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EXECUTIVE SUMMARY 

Tetra Tech NUS, Inc. (TtNUS) has prepared this Remedial Investigation Summary Report for the Naval Air 

Station Joint Reserve Base (NASJRB) Willow Grove under Contract N62472-90-D-1298, Comprehensive 

Long-Term Environmental Action Navy (CLEAN). This work is part of the Navy’s Installation Restoration 

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

facilities resulting from past operations and to institute corrective measures as appropriate. 

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

assessment (PA), and the second phase consists of a site inspection (SI), The third phase is a remedial 

investigation/feasibility study (RIIFS), which is intended to characterize the physical and chemical 

parameters and risks associated with the facility. The fourth phase, if required, may include remedial action 

that is designed to control and mitigate contamination. 

The following summary provides conclusions and recommendations resulting from the Navy’s investigation 

of conditions at the NASJRB Willow Grove Site 5 environmental study site. Background historical and 

environmental setting information and a discussion of the process used to arrive at these conclusions and 

0 recommendations begin on page ES-2. 

PURPOSE AND OBJECTIVES 

The purpose of this report is to present the methods and results of the Phase II RI activities and subsequent 

investigations conducted at NASJRB Willow Grove Site 5. IRP Site 5 was previously investigated as part of 

the PA, SI, and RI processes. Initial Phase II RI field activities were conducted from March through July 

1997 in aGCOrdanCe with the Phase II RI Work Plan submitted by TtNUS in May 1997. The draft Phase II 

Report was submitted for review in April 1998. Informal comments from the United States Environmental 

Protection Agency (EPA) were addressed through a series of additional investigations conducted from 1998 

through 2000. Final field activities were conducted at Site 5 from June 2000 through October 2000 in 

accordance with the Work Plan Addendum for Site Investigation at Site 5, submitted by TtNUS in May 2000. 

This report combines the results from the draft Phase II report and previous findings for Site 5 with the results 

of the activities performed from April 1998 through October 2000. 

The RI objective was to characterize the nature and extent of contaminants at Site 5 and gain additional 

understanding of the physical parameters affecting contaminant fate and transport. The results presented in 

the final RI report summarize RI activities and provide the necessary data to evaluate human health risk and 
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This report combines the results from the draft Phase II report and previous findings for Site 5 with the results 
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understanding of the physical parameters affecting contaminant fate and transport. The results presented in 

• the final RI report summarize RI activities and provide the necessary data to evaluate human health risk and 
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ecological risk screening against current benchmark values and move into the feasibility study and/or 

remedial action phases of the RI program. • 

SITE LOCATION AND DESCRIPTION 

Naval Air Station Joint Reserve Base, Willow Grove, Pennsylvania (formerly NAS, Willow Grove) is located 

in Horsham Township, Montgomery County in southeastern Pennsylvania, approximately 15 miles north of 

the city of Philadelphia (Figure ES-1). The base occupies approximately 1,000 acres of flat to slightly rolling 

terrain and is generally bounded by State Route 611 to the east. State Route 463 to the southwest, and Keith 

VaHey Road to the north. 

The primary mission of NASJRB Willow Grove is to provide support for operations involving aviation 

activities and to train Navy reservists. NASJRB WHlow Grove supports other tenants such as the Marines, 

the Air Force, and the Almy. The base provides facilities, services, materials, and training in direct support 

of all assigned units. These units include antisubmarine warfare squadrons, a helicopter squadron, a fleet 

logistic support squadron, and other Navy and Marine units. The Willow Grove Air Reserve Station (ARS) 

occupies approximately 162 acres of land in the northeastern section of the NASJRB and shares common 

facilities with the NASJRB. 

The four sites included within the scope of the IRP are two landfill areas [Antenna Field landfill (Site 2) and 

Ninth Street Landfill (Site 3)], a waste transfer station [Privet Road Compound Site (Site 1 H, and a former fire 

protection training area [Fire Training Area (Site 5)]. The relative iocations of the sites are shown on Figure 

ES-2. Activities potentially resulting in site contamination occurred at different time periods between 1942 

(the first Fire Training Area exercises) and 1975 (last use). 

SITE 5 - THE FIRE TRAINING AREA 

The Fire Training Area is located in the south-central portion of the Nava! Air Station, approximately midway 

between Runway 10/28 and State Route 463. The site is located south of Taxiway Juliet and covers an 

irregularly shaped area of approximately 1.25 acres. The training area was used from 1942 to 1975 for 

large-scale fire fighting exercises, which included the disposal and buming of flammable liquid wastes 

generated by the Naval Air Station. Wastes including solvents, paint chemicals, xylenes, toluene, and 

various petroleum compounds were consumed at tile rate of at least 4,000 gallons per year in these fire 

fighting exercises (EA, May 1990). The area was also reportedly used for drum storage of these flammable 

materials during the periods between burning exercises. 
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The Fire Training Area is primarily covered by grasses with some woody and brushy vegetation present 

within the southern portion of the area, The burn area is located in the south-central portion of the site. Two 

small ponds are immediately south of the former burning area. 

