DDE l.llE+Ol ww l.llE+Ol ww M 1.52E-06 whday - mghdw N/A N/A 

4,4’-DDT 1.33E+Ol Km 1.33E+Ol wa M 1.62E-06 mglkgdw 5.00E-04 wW-dw N/A N/A 3.64E-05 
Aroclor-1242 3.27E+Ol ww 3.27EtOl ww M 4.46E06 wWW - mglkg-day N/A N/A 

Aroclor-1248 3.40E+Ol KIM 3.40E+Ol w#g M 4.66E-06 mW+W - wW-dw N/A N/A 

A-or-1254 6.30E+Ol us% 6.30E+Ol wm M 6.63E06 wk3-W 2.00E-05 mmgday N/A N/A 4.32E-03 
Benz(a)anthracsne 3.64E+02 wg 3.64E+02 UP% M 5.26E-07 WmdaY - mk%W N/A N/A 

Benzo(a)pyrene 3.75E+02 w% 3,75E+02 ug/kg M 5.14E-07 wYwW - m@wW N/A N/A 

Ben.zo(b)fluoranthene 3.71E+02 wm 3.71E+02 wm M 5.06Ea7 WW-W - mcxWdw N/A N/A 

Chrysene 4.03E+O2 ww 4.03E+O2 Mm M 5.52E-07 mmdaY - msnc9-W N/A N/A 

crow 3.26E-01 
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TABLE 6-36 (continued) 
CALCULATION OF NON-CANCER HAZARDS - ADULT RESIDENT CQNTACT (ING. & DER.) WITH SITE 5 SUBSURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 
Medium: Subsurface Soil 
Ex$~osure Medium: Subsurface Soil 

Exposure Point: Contact (Ing. 8 Der.) with Site 5 Subsurface Soil 

Receptor Population: Resident 
~ReC8ptOr Age: Adult II 

lermal Absorption Aluminum 
Arsenic 
Barium 

Cadmium 

Copper 
Iron 
Lead 

Manganese 
Mercury 

Ni&el 

Silver 
Thallium 
Vanadium 

Zinc 
4.4’-DDD 
4.4-DDE 

4,4’-DDT 
Arodor-1242 
Ardor-1248 
Ardor-1254 

Benz(a)anthracana 

Benzo(a)pyrene 
Benzo(b)tluoranthene 
Chlysene 
(Total) 

I I Calculation (Ii 11 

IL 
134E+O4 mgncg 1.34E+O4 mgncg M 5.45E-04 
3.C6E+W msncg 3.08E+OO m&7 M .3.98E.Q7 
2.17E+02 ww 2.17E+02 mYM M 8.83E-06 

5SOE+W wk3 550E+OO mg/kg M 2.24E-07 

S.OZE+OZ m&3 S.OZE+OZ msncg M 3.28E-05 
3.37E+04 mk3 3.37E+O4 w-4 M 1.37E-03 
7.27E+Ol fw% 7.27E+Ol mm M 2.96E-08 
9.37E+02 ww 9.37E+02 mgncg M 3.8lE-05 
3.47E-01 mgncg 3.47E-01 w&a M 1.4lE-08 
3.93E+ol wk3 3.93E+Ol w3W M 1.8OE-06 

3.83EtOl m&4 3.83EtOl ww M 1.58E.08 
7.03E-01 w% 7.03E-01 mgncg M 2.86E-08 
s.lsE+Ol wW 8.18E+Ol mm3 M 2.5lE-06 
2.88E+02 mvw 2.88E+02 m+33 M 1.18E-05 
1.94E+Ol Kln(s l%E+Ol wg M 7.89E-W 
l.llE+Ol um l.llE+Ol W-Q M 4.52E-09 
1.33E+Ol WJM 1.33E+ol um M 5.4lE-09 
3.27E+Ol usm 3.27EtOl um M 1.33E-08 
3.40E+Ol ws 3.40E+Ol urns M 1.38E-08 
8.30EtOl usncs 8.30E+Ol wh M 2.56E-08 
3.84E+02 um 3.84Et02 w% M 1.56E-07 
3.75Et02 wm 3.7%+02 wm M 1.53E-07 
3.71E+02 Km 3.7lE+02 ww M 1.5lE-07 
4.03E+02 9‘Q 4.03E+02 1 ug/kg M 1.64E-07 

I 1 

Intake 
(Non-Cancer) 

Units 

wWW 

Reference Referenca Reference Reference Hazard 

Dose Dose Unils Concentration Concentration Quotient 

I Units 
I 

2.70E-01 m3m-W N/A N/A 2.02E.03 

2.85E-04 w’k@y N/A N/A 1.40E-03 

7.OOE-02 
5.COE-05 

2.40E-02 
3.MlE-01 

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 
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 

1.26E-W 
4.48E-03 
1.38E.03 

4.57E-03 

2.40E-02 

1.50E-05 
2.OOE-03 

5.00E-03 
7.OOE-05 
1.40E-04 

7.5OE-02 

5.OOE-04 

, 2.WE-05 

I - 
I - 

1.59E-03 

9.41 E-04 

7.89E-04 
3.12E-04 

4.09E.04 
1.79E-02 

1.55E-04 

l.OSE-05 

1.28E-03 

mglkgday N/A 

WW-dw N/A 
N/A 
N/A 

3.73E-02 

Total of Routes 1 

(1) Specify Medium-Spedfic (M) or Route-Specific (R) EPC selected for hazard calculation. 

Warm_Site_5_Subsurface Soil-lng and Der NonCancer Risk Res-Adult RME.xls 6/30/00 



TABLE 6-37 

CALCULATION OF NON-CANCER HAZARDS -ADULT RESIDENT PARTICULATE DUST INHALATION FROM SITE 5 SUBSURFACE SOIL 
REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Exposure 
Route 

Chemical Medium 

of Potential EPC 
Concam Value 

Medium 
EPC 
Units 

Route 
EPC 

Value 

Inhalation Aluminum 
Arsenic 
Badum 

Cadmium 

Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Silver 
Thallium 
Vanadium 
Zinc 
4.C-DDD 
4.4-DDE 
4,4’-DDT 
Aroctor-1242 
Amctor-1248 
ArorJor-1254 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 

Chrysene 
(Total) 

134E+O4 
3.06E+OO 3.96E+OO 

2.17E+02 2.17E+02 

55OE+OO 55OE+OQ 

S.OZE*OZ 8.02E+02 
3.37E+O4 

I “,:~zl 7.27E+Ol 
9.37E+02 9.37E+02 

3.47E-01 3.47E-01 

3.93E+Ol 3.93E+Ol 

, 3.83E+Ol 3.83E+Ol 
7.03E.01 

~ 7.03E51 
6.16E+Ol 6.16E+ol 
2.66E+02 Z&E+02 
194E+Ol 194E+Ol 
l.llE+Ql l.llE+ol 
1.33E+Ol 1.33E+Ol 
3.27E+Ol 3.27E+Ol 

~ 3.40E+Ol 3.40E+Ol 

630E+Ol 6.30E+Ol 
3.84Ec02 3.84E+O2 
3.75E+02 3.75E+02 
3.71E+02 3.71E+02 

1 4.03E+O2 wm 1 4.03E+02 

(I) Specify Medium-Specific(M) or Route-Spa&c(R) EPC selected for hazard calculation 

Warm-Site-5Subsutiace Soil-lnh NanCancer Risk Res-Adult RME.xls 

Route 
EPC 
Units 

EPC 
Selectad 

for Hazard 
Calculation (1) 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

6-79 

Intake 
(NonCancer 

- 
5.34E-06 
1.22E-09 
8.65E-08 
2.19E-09 
3.20E.07 
1.34E-05 
2.99E-08 
3.73E-07 
138E-10 
1.57E-08 
1.53Ed8 
2.8OE-10 
2.45E-08 
1.14E-07 
7.73E-12 
4.42E-12 
5.30E-12 
1.3OE-11 
1.35E-11 
2.51&11 
1.53E-10 
1.49E-10 
1.48E-10 
l.SlE-10 

Intake Reference 
(Non-Cancer) Dose 

“*” fWkIdW - 
mg/kg-W - 
mt?hdw - 
m@Ww - 
m&!-w - 
w%-daY - 
mglkgdw - 
WcvW-daY - 
mg/kg-W - 

wN?W - 
wW-W - 
wh-dw - 
WWdW - 
w&day - 
WwW - 
mmgdaY - 
w&!-day - 
WWdey - 
m9h-W - 
mwway - 
mgMgdaY - 
fwW% - 
mg/kgdaY - 
wWW - 

Reference Reference 
Dose Units Concentration 

1.43E-04 

1.43E.05 
8.60E-05 

Reference 
Concentratior 

Units 

Hazard 
Quotient 

6.05E-04 

2.61E-02 
1.61E-08 

2.67E-02 
- 
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V/N 

V/N 
V/N 
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V/N 
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TABLE 6-36 (continued) 
CALCULATION OF NON-CANCER HAZARDS -ADULT INDUSTRIAL WORKER CONTACT (ING. 8 DER.) WITH SITE 5 SUBSURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

/Scenario Timeframe: CurrentFuture 
Medium: Subsurface Soil 

Exposure Medium: Subsurface Soil 
Exposura Point Contact (lng. & Der.) with Site 5 Subsurface Soil 
Receptor Population: Industrial Worker 

3.27E+Ol 

Benz(a)anthracene 

(I) Spedfy Medium-Specific (M) or Routs-Specific (R) EPC selected for hazard calculation. 

Warm-Site-5-Subsurface Soil-lng and Der NonCancer Risk Ind-Adult RME.xls 
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TABLE 640 
NONCARCINOGENIC HQS, WADING, FUTURE RECREATIONAL RECEPTORS -AREA B 

SEDIMENT 
NAWC WARMINSTER, PENNSYLVANIA 

SEDIMENT SEDIMENT 

I 
--- .._. -_. 

INGESTION I DERMAL CONTACT 1 
MA NA II IL I . ., 1 I . ., . 

,-r 8.3E-05 I 4.1 E-05 
1 7E-05 l.lE-05 II 

4,4’-DL , 
4-METHYLPHENOL 
ACENAPHTHENE 
ALDRIN 
ALPHA-CHLORDANE 
ANTHRACFNF 

. ..- _- 
1.2E-06 9.5E-07 
2.4E-05 1.9E-05 
2.6E-05 1.3E-05 
7 7F-07 4.4E-07 

DEI”L,rn,/Tl” I rlM”l 

BENZO(A)PYRENE I 
BENZO(B)FLUORANTHENE 1 
BENZO(G,H,I)PERYLENE I 

rlC BENZO(K)FLUORANTHEr., 
BIS(L-ETHYLHEXYL)P’-‘T”a . . . . ..i 
BUTYL BEN7”l PHTl _ . _ . . . . .iALATE 
CAROAZn’ = .“Lli 
CHRYSL,. NE 

IA DFI l-*-m4 
LL I n-Y0 L I 

DI , . -_ . . _ . . . . . . . .I . . _ I-N-RI IT-4 PHTHAI ATF 1 
I DI-N-OCTYL PHTHALATE , 

DIBENZ(A,H;\~“‘TUP~rEN= ’ ,“’ . I I II -“LB .L 

DIELDRIN 
FLUORANTHFNF . ..-..- 
FLUORENL c I 
INDENO(l,2,‘-P”‘DVDENF ’ 
METHOXYCI w-v.. 
N-NITROSODIPHENYLAMINE 
DVBFNC 

. ., . I . . . . 
NA I NA II 
NA NA 
NA NA 

1.4E-04 l.lE-04 
9.2E-08 7.3E-08 

NA NA 
NA NA 
*,a 
IYfi I 

h,A 
I”1cL 

7.8E-06 3.4E-06 
c 4 E-II7 V. IL-“, I I 9 7FJ37 -..- -. II 

NA ..*. I NA . . . . II 
2.9E-05 2.3E-05 
6.5E-05 5.2E-05 
3 ?I=-“R L.“L-V” I I RF.rm . .-- “- 

NA I NA II 
..- -- 

NA NA 
5 1 t-05 
1:2E-03 

- 
4.6E-05 

I AF-OR 7.7E-05 

,v-WY,, I I\LI.L , . ., . 
I 

. 

I-II nR I 1 7F-CM? I 7.5E-07 II 

I I,\LI.L 

ALUMINUM 
ARSENIC ..-- -- 
BARIUM 1.5E-04 I 1.5E-04 
BERYLLIUM 3 ‘IF-n* 

,&.I... “Y 
1 IF-nA . ..- -. II 

CADMIUM 5.8E-04 4.6E-04 
CHROMIUM 7 11F-06 -.-- 5.6E-06 
COBALT I I.96 .._--05 7.7E-07 

P I 9 ?E-t-hi 1 r;FJV=o COPPEh, 
IRON 

I L.“L-“T I . .I_ WI 
I l.lE-n’ I A 3F-CIA II 1.. I ..-- -. 

i I NA II LEAD NC. 
MANGANESE 3.7E-03 4.9E-03 
NICKEL 1.3E-04 3.4E-05 
SILVER 2.2E-n’; A RF-IX 

THALLIUM 1.8E -- I ._- __ 
3 kc2-d I ? a+mi I 

“1 
I 

..-- -- 

.m I 7.3E-05 II 
I L.“L “7 I -.-- -- 

I . - I . - 

Lt. NV I -Ut HAS l3ttN tS I AmlSHtU t-UK I 
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TABLE 6-41 

NONCARCINOGENIC HQS, WADING, FUTURE RECREATIONAL RECEPTORS -AREA B 
SURFACE WATER 

NAWC WARMINSTER, PA 

SURFACE WATER SURFACE WATER 
SUBSTANCE INGESTION DERMAL CONTACT 

BlS(2-ETHYLHEXYL)PHTHALA’- 7.7E-06 9.6E-04 

NICKEL 1.3E-04 4.1 E-05 
THALLIUM 8.2E-03 3.8E-04 

TOTAL-- . 8.34E-03 1.76E-03 
N/AL 

,-- 
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6.5.5 Site-Specific Carcinoaenic Risks 

Carcinogenic risks estimated for potential receptors are discussed below and presented on Tables 6-42 

through 6-59. 

6.5.5.1 Surface Soil 

RME cancer risk for a residential child exposed to surface soil at Site 5 was estiimated at 3.3 x 10s6, which 

was within EPA’s target risk range of 1 .O x la4 to 1 .O x 10T6 (Table 6-42, contribution from 

ingestion/dermal absorption and Table 6-43, inhalation of fugitive dust). Benzo(a)pyrene (via ingestion) 

was the primary contributor to the cancer risk with an individual cancer risk of 2.0 x 10m6. 

RME cancer risk for a residential adult exposed to surface soil at Site 5 was estimated at 1.6 x 1 U6, which 

was within EPA’s target risk range of 1 .O x 10m4 to 1 .O x 10e6 (Table 6-44, contribution1 from 

ingestion/dermal absorption and Table 6-45, inhalation of fugitive dust). Benzo(a)pyrene (via ingestion) 

was the primary contributor to the cancer risk with an individual cancer risk of 9.3 x 1 Oe7. 

RME cancer risk for a lifetime residential receptor [child and adult combined exposure] exposed to 

surface soil at Site 5 was estimated at 4.96 x 1 U6, which was within EPA’s target risk range of 1 .O x 1 OT4 

to 1 .O x 1 Ob6 (Table 6-46, contribution from ingestion/dermal absorption and Table 6-47, inhalation of 

fugitive dust). The primary contributors to the cancer risk were benzo(a)pyrene (vi’s ingestion) with an 

individual cancer risk of 2.9 x la6 and Aroclor-1254 (via ingestion and dermal contact) with an individual 

cancer risk of 1 .O x 10m6. 

RME cancer risk for an industrial adult exposed to surface soil at Site 5 was estimated at 7.2 x 1 U7, which 

was below EPA’s target risk range of 1 .O x 10V4 to 1 .O x 1G6 (Table 6-48, contribution from 

ingestion/dermal absorption and Table 6-49, inhalation of fugitive dust). 

6.5.5.2 Subsurface Soil 

RME cancer risk for a residential child exposed to subsurface soil at Site 5 was estimated at 8.2 x lo.‘, 

which was within EPA’s target risk range of 1 .O x lob4 to 1 .O x 10e6 (Table 6-50, contribution from 

ingestion/dermal absorption and Table 6-51 inhalation of fugitive dust). The primary contributors to the 

cancer risk were arsenic (via ingestion) with an individual cancer risk of 4.6 x lOa and benzo(a)pyrene 

(via ingestion) with an individual cancer risk of 2.7 x 10m6. 

L/DOCUMENTS/NAVY/l 412/l 3748 
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TABLE 6.42 
CALCULATION OF CANCER RISKS -CHILD RESIDENT CONTACT (ING. 6 DER.) WtTH SITE 6 SURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 
Medium: Surface Soil 
Exposure Medium: Surface Soil 
Exposure Point: Contact (Ins. & Dar.) with Site 5 Surface Soil 
Receptor Population: Resident 
Receptor Age: Child 

Exposure 
Route 

Chemical Medium 
of Potential EPC 

Concern Value 

Medium 
EPC 

Units 

Ingestion Aluminum 
Cadmium 

Copper 
Lead 
Manganese 
Mercury 
Silver 

Thallium 
Vanadium 
Zinc 
Aroclor-1242 

Aroctor-I 254 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)Ruoranthene 
Chrysene 
Dibenz(a,h)anthracene 
Indeno(l,2.3-cd)pyrene 
(Total) 

1.32E+O4 

4.05E+OO 
2.97E+O2 
7.75EtOl 
7.85E+02 
163E+OO 

2.92E+Ol 
8.18E-01 
3.53E+Ol 
3.71E+02 
3.29E+Ol 
3.12E+02 
2.93E+02 
2.70E+02 
1.20E+02 
9.OOE+Ol 
3.01E+02 
4.OOE+Ol 
600E+01 

1.32E+O4 
4.05E+OO 
2.97E+02 
7.75E+Ol 
7.85E+02 
1.63E+OO 
2.92E+ol 

8.18E-01 
3.53E+Ol 
3.7lE+02 

3.29E+Ol 
3.12E+02 
2.93E+02 
2.70E+02 
1.2OE+02 
9.00E+Ol 
3.01 E+02 
4.OOE+Ol 
6.oOE+ol 

M 1.31 E-02 mglkg-day l/(mglkg-day) - 

M 4.OlE06 mglkg-day ll(mgArg-day) - 

M 2.94E-04 mgRg-W ll(mglkg-day) - 

M 7.67E-05 mg/kg-day l/(mg/kg-day) - 

M 7.77E-04 mg/kg-day l/(mg/kg-day) - 

M l.61E-06 mvk-kdw l/(mgAg-day) - 

M 2.89E-05 mg/kg-day l/(mglkg-day) - 

M 8.10E-07 mglkg-day l/(mgAg-day) - 

M 3.50G05 m$wW - ll(mglkg-day) - 

M 3.67E-04 mglkg-day l/(mg/kgday) - 

M 3.26E-08 mglkg-day 2.OOE+O9 MwvQdav) 8.52E-08 

M 3.OgE-07 w/kg-W 2.OOE+OO ll(mgArg-day) 6.18E-07 

M 2.9OE-07 mglkg-day 7.30E-01 l/(mgikg-day) 2.12E-07 

M 2.67E-07 WWdw 7.30E+OO l/(mgAq-day) 1.95E-06 
M l.l9E-07 mg/kg-day 7.3OE-01 l/(mgAg-day) 8.67E-08 

M 8.91E-08 wQ-daY 7.30&02 l/(mg/kg-day) 8.51 E-09 

M 2.98E-07 mglkg-day 7.3OE-03 l/(mglkg-day) 2.18509 
M 3.98E-08 mgikg-day 7.30E+OO l/(mgkg-day) 2.89&07 

M 5.94E-08 mg/kg-day 7.30E-01 l/(mgAgday) 4.34E-08 
3.27E-06 
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TABLE 6-42 (continued) 
CALCULATION OF CANCER RISKS -, CHILD RESIDENT CONTACT (ING. 8 DER.) WlTH SITE 6 SURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Receptor Population: Resident 

Exposure 
Route 

Chemical Medium 
of Potential EPC 

Concern Value 

Medium 

EPC 

Units 

3emral Absorption Aluminum 
Cadmium 

Copper 
Lead 
Manganese 
Mercury 
Sliver 
Thallium 
Vanadium 

zinc 
Amctor-1242 
Amctor-1264 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenr(a.h)anthracene 

Indeno(f.2,3-cd)pyreene 

crow 

1.32EtO4 
4.05E+OO 
2.97E+02 
7.75E+Ol 
7.85E+02 
1.63E+OO 
2.92E+Ol 
8.18E-01 
3.53@01 
3.71 Et02 
3.29E+Ol 
3.12E+02 
2.93E+02 
2.70E+02 
1.20E+02 
9.OOE+Ol 
3.01 E+02 
4.WE+Ol 
6.wE+Ol 

1.32E+O4 
4.05E+OO 
2.97E+02 
7.75E+Ol 
7.85E+02 

1.83E+OO 
2.92E+Ol 
8.18E-01 
3.53E+Ol 
3.71E+02 
3.29E+Ol 
3.12E+02 
2.93E+02 
2.70E+02 
1.20E+02 
9.OOE+OI 
3.01E+02 
4.OOE+Ol 
6.OOE+Ol 

M 6.21E-05 mg&Mw ll(mglkg-day) - 

M 1.91 E-08 mg/kgdaY ll(mglkgday) - 
M 1.40&06 mglkg-dw l/(mgAg-day) - 

M 3.65E-07 wvWW ll(mglkgday) - 

M 3.69506 mgtkgday - ll(mglkg-day) - 

M 7.67E-09 rn!Y+w@ l/(mgAg-day) - 

M 1.37E-07 mglkg-day l/(mglkgday) - 

M 3.85E-09 mg/kg-W l/(mglkg-day) - 
M l .&TE-07 mgkgday - ll(mgAgday) - 

M 1.75E-06 ~~~g-daY ll(mglkgday) - 
M 1.55E-09 mwIwdw 29OE+OO ll(mglkg-day) 3.10E09 

M 1.47G08 wk%W 2.OOE+OO ll(mglkg-day) 2.94&08 

M 1.38G08 fwk?dw Il(mgnCg-day) - 
M 1.27P08 mwWW l/(mglkg-day) - 
M 5.64E-09 mg/kg-day ll(mglkg-day) - 
M 4.23E-09 rnglkgday l/(mglkg-day) - 
M 1.42E-08 mgWW ll(mglkg-day) - 
M 1.88G09 mglkg-day Il(mglkg-day) - 
M 2.82E-09 mgtkg-day - ll(mgrkg-day) - 

1 3.24E-08 
Tn+ll d *no Ibe II ? ?1 Fx@. 

(1) Specify Medium-Specific(M) or Route-Specific (R) EPC selected for risk calculation. 
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TABLE 643 
CALCULATION OF CANCER RISKS -CHILD RESIDENT PARTICULATE DUST INHALATION FROM SITE 5 SURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Medium: Surface Soil 

Exposure Medium: Partiwlates 
Exposure Point: Inhalation of Parttculates from Site 5 SurfaCe Soil 
Receptor Population: Resident 
Receptor Age: Child 

Exposure 
Route 

Chemical Medium 

of Potential EPC 

Concern Value 

Medium 
EPC 

Units 

Inhalation Aluminum 
Cadmium 
Copper 
Lead 
Manganese 
MWCU~ 
Silver 
Thallium 
Vanadium 
Zinc 

Arodor-1242 
Arodor-1254 
Benr(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenz(a.h)anthracene 
Indeno(1 ,Z,bcd)pyrene 
(Total) 

1.32E+64 
4.05E+O6 
2.97E+02 
7.75tz+01 
7.85E+02 
163E+O6 
2.92E+Ol 
8.18E-01 
3.53E+Ol 
3.7lE+02 

3.29E+Ol 
3.12E+02 
2.93E+02 
2.70E+02 
1.20E+02 
9.OOE+Ol 
3.0lE+02 
4.06E+Ol 

6.06E+oi 

1.32E+O4 
4.05E+OO 
2.97E+02 
7.75E+Ol 
7.85E+02 
1.83E+O6 
2.92E+Ol 
E.lEE-01 
3.53E+Ol 
3.71E+02 

3.29E+Ol 
3.12E+02 
2.93E+02 
2.70E+02 
1.20E+02 
96OE+Ol 
3.01E+02 
46OE+Ol 
6WE+Ol 

M 1.43E-66 mglkg-day l/(mg/kg-day) - 

M 4.38E-10 mglkg-day 630E+O6 l/(mg/kg-day) 2.76E-09 

M 3.21E-66 mglkg-day l/(mglkg-day) - 

M 6.37E-69 mghday l/(mg/kg-day) - 

M 8.48E-08 mgkvW l/(mgrkgday) - 

M 1.76E-10 mg/kgday - l/(mgAgday) - 

M 3.15E-09 w~g-day l/(mglkg-day) - 

M 8.84E-11 fwW-daY l/(mglkgday) - 

M 3.8lE-69 mglkg-day I/(mglkgday) - 

M 4.OlE-08 mglkg-day l/(mgfkg-day) - 

M 3.55E-12 mglkg-day 2.OOE+O6 Ww~g-daY) 7.llE-12 

M 3.37G11 mglkg-day 2.6OE+O6 l/(mgrkg-day) 6.74E-11 

M 3.17E-11 mr&NaY l/(mgikgday) - 

M 2.92G1 I mglkg-day 3.10E+66 l/(mglkg-day) 9.04E-11 

M 1.30E-11 mg/kg-day - l/(mglkgday) - 

M 9.72E-12 mg/kgday - ll(mgikg-day) - 
M 3.25G11 mglkg-day ll(mglkg-day) - 

M 4.32E-12 mgtkgday - l/(mglkg-day) - 
M 6.48E-12 mg/kg-day - l/(mgikg-day) - 

2.92E-09 

(1) Specify Medium-Specific(M) or Route-Specific(R) EPC selected for risk calculation. 
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TABLE 6.44 
CALCULATION OF CANCER RISKS: ADULT RESIDENT CONTACT (INC. 6 DER.) WtTH SITE 5 SURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARYINSTER, PENNSYLVANIA 

#I 

Exposure Point: Contact (lng. & Der.) with Site 5 Surface So11 
Receptor Population: Resident 

Exposure 

Route 

Ingestion 

Chemical 
of Potential 

Concern 

Aluminum 
Cadmium 

Copper 
Lead 
Manganese 
Mercury 
Silver 
Thallium 

Vanadium 
Zinc 
Aroctor-I 242 
Aroctor-1254 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenz(a,h)anthracane 
Indeno(l.2.3cd)pyrene 
(Total) 

Medium Medium 

EPC EPC 

Value Units 

1.32E+C-l msk3 
4.05E+OCt m&t 
2.97PO2 me&t 
7.75E+Ol wh 
7.85E+02 n-w% 
1.83E+O’l mska 
2.92E+Ol msh 
8.18E-01 wth 
3.53E+Ol msks 
3.71E+02 mgkg 
3.29E+Ol ww 
3.12E+02 wkl 
2.93E+02 whl 
2.70E+02 w4l 
I .20E+02 wkl 
9.OOE+Oi wlhl 
3.01E+02 wkl 
4.OOE+ol UQht 
8.00E+Ol wkl 

E E ~~~~~ 

I .32E+O4 wh M 6.20E-03 wW-day l/(mglkgday) - 

4.05E+00 mafig M 1.9OE-08 mglkgday - i/(mglkgday) - 

2.97E+02 meh M 1.39E-04 mglkg-day - l/(mglkgday) - 

7.75E+Ol wM M 3.84E-05 mglkg-day l/(mgrkg-day) - 

7.85E+02 mgkg M 3.89E-04 wfwW l/(mg/kgday) - 

1.83E+Otl mg/kg M 7.66G07 mglkg-day I/(mglkg-day) - 

2.92E+Ol w&f M 1.37E-05 m!#wIay 1 Owkgdw) - 
E.lEE-01 mgh M 3.84E-07 m&t-day l/(mgAg-day) - 

353E+Ol mgMt M 1.66E-05 mglkg-day l/(mgAgday) - 

3.71 E+02 mm M 1.74E-04 w$wdaY I/(mglkg-day) - 

3.29E+Ol w&l M 1.55E-08 mg/kgaw 2.OOE+OJl WwWdav) 3.09E-08 

3.12E+02 Km M 1.47E-07 m@Wday 2.OOE+OfJ l/(mg/kg-day) 2.93E-07 

2.93E+02 wh3 M 1.38E-07 fWWdaY 7.30E-01 ll(mgrkg-day) 1 .OOE-07 

2.70E+02 wkl M 1.27E-07 mY+wdaY 7.30E+OfI Wmgncgday) 9.28E-07 

1.20E+02 um M 5.84E-08 wh!-day 7.30E-01 lNw+wIaY) 4.11 E-08 
9.OOE+Ol WJkl M 4.23E-08 mglkg-day 7.30E-02 Il(mgkg-day) 3.09509 

3.01E+02 um M 1.41 E-07 wWW 7.30E-03 INmskadaY) l.O3E-09 

49OE+Ol wh M l .EEE-08 mg/kg-day 7.30E+O+J I/(mgikg-day) 1.37E-07 

E.wJE+ol ww M 2.82E-08 mglkg-day 7.30E-01 ll(mgtkg-day) 2.08&08 
1.55E-06 
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TABLE 6-44 (continued) 

CALCULATION OF CANCER RISKS -ADULT RESIDENT CONTACT (ING. B DER.) WtTH SITE 5 SURFACE SOIL 
REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 1 
Medium: Surface Soil 

Exposure Medium: Surface Soil 
Exposure Point: Contact (Ins. & Der.) with Site 5 Surface Soil 
Receptor Population: Resident 
Rarxmtor Aow Adult 

Exposure 
Route 

Chemical Medium Medium 

of.Potenttal EPC EPC 

Concern Value Units 

Iermal Absorption Aluminum 
Cadmium 
Copper 
Lead 
Manganese 
Mercury 
Silver 
Thallium 
Vanadium 
Zinc 
Aroclor-1242 
Arodor-1254 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenz(a.h)anthracene 
Indeno(l,2,bcd)pyrene 
(Total) 

1.32E+04 

4.05E+OO 
2.97rz+02 
7.75E+Ol 
7.85E+02 
1.83E+oo 
2.92E+Ol 
E.lEE-01 
3.53E+Ol 
3.7lE+02 
3.29E+ol 
3.12E+02 
2.93E+02 
2.70E+02 
1.20tz+02 
9.OOE+Ol 
3.01 E+O2 
4.OOE+Ol 
8.OOE+ol 

1.32E+O4 
4.05E+OO 

2.97E+02 
7.75E+Ol 
7.85E+02 
1.63E+OO 
2.92E+Ol 
8.18E-01 

3.53E+Oi 
3.7lE+02 
3.29E+Ol 
3.12E+02 
2.93E+02 
2.70E+02 
1.20E+02 
9.00E+Ol 
3.01E+02 

4.00E+Ol 
6.00E+ol 

M 1.84E-04 mg/kg-day Il(mglkg-day) - 

M 5.65E-08 mgikgday Il(mgAgday) - 

M 4.14E-06 mglkg-day l/(mg/kg-day) - 

M l.O8E-06 mg/kg-day l/(mglkg-day) - 

M 1 .I OE-05 mwWdw ll(mgikg-day) - 

M 2.27E-08 mglkg-day l/(mg/kgday) - 

M 4.07E-07 mglkg-day ll(mglkg-day) - 

M 1.14E-08 mgikg-day l/(mgikgday) - 

M 4.92E-07 mgikg-day - l/(mg&gday) - 

M 5.18E-06 mglkgday - ll(mglkg-day) - 

M 4.59E-09 mg/kg-day 2.OOE+OO IM-wWW 9.18E-09 

M 4.35E-08 mglkg-day 2.OOE+00 l/(mg/kg-day) 8.70E-08 

M 4.09E-08 mgikgday - Il(mglkgday) - 

M 3.77E-08 mgikg-day l/(mgikgday) - 

M 1.67E-08 mglkg-day - l/(mglkg-day) - 

M 1.28E-08 mgikg-day l/(mg/kgday) - 

M 4.2OE-08 mglkg-day l/(mg/kgday) - 

M 5.58E-09 mglkg-day - l/(mg/kg-day) - 

M 8.37E-09 mglkg-day ll(mg/kg-day) - 
9.62E-08 

Total of Routes 1 

(I) Specify Medium-Specific (M) or RouteSpectiic (R) EPC selected for risk calculation. 

Warm-Site-S-Surface Soil-lng and Der Cancer Risk Res-Adult RME.xls 
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TABLE 6-46 

CALCULATION OF CANCER RISKS -ADULT RESIDENT PARTICULATE DUST INHALATION FROM SITE 5 SURFACE SOIL 
REASONABLEMAXIMUMEXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 
Medium: Surface Soil 
Exposure Medium: Particulates 
Exposure Point: Inhalation of Patiwtates from Site 5 Surface Soil 

Receptor Population: Resident 
Receptor Age: Adult 

Exposure 
Route 

Chemical Medium 
of Potential EPC 

Concern Value 

Medium 
EPC 

Units 

Inhalation Aluminum 
Cadmium 
Copper 
Lead 
Manganese 

Mercury 
Silver 
Thallium 
Vanadium 
Zinc 
Aroctor-1242 
Ardor-1254 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenz(a.h)anthracene 
Indeno(l.2.3-cd)pyrene 
(Total) 

1.32E+O4 
4.05E+M) 
2.97E+02 
7.75E+Ol 

7.85E+02 
1.63E+OO 
2.92E+Ol 
E.lEE-01 
3.53E+Ol 
3.71 E+02 
3.29E+Ol 
3.12E+02 
2.93E+02 
2.70E+02 
1.20E+02 
9.OOE+Ol 
3.01E+02 
4.OOE+Ol 

E.wE+ol 

1.32E+O4 
4.05E+DO 
2.97E+02 
7.75E+Ol 

7.85E+02 
1.63E+66 
2.92E+Ol 

E.lEE-01 
3.53E+Ol 
3.71 E+02 
3.29E+Ol 
3.12E+O2 

2.93E+02 
2.70E+02 
1.20E+02 
9.09E+Ol 
3.01E+02 
4.OOE+Ol 
6.OOE+ol 

l .EOE-06 mkvRv@ ll(mgIkg-day) - 
5.53E-10 wm-day 63rJE+OO l/(mglkg-day) 3.49E-09 

4.06E-08 m/kg-day l/(mglkgday) - 
1 g6E-08 wkwW l/(mgrkg-day) - 

l.O7E-07 mg/kg-W l/(mg/kgday) - 

2.23G10 mglkg-day l/(mg/kg-day) - 
399G09 mgrkg-day l/(mg/kgday) - 

l.l2E-10 mg/kg-day l/(mgikgday) - 
4.82E-09 wWW l/(mg/kg-day) - 
5.07E-08 mg/kgdaY l/(mg/kgday) - 
4.56E-12 WMJay 2.OOE+oo MxOw-Jay) 8.99E-12 
4.26E-11 w&t-day 2.OOE+OO l/(mg/kg-day) 853E-11 

4.tlOE-11 fWh-@ l/(mgrkgday) - 
3.89G11 wt~g-day 3.lOE+OO ll(mgAg-day) l.l4E-10 
164E-11 wk?-daY l/(mg/kgday) - 
1.23E-11 mMwW Il(mglkgday) - 
4.11E-11 w&t-day l/(mglkgday) - 
5.47E-12 mglkg-day - WWWW - 
8.2OC12 mglkg-day ll(mglkgday) - 

3.89E-09 

(I) Specify Medium-Specific(M) or Route-Specific (R) EPC selected for risk calculation. 
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TABLE 6.46 
CALCULATION OF CANCER RISKS. LIFETIME RESIDENT CONTACT(ING. & DER.) WlTH SITE 5 SURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Medium: Surface Soil 
Exposure Medium: Surface Soil 
Exposure Point: Contact (Ing. & Der.) with Site 5 Surface Soil 
Receptor Population: Resident 

Exposure 
Route 

Chemical Medium 
of Potential EPC 

Concern Value 

I 

Ingestion IAluminum 
Cadmium 
Copper 
Lead 
Manganese 
Mercury 
Silver 
Thallium 
Vanadium 
ZklC 

Arodor-1242 
Arodor-1254 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)Ruoanthene 

Benzo(k)fluoranthene 
Chtysene 

Dibenz(a,h)anthracene 

Indeno(l,2,3cd)pyrene 
(Total) 

- 
1.32E+04 

4.05tz+00 
2.97E+02 
7.75E+Ol 
765E+02 
I .63E+OO 
2.92E+Ol 
6.18E-01 
3.53E+Oi 
3.71E+02 
3.29E+Ol 
3.12rz+02 
2.93E+02 
2.70E+02 
1,20E+62 
900E+01 
3.01E+02 
4.06E+Ol 

6.OOE+ol 

Warm-Site-S-Surface Soil-lng and Der Cancer Risk Res-Life RMExls 

Route 
EPC 

Value 

- 
1.32E+O4 
4.05E+OO 
2.97E+02 
7.75E+Ol 
765E+02 
1.63E+OO 
2.92E+Ol 
6.16E-01 
3.53E+Ol 
3.7lE+02 

3.29EtOi 
3.12Et02 
2.93E+02 
2.70E+02 
1.20E+02 
9.M)E+Ol 
3.01 E+02 
4.OOE+Ol 
6.OoE+01 

EPC Selected 
for Risk 

:alculation (1) 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

M 
M 
M 
M 
M 
M 

M 
M 
M 

A-92 

Intake 
(Cancer) 

- 
6.2OE-03 
1.9OE-06 
I .39E-04 
3.64E-05 
3.69E-04 
7.66E-07 
1.37E-05 
3.84E-07 
1.66E-05 

1.74~~04 
4.80E-08 
4.55G07 
4.28E-07 
3Q4E-07 
1.75E-07 
1.31E-07 
4.39E-07 

5.84E-08 
6.76E-08 

Intake 
(Cancer) 

Units 

- 
WM-W 
mcvkg-dw 
mr&vJay 
WMday 
mglkg-day 

wuMdaY 
wQ-day 
mglkg-day 

w’kg-dw 
mw%-day 
mglkg-day 

mwR@v 
m!Ykwhv 
mglkg-day 

m/kg-day 
mwN!-W 
WM-W 
mg/kg-day 

wW-W 

Cancer Slope 
Factor 

2.WE+OO 
2.IXlE+OO 
7.30E-01 
7.30E+Otl 
7.30E-01 
7.30E-02 

7.30E-03 
7.30E+OO 
7.3OE-01 

Cancer Slope 
Factor Units 

IlmwwW 
ll(mgkgday) 
14w~eday) 
l/(mg/kgday) 
ll(mgtkgday) 

l/(mgAgday) 
IwwWW 
?wWW) 
IKmgkg-day) 
l/(mgAg-day) 
I/(mg/kg-day) 

WwWdaY) 
l/(mgRg-day) 

lmakgday) 
l/(mglkg-day) 

1~NWwW) 
IKmgnCgdaY) 
Wmgkgday) 
l/(mgr’kg-day) 

Cancer 
Risk 

961E-08 
9.1lE-07 
3.12E-07 
2.88E-06 
1.28E-07 
9.59E-09 

3.21E-09 
4.26E-07 
6.39E-08 
4.83E-06 

6/30/00 



TABLE 6-46 (continued) 

CALCULATION OF CANCER RISKS - LIFETIME RESIDENT CONTACT (ING. 8 DER.) WfTH SITE 5 SURFACE SOIL 
REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 
Medium: Surface Soil 
Exposure Medium: Surface Soil 

Exposure Point: Contact (Ing. & Der.) with Site 5 Surface Soil 
Receptor Population: Resident 
Receptor Age: Child/Adult 

Exposure 
Route 

Dermal Absorption Aluminum 
Cadmium 

. . 
Lead 
Manganese 

Silver . 
Thallium 
Vanadium 
Zinc 
Amclor-1242 
Amdor-1254 

Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenz(a.h)anthracene 

Indeno(l.2.3cd)pyrene 
flotall 

4.05E+OO mrmcg 
2.97E+02 fwfig 
7.75E+Ol mah 
7.85E+02 fwM 
I .83E+OO mgk7 
2.92E+Ol mwkg 
8.18E-01 me&2 
3.53E+Ol mglkg 
3.71E+02 mm 
3.29E+Ol w/kg 
3.12E+02 ww 
2.93E+02 w&l 
2.70E+02 wmf 
1.20E+02 wfig 
9.00E+Oi wkl 
3.01 Et02 wMl 
4.00E+Ol wkl 
6.00E+Ol w%l 

4.05E+00 mwW M 

2.97E+02 mgkg M 

7.75E+Ol mr4M M 

7.8SE+02 mwW M 

1.83E+OO w&7 M 

2.92E+ol m/kg M 

E.lEE-01 mm h4 

3.53E+Ol mgh M 

3.71E+02 mgh .M 

329E+Ol wh M 

3.12002 wkl M 

2.93E+02 w&J M 

2.70E+02 w&l M 

1.20E+02 uww M 

9.OOE+Ol WkJ M 
3.01 E+02 w3m M 

4.OOE+Ol wh M 

E.OOE+Ol ww M 

Intake 
(Cancer) 

- 
1.84E-04 
5.85E-08 
4.14E-06 
1 .OEE-08 
1 .I OE-05 

2.27E-08 
4.07E-07 
l.l4E-08 
4.92507 
5.18E-06 
6.14E-09 
5.82E-08 
4.09E-08 

3.77E-08 
1.87E-08 
1.28E-08 
4.20E-08 

5.58E-09 
8.37E-09 

Cancer Slope 
Factor Units Risk 

(I) Spedfy Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 

I otal of Routes 11 4.96E-08 

Intake 
(Cancer) 

Units 

Cancer Slope 
Factor 

mglkg-day 
mglkg-day 
mg/kg-day 
mg/kg-day 
mg/kgday - 

mka-day 
WuWW 
mvwW 
mglkg-day 

w!Mf-W 
mg/kgday 2.00E+OO 

vvJway 2.OOE+OO 

w&fdaY 
mgikgday - 
mg/kg-day 
mglkg-day - 
mglkg-day 

mgrkg-day - 
mglkg-day 

I 

ll(mglkg-day) 1 - 
l/(mglkg-day) 

Wmg/kgdaY) 
ll(mglkg-day) 
I/(mg/kg-day) 

l/(mg/kg-day) 
l/(mg/kg-day) 
I/(mg/kg-day) 
l/(mgtkg-day) 
l/(mg/kg-day) 
ll(mglkg-day) 

l/(mglkg-day) 
ll(mglkg-day) 
l/(mg/kg-day) 

l/(mg/kg-day) 
l/(mgrkg-day) 
l/(mg/kg-day) 
ll(mglkg-day) 

1.23G08 

1.16E-07 

Mw~g-daY) , ,29E-07 1 

Warm-Site-S-Surface Soil-lng and Der Cancer Risk Res-Life RME.xls 6-93 6/30/00 



TABLE 6-47 
CALCULATION OF CANCER RISKS - LIFETIME RESIDENT PARTICULATE DUST INHALATION FROM SITE 5 SURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Exposure Point: Inhalation of Particulates from Site 5 Surface Soil 
Receptor Population: Resident 

Exposure 
Route 

Chemical Medium 
of Potential EPC 

Concern Value 

Medium 

EPC 

Units 

Inhalation Aluminum 
Cadmium 
Copper 
Lead 

Manganese 
Mercury 
Silver 
Thallium 
Vanadium 

Zinc 
Arocfor-1242 
Aroctor-1254 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenz(a,h)anthracene 
Indeno(1 ,Z&cd)pyrene 
(Total) 

1.32E+64 
4.05t5+00 
2.97lz+02 
7.75E+ol 
7.85E+02 
1.63E+OO 
2.92E+Ol 
E.lEE-01 
353E+Ol 
3.7lE+02 

3.29E+Ol 
3.12E+02 
2.93E+02 
2.70E+02 
1.20Et02 
9.WE+Ol 
3.0lE+02 
4.OOE+Ol 
E!XlE+ol 

1.32E+O4 
4.05E+OO 
2.97E+02 
7.75E+Ot 
7.85E+02 
1.63E+OO 
2.92E+Ol 
8.1 EE-01 
3.53E+Ol 

3.71 E+02 
3.29E+Ol 
3.12E+02 
2.93!5+02 
2.70E+OZ 
120E+02 
9.00E+ol 
3.0fE+02 
4.00E+Ol 

6.OOE+ol 

M 1 .EOE-06 mg/kg-day - ll(mgIkgday) - 
M 9.91E-10 mg/kg-day 6.30E+C6 1Mw~gdw) 6.24E-09 

M 4.06E-08 ma/kg-day ll(mglkgday) - 
M 1 .c6E-08 mgrlrg-day - f t(mglkg-day) - 
M l.O7E-07 mglkg-day - l/(mglkgday) - 

M 2.23E-10 mglkg-day - I/(mglkg-day) - 

M 399E-09 mgAg-day ll(mgArg-day) - 
M l.l2E-10 mgkMaY l/(mg/kgday) - 

M 4.82E-09 mgrkg-day - l/(mgikgday) - 
M 507E-08 mg/kg-day l/(mg/kgday) - 

M 8.05E-12 mgrkg-day 2.00E+00 WW+wW) 1.61 E-l 1 

M 7.63&11 mgikg-day 2.00E+OO WWkg-W 1.53E-10 

M 4.CCE-11 mglkg-day l/(mg/kgday) - 
M 6.8lE-11 mMwdw 3.10E+OO ll(mglkg-day) 2.05E-IO 

-M I &E-l 1 mglkg-day l/(mgikg-day) - 
M I .23E-11 mgAg-day Il(mgkgday) - 
M 4.llE-11 mgikg-day ll(mglkgday) - 
M 5.47E-12 mglkg-day ll(mglkgday) - 
M 8.2OE-12 mglkg-day I/(mglkg-day) - 

6.62E-09 

(I) Specify Medium-Specific (M) or Route-Specific(R) EPC selected for risk calculation. 

Warm-Site-5-Surface Soil-lnh Cancer Risk Res-Life RME.xls 6-94 6/30/00 
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TABLE 646 
CALCULATION OF CANCER RISKS -ADULT INDUSTRIAL WORKER CONTACT (ING. 8 DER.) WlTH SITE 5 SURFACE SOIL 

REASONABLE MAXtMUM EXPOSURE 
NAWC WARYINSTER, PENNSYLVANIA 

Scenario Timeframe: CurrentlFuture 

Exposura Point: Contact (Ing. 8 Der.) with Site 5 Surface Soil 
Receptor Population: Industrial Worker 

Exposure 
Route 

Chemical Medium 
of Potential EPC 

Concern Value 

Medium 

EPC 

Units 

Ingestion Aluminum 
Cadmium 
Copper 

Lead 
Manganese 
Mercury 
Silver 
Thallium 

Vanadium 
2itlC 

Arodor-1242 

Arodor-I 254 
Benz(a)anthracene 
q enzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenz(a,h)anthracene 
Indeno(1 ,S&cd)pyrane 

crow 

1.32E+O4 
4.0fx+oo 
2.97iz+02 

7.75E+Ol 
785E+02 
183E+O9 
2.92E+Ol 
8.18E-01 
3.53E+Ol 
3.71 E+02 
3.29E+Ol 
3.12E+O2 
2.93E+02 
2.70E+02 
I .20E+02 
Q.OOE+Ol 
3.01E+02 
4.OOE+ol 
6.OOE+Ol 

1.32E+O4 
4.05E+OO 
2.97E+02 
7.75E+Ol 
785E+02 

1.63E+00 
2.92E+Ol 
6.18E-01 
353E+Ol 
3.7fE+02 
3.29E+Ol 
3.12Ec02 
2.93E+02 
2.70E+02 
1.20E+02 
Q.OOE+Ol 
3.01 E+02 
4.OOE+Ol 
89OE+ol 

M 2.31 E-03 WWW ll(mglkgday) - 
M 7.08E-07 wWdaY ll(mg/kgday) - 
M 5.19E-05 m9mW l/(mgIkgday) - 

M 1.35E-05 mgikg-day - l/(mglkgday) - 
M 1.37E-04 mgkkday - l/(mg/kgday) - 

M 2.85E-07 w~g-day - MwWJay) - 
M 5.10E-06 mg/kgday - l/(mglkgday) - 
M 1.43E07 WMtdW l/(mgikg-day) - 
M 617E-06 mglkgday - l/(mgfigday) - 
M 848E-05 mg/kgday - ll(mghg-day) - 
M 5.75E-09 WkMv 2.OOfE+OO Wmg~gdaY) l.l5E-08 
M 5.45E-08 mglkgdw 2.OOE+W IMWWW 1 IME- 

M 5.12E-06 mglkg-day 7.3OE-01 l/(mglkg-day) 3.74E-08 
M 4.72E08 wWW 7.30rE+OO ll(mgAg-day) 3.44E-07 
M 2.lOE-06 w/kg-W 73OE-01 Wwllrg-day) 1.53E-08 
M 1.57E-08 mgk9-W 7.38E-02 WwWW l.l5E-09 
M 5.26E-08 w&W 7.30G03 l/(mg/kg-day) 384E-10 
M 899E-09 mg!kg-day 7.30E+OO ll(mgrlrg-day) 5.1OE08 
M l.O5E-08 mgikg-day 7.3OE-01 l/(mg/kg-day) 7.65E-09 

5.78E-07 

Warm-Site-5-Surface Soil-lng and Der Cancer Risk lnd-Adult RME.xls 6-95 



TABLE 646 (continued) 

CALCULATION OF CANCER RISKS -ADULT INDUSTRIAL WORKER CONTACT (ING. 6 DER.) WfTK SITE 5 SURFACE SOIL 
REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: CurrentfFuture 
Medium: Surface Soil 
Exposure Medium: Surface Soil 
Exposure Point: Contact (Ing. & Der.) with Site 5 Surface Soil 
Receptor Population: Industrial Worker 
Receptor Age: Adult 

Exposure 
Route 

Chemical Medium 
of Potential EPC 

Concern Value 

Medium 
EPC 

Units 

Dermal Absorption Aluminum 1.32E+O4 we9 1.32E+O4 

Cadmium 4.05E+OO msb 4.05fz+oo 

Copper 2.97E+02 mgh 2.97E+02 

Lead 7.75E+Ol mgh 7.75rz+01 
Manganese 7.85E+02 mgh 7.85E+02 
Mercury 1.83E+OO mgh 1.83EtOO 

Silver 2.92E+Ol ma& 2.92E+Ol 

Thallium E.lEE-01 msh E.lEE-01 

Vanadium 3.53E+ol mgkg 3.536+01 

Zinc 3.71 E+02 mah 3.71 E+02 
A&or-1 242 3.29E+Ol wNl 3.29E+Ol 
Arodor-1264 3.12E+02 whl 3.12E+02 
Benz(a)anthracene 2.93E+02 whl 2.93E+02 
Ben.?o(a)pyrene 2.70E+92 w&l 2.70E+02 
Benzo(b)fluoranthene 1.20E+02 whl 1.20E+02 
Benzo(k)fluoranthene Q.OilE+Ol wh Q.OQE+Ol 
Chrysene 3.01 E+02 WQ 3.0lE+02 
Dibenz(a,h)anthracene 4.09E+Ol wkl 4.OOE+Ol 
Indeno(l.2.~cd)pyrene 8.9OE+Oi w&l 8.OOE+01 
(Total) 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 

M 2.76G04 mgkg-day l/(mglkg-day) - 

M 8.48E-08 meWday - l/(mg/kg-day) - 

M 8.22E-06 mgrkg-day l/(mglkg-day) - 

M 1.82E-06 mglkg-day I/(mglkg-day) - 

M 1.84G05 mg/kg-day ll(mg/kg-day) - 

M 3.41 E-06 ID.QkQ-day l/(mgAg-day) - 

M 6.11E-07 m~9-W Il(mglkgday) -- 

M 1.71E-08 mgrkg-day ll(mg/kg-day) -- 

M 7.39&07 mglkg-day ll(mgAg-day) - 

M 7.77E-08 mwWW - l/(mgrkg-day) - 

M E.EQE-09 w&I-daY 2.OOE+OO lKrn@w%9 1.38E-08 

M 8.53E-08 mglkg-day 28OE+OO ll(m@WdaY) 1.31 E-01 

M 8.13E-08 mglkg-day -- I/(mg/l(gday) - 

M 5.85E-08 mm?daY - ll(mgAg-day) - 

M 2.51 E-08 mglkgday - l/(mg/kg-day) - 

M l .EEE-06 WNWY Il(mglkg-day) - 

M 8.30G08 rnglk!&v l/(mgnCg-day) - 
M 8.37E-09 mgRg-day - Il(mgAtg-day) - 

M 1.28E-08 mg/kg-day l/(mglkg-day) - 
1.44E-07 

Total of Routes 

Warm-Site-5-Surface Soil-lng and Der Cancer Risk lnd-Adult RME.xls 
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TABLE 649 

CALCULATION OF CANCER RISKS -ADULT INDUSTRIAL WORKER PARTtCUtATE DUST INHALATION FROM SITE 5 SURFACE SOIL 
REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current!Future 
Medium: Surface Soil 
Exposure Medium: Paitiwlates 
Exposure Point: Inhalation of Parttculates from Site 5 Surface Soil 
Receptor Population: Industrial Worker 
Receptor Age: Adult 

Exposure 
Route 

Chemical Medium 
of Potential EPC 

Concern Value 

Medium 
EPC 

Units 

Inhalation Aluminum 
Cadmium 

Copper 
Lead 
Manganese 
Mercury 
Silver 
Thallium 
Vanadium 
Zinc 
Arodor-1242 
Arodor-1254 
Benz(a)anthracane 
Benzo(a)pyrene 
Benzo(b)Ruomnthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenz(a.h)anthracene 
Indeno(l,2,3cd)pyrane 
(Total) 

1.32E+O4 
4.05E+OO 
2.97E+O2 
7.75E+oi 
7.85E+02 

163E+OO 
2.92E+Oi 
818E-01 
3.53tZ+01 
3.71E+02 
3.29E+Ol 
3.12E+02 
2.93E+02 
2.70E+02 
1.20E+02 
9.OOE+Ol 
3.0lE+02 
4.OOE+Ol 
600E+01 

m3fi9 
m9k9 
m9k3 
msk9 
mgk9 
ma/kg 
mgM9 
m9lk9 
m9hs 
w/kg 
uQh9 
u@Q 
UQ~Q 
ww 
UQkQ 
UQhQ 
WRl 
UQkQ 
wJml 

1.32E+O4 

4.05E+OO 
2.97E+02 
7.75E+01 
785E+02 
1 .63E+OO 
2.92E+Ol 
6.18E-01 
353E+Ol 
3.7lE+02 
329E+Ol 
3.12E+02 
2.93E+02 
2.70E+02 
1.20E+02 
Q.OOE+Ol 
3.01 E+02 
4.OOE+Ol 
6.OOE+ol 

M 4.4x-07 WwdaY l/(mg/kgday) - 

M 1.37E-10 mg/kg-day 630E+OO M-w’bW 665E-10 

M I .Ol E-08 mEi~Q-daY l/(mglkg-day) - 

M 2.63E-09 mgncg-day - Il(mglkgday) - 
M 2.66E-08 mglkg-day l/(mglkg-day) - 

M 5.52E-1 I mg&t-day l/(mg/kg-day) - 
M 9.89&IO m@.wW l/(mg/kg-day) - 

M 2.77E-11 mg/kg-day ll(mgAg-day) - 
M 1.20E-09 w&t-daY 1 /(mgAg-day) - 
M 1.28E-08 mglkg-day - l/(mglkg-day) - 
M l.llE-12 w/kQdaY 2.OOE+OO ll(itIgkQ-day) 2.23E-12 
M l.O6E-1 I mcVWW 2.M)E+OO 1 I(mglkg-day) 2.1lE-11 
M 9.93E-12 mg/kg-day ll(mgIkg-day) - 
M Q.l5E-12 mg/kg-day 3.10E+OO l/(mg/kg-day) 2.84E-11 
M 4.07G12 mwkg-day ll(mglkg-day) - 
M 3.05E-12 mglkg-day l/(mg/kg-day) - 
M 1.02E-11 mg/kg-day l/(mg/kg-day) - 
M 1.36E-12 mg/kg-day l/(mg/kgday) - 
M 2.03E-12 mglkg-day l/(mg/kg-day) - 

9.16E-10 

(1) Specify Medium-Specific(M) or Route-Specific (R) EPC selected for risk calculation. 

Warm-Site-5-Surface Soil-lnh Cancer Risk Ind-Adult RME.xls 6-97 6/30/00 



TABLE 650 
CALCULATION OF CANCER RISKS - CHILD RESIDENT CONTACT (ING. & DER.) WtTH SITE 5 SUBSURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 
Medium: Subsurface Soil 

Exposure Medium: Subsurface Soil 
Exposure Point: Contact (Ing. & Der.) with Site 5 Subsurface Soil 
Receptor Population: Resident 

Exposure 
Route 

Chemical Medium 
of Potential EPC 

Concern Value 

Medium 
EPC 

Units 

Ingestion Aluminum 
Arsenic 
Barium 
Cadmium 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Silver 
Thallium 
Vanadium 
Zinc 
484.DDD 
4$-DDE 
4,4’.DDT 

Arodor-1242 
Arodor-1248 
Arodor-1254 

Benz(a)anthracane 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Chrysene 

CTOW 

134E+04 
3.06E+OO 
2.17E+02 
5.50E+OO 
8.02E+02 
3.37EtO4 
7.27E+Ol 
9.37E+02 
3.47E-01 
3.93E+Ol 
3.83E+Ol 
7.03E-01 
6.16E+ol 

286E+02 
1.94E+Ol 
1.11E+01 
133E+Ol 
3,27E+Ol 
3.40E+Ol 
6.30f+Ol 

394E+02 
3.75E+02 
3.71E+O2 

4.03E+02 

1.34E+O4 msM M 1.33E-02 mgk+y l/(mglkg-day) - 

3.06E+OO mgh M 3.03E-06 ~~~g-dw 1.50E+W ImMwday) 455E-06 

2.17E+02 msk9 M 2.15E-04 mglkg-day l/(mgAg-day) - 

5.50E+O6 mgh M 5.45E-06 mglkg-dw l/(mgAgday) - 

8.02E+02 wf% M 794C04 mgikg-day - l/(mglkg-day) - 

3.37E+O4 mgk9 M 3.34E-02 mglkg-day l/(mgkgday) - 

7.27E+Ol m9fi9 M 7.2OE-05 mM-day ll(mgkgday) - 
9.37E+02 msh M 9.28G04 mgkg-day l/(mg/kg-day) - 
3.47E-01 m9k9 M 3.44E07 mgkg-day l/(mg/kQ-day) - 
3.93E+Ol mgk9 M 3.89E-05 fw/kg-W l/(mgkg-day) - 
3.83E+Ol wh hl 3.79G05 mgkg-day - l/(mgikg-day) - 

7.03E-01 m9k9 M 8.96E-07 wM@w l/(mglkg-day) - 
8.16E+ol mgk9 M 6.lOE-05 wk?W l/(mg/kg-day) - 
2.88E+02 m9h M 2.83E-04 m&i-W l/(mgkgday) - 
1.94E+Ol UQkl M l.Q2E-08 mglkg-day 2.40E-01 1 l(mglkg-day) 4.61 E-09 
l.llE+Ol ‘JQkl M l.lOE-06 mglkg-day 3.40E-01 Ww’WW 3.74E-09 
1.33E+Ol whl M 1.32E-08 mgikg-day 3.40E-01 ll(mglkg-day) 4.48E-09 
3,27E+Ol WkQ M 3.24E-08 mgkg-day 2.OOE+00 ll(mgkg-day) 6.48E-08 
3,40E+Ol uekl M 3.37E-08 w+.g-W 2.00E+Oil l/(mglkg-day) 6.73E-08 
6.30E+Ol m9 M 6.24E-08 mgkg-day 2.00E+O5 l/(mgikg-day) 1.25E-07 
38dE+02 UQkl M 3.8OE-07 mglkg-day 7.30E-01 l/(mgArgday) 2.78G07 
3.75E+02 wMl M 3.71E-07 fWIwdaY 7.30E+OO WmakgdaY) 2.71 E-06 
3.7lE+02 wm M 3.67E-07 mgkg-day 7.3OE-01 l/(mgkg-day) 2.68E-07 
4.03E+02 wh M 3.QQE-07 mgkg-day 7.3OE03 l/(mgkgday) 2.9lE-09 

8.07E-06 

Warm-Site-!5-Subsurface Soil-lng and Der Cancer Risk Res-Child RME.xls 6-98 6/30/00 



TABLE 6.50 (continued) 

CALCULATION OF CANCER RISKS -CHILD RESIDENT CONTACT (ING. B DER.) WITH SITE 5 SUBSURFACE SOIL 
REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 

Exposure Point: Contact (Ing. IL Der.) with Site 5 Subsurface Soil 
Receptor Population: Resident 
Receotor Aoe: Child 

Exposure 
Route 

Chemical Medium 
of Potential EPC 

Concern Value 

Medium 
EPC 

Units 

3ewl Absorption Aluminum 
Arsenic 

Barium 
Cadmium 

Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 

Silver 
Thallium 
Vanadium 
Zinc 
4.4’-DDD 
4.4-DDE 
4,4’-DDT 
Arc&x-l 242 
Arodor-1248 
Arocior-1254 
Benz(a)anthracene 
Benzo(a)pyrane 
Benzo(b)fluoranthene 
Chrysene 
(Total) 

13E+o4 
3.06E+OO 
2.17E+02 
5sOE+oO 
B.O2E+02 
3.37E+O4 
7.27E+Ol 
9.37E+02 
3.47E-01 
3.93E+Ol 
3.83E+Ol 
7.03E-01 
6.16E+OI 
2.86E+02 
I .94E+OI 

l.llE+Ol 
1.33E+Ol 
3.27E+Oi 
3.40E+Ol 
6.30E+Ol 
3.84E+02 
3.75E+02 
3.71 E+O2 
4.03E+02 

I .34E+O4 
3.06E+OO 

2.17E+02 
5.50E+OO 
&02E+02 
3.37E+O4 
7.27E+Ol 
9.37E+02 
3.47G01 
3.93EtOI 

3.83E+Ol 
7.03E-01 
6.16E+Ol 
2.86E+02 
1.94l?+01 
l.llE+OI 
1.33E+Ol 
3.27E+Oi 
3.40E+Ol 
6.30E+Oi 
3.84E+02 
3.75E+02 
3.7IE+02 
4.03E+02 

M 6.3OE-05, mgfkgday - l/(mg&g-day) - 

M 4.61E-08 mgM4-W 1.58E+oo lbfwkg-day) 7.27E-08 

M I .02E-06 mg/kg-day - l/(mgkg-day) - 

M 2.59E-08 mg&g-day ll(mgrkg-day) - 
M 3.77E-06 mglkg-day I/(mgfkg-day) - 
M 1.59E-04 m~~g-daY ll(mgnCg-day) - 
M 3.42&07 mt&vJay - I/(mglkg-day) - 
M 4.41 E-06 mwWdaY l/(mg/kgday) - 
M 1.63E-09 mglkg-day l/(mglkg-day) - 
M I .85E-07 mg/kg-day - l/(mglkg-day) - 
M 1.80E-07 mwWday ll(mgRgday) - 
M 3.31 E-09 mWWdaY l/(mg/kg-day) - 
M 2.9OE-07 mglkg-day l/(mglkg-day) - 
M 1.35E-06 mg/kg-day I/(mglkg-day) - 
M 9.13E-10 mglkg-day 2.40E-01 l/(mgfig-day) 2.19E-10 

M 5.22GIO mwWdaY 3.40E-01 Ww’ksdey) 1.76E-IO 
M 6.26E-10 w&W 3.40E-01 l/(mg/kg-day) 2.13E-10 
M 1.54G09 mglkg-day 2.OOE+OO l/(mglkg-day) 3.06E-09 
M I .60E-09 mgkgday 2.OOE+OO l/(mglkg-day) 3.20E-09 
M 2.96E-09 mglkg-day 2.OOE+OO Wmm-day) 5.93E-09 
M 1.81 E-08 mglkg-day ll(mglkg-day) - 
M 1.76E-08 mg/kgday - l/(mg&g-day) - 
M 1.75E-08 mg/kg-day - I/(mg/kg-day) - 
M 1.9OE-08 mgnCg-day ll(mglkg-day) - 

1 8.5%08 
Tr\,rl 0‘ D.w,,ne II r( ,RE-T\C 

(1) Specify Medium-Specific (M) or Route-Specific(R) EPC selected for risk calculation. 
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TABLE 651 
CALCULATION OF CANCER RISKS. CHILD RESIDENT PARTICULATE DUST INHALATION FROM SITE 5 SUBSURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 
Medium: Subsurface Soil 

Exposure Medium: Particulates 
Exposure Point: Inhalation of Particulates from Site 5 Subsurface Soil 
Receptor Population: Resident 

Exposure 
Route 

Inhalation 

Chemical 
of Potential 

Concern 

Aluminum 
Arsenic 
Barium 
Cadmium 

Copper 
Iron 
Lead 
Manganese 

M-V 
Nickel 
Silver 
Thallium 

Vanadium 
Zinc 
4,4’-DDD 
4.4-DDE 
4,4’-DDT 
Arocior-1242 
Arocior-1248 

A&or-1254 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 

Chrysene 

i-W 

Medium Medium 

EPC EPC 

Value Units 

I .34E+04 mgh 
3.06E+OO mgh 
2.17E+02 mc4&4 
5.50E+90 mab 
8.02E+02 mm4 
3.37E+O4 mwk4 
7.27E+Ol mah 
9.37E+02 m9h 
3.47E-01 m&3 
3.93E+Oi me*e 
3.83E+Ol mgh 
7.03E-01 mgh 
6.16E+Ol ms& 
2.86E+02 mglkg 
194E+Ol w&l 
1 .I I E+Ol wkl 
1.33E+OI w% 
3.27E+OI wml 
3.40E+Ol K&l 
6.30E+Ol w&l 
3.84E+02 uahl 
3.75E+02 wkl 
3.71E+02 um 
4.03E+02 whl 

134E+O4 
3.06E+OO 
2.17E+02 
5,50E+OO 

8.02E+02 
3.37E+O4 
7.27E+Ol 
9.37E+02 
3.47E-01 

3.93E+Ol 
3.83f+ol 
7.03E-01 
&mE+ol 
2.86E+02 
194E+01 
1 .l I E+Ol 
1,33tz+o1 
3.27E+OI 
3.40E+OI 

M 1.45E-06 mgkg-dw I/(mglkg-day) - 

M 3.31 E-l 0 mglkg-day 1.51 E+Ol ll(mgikg-day) 4.99E-09 

M 2.34E-08 mglkg-day ll(mglkg-day) - 

M 5.94E10 mgikg-day 6.30E+OO l/(mg/kg-day) 3.74E-09 

M 8.66E-08 mglkg-day Il(mglkg-day) - 

M 3.64E-06 mvW-W ll(mglkg-day) - 

M 7.85E-09 mg/kg-day l/(mglkg-day) - 

M 1 .Ol E-07 mvkgdaY ll(mglkg-day) - 

M 3.75E-11 mglkgday - ll(mgnCgday) - 

M 4.25E-09 mg/)cg-day l/(mgAtg-day) - 

M 4.14E-09 mglkg-day - Il(mglkgday) - 

M 7.59GI I wM-daY I/(mgr’kg-day) - 

M &65E-09 mg/kg-day l/(mgnCg-day) - 

M 3.09C08 m~kgday ll(mglkg-day) - 

M 2.10E-12 mgkg-day - ll(mgkg-day) - 
1 I(mglkg-day) - 

M l&E-12 mgikg-day 3.40E-01 ll(mgfkg-day) 4.89E-13 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation 
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RME cancer risk for a residential adult exposed to subsurface soil at Site 5 was estimated at 41.1 x 10m6, 

which was within EPA’s target risk range of 1.0 x IO4 to 1.0 x 1O-6 (Table 6-52, contribution from 

ingestion/dermal absorption and Table 6-53, inhalation of fugitive dust). The primary contributors to the 

cancer risk were arsenic (via ingestion and dermal contact) with an individual cancer risk of 2.4 x IO” and 

benzo(a)pyrene (via ingestion) with an individual cancer risk of 1.3E-06. 

RME cancer risk for lifetime residential receptors exposed to subsurface soil at Site 5 was estimated at 

1.2 x 10m5, which was within EPA’s target risk range of 1.0 x 10m4 to 1.0 x 10m6 (Table 6-54, contribution 

from ingestion/dermal absorption and Table 6-55, inhalation of fugitive dust). The primary contributors to 

the cancer risk were arsenic (via ingestion and dermal contact) with an individual cancer risk of i7.0 x 10m6 

and benzo(a)pyrene (via ingestion) with an individual cancer risk of 4.0 x 1 Oe6. 

RME cancer risk for an industrial adult exposed to subsurface soil at Site 5 was estimated at 1.8 x IO”, 

which was within EPA’s target risk range of 1.0 x lOa to 1.0 x lOa (Table 6-56, contribution from 

ingestion/dermal absorption and Table 6-57, inhalation of fugitive dust). Arsenic (via ingestion and 

dermal contact) was the primary contributor to the cancer risk with an individual cancer risk of 1 .I x 1 Os6. 

.-, 6.5.5.3 Sediment 

RME cancer risk for a recreational child (age 6 - 12) exposed to sediment at off-site areas near Site 5 was 

9.4 x 1 OS7 which was below EPA’s target risk range of I .O x 1 OA to 1 .O x 1 Od (Table 6-58, contribution from 

ingestionldermal absorption). 

6.5.5.4 Surface Water 

RME cancer risks for a recreational child (age 6 - 12) exposed to surface water (total inorganics and 

organics) at off-site areas near Site 5 was 2.3 x 1 Om8 which was below EPA’s target risk range of 1 .O x 10m4 

to 1 .O x 10s6 (Table 6-59, contribution from ingestionldermal absorption). 

6.5.6 Lead Risks 

Lead was identified as a COPC in surface soil and subsurface soil at Site 5. The “N/A” footnote was 

applied to all risk tables that had lead selected as a COPC. 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 

LJDOCUMENTSINAVYI141 Z/13748 
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TABLE 6-52 
CALCULATION OF CANCER RISKS -ADULT RESIDENT CONTACT (ING. B DER.) WITH SITE 5 SUBSURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

~Scenano Timeframe: Future II 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 
Exposure Point: Contact (Ing. 8 Der.) with Site 5 Subsurface Soil 
Receptor Population: Resident 
Receptor Age: Adult I 

Exposure 
Route 

Ingestion 

Chemical 
of Potential 

Concern 

Aluminum 
Arsenic 
Banum 

Cadmium 

Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Silver 
Thallium 
Vanadium 
Zinc 
4,41DDD 
4.4-DDE 
4.4’-DDT 
Arocfor-1242 
Aroclor-1248 
Aroclor-1264 

Benr(a)anthracene 
Benzo(a)pyrene 

Benzo(b)Ruoranthene 

Chrysene 
(Total) 

Medium 

EPC 

Value 

1.34E+o4 
3.ffiE+OO 
2.17E+02 

5.50E+OO 
8.02E+02 
3.37E+O4 
7,27E+Ol 
9.37E+02 
3.47E01 
3.93E+Ol 
3.83E+Ol 

7.03E-01 
6.16E+Ol 
2.86E+02 
1 .-ME+01 
1 .I 1 E+Ol 
1.33E+Ol 
3.27E+Ol 
3.40E+Ol 
6.30E+Ol 
3.84E+02 
3.75E+02 
3.7lE+02 

4.03E+02 

Medium 

EPC 

Units 

mgM 
mww 
mm3 
m9kl 
mm 
mgkg 
mgk7 
mgh 
mgkg 

mgm 
mwke 
mr4h 

mm 
msncs 
w% 
wml 
UQh 
Kim 
wncs 
WVM 

ww 
wkl 
w&i 

WM 

134E+O4 
3.06E+OO 
2.17E+02 

550E+OO 
8.02E+02 
3.37E+O4 

7.27E+Ol 
9.37E+02 
3.47E-01 
3.93E+Ol 
3.83E+Ot 

7.03E-01 
6.16E+ol 
2.86E+02 
l.Q4E+Ol 
1 .l 1 E+Ol 
1.33E+Of 
3.27E+Ol 
3.40E+Ol 

6.30E+Ol 
3.@4E+02 
3.75E+02 

3.71E+02 
4.03E+02 

mgk-4 
m#g 
mm 
mglkg 
mg@ 
mm3 
mglkg 
we9 
mww 
m&a 
mm 
mglkg 

mgh 
mww 
uww 

UQ’@ 
WI&J 
ww 
WV 
wm 
um 
uml 
wlk! 
wm 

M 6.29E-03 mgr’kg-day l/(mgikg-day) - 

M 1.44E-06 mgkg-day 1,50E+OO i/(mg/kg-day) 2.16E-06 

M l.O2E-04 mgkg-day l/(mg/kg-day) - 

M 2.58E-06 mw’WW l/(mgkg-day) - 

M 3.77E04 mglkg-day - i/(mgkg-day) - 

M 1.58E-02 mgkg-day I/(mgRg-day) - 

M 3.41 E-05 mgikg-day l/(mgrkg-day) - 

M 4.4OE-04 mglkg-day ll(mgikg-day) - 

M 1.63E07 mgkg-day l/(mgkg-day) - 

M 1.85E-05 mgkg-day - l/(mgkg-day) - 

M 1 .SOE-05 mgrkg-day ll(mgnCg-day) - 

M 3.3OE-07 mgkg-day l/(mgkg-day) - 

M 2.89E-05 mgikg-day WwfM-W - 
M 1.34&04 mgkg-day l/(mg/kg-day) - 

M Q.llE-09 mgkg-day 2.40E-01 l/(mgikg-day) 2.lQE-09 

M 5.21 E-09 mg/kg-day 3.40E-01 ll(mglkg-day) 1.77&09 

M 6.25E-09 mgkg-day 3.40E-01 ll(mg/kg-day) 2.12G09 

M 1.54E-08 mgkg-day 2.OOE+OO l/(mg/kg-day) 3.07G08 

M 1.60E-08 mgkg-day 2.00E+OO l/(mgikg-day) 3.19E-08 

M 296E-08 mgkg-day 2.00E+OO l/(mgkg-day) 5.92E-08 

M 1.80E-07 mglkg-day 7.30E-01 l/(mglkg-day) 1.32E-07 

M 1.76E-07 mgrkg-day 7.30E+OO l/(mgrkg-day) 1.2QE-06 

M 1.74E-07 mgkg-day 7.30E-01 l/(mgkg-day) 1.27E-07 

M l .EQE-07 mgkg-day 7.30G03 l/(mglkg-day) 1.38G09 
3.83E-06 

Warm-Site-5-Subsurface Soil-lng and Der Cancer Risk Res-Adult RME.xls 
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TABLE 6-52 (continued) 

CALCULATtON OF CANCER RISKS -ADULT RESIDENT CONTACT (ING. 8 DER.) WITH SITE 5 SUBSURFACE SOIL 
REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Exposure Medium: Subsurface Soil 

Receptor Population: Resident 

Exposure 
Route 

Chemical Medium 
of Potential EPC 

Concern Value 

Medium 
EPC 

Units 

lermal Absorption Aluminum 1.34E+O4 mgk7 1.34E+O4 mgkg M 1.87E-04 mfdmday l/(mg/kg-day) - 

Arsenic J.OBE+OO mgh 3.06E+CJJ mm M 1.37E-07 mglkg-day 1 SE+00 ll(mgikg-day) 2.16E-07 

Barium 2.17E+02 meh 2.17E+02 mwk3 M 3.03E-06 mglkg-day ll(mglkg-day) - 

Cadmium 5.5OE+M) meh 550E+W m&3 M 7.67E-08 mgikg-day ll(mg/kg-day) - 

Copper 8.02E+02 mgk3 &02E+02 mgfig M l.l2E-05 mwWW l/(mg/kg-day) - 

Iron 3.37E+O4 mgh 3.37E+O4 mgh M 4.70E-04 wWdaY ll(mgrkg-day) - 

Lead 7.27E+Ol meh 7.27E+Ol mgb M 1 .Ol E-06 mglkg-day - ll(mg/kg-day) - 

Manganese 9.37E+02 me&4 9.37E+02 mr&s M 1.31 E-05 mMWw ll(mglkg-day) - 

Mercury 3.47E-01 mgh 3.47E-01 msnce M 4.84G09 mg/kg-day ll(mg&day) - 

Nickel 3.93E+01 msh 3.93E+Ol mgntg M 5.48E-07 mgtkgday - ll(mgkgday) - 
Silver 3.83E+Ol msh 3.83E+Oi mgkg M 5.34E-07 m!Nwdw WWWaY) - 
Thallium 7.03E-01 me& 7.03E-01 mw@ M 9.81E-09 mgkg-day I/(mglkgday) - 
Vanadium 6.16E+ol mww 6.16E+Oi m&3 M 8.59E-07 mgikg-day ll(mgkgday) - 
Zinc 2.86E+02 mgh 2.86E+02 mgh M 3.99G06 mg/kg-day l/(mg/kg-day) - 
4.4’-DDD 1.94E+Ol wm l%E+Ol um M 2.71 E-W mw’M-day 2.40E-01 I/(mgnCg-day) &49E-10 
4.4’-DDE l.llE+Ol wlkl 1 .l 1 E+Ol wm M 1.55E-09 mg/kg-day 3.40E-01 ll(mgkg-day) 5.26E-10 
4.4’-DDT 1.33E+Ol w&l 1.33E+Ol ul?h M l..36E-09 mg/kg-day 3.40E-01 l/(mg/kg-day) 6.31E-10 
Aroclor-1242 3.27E+Ol wRl 3.27E+Ol wkl 
Aroclor-1248 3.40E+Ol wh 3,40E+Ol w&l 
Aroclor-1254 6.30E+Ol wml 6.30E+Ol 
Benz(a)anthracene 3.84E+OZ wkl 
Benzo(a)pyrene 3.75E+02 ww 
Benzo(b)fluoranthene 3,71E+02 wkl 
Ch!ysene 4.03E+Q2 whl 

E z 

(Total) 

TotalafRoutes 

(I) Specify Medium-Specific (M) or Route-Specific(R) EPC selected for risk calculation. 
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TABLE 6-53 
CALCULATION OF CANCER RISKS -ADULT RESIDENT PARTICULATE DUST INHALATION FROM SITE 5 SUBSURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

[Scenario Timeframe: Future il 
Medium: Subsurface Soil 

Exposure Metlium: Partiwlales 
Exposure Point: Inhalation of Particulates from Site 5 Subsurface Soil 
Receptor Population: Resident 
Receptor Age: Adult 

Exposure 
Route 

Chemical Medium 
of Potential EPC 

Concern Value 

Medium 
EPC 

Units 

Inhalation Aluminum 
Arsenic 
Barium 
Cadmium 

Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Silver 
Thallium 
Vanadium 
Zinc 
4/l’-ODD 
4.4’-DDE 
4,4’-DDT 
Arocior-1242 
Ardor-1248 
Amclor-1254 

Benz(a)anthracene 
Benzo(a)pyrana 
Benzo(b)fluoranlhene 

Chrysene 

CTOW 

I .34E+O4 
3.06E+OD 
2.17E+02 
5.50E+OO 
8.02E+02 
3.37E+O4 
7.27E+Ol 
9.37iE+02 
3.47E-01 
3.93E+Ol 
3.83E+Ol 
7.03E-01 
8.18E+Ol 
2.86E+02 
194E+Ol 
1.1lE+Ol 
1.33E+Ol 

3.27E+Ol 
3.40E+Ol 
8.30E+Ol 

384E+02 
3.75E+02 
3.71E+02 
4.03E+02 

134E+O4 
J.OBE+OO 
2.17E+02 
5.50E+OO 
8.02E+O2 
3.37E+O4 
7.27E+OI 
9.37E+02 
3.47E-01 
3.93E+Ol 
3.83E+Ol 
7.03E-01 
8.18E+Ol 
2.88E+02 

194E+oI 
I.IIE+Ol 
1.33E+Ol 
3.27E+Ol 
3.40E+Ol 
8.30E+Ol 
384E+02 
3.75E+02 
3.71E+02 
4.03E+02 

M 1.83E-08 mw%daY ll(mglkg-day) - 

M 4.18E-10 mgh-dw 1.5lEtOl ll(mglkg-day) 8.3lE-09 

M 2.96E-08 mg/kg-day I/(mglkg-day) - 

M 7.5lE-10 mglkg-day 8.30E+M) l/(mglkg-day) 4.73B09 

M l.lOE-07 nxvW&’ - l/(mgArgday) - 

M 4.60E-08 mgikg-day l/(mglkg-day) - 

M 9.93E-09 mglkg-day - Il(mgrkg-day) - 

M 1.28E-07 mglkg-day l/(mgkgday) - 

M 4.74E11 mgikg-day l/(mg/kg-day) - 

M 5.37E-09 mglkg-day I/(mg&g-day) - 

M 5.23E-09 mg/kg-day l/(mg/kgday) - 

M 9.8iE-11 mgtkg-day - l/(mgArgday) - 

M 8.42G09 wh-day l/(mgikg-day) - 

M 3.91 E-08 mglkg-day l/(mg/kg-day) - 

M 2.85E-12 mgrkg-day - l/(mg/kg-day) - 

M 1.52E-I 2 mgikgday - l/(mgArg-day) - 

M 1.82E-12 mgkg-day 3.40E-01 l/(mglkg-day) E.lEE-I3 

M 4.47G12 mg/kg-day 2.00E+Otl l/(mg/kg-day) 894E-12 

M 4.85E-I2 mg&g-day 2.00E+@O l/(mgArg-day) 9.29E-12 

M 6.8lE-12 mgikg-day 2.00E+OO I/(mglkg-day) 1.72E-I 1 

M 5.25G11 mg/kg-day l/(mglkg-day) - 

M 5.12E-11 mglkg-day 3.lOE+O9 l/(mglkg-day) 1.59E-10 

M 5.07E-11 mglkg-day l/(mglkg-day) - 

M 5.51 E-l 1 mgh-day l/(mglkgday) - 
I .12E-08 

(1) Specify Medium-Specific(M) or RouteSpeckic (R) EPC selected for risk calculation. 
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TABLE 6-64 

CALCULATION OF CANCER RISKS - LIFETIME RESIDENT CONTACT (ING. EL DER.) WITH SITE 5 SUBSURFACE SOIL 
REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 

Exposure Point: Contact (Ing. & Der.) with Site 5 Subsurface Soil 
Receptor Population: Resident 
Receotor Aoe: Child/Adult 

Exposure 
Route 

Chemical 
of Potential 

Concern 

Ingestion Aluminum 
Arsenic 
Barium 
Cadmium 

Copper 
Iron 
Lead 
Manganese 
Mercuiy 
Nickel 

Silver 
Thallium 
Vanadium 
Zinc 
4.4’-DDD 
4-C-DDE 
4.4’-DDT 
Arocior-1242 
Aroclor-1248 
Aroclor-1254 
Benz(a)anthracene 
Benzo(a)pyrene 

Benzo(b)Ruoranthene 
Chrysene 
(Total) 

1.34E+O4 m9M 
3.06E+OO mak9 
2.17E+02 m&3 
5SOE+OO mgh 
8.02E+02 mglkg 
3.37E+O4 mgh 
7.27E+Ol mgh 
9.37E+02 manc9 
3.47E-01 msncg 
3.93E+ol wik9 
3.83E+Ol mgh 
7.03E-01 mgk9 
&lEE+ol mob 
2.88E+02 w/kg 
1.94E+Ol ww 
1 .l lE+Ol will 
1.33E+Ol wfig 
3.27E+Ol u9~0 
3.40E+Ol KmJ 
6.30E+Ol uDNg 
3.84E+02 ugk9 
3.75E+02 wkl 
3.71lz+02 uom 
4.03E+02 uafio 

134E+O4 
3.06E+OO 
2.17E+02 
5.5OE+OO 
8.02E+02 

3.37E+O4 
7.27E+Ol 
9.37E+02 
3.47E-01 
3.93EtOl 
3.83E+Ol 
7.03E-01 
6.16E+Ol 
2.88E+02 
1.94E+Ol 
l.llE+ol 
1.33E+Ol 
3.27E+Ol 
3.40E+Ol 
6.30E+Ol 
3.84E+02 
3.75E+02 

3.7lE+02 
4.03E+02 

M 6.29E-03 wkoday l/(mgkg-day) - 

M 4.4lE-06 ms@W 1.5OE+OO Wma~a-day) 6.70~~06 

M l.O2E-04 mQ/kgday - l/(mgkg-day) - 

M 2.58E-06 mglkg-day l/(mgkg-day) - 
M 3.77E-04 mgkg-day l/(mg/kg-day) - 
M 1.56E-02 mglkg-day l/(mglkg-day) - 
M 3.41 E-05 mgkg-day l/(mg/kg-day) - 
M 4.40E-04 w/kg-day ll(mg/kgday) - 
M 1.63E-07 mgkg-day - l/(mglkg-day) - 
M 1.65E-05 mgkgday - l/(mgkg-day) - 
M l.EOE-05 mglkg-day ll(mgkg-day) - 
M 3.30E-07 mgkg-day l/(mgkg-day) - 
M 2.89E-05 mob-day ll(mglkg-day) - 
M 1.34E-04 mgkg-day l/(mgkg-day) - 
M 2.83E-08 nWg-day 2.40E-01 ll(mglkg-day) 6.80E-09 
M 1.62E-08 mokoday 3.40E-01 Wma~gka-day) 5.51 E-09 
M 1.94~~08 whdw 3.40~~01 l/(mgfig-day) 8.60E-09 
M 4.77E-08 molkg-dw 2.0@?+00 ll(mgIkg-day) 9.55E-08 
M 4.98E-08 wWday 2.OOE+OO l/(mgfig-day) 9.93E-08 
M 9.20E-08 mgkg-day 2.OOE+OO l/(mg/kg-day) 1.84G07 
M 5.61 E-07 mwWW 7.30E-01 ll(mglkg-day) 4.09E-07 
M 5.47E-07 mgkg-day 7.30E+OO WokD-day) 4.00E-06 
M 5.42E-07 m9~o-W 7.30E-01 l/(mg/kg-day) 3.95E-07 
M 5.88E-07 mgkg-day 7.30E-03 l/(mg/kg-day) 4.29E-09 

l.lSE-05 
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TABLE 6-64 (continued) 
CALCULATtON OF CANCER RISKS - LIFETIME RESIDENT CONTACT (ING. 8 DER.) WtTH SITE 5 SUBSURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Exposure Medium: Subsurface Soil 

Exposure Chemical Medium Medium 

Route of Potential EPC EPC 

Concern Value Units 

Irenal Absorption Aluminum I .34E+O4 mgk9 1.34E+64 mgks h4 1.87E-84 mglkg-day - l/(mg/kgday) - 

Arsenic 3.06E+OO m#ncs 3.06E+O6 mokg M 1.83E07 mwkg-day 1.58E+OO 1hokt-W) 2.88G07 

Barturn 2.17E+02 moR9 2.17E+02 mgfb M 3.03E-06 mgkg-day - Il(mglkgday) - 

Cadmium 5.50E+66 m9h 5.50E+Ofl m&3 M 7.67E-08 mwWW l/(mgkgday) - 

Copper 802E+02 mgh 8.02E+02 mgki M l.l2E-05 mgrkg-day Il(mgkgday) - 

Iron 3.37E+O4 m9fi9 3.37E+O4 mgh M 4.70E-64 mg/kg-day l/(mgtkgday) - 

Lead 7.27E+Ol mgh 7.27E+Ol msh M l.OlE-06 mgkg-day ll(mgikgday) - 

Manganese 9.37E+02 m@w 9.37E+02 mwk3 M 1.31E-05 mglkg-day ll(mglkgday) - 

Mercury 3.47E-01 mgh 3.47E-01 mok9 M 484E-09 mglkg-day l/(mgkgday) - 

Niche1 3.93E+Ol mgh 3.93E+Ol mak9 M 5.48E-67 mgkg-day l/(mglkgday) - 

Silver 3.83E+Ol mgh 3.83E+Ol mgk9 M 5.34E-07 m!mdw l/(mgfigday) - 

Thallium 7.03E-01 m9fW 7.03E-01 msk9 M S.ElE-09 mg~0-W ll(mgAgday) - 

Vanadium 6.16E+Ol me47 8.16E+ol mgm M 8.59E-67 moko-W l/(mgArgday) - 

Bnc 2.86E+02 m/kg 2.86E+02 mom M 3.99E-06 mglkg-day l/(mgkgday) - 

4.4-DDD 194E+Ol UD~D 194E+Ol uokl M 3.62E-09 mgkg-day 2.40E-01 Vm@.wW) 8.68&10 

4,4,-DDE l.llE+Ol ugk9 l.llE+Ol um M 2.07G09 nmwW 3.40E-01 WWWW 7.04E-10 

4.4-DDT 1.33E+Ol w&l 1.33E+Ol ugnr9 M 2.48E-09 WWW 3.40E01 IOvWIay) 8.43E-10 

Arodor-I 242 3.27E+Ol ugk9 3.27E+Of w&l M 6.10E-69 mgkg-day 2.66E+O6 WWwW 1.22E08 

Am&r-l 248 3.40E+Ol uoka 3.40E+Ol wkl M 6.34E-09 mgikg-day 2.00E+W l/(mgikg-day) 1.27E-08 

Aroctor-1254 8.30E+Oi wk3 6.30E+Ol wkl M l.lEE-08 mgkg-day 2.OOE+O6 l/(ms~gdaY) 2.35G08 

Benz(a)anthracene 384E+02 u9kg 384E+02 u9A9 M 5.36E-08 mgRg-day I/(mgkgday) - 

Benzo(a)pyrene 3.75E+02 UDkl 3.75E+02 wkl M 5.23E-08 mok+Y l/(mgkgday) - 

Benzo(b)fluoranthene 3.71E+02 w&l 3.71Et02 whl M 5.18E-08 mgkg-day l/(mgkgday) - 

Chlysene 4.03E+02 ma 4.03E+02 UDkD M 5.62E-68 mgkg-day l/(mgkgday) - 

(Total) 3.39E-07 
TotalolRoutesrTzE 

(1) Specify Medium-Specific(M) or Route-Specific(R) EPC selected for risk calculation. 
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TABLE 6-55 

CALCULATION OF CANCER RISKS - LIFETIME RESIDENT PARTICULATE DUST INHALATION FROM SITE 6 SUBSURFACE SOIL 
REASONABLE MAXtMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 
Medium: Subsurface Soil 

Exposure Medium: Particulates 
Exposure Point: Inhalation of Particulates from Site 5 Subsurface Soil 
Receptor Population: Resident 

Exposure 
Route 

Chemical Medium 
of Potential EPC 

Concern Value 

Medium 

EPC 

Units 

Inhalation Aluminum 

Arsenic 
Barium 
Cadmium 
Copper 
Iron 
Lead 
Manganese 
Mercury 

Nickel 
Silver 

Thallium 
Vanadium 
Zinc 
4.4’~DUD 
4/?-DDE 
4,4’-DDT 
Arodor-1242 
Amdor-1248 
Amdor-1254 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Chrysene 

CrOW 

134E+O4 
3.06E+OO 
2.17E+02 

550E+OD 
8.02E+02 
3.37E+O4 
7.27E+Ol 
9.37E+02 
3.47E-01 
3.93E+Ol 
3.83E+Ol 
7.03E-01 
6.18E+Ol 
2.86E+02 
l.Q4E+Oi 
l.llE+Ol 
1,33E+Ol 
3.27E+Ol 
3.40E+Ol 

6.30E+Ol 
384E+02 

3.75E+02 

3.7tE+02 
4.03E+02 

mm2 
mnlkn 
mt/kn 
mm 
mak4 

wk3 
make 
wh3 
mglkg 
maw 
mgncn 
mnb 
meh 
mDAQ 
w-a 
u@Nl 
wkl 
uDAg 
WED 

WJRD 
UDAD 

WkD 
uglkg 
UDNI 

134E+O4 
3.08E+OO 

2.17E+02 
5.5oE+oo 
8.02E+02 
3.37E+O4 
7.27E+Ol 
9.37E+02 
3.47E-01 

3.93E+Ol 
3.83E+Ol 
7.03E-01 
6.16E+ol 
2.86E+02 
194E+Ol 
l.llE+Ol 

1.33EtOl 
3.27E+Ol 
3.40E+Ol 
63OE+ol 

M 1.63E-06 mD~@-daY l/(mgIkg-day) - 

M 7.49610 m@kwW lSlE+Ol I/(mglkg-day) l.l3E-08 

M 2.96E-08 wb-dw l/(mgrkgday) - 

M 1.35E-09 mglkg-day 6.30E+OD WnYWW) 8.48E-09 

M 1 .lOE-07 m@kMy I/(mgrkg-day) - 

M 4.60E-06 w’%-dw l/(mglkg-day) - 

M 9.93&09 m@k@day l/(mglkgday) - 

M 1.28E-07 w%tdw l/(mgrkgday) - 

M 4.74G11 m@~@day l/(mgrkgday) - 

M 537E-09 mgrkgday - l/(mgrkg-day) - 

M 5.23E-09 mnkt-day ll(mgrkgday) - 
M 9.61E-11 mg/kg-day - l/(mglkg-day) - 

M 8.42E-09 mdk@w ll(mglkgday) - 
M 3.9lE08 m@Agday l/(mgrlrg-day) - 
M 2.65E-12 mn~nday IlOW%+%) - 
M 1.52E-12 w&vW - l/(mgrkgday) - 
M 3.25E-12 mgfigday 3.4OE-01 WwvWday) l.liE-12 

M E.OOE-12 m&t-day 2.OOE+OD 1NwWdday) 1.6OE-11 

(1) Specify Medium-Specific(M) or Route-Specific(R) EPC selected for risk calculation. 
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TABLE 8-88 
CALCULATION OF CANCER RISKS - ADULT INDUSTRIAL WORKER CONTACT (ING. 8. DER.) WITH SITE 6 SUBSURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 
Medium: Subsurface Soil 

Exposure Medium: Subsurface Soil 
Exposure Point: Contact (Ing. 8 Der.) with Site 5 Subsurface Soil 
Receptor Population: Industrial Worker 

Exposure 
Route 

Chemical Medium 
of Potential EPC 

Concern Value 

Medium 
EPC 

Units 

Ingestion Aluminum 
Arsenic 
Barium 
Cadmium 

Copper 
Iron 

Lead 
Manganese 
MWCU~ 
Nickel 
Silver 
Thallium 
Vanadium 
2lnc 
4.4’-DDD 
4.4-DDE 
4.4’-DDT 
Aroctor-1242 
Arc&r-l 248 
Arodor-I 264 
Benx(a)anthracene 
Benzo(a)pyrene 
Benzo(b)Ruoranthene 
Chrysene 
(Total) 

1.34E+O4 
3.06E+O6 
2.17E+02 
550E+Orr 
8.02E+02 
3.37E+O4 
7.27E+Ol 
9.37E+02 
3.47E-01 
3.93E+Ol 

3.83E+Ol 
7.03E-01 
8.18E+Ol 
2.86E+02 
1.94E+ol 
1.11E+01 
I .33E+01 
3.27E+Ol 

3.40E+Ol 
8,30E+Ol 
384E+02 
3.75E+02 
3.71E+O2 
4.03E+02 

I .34E+O4 
3,06E+OO 
2.17E+02 
5.50E+OO 
8,02E+02 
3.37wO4 
7.27E+Ol 
9.37E+02 
3.47E01 
393E+Ol 
3.83E+Ol 
7.03E-01 
6,18E+Ol 
2.88E+02 
194E+Ol 
l.llE+Of 
1,33E+Ol 

3.27E+Ol 
3.40E+Ol 
8.30E+Ol 
384E+O2 
3.75E+02 
3.71E+02 
4.03E+02 

M 2.34E-03 mctkgday Il(mgkg-day) - 

M 5.35E-07 mgk3-W 150E+O6 1 WakHw) 8.02E-07 

M 3.79E-05 mgkg-day l/(mgkgday) - 

M 9.61 E-07 mgkg-day - l/(mgkgday) - 

M 1.40E-04 mcvWW l/(mgkg-day) - 

M A 5.89E-03 mglkgday - l/(mgkg-day) - 

M I .27E-05 mgkg-day l/(mgkg-day) - 

M 1.64E-04 WWdw l/(mgIkgday) - 

M 8.06E08 mgkg-day 1 I(mgkg-day) - 

M 6.87E06 mgkg-day l/(mgkg-day) - 

M 8.69E-06 WWW l/(mgikg-day) - 

M 1.23E-07 mglkg-day l/(mglkg-day) - 
M 1 .OBE-O5 mglkg-day - l/(mgikgday) - 
M 5.00&05 mgkg-day l/(mgkg-day) - 
M 3.39s09 mghtg-day 2.40&01 l/(mg/kg-day) 8.14E-IO 

M 194G09 mglkg-day 3.40E-01 l/(mgkg-day) 659E-10 

M 2.32E-09 mglkg-day 3.4OE-01 14wlkwJay) 7.90E-IO 

M 5.71 E-09 mwWW 2.00E+00 ll(mgkgday) 1.14E-08 

M 594E-09 mcvWfaY 2.OOE+OO IMwWW) 1.19E-08 
M 1 .iOE-08 mY&daY 2.OOE+00 Il(mgkg-day) 2.20E-08 

M 6.71 E-08 mwWJaY 7.30E-01 ll(mgkg-day) 4.9OE-08 
M 8.55E-08 mglkg-day 7.30E+OO I/(mgkg-day) 4.78E-07 
M 6.48E-08 mglkg-day 7.3OE-01 l/(mgkg-day) 4.73&08 
M 7.04E-08 w&W 7.3OE-03 I/(mglkg-day) 5.14E-10 

1.42E-06 
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TABLE 8-68 (continued) 

CALCULATION OF CANCER RISKS -ADULT INDUSTRIAL WORKER CONTACT (ING. & DER.) WlTH SITE 8 SUBSURFACE SOIL 
REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Receptor Population: Industrial Worker 

I 
)ermal Absorption IAluminum 

Arsenic 
Barium 
Cadmium 
Copper 
Imn 
Lead 

Manganese 
Mercury 
Nickel 
Silver 
Thallium 
Vanadium 
Zinc 
4,4’-ODD 
4,4-DDE 
4,4’-DDT 
Aroclor-1242 
Aroctor-1248 
Aroctor-1254 
Eenz(a)anthracene 

Benzo(a)pyrene 
Senzo(b)Ruoranthene 
Chrysene 
frotan 

Exposure 
Route 

Chemical 
of Potential 

Concern 

I 
Medium Medium 

EPC EPC 

Value Units 

1.34E+04 
396E+OO 

2.17E+02 
55QE+OO 
8,02E+02 
3.37E+04 
7,27E+Ol 

937E+02 
3.47E-01 
3.93tz+oi 
3.83E+Ol 
7.03E-01 
8.16E+ol 
2.86E+02 
l.Q4E+Ol 
l.llE+Ol 
1.33E+Ol 
3.27E+Ol 
3,40E+Ol 

6.3OE+ol 
384E+02 
3.75E+02 
3.71E+02 
4.03E+02 

1.34E+O4 

3.06E+O6 
2.17E+02 
5.50E+OO 
8.02E+02 
3.37E+O4 
7.27E+Ol 
9.37E+02 
3.47E-01 
3.93E+Ol 
3.83E+Ol 
7.03E-01 
6.18E+ol 
2.88E+02 
1 .Q4E+Ol 
l.llE+Ol 
1.33E+Ol 
3.27E+Ol 
3.40E+Ol 
6.30E+Ol 
3.84E+OZ 
3.75E+02 
3.71E+02 
4.03E+02 

M 2.80E.94 mglkg-day f4-wkgday) 
M 2.05G07 mg/kg-day 1.58E+OO WwW-day) 
M 4.54E-06 mMWay l/(mg/kg-day) 

M l.l5E-07 mglkg-day WwM-W 
M 1.88E-05 mgrltg-day Ww%i-W 
M 7.05E-04 mgkMay MWWW) 
M 1.52E-06 WWJay Wwkgday) 
M 1 .Q6E-05 mg/kg-day l/(mg/kg-day) 

M 7.26E-09 mgikg-day Ww%-W 
M 8.23E-07 mwN!-day WnwkwW 
M 8.02E-07 mglkg-day l/(mglkg-day) 

M 1.47E-08 mgtkg-day - Il(mglkg-day) 

M 1.29E-08 mglkg-day Mwkg-day) 
M 5.99E-06 w/kg-W Vmglkg-daY) 
M 4.06E-09 m@wW 2.40E-01 Wmgkgday) 
M 2.32E-09 mglkg-day 3.40E-01 Wmglkg-day) 
M 2.78G09 wWW 3.40E-01 I/(mg/kg-day) 

M 6.84E-09 mg/kg-day 2.OOE+W ll(mgLg-day) 

M 7.12E-09 mglkg-day 2.OOE+OO Wg~g-day) 
M 1.32E-08 mglkg-day 2.06E+OQ WwfigdaY) 
M 8.04E-08 fw4-W Il(mgFng-day) 

M 7.85E-08 mgtkg-day - mxmday) 
M 7.77E-08 WWW -_ ll(mgAg-day) 
M 844E-08 mNkvW Il(mglkg-day) 

Total of Routes 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 

3.24E-07 

9.75G10 
79OE-IO 
9.47E-10 
1.37E-08 
1.42E-08 
2.64E-08 

3.81 E-07 

1 l.t?lF.nR 
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TABLE 6-57 
CALCULATION OF CANCER RISKS -ADULT INDUSTRIAL WORKER PARTICULATE DUST INHALATION FROM SITE 5 SUBSURFACE SOIL 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 

Exposure Medium: Psrticufafes 

Receptor Population: Industrial Worker 

Exposure 
Route 

Chemical Medium 
of Potential EPC 

Concern Value 

Medium 
EPC 

Units 

Inhalation Aluminum 
Arsenic 
Barium 
Cadmium 
Copper 
Iron 

Lead 
Manganese 
Mercury 
Nickel 
Silver 
Thallium 
Vanadium 
Zinc 
4,4’-DDD 
4,4’-DDE 

4,4’-DDT 
Aroctor-I 242 
Aroclor-1248 

Aroctor-1254 
Benz(a)anthracene 
Benzo(a)pyrene 

Benzo(b)Ruoranthene 
Chrysene 
(Total) 

1.34E+04 
3.06E+OO 
2.17E+02 
55OE+OO 
&02E+02 
3.37E+04 
7.27E+Ol 
9.37E+02 
3.47E-Of 
3.93E+Ol 
3.83E+Ol 
7.03E01 
6.16E+ol 
2.86&02 
1 .Q4E+Ol 
l.llE+Ol 
1.33E+Ol 
3.27E+Ol 
3.40E+Of 
6.30E+Ol 
3.84E+02 
3.75E+02 

3.71 E+02 
4.03E+02 

moko 
moko 
moko 
moko 
moko 
moko 
moko 
moko 
mono 
moko 
moko 
mok9 
mofio 
moko 
UOkO 

U@O 
uoko 
usnco 
uoncs 

uoko 
uoko 
uoko 
uoko 
uoko 

134E+O4 
3.06tE+oo 
2.17E+02 
5.50E+OO 
8.02E+02 
3.37E+04 
7.27E+Ol 
9.37E+02 
3.47E-01 
3.93E+Ol 
3.83E+ol 
7.03E-01 
6.16E+Oi 
2.86E+O2 
1 .Q4E+Oi 
l.llE+Oi 
I .33E+Ol 
3.27E+Ol 
3.40E+of 

630E+Ol 
3.84E+02 
3.75E+02 

3.71E+02 
4.03E+02 

moko 
moko 
m9ko 
molko 
moko 
moko 
moko 
moko 

meho 
moko 
moko 
moko 
moko 
moko 
uoko 
uoko 
UOkO 
uoko 
uoJ(o 

uofko 
uoko 
uoko 

UOkO 
UO~O 

M 4.54G07 mgtkgday - l/(mgAg-day) - 

M I .34E-10 mglkg-day 1.51E+Ol 1lOnoko-W 1.57E-09 

M 7.35E-09 mg/kg-day - Il(mgr’kg-day) - 

M l&5&1 0 mg/kg-day 630E+OO Wma/ko-day) 1.17E-09 

M 2.72E-08 mg/kg-day l/(mgikgday) - 

M l.l4E-06 mofi0-W l/(mg/kg-day) - 

M 2.46E-09 mglkg-day - l/(mg/kg-day) - 
M 3.18E-08 mglkg-day l/(mglkg-day) - 
M 1.18E-II mgkgday - l/(mg/kgday) - 
M 1.33E-09 mok0-W i/(mglkgday) - 

M 1.30E-OQ mgAg-day - l/(mgAg-day) - 

M 2.38G11 mglkgday - I/(mgAg-day) - 
M 2.09E-09 mg/kQ-day l/(mgnCgday) - 
M 9.69E-09 mgikg-day - l/(mgAg-day) - 

h4 6.57G13 molkodw l/(mg/kg-day) - 

M 3.76G13 w&o-W l/(mg/kg-day) - 
M 4.51&13 m0~o-W 3.4OE-01 ll(mQkQ-day) I .53&l 3 

M l.llE-12 mg/kQ-day 2.OOE+OO I/(mglkg-day) 2.22E-12 

M l.l5E-12 mglkg-day 2.06E+OO fl(mgAg-day) 2.3OE-12 

M 2.13G12 mo/koday 2.OilE+oo l/(mg/kQ-day) 4.27E-12 

M 1,30E-11 mglkg-day l/(mg/kg-day) - 
M 1.27E-11 molkg-day 3.10E+00 Il(mglkg-day) 3.94G11 

M 1.26E-11 mokodw 1 /(mglkg-day) - 
M 1.37E-11 mgAg-day l/(mg/kg-day) - 

2.79E-OF 

(1) Speciw Medium-Specific(M) or Route-Specific (R) EPC selected for risk calculation. 
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TABLE 6-58 
CARCINOGENIC RISK, WADING, FUTURE RECREATIONAL RECEPTORS -AREA B 

SEDIMENT 
NAWC WARMINSTER, PA 

SEDIMENT SEDIMENT 
SUBSTANCE INGESTION DERMAL CONTACT 

- .I ,,.-,I) 5 3t-11 
-09 6:OE-10 

N/A 

4,4’-DDT 
4-METHYLPHENOL 
ACENAPHTHENE 
ALDRIN 
ALPHA-CHLORDANE 
ANTHRACENE 
AROCLOR-1260 
BENZ(A)ANTHRACENE 

---.- ..__ INE ~~, 
(G,H,I)PERYLENE 
(K)FLUORANTHENE 

XYL)PHTHAL$ 
PHTHALATE 1 

I 

. . ,L 

1.2E 
N/A I I.,, I .a,- . 
N/H NIA 

l.lE-09 8.3E-10 
1.7E-10 8.5E-11 II 

N/A N/A 
1.9E-07 9.OE-08 
5.OE-08 l 

4.2E-07 * 

6.8E-08 * 

N/A N/A 
2.OE-09 * 

3.3E-09 2.6E-09 
N/A N/A 

2.9E-I 0 l 

II BENZb(A)PYRENE 
BENZO(BIFLUORANTHE 
BENZ0 
BENZO. 
BIS(2-ETHYLHE 
BUTYL BENZYL 
CARBAZOLE 
CHRYSENE I 5.4E-10 * 
DELTA-f-’ ‘- . . JI 

l CANCER RISK FOR PAHS NOT ESTIMATED FOR DERMAL EXPOSURE 
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TABLE 6-69 
CARCINOGENIC RISK, WADING, FUTURE RECREATIONAL RECEPTORS - AREA B 

SURFACE WATER 
NAWC WARMINSTER, PA 

. 

SURFACE WATER SURFACE WATER 

SUBSTANCE INGESTION DERMAL CONTACT 

!3lS(2-ETHYLHEXYL)PHTHA~- 1.8E-10 2.3E-08 

NICKEL N/A N/A 
THALLIUM N/A N/A 

TOTAL RISK 1.8E-10 2.3E-08 

N/A = NOT APPLICABLE, NO TOXICITY VALUE HAS BEEN ESTABLISHED FOR THIS CHEMICAL 

Swsdrsk.xls 7/3/00 452 PM 
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blood-lead estimation methods.. Exposure to lead in surface soil was evaluated using the EPA IEUBK 

Lead Model, and those results are described below. 

The average concentrations of lead in surface soil (77.5 mg/kg) and subsurface soil (72.7 mg/kg) were 

used as input into the IEUBK Model. All other media inputs into the IEUBK Model were default 

parameters. The estimated percentage of residential children with a blood lead level above 10 ug/dL is 

0.10% in surface soil and 0.09% in subsurface soil. This is below EPA’s protective level cutoff of 5%. 

Adverse effects to residential children (age 0 - 6) are not expected from lead concentrations in surface 

soil and subsurface soil at Site 5. The IEUBK Model histograms and model specific input parameters are 

shown in Appendix G, Part 1. 

A summary of all Site 5 carcinogenic and noncarcinogenic risks for each exposure scenario is presented 

on Table 6-60. 

6.6 UNCERTAINTY ANALYSIS FOR THE HHRA 

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 measures used in 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. 

6.6.1 Uncertainties Associated with Data Evaluation 

Major uncertainties associated with data evaluation are highlighted below. 

l 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 areas at Site 5 were sampled 

underneath pavement or other impermeable surfaces. Therefore, current risks may be 

overestimated. Future risks may also be biased similarly high, unless construction activities expose 

subsurface soils from these inaccessible areas. 
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TABLE 6-60 
SUMMARY OF NONCARCINOGENIC AND CARCINOGENIC RISKS, SITE 6 -ALL EXPOSURE PATHWAYS 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Industrial 
Adult 

Residential 
Child 

ResidentIll 
Adult 

Resident 
Ltfetlme* 

Recreational 
Child 

Age 6-12 

’ = Lifetime Resicfential Risks are the summed Cancer Risks for Residential Child (6 year exposure) and Residential Adult (24 year exp0sura). 
NA = Exposure mute not applicable in that medium for that receptor. 