Topography and Surface Water Hydrology 

The ground surface in the vicinity of the Fire Training Area slopes toward the south at a grade of 

approximately two percent. Runoff during normal precipitation events should be minimized by the relatively 

gentle slope and the abundant vegetation, which serves to decrease runoff velocity and increase infiltration. 

Two small ponds are located within 100 feet of the site in the downslope direction. The two small ponds do 

not always contain water and tend to dry out. 

Based on the local topography, any runoff from the site area may be expected to flow off base through a 

small intermittent drainage that crosses the base boundary approximately 2,000 feet south of the Fire 

Training Area. This drainage, which also carries runoff from the Antenna Field Landfill, flows into Pennypack 

Creek approximately 3,000 feet from the base property line. 

Groundwater Flow Patterns -..“-.l”“~.,,“_II 

The sandstones, shales, and conglomerates of the Triassic Basin are relatively good water-bearing 

formations They generally yield abundant supplies to wells (Hall, 1934). The groundwater ranges from soft 

to hard, and the average hardness is greater than that of most other formations in southeastern 

Pennsylvania. 

The major source of groundwater in the vicinity of NASJRB Willow Grove is the fractured bedrock of the 

Stockton Formation (Earth Data incorporated, 1985). These rocks form a multi-aquifer system of relatively 

discrete water-bearing zones separated by less permeable zones. Transmissivity and groundwater 

movement within water-bearing zones are greater parallel to bedding than across bedding. Groundwater 

can generally be found between 5 and 25 feet below ground surface (bgs). 

The former fire training area is situated atop a southwest-northeast-trending ridge that is the highest 

topographic feature within the region. This ridge serves as a divide for the regional surface water bodies 

(watershed divide); surface water to the north of the divide flows toward the Little Neshaminy Creek, and 

surface water to the south of the divide flows toward the Pennypack Creek. A USGS interpretation of a 

regional groundwater study indicates that the regional groundwater divide trends southwest-to-northeast in 

the vicinity of Site 5 and passes directly beneath the Fire Training Area. 

NAVYl5466/Site5RIIExecSUMMARY 
ES-5 

• 

• 

• 

The Fire Training Area is primarily covered by grasses, with some woody and brushy vegetation present 

within the southern portion of the area. The burn area is located in the south-central portion of the site. Two 

small ponds are immediately south of the former burning area. 

Topography and Surface Water Hydrology: 

The ground surface in the vicinity of the Fire Training Area slopes toward the south at a grade of 

approximately two percent. Runoff during normal precipitation events should be minimized by the relatively 

gentle slope and the abundant vegetation, which serves to decrease runoff velocity and increase infiltration. 

Two small ponds are located within 100 feet of the site in the downslope direction. The two small ponds do 

not always contain water and tend to dry out. 

Based on the local topography, any runoff from the site area may be expected to flow off base through a 

small intermittent drainage that crosses the base boundary approximately 2,000 feet south of the Fire 

Training Area. This drainage, which also carries runoff from the Antenna Field Landfill, flows into Pennypack 

Creek approximately 3,000 feet from the base property line. 

Groundwater Flow Patterns 

The sandstones, shales, and conglomerates of the Triassic Basin are relatively good water-bearing 

formations. They generally yield abundant supplies to wells (Hall, 1934). The groundwater ranges from soft 

to hard, and the average hardness is greater than that of most other formations in southeastern 

Pennsylvania. 

The major source of groundwater in the vicinity of NASJRB Willow Grove is the fractured bedrock of the 

Stockton Formation (Earth Data Incorporated, 1985). These rocks form a multi-aquifer system of relatively 

discrete water-bearing zones separated by less permeable zones. Transmissivity and groundwater 

movement within water-bearing zones are greater parallel to bedding than across bedding. Groundwater 

can generally be found between 5 and 25 feet below ground surface (bgs). 

The former fire training area is situated atop a southwest-northeast-trending ridge that is the highest 

topographic feature within the region. This ridge serves as a divide for the regional surface water bodies 

(watershed divide); surface water to the north of the divide flows toward the Little Neshaminy Creek, and 

surface water to the south of the divide flows toward the Pennypack Creek. A USGS interpretation of a 

regional groundwater study indicates that the regional groundwater divide trends southwest-to-northeast in 

the vicinity of Site 5 and passes directly beneath the Fire Training Area. 
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Soils 

Soils observed at the NASJRB Willow Grove during current and previous RI fieldwork ranged from 4 feet to 

more than 15 feet in thickness, Generally, the soils included brown, yellowish-brown. reddish-brown, and 

orange mixtures of silt. clay, and sand with finer-grained materials dominant. 

The Soil Survey of Montgomery County (United States Department of Agriculture, 1967) indicates that five 

major soil series are mapped within the boundaries of the four RI sites, The soil series inc!ude the Lansdale, 

Lawrencevil!e, Cha!font, and Readington silt loams and the lansdale loam. Minor areas of other soil series, 

composed chiefly of silt loam materials, are developed in smai!, low-lying areas, In general, these soils have 

a moderate to slow permeability that encourages rapid runoff during normal precipitation events. 

Most of the soii within the boundaries of the air station has been disturbed, In addition, large areas have 

been filled with shale and sandstone mixed earth materials, These soils, known as made land, vary widely in 

depth and drainage potential. 

The geologic interpretation of the Fire Training Area is based on the subsurface data (boring logs and 

geophysical logs) obtained during site investigations. These data indicate that the local geology beneath this 

site is generally consistent with the regional geology. 

NASJRB Willow Grove is located within the Triassic Basin of southeastern Pennsylvania, The bedrock 

underlying the NASJRB consists of the middle arkose member of the Late Triassic age Stocy;ton Formation, 

The Stockton Formation locally is about 5,000 feet thick and is unconformably underlain by Ordovician to 

PreCambrian age basement rocks, Current and previous environmental investigations indicate that the top 

of bedrock at the air station is generally found in the range of 5 feet to 25 feet bgs, 

The numerous soil borings encountered a variably thick overburden section underlain by weathered siltstone 

and sandstone, The overburden generally consisted of silty clay and clay, with minor amounts of silty sand, 

The thickness of the overburden (or the depth to the top of the weathered bedrock) ranged from 9 to i 8 feet. 

The maximum depth of the monitoring well boreholes at Site 5 is 261 feet (the monitoring wells generally are 

shallower than tile total depth of the borehole because the boreholes typically were backfilled in order to 

• 

• 

screen the most significant water-bearing zone, which was not necessarily at the bottom of the borehole). • 
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The bedrock to this depth typically consisted of alternating sequences of siltstone and sandstone. Thin but 

laterally consistent beds of mudstone and claystone were encountered within the lower portions of the 

penetrated section. In general, the bedrock beneath this site was characterized by its predominantly coarse- 

grained lithology. 

Meteorology 

NASJRB Willow Grove is located about 70 miles west of the Atlantic Ocean, which tends to have a 

moderating effect on temperatures Normal minimum and maximum daily temperatures range from 24°F in 

February to 86OF in July. The average annual rainfall is 44.5 inches. The average annual snowfall is 21.5 

inches. Precipitation is fairly evenly distributed throughout the year, with an increase in rainfall during the 

summer months. Average annual and extreme frost penetrations are 20 inches and 30 inches, respectively. 

Mean annual relative humidity ranges from 54 percent in the early afternoon to 78 percent before dawn The 

mean annual Class A Pan Evaporation is about 42 inches per year. The prevailing wind direction at the base 

is southwesterly during the summer and northwesterly during the winter. The mean annual wind speed and 

direction are approximately 9 miles per hour from the west-northwest. 

The natural environment at NASJRB Willow Grove has been altered by development ever since the facility 

was first commissioned in 1942 as an airport. Buildings and paved roadways are concentrated mainly in the 

eastern portion of the facility. Due to the development on the base, the land has not retained a natural 

vegetation cover. The vegetative communities that remain are limited and generally include lawn areas 

maintained by activity personnel, old field, immature forest, and wetland. 

Except for old field scrub/shrub, maintained grassy field is probably the most common vegetative cover at the 

base. Most of this habitat is located west of the runways. Wooded areas occur mainly along the western 

boundary of the activity and serve as a buffer between the Activity and residences along Route 643 and the 

neighboring golf course/commercial complex. Wetland habitat is rare within the base area. According to the 

National Wetlands Inventory map of this area (United States Department of Interior, undated), five wetlands 

exist on the base. Two small ponds near the southeastern corner of the base are classified as palustrine, 

open water, intermittently exposed, excavated wetlands. Two small (man-made) ponds (approximately 80 

feet long by 20 feet wide) are present at the central area of Site 5 (Fire Training Area). These small ponds 

are not mapped as wetlands but have become established with marsh grasses and sedges. 
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eastern portion of the facility. Due to the development on the base, the land has not retained a natural 

vegetation cover. The vegetative communities that remain are limited and generally include lawn areas 

maintained by activity personnel, old field, immature forest, and wetland. 