Hazard Indices (i.e., summation of the hazard quotients) are used only for comparison purposes and do not ntIect actual additive noncarcinogenic 
MKSS. 
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l 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, precision, and data gaps. 

l 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 under estimation of 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. 

l 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 

j 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. 

l 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 were treated using one-half the detection limit in all st:atistical 

functions. These actions should minimize uncertainty in the database. 

l 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 
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conservative values, derived from a target Hazard Index of 0.1 for noncarcinogens and a target risk of 

1 .O x 1 U6 for carcinogens, were employed. 

-- 

l 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 this HHRA. 

l The use of background comparisons involving representative concentrations of inorganic substances 

in sediment and surface water as part of COPC selection under a recreational exposure scenario 

presents an uncertainty regarding the values used to represent the background. This uncertainty 

exists because very few samples for background analysis were obtained and it is possible that the 

representative concentration may not be an accurate reflection of the upper range of concentration 

levels for the entire background. Consequently, inorganic COPCs may be selected that are not truly 

reflective of significant risk exposures under a recreational user scenario, which is evident from the 

noncarcinogenic and carcinogenic recreational risks estimated in this HHRA. 

6.6.2 Uncertainties Associated with Exposure Assessment 

Major uncertainties associated with the exposure assessment are listed below. 

l 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. 

l Several receptor characteristics, for the recreational receptor such as age groups, exposure 

frequency, and exposure duration are generally based on professional judgment. 

l There are limitations to using various models and/or equations to estimate exposure doses or 

contaminant concentrations. For example, modeled concentrations (i.e., generated fugitive dust 

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 
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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 valuies does 

provide a highly conservative estimate of risk to potential receptors. 

l Exposure to fugitive dust emissions (surface and subsurface soil exposure only) conservatively 

assumes that receptors will be exposed to the same concentration indoors as outdoors (a very 

conservative assumption), that soils within an area have unlimited erosion potential, that emissions can 

be estimated from mean annual windspeed and vegetative cover, and that dispersion concentrations 

can be estimated from source area, downwind distance to receptors, and region-wide meteorological 

factors. Additionally, expected exposure to fugitive dust is based on a default PEF as provided in EPA’s 

Soil Screening Guidance (EPA, 1996b). The effect of this uncertainty is expected to be low based on 

the fact that carcinogenic and noncarcinogenic risks were several orders of magnitude less than 

exposure via ingestion and dermal adsorption pathways. 

l The model for dermal exposure to soil and sediment assumes that only a very thin, constant thickness 

layer of solid media is available for contaminant transfer to the stratum corneum 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 corneum 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. 

l 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 
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judgment) are used in most exposure equations, except where average values are expected to better --.. 

correspond to actual site conditions. 

6.6.3 Uncertainties Associated with Dose-Response Assessment 

The major uncertainties associated with the dose-response assessment are listed below. 

l 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. 

l 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. 

l 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 Site 

5. 

. Nonthreshold (carcinogenic) effects are extrapolated from the high doses administered to laboratory 

animals to the low doses received under more common human exposure scenarios. 

l Results of laboratory animal studies are extrapolated to human or environmental receptors. 

l There is considerable interspecies variation in toxicological endpoints used in characterizing potential 

health effects resulting from exposure to a chemical. 

l There is considerable variability in sensitivity among individuals of any particular species. _.- 
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.@=%. ,J l Short-time toxicological studies are used to predict long-term effects. 

As discussed in Section 6.4, established RfDs have an inherent amount of uncertainty. Uncertainty 

factors for RfDs used in this HHRA are presented in Table 6-24 and 6-25. Some chemical specific 

uncertainties should be noted as follows: 

l 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 (ATSDFI, 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 ug/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 
P+-- 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 which is considered to be more toxic. At !Site 5 it 

was assumed that chromium is present in the trivalent form because representative samples were 

collected and analyzed for hexavalent chromium in surface and subsurface soil. Because analytical 

data were obtained to support this conclusion, there is negligible risk of underestimating the 

noncarcinogenic risks from chromium at the site. 

l Incidental ingestion of iron exceeded EPA’s threshold of 1.0 under the exposure pathway for a 

residential child exposed to subsurface soil. Currently no toxicity values for iron are published in IRIS 

or in HEAST. The oral reference dose used to evaluate exposures to iron was obtained from the 

current EPA Region III ‘RBC tables. This value is based on an allowable daily intake and not on an 

adverse effect level. In addition iron is considered an essential nutrient. Consequently, iron’s 

pa”“- presence in soil may not warrant serious health concerns. 
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Two contaminants (benzo(g,h,i)perylene and phenanthrene (surface soil and subsurface soil) did not 

have listed toxicity values for use in the quantitative risk assessment; therefore, COPC selection and risks 

were not estimated for exposure to these chemicals. The uncertainty associated with not estimating 

quantitative risks for these chemicals is discussed qualitatively below: 

l Benzo(g,h,i)perylene was detected in 3 out of 29 surface soil samples at a maximum concentration of 

100 J ug/kg, and 1 out of 32 subsurface soil samptes at a maximum concentration of 960 J ug/kg. 

The exclusion of benzo(g,h,i)perylene could potentially underestimate the carcinogenic and/or 

noncarcinogenic risk at Site 5. Benzo(g,h,i)perylene was detected at concentrations similar to the 

major PAHs detected in surface soil and subsurface soil. Due to the low levels of risk associated with 

PAHs at the site, the relative levels of benzo(g,h,i)perylene as compared to other PAHs, and the 

infrequency of detection in surface soil, the exclusion of benzo(g,h,i)perylene is not expected to have 

a significant impact on the surface soil or subsurface soil risks; however, without further toxicity 

information this remains unknown. 

l Phenanthrene was detected in 4 out of 29 surface soil samples at a maximum concentration of 120 J 

ug/kg, and 3 out of 32 subsurface soil samples at a maximum concentration of 1800 J ug/kg. The 

exclusion of phenanthrene could potentially underestimate the carcinogenic and/or noncarcinogenic .--__ 

risk at Site 5. Phenanthrene was detected at concentrations similar to the major PAHs detected in 

surface soil and subsurface soil. Due to the low levels of risk associated with PAHs at the site, the 

relative levels of phenanthrene as compared to other PAHs, and the infrequency of detection in 

surface soil and subsurface soil, the exclusion of phenanthrene is not expected to have a significant , 
impact on the surface soil or subsurface soil risks; however, without further toxicity information this 

remains unknown. 

6.6.4 Uncertainties Associated with Risk Characterization 

Major uncertainties associated with the risk characterization are listed below. 

l 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. 
_,-. 
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l 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. 

l Cancer risks to the lifetime resident may be overestimated because a person will not live in military 

housing at this site as both an adult and child. A maximum exposure of 10 years would be typical for 

this receptor assuming a maximum assignment of 2 tours, with each tour lasting 5 years. 

The IEUBK 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 using the IEUBK Model, these uncertainties are 

considered lower than those that conceivably would result from similar lead evaluations performecl using a 

traditional toxicity slope-based approach. Important uncertainties and limitations in the use of the IEUBK 

model are listed below. 

l The IEUBK 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. 

l Blood lead variability in the IEUBK 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. 

l Child blood lead level predictions obtained using the IEUBK Model 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. 

6.7 HHRA CONCLUSIONS FOR SITE 5 

No estimated carcinogenic risks above EPA’s target risk levels of 1 .O x 10s4 were present under the 

exposure scenarios evaluated for COPCs in surface soil, subsurface soil, sediment, and surface water in 

this HHRA. Cancer risks for the residential receptors in both surface soil and subsurface soil, and the 

adult industrial worker in subsurface soil were within EPA’s target risk range of 1 .O x 10s4 to 1 .Of x 1 06. 
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However, in the case of the adult industrial worker in surface soil, the cancer risks were below EPA’s 

target risk range of 1.9 x 1 Om4 to 1 .O x i OV6. 

Noncarcinogenic risks to a target organ group were below EPA’s target risk level of 1 .O for the residential 

child in surface soil. In subsurface soil the noncarcinogenic risk to the target organs liver and pancreas 

was 1.3 for the residential child. This risk marginally exceeds unity (1.0) and was driven by the essential 

mineral, iron, via ingestion. The noncarcinogenic risks were below EPA’s target risk level of 1.0 for the 

residential adult and adult industrial worker in both surface soil and subsurface soil scenarios. 

The carcinogenic risk for the recreational child in sediment was within EPA’s target risk range 1.0 x 1 OA4 to 

1.0 x IO”. The carcinogenic risk for the recreational child in surface water was below EPA’s target risk 

range of 1 .O x 10e4 to 1 .O x IO+. The noncarcinogenic risks in surface water and sediment for the 

recreational child were less than EPA’s target risk level of 1.0. Adverse effects to residential children 

(age 0 - 6) are not expected from lead concentrations in surface soil and subsurface soil at Site 5. 

6.8 ECOLOGICAL RISK ASSESSMENT 

Ecological receptors on- or off-base, such as aquatic and semi-aquatic biota, may be at risk from 

contaminants released from Area B, including Site 5. 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 stream downgradient of the site area. The ERA was conducted for 

sediments and surface water in the stream in accordance with EPA guidance (EPA, 1994a, 1994b, 1997c, 

1998c). Representative exposure point contaminant concentrations in surface water and sediment were 

compared to benchmark toxicity values (BTVs) 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 ratios of the representative contaminant concentrations to the BTVs. Risks were 

considered possible when an EEQ value was greater than 1, but other quantitative and qualitative factors 

were investigated to more fully assess potential risks. A screening food-web model was used to further 

characterize ecological risks to semi-aquatic receptors. 

6.8.1 ERA 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: 
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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 

study 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 (COPCs). Assessment and 

measurement endpoints that will be evaluated are also selected. Finally, a conceptual Imodel is 

developed that describes how contaminants associated with Area B may come into contact with 

ecological receptors. 

l Ecological Effects Characterization (Section 6.8.3) - In this component, medium-specific ecological 

benchmarks for each COPC (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 

H-Q-. 
l Preliminary Exposure Assessment (Section 6.8.4) - 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. 

. Risk Characterization (Section 6.8.5) - 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. In addition, the COPCs that are found to pose potential 

risk to aquatic receptors are evaluated in a conservative food-web model. The receptors evaluated 

included semi-aquatic (green heron, raccoon, mallard and marsh wren). The inputs in this model 

assumed that the maximum concentration of each COPC would be ingested in the food by the 

receptors and the chemicals would be 100 percent bioavailable. 

When these two steps are completed, the results can be interpreted and the uncertainties associated with 

the ERA can be addressed (Section 6.8.6). The above process, described in further detail below, 

represents the general ERA approach and is a summation of EPA Region III Biological Technical 

Assistance Group-recommended ERA guidelines (EPA, 1994b), which serve as the basis for the ERA 
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methodology (Figure 6-2). Furthermore, 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 6-2) 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 1” assessment, since it is based on only a conservative initial screening of contaminant 

concentrations against contaminant-specific benchmarks (EPA, 1994b) and a conservative food-web model. 

Tier 2 and Tier 3 assessments, referred to as “semiquantitative” 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 from Area 8. 

_.__ 

6.8.2 Preliminary Problem Formulation 

6.8.2.1 Environmental Setting 

Based on a review of historical aerial photography, an unnamed tributary of Southampton Creek may have 

extended to within 500 feet of Area B (the area of Sites 5, 6, and 7) through the late 1950’s. This tributary 

may have received at least some surface drainage from the area of Sites 6 and 7 at that time. The portion of 

this unnamed tributary on NAWC property is no longer evident. A series of subsurface storm drains were 

installed to collect surface drainage from NAWC Shenandoah Woods housing area constructed in the early 

1970’s. These storm drains collect stormwater from the housing area, which has a substantial amount of 

impermeable surface (paving, rooftops, etc.), as well as the area of Sites 6 and 7, particularly during major 

storm events. Stormwater from the housing area is conveyed to outfall OF10 and a 500-foot subsurface 

concrete channel which discharges to outfall OF1 1. Outfall OF1 1 also receives surface and subsurface 

drainage from the vicinity of Building 108. The drainage-way below outfall OF1 1 also receives runoff from 

offbase residential developments. 

Sediment sample 83 was taken from just below Outfall No. IO, while surface water sample BIO was 

collected from the concrete channel, along with both surface water and sediment samples from sample 

location B12. The channel flows through the residential subdivision for approximately 1,000 feet and travels 

through a road culvert before flowing into a natural streambed. This stream flows through a shaded 250- 

foot reach before entering a small and shallow off-base pond, which overflows into a second small, 

privately-owned duck pond, which in turn flows into Southampton Creek (Figure 2-4). The pond is 
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approximately 1,000 feet south of samples BIO and B12. Samples B9 and Bll were collected from the 

pond because this location appeared to represent the first area of appreciable sedimentation south of the 

base property boundary. 

At this location, Southampton Creek is less than 4 feet wide and 6 inches deep with a rocky substrate; there 

are mowed and maintained lawns at this point to the water’s edge. The base flow rate was 98 gpm, as 

measured in an area where the creek is contained within a cement culvert (SMC Martin, 1991). 

A second drainage channel exists near Building 108, located west of Site 5. Building 108 was not 

specifically investigated during the RI for OU-10, but has been included in the base-wide environmental 

baseline survey (EA Engineering, 1996). The building and nearby property was first leased and then 

transferred to Pennsylvania State University. Samples Bl, B6, B7, and 88 were collected along this 

drainage pathway. This channel collects both stormwater and groundwater that is pumped into a sump to 

lower the water table in the vicinity of the building. The channel discharges through Outfall No. 11, before 

being discharged through the same residential neighborhood described above. 

As part of the RI, a biological characterization was conducted to support the evaluation of ecological risks. 

The characterization identified and described the types of ecosystems (e.g., terrestrial, aquatic, and semi- 

aquatic) and ecological components associated with Area B. The biological characterization also helped 

to identify any ecologically significant effects that might be apparent and which could be attributable to the 

base. These types of effects include, but were not limited to, reductions in organism populations, 

changes in community structure, and changes in ecosystem structure function. The biological 

characterization was completed on a qualitative, descriptive level, and did not involve biota sampling. The 

relative abundance of specific vegetation was noted and observations made regarding the occurrence of 

aquatic and terrestrial animals, including benthic invertebrates, amphibians, reptiles, fish, birds, and 

mammals. 

Based on the biological characterization for Area B, there was very little flow and virtually no biotic 

component within the approximately l,OOO-foot length of the concrete-lined ditch. Amphipods were 

observed at the point where this channel flows through the road culvert and into the natural streambed. 

Midge larvae were found in the fine (i.e., silt) sediments at the head end of the first pond. Fish were not 

observed, but mallard ducks and Canada geese were active in and around each of the ponds. Raccoon 

tracks were observed along the shore of the pond as well. 

Near sample locations BQ and Bl I, which is representative of the first readily accessible surface water 

downstream from the base property boundary, Southampton Creek collects stormwater runoff from the 

subdivision in this neighborhood. The banks were 3 feet high and the Bowmansville silt loam floodplain 
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soils were classified as hydric. The wetlands assessment indicated that a temporary palustrine, forested, 

broad-leaved deciduous wetland was adjacent to the creek. The floodplain was characterized by green ash, 

silver maple, black willow, and box elder, and the understory consisted of green ash saplings and spicebush 

with an herbaceous layer of jewelweed. Evidence of children playing in the creek was common. Fish up to 6 

inches long were seen and gray squirrels, blue jays, and American robins were observed near the creek. 

North of Street Road, Southampton Creek was wider (8 feet) and had a rocky bottom. The banks, were 4 

feet high. Mature silver maple, tulip poplar, and sycamore shaded the banks. The dense subcanopy was 

dominated by black cherry saplings and spicebush with an herbaceous layer of poison ivy, Virginia creeper, 

and daylilies. Much of the floodplain and wetlands downstream from the road crossing were filled and only 

a 20-foot wide vegetation fringe remained. Maintained lawns extended to the edge of the floodplain, but a 

20- to 40-foot buffer zone existed throughout much of this area. A green-backed heron was observed near 

this location. 

Additional descriptions of habitat types and ecological receptors downgradient from Area B 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 

in the vicinity of the base was also provided, in accordance with Endangered Species Acl: (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). 

. 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. 

6.8.2.2 Ecological Contaminants of Potential Concern 

To select ecological COPCs, an initial screen of the stream surface water and sediment sample results was 

performed. Calcium, magnesium, potassium, iron, and sodium were excluded as COPCs in all media since 

they are essential nutrients that are toxic only in extremely high concentrations. 
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6.8.2.3 Contaminant Exposure Pathways 

As discussed in Section 5.0, the potential release pathways evaluated for Area B involved atmospheric 

migration, subsurface contaminant migration, surface water transport, soil surface runoff, and soil migration 

to groundwater and other media. Combustion and volatilization were assumed to represent a negligible 

release pathway at all Area E3 sites since surface soils account for a minor portion of contaminated media 

and disposal activities have ceased. However, constituents may volatilize from surficial material or become 

airborne via resuspension. Contaminated fugitive dust may also be generated during ground-disturbing 

activities, such as construction or excavation. These contaminants are dispersed in the surrounding 

environment and transported to downwind locations where they may re-partition to surface soil, surface 

water, or sediment through gravitational settling, precipitation, and deposition. 

Precipitation runoff or stormwater outfalls may carry constituents to nearby surface waters, sediments, and 

soils. Infiltrating precipitation may cause the contamination of subsurface soil and groundwater. 

Contaminants with a stronger tendency to adsorb to organic matter in a soil are expected to migrate at a 

slower rate. Contaminants found in Area B subsurface soils can leach into groundwater and groundwater 

associated with Area B may eventually discharge to streams within the Southampton Creek drainage basin 

(TtNUS, 2000a). However, it does not appear that any potential Area B groundwater contaminants have 

significantly affected either off-base groundwater quality or stream contaminant concentrations. The 

available stream and water-table elevations, soil permeability data, groundwater and stream analytical 

results, and visual observations indicate that Area B groundwater is not contributing to the flow of 

Southampton Creek south of the base. 

‘*-’ 

The most likely potential pathway for Area B soil to Southampton Creek and related ecological receptors is 

via surface runoff or stormwater discharges. Precipitation that falls on Sites 5, 6, and 7 may transport soil 

contaminants to the stream through surface runoff. However, the area lying between Building 108 and Site 

5 and downgradient of both Sites 6 and 7 is relatively flat and sewes as a recharge area for overland runoff 

flow from the area of Sites 6 and 7. Ponding of water in this general area was observed during RI work. 

The distance from Sites 5, 6, and 7 (i.e., greater than 1,000 feet) to the current headwaters of Southampton 

Creek near Outfall No. 11, along with the relatively flat terrain between the sites and the creek, suggests that 

overland runoff from these sites to Southampton Creek is not currently a significant transport process. The 

majority of runoff from Site 5 is diverted to storm drains. At this time, Area B surface soils appear to have 

minimal potential to migrate to Southampton Creek and associated ecological receptors. The presence of 

housing units and paved surfaces in the vicinity of Site 5 greatly reduces the potential for rainfall to erode 

surface soils at this site. In the case of Sites 6 and 7, most surface runoff infiltrates into the ground surface 

prior to reaching the storm drains. 

,__ 
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The disposal activities at Sites 5, 6, and 7 reportedly involved placing wastes (e.g., demolition or 

construction debris, paints, solvents, oils, and wastewater treatment plant sludges) in pits and 1:renches 

followed by backfilling these locations with fill after they were excavated. These types of disposal operations 

may have resulted in little opportunity for surface runoff to transport waste or soil contaminants due to the 

presence of fill on top of the disposal. 

6.8.2.4 Potential Ecological Receptors 

The Area B sites present several possible contaminant exposure routes. For the most part, the relevant 

contaminant migration pathways are aquatic since insignificant contaminant exposure pathways to terrestrial 

receptors exist. Since most terrestrial exposure routes were not applicable, the focus of the ecological risk 

assessment was mainly aquatic environments. 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. Exposure to contaminants in riparian soils via dermal 

contact may occur but is unlikely to represent a major exposure pathway because fur, feathers, and 

chitinous exoskeletons minimize transfer of contaminants across dermal tissue. 

Aquatic and semi-aquatic organisms inhabiting Southampton Creek and associated drainage pathways 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. Four upper-level receptors 

(i.e., raccoon, mallard, marsh wren, and green heron) were selected to evaluate potential risks via the 

food web. Aquatic and semi-aquatic organisms may also be exposed to constituents from contaminated 

groundwater that flows into surface water; however, there is no evidence of significant groundwater 

contamination attributable to Area B. 

6.8.2.5 Assessment and Measurement Endpoints 

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 endpoint” (EPA, 1994a). For this ERA, the most appropriate assessment endpoints were the 

maintenance of aquatic and semi-aquatic receptor populations. Therefore, the specific objectives of this 

assessment were to determine if exposure to contaminants present in the surface water and sedimelnts near 

Area B was likely to result in declines in ecological receptor populations or potential adverse food web 
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concerns. Declines in populations could result in a shift in community structure and possible elimination of 

resident species from aquatic environments. 

A”, 

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 sites investigated in this ERA. 

For surface water, the measurement endpoints were 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 were contaminant concentrations in 

sediment associated with adverse effects on growth, survival, and reproduction of benthic organisms 

(sediment benchmark values). In addition, measurement endpoints for representative receptor groups were 

contaminant doses associated with adverse effects on growth, survival, and reproduction of semi-aquatic 

receptors. 

Semi-aquatic receptors, such as piscivorous mammals, may also be exposed to aquatic contaminants. 

Four upper-level receptors (i.e., raccoon, mallard, marsh wren, and green heron) were selected to 

evaluate potential risks via the food web. The screening food web modeling process is discussed in 

Section 6.8.4. 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 contaminants that bioaccumulate may indicate potential risk to 

semi-aquatic receptors that feed on them. 

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 B 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 
.,x1. 

6-3. 
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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 and semi-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. Only organics and total metals in surface water were 

assessed. 

Surface water benchmarks used in this ERA and their sources are presented in Tables 6-61 and 6-62. 

BTVs for sediment-dwelling organisms were gathered from the most widely accepted guidance. EPA 

Region III 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 Wisconsin DNR BTVs (1985, 1990) Washington Department of Ecology 

-BlVs (1991) and the Ontario Ministry of the Environment sediment guidelines (MOE, 1993). Sediment 

benchmarks used in this assessment are summarized in Tables 6-63 and 6-64. 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 are discussed qualitatively in Section 6.8.7, along with sediment grain size data. 

_ 

..’ 

As identified by EPA, 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 Area B or additional information must be generated to verify that ecological receptors are 

at risk. The ratio of the exposure point contaminant concentration to the benchmark value is called the 

Ecological Effects Quotient (EEQ) and is defined as follows: 
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TABLE 6-61 

DATA SUMMARY FOR SURFACE WATER ORGANICS -AREA B 

NAWC WARMINSTER, PENNSYLVANIA 

wu 

CONTAMINANT BACKGROUND SITE-RELATED BENCHMARK 

OF POTENTIAL FREQUENCY OF RANGE OF FREQUENCYOF RANGE OF EXPOSURE (w) 

CONCERN DETECTION POSITIVE DETECTION DETECTION POSITIVE DETECTION CONCENTRATION 

BlS(2-ETHYLHEXYL)PHTHALATE NOT DETECTED 112 1 1 30 (1) 

1: Region III ETA0 chmnicfmshwater fauna screening level (August 9.1995). 
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TABLE 6-62 

DATA SUMMARY FOR SURFACE WATER INORGANICS (TOTAL METALS) -AREA B 

NAWC WARMINSTER, PENNSYLVANIA 

(W) 

* = Based on sitospedfic hardness value (115 mg CaCOM) for hardness-dependent metals: nickel and .?.inC. 

1: Benchmarkr me for freshwater and npnsen, Ambient Water Qualily Critetia (USEPA, 1995,4O CFR Part 131, Revision of Metals Ctiletia. dated May 4), Unless otherwise indicated. 

2: Region Ill BTAG acute screening level (Augusl9. 1995): acuie screening IeveUlO. 

3: Region I11 BTAG chronic screening level (August 9, 1995). 
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TABLE 6-63 

DATA SUMMARY FOR SEDIMENT ORGANlCS -AREA B 
NAWC WARMINSTER, PENNSYLVANIA 

&VW 

CONTAMINANT BACKGROUND SITE-RELATED BENCHhfARK 
OF POTENTIAL FREQUENCY OF RANGE OF FREQUENCYOF RANGE OF EXPOSURE (wfkg) 
CONCERN DETECTION POSITIVE DETECTION DETECTION POSITIVE DETECTION CONCENTRATION (1) 
Semivolatile Organic Chemicals 
ACFNAPYTHENE 

:ENE 
kNTHRACENE 

IE 
ANTHENE 

212 100 - 110 l/2 470 470 
212 252.5 - 330 212 200 - 1400 1400 
2 12 579.5 - 1300 212 530 - 5200 5200 
212 489.5 - 680 212 450 - 4400 4400 
212 829.5 - 1300 212 690 - 7100 7100 

. r -,.-.I . ..I_ .-.*a aAnn 

, .--. ., . . 
ANTHRA( 
BENZ(A)/‘.. _ __ _ 
BENZO(A)PYREA 
BENZO(B)FLUOR , 
BENZO(G.H,I)PERYLENE 212 
BENZO(K)FLUORANTHENE 212 
BlS(2-ETHYLHEXYL)PHTHAu+ 2 I2 
BUTYLBENZYLPHTHALATE 
CARBAZOLF 
CHRYSENE LIL 
DI-N-BUT-YLPHTHALATE NOT DETECTED 
DI-N-OCMLPHTHAIATE NOT DETECTED 
DIBENZ(A,H)ANTunAcFNF . . ..“.--..- 113 . ,- I 

FLUORANTHEN, F I I 7 17 - , - I I 
FLUORENE 2 I2 I 
INDENO(I,2,3-CD)PYRENE 2 I7 I 
4-METHYLPHENOL NOT DE 

26i.J - ,L” I L, L I J’JL ---- I -“-” , “. - ,, .-. , \ ., 

362.5 - 1000 212 250 - 2100 2100 1 3200 (AET) (2) 
91.5 - 1900 I ~~ 212 I 580 - 18000 1 16000 1 1300 (, AET) (2) 

I I I 2 I 120 I 120 63 fAETI (21 

_-. .- 
587.5 - 1500 I I 550 - 5600 

1 I 2 5100 I 0,“” 0. 
I 
I 

A II I, ‘ f 
I 

-,n I3 -PA Ir 

!x -- I 113 9 . - f  qr; -- I , “-. . \-. . -, \ ., 
‘f=O - 3400 , --. 212 I 1200 - 17000 1 17000 1 600 (ER-L) (4) 

16( )- 190 I 212 65 - 600 I 600 1 19 (ER-L) (4) 
317 5 - 600 I 212 I 320 - 2400 I 2400 
_ _. _ 

_ _ _ 
I 

.-. ..-..-- ..-. -- &TED i;; 450 - 560 560 670 (A-. , 1-, 
ISODIPHENYLAMINEI NOT DETECTED II2 1700 1700 28 (AET) (4) 
f I 2 I2 1360 - 2900 212 1200 - 9900 9900 665 (ER-L) (4) PYRENI 

Pesticides and PCBs 
4$-DDE 
4,4’-DDT 
ALDRIN 
ALPHA-CHLORDANE 
AROCLOR-126 

&, ” ., -- LI &_A 

I I 5 430 430 1 (-. . -, \“, , 
- ..-. --.--.-- 315 3.6 4.7 4.7 100 (4) 

.-. .- 1 II 5.85 II5 15 15 7 0-W (6) 
-0 NOT DETECTED 415 270 - 1900 1900 5 (LEL) (5) 

iC NOT DETECTED 115 4 4 100 (4) 
IN NOT DETECTED 115 13 13 2 fLEU 15) 

NOT DETECTED I 916 I 0 _ 34 I 3.4 1 3 3 (ER-L) (4) 
NOT DETECTED ‘FRJ \ I?\ 
NnT DFTFCTFll 

DELTA-B1 
DIELDR 
METHOXYCHLOR 1 NOT DETEL . _I, I I, 1 I ,Y I I” I I.- I 

NA = Benchmarlc not available. 

AET = Apparent Effects Threshold Value as developed for Puget Sound, State of Washington. 
ER-L = Effects Range-Low; value from data based on studies conducted primarily on coastal marine and estuarine environments. 
LEL = Lowest Effect Level; level of contamination tolerated by the majority of benthic organisms, 

1: Benchmarks are for freshwater sediments, unless otherwise indicated. 
2: NOAA, 1994. NOAA Screening Guidelines for Organics and Inorganics. Quick Reference Cards, HAZMAT REPORT 94.5. 
3: Long and Morgan, 1991. The Potential for Siological Effects of SedimentSorbed Contaminants Tested in the National Status and Trends Pmgram. NOAA Technical memorandum NOS OMA 52 
4: Region Ill BTAG fauna screening level (August 9, 1995). 
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TABLE 644 

DATA SUMMARY FOR SEDIMENT INORGANICS -AREA B 

NAWC WARMINSTER, PENNSYLVANIA 

OWW 

NA = Bencbms!% not available. 

ER-L = Effects Range-Low; value from data based on studies conducted pdmatily on coastal marine and estuarine environments. 

LEL = Lowest Effect Level; level of contamination tolerated by the majority of befdhic organisms. 

1: Banchmatia am for freshwater sediments. unless otherwise indicated. 

2: Region III STAG fauna screening level (August 9, 1995). 

3.: Wisconsin Department of Natural Resources (1995, 1990). Criteria for Sediments fmm Great Lakes harbors for disposal in water. in: Washington Departmant of Ecology, 1991, Summary of Criteria and Guidelines for Contaminated Fms 

4: NOAA, 1994. NOA Screening Guidelines for Organics and Inopmics, Quick Refemnca Cards, HAZMAT REPORT 94-B. 

5: MOE, 1993. Guidelines for the Pmtection and Management of Aquatic Sediment Quality in Ontario, Ministry of Envimnment and Energy. Ontario, Canada (August). 

6: Open Water Disposal Guideline. in: MOE, 1993 (see footnote 5). 
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EEQi = EPCi/BlVi 

where: EEQi = Ecological Effects Quotient for COPC “i” (unitless) 

EPCi = Exposure Point Concentration for COPC “i” (ug/l or mg/kg) 

BTVi = Benchmark Toxicity Value for COPC “i” (ug/l or mg/kg) 

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. 

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 datal. 

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. However, ecological toxicity is not necessarily additive. 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. 

The comparisons described above are presented in Tables 6-65 through 6-68 to select COPCs in surface 

water and sediment downgradient of Area B. Some contaminants were present in some media for which no 

suitable benchmark values were available. In these instances, these contaminants (i.e., carbazole, 

beryllium, thallium, and vanadium) were conservatively retained as COPCs. 
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TABLE 6-65 

SELECTION OF ECOLOGICAL CONTAMINANTS OF CONCERN FOR SURFACE WATER ORGANICS -AREA B 

NAWC WARMINSTER, PENNSYLVANIA 

(lwsn) 

CONTAMINANT 

OF POTENTIAL 

CONCERN 

BlS(2-ETHYLHEXYL)PHTHALATE 

EXPOSURE 

CONCENTRATION 

1 

BENCHMARK ECOLOGICAL EFFECTS RETAINED 

wu QUOTIENT (EEQ) AS COC? 

(1) 

30 0.03 NO 

1: COPC was retained as a COC if the benchmark was exceeded or if no benchmark was svailab!e 
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TABLE 6-66 

SELECTION OF ECOLOGICAL CONTAMINANTS OF CONCERN FOR SURFACE WATER INORGANICS (TOTAL METALS) -AREA B 

NAWC WARMINSTER, PENNSYLVANIA 

(lw 

CONTAMINANT 

OF POTENTIAL 

CONCERN 

BARIUM 

MANGANESE 

NICKEL 

THALLIUM 

ZINC 

EXPOSURE 

CONCENTRATION 

64.2 

119 

20 

4.9 

27.6 

BENCHMARK ECOLOGICAL EFFECTS RETAINED 

wu QUOTIENT (EEQ) AS COC? 

(1) 

1000 0.09 NO 

14500 0.01 NO 

176.92 0.11 NO 

40 0.12 NO 

117.65 0.23 NO 

1: COPC was retained as a COC if he benchmark was exceeded or if no benchmark was available 
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TABLE 6-67 

SEiECTJON OF ECOLOGICAL CONTAMINANTS OF CONCERN FOR SEDIMENT ORGANICS -AREA B 
NAWC WARMINSTER, PENNSYLVANIA 

(@kg) 

1: COPC was retained as a COC if the benchmark was exceeded or if no benchmark was available 
NA = No benchmarlc available. 
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TABLE 6-66 

sELEcn0~ OF ECOLOGICAL CONTAMINANTS OF CONCERN FOR SEDIMENT INORGANICS -AREA B 

NAWC WARMINSTER, PENNSYLVANIA 

bwW 

QUOTIENT (EEQ) 

1: COPC was retained 88 COC if the benchmark was exceeded or no benchmark was available 

NA = No benchmark available. 
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6.8.4 Exposure Assessment 

Exposure assessment is a key component of risk quantitation, linking contaminants to receptors through 

complete pathways. 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 III BTAG guidelines for data usage in ERAS (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 III 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. Sampling data for Southampton Creek and associated drainage pathways 

are summarized in Sections 4.6 and 4.7. 

6.8.4.1 Screening Food Web Model 

A screening food web model was used to further characterize ecological risks to semi-aquatic receptors. 

The relevant exposure pathway for semi-aquatic receptors was chronic exposure to sediments and water 

due to dietary uptake. Four representative upper-level receptors (i.e., raccoon, mallard, marsh wren, and 

green heron) were selected to evaluate potential risks via the food web. These receptors occupy different 

feeding guilds, but have diets that contain potential vectors for site-related contaminants. 

The exposure assessment was very conservative and was set up such that herbivore receptors 

consumed 100 percent vegetation and omnivore/carnivore receptors consumed 100 percent of non- 

vegetation food (e.g., invertebrates and small mammals). Incidental ingestion was included in the food 

ingestion rate in this assessment. 

No site-specific vegetation, invertebrate, or mammal concentrations were available; therefore, food 

organisms were assumed to have the same concentrations of COPCs as sediment. This exposure was 

particularly conservative by substituting sediment for other food (vegetation, invertebrates, or mammals) 

that organisms would typically ingest as their main food items. In addition, it assumed that all food was 

on a dry-weight basis, but this food is actually consumed on a wet-weight basis; consequently, dietary 

doses (and risk) are overestimated. 
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Specific exposure factors such as body weight and food ingestion rate used in the conservative model are 

summarized by receptor in Appendix K. Where available, data on body weight, food ingestion rate, and 

soil/sediment ingestion rate were taken directly from Exposure Factors handbook (EPA, 1993). 

Dietary receptor exposures were estimated as body-weight-normalized daily doses for comparison to a 

body-weight-normalized daily dose TRV. The daily dose for a given receptor to a specific COiPC was 

derived by summing the products of feeding rate and food items and multiplying the sum by the total 

feeding rate and a habitat usage factor (assumed to be 100 percent for this food web). In this food web 

model, the food ingestion rates are based on 100 percent food items plus incidental sediment ingestion. 

where: 

Dosetotat = Total daily dose of COPC received by receptor; mg COPC/kg-body wt./day 

D0=%cmi = Daily dose of COPC received by receptor; mg COPC/kg-body wt./day from food 

items (=concentration of sediment ) 

DOSesediment = Daily dose of COPC received by receptor; mg COPC/kg-body wt./day from 

incidentally ingested sediment 

The total dose from food is given by: 

where: 

Ff 
U 

Cf 

BW 

= Total daily feeding rate in kg food/day (wet basis) 

= Habitat usage factor (fraction of habitat range represented by site) for receptor; 

assumed to be 1 .O for this food web 

= Concentration of COPC in food; assumed to be the same concentration as soil or 

sediment (mg chemical/kg food) 

= Body weight of ROC (kg) 

The total dose from soil is given by: 
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where: e- 

FS 
U 

= Total daily soil feeding rate in kg soil or sediment/day (wet basis) 

= Habitat usage factor (fraction of habitat range represented by site) for receptor; 

assumed to be 1 .O for this food web 

G 

BW 

= Concentration of COPC in soil or sediment; mg chemical/kg sediment (dry basis) 

= Body weight of ROC (kg) 

Lastly, the total daily incidental sediment-feeding rate is given by: 

Fs= Ff X FXsedimenr 

where: 

FS 

Ff 

F sediment 

= Total daily sediment feeding rate in kg sediment /day (wet basis) 

= Total daily feeding rate in kg food/day (wet basis) 

= Fraction sediment ingestion as a proportion of food ingestion rate 

Information necessary for calculation includes: organism body weight (BW), food ingestion rate (Ff), 

fraction sediment ingestion as a proportion of food ingestion rate (Fxsdiment ) and analyte concentrations of , 

ingested materials. As discussed earlier, vegetation and animal food items were represented by the 

same concentration as found in soil and sediment (dry weight). Information specifically relevant to the 

ecology of the receptors (i.e., body weights, food ingestion rates, and sediment ingestion rates) are 

presented in Appendix K, which provides more information regarding the food web model calculations. 

6.8.4.2 Toxicity Reference Values 

Based on EPA guidance, screening ecotoxicity values should be equivalent to a documented or best 

conservatively estimated chronic no observed adverse effect level (NOAEL) (EPA, 1997). A toxicity 

reference value (TRV) is an estimate of the highest level of a chemical that an ecological receptor can 

safely ingest in its diet. The TRVs are presented in the form of a body-weight-normalized dose (i.e., 

mg/kg-bw/day), and are thus directly comparable to the exposure dose calculated in the food web model. 

The TRVs used were based on Oak Ridge National Laboratory’s Toxicological Benchmarks for wildlife 

(Sample et al., 1996). The TRVs were derived from literature studies of the chronic effects of various 

chemicals on mammals and birds. 

Appropriate TRVs were used for each combination of a specific receptor of concern and COPC. The 

receptors of concern identified for evaluation in the food-web model included resident mammals and birds 
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,- representative of various feeding habits (e.g., herbivore, omnivore, and carnivore). The laboratory studies 

that provide NOAEL and lowest observed adverse effect level (LOAEL) data for use as TRVs are usually 

performed on standard test animals and therefore, the results do not directly represent the receptors 

identified for the ecological risk screening. 

Where possible, TRVs were based on NOAEL data (Sample et al. 1996). In some cases, TRVs were 

developed from other pertinent toxicological literature. Note in particular that very few TRVs are available 

for specific PAH compounds. In these cases, specific PAH compounds were divided by the TRV for 

benzo(a)pyrene. This compound is the most toxic of the PAHs and served as a surrogate for specific 

PAH compounds in the food web screening. 

6.8.5 Risk Characterization 

6.8.5.1 Environmental Effects Quotient (EEQ) Results 

,Y-“: 

As described in Section 6.8.3, surface water and sediment exposure point contaminant concentrations were 

compared to benchmark concentrations protective of ecological receptors to develop EEQ ratio values. 

These comparisons are presented in Tables 6-65 through 6-68 to select COPCs in surface water and 

sediment downgradient from Area B. Some contaminants were present in some media for which no 

suitable benchmark values were available. In these instances, these contaminants (i.e., carbazole, 

beryllium, thallium, and vanadium) were conservatively retained as COPCs. 

For surface water total inorganics and organics, there were no COPCs (Tables 6-65 and 6-66). The EEQ 

values were all less than 1.0. For sediment inorganic COPCs, cadmium, copper, lead, manganese, and 

zinc exceeded BTVs and were retained as COPCs (Table 6-68). Beryllium, thallium, and vanadium were 

conservatively retained as sediment COPCs since no suitable BTVs were available. A multitude of 

sediment organics exceeded BTVs, with the highest EEQs calculated for several PAHs (Table 6-67). Also, 

’ 4,4’-DDT and Aroclor-1260 also had elevated EEQs. 

The contaminant-specific EEQ values for stream sample locations BIO and B12 were greater than those 

calculated for stream sample locations B9 and B-II (including the duplicate sample at Bll). This 

difference was primarily associated with the presence of DDE and DDT in samples BIO and B12 

sediments. The B10 and B12 sediment samples also contained more PAHs that contributed to tlhe risks 

associated with these sediments than did samples B9 and Bl 1. These data suggest that risks posed by 

organically contaminated sediments are greater at samples BlO/B12 (the upstream samples); however, 

these materials either dissipate or are not carried downstream. 
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As part of the risk characterization and to evaluate the potential contribution of Area B sites to the 

contamination identified in the stream sediments, the occurrence and levels of the constituents retained 

as COCs in sediment (see Tables 6-67 and 6-68) were compared to Area B site surface soil results and 

the established background dataset for NAWC Warminster (Table 2-6). Table 6-69 presents a summary 

of the Area B surface soil organic results, by site, as well as sediment organic concentrations. Soil 

analytical data for Sites 6 and 7 were combined due to their proximity to one another (TtNUS, 1999b). 

The first evaluation consisted of comparing the maximum Area B surface soil concentration for each COC to 

the maximum background soil concentration (see Table 2-6) to determine if Area B sites were a significant 

potential source of this contaminant. The results of this comparison shows that the maximum detected 

concentrations of DDT and DDE in Area B surface soils, 14 ug/kg and 9.5 ug/kg respectively, were 

considerably lower than that identified in background soil samples, 1440 ug/kg and’ 820 ug/kg 

respectively. In addition, DDT and DDE were found in fewer than 15 percent of the Area B site samples. 

Based on this comparison, it appears that detected levels of these COCs in sediment may be related, to 

non-site sources. 

To further evaluate the potential relationship of Area B sites to the stream sediment quality, the maximum 

sediment concentration for each COC with an EEQ > 1 was compared to the maximum site soil data. The 

results of this comparison shows that maximum sediment concentrations for bis(2-ethylhexyl)phthalate 

(18,000 uglkg), alpha-chlordane (15 ug/kg), aroclor 1260 (1,900 uglkg), DDT (430 ug/kg) and DDE (24 

uglkg) are greater than maximum concentrations found in any of the Area B site surface soils; 2,700 ug/kg, 

8.2 ug/kg, 1,000 ug/kg, 14 ug/kg, and 9.5 ug/kg respectively. The results of this comparison indicate that 

Area B sites, considering available data, do not appear to be a current source for these contaminants. 

--- 

The remaining primary ecological sediment organic COCs (EEQ > I) consists largely of PAH compounds. 

PAHs were detected in Area B site surface soils at levels above background and at levels greater than were 

detected in stream sediments. However, a review of the Area B surface soil data indicates that the 

occurrence of these compounds was at a relatively low frequency (see Table 6-69). Considering the 

concentrations of these compounds in Area B soils, Area B may have been a potential source. However, 

due to their general occurrence in developed urban land, and their presence in stream sediments, no 

conclusions regarding the potential source of these contaminants in stream sediment can be made. 

A similar comparison was conducted for inorganic contaminants identified as ecological COCs in sediment. 

Table 6-70 presents a summary of the Area B surface soil inorganic results, by site, as well as sediment 

inorganic concentrations. Among the sediment inorganic ecological COCs, cadmium, copper, lead, 

manganese, and zinc had EEQs > 1.0. With the exception of cadmium, which was found in about 36 

percent of the samples, these same metals were detected in nearly all of the Area B surface soil samples. - 
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TABLE 649 

DATA SUMMARY FOR ORGANICS -AREA B AND STREAM 
NAWC WARMINSTER, PENNSYLVANIA 

Wkg) 

CONTAMINANT SITE 5 SURFACE SOIL 1 SITE 6 AND 7 SURFACE SOILS ) SEDIMENT 
OF POTENTIAL FREwENcY OF I RANGE 0~ IFREQUENCY OF I RANGE OF I FREQUENCY 0~ I RANGE 0~ 
CONCERN DETECTION DETECTION DETECTION DETECTION DETECTION DETECTION 
Semivolatile Organic Chemicals 
ACENAPHTHENE NOT DETECTED 1 I 29 4100 - 4100 112 470 

>dr3=hJc NOT DETECTED 2 I 29 100 - 6@"' 3 19 ,*n - r*nn 
3 129 74.1s 330J 5 I 29 A2- I: 

ANTHF, . .._. ,_ ““1 L I L 6”” - ITY.2 
BENZ(A)ANTHRACENE - -_ .3000 212 530 - 5200 
BENZO(A)PYRENE 3 129 67J - 2705 5 I 29 ‘ii - 11000 212 450 - 4400 
BENZO(B)FLUORANTHENE 3 129 505 - 1205 6 I 29 54 - 13000 212 690 - 7100 
BENZO(G,H,I)PERYLENE 3129 52J - IOOJ 6 I 29 41 - 3700 2 I2 390 - 2000 
BENZO(K)FLUORANTHENE 2 129 485 -*-- L I,. ^-.. -*.... - 9OJ 4 I 29 380 

BIS/2-ETHYLHEXYUPHTHALATE 6 It7 395 - 2705 1 I 26 270C 
I- ,Yu” LIL L3” - LX”” 

, -.-I- 2700 212 580 - 18000 
ICARBAZDLE .x_, , _.a_,._, _. . , . . a. <LATE INOT iNOT DETECTED DETECTED 1 INOT DETECTED 2 I 29 1 INM 49-700 DFTFCTFD 7 II2 17 17n - 120 

-- ..-. --.-_, 
iNOT DETECTI 

NOT DETECTED 112 79 
112 55 

100 212 1200 - 17000 
0 212 65 - 600 
0 212 320 - 2400 

212 450 - 560 
112 i7nn 

16 1 7.7 - 7.7 1 21.5 I 9 - 24 
I,? I I A,C 411 

4&DDE I 6 135 1 4K - 9.5J 1 1 I 
4,4’-DDT 5 I35 1 A7.1 - IA I 7 I 
ALDR 
AL’= 
Ali,..w.. ,--v 11,.d, ILILVILY , I ” I 
DELTA-BHC INOT DETFCTF~ I INOT DFT, 

IN I I II I I I 315 3.6 - 4.7 
.rnA-CHLORDANE 1 II 5.85 1 I 17 8.2 - 8.2 115 15 
~PI n13-*9rn IhInT nETErTEn I I 62 ’ 29 13 1000 - 415 270 - 1900 

---.. -. ._ ..-. -- .--.-- ,. ._ __. ECTED NOT DETECTED 115 4 
DIELDRIN 1 133 I 25L INOT DETECTED NOT DETECTED 115 13 
METHOXYCHLOR INOT DETECTED 1 INOT DETECTED NOT DETECTED 115 79 
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TABLE 8.70 

DATA SUMMARY FOR INORGANIC3 -AREA B AN0 STREAM 

NAWC WARMINSTER, PENNSYLVANIA 

VwM 

CONTAMINANT 

OF POTENTIAL 

1148 



The maximum concentration identified in Area B surface soil samples was greater than the maximum 

background result for each of these and all sediment COCs identified. In addition the maximum site surface 

soil concentration for each of these contaminants was greater than the maximum sediment concentration. 

The maximum background soil concentrations for beryllium, manganese, and vanadium were about twice 

the level found in sediment samples and the background 95th% UCL for each was about equal to the 

maximum sediment concentration (see Tables 2-6 and 6-70). Beryllium was identified in the background 

soils at a maximum level of 1.7 mg/kg with a UCL of 0.878 mg/kg and in sediment samples at 0.63 to 0.88 

mg/kg. Manganese was identified in the background soils at a maximum level of 2,010 mg/kg with a UCL of 

601 mg/kg and in sediment samples at 135 to 628 mg/kg. Vanadium was identified in the background soils 

at a maximum level of 45 mg/kg with a UCL of 32.1 mg/kg and in sediment samples at 13.6 to 22.7 mg/kg. 

This comparison indicates that the presence of these contaminants in stream sediments may be attributable 

to natural soil quality. 

This pattern of contamination does not hold true for the other primary inorganic COCs. Cadmium (not 

detected in background surface soils), copper (maximum background of 30.6 mg/kg and UCL of 15 mg/kg), 

lead (maximum background of 96.5 mg/kg and UCL of 16.3 mg/kg), thallium (maximum background and 

UCL of 0.42 mg/kg), and zinc (maximum background of 60 mg/kg and UCL of 32.9 mg/kg) were found in 

stream sediments at levels higher than in background soils. This comparison indicates that these 

contaminant levels may be related to other sources including Area B sites. 

6.8.5.2 Food-Web Modeling Results 

As discussed in Section 6.8.4.1, a screening food web model was used to help evaluate ecological risks 

to semi-aquatic receptors. Four receptors (i.e., raccoon, mallard, marsh wren, and green heron) were 

selected to evaluate these potential risks. Various exposure factors (body weight, food ingestion rate, 

and soil ingestion rate) and TRV values (primarily NOAEL data) were used as input parameters for the 

food-web model. Other input parameters included maximum sediment concentrations. For purposes of 

the model, it was assumed that these receptors will ingest 100 percent of the contaminant contamination 

from prey. 

The ecological COPCs that had EEQ values greater than 1.0 included 14 semivolatile organic 

compounds, five pesticides, one PCB, and nine inorganics. These same COPCs were evaluated using 

the food-web model. Table 6-71 presents the results of the screening food web model, based on the 

ecological contaminants of potential concern. The following is a summary of the food-web model results 

by COPC using the concept of NOAEL hazard quotients (HQs). 
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TABLE 6-71 
AXIMUM CONCENTRATION ECOLOGICAL HAZARD QUOTIENT VALUE 

FROM FOOD-WEB MODEL 
AREA B - NAWC WARMINSTER, PENNSYLVANIA 

-2 

Ecological Contaminants 
nf Concern _ - _ - -. 

Acenaohthene 

Raccoon Wren 
NOAEL NOAEL 

HQn HQn 
I 
I 0 OP 

Mallard 
NOAEL 

HQn 

Heron 
NOAEL 

HQn 
I I I 

-.-- 1 NA 1 NA I NA 
0.00 I 0.00 I 0.00 I 0.00 

I., . .-. . 

2.36 0.54 1.99 
“,.a,..,“““-‘.- I -.- . NA NA NA 
dahvrene I 0.80 NA NA NA 

I 
0.25 I NA I NA I NA I 

1.04 
0 9A 

Alpha chlordane 
Anthracene 
Aroclor 1260 
&nz(akmthrarnna 

L 
Benz&.,,, _. ._ 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
&rv/lia w-n *m,.“““’ 

c/7-Fthvlhewllnhthnlate 

* .a” .., . . . . . . 

0.36 NA NA NA 

I 0.13 NA NA NA 
I 0.18 3.66 0.83 3.09 

I 
1 7R 1 NA i NA I NA 1 

bi+ _... , . ..-... .,P .._. .- .--- 
Butylbenzylphthaiate _.._.. -.-_- 

Cadmium 
r~rhslrmln 
““,““-“I” 

f?hmmilrm -,,... . . . . -... 

Chrvsann -..‘,--“- 
Copper 
DDE 
nn-r .a”. 

I I ~~~ I I 
I NA 1 NA I NA 
I 

I NA 
I I l-l 7n I.&Y I n7n I r-l 07 I 025 -.-- 
I NA NA 
I 

*.. . NA NA 
I 
I 

0.00 4.09 0.93 3.45 
I 1.01 NA NA NA 

0.39 0.28 0.06 0.24 
0.00 1.79 0.41 1.51 

I 
0 n!=i V.-v 32.05 7.27 27.04 

0.04 0.01 0.03 
NA NA NA 

Dieldrin 0.06 
Fluoranthene 3.08 I I 
Fluorene 0.11 1 NA 1 NA I NA 
Indeno(l.2.3~cdlovrene 0.43 i NA 1 NA NA 

Lead 
Manganese 
n-nitrosodiphenylamine 
Pvrene ,----- 
Thalljum 
Vanadium 
Zinc 

L.“J Cl.,” L.L I “.LU 
0.63 0.12 0.03 0.10 
NA NA NA NA 

1.79 NA NA NA 
12.60 NA NA NA 
11.57 0.45 0.10 0.38 
0.30 7.49 1.70 6.32 

Refer to Appendix K for supporting documentation 



For the raccoon, Aroclor-1260 (1.04) benzo(b)fluoranthene (1.28) chrysene (1.01) fluoranthene (3.08) 

lead (2.09), pyrene (1.79), thallium (12.60), and vanadium (11.57) had estimated HQs greater than unity. 

For all other COCs, the HQs were below 1 for the raccoon. 

For the three birds evaluated (i.e., marsh wren, mallard, and green heron), HQ values exceeded unity for 

at least one species with regard to Aroclor-1260, bis(2-ethylhexyl)phthalate, chromium, DDE, DDT, lead, 

and zinc. Concerning the marsh wren, Aroclor-1260 (2.36), bis(2-Ethylhexy)phthalate (3.66), chromium 

(4.09), DDE (1.79) DDT (32.05) lead (9.76) and zinc (7.49). All other HQs were less than 1.0 for the 

wren. 

For the mallard, HQs greater than 1 .O were estimated for DDT (7.27) lead (2.21) and zinc (1.70). 

Concerning the green heron, HQs greater than unity were calculated for Aroclor-1260 (1.99) bis(2- 

ethylhexyl)phthalate (3.09), chromium (3.45) DDT (27.04) lead (8.23) and zinc (6.32). All other HQs 

were below 1 for the mallard and the heron. 

The values for DDT (ranging from 7.3 to 32.0) were the highest estimated HQs for each bird. Qnly the 

HQs associated with DDT were greater than 10. 

As noted previously, the stream downgradient from Area B is small and receives storm water runoff from 

this area. Only a limited number of benthic aquatic organisms were observed in this stream, and no 

observations were made of aquatic organisms in the pond. [Note: No focused field effort was conducted 

to verify these observations]. It is likely that the storm water runoff impacts the stream benthic community 

via scouring, but that organisms inhabiting the pond are not directly affected. Organisms that may feed 

on stream organisms from this station are also at risk, particularly from food-web exposures to DDE, DDT, 

alpha-chlordane, methoxychlor, and dieldrin. These compounds exhibit relatively high bioconcentration 

factors, especially DDT and DDE. 

Aquatic organisms and water fowl utilizing the pond at sample locations B9 and Bll are at lesser risk 

than are organisms inhabiting sample locations BIO and B12. Organic contaminants at locations BIO 

and Bll consisted of PAHs found only in the sediments. Organisms living in and feeding on the 

sediments are at the greatest risk of exposure; the elevated sediment PAHs may be adversely impacting 

the benthic community in this pond. While organisms that feed on benthic organisms in contact with 

these sediments may be at risk, it is probable that this poses a reduced risk in that PAHs do not generally 

bioaccumulate. 

Based on the comparison of Area B site and background surface soil to sediment contaminant levels 

/ S”r*,< presented in Section 6.851, some of the contaminants that resulted in the highest HQ values may not be 
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solely related to Area B sites. DDT and DDE, compounds that exhibit relatively high bioconcentration 

factors and resulted in some of the highest HQ values, were found in background soil samples at levels 

higher than any Area B site surface soil or stream sediment sample. These contaminants are likely not 

solely attributable to Area B sites. 

In addition, bis(2-ethylhexyl)phthalate, aroclor-1260, DDT, and DDE, which all resulted in HQ values 

greater than 1 for at least one receptor, were all detected at higher concentrations in stream sediments 

than in Area B site surface soils. This may indicate that the Area B sites are not currently a source of this 

contamination. Similarly, vanadium, which resulted in an HQ value of greater than 10 for the raccoon, was 

detected in stream sediments at levels below the maximum and UCL concentrations for background soil. 

This indicates that the levels of vanadium may be naturally occurring in the stream sediments. 

As presented in Section 6.8.5.1, levels of other contaminants in stream sediments (alpha-chlordane, 

beryllium and manganese) that resulted in HQ values of less than 1, may also not be related to Area B 

sites. The remaining contaminants that resulted in an HQ value of greater than 1 are primarily PAHs 

(benzo(b)fluorathene, chrysene, fluoranthene, and pyrene) and inorganics (lead, thallium, chromium, and 

zinc). Of these only thallium resulted in an HQ value of greater than 10 (raccoon). The levels of these 

contaminants may be associated with upstream sources including Area B sites. 

Because Southampton Creek is located in and downstream from a residential area and a large distance 

from Sites 5, 6, and 7, contamination from non-site related sources such as street and other urban runoff is 

considered to be perhaps more likely here than at other areas at the base. The downstream pond along 

Southampton Creek from which sediment and surface water samples were collected, functions as a sink for 

non-site related particle-bound contaminants and any contaminants that may be related to Area B. 

6.8.6 Uncertainty 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 identify 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 

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. 
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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. Often 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. 

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 receives potential contaminant inputs from more than one source, although 

initially contaminants are conservatively assumed to stem directly from area-related activities. In general, 

Area B has multiple contaminant sources of concern specific to the area, but the waterways assessed in this 

ERA 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. Area B Sites 5,6, and 7 do not have any open surface water body associated with 

them or in close proximity. Any relationship between these sites and the waterways assessed in this ERA is 

limited to overland flow across significant distances and/or through stormwater collection systems that serve 

a large area that includes urban lands. In addition, the data used in this assessment was collected before 

remedial actions were taken at Sites 6 and 7. These sites have been remediated and the area containing 

waste has been covered with an engineered soil cap to prevent exposure and migration of contaiminants 
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from this area. The majority of Site 5 is currently covered with asphalt roadways, parking lots and houses 

that would prevent the continued erosion or migration of contaminants (if any) of concern. 

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 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, gender, 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 overestimate potential risks and the resulting EEQ values 

may be misleading. AWQCs 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 BlVs 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 

A source of uncertainty for exposure lies in the limited quantity of data in the stream and the date when 

samples were collected (pre-1995). Other uncertainties in the exposure assessment arises mainly in the 
I 
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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. 

6.8.6.4 Uncertainty in the Risk Characterization 

,r---- 

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 EEQ is not 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 EEQ can be used as 

a rough estimate of total risk for a specific contaminant, but it contains uncertainty and must be interpreted 

with caution, 

The maximum site-related sediment concentrations were generally screened against ER-Ls. The 

ecological COPCs that had EEQ values greater than 1.0 included 14 semivolatile organic compounds, 

five pesticides, one PCB, and nine inorganics. The use of maximum concentrations to determine the 

relative health of aquatic receptors associated with Southampton Creek is a very conservative process. 

In evaluating the ER-Ls that were used for the screening, Long and Morgan (1991) state that some ER-L 

values have different degrees of confidence. They indicate that the degree of confidence should be 

moderate for metals and PCBs and low for pesticides and PAHs, and recommend that the ER-L and ER- 

M values should be screened against average site concentrations to determine if the “site” would have 

the highest potential for causing potential effects. 

If one considers that the background values are not truly background, and they are included as site data, 

average concentrations can be calculated based on all available sediment data. The average value for all 

the COPCs that were identified as such in this report (which compared the maximum value to a 

benchmark - usually the ER-L) were calculated using the analytical results presented in Appendices A-3 
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and A-4. These values are shown in Table 6-72. Most average values were based on between two to 

four data points, but some were based on five to seven data points. The average sediment contaminant 

values were compared to the ER-L values (or AET or LEL if ER-Ls were not available). Those ecological 

COPCs that had an EEQ value greater than 1.0 were then compared to ER-M values (if available). The 

results of this comparison are shown in Table 6-72: 

.-. 

As illustrated in this table, the EEQ values using ER-L for the average sediment concentration results in 

EEQs significantly lower than those used based on the maximum concentration. The EEQ values using 

ER-M for the average sediment concentration results in EEQs that are generally at or below unity (1) with 

the exception of DDT and aroclor-1260. 

The food-web model used for this characterization was extremely conservative. Animal food items were 

not sampled and bioaccumulation was assumed to be 100 percent. The extremely conservative 

assumption was made that all food animals (e.g., benthic invertebrates and fish) were at the same 

concentration as the maximum sediment concentration. If the mean concentration were used, this would 

give a more realistic approximation of actual exposure. The area use factor was assumed to be 1 for all 

the receptors. 

If more realistic inputs were used in the model, the HQs would be less than 1.0 for the majority of the 

ecological COPCs. 

--* 

The assessment was conducted for all contaminants that presented a potential risk, regardless of source 

or relationship to Area B sites. Several of the more potentially bioconcentrating contaminants assessed 

do not appear to be solely related to the Area B sites. Other contaminants were identified at levels that 

appear to be similar to naturally occurring background levels. This results in an assessment of potential 

risks that overstates the risk anticipated from the Area B sites. 

6.8.7 Conclusions 

Area B is located in the southeastern section of NAWC Warminster, and consists of Sites 5, 6, and 7. Sites 

6 and 7 have undergone remediation and have been capped with an engineered vegetated soil cover. Site 5 

is located in an active residential area and is covered.by houses, asphalt roadways, parking lots, and lawns. 

Presently, there are no surface water bodies in close proximity of Sites 5, 6, and 7. The focus of this ERA is 

a portion of Southampton Creek and its headwaters that receive runoff, channelized stormwater, and 

discharges from a large area including Area B sites 5, 6, and 7. The discharge from the collection systems 

in this area, form the headwaters for this portion of Southampton Creek. The drainage channel south of 

NAWC Warminster is composed of concrete and contains no significant aquatic habitat along its 1 ,OOO-foot 

UDOCUMENTS/NAVY/l412/13748 

6-156 



TABLE 6-72 
COMPARISON OF ECOLOGICAL COPCs TO ER-M VALUES 

NAWC WARMINSTER, PENNSYLVANIA 

ECOLOGICAL CONTAMINANT Average EEQ (using EEQ 
OF CONCERN Sediment ER-L values) 

Concentration 
(using ER-M values) 

lnorganics 

Cadmium 

Copper 

Lead 

Manganese 

Zinc 

Organics 

Acenaphthene 

Anthracene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(g,h,i)perylene 

Bis(2-ethylhexyl)phthalate 

Butylbenzylphthalate 

Chrysene 

Fluoranthene 

Fluorene 

Indeno(l,2,3-cd)pyrene 

N-Nitrosodiphenylamine 

Pyrene 

DDE 

DDT 

Alpha-chlordane 

1.5 1.3 O.QO5 

30.6 0.9 

50.7 1.1 0.23 

269.5 0.6 

177.6 1.2 0.43 

226.7 14.2 0.5 

545.6 6.4 0.5 

1902.4 4.3 1.2 

1554.9 3.6 0.97 

2479.9 0.8 

844.4 1.3 (AET) no ER-M 

5142.9 Q.O(AET) no ER-M 

120 ‘I’ 1.9 (AET) no ER-M 

2059.4 5.4 0.74 

5807.5 9.7 1.1 

253.8 13.4 0.47 

908.1 1.5 (AET) no ER-M 

1700 (‘J 60.7 (AET) no ER-M 

38.45 5.8 1.5 

16.5 7.5 0.6 

430 (‘I 430 61.4 

10.4 1.5 (LEL) no ER-M 

782.5 34.5 4.3 

Sediment concentrations are mg/kg for inorganics and ug/kg for organics. 

(‘)Average not calculated, only a single detection. Single detected concentration used. 
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length. Aquatic habitat increases in quantity and quality in the stretches of Southhampton Creek south of 

the point where the channel enters the natural streambed. 

.--. 

No total inorganics in surface water exceeded their BTVs, and the EEQ values were indicative of low 

potential risk. For organics in surface water, one phthalate compound was the only organic detected, but it 

did not exceed its BTV and it was only detected in one sample. Phthalates are also ubiquitous in the 

environment. 

The EEQ values, based on maximum concentrations, for several sediment inorganics were indicative of low 

potential risk, but most of the inorganic EEQs only slightly exceeded unity (1). EEQ values based on 

average sediment concentrations resulted in values at or below unity (1). No suitable BTVs were available 

for beryllium, thallium, and vanadium in sediments, but these compounds were retained for risk evaluation to 

allow for a conservative assessment of potential risks. Beryllium and vanadium were detected in relatively 

low concentrations (near detection limits) and at levels below regional background soil concentrations, 

indicating that risks associated with these contaminants may be at background levels for the area. Thallium 

was only detected in one of four sediment samples. 

EEQ values for several PAHs, two phthalate compounds, and DDE in sediments were indicative of low to 

moderate potential risk, while EEQ values for DDT and Aroclor-1260 were indicative of high potential risk. 

The EEQ value for n-nitrosodiphenylamine was indicative of moderate risk when compared to the AET 

va!ue, no ER-L or ER-M values were available for this compound. 

‘--, 

DDT and DDE were detected in background soils at levels higher than were detected in any Area B site or 

sediment sample, indicating that the risks associated with these compounds may not be solely site related. 

Aroclor-1260 was contained in sediment samples along the drainage pathway emanating from the Building 

108 storm drain discharge point leading to Outfall No. 10. These PCB concentrations decreased in distance 

away from the discharge point and appear to be confined to a small 250-foot stretch within the base 

property boundary. Aroclor-1260 was not detected in off-base and downstream samples collected within 

Southampton Creek. Aroclor-1260 was detected at levels below sediment concentrations in Area B site 

surface soils, indicating that these sites do not likely present a current major source of this contamination. 

The same is true for bis(2-ethylhexyl)phthalate. 

Maximum concentrations of virtually all PAHs and phthalates in sediment were detected in sample BIO, 

which was collected approximately 500 feet south of outfall OF1 1. This area of the drainage channel is 

located in an off-base developed area that contains lesser quality aquatic habitat. Samples B9 and Bll 

(including its duplicate) were collected further downstream where habitat increases in quantity and quality. 

Concentrations of PAHs and phthalates in samples B9 and Bll were generally one order of magnitude 
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lower than those detected upstream and were near or below BTVs, indicating limited migration of these 

contaminants to better habitats. The roadways and other developments south of the base may also be a 

source of PAH inputs into the drainageway. The EEQ values used in the assessment were based on 

maximum sediment detections using ER-L values. Using average sediment concentrations considerable 

lowers the EEQ value but most generally remain above unity (1). 

A screening food-web model was used to evaluate ecological risks to semi-aquatic receptors. The 

representative upper-level receptors included the raccoon, marsh wren, mallard, and green heron. For 

the raccoon, both thallium and vanadium had estimated HQs greater than 10.0. Thallium and vanadium 

levels appear to be at background or naturally occurring levels. For all other COPCs, the NOAEL HQs 

based on detected concentrations were at or below 3 with most values at or below 1. 

For the three birds evaluated (i.e., marsh wren, mallard, and green heron), HQ values exceeded unity for 

at least one species with regard to Aroclor-1260, bis(2-ethylhexyl)phthalate, chromium, DDE, DDT, lead, 

and zinc. Only the HQs associated with DDT were greater than 10. As noted above, DDT was detected 

at the highest levels in regional background soil samples and does not appear to be related to Area B 

sites. 

In summary, all EEQs for surface water were less than ,I. For sediment, EEQs and HQs were indicative of 

low to moderate risks. Both DDT and DDE significantly exceeded BTVs. However, Area B surface soil 

samples contained lower levels of these compounds than did the sediment and regional background soil 

samples, indicating that Area B sites may not currently be the source of these contaminants. Several PAHs 

and a few phthalates had EEQ values indicative of moderate potential risk. 

Aroclor-1260 was detected in four sediment samples and all of these sampling locations were located in a 

drainage ditch near the base boundary. These compounds were not detected in downstream samples, and 

are not expected to migrate significantly to areas downstream that contain viable aquatic habitat. In 

addition, surface soil samples from the Area B sites contained a low frequency of detections of aroclor-1260 

and levels were below the levels found in the stream sediment samples. 

Potential risks to aquatic and semi-aquatic receptors in the natural streambed, ponds, and Southampton 

Creek appear to be low to moderate. The compounds that present the highest potential risk to these 

receptors do not appear to be related to contamination identified in surface soils at Area B sites 5, 6, and 7. 

Sites 6 and 7 are being remediated to preclude migration of contaminants from this area. Site 5 is currently 

covered by either impermeable structures or vegetation to preclude any migration of contamination ,through 

erosion and/or runoff. Southampton Creek and its headwaters originate from and receive runoff and 

channelized discharges from a large area that includes urbanized land, fields, and lawns as well as Area B 
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sites 5, 6, and 7. The portion of the stream that contained the highest levels of contamination of concern 

consists of a drainage channel located in a developed area that contains lesser quality aquatic habitat. 

Areas downstream from this location, where habitat increases in quantity’ and quality, contained lower levels 

of contamination, Most levels were near or below BTVs, indicating a low potential risk to ecological 

receptors and limited migration of these contaminants to better habitats. 
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NAWC WARA. TER - EGIS 
07/I 1100 

SAMPLE NO. VO SVOC P/P MTLS DX CR6 DEPTH REMOVED FORMER SAMPLE NO. DATE 

SURFACE SOIL SAMPLES - SITE 5 

ss-05-01 x x x 1-2 N 4112195 
ss-05-02 x x x x l-2 N 4112195 

ss-05-03 x x x l-2 N 4112195 

ss-05-04 x x x x l-2 N 4112195 

ss-05-05 x x x l-2 N 4112195 

SS-05-06 x x x x I-2 N 12-24" 4112195 

I SS-05-06D IxIxIxlxl I I l-2 I N IDUP SS-05-06; SS-05-11 I 4/12/95 I 

ss-05-07 
SS-05-08 
ss-05-09 
ss-05-I 0 
ss-05-11 
SS-05-12 
ss-05-13 
ss-05-14 
ss-05-15 
SS-05-16 
SS-05-I 6D 
ss-05-17 
SS-05-18 

.ss-05-19 

x x x x 1.5 N 14-20" 4112195 
x x x x 1.5 N 14-20" 4/12/95 

x x x 1 N 6-12" 4112195 
x x x 1 N 8-16" 4/12/95 

x x x x l-2 N ss-05-17 917195 
x x x x I-2 N 917195 
x x x x l-2 N 917195 
x x x x 1-2 N g/7/95 
x x x x 1-2 N 917195 
x x x x l-2 N 917195 
x x x x l-2 N DUP SS-05-16; SS-05-I 8 917195 
x x x x X 0.5-2 N 1218199 
x x x x X 0.5-2 N 1218199 

. . . NOT COLLECTED 
SS-05-20 NOT COLLECTED 
SS-05-21 x x x x X o-o.5 N 1219199 
SS-05-22 x x x x X o-o.5 N 1219199 
SS-05-23 x x x x X 0.5-1.5 N 1219199 
SS-05-24 x x x x x 0.5-1.5 N 1219199 
SS-05-25 x x x x X 0.5-1.5 N 1219199 
SS-05-26 x x x x X 0.5-1.25 N 1219199 
SS-05-27 x x x x X l-3 N 1219199 
SS-05-28 x x x x x l-3 N 1219199 
ss-0539 x XIX x X l-3 N 



NAWC WARMINSTER - EGIS 
07111100 

SAMPLE NO. VO SVOC P/P MTLS DX CR6 DEPTH REMOVED FORMER SAMPLE NO. DATE 

SURFACE SOIL SAMF’ -A 
*lTn? c 

EC. nr 9n 12/10/99 
1211 o/99 

SOIL BORING SAMPLES - SITE 5 

SB-05-01 
SB-05-02 
SB-05-02D 
SB-05-03 (TPH & BTEX also) 
SB-05-04 
SB-05-05 
SB-05-06 
SB-05-07 
SB-05-08 
SB-05-09 
SB-05-10 
SB-05-11 
SB-05-12 
SB-05-13 
SB-05-13D 
SB-05-14 (TPH & BTEX also) 
SB-05-15 
SB-05-16 
SB-05-I 7 
SB-05-18 
SB-05-19 

X X(b) 
X X(b) 
X X(b) 
x x x x 
X X(b) 
X X(b) 
X X(b) 
X X(b) 
X X(b) 
X X(b) 
X X(b) 
X X(b) 
X X(b) 
x x X X(b) 
x x X X(b) 
x x x x 
x x X X(b) 
x x X X(b) 
x x X X(b) 
X X(b) 
X X(b) 

5.5 N ‘NH-SB-01 9119195 

7.5 N WH-SB-02 9119195 

7.5 N DUP SB-05-02; SB-05-03 9119195 

2.5 N Phase II RI (W-SB-05); 88-05-22 6117192 

7 N WH-SB-04 9119195 

4.0 N WH-SB-05 9119195 

6.0 N WH-SB-06 9119195 

8.0 N WH-SB-07 9119195 

6.0 N WH-SB-08 9119195 

5.0 N WH-SB-09 9119195 

5.0 N WH-SB-10 9120195 

3.0 N WH-SB-11 9120195 

3.0 N WH-SB-12 9120195 

4.8 N WH-SB-13 9120195 

4.8 N DUP SB-05-13; SB-05-14 9120195 

4 N Phase II RI (W-SB-06); SB-05-23 9120195 

5.5 N WH-SB-15 9120195 

6 N WH-SB-16 9/20/95 

5.5 N WH-SB-17 9120195 

10 N WH-SB-18 9120195 

7.5 N WH-SB-19 9120195 



NAWC WAk STER - EGIS 
07/11/00 

I SAMPLE NO. 1 VO 1 SVOC 1 PIP 1 MTLS 1 DX 1 CR61 DEPTH 1 REMOVED [ FORMER SAMPLE NO. 1 DATE 
I I I I I I I I I I 
I I I I I I I I I I 

SOIL BORING SAMPLES - SITE 5 1 ! ! ! ! ! ! ! ! I I 
SB-05-20 x x X W-4 6 N WH-SB-20 9128195 

SB-05-21 X X Xlb) 8 N WH-SB-21 9128195 

SB-05-22 (TPH & BTEX also) x x 
SB-05-23 
SB-05-24 x x 
88-05-25 1x1 x 
SB-05-26 1x1 x 

x x 

X(b) 

x x X 

2.5 N 
8 N 

2-4 N 

Phase II RI (W-SB-07); SB-05-24 61-l 7192 
WH-SB-26; 88-05-25 10/31/95 

1218199 

X 1 X 1 1 X 1 2-5 1 N 1218199 

xl x I I x I 3-5 I N 1218199 
N 12/8/99 SB-05-27 x x 1 x 1 x 1 1 x 1 5-7 1 
i 

I -. -. - - 
SEI-05-28 X x. I x I x I I x I 2-6 I I 1 1218199 i -- -- -- 

1 SB-05-28D 
_ . 

I x t x t 3-E 
_ _ 

t X 1 I .-.-.-- 

I i DUP SB-05-I 00 -I218199 
N 12lRl89 SB-05-29 x x x x X 2-4 

SB-05-30 x x x x X 4-6 
x x x x X 6-7.5 

x 

x 

x 
x 

__ 
x 
x 

X 
X 

x 

x 

x 

x x 

- _ 
X E X 
X 
X -- -- -- -- -- -- 

SB-05-36 SB-05-36 
SB-05-36D SB-05-36D 
SB-05-37 SB-05-37 
SB-05-38 SB-05-38 
SB-05-39 SB-05-39 
SB-05-40 SB-05-40 
SB-05-41 SB-05-41 
88-05-42 88-05-42 
88-05-43 88-05-43 
SB-05-44 SB-05-44 
88-05-45 88-05-45 
SB-05-46 SB-05-46 

I 88-85-47 I 88-85-47 

_ _ - - x x x x _ _ 5-7 x x x x _ _ 5-7 
X X 

x x x x x x x x X X 5-7 5-7 DUP SB-05-36 DUP SB-05-36 
x x x x x x x x X X 2-4 2-4 N N 
x x x x x x x x X X 3.5-5.5 3.5-5.5 N N 
x x x x x x x x X X 3-5 3-5 N N 
x x x x x x x x X X 3-5 3-5 N N 
x x x x x x x x X X 3-5 3-5 N N 
x x x x x x x x X X 3-5 3-5 N N 
x x x x x x x x X X 2-4 2-4 N N 
x x x x x x x x X X 3.5-6 3.5-6 N N 
x x x x x x x x X X 3.5-5.5 3.5-5.5 N N 
x x x x x x x x X X 2-5 2-5 N N 

1x1 1x1 x 1x1 x I x 1x1 x I 1x1 1x1 5-6 I N I 5-6 I N I 

.-.-.-- .-.-.-- 
1219199 1219199 
1219199 1219199 
1219199 1219199 
1219199 1219199 
12i9i99 12i9i99 
1219199 1219199 

12/10/99 12/10/99 
1211 o/99 1211 o/99 
1211 o/99 1211 o/99 
12llOl99 12llOl99 
12/10/99 12/10/99 

I12l101991 I12l101991 
t 38-05-48 1x1 x 1x1 x I 1x1 2-4 I N I I 12/10/99 1 



_.- 
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NAWC WARMINSTER. PENNSYLVANIA 

! 6/30/W 



Data Qualifier 
B -- Positive res is considered to be an artifact of blank contamination, and should not be 
J -- Value is considered estimated due to exceedance of technical quality control criteria or because result is less than the Contract Required Quantitation Limit (CRQL). 
K -- Positive result is considered biased high due to exceedance of technical quality control criteria. 
L -- Positive result is considered biased low due to exceedance of technical quality control criteria. 
R -- Positive result is considered unusable due to exceedance of technical quality control criteria. 
U -- Value is a non-detected result as reported by the laboratory. 
UJ -- Non-detected result is considered estimated due to exceedance of technical quality control criteria. 
UL -- Non-detected result is considered biased low due to exceedance of technical quality control criteria. 
UR -- Non-detected result is considered unusable due to exceedance of technical quality control criteria. 
NA -- No result is available/applicable for this parameter in this sample. 

Database source file: D:\AASTRSK\FOXDATSUM2\WAO5SSDBF data retrieved on: 06/20/00 

DATA-SUM-WA05SS-complete.xls 13 





,f 



Sample ID: 

INORGANICS 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chmmium 
Cobalt 
Cofw 

Cyanide 
Haxavalenl Chromium 
Irnrl 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
zinc 

SEMNOIATILES 
1.2.4-Tdchiorobenzene 
1.2-Dichlorobenzene 

SB-O5-10 SB-051 I SB-0512 58-05-13 SBOS-13-DUP SB-0514 SB.6515 58-0516 88.05-17 SB-6516 SB-O5-19 SB-O5-20 

RESULT PUAL RESULT QUAL RESULT DUAL RESULT QUAL RESULT PUAL RESULT PUAL RESULT QUALRESULT GUAL RESULT QUAL RESULT OUAL RESULT QUAL RESULT QUAL 
w&t me8 m5Wt wwt __ W% -..__mglkg~L-!!xf!sL~mglkg fi w&t mOlk9 
11300 7OW 8510 9220 9910 16400 Lo” 10400 12700 kn” 12360 9370 
0.9 UR 6.6 UR 8.1 UR 9.4 UR 9 UR 18.6 B 7.1 UR 9.2 UR 6.9 UR 7.7 UL 7 UL 8.6 UL - 
2.1 2.2 3.2 1.6 1.7 4.1 B 0.74 0.65 1.3 0.66 2 L 12.9 

- 30.1 39.2 38.9 43.9 27.7 466 40 112 107 118 123 373 
0.6 0.44 0.53 0.74 0.83 1.5 B 0.42 0.67 1.5 1.3 2.5 0.63 
0.64 U 0.47 U 0.58 u 0.67 U 0.64 U 17.6 L 0.5 U 0.86 u 0.49 u 0.55 UJ 0.5 UJ 15.7 
1050 956 793 930 933 4470 B 516 2150 1670 6330 1220 22W9 
16.9 10.7 14.2 15.3 13.2 46.1 K 1.9 K 15.5 17.6 24.6 21.2 305 
5.3 3.1 7.3 8.2 6.4 30.1 6.3 10.3 17.9 9 12.8 13.6 L 
15.4 6.6 B 11.2 7.4 B 6 B 1280 4.4 B 3.0 B 2.9 B 1.2 B 3.7 B 639 J 
NA NA NA NA NA 2.2 U NA NA NA NA NA NA 

NA NA NA NA NA NA NA NA NA NA NA NA 
12600 113W 15100 157W 19400 59660 2590 13300 196w 24100 29700 64200 
3.6 J 5.7 J 9.3 J 10.5 J 9.7 J 15.3 1.4 B 6.8 J 12.3 J 7.9 13.3 726 
1110 1330 1360 3296 3200 4530 B 639 5956 5909 WNJ 4850 7420 
125 J 75.7 J 254 J 186 J 120 J 811 467 J 91.1 J 551 J 544 L 290 L 1360 L 
0.06 0.05 U 0.18 0.05 u 0.05 U 1.5 0.05 u 0.12 0.05 u 0.1 L 0.06 UL 0.14 L 
6.5 K 5.2 K 7.9 K 12.1 K 10.7 K 45.9 4.5 K 19.6 19.8 22.6 17.4 K 625 
229 436 491 1320 1456 1910 85.7 B 2170 2940 1650 3010 1420 
0.64 K 0.47 U 0.58 u 0.67 U 0.64 U 1.1 UJ 0.5 U 0.66 u 0.49 u 0.55 u 0.5 U 0.61 U 
0.65 U 0.63 U 0.77 u 0.9 U 0.86 U 96.2 0.67 U 0.88 u 0.66 u 0.73 UL 0.66 UL 11.3 J 
73.5 46.1 50.4 102 127 2170 B 89.7 154 152 128 i49 578 
0.64 u 0.47 U 0.68 u 0.67 U 0.64 U 0.45 UL 0.5 U 0.66 u 0.49 u 1.1 K 0.91 K 0.61 U 
20.6 17.6 23.1 19.6 21.4 34.7 3 B 16 22.9 33.1 29.7 6510 
9.1 B 12.7 19.1 27.7 25.8 1040 3.7 B 44 47.5 29 49.6 1070 

ww -uolkg- uglkg ws wm ww WP 
NA NA NA 370 u 360 U 340 u 360 u 3QrJ U 4w u NA NA 4200 U 
NA NA NA 370 u 360 U 340 u 350 U 399 U 4w U NA NA 4200 U 

1.3-Dichlorobenzane NA 
1.4~Dichlombenzene NA 
2.2’-Dxybis(l-chloroptopane) NA 

2,4,5-T&hi&phenol NA 
2.4.6-Tdchlorophenoi NA 
2,4-Dichlorophenol NA 

NA 
2,4-Dinitmphenol NA 
2,CDinitmtoluane NA 
2.6-Dinikololuene NA 

Il-Chlomnaphthalene NA 
Z-Chlomphenol NA 

NA 
NA 

2-Nikoaniline NA 
PNikophenol NA 
3.3’-Dichlorobenzidine NA 

NA NA 370 u 360 U 340 u 380 U 396 u 400 u NA NA 4200 U 
NA NA 370 u 360 U 340 u 360 U 390 U 4w u NA NA 4200 U 
NA NA 370 u 360 U 340 U 369 U 390 U 400 U NA NA 42W U 
NA NA 890 U 880 U 820 u88ouQ4ouQ6ouNA NA 1WW u 
NA t4A 370 u 360 U 340 U 360 U 390 U 4W U NA NA 4200 U 
NA NA 370 u 364 U 340 u 380 u 396 u 400 u NA NA 4200 U 
NA NA 370 u 360 u 340 U 360 U 390 U 4W U NA NA 4200 U 
NA NA 699 U 880 U 820 u 880 uQ4ouQwuNA NA loo00 u 
NA NA 370 u 360 U 340 U 360 U 392 U 4W U NA NA 4200 U 
NA NA 370 u 360 U 340 U 366 U 390 U 400 U NA NA 4200 U 
NA NA 370 u 360 U 340 u 360 U 390 U 4w U NA NA 42W U 
NA NA 370 u 364 il 340 U 350 U 390 U 400 U NA NA 42W U 
NA NA 370 u 360 U 340 u 360 U 390 U 4W U NA NA 42W U 

INA NA 370 u 360 U 340 U 366 U 3Qtl U 4W U NA NA 42W U 
NA NA 890 u 880 U 820 u J?-g U 940 U 960 U NA NA IWW u 
NA NA 370 u 36!3 U 340 u 360 u 390~ u 400 u NA NA 4200 U 
NA NA 370 u 360 U 340 U 360 U 390 U 400 U NA NA 4200 U 

DATA- 
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,,.- . , _._ _ 
I INA I INA I I37n 111 IiA I INA 

I I . . . . 
INA INA I I37n I INA 

I ,I.,7 I -.- (_ .-.- 
I INA III INA I INA I t 

NA 
--YWhane NA 

Ier NA 
,,dalale NA 

. . . 
NA Ni 370 u INA I JNA I INA I INA I INA I INA I I 
NA NA 370 U 
NA NA 370 U 
NA NA 370 U 

Nd. 370 u 

,I.,. .., . 
I INA I INA -I i370 iu 

.“. I -.- 

clllyl.lllllle (1) (NA INA INA I 1370 I INA I 
INA I INA I INA 1370 pJ 
1.11 llld INA I I? 

DATi j JAO5SB_complete.xls 
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\Tetrachloro&hene (11 (U (4 (J (14 I 112 (U 111 (U 126 
Ill Iu I12 (U 112 IU 112 IU 

“aLI*- ‘..wY’U”“‘“~‘“~,,~ 

Trfchlomethene 
Vinyl Chloride 
Xytene (Total) 
PESTICIDEYPCBS 
4 4’.DDD 

I I ” IL ” I‘. ” .L 

11 U 12 U 12 U 12 
11 U 12 U 12 U 12 
11 U 12 U 12 U 12 

uplkg 
NA NA NA . . --- 

4/S-DDE INI ’ 3.0 
4 4’JmT IN1 38 .,. --. 
Atdrin 
*InhaR-tc 

r ~13.8-- I;~---IE I I pIA I INA I pJA I 
I- 1 INA INA INA INA INA I 4 NA INA 

..4 NA INA ‘L._ Iu 
[NA NA INA 1.9 1; JNA I INA 
INA NA INA 19 iu INA INA I INA I 

INA r-INA 1 (NA I INA I (NA I (NA I 
I INA INA INA INA 

lh,A 1 I klb I lk,d I . _ _ ,I._ I (I.,, I 
INA I INA I INA I Ii9 III INA I INA I INA I INA (NA -..- . . . . . . . ..- 

,” ---. .-.- INA I INA I INA I I36 1; INA I INA I INA I INA I 
INA INA INA l7R It1 INA INA INA INA 

NA I 
INA I NA 

.., . I . . I I . ., . I NA NA 
INA I INA INA Iii 1; INA I INA I INA I INA I NA NA 
INA INA I INA 136 Iu INA /NA INA JNA NA NA 
INA I INA INA I I7R II1 INA I IMA I IN* I INA I NA MA .,n I I I I-- , - , . .I , . . . . . 

IA INA ! JNA 1 JNA ! 1 
I INA I INA I INA 

INA INA INA 

Dena I-BHC 
Dieldrin 
Endosulfan I 
Fndosulfan It -. .- - - -. -. 
Endosulfan Sulfate 
Fnrlfin -. .-. 
Endrin Aldehyde 
Fndrin lca+nna 
_ . . “ . . . .  . . - . - . . -  

Gamma-BHC (Linda@ 
Gamma-Chlordane 
HeptaChlW 
Heptachlor Epoxide 
Methoxychlor 
Toxaphene 

9 NA NA U NA 
[NA I- INA I INA I 13.6 Iu INA 

lu INA 
,!A 

‘3.6 16 INA 
38 Iu INA 

,,.n ,,,n I (I.,. I ,” ,a.- I 1 ,..- I . ., . I . .r. I , 

INA I INA I INA I 11.9 
INA INA INA 13.6 IU IN 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA NA NA I NA NA 
NA NA NA NA NA 
NA NA NA NA NA 

NA NA NA NA NA 
NA NA NA NA NA - 
NA NA MA NA NA 

3.0 1; 1Ni ]NA I )h 
3a III INA I INA INA I 

IA I INA I INA I ,NA I I 
.  _ _ _ INA NA NA I 

NA !NA NA 1.9 v N.A I I NA N.A N A NA NA 
NA NA NA 1.9 U NA NA NA NA NA NA 
NA NA NA - 1.9 U NA NA NA NA tw NA 
NA NA NA 1.9 U NA NA NA NA NA NA 

NA NA 19 U NA NA NA NA NA 
NA NA 190 U INA NA NA NA NA 

DATA~SlJM~WAO5SB~complete.xls 11 61301QO 





13 



‘I 

)A05SB~aX”pl~f%& 
6130/00 

DATA- 



5505-i4 58.0545 SB-0546 sEO5-47 58-05-l8 1 ~SEl45-49 1 
I 

/SB-o5-50 1 
I I I I 

/SE-%50-D I jSEO5-51 1 
I I I 

~SwJ5-52 1 
I I 

ISEO5-53 ( 
I I 

ISB45-54 I 
I 

ISBa5-55 1 
I 

RESULT QUAL RESULT QUAL RESULT OUAL RESULT PUALRESULTIQVAi 
I 

QUAL~RESULT IQUALIRESULT IQUAL IRESULT IQUAL IRESULT IQUAL 
I I 
I RESULT iOUAL 

WY Km uence uglkg U! 

., .,-,- .____..._.___ 
1.1,2-Ttichloroethane 15 ItJ 15 /u 

15 Iu 
(5 Iv 15 

l,l-Dichlomelhane 15 Iu 15 IU 15 
1 ,l-Diclllomelhene 15 Iu 15 ju 15 

bane 15 Ill 15 IU 15 Ill 15 u 5 u ; i i ; ; i i ; ; ;; 6;;;;: ;; 

u 5 u 5 u 5 u 5 u 5 u 5 u 5 u 6 U 6 U 
u 5 u 5 u 5 u 5 u 5 u 5 u 5 u 8 

Ju 15 
U 6 U 

u 5 u 5 ll 5 u 5 u 2 J 5 U 2 J 8 
Iu 15 

U 6 U 
u 5 u 5 II 5 II 5 II 5 II r. II * II a II I? I, 1,2-Dichloroethane 5 u 5 u 5 

1.2~Dichlorc&ene (Total) 9 u 9 U 10 U 10 ; 9 i ;0 i 9 i i0 i ;1 ; To 
1,2-Dichloropmpane 

; ; ; ;6 ; ;3 ; 
5 u 5 u 5 u 5 u 5 u 5 u 5 u 5 u 5 u 5 u 5 u 8 U 6 U 

2-Butanone 9 u 2 B 12 B 10 U 6 J 7 J 2 J 4 J 11 U 11 2 J 16 
P-Hexanone 

U 13 U 
9 u 9 U 10 U 10 u 9 U 10 u 9 u 2 B 11 U 10 U 9 U 16 U 13 U 
9 u 9 U IO U 10 u 9 U IO u 9 U 10 U U 11 10 u 9 U 16 U 13 U 

AMone IO B 26 B 77 B 16 B 120 J 94 37 B 52 B 61 B 76 B 36 B 36 B 19 B 
Be: .t 6 u “ZBIW 5 u 5 u 5 u 5 u 5 u 5 u 5 u 5 u 5 u 5 u 5 u 3 
Etmmodichtommethane 5 u 5 u 5 u 5 u 5 u 5 u 5 u 5 u 5 u 5 u 5 U 8 iJ i cl 
Bmmoform 5 u 5 u 5 u 5 u 5 u 5 u 5 u 5 u 5 u 5 u 5 U 8 U 6 u 
Bromomethane 5 u 5 u 5 u 5 u 5 u 5 u 5 u 5 U u 5 U 8 U 6 U 
Carbon Disutfida 5 u 5 u 5 u 5 u 5 u 3 J 5 U u 5 u 5 11 A R 

Mortde 5 u 5 u 5 u 5 u 5 u 5 u- 5 U ICarbon Tetrad 

4 ItJ (3.9 
1.7 ItJ 12 (U 12 

I 

IU I 
IU 146 IV 12.1 Ju 

17 IU 12 Ill 12 I 

ii 
‘.. 

; 

‘2 2 u 48 U 2.1 U 
u 2 1.7 2 u 2 U 46 U 4.7 J 
u 2 u 2 u 12 u U 

-- 
2 1.7 u 2. U 2 u 46 U 2.1 U 

I 1;; I I 1;; IL., I 1; I I;0 u 2 u 2 u 12 u 
..~ 

2 U 1.7 u 2 u 2 u 46 U 2.1 U 
I 121 II 20 u 7n i3n on I, 17 3” II 70 

DATA~SUM~WAO5SS~complete.xls 15 6l3Jiuo 



Data Qualifiers: 
B -- Positive result is considered to be an artifact of blank contamination, and should not be considered present. 
BJ -- Positive result reported at less than CRQL (estimated value). Laboratory reported same compound in associated blank. 
J -- Value is considered estimated due to exceedance of technical quality control criteria or because result is less than the Contract Required Quantitation Limit (CRQL). 
K -- Positive result is considered biased high due to exceedance of technical quality control criteria. 
L -- Positive result is considered biased low due to exceedance of technical quality control criteria. 
R -- Positive result is considered unusable due to exceedance of technical quality control criteria. 
U -- Value is a non-detected result as reported by the laboratory. 
UJ -- Non-detected result is considered estimated due to exceedance of technical quality control criteria. 
UL -- Non-detected result is considered biased low due to exceedance of technical quality control criteria. 
UR -- Non-detected result is considered unusable due to exceedance of technical quality control criteria. 
NA -- No result is available/applicable for this parameter in this sample. 

Database source file: D:\AASTRSK\FOXDATSUM2\WAOSSBDBF data retrieved on: 06/20/00 
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SUMMARY OF ANALYTICAL TESTING 
AREA B - SURFACE WATER 

NAWC, WARMINSTER 

TCL TAL 
METALS/ 

SAMPLE NO. VOLATILE SEMIVOLATILE PESTICIDES/P CYANIDE DIOXIN CR+s COMMENTS 
ORGANICS ORGANICS CBS 

Bl-SW X X X )((a) 

B2-SW X X(B) 
1 

BQSW X )((a) I I Background for Area B 
BCSW-D I DUP is BS-SW Phase Ill RI 
BS-SW X X X X 8-SW Phase I RI 

8A Phase Ill RI 
Background for Area B 

BIO-SW X X X x(a) SW-7 Phase II RI 
78 Phase Ill RI 

Bl l-SW X X X XC”) .--SW-8 Phase II RI 
Bl 1 -SW-D 

B12-SW X X X 
I I 

<‘iUP is88sE?!i 6LtLe II RI 
Background for Area B 

X 7-SW Phase I RI 
7A Phase Ill RI 

(4 Also TAL metals (filtered). 



SAMPLE NUMBER: 

INORGANICS 

ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 
IRON 

LEAD 

MAGNESIUM 

MANGANESE- 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANAOIUM 

ZINC 
1 

p BiZ B- Br0 8k Bq BE)- i3r1 Bl-SW B2-SW BCSW 

1000 u B 1000 109 0 87.0 U B 37.5 24.0 6 76.9 B 

10.0 U 49.0 u 10.0 u 49.0 U 32.0 UL 32.0 UL 32.0 UL 

2.0 u 3.0 u 2.0 u 3.0 u 2.0 u 2.0 u 2.0 u 

500 U 92.0 500 U 92.0 80.9 94.2 100 

0.50 u 1.0 u 0.50 u 1.0 U 1.0 u 1.0 u 1.0 u 

2.0 u 3.0 u 2.0 u 4.0 8 3.0 u 3.0 u 3.0 u 

24000 B 22600 22000 B 28000 21800 24300 28100 

2.0 I3 8.0 El 2.0 u 6.0 B 5.0 u 5.0 u 5.d u 

2.0 u 6.0 U 2.0 u 6.0 U 3.0 u 3.0 u 3.0 u 

25.0 u 9.0 8 25.0 u 9.0 B 2.0 u 2.0 u 2.3 
430 B 366 100 U 389 31.3 B 325 Et 895 

2.0 u 3.0 B 2.0 u 3.8 B 1.0 u 1.0 u 1.0 u 

9300 B 9030 9700 B 11200 6270 9090 10500 

100 55.0 100 U 44.0 7.6 B 119 154 

0.20 u 0.20 R 0.20 u 0.20 R 0.12 UL 0.13 UL 0.13 UL 

10.0 u 20.0 10.0 u 17.0 u 7.0 UL 7.0 UL 7.0 UL 

1200 B 1180 1400 B 1550 910 1150 1450 

2.0 u 5.0 u 2.0 u 5.0 u 2.0 UL 2.0 UL 2.0 UL 

2.0 U 10.0 u 2.0 u 10.0 u 4.0 UR 4.0 UR 4.0 UR 

11000 B 13600 12000 I3 16200 9760 12900 14600 

2.0 u 2.0 UL 2.0 u 2.0 UL 3.0 u 4.9 3.0 u 

10.0 U 5.0 u 10.0 u 5.0 u 1.0 u 1.0 u 1.0 tJ 

50.0 B 19.0 B 20.0 u 22.0 B 9.0 L 27.6 L 30.6 L 

A-16-1 



TABLE 4 

NAWC WARMINSTER, WARMINSTER, PENNSYLVANIA 
INORGANIC RESULTS FOR SURFACE WATER SITE B (DISSOLVED) 

UGlL I‘. ” 
‘: ‘i 

DRAFT 

Page 1 

CALCIUM 23000 J 26800 J 26000 24900 

CHROMIUM 6.0 B 8.0 B 5.0 U 5.0 U 

COBALT 6.0 u 6.0 u 3.0 u 3.0 U 

COPPER 4.0 B 5.0 B 14.7 B 24.9 B 

IRON 180 B 119 B 10.8 B 238 B 

LEAD 1.0 UL 1.0 UL 1.0 u 1.0 u 

MAGNESIUM 8550 J 9850 J 9660 9380 

MANGANESE 49.0 24.0 9.5 B 123 

BGSW 

31.7 B 

32.0 L 
2..0 u 

3.9 B 

175 B 

1.0 u 

9720 

132 

MERCURY 0.20 u 0.20 u 0.13 UL 0.20 L 0.14 UL 

NICKEL 17.0 U 17.0 U 7.0 UL 7.0 UL 7.0 UL 

POTASSIUM 1320 B 1520 B 1150 1200 1350 

SELENIUM 5.0 u 5.0 u 2.0 UL 2.0 UL 2.0 UL 

SILVER 10.0 U 10.0 u 4.0 UR 4.0 UR 4.0 UR 

SODIUM 12100 7880 11200 13400 13700 

THALLIUM 2.0 UL 2.0 UL 3.4 3.0 u 3.3 

VANADIUM 5.0 U 5.0 u 1.0 u 1.0 u 1.0 u 

ZINC 13.0 B 18.0 B 5.8 L 18.8 L 12.5 L 
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Page 1 

UAlwr LL ,.“WIYLI.. 

PESTICIDES 
4/l’-DOD 

4,4’-DDE 

4/l’-DDT 

ALDRIN 

ALPHA-BHC 

ALPHA-CHLORDANE 

AROCLOR-1016 

AROCLOR-1221 

AROCLOR-1232 

AROCLOR-I 242 

AROCLOR-1248 

AROCLOR-1254 

AROCLOR-1280 

BETA-BHC 

DELTA-BHC 

DIELDRIN 

ENDOSULFAN I 

ENDOSULFAN II 

ENDOSULFAN SULFATE 
ENDRIN 

- -. -~. -- 
UlL I-J IV I “I P ‘I 

0.10 UJ 0.10 u 0.10 UJ 0.10 UL 0.10 u 
0.10 UJ 0.10 u 0.10 UJ 0.10 UL 0.10 u 

0.10 u 0.10 UL 0.10 u 
0.050 u 0.050 u 0.050 u 0.050 UL 0.050 u 
0.050 u 0.050 u 0.050 u 0.050 UL 0.050 u 

0.050 u 0.050 UL 0.050 u 
0.50 u 1.0 u 0.50 u 1.0 UL 1.0 u 
0.50 u 2.0 u 0.50 u 2.0 UL 2.0 u 
0.50 u 1.0 u 0.50 u 1.0 UL 1.0 u 
0.50 u 1.0 u 0.50 u 1.0 UL 1.0 u 
0.50 u 1.0 u 0.50 u 1.0 UL 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 UL 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 UL 1.0 u 
0.050 u 0.050 u 0.050 u 0.050 UL 0.050 u 
0.050 UJ 0.050 u 0.050 UJ 0.050 UL 0.050 u 
0.10 u 0.10 u 0.10 u 0.10 UL 0.10 u 
0.050 UJ 0.050 u 0.050 UJ 0.050 UL 0.050 u 
0.10 u 0.10 u 0.10 u 0.10 UL 0.10 u 

0.10 UJ 0.10 u 0.10 UJ 0.10 UL 0.10 u I 
0.10 u 0.10 u 0.10 u 0.10 UL 0.10 u II __._.~~~. 1 

ENDRIN ALDEHYDE 0.10 u 0.10 UL 0.10 u 
ENDRIN KETONE 0.10 u 0.10 u 0.10 u 0.10 UL 0.10 u 
GAMMA-BHC (LINDANE) 0.050 u 0.050 u 0.050 u 0.050 UL 0.050 u 
GAMMA-CHLORDANE 0.050 u 0.050 UL 0.050 u 
HEPTACHLOR 0.050 UJ 0.050 u 0.050 UJ 0.050 UL 0.050 u 
HEPTACHLOR EPOXIDE 0.050 UJ 0.050 u 0.050 UJ 0.050 UL 0.050 u 
METHbXYCHLOR 0.050 UJ 0.50 u 0.050 UJ 0.50 UL 0.50 u _..-. I I I I I TOXAPHENE I 1.0 ul 5.0 ll. 1.0 ul 5.0 UL 1 5.0 u 1 I II 

. . 1 / 
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TABLE 4 

NAWC WARMINSTER, WARMINSTER, PENNSYLVANIA 
SEMIVOLATILE ORGANIC RESULTS FOR SURFACE WATER SITE B 

UGIL 

DRAFT 

Page 1 

SAMPLE NUMBER: 

SEMIVOLATILES 

* 812 ZB- @ID * a9 8% 011 Bl-SW BP-SW BCSW 

1,2,4-TRICHLOROBENZENE 
1,2-DICHLOROBENZENE 
1 ,3-DICHLOROBENZENE 

1 ,I-DICHLOROBENZENE 

2,2’-OXYBIS(l-CHLOROPROPANE) 
2,4,5=TRICHLOROPHENOL 
2,4,8-TRICHLOROPHENOL 

2,GDICHLOROPHENOL 

2,CDIMETHYLPHENOL 

2,4-DINITROPHENOL 

2,4DINITROTOLUENE 

2,8-DINITROTOLUENE 
2-CHLOROETHYLVINYL ETHER 

2-CHLORONAPHTHALENE 

2-CHLOROPHENOL 

P-METHYLPHENOL 

2-NITROANILINE 
2-NITROPHENOL 

3,3’-DICHLOROBENZIDINE 
3-NITROANILINE 

4,8-DINITRO-2-METHYLPHENOL 

4-BROMOPHENYL PHENYL ETHER 

4-CHLORO-3-METHYLPHENOL 

4-CHLOROANILINE 

4-CHLOROPHENYL PHENYL ETHER 

4-METHYLPHENOL 

4-NITROANILINE 
4-NITROPHENOL 

ACENAPHTHENE 

ACENAPHTHYLENE 
ANTHRACENE 

BENZ(A)ANTHRACENE 
BENZIDINE 

BENZO(A)PYRENE 
BENZO(B)FLUORANTHENE 

10.0 U 10.0 U 10.0 U 10.0 U 10.0 u 

10.0 U 10.0 u 10.0 u 10.0 u 10.0 u 

5.0 U 10.0 U 5.0 u 10.0 u 10.0 u 

10.0 U 10.0 u 10.0 u 10.0 u 10.0 u 

10.0 u 10.0 u 10.0 u 

50.0 U 25.0 U 50.0 u 25.0 U 25.0 U 

10.0 U 10.0 u 10.0 u 10.0 u 10.0 u 

10.0 U 10.0 u 10.0 u 10.0 u 10.0 u 

10.0 U 10.0 u 10.0 u 10.0 u 10.0 u 

50.0 U 25.0 U 50.0 u 25.0 U 25.0 U 

10.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

10.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

10.0 u 10.0 u 

10.0 U 10.0 u 10.0 U 10.0 u 10.0 u 

10.0 u 10.0 u 10.0 u 10.0 U 10.0 u 

10.0 u 10.0 u 10.0 U 10.0 u 10.0 u 

50.0 U 25.0 u 50.0 U 25.0 U 25.0 U 

10.0 U 10.0 u 10.0 U 10.0 U 10.0 u 

20.0 U 10.0 U 20.0 U 10.0 U 10.0 u 
50.0 u 25.0 U 50.0 u 25.0 U 25.0 U 

50.0 u 25.0 U 50.0 u 25.0 U 25.0 U 
10.0 U 10.0 u 10.0 u 10.0 u 10.0 u 

10.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

10.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

10.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

10.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

50.0 u 25.0 UJ 50.0 u 25.0 UJ 25.0 U 
50.0 U 25.0 U 50.0 u 25.0 U 25.0 U 

10.0 U 10.0 U 10.0 u 10.0 u 10.0 u 

10.0 u 10.0 u 10.0 U 10.0 u 10.0 u 

10.0 U 10.0 U 10.0 U 10.0 U 10.0 U 

10.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

80.0 U 80.0 U 

10.0 U 10.0 U 10.0 U 10.0 u 10.0 u 

10.0 Ul 10.0 u 10.0 U 10.0 U 10.0 U 
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TABLE 4 

NAWC WARMINSTER, WARMINSTER. PENNSYLVANIA 
VOLATILE ORGANIC RESULTS FOR SURFACE WATER SITE B 

UGIL 

DRAFT 

Page 1 

SAMPLE NUMBER: -x B12 x3- 1310 I@ t39 80- 8/l Bl-SW BP-SW BCSW 

VOLATILES 

l,l,l-TRICHLOROETHANE 5.0 u 10.0 u 5.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

1 ,I ,2,2-TETRACHLOROETHANE 5.0 u 10.0 u 5.0 U 10.0 u 10.0 u 10.0 u 10.0 u 

1 ,l ,2-TRICHLOROETHANE 5.0 u 10.0 u 5.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

1 ,I-DICHLOROETHANE 5.0 u 10.0 u 5.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

1 ,I-DICHLOROETHENE 5.0 u 10.0 u 5.0 u 10.0 U 10.0 u 10.0 u 10.0 u 

1 ,P-DICHLOROETHANE 5.0 U 10.0 u 5.0 U 10.0 u 10.0 u 10.0 u 10.0 u 

1 ,2-DICHLOROETHENE (TOTAL) 5.0 u 10.0 U 5.0 U 10.0 u 10.0 u 10.0 u 10.0 u 

1 ,P-DICHLOROPROPANE 5.0 u 10.0 u 5.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

2-BUTANONE 10.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

P-HEXANONE 10.0 u 10.0 u 10.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

4-METHYL-2-PENTANONE 10.0 u 10.0 u 10.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

ACETONE 4.0 B 10.0 u 10.0 UJ 10.0 u 10.0 B 10.0 B 24.0 B 

BENZENE 5.0 u 10.0 u 5.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

BROMOFORM 5.0 u 10.0 u 5.0 u 10.0 u 10.0 u lb.0 u 10.0 u 

BROMOMETHANE 10.0 u 10.0 u 10.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

CARBON DISULFIDE 5.0 u 10.0 u 5.0 u 10.0 u 10.0 u 10.0 u 2.0 J 

CARBON TETRACHLORIDE 5.0 u 10.0 u 5.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

CHLOROBENZENE . 5.0 U 10.0 U 5.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

CHLOROETHANE 10.0 U 10.0 u 10.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

CHLOROFORM 5.0 u 10.0 u 12.0 10.0 U 10.0 u 10.0 u 10.0 u 

CHLOROMETHANE 10.0 u 10.0 u 10.0 u 10.0 u /; 10.0 u 10.0 u 10.0 u 

CIS-1 ,bDICHLOROPROPENE 5.0 u 10.0 u 5.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

DIBROMOCHLOROMETHANE 5.0 u 10.0 u 5.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

ETHYLBENZENE 5.0 U 10.0 u 5.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

METHYLENE CHLORIDE 5.0 B 4.0 B 5.0 B 10.0 u 2.0 B 3.0 B 2.0 B 

STYRENE 5.0 u 10.0 u 5.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

TETRACHLOROETHENE 5.0 u 10.0 u 5.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

TOLUENE 5.0 u 10.0 u 5.0 u 10.0 u 10.0 u 10.0 u 10.0 u 
TRANS.1,3-DICHLOROPROPENE 5.0 u 10.0 u 5.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

TRCHLOROETHENE 5.0 u 10.0 u 5.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

TRICHLOROFLUOROMETHANE 5.0 u 5.0 u 

VINYL ACETATE 10.0 u 10.0 u 
VINYL CHLORIDE 10.0 U 10.0 u 10.0 u 10.0 u 10.0 u 10.0 u 10.0 u 

XYLENE (TOTAL) 5.0 u 10.0 u 5.0 u 10.0 U 10.0 u 10.0 u 10.0 u 
6 
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SUMMARY OF ANALYTICAL TESTING 
AREA B - SEDIMENT 
NAWC, WARMINSTER 

TAL TCL * 
SAMPLE NO. VOLATILE SEMIVOLATILE PESTICIDES/ CYANIDE DIOXIN CR+‘? COMMENTS 

B2-SD 

B3-SD c 

BCSD “” 
B4-SD-D 

BG-SD 

B7-SD 

B&SD 

BS-SD 

Bl O-SD 

Bl l-SD 
81 I-SD-D 

DUP is BS-SD 
Phase III RI 

Background for 
Area B 

(8) 

(8) 

(4 

8-SED Phase I RI 
8A Phase Ill RI 
Background for 
Area B Stream 

SD-7 Phase II RI 
78 Phase III RI 

SD-8 Phase II RI 
8B Phase III RI 
DUP is B12-SD 

Phase Ill RI 
Background for 
Area B Stream 

Includes TOC and grain size results 
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07128l98 NAWC WARMINSTER, WARMINSTER, PENNSYLVANIA DRAFT 

VOLATILE ORGANIC RESULTS FOR SEDIMENT SITE B Page 1 

UGIKG 

SAMPLE NUMBER: m- Yfb BA a4 * Evl Bl-SD BL-SD BJ-SD B4/95-SD 

VOLATILES 

1 ,I ,l-TRICHLOROETHANE 18.0 U 25.0 U 12.5 U 15.0 U 15.0 u 25.0 u 12.5 U 

1 ,1,2,2-TETRACHLOROETHANE 18.0 U 25.0 U 12.5 U 15.0 u 15.0 u 25.0 U 12.5 U 

1 ,I ,2-TRICkiLOROETHANE 18.0 U 25.0 U 12.5 U 15.0 u 15.0 u 25.0 u 12.5 U 

1 ,I-DICHLOROETHANE 18.0 U 25.0 U 12.5 U 15.0 u 15.0 u 25.0 u 12.5 U 

l,l-DICHLOROETHENE 18.0 U 25.0 U 12.5 U 15.0 u 15.0 u 25.0 U 12.5 U 

1 ,2-DICHLOROETHANE 18.0 U 25.0 U 12.5 U 15.0 u 15.0 u 25.0 U 12.5 u 

1,2-DICHLOROETHENE (TOTAL) 18.0 U 25.0 U 12.5 U 15.0 u 15.0 u 25.0 u 12.5 U 

1 ,2-DICHLOROPROPANE 18.0 U 25.0 U 12.5 U 15.0 u 15.0 u 25.0 U 12.5 u 

2-BUTANONE 18.0 U 12.5 U 9.0 B 15.0 u 25.0 U 12.5 U 

L-HEXANONE 18.0 U 50.0 u 12.5 U 15.0 u 15.0 u 25.0 U 12.5 U 

4.METHYL-2-PENTANONE 18.0 U 50.0 u 12.5 U 15.0 u 15.0 u 25.0 U 12.5 U 

ACETONE 19.0 B 870 J 12.5 U 15.0 U 15.0 u 25.0 U 12.5 U 

BENZENE 18.0 U 25.0 U 12.5 U 15.0 u 15.0 u 25.0 U 12.5 U 

BROMOFORM 18.0 U 25.0 U 12.5 U 15.0 u 15.0 u 25.0 U 12.5 U 

BROMOMETHANE 18.0 U 50.0 u 12.5 U 15.0 u 15.0 u 25.0 U 12.5 U 

CARBON DISULFIDE 18.0 U. 25.0 U 12.5 U 15.0 u 15.0 u 25.0 U 12.5 U 

CARBON TETRACHLORIDE 18.0 U 25.0 U 12.5 U 15.0 u 15.0 u 25.0 U 12.5 U 

CHLOROBENZENE 18.0 U 25.0 U 12.5 U 15.0 u 15.0 u 25.0 U 12.5 U 

CHLOROETHANE 18.0 U 50.0 u 12.5 U 15.0 u 15.0 u 25.0 U 12.5 U 

CHLOROFORM 18.0 U 25.0 U 12.5 U 15.0 u 15.0 u 25.0 U 12.5 U 

CHLOROMETHANE 18.0 U 50.0 u 12.5 U 15.0 u 15.0 u 25.0 U 12.5 u 

CIS-I,&DICHLOROPROPENE 18.0 U 25.0 U 12.5 U 15.0 u 15.0 u 25.0 U 12.5 U 

DIBROMOCHLOROMETHANE 18.0 U 25.0 U 12.5 U 15.0 u 15.0 u 25.0 U 12.5 u 

ETHYLBENZENE 18.0 U 25.0 U 12.5 U 15.0 U 15.0 u 25.0 U 12.5 U 

METHYLENE CHLORIDE 18.0 U 18.0 B 12.5 U 5.0 B 3.0 B 9.0 B 4.0 B 

STYRENE 18.0 U 25.0 U 12.5 U 15.0 U 15.0 u 25.0 u 12.5 U 

TETFtACHLOROETHENE 18.0 U 25.0 U 12.5 U 15.0 UJ 15.0 UJ 25.0 UJ 12.5 UJ 

TOLUENE 18.0 U 25.0 U 12.5 U 15.0 u 15.0 u 25.0 U 12.5 U 

TRANS-1 ,&DICHLOROPROPENE 18.0 U 25.0 U 12.5 U 15.0 u 15.0 u 25.0 U 12.5 u 

TRICHLOROETHENE 18.0 U 25.0 u 12.5 U 15.0 u 15.0 u 25.0 u 12.5 u 

TRICHLOROFLUOROMETHANE 25.0 U 

VINYL ACETATE 50.0 u 
VINYL CHLORIDE 18.0 U 50.0 u 12.5 U 15.0 u 15.0 u 25.0 U 12.5 U 
XYLENE (TOTAL) 18.0 U 25.0 U 12.5 U 15.0 u 15.0 u 25.0 U 12.5 U 

A-17-2 
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/ ,. 

SAMPLE NUMBER: = f.?ict aR I39 9fr Bil Bl-SD BS-SD 83-50 B4/B5-SD 

SEMlVOLATl&ES 

1,2,4-TRICHLOROBENZENE 3600 U 5000 UJ 420 U 450 U 

1 .ZDICHLOROBENZENE 3600 U 5000 UJ 420 U 450 U 

2;CDINITROTOLUENE 3600 U 5000 U 420 U 450 U 

2.6-DINITROTOLUENE 3600 U 5000 U 420 U 450 U 

BCHLOROETHYLVINYL ETHER 50.0 u 
P-CHLORONAPHTHALENE 3600 U 5000 U 420 U 450 U 

2-CHLOROPHENOL 3600 U 5000 UJ 420 U 450 U 

2-METHYLPHENOL 3600 U 6000 UJ 420 U 450 U 
I 

2-NITROANILINE 3600 U 25000 U 1000 U 1100 U 

2-NITROPHENOL 3600 U 5000 UJ 420 U 450 U 

3,3’-DICHLOROBENZIDINE 3600 U 5000 U 420 U 450 UJ 

3-NITROANILINE 8600 U 25000 U 1000 U 1100 U 

4,6-DINITRO-2-METHYLPHENOL 6600 U 25000 U 1000 U 1100 U 

4-BROMOPHENYL PHENYL ETHER 3600 U 5000 U 420 U 450 U 

4-CHLORO-3-METHYLPHENOL 3600 U 5000 UJ 420 U 450 U 

4.CHLOROANILINE 3600 U 5000 UJ 420 U 450 U 

4.CHLOROPHENYL PHENYL ETHER 3600 U 5000 U 420 U 450 U 

4.METHYLPHENOL 560 J 5000 UJ 420 U 450 u . 

4.NITROANILINE 6600 U 25000 U 1000 U 1100 UJ 

4-NITROPHENOL 6600 U 25000 U 1000 U 1100 U 

ACENAPHTHENE 470 J 110 J 100 J 450 U 

ACENAPHTHYLENE 3600 U 5000 U 420 U 450 U 

ANTHRACENE 1400 J 330 J 253 J 200 J 

BENZ(A)ANTHRACENE 5200 1300 J 560 J 530 

BENZIDINE 40000 U 

BENZO(A)PYRENE 4400 860 J 490 J 450 
BENZO(B)FLUORANTHENE 7100 1300 J 630 J 690 

..-_ . . 
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07126i96 NAWC WARMINSTER, WARMINSTER, PENNSYLVANIA 
SEMIVOLATILE ORGANIC RESULTS FOR SEDIMENT SITE B 

UGIKG 

DRAFT 

Page 2 

BENZO(K)FLUORANTHENE 

BENZOIC ACID 

BENZYL ALCOHOL 

BlS(2-CHLOROETHOXY)METHANE 

BlS(2-CHLOROETHYL)ETHER 

BlS(2-ETHYLHEXYL)PHTHALATE 

BUTYLBENZYLPHTHALATE 

25000 UJ 

5000 UJ 

16000 1900 J 91.5 J 560 

CHRYSENE 

DI-N-BUTYLPHTHAIATE 

DI-N-OCTYLPHTHALATE 

DlBENZ(A,H)ANTHRACENE 

DIBENZOFURAN 

DIETHYLPHTHALATE 

DIMETHYLPHTHALATE 

FLUORANTHENE 

FLUORENE 
HEXACHLOROBENZENE 

HEXACHLOROBUTADIENE 

HEXACHLOROCYCLOPENTADIENE 

HEXACHLOROETHANE 

INDENO(l,P,J-CD)PYRENE 

ISOPHORONE 

N-NITROSO-DI-N-PROPYIAMINE 

N-NITROSODIMETHYIAMINE 

N-NITROSODIPHENYIAMINE 

NAPHTHALENE 

NITROBENZENE 

PENTACHLOROPhENOL 

PHENANTHRENE 

PHENOL 

PYRENE 

5600 1500 J 566 J 550 

3600 U 5000 U 96.0 J 

5000 UJ 

3600 . u 5000 UJ 

6000 2000 J 1300 J 740 

A-17-4 
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SITE: WARMINSTER NAVAL BASE 
CASE NO. 3933 
LABORATORY: CEIMIC 

BTEX Analyses (@/Kg) _cP-&=-s 3 IO-05-p i y s&7-OS-2 L 

Client ID: W-SB-04 W-SB-05 w-SB-06 W-se-07 
LAB ID: 920317-04 920317-05 920317-06 920317-07 

ANALYTE RL 

Benzene 1 1 u 1 u 1 u 1 u 
Ethylbsnzene 1 ’ 1 u 1 u 1 u 1 u 
Toluene 1 1 u 1 u 3 1 u 
Xylenes(total) 1 1 u 1 u 1 u 1 u 

- - - Dilution Factor: 1.0 1.0 -. 1.0 1.0 



Y TE: WAJMNSTEFi NAVAL BASE 
CASE NO. 3933. SIG 1 
LAEKfIAToRY: COMIC 

TPH Analyses (man<a) 

alent ID: 
LAB ID: 

ANPLYTE 

TPH 63 34 u 

SO- ar- 63 

w-SB-04 w-SB-05 
EQo317-04 920317-05 

J-Q-of= f#Lj J-l?-or--21 
W-SB-06 w-SE-07 
&Qml7-06 sa3i7-07 

430 35 u 

w-SB-08 W-SB-09 
Eml7-08 wo317-m 

63 1800 

Dlullm Facm: 1 .O 1 .o 1D 1 .o 113 la 



3 - NAWC WARMINSTER 

ARDL, INC. 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 
QC-TYPE: 
K SOLIDS: 

OENERAL CliEMlSTRY 

w-SDBo8 W-SD-B07 
05tl7m5 0511 TM 
300243-01 300243-02 
Normal Normal 
38.9 96 80.8 % 

RESULT QUAL UNITS RESULT QUAL UNITS 

SPECIFIC GRAVITY 2.5 WCC 2.5 o/cc 

TOTAL ~ROANIC CARSON 52100 MOIKG 12800 MGIKG 

TOTAL SOLIDS 35.9 I 80.5 H 

W-SD-808 
05117188 
30024343 
Nomol 
48.9 K 

RESULT QUAL UNITS 

1.8 cm 

I7ooo MQIKC 

18.9 % 

II 

100.0 n 

RESULT QUAL UNITS 

Pap 1 

100.0 K 

RESULT QUAL UNITS 

A-25-5’ 



CT0 169 - NAWC WARMINSTER 
SOIL DATA 
ARDL, INC. 

SAMPLE NUMBER: 
SAMPLE DATE: 
LABORATORY ID: 

C&TYPE: 
K SOLIDSz’ 

GENERAL CHEMISTRY 

SPECIFIC GRAVITY 

TOTAL ORGANIC CARBON 
TOTAL SOLIDS 

W-SD-A25 W-SD-A28 
05m5m5 05m5m6 
300228-10 300228-l 1 
Normal Normal 
29.8 46 27.6 36 

RESULT QUAL UNITS RESULT QUAL UNITS 

2.79 Q/CC 2.47 OIC( 

55500 MGIKG S2600 MQIKC 

29.8 46 27.6 01 

A-25-4 

i 

W-SD-A27 
05mw95 II 
300228-l 2 
Normal 
80.5% 100.0 % 

RESULT QUAL UNITS RESULTQUAL UNITS 

!.41 o/cc 

18700 MWKG 
10.5 36 

II 

100.0 H 

RESULT QUAL UNITS 



I ARDL SAMPLE I 1300243-l I GRAIN SIZE ANALYSIS - ASTM METHOD D422 

I PRELIMINARY SIEVE ANALYSIS HYDROMETER ANALYSIS Manual 
Entry of 

Sample Amount Sieved 
wllh a # 10 sieve (g) I=( 

Aml mhlned on C 10 (g) 
* Perwnl retained on #lo 

1-1 
2.18% 

AmI psslng It i0 sieve fgj 
Perwnt passln9 #lo 

I[ 
97.51% 

Ami RetaInad on # 4 slew lol 
Parwnl ralalnad on #4 0.00% 

I HYQRO8COPIC MOISTURE 

Tan Wt. @) 
Tam + wet WI. (g) 
tare * Dry WI. (g) 
Hygroroplc Molelun 

1 

El 

17.1 
19.83 

Cotwucllon Factor = 0.993 

SPECIFIC QRAVITY 

Sample WI (MO) (0) 15 
Vol. Flash Tam (MI) (9) 98.0336 
pm;;@0 (MaI (91 

El 
197.8055 

22.5 . 

I Flash * Sample + H20 (Mb) 
TsmP (fb) (C) 

GatTb 2.4589 

Corradlon fador for Tb 
hum 0654 Tabls 1 IO.08821 

P 4 ee r- 9 dew 

Air Dry Sample Wt. 
Dispersed (g) Fl 

Oven Dry Sample WI 
Dlspwsed (g) _ 49.15 

Fador a Factor K 
ASTM ASTM 
0422 D422 

Table 1 Table 3 s 
- 1.05 (o.olrzl[ 

Total Sample Represented by 
Hydrometer Allquot (8): 50.25 

Hydrometer Readings al Temp T 

Target Adual Adud corrected 
Elapsed Elapsed Wdmmater HWumeter 

Diameter 
Of 

Particles 
Percentage In 

of Soll In Suspension 
Ttmo 
2 mln 
5 mln 
15 mln 
30 mln 
60 mln 
250 mln 
1440 mln 

Time 
2 
5 
15 

El 

30 
60 
250 
1440 

keadlng 
27 

19.5 
13.5 
12 
10 

I 

1. f 

kefullng 
22.5 
15 
9 

7.5 
5.5 
3.5 
2.5 

I- 
Ave temp (C) P ., 21.9 

Suspenslon ,imm) 
47.0% 0.0347 
31.3% 0.0231 
18.8% 0.0135 
15.7% 0.0098 
11.5% 09070 
7.3% 0.0035 
5.2% 0.0015 

BIEVE ANALYSIS 
Sieve Slew 

WI. (9) es Mesh Olameter Percent 
Slew Mesh # 

#lo 
120 
#40 

#4 

#60 
# 140 
# 200 

1.10 

lT!q 

Retained ! 

1.54 

0.00 

5.10 
2.47 

10 2.000 97.0% 
20 0.850 94.4% 
40 0.425 91.9% 
60 0.250 80.8% 
140 0.108 79.5% 
200 0.075 73.5% 

c 
4 -+%-- E2! . 

A-25-24 r-p Requires manual entry of data, 



I ARDL SAMPLE 1 )300243-iDUP 1 GRAIN SIZE ANALYSIS - ASTM METHOD 0422 

I PREUMINARY SIEVE ANALYSIS HYDROMETER ANALYSIS Ja7wCF -0 - sf2hs 

I Sample Amount Sieved 
wlth a I 10 sieve (g) (x( 

Air Dry Sample Wt. 
Dispersed (g) rl 

Factor a 
ASTM 
0422 

Table 1 
- 1.05 

Manual 
Entry of 
Factor K 
ASTM 
D422 

I Amt retained on I 10 (g) 
Perwnt retained on #IO 

1-1 
1.23% 

Amt passing # 10 sieve (g) 
Pefwnt passing HO .” 

Amt Retained on R 4 sleve lol 
Percent retalned on M 0.00% 

I HYOROSCOPIC MOISTURE 

Tare Wt. (g) I Tare + Wet WI. (g) 
Tare+DryWt.(o) 
Hygrosoplc Molrtun 

I ~Comctlon Factor - 0.981 

8QEClflC ORAVITY 

We WI (MO) (0) 
Vol. Flask Tare (MI) @) 
Flask + l-m (Ma (0) 
t-P m 

Flask+&mpla+H2O(Mb) 
fsmp m (Cl 

OdTb 2.4573 

CoVmctlon f8dor for Tb 
hum Da!!4 Table 1 )=I 

Oven Dry Sample WI 
Dlspemd (0) 40.05 

Total Sample Represented by 
Hydrometer Allquot (g): 49.68 

Hydrometer Readings at Temp T 

Taqtet 
Elapsed 

Tlme 
2 mln 
5 mln 
15 mln 
30 mln 
60 mln 
250 mln 
1440 mln 

Adual 
ElaDSad 

Time 
2 
5 
15 

El 

30 

2% 
1440 

Adual Corrected 
Hvdrometer Hydrometer 

Reading 
23 
15 
9 

7.5 
5 

3.5 
2.5 

Ave temp (C) 

Percentage 
of Soll In 

Suspension Smm) 
48.8% 0.0347 
31.7% 0.0231 
19.0% 0.0138 
15.9% 0.0098 
10.0% 0.0071 
7.4% 0.0035 
5.3% 0.0015 

SIEVE ANALYzllS 
Sleve Sieve 

wt. @I Mesh Dlameter Percent 
Sieve Mesh I Retained 

1114 0.00 
II 
4 --i%-- zz! . . 

#BO 
# 140 
I 200 

10 2.006 98.8% 
20 0.850 94.4% 
40 0.425 81.1% 
60 0.250 87.5% 
140 0.108 78.7% 
200 0.075 75.2% 

Table 3 = 
10.0’42’1 

Diameter 
Of 

PalllChX 
In 

Suspension 

A-25-25 
I = Requires manual enlry of data. 

- __ -_ 



- m m ---llllcIILmmm.mIlblir 

ARDL SAMPLE II pOO243-2 I GRAIN SlZE ANALYSIS - ASTM METHOD D422 

sample Amount Sieved 
wlth a # 10 sieve (g) -J 

imt retalnad on # 10 (g) 
Crc4mt mtalned on #lo 

p3q 
11.54% 

unt passing # 10 sieve (g) 
‘emant pass@ #lO 

11 
88.48% 

Lrnt Retained on W 4 slew 
‘ercenl mtalned on # 

piq 
3.10% 

‘are Wt. (g) 
‘Ire + wet wt. (g) 
‘am + Dry W. (g) 
tygrosoplc Molstum 

ComWon Factor - 

Iample Wt (MO) (g) 
rol. Flask Tare (MI) (g) 

:Iask + Sample + HZ0 (Mb) ’ 
‘MnP 0-b) (C) 

DatTb 2.5435 

Wmctlon factor for Tb 
hum Db54 Table 1 I”wgl[ 

HYDROMETER ANALYSIS r&P&a J’b -ap 

Factor a 
Air Dry Sample Wt. ASTM 

Dispersed (g) 1-1 D422 
Table 1 

Oven Dry Sample VW - 1.03 
Dispersed (g) 49.15 

Total Sample Represented by 
Hydrometer Allquot (g): 55.55 

Hydrometer Readings at Temp T 

Taqet Actual 
Elapsed Elapsed 

Adual CoImoted 
Hydrometer Hydrometer 

Percentage 
of Soll In 

Time 
2 mln 
5 mln 
15 mln 
36 mln 
60 mln 
250 mln 
1440 mln 

Time 

E 
7 2, 

koadlng 
r-32 

keadlng 
27.5 

3 18.5 
18 13.5 

-11.5 10 
12.5 8 
11 6.5 
9 4.5 

Ave temp. (C) 

Temp (C) 
22.5 
22.5 
22.5 
22.5 
22.6 
22.6 
20.2 

P 22.2 

Suspension 
51 .O% 
34.3% 
25.0% 
111.5% 
14.8% 
12.1% 
8.3% 

SIEVE ANALYSIS 

wt. (a) 
Sleve Mesh # Retained 

I4 1.72 

Sleve 
Mesh 

# 
4 

Sieve 
Diameter Percent 

t10 
120 
#40 
#IlO 
I 140 
1200 

6.41 

F=l 
1:re 

E&l 

2.16 
3.34 
0.04 

10 
20 
40 
w 
140 
200 

2.000 
0.850 
0.425 
n %n -.-“1 
0.105 
0.075 

88.5% 
07.0% 
84.3% 
80.4% 
74.4% 
72.7% 

Manual 
Entry of 
Fador K 
ASTM 
0422 

Table 3 - 

Diameter 
Of 

Particles 
In 

Suspension 
I (mm) 
0.0324 
0.0217 
0.0120 
0.0004 
0.0067 
0.0033 
0.0014 

A-25-26 = Requlms manual entry of date. 
- ._ -. -. 



I ARDLSAMPe I 13002433 I DRAIN SIZE ANALYSIS - ASTM METHOD D422 

I PREUMINARY SIEVE ANALYSIS 

Sample Amount Sieved 
with a I 10 sieve (g) pm[ 

Amt retalned on # 10 (g) 1p3ifJ 
Pefcent retelned on 1110 24.37% 

Amt pas&g I 10 sleye (g) (140.48) 
Percent pas&g 110 75.03% 

Am1 Retalned on I4 deve -18.’ 
Percent retained on M 9.91% 

HYOROSCOPIC MOISTURE 

Tam Wt. (g) 
Tam + Wet Wt. (g) 
Tam + Dty Wt. (g) 
Hygrosopic Molstura 

CowactIon Factor - 

SPECIFIC GRAVITY 

Sample Wt (MO) (g) 
Vol. Flask Tare (M9 (g) 
pm; ;f20 (Ma) (s) 

I 
I 
Flask + Sample + HZ0 (Mb) 
TOP VW (c) 

GatTb 2.5726 

Cerredion fador for Tb 
from DO54 Table 1 (=I 

Oat 20C 265707 

HYDROMETER ANALYSIS : s&vK sl%- n f?@ Manual ‘* 
Entry of 

Fador a Factor K 
Air Dry Sample Wt. ASTM ASTM 

Dispersed (g) rr[ 0422 D422 
i; Table 1 Tabte 3 = 

Oven Dry Sample WI = 1.02 piz37q 
Dlspef- (8) tje.10 

Total Sample Represented by 
Hydrometer Aliquot (g): 131.03 

Hydrometer Readings at Temp T 

Target 
Elapsed 

Time 
2 mln 
5 mln 
15 mln 
30 mln 
60 mln 
250 mln 
1440 mln 

Actual Actual Gorreded 
Elawed Hvdrometer Hvdrometer 

Percentage 
of Soll In 

Time keadlng keading Temp (C) 
20 21.5 22.4 
21 16.5 22.4 
15 10.5 22.4 
13 5.5 22.4 
12 7.5 22.4 

10.5 6 22.4 
10 5.5 20.4 

Ave temp (C) P 22.1 

67% 
12.0% 
8.2% 
6.6% 
5.8% 
4.7% 
4.3% 

Diameter 
Of 

Particles 
In 

Suspension 
I (mm) 
0.0337 
0.0221 
0.0132 
0.0095 
0.0057 
0.0033 
0.0014 

SIEVE ANALYSIS 

Sieve Mesh # 
#4 
#lO 
120 
640 
#Cl0 
1140 
# 200 

wt. (a) 
Retained 

12.85 
31.83 

Sieve 
Mesh 

w 
4 
10 
20 
40 
00 
140 
200 

@eve 
Diameter Percent 

-E-- 7trcF 
2:ooo 7516% 
0.850 55.9% 
0.425 39.6% 
0.250 31.4% 
0.105 23.4% 
0.075 20.0% 

A-25-27 r?lk Requires manual entry of data. 
- . . -. 
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WARMINSTER SOIL GAS AREA B -- SITE 5 

SAMPLE IC 
PID Data File IC 

ECD Data File IC 
Factor to Multiply FQL b! 

)L I COMPOUND 

3.0 benzene 
15 1,2diihloroethane 

0.30 bichloroethene 
3.0 toluene 

0.30 tebachloroethene 
3.Otethyl benzene 
6.0 ~&ne/pkylene 
6.0 lo-xvlenelstvrene 

Date Sampk 
Injected b) 

Reviewed bt 

01-05 5-01 -C5DUP 5-02-05 503.04 5.0~04-DUP 5-04-05 5-05-65 5-06-05 5-07-04 
XO9H 

506-05 
011 C609H012 

5-c&04 
C609H013 

5-09-04-DUP 
C609HO17 C609HO16 C699H014 C609HO23 C609HO20 C609H015 

XO9HOll 
C609HO2 1 

lx09 1H012 tXO9H013 
C609H022 

C609H017 
C609H031 

lXQ9H016 D609H014 D6C9HO23 D609HO20 D609HOl5 
1.0 

D609HO21 
1.0 

D609H022 D609H031 
1.0 1.0 1.0 1.0 1.0 1.0 1.0 

4q. Headsp. 
1.0 1.0 

Aq. Headsp. Aq. Headsp. 
1.0 

Aq. Headsp. Aq. Headsp. 
ML 

Aq. Headsp. Aq. Headsp. 
WL 

Aq. Headsp. 
ugn 

Aq. Headsp. 
UgiL 

Aq. Headsp. 
Ut$L l@L UQiL 

Aq. Headsp. Aq. Headsp. 
UflR 

51 B 59 B ll 
l&&/L l@L l&l/L 

548 348 
U!JlL 

46 B 398 468 55 0 368 U 
U U 

63 B 
U U U U U 11 II U U U 

iI! i E 
U U U 

U :: i 
i U U 
U i 

z 

U 
U 
U ii 

t U ; U U 308 i U U 
U U U U U U U U 

U U U U U U U U II U U 
U 

ki 
U U U 

U U U U :: i 
u ii v U U 
U u 11 U ii U 

FJ t: 
U 

i : 
U U ; u U U U 

U U U U U U U U 
U U U U U U U U U 
U :: U i U U i U U U U 
U 

3.6 i 
0.26 J U U U U :: U U U U 

U U U U U U U U 
U U U :: E U U U U U U 
U U U U U U U U U U U 

E/09/95 o6mM 06/09/95 06m9l95 owo9l95 oao9l95 cwo9/95 06m9i95 lwo9m 06/09/95 06lo9i95 c6mm 
DEK DEK DEK DEK DEK MK MK DEK DEK DEK DEK DEK 
RS RS RS RS RS RS RS RS RS RS RS RS 

SITSDSM.WK4 07l22l95 07:12 PM B-l 



WARMINSTER SOIL GAS AREA B -- SITE 5 

SAMPLE IC 
PID Data File IC 

ECD Data File IE 
Factor to Multiply PQL b) 

WLI COMPDUND 
50 iacetone 

Date Sampler 
Injected bj 

Reviewed b) 

=025 
wQHO25 

1.0 
b. Headsp. 

511-04 5-12-02 513-05 5-14-05 514-05-DUP 51504 5-1805 5-17-w 5-1805 5-l&05-DUP 5-w-05 
C6OQHO24 c6oQHo29 C6OQH026 C609HO27 cxOQHO26 C612H013 C612H014 C612HGO6 C612H015 C612H016 C612HOO7 
-024 D6OQH029 DfXQHO26 D6OQHO27 C#QHO26 D612HO13 D612H014 D612HOO6 D612H015 D612H016 D612HOO7 

1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
Aq. Headsp. Aq. Headsp. Aq. Headsp. Aq. Headsp. Aq. Headsp. Aq. Headsp. Aq. Headsp. Aq. Headsp. Aq. Headsp. Aq. Headsp. Aq. Headsp. 

wa WL IJQIL UQiL uen WL U!$L UQ5 IlglL Uen. UQR UQA 

U 508 45 B U U U 26 B U 2GfJ B U U U 
U U U U U U U U U U U U 

i 
U 

:: 
U 

ii i 
U U 

U U U U i 
U U 
U i U 

Ll U U U U U U U U U 
U U U U i i U U U U U U 

i i 
U 

: 
U 

U U t 
U U U U U u 
U U U U U U 

: 
U U U U U U U U U U U 
U U U U U 3.6 U U U 

:: 
U 

ii :: 
U U U U ; U ki U 

U U U U U 0.09 J U U 
U 
U Ii i i 

U 
U :: 

U 
i :: i :: 

i 
U U 

U U U U U U U U U U 
U U 

t: 
U U U :: U i U U U 

1.7 J 1.6 J _ U U U U U U U U U _ 

woQ/Q5 oMJQEl!5 06Kl9/95 06mQr95 06mQKl5 06ll2fQ5 w12/Q5 06/12/95 06/12/95 06l12lQ5 06/12/95 
DEK DEK DEK DEK DEK DEK DEK DEK DEK DEK DEK DEK 
RS RS RS RS RS RS RS RS RS RS RS RS 

COMMENTS: 
11~IIO1y 

SITSDSMWK4 07/22/Q5 07:12 PM 

! 

B-2 



WARMINSTER SOIL GAS AREA B - SITE 5 

PID Data File ID 
5-29-03-DUP 

COMMENTS: 
,t4,m#m 

SIT5DSM.WK4 07l22195 07:12 PM B-3 



WARMINSTER SOIL GAS AREA S -SITE 5 

ECD Data File ID 
Factor to Multiply PQL by 

-1.2dichloroethene 

Date Sampled tlW12l95 

I 
Injected by MK 

Reviewdby RS 

COMMENTS: 
,tw4ooAu 

ow12/95 
DEK 
RS 

SITSDSMWM 07l22l95 07:12 PM 0-4 
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BORING LOG BROWN AND ROOT ENViRONMENTAL 
A Division of Halliburton NUS 

12.0 1 - 1 

i-2 3 
9 d 

;-3 

340 I 4.0 t-s-’ 

PROJECTNO. jq,r( CTo-&y) 

ELEVATION 

WATER LEVEL DATA 

(DATE, TIME 8 CONDITIONS) 

3 

BORING NO. SS-0%.0% 9-d s~~~os-oip 

DATE q-r9 -9s 

DRlLLER fh &a., b 

FIELD GEOLOGIST fl Sb&k*rr, 



BORING LOG BROWN AND ROOT ENVIRONMENTAL 
A Division of Hadliburton NUS 

PROJECT EL)Ati dL^I*\*fiskkr 

PROJECT NO. ,+-gee (<Tti- I sy) 

ELEVATION 

BORING NO. 5 5 - OS-- d’ 3 

0A’J-E q-f(r -‘iq 

DRILLER f&k kaab 
WATER LEVEL DATA FIELD GEOLOGlST 

(DATE. TIME B CONDITIONS) 
I/* g&LC~ 

u*rsm&. CeSUUPnOK 

, I 



BORING LOG BROWN AND ROOT ENVIRONMENTAL 
A Division of Halliburton NUS 

PROJECT tif+dC AT* ,A>kr 

PROJECT NO. )‘+I % <cm -64 

ELEVATION 

WATER LEVEL DATA 

(DATE. TIME 8 CONDITIONS) 

BORING NO. s’L3-0ii-0Y 

DATE 4-17 -‘ir 

DRILLER k& Radb 
FIELD GEOLOGIST 

t/8 3 irrckorz, 



BORING LOG BROWN AND ROOT ENVIRONMENTAL 
A Division of Halliburton NUS 

PROJECT ufiw &~*&C- BORING NO. 58 -05- 05 
PROJECT NO. jq 1% { -0 - (~9) DATE ‘f-/‘$-ys 

ELEVATION DRILLER &-J( &b 

WATER LEVEL DATA FIELD GEOLOGIST 

(DATE. TIME & CONDITIONS1 
4. Sh4’L~ 



D BORING LOG BROWN AND ROOT ENVIRONMENTAl 
A Diwsion of HaItiburton NU! 

PROJECT )Jt+ti &Mm 1;s kf- BORING NO. .s 8- OS- 4 6 
PROJECT NO. 1312 ( c:.fa -f$q) DATE f-f’l-‘is 

ELEVATION DRILLER a .-& ad 

WATER LEVEL DATA FIELD GEOLOGIST 

(DATE. TIME 8 CONDITIONS) 
d. ~Lri,~ 



c ‘. 

BORING LOG BROWN AND ROOT ENVIRONMENTAL 
A Division of Halliiunon NUS 

PROJECT g:4wc --‘b*Skr BORING NO. 5 b - OS- 0 7 
PROJECT NO. (y, 3 (. CfLs- 45s) DATE 9 -w-c)-T 

ELEVATION DR’LLER f? . i?aab 
WATER LEVEL DATA FIELD GEOLOGIST 

(DATE, TIME 8 CONDlTlONS) 



BORING LOG BROWN AND ROOT ENVIRONMENTAL 
A Division of Halliburton NUS 

PROJECT u&&J& & fM-lA* 

PROJECT NO. j 4 I & (&cl - 154) 

ELEVATION 

WATER LEVEL DATA 

(DATE. TIME B CONDITIONS) 

YURE DEPTH BLOWS SlYRE UTHO 

BORING NO. so - OS- 0% 

DATE 4 ->C-yr 

DRILLER p. f&& 

FIELD GEOLOGIST 
i/. gl4c&&c, 

UATERwl DESCRIPTMK ” RUUJUS 

BORING NO. SB - b s-08 

PAGE 8 OF -, _x. 



BORING LOG BROWN AND RQOT ENVIRONMENTAL 
A Division of Hallibufton NUS 

PROJECT &wt w&r “+5\; Ask? BORING NO. 1s; e - OS- 04 

PROJECT NO. 1 Lj) ) (CT- - (sqj DATE q-&&g 

ELEVATION DRILLER ft. &b 
WATER LEVEL DATA FIELD GEOLOGIST 

(DATE. TIME 8 CONDITIONS) 
r/ scl;,w;L 

SWPLE OEPTH BLOW3 SAMPLE “WC MATEmu cEsc4PnOK ” 
NC 

R- 
In) 6‘ REC CHWCE s 

LENGm c 
SOIL COLOR “*TERIu 5 

OEUWY CUSSClt*IION 

-sS 

jq a .tJ & QPP~ 

zi& Lt 

citvc 54 0r 
&dljLc A&A, 

aff ia 
/ 

411 
psrf 2.0 13 sq* 

5% 

Y 
c/ 

s);ff I’ 
/I 4 

34-H I4 
I/ 

’ s-hR= L&=-c-S&( 

- - 



BORING LOG BROWN AND ROOT ENVIRONMENTAL 
A Diiism of Halliburton NUS 

PROJECT )J&K &rm*‘kk~ BORING NO. 5 B - 05 -14 

PROJECT NO. 1413 ccTQ-,& DATE 9 -a .*yr 

ELEVATION DRILLER R* RedI 

WATER LEVEL DATA FIELD GEOLOGIST 

(DATE. TIME & CONDITIONS) L/e 5L ‘-k&L 

SAMPLE - BLOWS SWRE “TK) YmlmN oEscmPI)OK ” - 
No fn.1 6’ REC. CnUIiE s 

WGm c 
SON. COLOR MAtEmu. s 

oEusr+ CUSSIFI~TION 

5-r D-0 ‘) / 1 

s 6 

P 4 

04% a.0 r6 

5-r lo , Dfv- 

22 (3 &hLJ--a f 

I WY 
" 

/I 
91-W 

sr3 - 
52 

- LI 

-4.0 - - 
C c - 

-, 

BORING NO. SiS- OS=/6 

PAGE lo OF _.- 



BORING LOG BROWN AND ROOT ENVIRONMENTAL 
A Division ot Halliburlon NUS 

PROJECT mew, tibh’k-k~ BORING NO. .s 13 - OS- 1 f 

PROJECT NO. 14 1% <w- jgq) DATE cj-~-Cfs 

ELEVATION DRILLER P. ius 

WATER LEVEL DATA FIELD GEOLOGIST 

(DATE. TIME 8 CONDlTiONS) 
I/. s&erz, 

YSlRE DEF’TH BLOWS WRE UTK) u*Tu?lu DEscRPnOK ” REMUIIS 
No ,n., 6’ REC. -E . s 

LEMLXH so& coL.oR u*lERlu c 
DENSln CLMSFKAllON s 

j-1 0-O 3 

z& 
7 

=1’2.0 [ZL 
a 

;-L- 5 Qfv 

59 II Fd l%d 
I8 

4.0 j+ s4d:k St 3.5 Fk I/ 

BORING NO. ,& - 6 5; t/ 

PAGE 11 OF 



. 
D 

BORING NO. 

PAGE xa OF- 

-.. 

i 

_- 

: i 

,-. 

/ 



. 

'mamHALLIBm~N NUS SAMPLELOGSHEET 
w Envinvzmtntd Cophzda 0 Surface Soil 

fl :u,“Iufff~ Soil 
c im 

8 ;zgo;n / Pond 

Pro’jcct Site Named Atic k&rk~~~~~ r CT0 - I59 Projtct Site Nukbtr I q 12 - 2369 

NUS Source No. ,s s - OS- I z D -- SOWC~ Location s,tc. 5 

Srmplt Method: 24% a* spilt z+-+ , Comootitc Samole Oatr 
a+erhd sh&sr scd 7iiI . Jamotc I Time I Color I Ocscplotion 
Dtpth Sampied: 

4. ? k=i- I I I 
Srmplt Oatt 6 Timt: - 

4-ad-r5 : lYc0 I I 
Sampled By: 

&,;*f- shr~cl6r~ . 
I 

I 
I 

I 

d 
Type of Srmpk 

ow Concentration 
Concentration 

c] Grab - Compositt 

9nrlnir: 1 Obrtwrtions / Notts 



BORING LOG BROWN AND ROOT ENVIRCNMENTAL 
A Division of Ha:i:ouxon NUS 



BORING LOG BROWN AND ROOT ENVIRONMENTAL 
A DIV?~ of Hallibwton NUS 

PROJECT Nw Qr&r*Irk~ BORING NO. se- t&-d” 

PROJECT NO. /+I%( --(sy) DATE +;\s - yr 

ELEVATION DRILLER R. fbab 
WATER LEVEL DATA FIELD GEOLOGIST 

(DATE. TIME 8 CONDITIONS) 
l/. ShlCL &J-L 

YPLE oEPn4 BLOWS YYPLE lITHO UmEmN OEScmPnOK ” REMMUS 
No O=f) 6. REC. -E .5 

woni c SOIL COLOR yI7TzRw s DENSIN cL*IYFIunoN 

Sl+y cl+ -itC-g~*Sh45 g 00 a + 

w 
3 I 



BORING LOG BROWN AND ROOT ENVIRONMENTAL 
A Division of HaHibuRon NUS 

PROJECT NfiuK. bhcfi~*+r 

PROJECT NO. t ‘j / > <Cm - hJ=d) 

ELEVATION 

WATER LEVEL DATA 

(DATE. TIME 8 CONDITIONS) 

BORING NO. so- o~-r.5 

DATE q-p-9c 
DRILLER R. Lab 

FIELD GEOLOGIST 

BORING NO. s B 

PAGE /c’ OF 

,- 

/ 



BORING LOG BROWN AND ROOT ENVIRONMENTAL 
A Division of HaItiburton NUS 

BORING NO. $13 -&S-/S 

PROJECT NO. ki I;L (cro -IS%) DATE 9-21-95 

ELEVATlON DRILLER Q. Lb 
WATER LEVEL DATA FIELD GEOLOGIST 

(DATE. TIME & CONDITIONS) 

-w- 
i-3 
2% 

4 
6 SW 
to fy 

fS3 6.0 )c A-& <+a 

I ‘t-l I I 



BORING LOG BROWN AND ROOT ENVIRONMENTAL 
A Division of HaliibuRon NUS 

ELEVATION 

WATER LEVEL DATA 

IDATE. TIME it CONDITIONS) 

DRILLER R. Rd 

FIELD GEOLOGIST 
tj. Skdccn, 

k3a 8.0 f.g 
F-3 ,a6 

I t-i I I 
BORING NO. SE -65-f 7 

PAGE OF- 



BORING LOG BROWN AND ROOT ENVlRONMENTAL 
A Division of Halliburton NUS 

PROJECT j@WC &m&+- 

PROJECT- NO. /‘1/A ccrp - ,sq) 

ELEVATlON 

BORING NO. 58 -05 - /e 

DATE q*dW-yr 

DRILLER ft. hb 
WAER LEVEL DATA FIELD GEOLOGIST 

(DATE, TlME 8 CONDITIONS) 
/. 9ie &4&r- 

I 
s 
c 

-- 

PAGE PAGE OF -- OF -- 



BORING LOG . BRqWN AND ROOT ENVIRONMENTAL 
A Division of Hallibunon NUS 

PROJECT flw &a+;&- 

. PROJECT NO. j+& cm- , su) 

ELEVATION 

yv ATER LEVEL DATA 

(DATE, TIME & CONDITIONS) 

BORING NO. Zit3 - d%- /9 

DATE 4 - 39 -ys” 

DRILLER R. Raab 
FIELD GEOLOGIST 

v: 5c,&&- 



BORING LOG NALUBURTONNC 

PROJECT: #f+uc ~h?fl?/Aks~~R BORING NO.: SB-OS- 2o 

PROJEff No.: z=??l fcrc’ - x’c,zz 1 DATE: 6--/?-5z DRILLER: ibA, vtic m/cszc/z 

ELEVATION: FIELD GEOLOGIST: R. 6-000 
WATER LEVEL DATA : PHks4F izr #CL= 

(Oate. rime a Concmon~~ 

MATERIAL 

PAGE 1 OF- 



(Date. Time 8 Conrmons) 
/ 



BORING LOG 

(Date, Time 8 Conatt~onr) 

I t 
i 

I 

I I 
I 

PAGEAOFI 



r % ---IL.-. AA 

ITtl Tetra Tech NUS, Inc. 
t3URINti LUU Page /_ of / 

\ d 

PROJECT NAME: NAWC Warminster-Site 5 
PROJECT NUMBER= 7 7606 
DRILLING COMPANY: 1 ?aab Well Drilling, Inc. 

j, 
BORING NUMBER: s/3- UC- zy 
DATE: c OR-99 
GEOLOGIST: S. &&&-a 

DRILLING RIG: 

I I I 
? 

T 

’ When rock coring. enter rock brokeoees. 

l * Include monitor reading in 6 foot intervals Q borehole. Increase reading frequency if elevated reponse reed. Drilling Area 
Remarks: 5. s _ z sQA ds7/4= Background (ppm): Fi 

-w-w. . . . ‘TION 
1 I . . 
I”1 

Mstwlsl ClusHlc8uon 

Converted to Well: Yes Nb X Well I.D. #: -/V/A- 



etra Tech NUS, Inc. 
BORING LOG 

Page 1 of ./ -- 

r 

PROJECT NAME: NAWC Wanninster-Site 5 BORING NUMBER: &~-OS- 2.5 
PROJECT NUMBER: 7606 DATE: /!!-o~i-yy 
DRILLING COMPANY: Raab Well Drillina. Inc. GEOLOGIST: <’ &LA/c. 

“““en rook cormg. enwr rots 0role”ess. 

** Include monitor reading in 6 fool intervals Q borehole. Increase reading frequency if eleveled repcnse read. Drilling Area 
- . ., \ _ I 
sawgrouna wm): 10.0 1 

Converted to Well: Yes No x Well -I.D. #:. - M/G- 



- ----_- - -- 

IRb ‘etra Tech NI JS, Inc 

PROJECT NAME: NAWC Warminster-Site 5 
PROJECT NUMBER: 7606 
DRILLING COMPANY: Raab v\ lell 
DRILLING RIG: /km/) &wf- R/q 

- --.-.- -““‘BER: 5&aos- -J& 

DATE: /A? CM-47 
Drilling, Inc. GEOLOGIST: S.- /-&l-p~u 

AL DESCRIPTION .@#‘Q--atw) 
U 1’ 1::: 1 ,, 1,; ,.,.” 

.I 
c 

Maierlel Claumutloll I I S 
Remarks I 

BORING LOG 

BORING NUMI -- 

DRILLER: 

Page / of / -- 

. 

) 

I - 
. I 4 

3 

A 
I 

I 

’ When rook coring, enter rook broke-. 

*. Include monitor reading in 6 foot inlervals Q borehole. Increase reading frequency if elevated reponse read. Drilling Area 
Backgrouna (ppm): 10. 0 1 

Converted to Well: Yes No L Well I.D..* -N/A- 



-- -. 
1 

0 
R Tetra Tech NUS, Inc. 

BORING LOG 
Page i of / m- 

PROJECT NAME: NAWC Warminster-Site 5 
PROJECT NUMBER: 7606 

BORING NUMBER: S&-e%- ;27 
DATE: d 08 99 

DRILLING COMPANY: Raab Well Drilling, Inc. GEOLOGIST: : : ,&A~;; 
DRILLING RIG: DRILLER: 

r q l 
w 

onnsr q mne”ess. 

** Include monitor reading in 6 foot inlervals Q borehole. Increase reading frequency if elevated reponse read. 

Remarks: sxi S. = 2,i;/s+4c : s.~. = SU/~J.&&~ : u&.. = -/-J 

L 

Drilling Area 
Background gppm): WI 

Converted to Well: Yes No L. Well I.D. Ed -n//~- 



BORING LOG 
Page /’ of / IRI Tetra Tech NUS, Inc. 

DRILLING RIG: 

Blawsl 
6”M 
RQD 
1%) 

bcovey Change 
(OeplhrFt) W’ - 

S 
I 

-mm nr - C 

L*n* scrwned or Color MaterI CIsrslfkaon S 
lnmwal ROCR . 

I 

PROJECT NAME: NAWC Warminster-Site 5 
PROJECT NUMBER:- 7606 
DRILLING COMPANY: Raab Well Drilling, Inc. 

BORING NUMBER: $3 - o,~- 29 
DATE: J -CM-Y9 
GEOLOGIST: ;. &,,+fi 

l When rook coring. enter rock brokeneas. 

*. Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. 

_-_ 

Drilling Area ._ .- 



-- -- 

i 

/ \ 

In;l Tetra Tech NUS, Inc. 

PROJECT NAME: NAWC Warminster-Site 5 BORING NUMBER: &!?-~/f- 24 
PROJECT NUMBER: 7606 DATE: /A- 08-49 

DRILLING COMPANY: Raab Well Drilling, Inc. GEOLOGIST: 5. ,+.k4/+, 
DRILLING RIG: 5& DRILLER: 7, />,’ ,uuroc/=& 

RIAL DESCRIPTION I 6h R- 1-b 
I 

f 

7. 
I 

7- 

7- 

7- 

I- 

7’ 

7” 

7. 

7’ 

7’ 

7. 

7’ 

7- 

7- 

I- 

7’ 

7’ 

7- 

7’ 

7’ 

7. 

7- 

7’ 

7- 

7- 

BORING LOG 
Page/of2 

+ 

* 

=t 

Matwlsl cluslncsuon 

p fii/flJ 

’ When rock coring, enter rock brokeness. 

*- Include monitor reading in 6 foot intervals Q borehole. increase reading frequency if elevated reponse read. Drilling Area I , 
Background (ppm): 1 u -c) 1 

P. c d49e.J 

Converted to Well: Yes No X WelH.0; * -N/H- 



Tetra Tech NUS, Inc. 
BORING LOG 

Page 2 of 2_ 

PROJECT NAME: NAWC Warminster-Site 6 
PROJECT NUMBER: 7606 
DRILLING COMPANY: Raab Well Drilling, Inc. 
DRILLING RIG: 

BORING NUMBER: &&as- ~q 
DATE: is\-oe-sy 
GEOLOGIST: 3 ,Q/,+~K~ 

7t-l I 

U 
S 
C 
S 
t 

I 

- 

I 

I 
- 

- 

-- 

_-_ 
l When rock wrtng, enter rock brokeness. 

mm Include monitor reading in 6 foot intervals Q borehote. Iflcream reading frequenq if ebatcd reponse read. 

Remarks: &$4 S. = s//fslc+, ; L,&Z = tiered 
Drilling Area 

Background (ppm): I=[ 

Converted to Well: Yes No q Well-I.D. #& -m/d- 
: j: : >;__ : I., ..;:f-::; ,, . . 



0 
R Tetra Tech NUS, Inc. 

BORING LOG 
Page / of / -- 

letI Drilling, Inc. 

. . .‘I-ERIAL DESCRIPTION 
U 
S 
C 
S 

‘* Include monitor reading in 6 foot intervals Q borehole. Increase reading frequency if elevatad reponsa read. 

Remarks: &k x z uk?‘c ; rj&=uL/rtifhr.F J 
Drilling Area 

. Background (ppm): [cl 

Converted to Well: Yes No X WelH.lX## -u/v/Ak. 

. . &I :. i’ j : ;::- j _ . . . . . 



-- 
1 

fs etra Tech NUS, Inc. 
BORING LOG 

Page / of / 

PROJECT NAME: - 
PROJECT NUMBER: 
DRILLING COMPANY: 

NAWC Warminster-Site 5 BORING NUMBER: 3B - 0’; - .3 l 
DATE: &l-04- 49 

;EOLOGIST: D/#&fi 
7606 
Raab Well Drilling, Inc. G 

DRILLER: \;iT 13,‘&,~/c,/c 

RIAL DESCRIPTION 

T 
U 

DRILLING RIG: 

(Ft) 
0, 

Run I 

I 
ROD NO. 

I I 

I 
-,+- 

* When rocx coring, enter rock brokeness. 

** Include monitor readmg in 6 fool tntervals Q borehole. Increase reading frequency if elevaled repowe read. Drilling Area 
Background @pm): I,.,] 

Converted to W&. Yes No >( Weltnl.D.d#z-- -#/#A- -, . . . . : . . : ii, . “?.. .,:. _ ,‘. I: ,.? ;‘. _ ._. 



BORING LOG 
Page / of 1 -- lrtl Tetra Tech NUS, Inc. 

PROJECT NAME: NAWC Warminster-Site 5 
PROJECT NUMBER: 7606 
DRILLING COMPANY Raab Well Drilling, inc. 
DRILLING RIG: /Phi/, &c/P/ R/Y 

BORING NUMBER: &?- us’- 37 
‘DATE: j-4 - 0 9 - y4 
GEOLOGIST: 5 &+.flpe 
DRILLER: + A; ‘&~Q,.,Q~ 

; 

‘* Include monltor reading WI 6 foot intervals Q bcrahole. Increase reading frequency if elevated reponse read. Drilling Area ~_ 



BORING LOG 
etra Tech NUS, Inc. Page ’ of / -e 

PROJECT NAME: NAWC Warminster-Site 5 BORING NUMBER: .Q- 0s; s;i 
PROJECT NUMBER: 7606 DATE: A?- og- 47 

DRILLING COMPANY: Raab Well Drilling, inc. GEOLOGIST: ,‘j @/pfls 

VA DRILLER: J: fi;h Gzrq~~GYzc 

1 

MATERIAL DESCRIPTION 

I 

DRILLING RIG: 

d 
amala Deott 
NO. IFI.) 
ma or 

ypoor Run 
RQO No. Matarlal ch- 

Drilling Area 
., .- 

* When rock coring, enter rock brokeness. 

** Include momtor reodlng in 6 foot wHewals Q borehole. increase reading fraquetw if etevatad tc~ow read. 

6ackgrouna tppm): 1 a .O j 



0 
R Tetra Tech NUS, Inc. 

BORING LOG 
Page / of 2 

PROJECT 
PROJECT 
DRILLING 
DRILLING 

NAME: NAWC Waninster-Site 5 
NUMBER: 7606 
COMPANY: Raab Well Drilling, Inc. 

BORING NUMBER: 
DATE: 

.s@- ,pz- ,g y 

‘GEOLOGIST: 5, --3Ek-- - 
, A@,/., q,;, DRILLER: r ni i f%?J17 ,I[, /;r: 

RIAL DESCRIPTION i 
CC 

U 

Remarks 

* When rock coring. enter rock brokeness. * When rock coring. enter rock brokeness. 

** Include monitor readlg II? 6 foot intervals Q borenole. Increase reading traquency If elevated reoonse read. ** Include monitor readlg II? 6 foot intervals Q borenole. Increase reading frequency If elevated reoonse read. Drilling Area 
Remarks: Background @Pm): I=[ 

,. // J,,;fi,. /he .u. JJ , . / 
Converted toeWeil:i Yes Well-i-D-#:- --A//A- 



-----a-. a- 

kl Tetra Tech NUS, Inc. 
BORING LUC5 

Page 2 of A 

PROJECT NAME: _ _c?AWC Warminster-S 
PROJECT NUMBER: 71 
DRILLING COMPANY: Raab ‘Well 
DRILLING RIG: Tf- /I/c,& fi -. cj (/ 

I I I I I MI 

506 
ite 5 

Drilling, Inc. 

I 

DRILLER: 2 

BORING NUMBER: ~&-as- 3 4 
e.. 

DATE: f&-bY-Y4 
GEOLOGIST: 5. fl&+& 

z- /J -pr/_ru f/#/2. 

l When rock cortng, enter rock brokeness. - . . . . . 
*. Include monitor readmg in 6 foot intervals Q9 borehole. Increase reading frequency if elevated reponse read. 

Remarks: x/? _n! = .&&z&~ , A& ;- tie~c/ 
uniang Area 

Background (ppm): bTI 

Converted to Well: Yes NO >( Well I.D. #: -NH& - 



0 
R Tetra Tech NUS, Inc. 

BORING LOG 
Page / of 2 

PROJECT NAME: NAWC Waminster-Site 5 BORING NUMBER: s,q - o’q _ 3s 
PROJECT NUMBER: 7606 DATE: /d -uq- yci 
DRILLING COMPANY: Raab vVell Drilling, Inc. GEOLOGIST: J. ,qp.A/e> 
DRILLING RIG: 

L 

Sample Doprt 
NO. 
and 

ryp* 0 

I 

(W 
or 

RUll 
RQD No. 

Pp/r 624 AM,/, /7/;, DRILLER: 

1 I MATERIAL DESCRIPTION 
Blows I 

6” or 
RQD 
w 

SampI 
RacOVOlJ 

I 
SampI 
LWlgtll 

I Llul0l0gy I I 
Change 

(DepWFt) -” Dm*w 
0, COllWtWCf 

SCtSWOd w Color 
Inlarval Reck 

Hafmlaee 

- 
I I I : 1 

Meterlet Clraslrkauon 

-A- 

*When rock coring, enter rock broreness. 

‘* Include monitor reading in 6 foot intervals Q borehole. Increase reading frequency if elevaled reponse read. Drilling Area 
Remarks: T’kfi/;~ SU~.,,,~ Jc/Qw ,/, +,+ do/ c 

+q&WA/ hAA h-*x7. .7\ 
I/)~ 3 /, Background @pm): =I 

I 
Converted to Well: Yes No k’, Well-I.D,#:-: --N/H- 

. iL 



Tetra Tech NUS, Inc. 
BORING LOG 

Page 2 of a 

NAWC Warmin;ster-Site 5 BORING NUMBER: 5&- or- 3 q 
e-- 

PROJECT NAME: 
PROJECT NUMBER: 7606 
DRILLING COMPANY: Raab Well Drilling, Inc. 
DRILLING RIG: 

Sample Depth BlowsI Sample Llthaloqy 
NO. Ft.1 6” or RK0V.y ChanQ~ S 
ma 0, RQD I (Depuwt) so” DWsJw 

Typeor Run (%I sample or CwwrncY C 
RQD NO. LenQlR scnenea or Color Materlsl Clrsritkauon S 

Remarks 

When rook coring, enler rock broke. 

** Include monitor readmg in 6 foot intervals Q borehole; Increase reading frequency if elevated reponse read. mang Area 
Remarks: & = wme~ed Background (ppm):ml 



0 
R Tetra Tech NUS. Inc. 

BORING LOG 
Page / of I -e 

PROJECT NAME: NAWC Wanninster-Site 5 BORING NUMBER: &&, c -36 
PROJECT NUMBER: 7606 DATE: ,g -‘I.+ yy 
DRILLING COMPANY: Raab Well Drilling, inc. GEOLOGIST: 5.. ,d%/.~~ 
DRILLING RIG: &+.P/ /Q/‘Y DRILLER: 

r 

** Include momor reading in 6 foot mlervals Q borehole. Increase reading frequency if elevated repanse read. Drilling Area, , 



BORING LOG Page / of / -7 etra Tech NUS, Inc. 

PROJECT NAME: - NAWC Warminster-Site 6 BORING NUMBER: 2&?-w- 3.7 -‘- 

PROJECT NUMBER: 7606 DATE: /IJ-09-9Y 
DRILLING COMPANY: Raab Well Drilling, Inc. GEOLOGIST: 5. &,yy~ 

DRILLING RIG: 7ik-kLjN &w 6% DRILLER: .Z 0. &rO-,~ 

r I I I I MATERIAL DESCRIPTION ~Ruanri(ppI) 
I U I I I r 1 

-1 I C 

I I 
Remarks 

f-1 madl cla- S 

* When rock coring. enter rock brokeness. 

** Include monttor readtng tn 6 fool mtervals @ borehole. Increase reading frequency tf elevated reponse read. Drilling Area 

Remarks: 5.~. = J~~,Jv&~ Background @pm): FI 

Converted to Well: Yes No X Welbl.D,% --/1//A - 



r 

etra Tech NUS. Inc. 
BORING LOG 

Page / of 1 -- 

PROJECT NAME: NAWC Warrninster-Site 5 BORING NUMBER: 53- 6 _ 38 
PROJECT NUMBER: 7606 DATE: Q-c.+* 
DRILLING COMPANY: Raab Well Drilling, inc. GEOLOGIST: 5. ~~~4 
DRILLING RIG: DRILLER: z /h’/GhJ&,,,J, 

. 

. 

** Include monttor reading tn 6 foot mlervals Q borehole. increase reading frequency if elevateo rcconse read. Drilling Area 
Remarks: s,~ Ji = ~I~r~,,c I_ 4 bhpJ = Background (ppm): m 

Converted to-Well:. Yes No X’ WeLI,L#g. ---n//~& 
>;.. 
.i 



etra Tech NUS. Inc. 
BORING LOG 

Page / of / 

PROJECT 
PROJECT 
DRILLING 

NAME: 
NUMBER: 
COMPANY 

x+&/ DRILLING RIG: 

NAWC Warminster-Site 5 BORING NUMBER: .S&Q~-~~ 
7606 DATE: / /u YY - - 

: Raab Well Drilling. Inc. GEOLOGIST: “;. ,+&/t-i, 
7 &wPr P;G DRILLER: 7 ,+‘,&rQuu/c 

AAATEDIAI t?ECPDlPTl~hl I ’ 
U 
S 
C 

c 

S 
Remarks 

. 
I Mntwlal cias- 

*When rock coring, enter rock brokeness. 

** Include momtor readmg tn 6 foot tntervals Q borehole. Increase reading frequency if elevated reportso read. 

Remarks: Ss. =~~~cy~.+~ . -rh. SA , - 5 .c~H~+ 449 I /L&z : i fTa?dif//pJ 
Drilling Area 

Background (ppm):c] 

Converted to Well: Yes No .X Well4.D. #: -/V/A- 



7 
I. . 

C- 

,- 

,- 

,- 

0 
R Tetra Tech NUS, Inc. 

BORING LOG 
Page /’ of I m- 

’ PROJECT NAME: NAWC Warminster-Site 5 BORING NUMBER: &?-us- ,q~ 
PROJECT NUMBER: 7606 DATE: I /o-YY 
DRILLING COMPANY: Raab Well Drilling, Inc. GEOLOGIST: ; .-,+/.../r, 
DRILLING RIG: DRILLER: 7 A/‘Pm-,, u/p 

MATERIAL DESCRIPTION @I 
Sam@* LithOlogy I 

*When rock coring. enter rock brokeness. 

*. Include momlor reedmg tn 6 (001 mtewals @ borehole. Increase reading frequency II elevated reoonse read. Drilling Area 



Ill& etra Tech NUS, Inc. 

PROJECT NAME: - NAWC Warmir 
PROJECT NUMBER: -8 - 

Ister-Site 5 .._.- 
506 

DRILLING COMPANY: Raab Well Drilling, Inc. 
DRILLING RIG: 

BORING LOG 
Page / of / 

BORING NUMBER: .Zi& - nS - ,yy 
DATE: /d-/u- 77 
GEOLOGIST: 3 @jyflKm 
DRILLER: - ’ - - 

- u-men roclc conna. emer rocr oronanau. *When rock conna. enter rock brokenas. 

I I 
i 

‘* Include momtor reaamg tn 6 fool intervals Q borehole. IncnXM reading Ireg~encV If elevated reFnmse read. Drilling Area 



DRILLING RIG: 

0 R Tetra Tech NUS, Inc. 
BORING LOG 

Page 1 of / -- 

PROJECT NAME: NAWC Warminster-Site 6 BORING NUMBER: .j~-&,s- 4~ 
PROJECT NUMBER: 7606 DATE: /A- ,D - c* 
DRILLING COMPANY: Raab Well Drilling, Inc. GEOLOGIST: 5 . ,$?+..K~, 

DRILLER: 
4 

MATERIAL DESCRIPTION I - 
LIUIOI~ U 

, Chang* 
(08pallFtl Ed’ - 

S 

or -1 C 
SClW8md OI color hl8tefl8l ax- s 

Remarks 1 d 
lnmrv8l umt . 

H8fdnns 1 

I 
I 

1 4 

I. 

. 

* When rock cormg. enter row or 

** Include momtor readmg in 6 foot tntervals @I borenole. Increase reading frequency If elevateo reoonsa read. 

I 
mwss. 



0 R BORING LOG 
Tetra Tech NUS. Inc. Page /’ of / 

- 

PROJECT NAME: - NAWC Wafminster-Site 5 
PROJECT NUMBER: 7606 
DRILLING COMPANY: Raab Well Drilling, Inc. 
DRILLING RIG: 7??+-~PA /%WT &%I 

BORING NUMBER: &y- 0.~ - 93 
DATE: /a- IO-* 
GEOLOGIST: 5, ,+ /+-/,,qzz 
DRILLER: 3 A;‘/%I~/.,,,/, 

b” or Rummy Change S 
Rae / (OepWFt) SO”- 

W samom c- C 
or 

h&tefhl clas- S 
Remarks 

.* Include monttor readmg in 6 foot lntewals Q borehole. Increase reading frequency If elevated refmnse read. Drilling Area 
Remarks: A&A hu&.& reAr/w=~~ /du I/e- //d /d m& Background (ppm): El 

//64//mJ. / 
LA&l. = rsf..fCd 

Converted to Well: Yes No >( Well I.D. #F- -N/A- 



etra Tech NUS, inc. 
BORING LOG 

Page 1 of 1 m- 

’ PROJECT NAME: NAWC Warminster-Site 5 BORING NUMBER: $$Q$-- yy 
PROJECT NUMBER: 7606 DATE: 
DRILLING COMPANY: Raab Well Drilling, Inc. 

- ,o-yy 
GEOLOGIST: s” fl/./- 

DRILLING RIG: %==kPd /5&/f fly -_ DRILLER: 

I 

7 /3,’ &.;,,,uV. 

I I MATERIAL DESCRIPTION 
I I 

cy$+a--tmf=) 
U .’ 1. ./ 

C 
s 
. 

j: 
.+- 

1 ROD / No. 1 1 Lengm 

I I 
I 
I 

I I I 

l When rock coring, enler rook broreness. 

** Include monitor readtng in 6 foot intervals @ borehole. increase reading frequency If elevated repcnse read, 

Remarks: 5.5. = ~,5,&&&,fl,= ; & = &p#.J&p,rr/ 
Drilling Area 

Background (ppm): 11 

Converted to Welk Yes No X Welkl.iZ1w- -~/e 



EL etra Tech NUS, Inc. 
BORING LOG 

Page / of ‘/ 

PROJECT NAME: NAWC Warminster-Site 5 BORING NUMBER: j&?-,0.-y- yr 
PROJECT NUMBER: 7606 DATE: l&7- /a- yL/ 
DRILLING COMPANY: Raab Well Drilling, Inc. GEOLOGIST: 5. &,&.,,K~ 

DRILLING RIG: z+hc7f-7 Abw.. A?/ DRILLER: 7 &$,~QtiH/c 

MATERIAL DESCRIPTION cl@cRmIppI) 
SampI* Depm Blowsi Sampoe L~oIew U 

NO. Ft) 6” or Recevey Change 
(DeWtiFU a’- 

S 
me or ROD I 

Typeor Run w4 Smeh 0, -llbny C 

ROD No. Llnpm Scnonod or color Matedal Chsmcath S 
Remarks 

Intowsl Rock 

. When rock coring, enter rock brokeness. 

** Include monttor reedlng in 6 foot mlervals Q borehole. Increase reading frequency If elevated reponse reed. Drilling Area, , 
Background (ppm): 1 u . ,=, 1 

No L Well-I.D. #z, -W/A-- 



etra Tech NUS, Inc. 
BORING LOG 

Page / of / 

. PROJECT NAME: NAWC Warminster-Site 5 BORING NUMBER: &f-&s- y6 
PROJECT NUMBER: 7606 DATE: & c?/- 7-Y 
DRILLING COMPANY: Raab Well Drilling, Inc. GEOLOGIST: 5 p tfk#KL 
DRILLING RIG: yw/u/, &A-4// A?4 DRILLER: _sT’ 8, &zqwk 

I I I I I I MATERIAL DESCRIPTION r 
- 

U 
S 
C 
S 
. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 
When rock coring. enter rock brokeness. 

** Include momtor readmg in 6 fool intervals Q borehole. InCrea~ reading freqUef!Cy If elevated reoonse read. Drilling Area 
- ., .I 

Converted to. Welk Yes- 



Tetra Tech NUS. Inc. 
BORING LOG 

Page / of / 

NAWC Wafminster-Site 5 r ,\VYL” I ,.r.*..-, ._..___ ..~ 

PROJECT NUMBER: 7606 
DRILLING COMPANY: Raab Well Drilling, inC. 
DRILLING RIG: p/+/y/, h/f fl;- 

. I I . . . 

BORING NUMBER: &‘-nq- ir 7 --. . 

DATE: i - icf 
GEOLOGIST: 5. p&F>0 
DRILLER: 7 A, P/,r xJ.G.#b /- 

TFRIAL OESCRlPTiON 

. When rock coring, enler rock brokcness. 

*. Include momtor reaamg in 6 foot inlet’vals @ borehole. Increase reading frequency If elevated retmse read. Drilling Area 
Background (ppm): b o 1 

Converted to Well: Yes No X Well&R.#? --/v/A-- 



IRb etra Tech NUS. Inc. 
BORING LOG 

Page / of / -- 

PROJECT NAME: NAWC Watminster-Site 5 
PROJECT NUMBER: 7606 
DRILLING COMPANY: Raab Well Drilling, Inc. 

BORING NUMBER: &?- OS- 
DATE: 

4 R 
B-,7/- 97 

GEOLOGIST: 5. /$r/r~ 
z- ~/‘/i?&d,&l@p 

I 
DRILLING RIG: z+l+OA k&w DRILLER: 

MATERIAL DESCRIPTION 
Sample Llmotogy 

*When rock coring. enter rock brokeness. 

‘* Include momtor reaamg in 6 foot intervals @ borehole. Increase reading frequency I elevated rewnsa mad. Drilling Area 
Remarks: <-.‘. <. - s~J,&(. : dh~j: = . &b&p., .d~ -= u~dx~~.J Background (ppm):( 0.0 1 

Converted to Well: Yes No 2 Well I.D. #: -N/A-- 



ha etra Tech NUS, Inc. 
BORING LOG 

Page / of / 

PROJECT NAME: NAWC Warmin: 
PROJECT NUMBER: 76 
DRILLING COMPANY: Ri 

ster-Site 5 
06 
lab Well Drilling, Inc. 

DRILLER: 

BORING NUMBER: &-or- y q 
DATE: /d-2/- 47 
GEOLOGIST: 5, /3~/~~ 

- 

-‘- S 

I I 
. 

*When rock cormg. enter rock brokeness. 

** Include monttor readtng in 6 foot intervals Q borehole. Increase reading fre+JuencY tf elevated rewnse read. Drilling Area 
Remarks: SH .~7f = ~/il’s%z~ : A. rJF&e~z./ 

-os-*/= hm ? 

Background (ppm): I‘/ 
f-eL&ck x-e*/34 w- ‘- ’ 6- km C /d/FJ 

- &//cc/ c o+r/3/r zi@ OS 53 4 - i d * 9 BGC 

Yes- No g ’ - Welltl.D:,~ -d/RI- 



I R etra Tech NUS, Inc. 
BORING LOG 

Page il of / 

PROJECT NAME: - NAWC Warminster-Site 5 BORING NUMBER: &qeus- 50 
PROJECT NUMBER: 7606 DATE: L?- J/- Y Y 
DRILLING COMPANY: Raab Well Drilling, Inc. GEOLOGIST: 5. ,q.,/r,/l-, 
DRILLING RIG: 7i/P/P,, A/&o/ R/c, DRILLER: ?- A, &,xqy.+/c 

cIQcDR--9ww 

6 or Rocov*y man9* 
ROD I (DopWFC) 501’ - 

S 

W Smme or -lQncy C 

L*nOm scn.nmd or CObf MatRflal clam S 
IntewsI RoCR . Hwdtlue 

1, I 
I I 

- wnen rOCK coring. enter rocK brokeness. 

** Include monttor reodtng in 6 foot mtervals @ borehole. increase reading freWNr’tq rf elevated reponse read. Drilling Area 
- ., .- Remarks: 5s. = ,~~~ds+,~ . . &. = /,p#efO/ Background fppmj:L 0.0 J 

Converted to Well: Yes No X Welt4.R #F -M/H- 





@ 
SMC ~oNMENTAL SERVICES GROUP. 

SKETCH MAP 

PROJECT OWNER 

5+-/ W.O. NUMBER 
tr 

/WA TOTAL DEPTH R//;4 DIAMETER 

SURFACE EEV. (ii iA WAT. LEV.: INIT. .L ~-+-I-IRS “‘:‘iz 

i 
SCREEN: DIA. LENGTH SLOT SIZE /I/ 

CASING: DIA. & LENGTH 

DRILLING COMPANY ~‘&/f 4 %~5~R,~NG ~Elli0D 

LOG BY 

DESCRlPllON / SOIL CLASSlRCATlON 
(COLOR, IEXTURE. STRUCTURES. 

MOISTURE. OVA READING) 



1 SMC ENVIRONMENTAL S~V’KXCS GROUP l~i~Il,l,llir, I ,( J\ I 

/v&DC 
:JiI Il:II hiAl' 

!OJECT OWNER 

CATION -z WO NUMBER . . /v/A I 
I 

XL NUMBER ’ ” , A/CA TOTAL DEPTH ti ht- DIAMETER I 

JRFACE ELEV. u- WAT. LEV.: INiT. 24-HRS 

IREEN: DIA. /u’/d LENGTH fip SLOT SIZE I 

SING: DIA. 

v- 
“c- 
3- 
Y- 
f- 
6- 

7- 

3 

0 
B 

ii 

9L/ 

d- 

\ 
$ !I Y 



I% * I SMC ENVIRONMENTAL SERVICES GROUP DRILLING L,OC 
v 

PROJECT 
SKEfCH MAP 

SURFACE ELEV. ‘/J4 WAT. l&l.: INIT., d &+’ 24-HRS PM ] 

CASING: DIA. ry’i# LENGTH u//i 

DRILLJNG COMPANY 



‘SKETCH MAP 

DIAMETER F 
WfU NUMBER 2 /-. 

SURFACE ELEV. WAT. LEV.: INIT. l&f&- %-MS A/ /8 

SCREW: DIA. & LENGTH fl/’ 

CASING: DIA.-&i- LENGM k/h? YE A(hf 

DESCRIPTION / SOIL CLASSlflCATlON 
(COLOR, TEXNRE. STRUCTURES. 

MOlSlURE. OVA READING) :. 



/ 
?f’ “XT 

IL. /N 

OWNER 

. W.O. NUMBER 

SKETCH MAP 

ELL NUMBER UH TOTAL DEPTH N/A DJAMESaZ 

JRFACE ELEV. WAT. LTV.: INIT. 

CREEN: DIA. LENGTH +55 5, 
4.f. 

ASING: 

. I- 

/ 
-Y- 

-. y- 
- 6. 
-7. 
- iI- 
-ci- 
-\o- 
- . 
- _ 
L - / t - 

i 

DESCRIPTION / SOIL CXASSIRCATION 
(COLOR. ‘IMTURE, STRUCTURES, 

MOISTURE, OVA READING) 



SMC E~0NMENTA.L SERVICES GROUP 

PROJECT h/e?7 c OWNER 

LOCATION 55 67 
- W.O. NUMBER 

WELL NUMBER TOTAL DEPTH N/A 

MA 

DIAMETER 

lJIm"ud.lr,I,ilu LIUL 

SKETCH MAP 

5x+- ,-.. 

SURFACE ELEV. ,&A WAT. l-l%.: INIT. 24-HRS N/84 

SCREEN: DIA. .l\liA LENGl+j SLOT SIZE hi c /& 

CASING: DIA. SL’/A WG-f+i N/bi TYPE 

DRILLING COMPANY Gtib+!f 4 %hJNG METHOD 
J ’ NOTfS 5-k& /,‘40 

DRILLER LOG BY’ DATE DRILLED 
0 (FM ;jh 2:dO 

? 
1 -.- 

I_ - f 

<) -- 

(, -’ 

7 -’ 

‘d 

‘I - 

11’ 

, 

I . ,- . . . -9 

5 

*_ 1: I -. 

DESCRlP-flON / SOlL CLASSlflCATlON 
(COLOR, TEXTURE, STRUCTURES, 

MOISTURE. OVA READING) 

PAGE OF 



I al SMC ExvIR0Nliiawr~ SERVICES GROUP 
I”“. 

’ SKETCH .MAP 

I 

PROJECT OWNER 

LOCATION ss-7 W-0. NUMBER 

I 
I 
I 
I 
I 
I 
I 

‘JELL NUMBER M(4 TOTAL DEPTH DIAMETER a ” 1 

4l fi// -I/-, 
SURFACE ELEV. WAT. LEV.: INIT. * ‘%A!? 24-HRS 

SCREEN: DIA. .A~ LENGTl+ q(& SLOT SIZE Nf.q 
&q pk 

f% A&4 /v/-A 

A G 

I-YP * 

Aq.y/c - 

Y 
CASING: DIA. LENGTH 

DRIWNG COMPANY b-h-- $ +f DRIWNG METHOD ~p NOES ~@f+‘$ i: a 

DRlLLEU LOG BY pD6 DATE DRILLED 
t-‘inq bd ( ’ ,r 

I _ 
z- 

3- 
_ fp 
- F- 
-d- 

:‘a: 
-9 - 
- lo- 

DESCRlPllON / SOIL CLASSiflCATlON 
(COLOR. lExTuRE SlRUCTuRES, 

MOISTURE, OVA READING) 

PAGE .-OF.. ..__.. 



- SMC ENVIRONMENTAL SEZWlCES GROUP DRILLING LOG I 1 
PROJECT r//+Dc OWNER ~~1 SKETCH MAP 

LOCAllON 

WEU NUMBER 

SURFACE ELEV. WAT. LEV.: INIT. 24-HRS 

SCREEN: Dlk flf? LENGTH A l/A SLOT SIZE A A 

CASING: DIA. /L’/c, l+NGTH A!./& TYPE pb’/k- 

DRIWNG COMPANY @‘-, !3&uw 
t 

DRllllNG METHOD NOIES~&~&?~ “‘u 

8 Ltairul+ 

i 

DRILLER ’ LOG BY *-. 
] 

E 

i n 

-! - 
-z- 
-3- 
- Y- 
-i- 
-6- 

-7- 
-d- 
- Q- 
- w- 

i I 
1 - 

I I 
DESCRIPTION / SOIL CLASSlflCATlON 

(COLOR. 7EXlURE. STRUCTURES, 

M.olSTURE. OVA READING) 

. 
Ofi+?f 

/ s;/h (UL) 

d .;t (+) 

PAGE _ . OF 



SKETCH MAP 

t’t?OJECT OWNER 

/,w.~OCAllON 

w;lwL NUMBER \ 
TOTAL DEPWw-*’ NJ;; 

/WA 
/r 

5jis 

‘;I ]RFACE t=uV. hl/pr WAT. LEV.: INIT. 24-HRS /qz$ 
kc= s;‘k 

a.(:lll:EN: DIA. p,&!!!w LENGM n//A SLOT SIZE 

. . 

- 

3 
0 
5 
% 
% 
- 

DESCRlPTlON / SOIL CIASSIRCATION 

(COLOR. TEXTURE, STRUCTURES, 

MOISTURE, OVA READING) 



SMC E~ONldENTfi SERVICES GROUP DRILLING LOG 
1 

qfT7c 
SKETCH MAP 

‘ROJECT OHMER 
I 

,OCATION 5S- i0 . W-0. NUMBER lv# 
,. I 

NELL NUMBER w 

-B- 

TOTAL DEPTH 

JKT 

DIAMETER d Sf i’ 

- 

e 3 
) 

SURFACE ELEV. AIR WAT. LEV.: INIT. . 24-HRS rJ/A kc. 5;fF 1 

SCREEN: DIA. p&&- LENGTH AK4 SLOT SIZE ~/PI h 

9 

I 
. 

7 
DESCRIPTION / SOIL CLASSIFICATION 

(COLOR, TEXTURE, STRUCTURES, 

MOISTURE, OVA READING) 

1 
I - 
I 
I 
I 
I 
I 
I 





FEATURE COORDINATES 

--, i following coordinates were obtained using April 4, 1965, aerial 
photographs. I 

Feature I Easting (ft) I Northing (ft) I Elevation (ft) 

Trench 5B- End 
Point 

2751859.772 
I 

326273.099 
I 

339 

Trench 5B- Center 2751924.295 326222.877 332 
Point II 

Trench 5B- End 
Point 

2751999.010 326167.960 No value due to 
sun glint /I 

Pennsylvania State plane coordinate system, south zone. 
1927 North American Datum. National Geodetic Vertical Datum of 1929. 

FEATURE COORDINATES 

;fi following coordinates were obtained using October 20, 1967, aerial 
b .tographs. 

Feature Easting (ft) Northing (ft) Elevation (ft) 

Trench 5C- End' 2751865.759 326297.872 341 
Point 

Trench 5C- End 2751949.314 326235.543 337 
.- 

Point 
I- 

Trench 5C- Center 2751907.101 326268.605 338 
Point 

Pennsylvania State plane coordinate system, south zone. 
1927 North American Datum. National Geodetic Vertical Datum of 19;!9. 



< 

s----_ 

I ?sARB cooxDxNA!rss 
. 

r 

~‘&*~ol&OUing: coordinatea Wre obtainad a&g September 23, 1958 aerial 
photographs.. Refer to EPIC.azapo~ 93053, Blgure 6 for descriptions of 
features list%d. . 

z 3 - ma point 

23Sl8S9.799 

275l933.332 I 326D6IJ.SS4 334.243 *' 

27Sl691.373 326S33.390 347.664 

. . 

..-i- . 

. 
.--.*a-,. 

0-d 

. 

: . 

. 
. 

. 

. 
. . . . . . . . : 

. . *. . . * . 9’ * 
.a . . . . . . . -. . . * . ’ 

. 

. 
. * 

-. 
-L - * 

. . 



-. i 
tb 

The LealoVing Coordhates W&e-obtained Using Wareb 31, 1965 rerikl 
photographs. Rnfer to SPIC Repoti 93053, 
features 1 isted. 

Figure 9 for dsscriptioae 0L 

2751933.945 326170.475 335.459 

PO5S5 6 +Uorth 
*lEnd peArit .* . ;i&os.9s6 326747.998 1323.080 

?OSS TR 6 --Uorth- 
center point. * " i752064:.898 '- . 325694.757 3il.842 

msywyng' - 'bral 
- . - 

* 
. *. ' 

2752146.;07 ' 325625.332 320.848 

POSS TR 61- 8oufh 
. - 

End-$&t- ’ 2751846.377 * 325770.12; '327.493 ~. _ 

PDEGT%6-Eouth 
. . . 

Center poixit 2751980.578 32S682.025 Si2.784 

POM~6-South ' 
md point 2752096.409 \ 3;5600.964 322.353 ' 

?cMny&hnia coordiaite sydam, south zone.: 1927 Xortb wfoen tktua 
NItioMl Geodetic Vertical fhtaim of 1920. 

, : 

&& .q++' *.. - 

. 
I. 

. . . ' 
. . - . * . . * . . . . 

-. . . . 
. * . . 

. . . 

. 
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b 
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Atik~I,IINJRTON NUS sA,p,, Lo’ SHEET 
gir Environmental Coq.7orarion ur ace Soil 

0 Subsurface Soil 
0 Sediment 
(J Lagoon /Pond 
c] Other 

Page -- ._, of 

Case i - 

0yp 

Project Site Name Project Site Number 

NUS Source No. LJ-5J.3$06 Source Location -5.yc q y 

bmpte Method: 
J,J Aqc4 

I 
Depth Sampled: 

fl- 27” 

Sampie Date & Time: 
p/)13 IT< /t .5-z 

Sampled By: 

C. Mww 
iignature(s): 

d 

Type of Sample 

Low Concentration 
&High Concentration 

Crab 
0 Comfjosite 
u Grab - Composite 

Analvsis: 

fii i//b&- 
JPA /eJ+ ) PLg 

, 
Comoosite Samale Oata 

Sampie I Time Color / Description 

I 

t 
I 

1 
I 
I 

I -- 
I -4 
I I --1 

I 

I ---I 
Samctle Data 

Color Dcrcnption: (Sana. Clay. Dry; Moist, Wet. etc.) 

,&JJ& rs/w /J/-j ..rih a- 
f 

Observations / Notes 1 

y F,‘= id ~dpj.rCde &- SS-OF-Ii /3 07 

L 

/-iatisr 5 31 

>t: 

3 
I 

a;? 

yjy 

1 
Traffic Rtoon # I 

Tag # 

. I 

A0 # I 

Oatc Shiapcd t 

Time Shipocd 

Lab 

_ Volume 

I 

Organic ln0rganrc 

1 

I 

. 



~d~IB~()N~NU~ SAMPLE LOG SHEET 
my- Eravironmentai Corporatim 

8 
Surface Soil 
Subsurface Soii 

c] Sediment 
IJ Lagoon/Pond 
17 Other 

Page of 

Case # /I ~. 

BY 

Project Site Name Project Site Number 

NUS Source No. te/ -- 4s -u,r -c, ‘7 Source Location 9iff s- 

Sample Method: 

“7’uQd A UGLY r” 

Oep th Sampled: 
jy -;7&’ 

Sample Date & Time: 

Comoosite Samole Oata 

Sample I Time Color / Descnption 
I 

1 I I 
I I 
I I r a I 

Sampled By: f 1 

A a-2 J& 5,2& dLi&di I 

Signature(s)* * 2 I I 

I i 

Type o@Sample I I 

@Low Concentration I 
0 High Concentration ! 
WGrab 
0: Composite 

Samoie Data -_ 
,! 

Color Dew!ption: (Sand. Uay, Dry; Moist, Wet, etc.) 1 
n Grab - Composite 

LfrK LS*Yw 4'&.M-/c, 5;/‘+ WC fk p&#&&c I 

Analysis: Observations / Notes 

i3&‘A /IL. 5 f f7r’. f3 

/-/q L. p~/~. &/;r L c, / I, ,d> 

-rci f/LJ/‘( 

1 
I Organic lnorganac 

Traffic Rcoon # 1 

Tag 4 
I I 

I . 
A0 # t 

Oatc Shioped I I 

Time Shiooad I \ i 

Lab I\. 
I 

,- 

I Voiumc 



s AMPLE LOG StiE ET 
HALLIBURTON. NUS 
Environmenti Corporadon Surface Soil 

Subsurface Soil 
0 Sediment 
a Lagoon /Pond 
a Other 

Page of 

Case # - 

Q- 

Project Site Name 

NUS Source No. pJ.jSd (jj’eij. 

smple Method: 
5s /4&J f&&f 

epth Sampled: 
, 

Project Site Number 

Source Location .s.rc- 5’ 

Comoosite Samole Oata 

Samoie Time 

I ! 
iy- LO 2 I I 

ampie Date & Time: I I 

ampleci By;, .+, I I 1 
jq _ Jf-4 d/cd I 

ignature(r)z&; 1 I 

P I 

Type & Ssm$e I I 

d Low Concentration 
Q&“, Concentration / 

a Composite 
Sample Data 

a Grab - Composite Color 
11% ijm..-.¶ / 

Dawrption: (Sane, Clay, Dry: MOW, Wet, tt~.) 

c/cc7 .LJ iJ;fl fG//. &&.a, fbr., 

4nalvris: Observations i Notes r,!G 9. I 

&v I:“? .5f / PC 6 
y-J+L ,V(.&LO / c 1 C./L*: 4. ‘c- 

J r , IL/ *vi, L 

1 

I 

1 Organic Inorgantc 

Traffic Rtoon # I 
b 

Date Shioptd t I 
Time Shipped I 

Lab 

4 Votumc 

1. 

I 



1 ,: 

I / :pajdwes q,dag 

uow3yxag / JO)01 aw ap3lueS > 

ereO alowes ai!soouoD 
I 

m v: p&i$fa@weS 

1s #f a4 4’s uofae301 awnos ~~o-go-rc; -r/ -o~a~Jnossn~ 

JaqUnN al!S lX3!OJd altleN aa!S a3a!oJd 



A~~IB~oN,Nus SAMPLE KG SHEET 
of 

J#F Environmental Corpordon Surface Soil 
g __ 

Page -- p 

Subsurface Soil Case #- 
u Sediment 
0 Lagoon/Pond 
a Other 

Q- 

Project Site Name Project Site Number 

NUS Source No. lh/- 5-s- tic---PO Source Location J.‘fu ft s- 

ample Method: I Comoosite Samole Data 

G-J c/q&Y A Samote I Time Color / Oescriotion 

depth Sampled: 
y-16” I 

iample Date & Time: I 

OY /d/g /23Y I 1 

I- 
I I 
1 

I 
I 

Type of timpie 
” 

d 

I 

Low Concentration I 
[7 High Concentration 
w- Grab Samoie Oata 
c] Composite 
n Crab - Composite 

Description: (Sand. Clay, Dry: Moist. Wet. etc.1 

v 
Observations I Notes 

/ J 
Analysis: 

&a . /rfd- )I%3 
r /q-2 

I 
1 Orgamc lnorgantc 

Traffic Rcoon # I I 

Tag I 
* 

A% # I 
Date Shiooed I 
Time Shipged I I 

iatr 

I 

Vobmc 

! 

. 



Tetra Tech NUS, inc. SOIL 8 SEDIMENT SAMPLE LOG SHEET 

Paaa-/ nf / /c-. 

Project Site Name: 
Project NO.: 

1 Surface Soil 
fl Subsurface Soil 
0 Sediment 
0 Other: 
fl QA Sample Type: 

NAWC Wafminstef-Sic 5 

7606 
Sample ID No.: 
Sample location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
4 Low Concentration 
0 High Concentration 

Range in ppm): 

AMlySlS 

‘CL vocs 

-CL SVOCs. TCL PestiibdedPCBs 

‘AL Metals. Cr(VI), pH. Fe(U), ORP,&~F~;/J 

Container Requirements 
5 gram Encore 

1.4 oz. Glass 

8 oz. Glass 

Collected 
c‘jj -13.4. - 

(1) - -n.u.- 

C/l -r9.u. - 
I 

I I I 

IBSERVATIONS I NOTES: 
I I 

/MAP: 

DupUate ID No.: 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

fl CIA Sample Type: 

Type of Sample: 
1 Low Concentration 
0 High Concentration 

r 



SOIL 8 SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

1 Surface Soil 
0 Subsurface Soii 
fl Sediment 
fl Other: 
1 QA Sample Type: 

NAWC Wafminster-Site 5 

7606 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
m Low Concentration 
0 High Concentration 



I n a Tetra Tech NUS, Inc. r l! SOIL 8 SEDIMENT SAMPLE LOG SHEET’ 

Project Site Name: NAWC Warminstef-Siic 5 

Project No.: 7606 

fi Surface Soil 
fl Subsurface Soil 
0 Sediment 
[I Other: 
0 QA Sample Type: 

Sampie ID No.: ss-OS-30_ 
Sample Location: 5s -6-06 
Sampled By: 
C.O.C. No.: w 

Type of Sample: 
@ Low Concentration 
0 High Concentration 

MEthOd: 

Monitor Readings 

(Range in ppm): 

SAMPtJX COLLECTION tfd-‘f-lON:~~ 

Analysis 
TCL VOCs 

TCL SVOCs. TCL PesticiiPCBs 

TAL Metals. CrWI). PH. FeW. ORP, &&&&J 

I Containew Requ- COkCted 

5 gram Encore (3) -AJ,u.- 
oz. Glass c/ ‘, -O.k.- , 

8 oz. Glass C/l -0. 4. -- 

I I I 

\ 
I I . 

Circle if Appkabk 

MS/MS0 Pupliate ID No.: 

‘sz22-M 



0 
R Tetra Tech NUS, inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Pan0 nf . .-J-r- .c. - 

Project Site Name: NAWC Warminster-Site 5 Sample ID No.: SS-O~- ;7/ 
Project No.: 7606 Sample Location: s - (1~ _ 0 7 

Sampled By: 
1 Surface Soil 

4:/G&z r/. */f/+/q 
C.O.C. No.: 0 dc;78/ 

D Subsurface Soil 
0 Sediment Type of Sample: 
0 Other: I Low Concentration 
0 QA Sample Type: 0 High Concentration 

RAE SAMPLE DATA:, ‘. .; : ..:... : .., . . 

late: /A -0 + 4 4 Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

ime: 074 
lethod: $13 5 ~&d~/~./C d’- G 

,a 
44 /(3;Y/) 

T/‘/4 /6&.p w/i% /iv+3 ) n/u/tp 

lonitor Reading (ppm): 0 _ 0 

,OMPOS~E~~P~:DA~~~~‘.~~., :;.:T: ..:I, .i.:/. .;: ~:.Ij:>;.i~$:. :‘jI.:::i .:;i,,;i.;:y : ,;. T.;,...,.: 

Zange in ppm): 

Analysis Container Requirements 

CL vocs 5 gram Encore 

CL SVOCs, TCL Pesticides/PCBs 8 oz. Glass 

4L Metals, Cr(Vl), pH, Fe(ll), ORP 8 oz. Glass 

Collected Other 

671 -n,4. - 
/, _ .- 

(/\ -n.u.- 

Duplicate ID No.: 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 
J PageL of / 

Project Site Name: NAWC Warminster-Site 5 Sample ID No.: ,Cj -u r-a:2 
Project No.: 7606 Sample Location: sfq-or- 194 

Sampled By: 4: &elk , (/! Skl’rkiw 
1 Surface Soil C.O.C. No.: #Si?bb 
I] Subsurface Soil 
fl Sediment Type of Sample: 
[I Other: 1 Low Concentration 
0 QA Sample Type: 0 High Concentration 

iRAB SAMPLE DATA: :, :j j ,:’ , ,, 
A 

late: ~2 - 0 yI * Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

‘ime: 0 75%’ 
nethod: 5/s >i~~//f/rrur L’ “4 6” 4s 

5i// /oGrm WA A&J, &.y? 
/o&M 

Aonitor Reading (ppm): 0. 0 
p . ...: .:, 

Range in ppm): 

Analysis Container Requirements Collected Other 

-CL vocs 5 gram Encore m I. .- 

8 oz. Glass 

‘AL Metals, Cr(VI), pH. Fe(ll), ORP 8 oz. Glass 

BBSERVATIONS I NOTES: 



0 vi Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

PageL of L 

Project Site Name: NAWC Wanninster-Site 5 

Project No.: 7606 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
fl Low Concentration 
0 High Concentration 

# Surface Soil 
0 Subsurface Soil 
0 Sediment 
0 Other: 
0 QA Sample Type: 

Range in ppm): 

AMlysls 

rcL vocs 
KL SvOCs. TCL PestMesPCBs 

rAL Metals. CrfVII. PH. we’ll), ORP, .f~rf/iL/p/ 

Container RequiremeW 

5 gram Encwe 

/J oz. Glass 

8 oz. Glass 

(31 -n,a.- 
(I) -n.u .- 

(1 I -47.9. - 

Circle if Appbi 

MS/Mao Duplicate ID No.: 



Tetra Tech NUS. Inc. SOIL & SEQWIENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

1 Surface Soil 
[I Subsurface Soil 
[I Sediment 
0 Other: 
[I QA Sample Type: 

NAWC Warminster-Site 5 

7606 

Sample ID No.: 55 - o<- ‘my 
Sample Location: 
Sampled By: 

s- as- 07 

C.O.C. No.: 
v sjw.<&& 

Udlb/ ‘. 

Type of Sample: 
1 Low Concentration 
0 High Concentration 

iAMPLE COiL=TK))J 

Analyais 

‘CL vocs 

‘CL svocs. TCL PesticidesrPCBs 

*AL Metals. CrM. PH. Fe(lU, ORP, &f&&f 

Container Requirement, 

5 gram Encore 

/6 oz. Glass 

8 oz. Glass 

ISSERVATIONS I NOTES: IMAP: 

:irck if *icable: 

MS/MS0 Duplicate ID No.: 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

1 Surface Soil 

NAWC Warrnnster-Site 5 

7506 
Sample ID No.: 55- OS- J.q 
Sample Location: s&o~-/o 
Sampled By: 
C.O.C. No.: 

y .$$jes@& 
oc?6?6/ 

11 Subsurface Soil 
fi Sediment Type of Sample: 

8 Low Concentration 
0 High Concentration 

fi Other: 
0 QA Sample Type: 

Range in ppm): 

iAMPLE COLLECTION INFDRMATION: 

Analysis 

iCL VOCS 

rcL svocs. TCL PesttadwPCBs 

rAL Metals. Cr(V0. PH. Fefll). ORP, .~u/&28!! 

Container Requirements 

S gram Encore 

id oz. Glass 

8 oz. Glass 

Collected 

(3) --f7,.q - 

f/J -/3.y. c 

ci) - , .- 
I 

:ircle if Appliubla: 

MS/MS0 Duplicate 10 No.: 

-- 

. 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET- 

- 
Project Site Name: 
Project No.: 

1 Surface Soil 
0 Subsurface Soil 
0 Sediment 
0 Other: 
fl CM Sample Type: 

NAWC Warminstef-Siie 5 

7606 

Sample ID No.: ss-os- 26 
Sample Location: 55 - 0.q - Q/ 
Sampled By: l~i&. .s. a&,& 
C.O.C. No.: f5aat91 

Type of Sample: 
a Low Concentration 
fl High Concentration 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Paae / al / 

Project Site Name: 
Project No.: 

1 Surface Soil 
1 Subsurface Soil 
fl Sediment 
0 Other: 
fl CIA Sample Type: 

NAWC Warmcnster-Site 5 

7606 

Sample ID No.: 55 - 0 c- 27 
Sample Location: S&-OS- i 3 
Sampled By: 
C.O.C. No.: 

w s&e 
Od&%i ‘. 

Type of Sample: 
a Low Concentration 
0 High Concentration 

Range in ppm): 

Analysis 

‘CL vocs 

‘CL SVOCs. TCL PestkideVPC8s 

-AL Metals. CrlVI). pH. Fe(lh ORP, &h%h?~ 

Container Requirunents collected 

5 gram Encore c-31 -0 4. - 

/d oz. Glass f-l 1 . .- 
I 8 oz. Glass Cl ) . .- 

1 

)BSERVATIONS I NOTES: MAP: 

:irclc if ApplicabW 

MS/MSD Dupllcatc ID No.: 



ml Tetra Tech NUS, Inc. SOIL 8 SEDIMENT SAMPLE LOG SHEET 
\ J Pages 

I~ I 
Project Site Name: 
Project No.: 

1 Surface Soil 
fl Subsurface Soil 
fl Sediment 
0 Other: 
fl QA Sample Type: 

NAWC Warminster-Site 5 

7606 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
# Low Concentration 
0 High Concentration 

Monitor Readings 

OBSERVATIONS I NOTES: 

t- 

IMAP: I 

7i7 

Clrcie if Applicabb 

MS/MD Dupliite ID No.: 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

1 Surface Soil 
0 Subsurface Soil 
n Sediment 

NAWC Wamtinster-Site 5 

7606 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 

ss- OS-dcp 

i Other: 
0 QA Sample Type: 

1 Low Concentration 
fl High Concentration 

EL svocs. TCL Pestkides4PCBs 

rAL Merats. WA), PH. ‘s’W. OW L~&&J . 

/doz. Glass Cl ) -n.7..- 

I 8 oz. Glass Cl\ -fl.w.- 
I L 

I I 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

PageLd-& 

Project Site Name: NAWC Waminster-Site 5 Sample ID No.: 5!j- o<- q& 
Project No.: 7606 Sample Location: s+#- 0 7 - 18 

Sampled By: S&&f& 
fl Surface Soil C.O.C. No.: e ‘. 
0 Subsurface Soil 
[I Sediment Type of Sample: 
0 Other: 4 Low Concentration 
[I cU Sample Type: fl High Concentration 

iRange in ppm): 

3BSERVATIONS I NOTES: MAP: 

7cL j@& fa//eclrrf LJ/idy 7%- &hf J&f- 

So/i 49Uf5. &2P74/n,*y sv7 f2m~us/*J//, 

pti &ye vswy s-5, 75y..&?v Me 

dr//r4 +~#i&iqp> .& upOpOPap//4sCr t54$4wufe. 

3rck if Appliu#c: 

MSMSD Duplicate ID No.: 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

NAWC Warminster-Site 6 

7606 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 1 Surface Soil 

fl Subsurface Soil 
0 Sediment 
fl Other: 
0 QA Sample Type: 

Type of Sample: 
1 Low Concentration 
0 High Concentration 

Zircle if Appliubk: 

MS/MS0 Duplicate IO No.: 



0 lTi Tetm Tech NUS, Inc. SOIL 8 SkDlMENT SAMPLE LOG SHEET 

Paas J 

Project Site Name: 
Project No.: 

1 Surface Soil 
(J Subsurface Soil 
fl Sediment 
0 Other. 
I] CIA Sample Type: 

NAWC Warminster-Site 5 

7606 

Sample ID No.: $s- OC;- 3a 
Sample Location: s-o<- ~7/ 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
1 Low Concentration 
fl High Concentration 

Range in ppm): 

IBSERVATIONS I NOTES: MAP: 

:irck if A#icabk 

MS/MSD Duptkate 10 No.: 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: NAWC Warminster-Site 5 

Project No.: 7606 

1 Surface Soil 
fl Subsurface Soii 
0 Sediment 
0 Other: 
0 CM Sampie Type: 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
fl Low Concentfation 
fl High Concentration 

Range in ppm): 

Analysis 

rcx vocs 
rcL SVOCS. TCL P&cddes@CBs 

rAL Metats. Cr(VIh PH, FtiW, OR?, JbM4-.. 

Contaher Requiremcntr Collected wmr 
5 gram Encore m 

/6 oz. Glass CJ ) -L-/7. q* - 
8 oz. Glass (J 1 I -o.Q.- 

I I - 

I 

I I 
i 

/-- 

f 

..-- 

I 

:irck if Apptiubk: 

MS/MD Dupkate ID No.: 

lsSv 



El Tetra Tech NUS, Inc. SOIL 8 SEDIMENT SAMPLE LOG SHEET 
\ J Page- 

Project Site Name: NAWC Warrnlnater-Site 5 Sample ID No.: s!j- 0s 39 
Project No.: 7606 Sample Location: s -0.71;3 a 

Sampled By: 
1 Surface Soil C.O.C. No.: 
[I Subsurface Soil 
0 Sediment Type of Sample: 
[I Other: 1 Low Concentration 
0 QA Sample Type: 0 High Concentmtion 

honitor Readings 

Range in ppm): 

Analysis 

KL vocs 

rcL SVOCS, TCL Pcsticides/PCB~ 

Container Requimmnts 

5 gram Encore 

/if oz. Glass 

8 oz. Glass 

I I ‘I Y i 

;irck if Applbbk: signature(s): 

MS/MS0 Duplicate ID No.: 
. 



mil Tetra Tech NUS, Inc. SOIL 8 SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

NAWC Waninster-Site 5 

76oa 
Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
a Low Concentration 
0 High Concentration 

a Surface Soil 
fl Subsurface Soil 
[I Sediment 
0 Other: 
0 CM Sample Type: 

TCL VOCs 5 gram Encore 

TCL SVOCs. TCL PestddesIPCBs /d oz. Glass 

TAL Metals. Cr(VIl. PH. Fell4 ORP, $b/&4?~ 8 oz. Glass 

1 ? / i, ’ Y l , - %-, 

Circle if Applierbk siinature(s): 

MS/MSD Duplicate IO No.: 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page- 

Project Site Name: NAWC Waminstef-Site 5 Sample ID No.: szj- gc;- ~r( 
Project No.: 7606 Sample Location: 5s -as- 0 y 

Sampled By: 
g Surface Soil 

Y %&a.~~~ 
C.O.C. No.: :,y.a.-- ‘. 

0 Subsurface Soii 
0 Sediment Type of Sample: 
[I Other: 8 Low Concentration 
1 QA Sample Type: -&/A/ F/;c/d /3&~&/4fr 0 High Concentration 

I 

OBSERVATIONS I NOTES: MAP: 



I) p@#AI,LIBURTON NUS SAMPCE ‘OG SHEET 
v Enviionmentd Corpodon I3 Surface Soil 

Page 1 of 52 

B fubwfacc Soil Cast / 
I 0 Sediment 

1 kTe;n I Fond BY 

I) 

Project Site NamakAtiC &rMc\>te’ CT5 - 154 Project Site Number I q I ;1 - .2 3c s’ 
NUS Source No. .ss-o;=-&g Source Location .s,te.. 5 

irmplc Method: 2Y ‘x a” sprat q=- Comoositt Samole Data 
brnflCC r-4 5; la,kS, 5cc+i “k&et Samotc I lime I Color / Dercriotion 
Depth Sampled: 

5.5 I&~ I I 
iamplc Date & lime: * I 
Y-l’i-95 T /IL13 I I 
iampled By: 

&’ ,/l&f .sh&LJ . I ! 
iigna!ur 4 ): 

I.* 
I I 

d 
. Type of Sample 

Low Concentration 
0 G$ Concentration 
Id+ 
0 Composite 
0 Grab -Composite 

4naMr: I Notes 1 Otkcrvationr 

Samole Datr 

,-- 

i 

- 



. . A=-% . 

I; m~m~~uRf’f()N NUS SAMPLE i.06 SHEET 
w EnvironmentrJ Colpomtion 0 Surface Soil 

B Subsurface Soil 
0 Sediment 
g hijgn t Pond 

Pro’jtcf Site NamtflAti)C &tk\JtCr CT0 - 159 Project Site Nu&r I 4 I a - 2 309 

NUS Source No. s s -.&- o 2. + S~~rccLocation Sk 5 

ample Method: 34 ‘;( a” sp’( t q- Comoositt Samolt Oatr 
hp=‘dAd Sht&sJ SW rMI Samott I Time I Color / Descriotion 
kpth Sampled: 

7.5 Fpet I t 
irmplt Date 6 Time: - 
4- Pj- 7.5 : 1305 ! t 

. 
1 I 

t t 

t t 

Ef 
Typtof Srmpk . 

Low Concentration t t 

0 Composite 
Stmolt Oat8 

0 Crab - Composite o8scn@on: 6uIde 08y, Dry; Moist, w8L et4 

9nslvrir: 1 Observations I Notes 



r 

t -p-j E L 
:pofduq wdtq 



,4~wmmoNNUs SAMPLELOGSiiEET 
w Enn’ronmenZul Corpodma 

Page Lf off x2 
0 Surface Soil 

-- 

B Subsurface Soii case I 
0 Sediment 
0 Lagoon f Pond BY 
0 Other 

- 

Pro’jecr Site NamelJAtiC U)rrk15t~? r CT0 - (59 Project Site Number I q I 2 - 2 36 51 
NUS Source No. 

_- 
so - OS- o 3 s0~rce Location 5, + e 5 

1 Sample Method: 24% a” sht spoch 
~~~~~r&wil SLlcs~ seed T&l 

Depth Sampled: 
7.0 f-cc+ 

Sample Date 6 Time: * 
4-19 -75 H/c 

Sampled By: 

Type of Sample 

,-““\ 
G. 

Id Low Concentration 
dig: Concentration 

O Znposite 
0 Crab -Composite 

Comoositc Samole Oatr 
Jamok I Time I Color / Oescriotion 

I 1 1 

I 1 

I 1 
I 

Srmoit Oat8 

Observations/ Notes 



b awm~()NNUS SAMPLELOGSHEET 
w Enn’ronmentcrl Corporation 0 Surface Soil 

B Subsurface Soil 
0 Sediment 
0 Lagoon I Pond 
0 Other 

Project Site NamefJE\tic uL&h~t~r CT0 - 159 Project Site Numker I q l2 - 1 Jo+ 

NUS Source No. s 6 - OS- o Y -- SOUK~ Location 5 ,hx .5 

Sample Method: ,X’;c a” spksp- Comoositc Samole Oata 
sr~p~~&ld sh&s, scdf -riil . Samole I lime I Color / Ocscriotion 

Depth Sampled: I 
4.0 fpet I 

Sample Oate & Time: * I 1 I 

4-19-4.27 TJctSfj 

I I 
I 

L 

d 

Type of Sample 

Low Concrrwation 
’ O&ig;Concentration 

0 CEnPOsite 
a Grab - Composite 



P-- 

i mamw~m()NNus SAMPLELOGSiWT 
w Envi~nmed Corporrrtion 0 Surface Soil 

Page L of .,x2 

a Subsurface Soil C&SC # 
0 Sediment 

m- 

B tre;n f Pond BY -’ 

Pro)ect Site Named AtiC &rkh>te r CT0 - ‘159 Project Site Number I ‘-! f2 - 130~j 
NUS Source No. -- Source Location s, c e 5‘ 

1 Sample Oatc 6 Time: 

1 Sampled By: 

Signqure( 1: 
i/c&& .- 

P---x 

L 

Type of Sample 

I 
U Grab - Comporite 

Analvsit: 
4CcuK~ . ,I- - w4 Cd 

Combosite Samole Oatr 
. SamDie I lime I COiOr I Dercnotion 

1 1 
I I 

I I 1 , 
I I 

. I 
I 

I 
I 

I 

1 1 

( A## 7 

Date Shiowd I T/9( -9r 
Time Shiowd 18 30 
Lab 

cqfclsc l 

VdUIW 

.Ge /AL ly,,j 

b 



!I= a~,URVJIONNUS SAMPLELOCSiiEET 
w Envitvnmentd Corporation 0 Surface Soil 

m Subsurface Soil 
0 Sediment 
8 Lage;n / Pond 

of PIgt 7 xi 

Case + 

BY 

Project Site Named Atic &kh)tc r CT0 - 159 Project Site Number I 4 1 G! - 2309 
NUS Source No. SS-Or-D6 -- Source Location 5 i-c .S 



SAMPLELOGSkEEf 
\311 Environmental Copodon 0 Surface Soil 

Page F of 52 
B Subsurface Soii at # -- 
U Sediment 
0 Lagoon/Pond 
0 Other 

BY 

Project Site Name rJAtic U)arkh5tc r CT0 - 159 ProjectSite Number I~IA - 2309 

NUS Source No. ,s G- ok- 03 -- Source Location .5 k. -7 

Sample Method: ar*ti a” seidtq- Comooritc Samole Oat8 
~'-+'-d~ &&sJ &Cd -rii Srmole I l-me I Color / Ocscriotion 
Depth Sampled: 

6.0 Fe& I I 
Sample Date & Time: * 

9 -30-9g : OYJO I I 

. I I 
I 
1 L 

/ 
L 

Type of Sample 
A mow Concentration 

1 

Concentration 

0 Grab -Composite 

1 

Samole Data 



b mwmm()N Nus SAMPLELOGStiEET 
w Environmend Coppdon 0 Surface Soil 

m Subsurface Soil 
0 Sediment 
a lagoon/Pond 
0 Other 

I 

Project Site NamtlJAWC u)~rA~&r CT0 - IS9 Project Site Nut&r 1Lfr.x - ;23& 
NUS Sourct No. so-OS-08 -- source Location .s; tc? 2s 

Sample Method: dY ‘. 2” Comooritt Samolt Data 
s~jrle’erd s k&r, s&ccl %-?-I Color / Dtseriotion 
Depth Sampled: 

,a w- t t t 
-A 

Sample Datt & Time: * 
7-,ac\-95 /CL?C: t t 

Sampled By: 
&,;,t- shl’cI(or~ . t t 

Signature )* 
[J&q&< 1 

I I 
Type of frmpit 

1 gi$g;;;~~~ 

. 
, t t 

mrab 
0 Composite 

Samolt Datr 

0 Grab - Composite oesuimiorr: @and, clay. oy; Main. wrt et&B 

.“-- 

..J 



. 

~~~()NNUS SAMPLELOGSHEET 
Envi~nmed Corporcrtion 0 Surface Soil 

Page G of 5A 

n Subrurfact Soii Case I 
0 Sediment 
0 Lagoon /Pond w 
0 Other 

-m 

Project Sitt NamcflAuc U)~T&MJ!-~ I- CT0 - 159 Project Site Number I q 12 - 2309 
NUS Sourct No. sa-OS-04 -* Source Location .s;t3- .q 



. 
SAMPLELOC SHEET 

0 Surface Soil 
B Subsurface Soil 

page ;I’ of 52 

cast c 

1 
t owpnic t 

trrwc neton I, 1 - - 
7-r 

I 
- -- - 

A8# zLspsi.3 LI/DCI . . . . .., ’ ..) . . 7 0,. 
08W shiewd t cj-,3c* ) -Y 7 

. . - 
. ._ 



~JB~ON NUS SAMPLE to6 SiiEET 
w Environmental Corpomtim 0 Surface Soil 

8 :ufurff~ Soil 
t im 

0 Lagoon /Pond 
0 Other 

Sample Method: 

G :ompoJtt 
Li,Grab- Composite 

. 

Comoositt Samole Oat8 
Samolt ! lime ! Color! Otscriotian 

t t .- 

t t 

t t 

t t 
I 



. 
b mwJ'jmONNUS SAMPLELOGSHEET 

w Environmeaatd Corpodon 
B 

Surface Soil 
Su brurfacc Soil 

Page I ? of 52 

cue i 

,^ 

0 Sediment 
8 kre;n / Pond 

Ptoiea Site Named Atic &&I~~\~ r CT0 - ISi Project Site Number I q I 2 - ;Z 309 

NUS Source No. s.~- OS- /z -- source Location 5 I fe 5 



P--Y 
/ 

i etiwJ'jm()NNUS SAMPLELOGSiiEET 
w EnvironmcnZal CorpOrcztion 0 Surface Soil 

1 :ufurff~ Soil 
c im 

1 Laae;n / Pond 

Ptgt I5 of 5.i 

Cut I- 

BY 

Project Site Name rJ AwC ~~cI&I(~\c r (30 - I59 Project Site Nun&t I 4 I 2 - 2309 
NUS Source No. se-OS-/3 Source LOcation 5,4-t .q 

iamptt Date & Time: 

iampltd By: 
d/&j sc1l-cL(o~ . 

iignrturt(s): 

d 
Type of Sample 

ow Conctntration 
0 Gik Concentration 
d 
0 CompoJtt 
0 Grtb - Composite 

Comoositt Samole Data 
. Sam& I lime I Color / Dtscriotion 

I 1 

I I 

I I 

L I 



. 
0 &&'~~JB~()NNUS SAMPLELOGSHEET 

w Envimnmen.tal Corporation 0 Surface Soil 
Page Ic- of 52 

B Subsurface Soil cast I 
0 Sediment 
00 ggt;n I Pond w 

Pro&t Site NamtdAu)C &~P&AJ~ f- CT0 - 159 Project Site Number I ‘! I 2 - 2309 
NUS Source No. sf3-os-,ty 

_- 
Source Location 21. ;k 5 

0 

Sample Date 6 Time: * 
Q-30-9< i;i(n 

2ype of Sample 
mow Concentration 

0 Compositt 

c3 Crab -Composite 



. 

f&nmm()N NUS SAMPLELOGSHEET 
w Environmental Capondon 0 Surface Soil 

B Subsurface Soil 
0 Sediment 
0 lagoon / Pond 
0 Other 

Page j-7 of 52 

cast t 

BY 

Projtn Site Name tJAwC u&tM’~h~kCr CT0 - I59 Project Site Number I q I 2 - 1309 
NUS Source No. 

_. 
5.0 -OS- 1~ Source Location I.;+- ;- 

. 

I ownic I horprnic 
tmffic hoor@ # - -- 

trg I - 

I 

-a 

A80 2505/3 k/o0 

ome shiooed I 

VdUIIIO 

. 



D 

Stmple Date 6 Time: - 
9 -21 -q5 : /c;oo 

Sampled BY: 

d 
Type of Srmpk 

Low Conctntrttion 

d@ 
0 Gnt Conctntrttion 

U Composite 
0 Crab - Composite 

Comooritt Samole Data 
. Samolt ’ 1 lime 1 Color / Dtrcriotion 

I 



~m~~~()NNUS SAMPLELOGShT 
w EnvimnmtntrJ Corponrtion 0 Surface Soil 

B Subsurface Soil 
0 Sediment 
(J Lagoon/Pond 
0 Other 

Page 23 of 52 

cast c 

BY’ 

Pro)ect Site Name EJAtic &T&,~J~~ r CTo - /Sq Project Site Nun&r I j r2 - ~36q 
NUS Source No. 

_c 
Sb-cl- 17 Source Location 2Zf-e .5 

. 

, 

c- 

\ 

. 



-.- 
Q 

. 
~~~~()NNUS SAMPLELOGSHEET j 

w Environmtntd Co~OMtio?l 
Ptgt aq of s2 

0 Surface Soii 
B Subsurface Soil C8st I 
0 Sediment 
0 Lagoon / Pond W 
0 Other 

Project Site Named Auc d~rek~rk f- CT0 - I59 Project Site Number I q I 2 - z 304 

NUS Source No. .s @ - de- 10 --. Source Location 5, k .S 

I) 1 Hip: Concentration 

ci? CEnpositt 
0 Crrb - Composite 

Lab 



p”“\ 
L dh=IBuIyToN NUS SAMPLE to6 SiiEE7 

w Environmental Corporation IJ Surface Soil 

Page :25 of 3-L 
fj y~urff~ soii me # 

c 8m 
0 Lagoon I Pond BY 
0 Other 

. 

Project Site Name fl AwC u&m’1~5L r CT0 - IS9 Project Site Number I q I 2 - S,~O 9 
NUS Soutce No. ~a.-.os-. 19 source Location 5; tr 5 

dmplc Method: JY”~a” spi&+- Comooritc Samole Data 
hfr-&d sh&sl\ &-ccl Ti( . Samolc I lime ! Color I oercrmion 

: 



k rawIBwoN Nus SAMPLE LOG s&ET 
i= Environmental Corporrrtion 0 Surface Soil 

ii!! 
Subsurface Soil 
Sediment 

B tre;n / Pond 

Case # 

BY 

Project Site Name G,4ulc &r~-,,n~kC 

NUS Source No. se- 0 g- z 3 

Project Site Number CT@ - I S4 

Source Location S;k 5 - . _ 

ample Method: &C. &,=r 2-Z 1 Comoorite Samole Oata 

khan d4 frotiJ J 
depth Sampled: 6.0 kc-+ 
)ample Date 6 Time: 
‘Q-31 -SC Id05 

Sample Time I Color/Description 

I 

I 
,ampled By: 

udc Ayrr- 
8ignature(r): 

, 

Type of Sample 
i Low Concentration 

ro High Concentration 
m Grab 
0 Composite 
0 Grab - Composite 

Sample Oata 
, Color Description: (Sand. Clay, Dry; Moist. Wet, 8tc.l 

0-q s2A/ c 12y Cdw k dew,) 

H---.. 



Tetra Tech NUS, Inc. SOIL CL SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

0 Surface Soil 
4 Subsurface Soil 

NAWC Warminster-Site 5 

7606 

Sample ID No.: sg-us- ay 
Sample Location: a- fix- 0 / 
Sampled By: 
C.O.C. No.: 

0 Sediment Type of Sample: 
0 Other: 
fl QA Sample Type: 

4 Low Concentration 
_ 0 High Concentration 

lonltor Readhgs 

3ange in ppm): 

Analysis 

CL vocs 

CL SVOCs. TCL PesticidestPCBs 

AL Metals. CrfVI). pH. Fefll). ORP, &&J$-(; 

I Container Reqtdrments I colkued aher- 

5 gram Encore C3) -fl. e. - 
/i/ oz. Giasa Cl) -au. - 

a oz. Glass C/l a-n.Q. 4 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

PagoLdA 

Project Site Name: NAWC Warminster-Siic B Sample ID No.: SB-os- as 
Project No.: 7606 Sample Location: ,qq- fi.<- od 

Sampled By: 
0 Surface Soil C.O.C. No.: 
fl Subsurface Soil 
fl Sediment Type of Sample: 
0 Other. # Low Concentration 
m OA Sample Type: ,ms /,,. 0 0 High Concentration 

< I 

1 
1 
m I 
c . 

I 

( Range in ppm): 

r 
. 

Analysis 

rcL vocs 

rcL SVOCS. TCL PestidkdPCBs 

TAL Metals. CrMh pH. Feflh ORP; ~uii/;/cs 

I Confainar Requiwnemtr collected others 
1 SgrsmEncore Cd) -n.a- 

/d oz. Glass /‘c,> /3. o- 

I a oz. Glass taj 

I 
I I I 

I 
I I I 



r 0 Tt Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page- 

Project Site Name: 
Project No.: 

0 Surface Soil 
I Subsurface Soil 

NAWC Warminstef-Site 5 

7606 

Sample ID No.: s&OS-a& 
Sample Location: ,*- fi.(- d q 
Sampled By: 
C.O.C. No.: 

0 Sediment 
0 Othec 
[I QA Sample Type: 

Type of Sample: 
1 Low Concentration 
0 High Concentration 

Analysis 

rcL voc9 

XL SVOCs. TCL PesticidtvPCBs 

Contrinef Reqwements 

5 gram Encore 

16 oz.Glass 

TAL Metals. CrfVI), pkl. Fetll). ORP, &/!,$J~J I a oz. Glass I f/l I--n. 4. - 
I 

XISFRVATICIN 

MsmsD Dup&ate ID No.: 



Tetra Tech NUS, Inc. SOIL 8 SEDIMENT SAMPLE LOG SHEET 

Paae / d / 

Project Site Name: 
Project No.: 

0 Surface Soil 
1 Subsurface Soil 
fl Sediment 
(J Other: 
0 QA Sample Type: 

NAWC warminSb!!P%e 5 
7606 

Sample ID No.: s&9-os- d 7 
Sample location: ,w- fir- 0.7 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
1 Low Concentration 
0 High Concentration 

knItor Readings 

Range in ppm): 

;AMPLE COLLECTiObf 

Analysis 

‘CL vocs 

‘CL SvOCs. TCL PesticidcVPCBs 

‘AL Metals. CrfVI). PH. Feflll. ORP&&%h 

Contriner Requirementr 

5 gram Encore 

16 oz. Glass 

a oz. Glass 

I 

:irck if ApPAhbk 

MSlMSD Oupkate ID No.: 



Project Site Name: 
Project No.: 

0 Surface Soil 
1 Subsurface Soil 
[I Sediment 
fl Other: 
1 CIA Sample Type: 

NAWC Watminster-Siie 5 Sample ID No.: 
Sample location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
# Low Concentfation 
fl High Concentration 

Andysir 
‘CL vocs 

‘CL SvOCs. TCL PestkidesPCBs 

‘AL Metals. CXVI), pH. Fetllh ORP, -f&,$.&~ 

Contaimr Requiranente 
5 gram Encore 

/d oz. Glass 
a oz. Glass 

colkcted aher 
(6) -0. q. - 

(91 --n.4. - 
(21 -t7.4.- 

I 

I 

I I 

I I 

I I 

Tetra Tech NUS, Inc. SOIL 8 SEDIMENT SAMPLE LOG SHEET’ 

BBSERVATIONS I NOTES: 

:ircleifAppIicabk 

MSMSD (Qupticaw~~~.:) 



Tetm Tech NUS, Inc. SOIL CL SEDIMENT SAMPLE LOG SHEET 
J PageLot/ 

Project Site Name: NAWC Wanintttr-Sitc 5 

Project No.: 7606 

0 Surface Soil 
1 Subsurface Soil 
0 Sediment 
0 Other: 
0 CIA Sample Type: 

Sample ID No.: sg-us- as 
Sample Location: ,*- fi.c- 05 
Sampled By: w 
C.O.C. No.: Qa=7/0=~3 

Type of Sample: 
fl Low Concentration 
0 High Concentration 

Range in ppm): 

rcL vocs 

KL SVOCs. TCL PesticiiPCBs 

TAL Metals. Cd/I). pH. Fdll). OR? &&&J 

5 gram Encue 

/6 oz.Glass C/J -fz 4. - 
8 oz. Glass C/I 

I I 



Tetm Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

a Surface Soil 
n Subsurface Soil 
fl Sediment 
a Other: 
0 CIA Sample Type: 

NAWC WarminstcrSitc 5 

7606 
Sample ID No.: 
Sample location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
B Low Concentration 
0 High Concentration 

Aonitor Rttchgt 

Range in ppm): 

Analysis 
-CL vocs 

‘CL SVOCs. TCL P-PCBs 

‘AL Mtttls. CrlVI). pH. Fetll). ORP, &&U&J 

I Containw Reqt&aneMs 1 colkdtd -~-I-” 
5 gram Encore (3) 

.I_ 
+ , .- 

/d oz. G&se t-1) -au. - 

8 oz. Glass (1) --I). q. - 



Tetra Tech NUS, Inc. SOIL d SEDI’MENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

0 Surface Soil 
m Subsurface Soil 
[J Sediment 
0 Other: 
0 a4 Sample Type: 

NAWC Warminster-Site 5 

7606 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
Q Low Concentration 
0 High Concentration 

Range in ppfn): 

Analysis 
‘CL vocs 

-CL svocs. TCL PestWdes/PCBs 

-AL Metals. Cr(VI). pH, Fe(ll), ORP/ &.J/f%dr?r 

Container Requinmecrtr 

5 gram Encore 

/6 oz. Glass 

8 oz. Glass 

I 
I I 



Tetra Tech NUS, inc. SOIL & SEDIMENT SAMPLE LOG SHEET 
& Page of / 

Project Site Name: NAWC Waminstef-SRe 5 

Project No.: 7606 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
d Low Concentration 
fl High Concentration 

0 Surface Soil 
1 Subsurface Soil 
fl Sediment 
fl Other: 
0 M Sample Type: 

Range in ppm): 

Analysis 

‘CL vocs 

‘CL SvOCs. TCL PesWd~PCBs 

‘AL Metals. CrW. pH, Fe(il), ORP, &.M?‘&< 

Container RequhmeW 
5 gram Encore 

/d oz. Glass 

8 oz. Glass 

Collected 

(3 ) -- . - 
/I 1 

I fl 1 

I 1 I 
I I I 

I I I 

>RSERVATlONS I NOTES: IMAP: 

:ircle if m 

MS/MS0 Duplicate ID No.: 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Pa&of/ 

Project Site Name: NAWC Warminstcr-Sic 5 

Project No.: 7606 

0 Surface Soil 
1 Subsurface Soil 
[1 Sediment 
0 Other: 
0 QA Sample Type: 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
fi Low Concentration 
0 High Concentration 

__I_. 



* 
0 -k Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

,/ Pam- of/ 

Project Site Name: 
Project No.: 

[1 Surface Soil 
N Subsurface Soil 
0 Sediment 
0 Other: 
[I QA Samplft Type: 

NAWC Warminstcr-Site 5 

7606 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
I Low Concentration 
0 High Concentration 

Range in ppin): 

Analysis 

rcL vocs 

rcL SVOCS. TCL Pcsticides/PCBs 

TAL Metals. CrfVI). PH, FeW ORP,&/j/de~ 

Container Requirements 
5 gram Encore 

.I6 oz. Glass 

8 oz. Glass 

colkcted 
09 -0.4. - 
(1) - . .- 

Cl ) C. . .- 

I I I 
DBSERVATIONS I NOTES: MAP: 

Circle if Applhbk 

MS/MS0 Dupllcato ID No.: 



0 vi Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page- 

Project Site Name: 
Project No.: 

a Surface Soil 
a Subsurface Soil 
0 Sediment 
0 Other: 
0 QA Sample Type: 

NAWC Warminstef-Site 5 

7606 

Sample ID No.: -0 ss- 3s 
Sample Location: s&75- 18 
Sampled By: 
C.O.C. No.: 

llS%i~kid&. w 
Oi&78/ : 

Type of Sample: 
fl Low Concentration 
0 High Concentration 

Range m porn): 



Tetra Tech NUS, Inc. SOIL 8 SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

fJ Surface Soil 
1 Subsurface Soil 
0 Sediment 
0 Other: 
0 CIA Sample Type: 

NAWC Watminstef-Stte 5 

7606 

Sample ID No.: S&-OS- ‘3% 
Sample Location: s&d<;- 14 
Sampled By: ~~j~/~~..(. && 
C.O.C. No.: 

Type of Sample: 
a Low Concentration 
0 High Concentration 

Range in ppm): 

TAL Metals. CWI), pH, FeW, ORP, Su&4k! 8 oz. Glass I Cl ) 
I 



Tetra Tech NUS, Inc. SOIL 8, SEDIMENT SAMPLE LOG SHEET 

PageL of L 

Project Site Name: NAWC WarminsterSit 5 

Project No.: 7606 

0 Surface Soil 
1 Subsurface Soil 
0 Sediment 
CJ Other: 
0 QA Sample Type: 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

s&-OS- 37 

Type of Sample: 
1 Low Concentration 
0 High Concentration 

Range in ppm): 

iAMPLE COLLECTlOb WFORMATlONz 

Analysis 

ret vocs 

rCL SVOCs. TCL PestbdcslPCBs 

‘AL Metals. WVI). pH. Fe(U), ORP, S&&.&J 

I Container Raquiremants I COkCted 

5 gram Encore (3) 

/6 oz. Glass ci I -4.a - 

8 oz. Glass fl) . - 

-. 



fEl Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

0 Surface Soil 
I Subsurface Soil 

NAWC Wanninstef-Site 5 

7606 

Sample ID No.: :?5 s&-OS- 
Sample Location: >*- fl.<- /a 
Sampled By: 
C.O.C. No.: 

i Sediment 
0 Other. 
0 QA Sample Type: 

Type of Sample: 
a Low Concentration 
0 High Concentration 

Aonitor Readings 

Range in ppm): 

iAMPLE COLLECTtON WFORMATIOW 

Anarysis 

rcL vocs 

KX SVOCs. TCL PcsticidtyPCBs 

TAL Metals. CrfVI), pH. Fe(llh ORp,. &&,&J 

Container Requirrmcntr CoIlacted other 

5 gram Encore (31 7n.q. - 
/g oz. Glass CII -.#.U. - 

8 oz. Glass Cl,) --0.9. - 

I I 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
8 Low Concentration 
0 High Concentration 

t] Surface Soil 
1 Subsurface Soil 
0 Sediment 
fl Other: 
0 QA Sample Type: 

lo&or Readings 

CL vocs 

CL SVOCs. TCL Pesticide&PCBs 

AL Metals. CrfVI). pH. FM), ORP,, J~&,b’~~ 

5 gram Encore 

/6 oz. Glass 

8 oz. Glass 

I 

:Ircle if AppticWeZ Signatura(s): 

MSlMSO OupUcste IO No.: 



0 -E Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

0 Surface Soil 
1 Subsurface Soil 
a Sediment 
a Other: 
0 QA Sample Type: 

NAWC Warminster-Sic 5 

7606 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
1 Low Concentration 
0 High Concentration 

Range in pprn): 

TAL Metals. CXVI), pH, Fe(ll), ORP; .%,+‘?c$rr I 8 oz. Glass I--0.y. - 
I 

MS/MS0 DupUcate IO No.: 



Project Site Name: 
Project No.: 

fl Surface Soil 
# Subsurface Soil 
0 Sediment 
0 Other: 
0 QA Sample Type: 

NAWC Warminster-Site 5 

7606 
Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
1 Low Concentration 
fl High Concentration 

?ange in ppm): 

‘CL vocs 

‘CL SvOCs, TCL PesticideVPC8s 

‘AL Metals. CrfVIL PH. Fe(tlh ORP, k/,dd..~ 

5 gram Encore (31 -n.c?. - 
id oz. Glass Cf 1 -a .- 

8 oz. Glass fCl> -4. ct. - 
i 

Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

I 

1 I I 

I I I 

)BSERVATlONS I NOTES: MAP: 

Dupllcato ID No.: 

- 

I- 

:* 



Tetra Tech NUS, Inc. SOIL CL SEDIMENT SAMPLE LOG SHEET 

Page& of / 

Project Site Name: 
Project No.: 

fl Surface Soil 
1 Subsurface Soil 
0 Sediment 
0 Other: 
0 QA Sample Type: 

NAWC Warrninstef-Site 5 

7606 

Sample ID No.: -0 s- %t 
Sample Location: s#.o~- /A 
Sampled By: W&kiw..s a?& 
C.O.C. No.: --/3,&i ’ - 

Type of Sample: 
1 Low Concentration 
0 High Concentration 

fiethod: 

;Range in ppm): 

iCL vocs 

rCL SVOCS. TCL PestiddcslPCBs 

rAL Metals. Cr(VI). PI-I, Fe(llh OR? %~H%??J 

Container 

5 gram Encore 

/6 oz. Glass 

8 oz. Glass 

l-31 --4.4. - 

Cl > --. .e. - 

L-c 1 --fl.4. - 

Circle if Applicsbk 

MSIMSD Dupkate 10 No.: 



0 Ii Tetra Tech NUS, Inc. SOIL d SEDIMENT SAMPLE LOG SHEET 

PageL a’A 

Project Site Name: 
Project No.: 

0 Surface Soil 
8 Subsurface Soil 
0 Sediment 
[I Other: 
0 QA Sample Type: 

NAWC Warminster-Site 5 

7606 

Sample ID No.: S&OS- Y? 
Sample Location: s&05- 17 
Sampled By: Wi~k2m.X l?vfQ& 
C.O.C. No.: -fl,v.L - L r 

Type of Sample: 
1 Low Concentration 
n High Concentration 

Range in ppm): 

,,XRVATIONS J NOTES: 

. I /( 

:irctc if Appliubk 

MS/MD Duplicate ID No.: 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

1 Surface Soil 
1 Subsurface Soil 
0 Sediment 
0 Other: 
0 QA Sample Type: 

NAWC Waminstef-Site 5 

7606 

Sample ID No.: _a?-os- c/y 
Sample Location: 
Sampied By: i 
C.O.C. No.: --/3, y.-- ’ . . 

Type of Sample: 
1 Low Concentration 
0 High Concentration 

Range in ppm): 

;CL SvOCs. TCL Pcstiddes/PCBs 

TAL Metak CrfVI). PH. Fe(H), ORP, .Sdji;-/pJ 

/d oz. Glass I / 
I 8 oz. Glass I C/l 4 

I I I 

DSSERVATIONS I NOlES: MAP: 

7icL v&zi a 



m Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 
U. 

Project Site Name: 
Project No.: 

0 Surface Soil 
1 Subsurface Soil 
0 Sediment 
0 Other: 
[I QA Sample Type: 

NAWC Warminstedite 5 

7606 

Page- 

Sample ID No.: S&OS- 9s 
Sample Location: s&o.s- 20 
Sampled By: tia;ckMti &a 
C.O.C. No.: -,.,.5’ ” 

Type of Sample: 
1 Low Concentration 
0 High Concentration 

ret. vocs 

rcL SVOCS. TCL PcstiddeslPCBs 

rAL t&tab. Cr(VIh PH. Fe(ll), ORP, 3ih4&r 

3 gram cncwe -fl. I.- 

/d oz. Glass Cl) 6fl.Y. - 

8 oz. Glass L)) l-/7.0. - 
I I 



0 =Ri Tetra Tech NW Inc. SOIL & SEDMENT SAMPLE LOG SHEET 

Page- 

Project Site Name: 
Project No.: 

fJ Surface Soil 
1 Subsurface Soil 
fl Sediment 
0 Other 
0 QA Sample Type: 

NAWC Warminstcr-Sie 5 

7606 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
8 Cow Concentration 
0 High Concentration 

Range in ppm): 

rcx vocs 
rcl SVOCS. TCL PcsticideyPCEs 

TAL Metals. Cd/I). pti. FM), ORP, .<C/%&?J 

5 gram Encore 

/6 oz. Glass 

8 oz. Glass 

I 



Tetra Tech NUS, inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page- 

Project Site Name: NAWC Watminstef-Site 5 Sample ID No.: sg-OS- 47 
Project No.: 7606 Sample Location: s&o<- 21 

Sampled By: ti&~~~~.~ A/ 
[I Surface Soil C.O.C. No.: -H,~. - * +-- 
1 Subsurface Soil 
fl Sediment Type of Sample: 
0 Other: 1 Low Concentration 
0 CM Sample Type: 0 High Concentration 

Range in ppm): 

A.’ - 

I I I 

2ESERVATIONS I NOTES: I 

:irck if Appltib@ 

Ms/MSD 1 DqMcate1DNo.: I &A 



. 0 xi Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Pawa 

Project Site Name: 
Project No.: 

fl Surface Soil 
1 Subsurface Soil 
0 Sediment 
0 Other: 
0 QA Sample Type: 

NAWC Warminster-Site 5 

7606 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
a Low Concentration 
n High Concentration 

toniior Readii 

Range in pprn): 

:irck if wbk: Signature@): 

MslusD ouplkete ID No.: 



l%l Tetra Tech NUS. Inc. SOIL 8 SEDIMENT SAMPLE LOG SHEET 
\ J Pa*- 

Project Site Name: 
Project No.: 

NAWC Warminster-Siie 5 

7606 

0 Surface Soil 
m Subsurface Soil 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

fl Sediment 
fl Other: 
u CIA Sample Type: 

Type of Sample: 
,*_ [ Low Concentration 

0 High Concentration 

Range in ppm): 

Analysis 

‘CL vocs 

‘CL SVOCs. TCL PesbcidcuPCBs 

‘AL Metals. CrWI). pH. Felll). ORP , ,<,,/fl;&s 

Containw Requiremmb 

5 gram Encore 

/d cu. Glass 

8 oz. Glass 

.,, 

colkcted 

(61 -x7.9. - 

(I) -4.y. - 

I Cal -0-y. - 

_- 

,- 



m TetraTech NUS. Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

fl Surface Soil 
1 Subsurface Soil 
0 Sediment 
fJ Other: 
1 QA Sample Type: 

NAWC Warmtier-Siie 5 

7606 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
1 Low Concentration 
fl High Concentration 

TCL vocs 

l-CL SVOCs. TCL PesticiieSrPCBs 

TAL Metals. CrWIh pH, FeW, ORP, si,4Je~ 

5 gram Encore 

14 oz. Glass 

8 oz. Glass 

I I I I 

3BSERVATIONS I NOTES: IMAP: MAP: 



0 R Tetra Tech NUS, Inc. SOlL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

0 Surface Soil 
b Subsurface’Soil 
0 Sediment 
0 Other. 
0 CA Sample Type: 

NAWC Warminster-Site 5 

7606 

Sample ID No.: 
Sample Location: sd-d$- ,g 6 
Sampled By: (; c &Ad5 
C.O.C. No.: s ’ ’ 

Type of Sample: 
a Low Concentration 
0 High Concentration 

Range in ppm): 

iAMPLE CCJLLEC- ~TiOW 

‘CL vocs 
‘CL SVOCs. TCL PesticideVPCBs 

‘AL Metals. Cr(VI). PH. Fdtlh ORP, qg,+,rv/-+, 

Container Re~~bremmts collected 

5 gram Encore (3) -#-cf. - 
$ oz. Glass C/J - .- 

I 8 oz. Glass /, -/7.0.- 
I 



‘0 Ii Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 
,f=-- 

I Project Site Name: NAWC Warminster-Siie 5 Sample ID No.: 
Project No.: 7608 Sample Location: 

I 0 
Sampled By: 

Surface Soil C.O.C. No.: 

I 
fl Subsurface Soil 
ll Sediment Type of Sample: 

I i Other: 1 Low Conkentration 
0 QA Sample Type: 0 High Concentration 

TCL VOCs 

TCL SVOCs. TCL Pesticidcs/PCBs 

TAL Metals. CrlVII. pH, Fefll), ORP, .su~//rdcc 

1 SgnmEncore 

I /6oz. Glass 

8 oz. Glass 

I 



.O 
l% 

Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page& of / 

Project Site Name: 
Project No.: 

NAWC Waminster-Site 5 

7606 

Sample ID No.: SR-OS - .5.? 
Sample Location: a--u5~- 26 
Sampled By: 
C.O.C. No.: 

C., _ 
--f/,y. - 

Type of Sample: 
1 Low Concentration 
0 High Concentration 

0 Surface Soil 
I Subsurface Soil 
0 Sediment 
0 Other: 
0 QA Sample Type: 

dethod: 

Range in ppm): 

I I I 

I I I 

3ESERVATIONS I NOTES: IMAP! 

Duplicate ID No.: 



0 lE T&a Tech NUS, Inc. SOIL CL SEDIMENT SAMPLE LOG SHEET 
_/ Page of1 

Project Site Name: NAWC Warminster-Site 5 

Project No.: 7808 

fl Surface Soil 
fl Subsurface Soil 
0 Sediment 
0 Other. 
0 QA Sample Type: 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
1 Low Concentration 
0 High Concentration 

Range in ppm): 

iAMPLE COLW- 

Analysis 

‘CL vocs 

'CL svocs, TCL PesticiddPCBs 

‘AL Metals. Cr(VIb. pH, Fetll), ORP, JL/#/&-I 

Comtalner Requlmrnents 

5 gmm Encore 

16 oz. Glass 

8 oz. Glass 

Collected 

(3) -@*cir. - 

C/l 

(1) 

I I 

I I 



0 
wi 

Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 
_/ 

Page of ,L 

Project Site Name: 
Project No.: 

0 Surface Soil 
1 Subsurface Soil 
0 Sediment 
0 Other: 
0 CA Sample Type: 

NAWC Warminster-She 5 

7606 

Sample ID No.: $B- 0q~5-s 
Sample Location: 543~OS-07 
Sampled By: w..q&@& 
C.O.C. No.: a?i?~~/ae?d~7 

Type of Sample: 
1 Low Concentration 
0 High Concentration 

Range in ppm): 

I I I 

IESERVATIONS I NOTES: (MAP: 

:irck if Appliu#a: 

MS/MS0 Dt@icate IO No.: 







,EAD MODEL Version 0.99d 

.~@-"-?ONCENTRATION: 0.100 ug Pb/m3 DEFAULT 
loor AIR Pb Cone: 30.0 percent of outdoor. 

Other AIR Parameters: 
Age Time Outdoors (hr) 
O-l 1.0 
1-2 2.0 
2-3 3.0 
3-4 4.0 
4-5 4.0 
5-6 4.0 
6-7 4.0 

)IET: DEFAULT 

IRINKING WATER Cone: 4.00 ug Pb/L 
WATER Consumption: DEFAULT 

;OIL & DUST: 
Soil: constant cont. 
Dust: constant cont. 

Vent. Rate (m3/day) Lung Abs. (%I 
2.0 32.0 
3.0 32.0 
5.0 32.0 
5.0 32.0 
5.0 32.0 
7.0 32.0 
7.0 32.0 

DEFAULT 

Age Soil (ug Pb/g) House Dust (ug Pb/g) 
O-l 77.5 77.5 
1-2 77.5 77.5 
2-3 77.5 77.5 

,p"\ 3-4 77.5 77.5 
4-5 77.5 77.5 
5-6 77.5 77.5 
6-7 77.5 77.5 

Additional Dust Sources: None DEFAULT 

?AINT Intake: 0.00 ug Pb/day DEFAULT 

4ATERNAL CONTRIBUTION: Infant Model 
Maternal Blood Cone: 2.50 ug Pb/dL 

CALCULATED BLOOD Pb and Pb UPTAKES: 

YEAR 
----me 
1.5-l: 

1-2: 
2-3: 
3-4: 
4-5: 
5-6: 
6-7: 

;=+--. 

.I. LR 
------ 
1.5-l: 

l-2: 
2-3: 

Blood Level 
(w/dL) 

-------e-v- 
2.7 
2.8 
2.6 
2.5 
2.2 
2.0 
1.9 

Diet Uptake 
(q/day) 

----------- 
2.62 
2.73 
3.08 

Total Uptake 
tug/day) 

------------ 
4.89 
6.67 
7.11 
7.07 
6.28 
6.32 
6.56 

Water Uptake 
&-/day) 

------------ 
0.38 
0.94 
0.99 

K-/-/-j 

Soil+Dust Uptake 
(q/day) 

-----_------ 
1.87 
2.96 
2.98 
3.00 
2.25 
2.03 
1.92 

Paint Uptake Air Uptake 
(w/day) (q/day) 

-----_-----_ -------- 
0.00 0.02 
0.00 0.03 
0.00 0.06 



3-4: 2.98 1.01 0.00 
4-5: 2.90 1.06 0.00 
5-6: 3.08 1.13 0.00 
6-7: 3.40 1.15 0.00 

0.07 
0.07 
0.09 
0.09 ,-, 

-.* 
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cutoff : 10.00 ug/dL 
Geo Mean <GM> = 2.4 
Intersect: 0.10 % 
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EAD MODEL Version 0.99d 

IR CONCENTRATION: 0.100 ug Pb/m3 DEFAULT 
Indoor AIR Pb Cone: 30.0 percent of outdoor. 
Other AIR Parameters: 

Aqe Ti,me Outdoors (hr) Vent. Rate (m3/day) 
o-1 1.0 
l-2 2.0 
2-3 3.0 
3-4 4.0 
4-5 4.0 
5-6 4.0 
6-7 4.0 

IET: DEFAULT 

RINKING WATER Cone: 4.00 ug Pb/L 
WATER Consumption: DEFAULT 

3IL & DUST: 
Soil: constant cont. 
Dust: constant cont. 

2.0 
3.0 
5.0 
5.0 
5.0 
7.0 
7.0 

DEFAULT 

Age soil lug Pb/g) 
o-1 72.7 
1-2 72.7 
2-3 72.7 
3-4 72.7 
4-5 72.7 
5-6 72.7 
6-7 72.7 

House Dust (ug Pb/g) 
72.7 
72.7 
72.7 
72.7 
72.7 
72.7 
72.7 

Additional Dust Sources: None DEFAULT 

AINT Intake: 0.00 ug Pb/day DEFAULT 

ATERNAL CONTRIBUTION: Infant Model 
Maternal Blood Cone: 2.50 ug Pb/dL 

ALCULATED BLOOD Pb and Pb UPTAKES: 

YEAR 
----- 

.5-l: 
1-2: 
2-3: 
3-4: 
4-5: 
5-6: 
6-7: 

Blood Level 
(ug/dL) 

_---------- 
2.6 
2.7 
2.6 
2.4 
2.1 
1.9 
1.8 

Total Uptake 
b-q/day) 

-_---------- 
4.78 
6.49 
6.93 
6.89 
6.15 
6.20 
6.45 

YEAR 
----- 
-5-l: 

l-2: 
2-3: 

Diet Uptake 
(ug/day) 

-_--------- 
2.62 
2.73 
3.08 

Water Uptake Paint Uptake Air Uptake-~ 
(w/day) (w/day) tug/day) 

_-------- --- ------_----- _a----- - 
0.38 0.00 0.02 
0.95 0.00 0.03 
0.99 0.00 0.06 

Lung Abs. (%) 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 

Soil+Dust Uptake 
tug/day) 

------------ 
1.76 
2.78 
2.80 
2.82 
2.11 
1.91 
1.80 

q--1- 2- I 



3-4: 
4-5: 
5-6: 

: 

2.99 1.02 
2.91 1.06 
3.08 1.13 
3.40 1.15 

0.00 
0.00 
0.00 
0.00 

0.07 
0.07 
0.09 
0.09 



Cutoff : 10 _ 00 ug/dL 
Geo Mean <GM> = 2.3 - -- - 
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BACKGROUND COMPARISON TESTS ;bR METALS - SITE 5 SURFACE SOIL 
i 

NAWC WARMINSTER, PENNSYLVANIA 

Units are ma/kg for inorganics, ugrkg for organics. 

A statistical stgnig~n~ level (P value) of 0.05 is used for all tests that directly compare site to background. A two-sided significance level of o. i is used for Bartlett’s test for equal variance. 

UTL is the expected value for the UPPer 95 % quantile of the background population; there is an equal chance of the population’s true 95 % quantile being either below or above this estimate, 

For each test, a YES or NO decision iS Presented Only if all assumptions are met. The overall decision (is site > background) for each chemical appears at the iefi and is based on four citeda: 

(1) Gverali decision is YES if any one of the UTL, Mann-WhitneylGehan, Upper Ranks Test, or T-Test is YES, regardless of other test results. 

(2) Gveratt decision iS NO if at least one of UTL, Mann-Whitney/Gehan, Upper Ranks Test, or T-Test is NO, and none of the aforementioned tests are YES. 

(3) overall decision is YES/NO if Z/Fisher Test is YES/NO, respectively. and other tests are NA. Z-test is treated as lowest priority since it relies on detection frequency, not magnitude of results. 

(4) overall decision iS NA if all tests are NA. (Chemicals assigned NA are still included in human health risk-based screening and/or risk assessment.) 

# NDs or # Pos. 

Abbreviations: #sor#b 
s=“u 

Number of non-detected (ND) or positive (Pos.) results in data set, not including rejeded datm nr hrrnL -nnrl:~-~ -I+ .- “. “,o,Ir\-\(“oIw.a” “alo. 

P value 

Number of site (s) or background (b) samples, not including rejected data or blankqualified data. 

Standard deviation of site results must not be different from the standard deviation of background results, 
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BACKGROUND COMPARISON TESTS FOR METALS - SITE 5 SURFACE SOIL 
NAWC WARMINSTER, PENNSYLVANIA 

L. N, or Cl 
%ND 

Q 

r,k 

Probability or significance level is defined as the chance of a false positive. If P c= 0.05 then test determines site B background with 95 % confidence. 

UTL is based on 95 % upper limit (using t-value) when data are lognormal (L) or normal (N). Otherwise, an upper 95 % quantile (Q) is used if there are > 18 baok. points. 

Mann-Whitney test used if < 40% of data Non-Detected and detect. limits uniformly below the range of positive values. If not, the Gehan Test is used. 

Mean and standard deviations are shown of log-transformed data when distributions are of this type; ie., if an (L) code appears for the UTL test 

or if site and background distributions both match lognormal, and both T-test and Bartlett’s test are applicable. (Arithmetic mean and 

normal standard deviation are shown only for illustration in the event that these tests are NA.) 

The upper ranks test calculates the probability that k or more samples from the top r ranks of the combined site and background data set 

are comprised of site data if both populations are in fact equal. 
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BACKGROUND COMPARISON TESTS FOR METALS - SITE 5 SUBSURFACE SOIL 
NAWC WARMINSTER, PENNSYLVANIA 

.>=85% Pos: both normlog #s>2,tbx2. site (L back both normal or both lognm. 

Notes: Units are mg/kg for inorganics, uglkg for organ&. 

A statistical significance level (P value) of 0.05 is used for all tests that directly compare site to background. A two-sided significance level of 0.1 is used for DartlenS test for equal variance. 

UTL is the expected value for the upper 95 % quantile of the background population; there is an equal chance of the population’s true 95 % quantile being either below or above this estimate. 

For each test, a YES or NO decision is presented only if all assumptions are met. The overall decision (is site > background) for each chemical appears at the left and is based on four cntena: 

(1) Overall decision is YES if any one of the UTL, Mann-WhitneylGehan, Upper Ranks Test, or T-Test is YES, regardless of other test results, 

(2) Overall decision is NO if at least one of UTL, Mann-WhitneylGehan, Upper Ranks Test, or T-Test is NO, and none of the aforementioned tests are YES. 

(3) Overall decision is YES/NO if Wisher Test is YES/NO, respectively, and other tests are NA. Z-test is treated as lowest priority since it relies on detection frequency, not magnitude of results, 

(4) Overall decision is NA if all tests are NA. (Chemicals assigned NA are still included in human health risk-based screening and/or risk assessment,) 

# NDs or # Pos. 

Abbreviations: #sor#b 

s=b 

Number of non-detected (ND) or positive (Pos.) results in data set, not including rejected da+ nr W--L -,.-I:=-~ ’ . - - -. YlPl In-\1”m”txJ oaxa, 

P value 

Humbar of sita (Sj or background (b) samples, not including rejected data or blankqualified data. 

Standard deviation of site results must not be different from the standard deviation of background results. 
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BACKGROUND COMPARISON TESTS FOR METALS - SITE 5 SUBSURFACE SOIL 
NAWC WARMINSTER, PENNSYLVANIA 

% ND 

Q 

r,k 

UTL is based on 95 % upper limit (using t-value) when data are lognormal (L) or normal (N). Otherwise, an upper 95 % quantile (Q) is used if there are > 18 back. points. 

Mann-Whitney test used if < 40% of data Non-Detected and detect. limits uniformly below the range of positive values. If not, the Gehan Test is used. 

Mean and standard deviations ere shown of log-transformed data when distributions are of this type; ie.. if an (L) code appears for the UTL test 

or if site and background distributions both match lognormal, and both T-test and Bartlett’s test are applicable. (Arithmetic mean and 

normal standard deviation are shown only for illustration in the event that these tests are NA.) 

The upper ranks test calculates the probability that k or more samples from the top r ranks of the combined site and background data set 

are comprised of site data if both populations are in fact equal. 
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Appendix G (Part 3) 

RISK ASSESSMENT EXAMPLE CALCULATIONS 

The example calculations listed in this appendix are presented in order to verify the approaches 
taken and calculations used to estimate risk at areas/media of interest at NAWC Warminster Site 
5. 

The example calculations are all based on RME exposure. Example calculations based on CTE 
exposure would be estimated.following the same pattern as RME exposure examples listed here; 
however, several input parameter values are different for each exposure equation. For receptor- 
specific differences, see the BHRA’s RAGS D Table 4’s. 

Additionally, examples are shown for representative receptors for surface water, subsurface soil, 
total soil, and sediment media exposure. Only one potential receptor per exposure media is 
shown, other receptors’ exposures would be estimated following the same pattern as exposure 
examples listed below. Additionally, a total soil (a combination of surface and subsurface soils 
via ingestion, dermal absorption, and inhalation of fugitive dust) exposure example is not shown 
here, but total soil exposure would also follow the same patterns as surface soil exposure. 

6.1 Surface Water Exposure 

Two potential exposure routes are associated with direct exposure to surface water at Site 5. 
These exposure routes include ingestion and dermal absorption. 

6.2.1 Ingestion of COPCs in Surface Water: 

Ingestion of bis(2-ethylhexyl)phthalate in surface water at Site 5 for a future recreational child (age 6-12) 
under an RME scenario was evaluated using the following equation (EPA1989a): 

IngestionDose(mg /kg /day) = 
CW * IR,, *CF*EF*ED 

BW*AT 

Where: 
Cart-Ingestion Dose = 1.32E-8 
Noncarc-Ingestion Dose = 153E-7 

= Carcinogenic Ingestion exposure dose (mg/kg/day) 
= Noncarcinogenic Ingestion exposure dose (mg/kg/day) 

cw = 1.0 ug/L 
CF = 1 mg/103 ug 
kw = 0.2 L/day 
EF = 7 dayslyr 
ED = 6 yr 
BW = 25 kg 
ATC = 25550 days 
ATN = 2190 days 

= bis(2-ethylhexyl)phthalate concentration in surface water 
= conversion factor 
= Ingestion rate 
= Exposure frequency 
= Exposure duration 
= Body weight 
= Averaging time for carcinogen (365 d/yr x 70 yrs) 
= Averaging time for noncarcinogens (365 d/yr x 6 yrs) 

The RME carcinogenic risk for a future recreational child (age 6-12) from ingestion of bis(2- 
ethylhexyl)phthalate in surface water at Site 5 is estimated as follows: 

CA = Ingestion Dose * SF 

CA 
SF 

=1.8E-10 
= 1.4E-2 (mgikglday)’ 

= Incremental cancer risk 
= Oral slope factor 
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Cart-Ingestion Dose = 1.32E-8 = Carcinogenic Ingestion exposure dose (mg/kg/day) 

The RME noncarcinogenic risk for a future recreational child (age 6-12) from ingestion of bis(Z 
ethylhexyl)phthalate in surface water at Site 5 is estimated as follows: 

NC = Ingestion Dose/RfD 

NC = 7.7E-6 
RfD = 2.4E-02 (mg/kg/day) 
Noncarc-Ingestion Dose = I .53E-7 

= Noncarcinogenic risk 
= Oral reference dose 
= Noncarcinogenic Ingestion exposure dose (mg/kg/day) 

6.2.2 Dermal Absorption of Surface Water: 

Dermal absorption of nickel” in surface water at Site 5 for a future recreational child (age 6-12) under 
an RME scenario was evaluated using the following equation (EPA 1989a; EPA 1995): 

DermalDose(mg I kg I day) = 
CW*KP*CF,*CF,*SA*Func(ET)*EF*ED 

BW*AT 

**Note: Nickel doesn’t have an available dermal slope factor, therefore only an example 
calculation based on noncarcinogenic risk is presented for dermal absorption of nickel by a child 
resident. 

Where: 

Noncarc-Dermal Dose = 1.25E-7 = Noncarcinogenic Dermal exposure dose (mg/kg/day) 

cw = 17.5 ug/L 
KP = 0.001 cm/hr 
SA = 3580 cm* 
CF1 
‘32 

= 1 mg/103 ug 
= 1 L/103cm 

FuncET= 2.6 hr/day 
EF = 7 days/yr 
ED = 6 yr 
BW = 25 kg 
ATN =2190 days 

= Nickel concentration in surface water 
= Permeability coefficient from water 
= Skin surface area available for contact 
= Conversion Factor 
= Conversion Factor 
= For Inorganics: Function(ET) = Exposure Time (2.6hrIday) 
= Exposure frequency 
= Exposure duration 
= Body weight 
= Averaging time for noncarcinogens (365 d/yr x 6 yrs) 

The RME noncarcinogenic risk for a future recreational child (age 6-12) from dermal absorption of nickel 
in surface water at Site 5 is estimated as follows: 

NC = Dermal DoselRfD 

NC = 4.1E-5 
RfD = 3.OE-03 (mg/kg/day) 
Noncarc- Dermal Dose = 1.25E-7 

= Noncarcinogenic risk 
= Dermal reference dose = (RfD,;GI Factor; [2.OE-2*1.5E-I]) 
= Noncarcinogenic Dermal exposure dose (mg/kg/day) 

- 
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6.3 Subsurface Soil Exposure 

Three potential exposure routes are associated with direct exposure to subsurface soil at 
areas/media of interest at NAWC Warminster Site 5. These exposure routes include ingestion, 
dermal absorption, and inhalation of fugitive dust. * 

6.3.1 Ingestion of COPCs in Subsurface Soil: 

Ingestion of arsenic in subsurface soil at Site 5 for a current/future adult industrial worker under an RME 
scenario was evaluated using the following equation (EPA1 989a): 

IngestionDose(mg /kg I day) = 
CS*IR,,*FI*CF*EF”ED 

BW*AT 

Where: 

Cart-Ingestion Dose = 535E-7 
Noncarc-Ingestion Dose = 1.50E-6 

= Carcinogenic Ingestion exposure dose (mg/kg/day) 
= Noncarcinogenic Ingestion exposure dose (mg/kg/day) 

CS = 3.06 mg/kg 
I&ii = 50 mgfday 
FI = 100% 
CF = IE-06 kg/mg 
EF = 250 dayslyr 
ED =25yr 
BW = 70 kg 
ATC = 25550 days 
ATN = 9125 days 

= Arsenic concentration in subsurface soil 
= Ingestion rate 
= Fraction Ingested 
= Conversion Factor 
= Exposure frequency 
= Exposure duration 
= Body weight 
= Averaging time for carcinogens (365 dlyr x 70 yrs) 
= Averaging time for noncarcinogens (365 d/yr x 25 yrs) 

The RME cancer risk for a current/future adult industrial worker from ingestion of arsenic in subsurface 
soil at Site 5 is estimated as follows: 

CA = Ingestion Dose * SF 

CA = 8.02E-7 
SF = 1.5 (mg/kg/day)-’ 
Cart-Ingestion Dose = 535E-7 

= Incremental cancer risk 
= Oral slope factor 
= Carcinogenic Ingestion exposure dose (mg/kg/day) 

The RME noncarcinogenic risk for a current/future adult industrial worker from ingestion of arsenic in 
subsurface soil at Site 5 is estimated as follows: 

NC = Ingestion Dose / RfD 

NC = 4.99E-3 
RfD = 0.0003 mg/kg/day 
Noncarc-Ingestion Dose = 1.50E-6 

= Noncarcinogenic risk 
= Oral reference dose 
= Noncarcinogenic Ingestion exposure dose (mg/kg/day) 

6.3.2 Dermal Absorption of COPCs in Subsurface Soil: 

Dermal absorption of arsenic in subsurface soil at Site 5 for a current/future adult industrial worker 
under an RME scenario was evaluated using the following equations (EPA 1989a; EPA 1995): 
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DermalDose(mg / kg I day) = 
CS*ABS*CF*SA*EV*EF*ED 

BW*AT 

Where: 

Cart-Dermal Dose 
Noncarc-Dermal Dose 

cs 
SA 

= 3.06 “g/kg 
= 599 cm 

EV = 1 event/day 
EF = 250 days/yr 
ED = 25 yr 
BW = 70 kg 
ABS = 0.032 
CF = lE-06 kglmg 
ATC =25550days 
ATN = 9125 days 

= 205E-7 
= 5.74E-7 

= Carcinogenic Dermal exposure dose (mglkglday) 
= Noncarcinogenic Dermal exposure dose (mglkglday) 

= Arsenic concentration in subsurface soil 
= Surface area available for contact 
= Event frequency 
= Exposure frequency 
= Exposure duration 
= Body weight 
= Absorption fraction 
= Conversion Factor 
= Averaging time for carcinogens (365 d/yr x 70 yrs) 
= Averaging time for noncarcinogens (365 d/yr x 25 yrs) 

The RME cancer risk for a current/future adult industrial worker from dermal absorption of arsenic in 
subsurface soil at Site 5 is estimated as follows: 

CA = Dermal Dose * SF 

CA = 3.24E-7 = Incremental cancer risk 
SF = 1.58 (mglkglday)’ = Dermal slope factor = (SF,JGI Factor; [I .5/0.95]) 
Cart-Dermal Dose = 2.05E-7 = Carcinogenic Dermal exposure dose (mg/kg/day) 

The RME noncarcinogenic risk for a current/future adult industrial worker from dermal absorption of 
arsenic in subsurface soil at Site 5 is estimated as follows: 

NC = Dermal Dose / RfD 

NC = 2.01 E-3 
RfD = 0.000285 mg/kg/day 
Noncarc-Dermal Dose = 5.74E-7 

= Noncarcinogenic risk 
= Dermal reference dose = (RfDom;Gl Factor; [0.0003*0.95]) 
= Noncarcinogenic Dermal exposure dose (mglkglday) 

6.3.3 Inhalation of COPCs in Fugitive Dust: 

Inhalation of arsenic** in subsurface soil (via fugitive dust) at Site 5 for a current/future adult industrial 
worker under an RME scenario was evaluated using the following equations (EPA 1989a; Cowherd 
1984; and EPA 1996c): 

cs 
InhalationDose(mg I kg /day) = / PEF *IR,,*ET*EF*ED 

BW*AT 

**Note: Arsenic doesn’t have an available inhalation reference dose, therefore only an example 
calculation based on carcinogenic risk is presented for inhalation of arsenic by a current/future 
adult industrial worker. 

Where: 

Cart-Inhalation Dose = l.O4E-IO = Carcinogenic Inhalation exposure dose (mglkglday) 
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cs 
PEF 
IRat 
ET 
EF 
ED 
BW 
ATC 

= 3.06 mgikg 
= 1.32E+9 m3/kg 
= 1.6 m3/hr 
= 8 hrlday 
= 250 dayslyr 
=25yr 
= 70 kg 
=25550days 

= Arsenic concentration in subsurface soil 
= Site specific particulate emission factor 
= Inhalation rate 
= Exposure time 
= Exposure frequency 
= Exposure duration 
= Body weight 
= Averaging time for carcinogens (365 d/yr x 70 yrs) 

The RME cancer risk for a current/future adult industrial worker from inhalation of arsenic in fugitive dust 
in subsurface soil at Site 5 is estimated as follows: 

CA = Inhalation Dose * SF 

CA = 1.56E-9 
SF = 15.1 (mg/kg/day)“ 
Cart-Inhalation Dose = l.O4E-10 

= Incremental cancer risk 
= Inhalation slope factor 
= Carcinogenic Inhalation exposure dose (mg/kg/day) 

6.4 Sediment Exposure 

Two potential exposure routes are associated with direct exposure to sediment at areas/media of 
interest at NAWC Warminster Site 5. These exposure routes include ingestion and dermal 
absorption. 

6.4.1 Ingestion of COPCs in Sediment: 

Ingestion of arsenic in sediment at Site 5 for a future recreational child (age 6-12) under an RME 
scenario was evaluated using the following equation (EPA 1989a): 

IngestionDose(mg /kg /day) = 
CS * IR, *FI*CF*EF*ED 

BW*AT 

Where: 

Cart-Ingestion Dose = 4.73E-8 
Noncarc-Ingestion Dose = 5.52E-7 

= Carcinogenic Ingestion exposure dose (mg/kg/day) 
= Noncarcinogenic Ingestion exposure dose (mglkglday) 

cs 
%~II 
FI 
CF 
EF 
ED 
BW 
ATC 
ATN 

= 3.6 mg/kg 
= 200 mglday 
= 100% 
= lE-06 kg/mg 
= 7 dayslyr 
= 6 yr 
=25kg 
= 25550 days 
= 2190 days 

= Arsenic concentration in sediment 
= Ingestion rate 
= Fraction Ingested 
= Conversion Factor 
= Exposure frequency 
= Exposure duration 
= Body weight 
= Averaging time for carcinogens (365 d/yr x 70 yrs) 
= Averaging time for noncarcinogens (365 d/yr x 6 yrs) 

The RME cancer risk for a future recreational child (age 6-12) from ingestion of arsenic in sediment at 
Site 5 is estimated as follows: 

CA = Ingestion Dose x SF 

CA = 7.1E-8 = Incremental cancer risk 
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SF = 1.5 (mglkglday)’ = Oral slope factor 
Cart-Ingestion Dose = 4.73E-8 = Carcinogenic Ingestion exposure dose (mg/kg/day) 

The RME noncarcinogenic risk for a future recreational child (age 6-12) from ingestion of arsenic in 
sediment at Site 5 is estimated as follows: 

NC = Ingestion Dose / RfD 

NC = 1.8E-3 
RfD = 0.0003 mg/kg/day 
Noncarc-Ingestion Dose = 5.52E-7 

= *Noncarcinogenic risk 
= Oral reference dose 
= Noncarcinogenic Ingestion exposure dose (mg/kg/day) 

6.4.2 Dermal Absorption of COPCs in Sediment: 

Dermal absorption of arsenic in sediment at Site 5 for a future recreational child (age 6-12) under an 
RME scenario was evaluated using the following equations (EPA 1989; EPA 1995): 

DermalDose(mg / kg / day) = 
CS*ABS*CF*SA*EF*ED 

BW*AT 

Where: 

Cart-Dermal Dose = 1.87E-9 
Noncarc-Dermal Dose = 2.19E-8 

= Carcinogenic Dermal exposure dose (mg/kg/day) 
= Noncarcinogenic Dermal exposure dose (mg/kg/day) 

cs 
ABS 
CF 
SA 
EF 
ED 
BW 
ATC 
ATN 

= 3.6 mg/kg 
= 0.01 
= lE-06 k$mg 
= 792 cm /day 
= 7 dayslyr 
= 6 yr 
= 25 kg 
= 25550 days 
= 2190 days 

= Arsenic concentration in sediment 
= Absorption fraction 
= Conversion Factor 
= Skin surface area available for contact 
= Exposure frequency 
= Exposure duration 
= Body weight 
= Averaging time for carcinogens (365 d/yr x 70 yrs) 
= Averaging time for noncarcinogens (365 d/yr x 6 yrs) 

The RME cander risk for a future recreational child (age 6-12) from dermal absorption of arsenic in 
sediment at Site 5 is estimated as follows: 

CA = Dermal Dose x SF 

CA = 3.OE-9 
SF = 1.58 (mg/kg/day)-’ 
Cart-Dermal Dose = 1.87E-9 

= Incremental cancer risk 
= Dental slope factor = (SF&G1 Factor; [ 1.510.951) 
= Carcinogenic Dermal exposure dose (mg/kg/day) 

The RME noncarcinogenic risk for a future recreational child (age 6-12) from deimal absorption.of 
arsenic in sediment at Site 5 is estimated as follows: 

NC = Dermal Dose / RfD 

NC = 7.7E-5 
RfD = 0.000285 mgtkgtday 
Noncarc-Dermal Dose = 2.19E-8 

= Noncarcinogenic risk 
= Dermal reference dose = (RfDora?GI Factor; [0.0003*0.95]) 
= Noncarcinogenic Dermal exposure dose (mg/kg/day) 

,- 
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APPENDIX l-j 

TOXICOLOGICAL PROFILES FOR NAWC WARMINSTER SOIL COCs 

J.l ANTIMONY 

Ingested antimony is absorbed slowly and incompletely from the gastrointestinal (GI) tract (Iffland 1988). 
Within a few days of acute exposure, highest tissue concentrations are found in the liver, kidney, and thyroid. 
Organs of storage include skin, bone, and teeth. Highest concentrations in deceased smelter workers 

(inhalation exposure) occurred in the lungs and skeleton. Excretion is largely via the urine or feces,, although 
some is incorporated into the hair. 

FJoncancer Toxicity 

Acute intoxication from ingestion of large doses of antimony induces GI disturbances, dehydmtion, and 
cardiac effects in humans (Iffland 1988). Chronic effects from occupational exposure include irritation of the 
respiratory tract, pneumoconiosis, pustular eruptions of the skin called “antimony spots,” allergic contact 
dermatitis, and cardiac effects, including abnormalities of the electrocardiograph (ECG) and myocardial 
changes. Cardiac effects were also observed in rats and rabbits exposed by inhalation for six weeks and in 
animals (dogs, and possibly other species) treated by intravenous injection (Elinder and Friberg 1966a). 

Chronic oral exposure studies in laboratory animals include two briefly reported lifetime drinking water studies 
in rats and mice (Kanisawa and Schroeder 1969; Schroeder et al. 1970). The only dose tested, 5 ppm 
potassium antimony tartrate, resulted in reduced longevity in both species and in reduced mean heart weight 
in the rats. The EPA (1995a). verified an RfD of 0.0004 mg/kg/day for chronic oral exposure to antimony from 
the LOAEL of 5 ppm potassium antimony tartrate (0.35 mg antimony/kg body weightday) in the lifetime study 
in rats (Schroeder et al. 1970). An uncertainty factor of 1000 was applied; factors of 10 each for inter- and 
intraspecies variation and to estimate an NOAEL from an LOAEL. The heart is considered a likely target 
organ for chronic oral exposure of humans. 

Carcinoaen’citv I 

Data were not located regarding the carcinogenicity of antimony to humans. Antimony fed to rats did not 
produce an excess of tumors (Goyer 1991) but a high frequency of lung tumors was observed in rats 
exposed by inhalation to antimony trioxide for one year (Elinder and Friberg 1986a). Antimony is classified in 
EPA cancer weight-of-evidence Group D (not classifiable as to carcinogenicity to humans) (EPA 1987a). 

J.2 ARSENIC 

Pharmacokinetics 

Several studies confirm that soluble inorganic arsenic compounds and organic arsenic compounds are 
almost completely (>90 percent) absorbed from the GI tract in both animals and humans (Ishinishi et al. 
1986). The absorption efficiency of insoluble inorganic arsenic compounds depends on particle size and 
stomach pH. Initial distribution of absorbed arsenic is to the liver, kidneys, and lungs, followed by 
redistribution to hair, nails, teeth, bone, and skin, which are considered tissues of accumulation. Arsenic has 
a longer half-life in the blood of rats, compared with other animals and humans, because of firm binding to the 
hemoglobin in erythrocytes. 
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Metabolism of inorganic arsenic includes reversible oxidation-reduction so that both arsenite (valence of 3) 
and arsenate (valence of 5) are present in the urine of animals treated with arsenic of either valence (Ishinishi 
et al. 1986). Arsenite is subsequently oxidized and methylated by a saturable mechanism to form mono- or 
dimethylarsenate; the latter is the predominant metabolite in the urine of animals or humans. Organic arsenic 
compounds (arsenilic acid, cacodylic acid) are not readily converted to inorganic arsenic. Excretion of 
organic or inorganic arsenic is largely via the urine, but considerable species variation exists. Continuously 
exposed humans appear to excrete 60 to 70 percent of their daily intake of arsenate or arsenite via the urine. 

Noncancer Toxicity 

A lethal dose of arsenic trioxide in humans is 70 to 180 mg (approximately 50 to 140 mg arsenic; lshinishi et 
al. 1986). Acute oral exposure of humans to high doses of arsenic produce liver swelling, skin lesions, 
disturbed heart function, and neurological effects. The only noncancer effects in humans clearly attributable 
to chronic oral exposure to arsenic are dermal hyperpigmentation and keratosis, as revealed by studies of 
several hundred Chinese exposed to naturally occurring arsenic in well water (Tseng 1977; Tseng et al. 
1968; EPA 1995a). Similar effects were observed in persons exposed to high levels of arsenic in water in 
Utah and the northern part of Mexico (Cebrian et al. 1983; Southwick et al. 1983). Occupational 
(predominantly inhalation) exposure is also associated with neurological deficits, anemia, and cardiovascular 
effects (Ishinishi et al. 1986) but concomitant exposure to other chemicals cannot be ruled out. The EPA 
(1995a) derived an RfD of 0.3 mglkglday for chronic oral exposure, based on an NOAEL of 0.8 mg/kg/day for 
skin lesions from the Chinese data. The principal target organ for arsenic appears to be the skin. The 
nervous system and cardiovascular systems appear to be less significant target organs. Inorganic arsenic 
may be an essential nutrient, exerting beneficial effects on growth, health, and feed conversion efficiency 
(Underwood 1977). 
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Carcinoaenicitv 

Inorganic arsenic is clearly a carcinogen in humans. Inhalation exposure is associated with increased risk of 
lung cancer in persons employed as smelter workers, in arsenical pesticide applicators, and in a population 
residing near a pesticide manufacturing plant (EPA 1995a). Oral exposure to high levels in well water is 
associated with increased risk of skin cancer (Tseng 1977; EPA 1995a). Extensive animal testing with 
various forms of arsenic given by many routes of exposure to several species, however, has not 
demonstrated the carcinogenic&y of arsenic (International Agency for Research on Cancer [IARC] 1980). 
The EPA (1995a) classifies inorganic arsenic in cancer weight-ofevidence Group A (human carcinogen) and 
derived an oral slope factor of 1.5 per mglkglday. The EPA (1995a) notes that the uncertainties associated 
with the oral unit risk are considerably less than those for most carcinogens, so that the unit risk might be 
reduced an order of magnitude. An inhalation unit risk of 0.0043 per mg/m3 was derived for inorganic arsenic 
from the incidence of lung cancer in occupationally exposed men (EPA 1995a), which is equivalent to a RfD 
of 15.1 per mg/kg/day, assuming a 70 kg adult inhales 20m3 of air/day. 



J.3 BERYLLIUM 

Noncancer Toxicity 

Beryllium has a low order of toxicity when ingested because it is poorly absorbed from the GI tract (Reeves 
1986). Occupational exposure was associated with dermatitis, acute pneumonitis, and chronic pulmonary 
granulomatosis (berylliosis). Berylliosis was also observed in humans living in the vicinity of a beryllium plant. 
Similar pulmonary effects were observed in laboratory animals subjected to inhalation exposure. A verified 

chronic oral RfD value of 0.005 mg/kg/day was based on an NOAEL in a lifetime drinking water study in rats 
and an uncertainty factor of 100 (EPA 1995b). The EPA (1995b) presented the same value as a provisional 
subchronic oral RfD. The target organ for inhalation exposure appears to be the lung; a target organ is not 
identified for oral exposure. 

Carcinoaenicit\( 

The EPA (1995b) classifies beryllium in cancer weight-of-evidence Group B2 (probable human carcinogen) 
based on inadequate human (occupational) cancer data and sufficient animal data. A significant irmcrease in 
lung tumors occurred in rats and in rhesus monkeys subjected to inhalation exposure or inttatracheal 
instillation of a variety of beryllium compounds. Osteogenic sarwmas were induced in rabbits and mice, but 
not in rats or guinea pigs, injected intravenously with various beryllium compounds. Oral studies iin animals 
yielded inconclusive results. The EPA (1995a) derived an oral slope factor of 4.3 per mglkglday from a 
statistically nonsignificant increase in total tumors in a lifetime drinking water study in rats. An inhalation unit 
risk of 0.0024 per mg/m3, equivalent to 8.4 per mg/kg/day (assuming an inhalation rate of 20 m’lday and 
body weight of 70 kg for humans), was derived from an occupational study. 

J.4 CADMIUM 

Phannawkinetiw 

Estimates of cadmium uptake by the respiratory tract range from 10 to 50 percent; uptake is greatest for 
fumes and small particles and least for large dust particles (Friberg et al. 1986; Goyer 1991). GI absorption 
of ingested cadmium is ordinarily 5 to 8 percent, but may reach 20 percent in cases of serious dietary iron 
deficiency. Highest tissue levels are normally found in the kidneys followed by the liver, although levels in the 
liver may exceed those in the kidneys of persons suffering from cadmium-induced renal dysfunction. The 
half-life of cadmium in the kidneys and liver may be as long as IO-30 years. Fecal and urinary excretion of 
cadmium are approximately equivalent in normal humans exposed to small amounts. Urinary excretion 
increases markedly in humans with cadmium-induced renal disease. 

Noncancer Toxicity 

Acute inhalation exposure to fumes or particles of cadmium induces respiratory symptoms, general 
weakness, and, in severe cases, respiratory insufficiency, shock, and death (Friberg et al. 1986). Acute oral 
exposure induces GI disturbances. Chronic inhalation exposure induces pulmonary emphysema, and 
chronic exposure by either route consistently produces renal tubular disease in humans and laboratory 
animals. Proteinuria is a reliable early indicator of cadmium-induced kidney disease. The combination of 
pulmonary emphysema and renal tubular disease, if severe, may result in early mortality. Painful 
osteomalacia and osteoporosis may arise from altered metabolism of bone minerals secondary to renal 
damage. The combination of renal and skeletal damage is called itai-itai disease in Japan. Cadmium 
exposure has been associated with liver damage, but the liver appears to be less sensitive than the kidney. 
The kidney is the primary target organ of cadmium toxicity. The EPA (1995a) derived chronic oral RfD 
values of 0.5 mglkglday for cadmium ingested in water and 1 mglkglday for cadmium ingested in food, based 
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on a toxicokinetic model that predicted NOAELs from renal cortical concentrations of cadmium. The different 
RfD values reflect assumed differences in GI absorption of cadmium from water (5 percent) and food (2.5 
percent). 

Carcinoaenicitv 

Carcinogenicity data in humans consist of several occupational studies that associate cadmium exposure 
with lung cancer, but concomitant exposure to other carcinogenic chemicals and smoking were not 
adequately controlled. Other occupational studies reported significantly increased risk of prostatic cancer, 
but this effect was not observed in the largest occupational study of workers exposed to high levels (Thun et 
al. 1985). The animal data consist of an inhalation study in rats that showed a significant increase in lung 
tumors, and several parenteral injection studies that produced injection site tumors. No evidence of 
carcinogenicity, however, was observed in seven oral studies in rats and mice. The EPA (1995b) classifies 
cadmium a cancer weight-of-evidence Group Bl substance for inhalation exposure on the basis of limited 
evidence of carcinogenicity in humans and sufficient evidence in animals. The data were insufficient to 
classify cadmium as carcinogenic to humans exposed by the oral route. The EPA (1995a) derived an 
inhalation unit risk of 0.0018 mg/m3 from the occupational exposure study by Thun et al. (1985). 

5.5 COPPER 

Copper is a nutritionally essential element that functions as a cofactor in several enzyme systems (Aaseth 
and Norseth 1986). Acute exposure to large oral doses of copper salts was associated with GI disturbances, 
hemolysis, and liver and kidney lesions. Chronic oral toxicity in humans has not been reported. Chronic oral 
exposure of animals was associated with an irondeficiency type of anemia, hemolysis, and lesions in the 
liver and kidneys. Occupational exposure may induce metal fume fever, and, in cases of chronic exposure to 
high levels, hemolysis and anemia (ACGIH 1991). Neither oral nor inhalation RfD or RfC values were 
located for copper. The target organs for copper are the erythrocyte, liver, and kidney, and, for inhalation 
exposure, the lung. 

Copper is classified in cancer weight-of-evidence Group D (not classifiable as to carcinogenicity to humans) 
(EPA 1995a). Quantitative risk estimates are not derived for Group D chemicals. 

J.6 LEAD 

Pharmacokinetics 

Studies in humans indicate that an average of 10 percent of ingested lead is absorbed, but estimates as high 
as 40 percent were obtained in some individuals (Tsuchiya 1986). Nutritional factors have a profound effect 
on GI absorption efficiency. Children absorb ingested lead more efficiently than adults; absorption 
efficiencies up to 53 percent were recorded for children three months to eight years of age. Similar results 
were obtained for laboratory animals; absorption efficiencies of 5 to 10 percent were obtained for adults and 
‘50 percent were obtained for young animals. The deposition rate of inhaled lead averages approximately 30 
to 50 percent, depending on particle size, with as much as 60 percent deposition of very small particles (0.03 
mm) near highways. All lead deposited in the lungs is eventually absorbed. 

Approximately 95 percent of the lead in the blood is located in the erythrocytes (EPA 1990). Lead in the 
plasma exchanges with several body compartments, including the internal organs, bone, and several 



excretory pathways. In humans, lead concentrations in bone increase with age (Tsuchiya, 1986). About 90 
percent of the body burden of lead is located in the skeleton. Neonatal blood concentrations are about 85 
percent of maternal concentrations (EPA 1990). Excretion of absorbed lead is principally through lthe urine, 
although GI secretion, biliary excretion, and loss through hair, nails, and sweat are also significant. 

Noncancer Toxicity 

The noncancer toxicity of lead to humans has been well characterized through decades of medical 
observation and scientific research. The principal effects of acute oral exposure are colic with diffuse 
paroxysmal abdominal pain (probably due to vagal irritation), anemia, and, in severe cases, acute 
encephalopathy, particularly in children (Tsuchiya 1986). The primary effects of long-term exposure are 
neurological and hematological. Limited occupational data indicate that long-term exposure to lead may 
induce kidney damage. The principal target organs of lead toxicity are the erythrocyte and the nervous 
system. Some of the effects on the blood, particularly changes in levels of certain blood enzymes, and subtle 
neurobehavioral changes in children, appear to occur at levels so low as to be considered nonthreshold 
effects. 

EPA (1995b) presents no inhalation RfC for lead, but referred to the National Ambient Air Quality Standard 
(NAAQS) for lead, which could be used in lieu of an inhalation RfC. The NAAQSs are based solely on 
human health considerations and are designed to protect the most sensitive subgroup of the human 
population. The NAAQS for lead is 1.5 mg/m3, averaged quarterly (EPA 19956). The NAAQS is equivalent 
to 0.00043 mg/kg/day, assuming a body weight of 70 kg and an inhalation rate of 20 m3/day. 

The EPA (1990) determined that it is inappropriate to derive an RfD for oral exposure to lead for several 
reasons. First, the use of an RfD assumes that a threshold for toxicity exists, below which adverse effects 
are not expected to occur; however, the most sensitive effects of lead exposure, impaired neurobehavioral 
development in children and altered blood enzyme levels associated with anemia, may occur at blood lead 
concentrations so low as to be considered practically nonthreshold in nature. Second, RfD values are 
specific for the route of exposure for which they are derived. Lead, however, is ubiquitous, so that exposure 
occurs from virtually all media and by all pathways simultaneously, making it practically impossible to quantify 
the contribution to blood lead Tom any one route of exposure. Finally, the dose-response relationships 
common to many toxicants, and upon which derivation of an RfD is based, do not hold true for lead. This is 
because the fate of lead within the body depends, in part, on the amount and rate of previous exposures, the 
age of the recipient, and the rate of exposure. There is, however, a reasonably good correlation between 
blood lead concentration and effect. Therefore, blood lead concentration is the appropriate parameter on 
which to base the regulation of lead. 

The EPA IEUBK lead model is an iterated set of equations that estimate blood lead concentration iin children 
aged 0 to 7 years (EPA 1990; 1994b). The biokinetic part of the model describes the movement of lead 
between the plasma and several body compartments and estimates the resultant blood lead concentration. 
The rate of the movement of lead between the plasma and each compartment is a function of the transition or 
residence time (i.e., the mean time for lead to leave the plasma and enter a given compartment, or the mean 
residence time for lead in that compartment). Compartments modeled include the erythroytes, liver, 
kidneys, all the other soft tissue of the body, cortical bone, and trabecular bone. Excretory pathways and 
their rates are also modeled. These include the mean time for excretion from the plasma to the urine, from 
the liver to the bile, and from the other soft tissues to the hair, skin, sweat, etc. The model permits the user to 
adjust the transition and residence times. 

EPA guidance (EPA, 1994a) recommends a residential screening level for lead of 400 parts per million (ppm) 
to be applied at Super-fund and RCRA sites. This value is considered by EPA to be protective for direct 



contact with lead-contaminated soils in residential settings. The guidance adopts recommendations of the 
Centers for Disease Control and is to be followed when current or predicted land use is residential. 

The residential screening level for lead described in this directive has been calculated with the EPA’s new 
Integrated Exposure Uptake Bikinetic Model (IEUBK) using default parameters (EPA 1994b). 

Carcinoaenicity 

EPA (1995a) classifies lead in cancer weight-of-evidence Group 82 (probable human carcinogen), based on 
inadequate evidence of cancer in humans and sufficient animal evidence. The human data consist of several 
epidemiologic occupational studies that yielded confusing results. All of the studies lacked quantitative 
exposure data and failed to control for smoking and concomitant exposure to other possibly carcinogenic 
metals. Rat and mouse bioassays showed statistically significant increases in renal tumors following dietary 
and subcutaneous exposure to several soluble lead salts. Various lead compounds were observed to induce 
chromosomal alterations in vivo and in vitro, sister chromatid exchange in exposed workers, and cell 
transformation in Syrian hamster embryo cells; to enhance simian adenovirus induction; and to alter 
molecular.processes that regulate gene expression. EPA (1995a) declined to estimate risk for oral exposure 
to lead because many factors (e.g., age, general health, nutritional status, existing body burden and duration 
of exposure) influence the bioavailability of ingested lead, introducing a great deal of uncertainty into any 
estimate of risk 

J.6 MANGANESE 

Noncancer Toxicity 

Manganese is nutritionally required in humans for normal growth and health (EPA 1995a) Humans exposed 
to approximately 0.8 mg manganese/kg/day in drinking water exhibited lethargy, mental disturbances (l/l6 
committed suicide), and other neurologic effects. The elderly appeared to be more sensitive than children. 
Oral treatment of laboratory rodents induced biochemical changes in the brain, but rodents did not exhibit the 
neurological signs exhibited by humans. Occupational exposure to high concentrations in air induced a 
generally typical spectrum of neurological effects, and increased incidence of pneumonia (ACGIH 1986). 

Very recently, a chronic oral water RfD of 0.005 mg/kg/day has been made available for manganese based 
on a drinking water study (EPA 1995a) and a chronic oral food RfD of 0.14 mg/kg/day (EPA 1995a) was 
adopted based on a NOAEL of 0.14 mglkglday for humans in a dietary study. An inhalation RfD of 0.0143 
ug/kg/day was presented for manganese. The subchronic oral RfDs presented by EPA (1995b) was the 
same value as the chronic oral RfDs. The EPA (1995a) presented a verified chronic inhalation RfC of 
0.00005 mg/m3 based on an LOAEL for respiratory symptoms and psychomotor disturbances in 
occupationally exposed humans and an uncertainty factor of 1000. The EPA (1995a) presented the same 
value as a subchronic inhalation RfC. The inhalation RfC is equivalent to 0.000014 mg/kg/day, assuming 
humans inhale 20 m3 of air/day and weigh 70 kg. The CNS and respiratory tract are target organs of 
inhalation exposure to manganese. 

Carcinooenici& 

The EPA (1995a) classifies manganese in cancer weight-of-evidence Group D (not classifiable .as to 
carcinogenicity to humans). Quantitative cancer risk estimates are not derived for Group D chemicals. 



J.7 POLYAROMATIC HYDROCARBONS (PAHS) 

PAHs are a large class of ubiquitous natural and anthropogenic chemicals, all with similar chemical 
structures (ATSDR 1990). There are eleven individual PAHs listed among the CPCs for Key West. 

Pharmacokinetics 

Although quantitative absorption data for the PAHs were not located, benzo(a)pyrene was readily absorbed 
across the GI (Rees et al. 1971) and respiratory epithelia (Kotin et al. 1969; Vainich et al. 1976). The high 
lipophilicity of other compounds in this class suggests that other PAHs also would be readily absorbed across 
GI and respiratory epithelia. 

Benzo(a)pyrene was distributed widely in the tissues of treated rats and mice, but primarily to tissues high in 
fat, such as adipose tissue and mammary gland (Kotin et al. 1969; Schlede et al. 1970). Patterns of tissue 
distribution of other PAHs would be expected to be similar because of the high lipophilicity of the members of 
this class. 

Studies of the metabolism of benzo(a)pyrene provide information relevant to other PAHs because of the 
structural similarities of all members of the class. Metabolism involves microsomal mixed function oxidase 
hydroxylation of one or more of the phenyl rings with the formation of phenols and dihydrodiols, probably via 
formation of arene oxide intermediates (EPA 1979a). The dihydrodiols may be further oxidized to diol 
epoxides, which, for certain members of the class, are known to be the ultimate carcinogens (LaVoie et al. 
1982). Conjugation with glutathione or glucuronic acid, and reduction to tetrahydrotetrols are important 
detoxification pathways. Metabolism of naphthalene resulted in the formation of 1,2-naphthoquinone, which 
induced cataract formation and retinal damage in rats and rabbits. 

Excretion of benzo(a)pyrene or dibenzo(a,h)anthracene residues was reported to be rapid, although 
quantitative data were not located (EPA 1979b). Excretion occurred mainly via the feces, probably largely 
due to biliary secretion (Schlede et al. 1970a, 1970b). The EPA (1980) concluded that accumulation in the 
body tissues of PAHs from chronic low level exposure would be unlikely. 

Oral noncancer toxicity data are available for acenaphthene, anthracene, fluoranthene, fluorene, and 
naphthalene. Newborn infants, children, and adults exposed to naphthalene by ingestion, inhalation, or 
possibly by skin contact developed hemolytic’ anemia with associated jaundice and occasionally renal 
disease (EPA 1979~). In a 13-week gavage study ‘in rats, treatment with 50 mg naphthalenelkg, 5 days/week 
for 13 weeks (35.7 mglkglday) induced no effects; higher doses presumably reduced the growth rate 
(National Toxicology Program (NTP) 1980). Application of an uncertainty factor of 1000 yielded a provisional 
RfD for chronic oral exposure of 0.04 mglkglday (EPA 1995b)which has recently been withdrawn. The very 
mild effect (decreased growth rate) apparently observed at higher doses suggests that the RfD is very 
conservatively protective. 

Acenaphthene appears to be a mild hepatotoxicant, and possibly a nephrotoxicant, in rodents (EPA 1995a). 
In a comprehensive 90day toxicity study in mice, gavage treatment with 175 mg/kg/day was an NOAEL; liver 
weight changes accompanied by hepatocellular hypertrophy and elevated cholesterol levels occurred in mice 
treated with 350 or 700 mg/kg/day (EPA 1989a). Oral treatment of rats and mice for 32 days with 2000 
mg/kg/day resulted in weight loss and mild liver and kidney lesions (Knobloch et al. 1969). The EPA (1995a) 
verified a chronic oral RfD for acenaphthene of 0.06 mg/kg/day based on an NOAEL for liver effects in a 
subchronic gavage study in mice and an uncertainty factor of 3000. An uncertainty factor of 3000 was used 
with factors of 10 each for inter- and intraspecies variation and to expand from subchronic to chronic 



exposure, and a factor of 3 to reflect gaps in the database, namely lack of adequate data in a second species 
and .lack of developmental and reproductive data. Confidence in the database was low because of the data 
gaps. Confidence in the critical study was low because the effects were considered adaptive, rather than 
adverse, which implies that the RtD is extremely conservative. The EPA (1995b) presented a provisional 
subchronic oral RfD of 0.6 based on the same NOAEL and an uncertainty factor of 300. Target organs for 
acenaphthene include the liver and kidney. 
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The toxic potency of anthracene appears to be very low. In a chronic study in rats, doses of 5 to 15 mg/rat 
(16 to 48 mg/kg/day) via the diet had no effect on longevity or gross or histopathologic appearance on 
unspecified tissues (Schmahl 1955). Gavage treatment of mice with 1000 mglkglday for at least 90 days had 
no effects on a comprehensive range of toxicologic parameters. The NOEL of 1000 mg/kg/day in mice and 
an uncertainty factor of 3000 (10 each for inter- and intraspecies variation, and 30 for the use of a subchronic 
study and an incomplete database) yielded a verified RfD for chronic oral exposure of 0.3 mglkglday (EPA 
1995a). The EPA (1995b) presented a subchronic oral RfD of 3 mg/kg/day based on the same NOEL and an 
uncertainty factor of 300. The data were inadequate to define target organs for the toxicity of anthracene. 

Fluoranthene appears to be toxic to the liver, kidney, and blood. In a comprehensive 13-week gavage study 
in mice, 125 mglkglday was an NOAEL and 250 mg/kg/day was an LOAEL (EPA 1988). The verified chronic 
oral RfD for fluoranthene is 0.04 mglkglday, based on the NOAEL in a comprehensive 13-week gavage 
study of 125 mglkglday in mice and an uncertainty factor of 3000 (EPA 1995a). The uncertainty factor of 
3000 includes factors of 10 each for inter- and intraspecies variation, and a factor of 30 to expand from 
subchronic to chronic exposure and to reflect an incomplete database. A provisional subchronic oral RfD of 
0.4 mglkglday was derived from the same NOAEL and an uncertainty factor of 300. The liver, kidney, and 
blood appear to be the target organs for the toxicity of fluoranthene. 

The critical effects of oral exposure to fiuorene appear to be hemolytic anemia and CNS effects. In mice 
treated by gavage for 13 weeks, 125 mglkglday was an NOAEL and 250 mglkglday was an LOAEL (EPA 
1989b). A verified chronic oral RfD for fluorene of 0.04 mglkglday was based on the NOAEL of 125 
mg/kg/day for hemolytic anemia in mice (EPA 1995a). An uncertainty factor of 3000 was used with factors of 
10 each for inter- and intraspecies variation and to expand from subchronic to chronic exposure, and a factor 
of 3 to refiect gaps in the database. The EPA (1995b) presented a provisional subchronic oral RfD of 0.4 
mg/kg/day based on the same NOAEL and an uncertainty factor of 300. The target organs of fluorene 
toxicity are the erythrocyte and the CNS. 

Newborn infants, children, and adults exposed to naphthalene by ingestion, inhalation, or possibly by skin 
contact developed hemolytic anemia with jaundice and, occasionally, renal disease (EPA 1980a). In a 
13-week gavage study in rats, treatment with naphthalene reduced the growth rate (EPA 1992). Application 
of an uncertainty factor of 1000 to the rat NOEL yielded a provisional RfD for subchronic and chronic oral 
exposure of 0.04 mglkglday (EPA 1992). The erythrocyte and the kidney appear to be the target organs for 
the toxicity of naphthalene. 

Mild kidney lesions appear to be the critical effects of pyrene. In mice treated by gavage for 13 weeks, 75 
mg/kg/day was an NOAEL and 125 mg/kg/day was an LOAEL (EPA 1989c). Even in mice treated with 250 
mg/kg/day the lesions were considered minimal to mild. The EPA (1993) verified a chronic oral RR) for 
pyrene of 0.03 mglkglday based on the NOAEL in mice and an uncertainty factor of 3000 (10 each for inter- 
and intraspecies variation and to expand from subchronic to chronic exposure, and a factor of 3 to reflect 
gaps in the database). The EPA (1995b) presented a provisional subchronic oral RfD of 0.3 mg/kg/day 
based on the same NOAEL and an uncertainty factor of 300. The kidney is the target organ for the toxicity of 
pyrene. 
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Carcinoaenicitv 

The PAHs are ubiquitous, being released to the environment from anthropogenic as well as frorn natural 
sources (ATSDR 1987). Benzo(a)pyrene is the most extensively studied member of the class, inducing 
tumors in multiple tissues of virtually all laboratory species tested by all routes of exposure. Although 
epidemiology studies suggested that complex mixtures that contain PAHs (coal tar, soots, coke oven 
emissions, cigarette smoke) are carcinogenic to humans, the carcinogenicity cannot be attributed to PAHs 
alone because of the presence of other potentially carcinogenic substances in these mixtures (ATSDR 1987). 
In addition, recent investigations showed that the PAH fraction of roofing tar, cigarette smoke, and coke oven 

emissions accounted for only 0.1 to 8 percent of the total mutagenic activity of the unfractionated complex 
mixture in Salmonella (Lewtas 1988). Aromatic amines, nitrogen heterocyclic compounds, highly oxygenated 
quinones, diones, and nitrooxygenated compounds, none of which would be expected to arise from in vivo 
metabolism of PAHs, probably accounted for the majority of the mutagenicity of coke oven emissions and 
cigarette smoke. Furthermore, coal tar, which contains a mixture of many PAHs, has a long history of use in 
the clinical treatment of a variety of skin disorders in humans (ATSDR 1987). 

Because of the lack of human cancer data, assignment of individual PAHs to EPA cancer weight-of-evidence 
groups was based largely on the results of animal studies with large doses of purified compound. Frequently, 
unnatural routes of exposure, including implants of the test chemical in beeswax and trioctanoin in the lungs 

. of female Osborne-Mendel rats, intratracheal instillation, and subcutaneous or intraperitoneal injection, were 
used. Of the PAHs of concern, no EPA cancer weight-of-evidence group classification was provided for 
acenaphthene (EPA 1995a). Anthracene, benzo(g,h,i)perylene, fluoranthene, fluorene, and naphthalene 
were classified in Group D (not classifiable as to carcinogenicity to humans), and benzo(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, dibenz(a,h)anthracene, and 
indeno(l,2,3-cd)pyrene were classified in Group B2 (probable human carcinogens). 

The EPA (1995a) verified a slope factor for oral exposure to benzo(a)pyrene of 7.3 per mg/kg/day, based on 
several dietary studies in mice and rats. Neither verified nor provisional quantitative risk estimates were 
available for the other PAHs in Group 82. The EPA (1980a) promulgated an ambient water quality criterion 
for “total carcinogenic PAHs,” based on an oral slope factor derived from a study with benzo(a)pyrene, as 
being sufficiently protective for the class. Largely because of this precedent, the quantitative risk estimates 
for the other carcinogenic PAHs were based on benzo(a)pyrene when quantitative estimates were needed. 

Recent reevaluations of the carcinogenicity and mutagenicity of the Group 82 PAHs suggest that there are 
large differences between individual PAHs in cancer potency (Krewski et al., 1989). Based on the available 
cancer and mutagenicity data, and assuming that there is a constant relative potency between different 
carcinogens across different bioassay systems and that the PAHs under consideration have similar dose- 
response curves, Thorslund and Charnley (1988) derived relative potency values for several PAHs. A more 
recent Relative Potency Factor (RPF) scheme for the Group B2 PAHs was based only on the induction of 
lung epidermoid carcinomas in female Osborne-Mendel rats in the lung-implantation experiments (Clement 
International 1990). The most defensible RPFs and the associated oral and inhalation slope factors are 
presented in Table 2-22, 

Listed below are individual PAH toxicological profiles, if available. 

BENZO(B)FLUORANTNENE 

Little information is available on benzo(b)fluoranthene. However based on the similarities of chemical 
structures, most properties should be similar to benzo(a)pyrene. 



A Clement’s relative potency factor (RFP) has been developed (Clement International, 1990) for 
benzo(b)fluoranthene which allows the estimation of CSFs of 7.3E-01 and 6.1 E-01 per mg/kg/day for the oral 
and inhalation routes respectively. The EPA (1995b) has classified benzo(b)fluoranthene in cancer weight- 
of-evidence Group 82 (Probable Human Carcinogen, sufficient evidence of carcinogenicity in animals with 
inadequate or lack of evidence in humans) based on lung tumors in mice. 

BENZO(G,H,I)PERYLENE 

Noncancer ToxiciQ 

Little information is available on benzo(ghi)petylene. However based on the similarities of chemical 
structures, most properties should be similar to benzo(a)pyrene. 

CarcinoaenicQ 

The EPA (1995b) has classified benzo(ghi)perylene in cancer weight-of-evidence Group D (Not classifiable 
as to Human Carcinogenicity, inadequate or no evidence). 

BENZO(K)FLUORANTHENE 

Little information is available on benzo(k)fluoranthene. However, based on the similarities of the chemical 
structures, most properties should be similar to benzo(a)pyrene. 

Carcinoaenicity 

A Clement’s relative potency factor (RFP) has been developed (Clement International, 1990) for 
benzo(k)fiuoranthene which allows the estimation of 7.3E-02 and 6.1 E-02 per mg/kg/day for the CSF for the 
oral and inhalation route respectively. The EPA (1995a) has classified benzo(k)fluoranthene in cancer 
weight-of-evidence Group 82 (Probable Human Carcinogen, sufficient evidence of carcinogenicity in animals 
with inadequate or lack of evidence in humans) based on lung tumors in mice. 

CHRYSENE 

Toxicity Noncancer 

Chrysene is absorbed by the oral route of exposure. Absorption may also occur following dermal exposure. 
Data are not available to determine whether chrysene is absorbed via the lungs. Absorbed chrysene is 
distributed to several tissues, i.e. it was found in five tissues in a study reported in 1983. It is accumulated 
preferentially in the adipose and mammary tissue. 

There is no information on other toxic effects of chrysene in human and laboratory animals following 
inhalation, oral and dermal exposures. (ATSDR 1987, draft). 



CarcinoaeniciQ 

A Clement’s relative potency factor (RFP) has been developed for chrysene. This allows the estirnation of 
CSFs of 7.3E-03 and 6.1E-03 per mg/kg/day for the oral and inhalation routes respectively. The EPA 
(1995a) has classified chrysene in cancer weight-of-evidence Group B2 (Probable Human Carcinogen, 
sufficient evidence of carcinogenicity in animals with inadequate or lack of evidence in humans) based on 
tumors and malignant lymphoma in mice and chromosomal abnormalities in hamsters. 

INDENO(1,2,3-CD)PYRENE 

Little infomation was found on the toxicity of indeno(l,2,3-cd)pyrene. Because of its structural similarity its 
properties should resemble benzo(a)pyrene. 

Carcinoaenicity 

A Clement’s relative potency factor (RFP) has been developed for indeno(l,2,3cd)pyrene. This allows the 
estimation of CSFs of 7.3E-01 and 6.1E-01 per mglkglday for the oral and inhalation routes respectively. 
The EPA (1995a) has classified indeno(l,2,3cd)pyrene in cancer weight-of-evidence Group B2 (Probable 
Human Carcinogen, sufficient evidence of carcinogenicity in animals with inadequate or lack of evlidence in 
humans) based on tumors in mice following lung implants. 

5.8 POLYCHLORINATED BIPHENYLS 

Epidemiologic studies of women in the United States associated oral PCB exposure with low birth weight or 
retarded musculoskeletal or neurobehavioral development of their infants (ATSDR 1991). Oral studies in 
animals established the liver as the target organ in all species, and the thyroid as an additional target organ in 
the rat. Effects observed in monkeys included gastritis, anemia, chloracne-like dermatitis, and 
immunosuppression. Oral treatment of animals induced developmental effects, including retarded 
neurobehavioral and learning development in monkeys. An oral RfD of 0.07 uglkglday was presented for 
Arochlor-1076. A chronic RR) of O.O2ug/kg/day derived from a LOAEL of 0.005 mg/kg/day based on a 5-year 
study with monkeys was presented for Arochlor-1254 (EPA 1995a) and a subchronic oral RfD of 
O.O5ug/kg/day with an uncertainty factor of 100 (EPA 1995b). The target organ was the immune system. 
Occupational exposure to PCBs was associated with upper respiratory tract and ocular irritation, loss of 
appetite, liver enlargement, increased serum concentrations of liver enzymes, skin irritation, rashes and 
chloracne, and, in heavily exposed female workers, decreased birth weight of their infants (ATSDR 1991). 
Concurrent exposure to other chemicals confounded the interpretation of the occupational exposure studies. 
Laboratory animals exposed by inhalation to Aroclor-1254 vapors exhibited moderate liver degeneration, 

decreased body weight gain and slight renal tubular degeneration. Neither subchronic nor chronic inhalation 
RfC values were available. 

Target organs for PCBs include the skin, liver, fetus, and neonate. 

Carcinoaenicitv 

The EPA (19956) classifies the PCBs as EPA cancer weight-of-evidence Group B2 substances (probable 
human carcinogens), based on inadequate data in humans and sufficient data in animals. The hurman data 
consist of several epidemiologic occupational and accidental oral exposure studies with serious limitations, 
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including poorly quantified concentrations of PCBs and durations of exposure, and probable exposures to 
other potential carcinogens. 

The animal data consist of several oral studies in rats and mice with various aroclors, kanechlors, or 
clophens (commercial PCB mixtures manufactured in the United States, Japan and Germany, respectively) 
that reported increased incidence of liver tumors in both species (EPA 1995a). 

The EPA (1995a) presents a verified oral slope factor of 7.7 per mg/kg/day for all PCBs based on liver tumors 
in rats treated with Aroclor-1260. 

J.9 TETRACHLORODIBENZODIOXIN (2,3,7,8-TCDD, DIOXINSIFURANS) 

EPA (1995b) established an oral and inhalation slope factor of 15E+05 based on respiratory and liver tumors 
in rats. An absorption factor of 0.75 is used to calculate the unit risk from the oral slope factor. Other 
dioxin/furan congeners have equivalency factors (toxicity based on 2,3,7,8-TCDD) that are presented in 
Section 2. 

J.10 THALLIUM 

Thallium is highly toxic; acute ingestion by humans or laboratory animals induced gastroenteritis, 
neurological dysfunction, and renal and liver damage (Kazantzis, 1986). Chronic ingestion of more 
moderate doses characteristically caused alopecia. Thallium was used medicinally to induce alopecia in 
cases of ringworm of the scalp, sometimes with disastrous results. In industrial (inhalation, oral, dermal) 
exposure, neurologic signs preceded alopecia, suggesting that the nervous system is more sensitive than 
the hair follicle. The EPA (March 1994) presented verified chronic oral RfD values for several thallium 
compounds (thallium acetate, thallium acetate, thallium carbonate, thallium chloride, thallium nitrate, 
thallium sulfate, and thallic oxide) based on increased incidence of alopecia and increased serum levels of 
liver enzymes indicative of hepatocellular damage in rats treated with thallium sulfate for 90 days. An oral 
RfD for thallium alone was not located. That for thallium sulfate is 8.00E-05 (EPA 1996), based on a lack 
of effects from an oral subchronic study in which rats received 0.25 mg/kg/day. The uncertainty factor 
was 3000 and the confidence level was low. 

Several thallium compounds (thallic oxide, thallium acetate, thallium carbonate, thallium chloride, thallium 
nitrate, thallium sulfate) were classified as cancer weight-of-evidence Group D substances (not classifiable 
as to carcinogenic&y to humans) (EPA, 1994~). No weight-of-evidence classification was located for 
thallium alone. 



J.ll VANADIUM 

Noncancer Toxicity 

The oral toxicity of vanadium compounds to humans is very low (Lagerkvist et al. 1986) probably because 
little vanadium is absorbed from the GI tract. Effects in humans exposed by inhalation include upper and 
lower respiratory tract irritation. A provisional subchronic and chronic oral RfD of 0.007 mglkglday was 
derived from a NOEL of 5 ppm in rats in a lifetime drinking water study with an uncertainty factor of ‘100 (EPA 
1995b). A target organ could not be identified for oral exposure. The respiratory tract is the target organ for 
inhalation exposure. 

Carcinoaenicity 

No information was located regarding the carcinogenicity of vanadium. 

5.12 ZINC 

Pharmacokinetics 

Zinc is a nutritionally required trace element. Estimates of the efficiency of GI absorption of zinc in animals 
range from 40 to 90 percent (Elinder 1986). Estimates in normal humans range from approximately 20 to 
77 percent (Elinder 1986; Goyer 1991). The net absorption of zinc appears to be homeostatically controlled, 
but it is unclear whether GI absorption, intestinal secretion, or both are regulated. Distribution of absorbed 
zinc is primarily to the liver (Goyer 1991), with subsequent redistribution to bone, muscle, and kidney (Elinder 
1986). Highest tissue concentrations are found in the prostate. Excretion appears to be principally through 
the feces, in part from biliary secretion, but the relative importance of fecal and urinary excretion is, species- 
dependent. The half-life of zinc absorbed from the GI tracts of humans in normal zinc homeostasis is 
approximately 162 to 500 days. 

Humans exposed to high concentrations of aerosols of zinc compounds may experience severe pulmonary 
damage and death (Elinder 1986). The usual occupational exposure is to freshly formed fumes of zinc, 
which can induce a reversible syndrome known as metal fume fever. Orally, zinc exhibits a low order of 
acute toxicity. Animals dosed with 100 times dietary requirement showed no evidence of toxicity (Goyer 
1991). In humans, acute poisoning from foods or beverages prepared in galvanized containers is 
characterized by GI upset (Elinder 1986). Chronic oral toxicity in animals is associated with poor growth, GI 
inflammation, arthritis, lameness, and a microcytic, hypochromic anemia (Elinder 1986) possibly secondary 
to copper deficiency (Underwood 1977). The EPA (1995b) presented a verified RfD of 0.3 mg/kg/day for 
chronic oral exposure to zinc, based on anemia in humans. 

Carcinoaenicitv 

The EPA (1995a) classifies zinc in cancer weight-of-evidence Group D (not classifiable as to carcinogenicky 
to humans) based on inadequate evidence for carcinogenicity in humans and animals. The human data 
consist largely of occupational exposure studies not designed to detect a carcinogenic response, and of 
reports that prostatic zinc concentrations were lower in cancerous than in noncancerous tissue. The animal 
data consist of several dietary, drinking water, and zinc injection studies, none of which provided convincing 
data for a carcinogenic response. 
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Mr. Lonnie Monaco 
Naval Facilities Engineering Command (NAVFACENGCOM) 
Northern Division 
Environmental Contracts Branch, Mail Stop No. 82 
10 Industrial Highway 
Lester, Pennsylvania 19113 

Reference: CLEAN Contract No. N624272-D-1298 
Contract Task Order (CTO) No. 291 

Subject: Final Supplemental Sampling and Analysis Plan 
Site 5 and Suspected Trench Area Investigation 
Naval Air Warfare Center (NAWC) Warminster, Pennsylvania 

Dear Mr. Monaco: 

This sampling and analysis plan (SAP) addresses additional soil investigations and sampling for 
the Site 5 area. This final plan reflects changes made to the previous draft and proposed SAPS 
submitted in June 1998 and August 1999 (C-51-6-8-54 and C-51-8-9-10). Revisions have been 
made to those previous plans in response to comments received from EPA dated August 25, 
1999 and as discussed in a teleconference with Darius Ostrauskas and you on November 16, 
1999. Those previous plans present the background and history of the Site 5 area. 

Subsurface Soil Samplina and Analvsis 

Sampling locations are shown in Figure 1. Actual sample locations may vary slightly due to the 
presence of obstructions including utilities, trees, shrubs, etc. The sampling locations shown on 
Figure 1 are the minimum number of locations where subsurface samples will be taken. If 
evidence of waste is encountered in borings that are thought to coincide with the end of the trench 
and/or waste disposal areas, additional borings will be advanced along the axis of the suspected 
area until the apparent end of the waste area has been established. These additional sampling 
locations will be spaced 10 to 20 feet from the previous sampling location until no evidence of 
waste is noted. 

Borings will be advanced in each of the subsurface soil sampling locations. Continuous split 
spoon sampling, with spoon retrieval every 2 feet, will be conducted at each location. Each boring 
will be advanced to bedrock or refusal. At least one sample will be collected from each boring. 
Split spoon samples will be visually inspected, logged, and monitored with a Photoionization 
Detector (PID). If a waste layer is noted within the boring, a sample will be collected from the 
waste layer and the soil immediately below the waste layer. If PID readings of 25 parts per million 
(ppm) above background are encountered, an additional sample will be collected from that depth. 
If no evidence of waste material is encountered, a sample will be collected at the mid-depth range 
between the ground surface and bedrock. 
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All samples will be analyzed for target compound list (TCL) volatile organics, semivolatile 
organics, pesticides, PCBs, target analyte list (TAL) metals, and hexavalent chromium. 

Surface Soil Sampling and Analvsis 

Sampling locations are shown in Figure 1. Those sampling locations that coincide with 
subsurface samples may vary based on the need to relocate subsurface sampling locations as 
indicated above. All samples will be collected from within 2 feet of the ground surface. In areas 
that are covered with pavement or have recently received topsoil (some areas were re-graded 
and/or repaired after recent flooding) the sample will be collected within the 18-inch soil horizon 
immediately below the cover material. All samples will be analyzed for TCL volatile organic% 
semivolatile organic& pesticides, PCBs, TAL metals, and hexavalent chromium. 

Terta Tech NUS (TtNUS) anticipates conducting this work early in Decembe- 199b. If yc?’ h--*n 
any questions or comments or if this plan does not accurately reflect the agreementc __ 
durina the November 16, 1999 teleconference please contact me. 

GG/ejc 

c: Tom Ames (NAVFACENGCOM) 
Mike Fohner (NAVFACENGCOM) 
Darius Ostrauskas (EPA Region Ill) 
April Flipse (PADEP) 
Neil Teamerson (TtNUS) 
Jeff Orient (TtNUS) 
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APPENDIX J 

DERMAL DERlVAllONS FOR EXPOSURE ASSESSMENT 

NAWC WARMINSTER PENNSYLVANlA 
NOTE: BOLDED VALUES WERE SELECTED FOR USE IN THE TABLE 4’S 

I 

wale Female Avg. Male FMM1e Avg. %TotalsA %TotalSA x Total SA % Total SA % Total SA 
BOdY 

: 
Body Bodv Face Forearms H8ndr Feel 

AGE Wt.(Vkg wt. (1) kg 

Lower Legs 
Wt. kg &tin* cr;i? (IfZrn’ (2) ml (12) (W” W) 

l-2 11.8 10.8 - 

520 
3.7 5.7825 5.89 9.04 6.865 

.2-3 13.6 13.0 .. 6030 _. : 3.5 5.6025 5.15 9.2 6.885 
3-l 15.7 14.9 3.4 6.2325 5.885 10.26 7.305 
4-s 17.8 17.0 2.9 6.0975 5.6 10.58 
54 19.8 19.6 2.9 6.0975 5.6 10.58 
6.7 23.0 1 

1 
22.1 3.6 6.0525 

1 through 

1 4.955 10.98 
6 yr 16.6 7213, .I 3.367 5.978 1 5.513 10.107 

Avg. SA SA SA SA SA 

c$ln~ 
Face Faaams 

cm& 
Hands Feet 

AGE cm’ cm’ 
LowwLega 

cm’ cm’ 

Adult Male .194oc.. 429 1310 sso 2560 1310 
Adult Female 16sQo 366.3 1035 817 2180 

3 

1140 

Avenge Adult : 18150 1 397.65 1172.5 903.5 2370 
1225 

I ADHERENCE FACTORS (1). SOIL 

F8CS Forearms Hands Lower Legs 7 

Residential Child (Daycan Kids) NA - .0.023 0.092 .. a.02 i 0.065 
ResIderdial Adult (Gardeners No. 2) : ‘a,047 : 0054 O..W w22-. 0.26 : 

lndustrlal Worker (Utllily Workers No. 1 and 2) .O.l : 0.25. 0.295 M NA 

1 SURFACE AREA l ADHERENCE FACTOR (1) -SOIL 
FlCe Forearms HarIds 

RssidentialChikI M ] 9.92 

Reaidsntlal Adult :-l&69 1. 6332 

36.69 : 14.58.. 

162.33 : 
Industrial Workerl 3g.n 1 -293.13 266.S3 

(1) EPA, 1997. Exposure Factors Handbook. Update to Exposure Factors Handbook. EPA/600/889/W3 - May 1989. Offce of Research and Development. 

(7’ =DA 1985. Development of Statistical Distributions or Ranges of Standard Factors Used in Exposure Assessments. EPA16C0&S5/010. Office of Research and Develcpment 
,P-: 4 33. Perc6nt of Total Body Surface Areas or Parts by Sex and Age of Japanese Students. 

I .2) Percent Surface Area is an Average of EPA (1997) and EPA (1965) vakms 
* = , uI earms for Children are estimated from the assumption that the ratio of foream\ to arm in a ChU is the same as the ratio in an adult (Approx = 45%; EPA 1997). 
” = Lower Legs for children are estimated from the assumption that the ratio of lower leg to b in a child is the same as the r&ii in an adult (Approx = 40%; EPA, 1997). 
- = Assumed to be 33% of head. 
NA = Not Available 





!I>! OF ToXlClTY REFERENCE VALUES (TRVs) 

NOAEL TRV data from Sample et al. (1996). Dashed line 

EC& 
~. ._. ~~~. _.-_ - --.-~ -.... Rnecoo”* 

Acenaphthene 0.29 _.... .~___ . 
Alpha chlordane I.3 

Anthracene 

Aroclor 1260 ..~ ~. --_. ..- .~ ..-- .___ -.-~ _.__ 
Benz(a)anthracene _- .~ ~... .~~~ _.___ 
Benzo(a)pyrene 

Benzo(b)fluoranthene 

&o(g.h,i)petylene 

Beryllium 

bis(Z-Ethylhexyl)phthhalate 

Butylbenzylphthalate 

NA 

2.1 

NA - ..--- -~A--- .- 
2.1 Used NOAEL values for chlordane. _-. . ~~ ..___ 

~... .-.___.--_..-__ 

---.------~---_ -- .~. 

----1 

.--___ 

-_..-..---~-.- 

__- -~- 

Chromium 

_.._. ~~ 

Dieldrin 

Fluoranthene 

Fluorene 

Indeno( 1,2,3-cd)pyrene 

- 

-__ -____ -I_-- 

_---__ - .---- 

- - ~-- _... -----..-~~ ___._ ~.__.___ 

-~--~-..-.. 

_ _.-.. _.-- _.. 
n-nitrasodiphenylamine 

---- 

Vanadium 

K-l 



COPC 

COPC 
Assumption : l Concentration of COFC in food items is equal to concentration in soil or sediment 

K-2 
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FOOD WEB MODEL FOR THE MARSH WREN 

Marsh wren 

Body Weight 0.0161000 kg 

Food Ingestion Rate 0.0036000 kg/day 

Water Ingestion Rate 0.0000000 L/day 

Soil Ingestion Rate 0.0000000 kg/day 

Maximum Concentrations 

II I I Food I I 1 

I t 

Benzo(g,h,i)peqkne 7 I I 0 

0 

I 

p-.,,A.. I ORR I t 

k-“A-:..... I 19 1 0 1 

_~“a&“... I 

:bromium ! 18.3 I 0 1 II 
** n I 5.6 

ihrysene >.o I 
Copper 59.5 ;; 5<9.5 1 13.3 

DDE 0.024 0 0.1 

DDT 0.43 0 0.43 

Dieldrin 0.013 0 0.013 

CI..^-^rll.-"n 11 0 I 17 . . 

1 ,“YllYl”lrlml 
_. J 

Fluorene 0.6 0 0.6 0.134 NA NA 

Indeno(l,2,3-cd)pyxne 2.4 0 2.4 0.537 NA NA 

Lead 168 0 168 37.565 3.85 9.76 

554 7R 0 554.78 I 114n4n I 997 I 0.12 I 

I.> 

,nal,lUlll I 0.96 0 0.96 

Vanadium 22.7 0 22.7 

Zinc I 486 0 486 

K-4 



FOOD WEB MODEL FOR THE MALLARD 

Mallard 

Body Weight 

Food Ingestion Rate 
1.1620000 kg 

0.0589050 kg/day 
Water Ingestion Rate 

Soil Ingestion Rate 
0.0000000 Uday 

0.0000000 kg/day 

Maximum Concentrations 

I Soil I Water ^ 1 Food 1 I I 

-- - 
-.- . . . . . . -“..*u,,, VW% 

Acenaphthene 0.47 , .-" 

Alpha chlordane 
I.., , “.“L., 

0.015 Anthracene 1 0 , “.“I 
1.4 I 0 I I4 * 

Aroclor 1260 1.9 
Benz(a)anthracene 

Benz04 

Benzo(b)fluoranthene I 7 I 

_. “.“I. 

0 1.9 
I 5.2 0 5.2 0.096 n*,a 

:a)pyrene 4.4 
“.LW , NA 

0 1 0.223 1 
, IYA 

..- 4.4 NA 
. , . . 0 

Benzo(g,h,i)petylene 
7.1 I n,m t 

j NA 

2 , I n*n. "2"" 
.r. 
NA 

I XT. 0 L”ft t , 
__. I \T. 

Beryllium 
2 

0.88 0 

bis(2-Ethylhexyl)phthala 
0.88 

e 18 0 
Butylbenzylphthalate 

18 
0.12 0 

Cadmium 
0.12 

, “.I“ NA , IYA 
-... 

, “.“m.l , NA 
 ̂ _^_ , 

, IYA 
.., 7.7 ” 9.9 1 U.xJL 1 NA 

0.96 
NA 

0 0.96 ' fifi.n ' 
1 

. . 1 I .I. 

11.4 I V,!U I 

14.5 1 1.70 

- ,----- Thallium 

Vanadium 

Zinc 

K-5 



FOOD WEB MODEL FOR THE GREEN HERON 

Heron 

Body Weight 
Food Ingestion Rate 
Water Ingestion Rate 
Soil Ingestion Rate 

0.2120000 kg 

0.0400000 kg/day 

0.0000000 L/day 
0.0000000 kg/day 

Maximum Concentrations 

II I Soil I Water I Food I I I I 
Contaminant 
of Potential Concern 

Acenaphthene 

Concentration Concentration Concentration Dose NOAEL NOAEL 

Msfk) @g/L) Wzfhz) Owfkfdv) @WkfW HQn 
0.47 0 0.47 0.089 NA NA 

nni5 I n nnis n nm 31 n m-l 

u “.LVt , IYA 1.Y I.7 

Arocior 1260 1.9 0 1.9 
0.358 

1 
0.18 1.99 
.1 I ITA em ,. <9 n no. n,,,/,\ rl.------ NA 1YA-l 

I 
3.L I 

u I J.L , “.I--01 , , 

I 4.4 I 0 I 4.4 1 0.830 1 NA 1 NA 

NA IYA kyllltirn 
I 

U.06 I 
u I 0.00 1 u.100 , 1 

bis(2-Ethylhexyl)phthalate I 18 ! 0 ! 18 \ 3.396 1 1.1 1 3.09 
. . \ Butylbenzylphthalate 

Cadmium ~~~...U.. 

rnrhxm-‘- 
"U. ".u.cIlG Chromium 

Chrvsene 

I 0.12 I 0 I 0.12 1 0.023 1 NA 1 NA 
n 1~9 I n ?5X I 1 Ar; 1.7d I n35 - .-- 19 “.““_ ” I 

_._ . ./ 
I I 

1, A 1 ?.lA I I 1 
1.1 I n 

" 
I 1 1 I n?nP I 

".L"" 1Yfi I.ZX 1.1 

1 3.45 18.3 0 18.3 3.453 
5.6 n 5.6 1.057 NA NA _.__ I -~ I .-- I I Copper I 59.5 I 0 I 59.5 1 11.226 1 47 1 0.24 1 , DDE 

DDT 

Dieldrin 
Fluoranthene 

Fluorene 

I 
0.024 0 0.024 0.005 0.003 1.51 
0.43 0 0.43 0.081 0.003 27.04 
0.013 0 0.013 0.002 0.077 0.03 

17 0 17 3.208 NA NA 
0.6 I) I 0.6 0.113 I NA I NA 

_ ..- 
I I 

22.7 0 22.7 4.283 11.4 0.38 
Vanadium 
Zinc 486 0 486 91.698 14.5 6.32 

K-6 
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