Except for old field scrub/shrub, maintained grassy field is probably the most common vegetative cover at the 

base. Most of this habitat is located west of the runways. Wooded areas occur mainly along the western 

boundary of the activity and serve as a buffer between the Activity and residences along Route 643 and the 

neighboring golf course/commercial complex. Wetland habitat is rare within the base area. According to the 

National Wetlands Inventory map of this area (United States Department of Interior, undated), five wetlands 

exist on the base. Two small ponds near the southeastern corner of the base are classified as palustrine, 

open water, intermittently exposed, excavated wetlands. Two small (man-made) ponds (approximately 80 

feet long by 20 feet wide) are present at the central area of Site 5 (Fire Training Area). These small ponds 

are not mapped as wetlands but have become established with marsh grasses and sedges, 
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COMPARISON TO BACKGROUND 

Compounds of potentia! concern (COPe) selection is based on a series of statistical tests and 

comparison to background samples. Background samples were collected in and around N/\8JRB Willow 

Grove from media similar in characteristics to on-site samples but from areas outside the known or 

suspected areas of influence of the sites. Site sampling data were compared to background to determine 

if contaminants are elevated at a site. 

COMPARISON TO ARARs and TBCs 

All data were evaluated by comparison to applicable or relevant and appropriate requirements (ARARs) or 

criteria to be considered (TBCs), The following ARARs and TBCs were used in this evaluation: 

• Surface and subsurface soils: 

- Risk-based concentration (RBG) for residential soil ingestion 

- RBC for industrial soH ingestion 

- Pennsylvania Department of Environmental Protection (PADEP) soil residential direct 

contact Medium Specific Concentration (MSC) 

- PADEP soil nOll-residential MSC 

• Surface water: 

- Ambient Water Quality Criterion (AWQC) freshwater aquatic life 

- AWQC ingestion of water and fish 

- PADEP Water Quality Criteria (WOC); continuous concentrations 

- PADEP WQC; human health criteria 

• Sediment 

- Sediment ecological toxicity threshold values 

• Groundwater 

- Maximum Contaminant Leve! (MCl) 

- Drinking water health advisory 

- PA.DEP groundwater MSC 

- RBC for tap water consumption 
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HUMAN HEALTH RISK ASSESSMENT 

e The human health risk assessment was performed to estimate the actual or potential risks to human 

health resulting from the presence of contamination in surface soil, subsurface soil, sediment, 

groundwater, and surface water and to provide the basis for determining the need for remedial measures. 

Three major aspects of chemical contamination must be considered when assessing public health risks: 

contaminants with toxic characteristics must be found in environmental media and must be released by 

either natural processes or by human action: 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 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, 

The risk assessment estimated the potential for human health risk attributable to each NASJRB Willow 

Grove site. The risk assessment process used at NASJRB Willow Grove was in accordance with current 

EPA risk assessment guidance and was performed according to methods established in the NASJRB 

Willow Grove Work RI Work Plan (1997), which was reviewed and approved by EPA Region III and the 

PADEP. 

(I) Potential Receptors 

The receptors chosen for the sites at NASJRB Willow Grove are presented in this section. All of the 

receptors listed below are applicable to every site because all selected media were sampled at each site. 

A full discussion of the assumptions and procedures used in human health risk assessment can be found 

in Section 3.1 of this report. 

The current exposure scenarios applied are as follows: 

. Occupational Worker - The full-time on-site worker is an adult who works at NASJRB 

Willow Grove year round. This receptor is potentially exposed to COPCs in surface soil 

via ingestion, dermal contact, and inhalation. 

. Adolescent and Adult Trespasser - A trespasser is an adult or adolescent who trespasses 

at NASJRB Willow Grove. These receptors are potentially exposed to COPCs in surface 

soil via ingestion, dermal contact, and inhalation and to COPCs in surface water via 

ingestion and dermal contact. Cancer and non-cancer risks were estimated separately 
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receptors listed below are applicable to every site because all selected media were sampled at each site. 

A full discussion of the assumptions and procedures used in human health risk assessment can be found 

in Section 3.1 of this report. 

The current exposure scenarios applied are as follows: 

• Occupational Worker - The fUll-time on-site worker is an adult who works at NASJRB 

Willow Grove year round. This receptor is potentially exposed to COPCs in surface soil 

via ingestion, dermal contact, and inhalation. 

• Adolescent and Adult Trespasser - A trespasser is an adult or adolescent who trespasses 

at NASJRB Willow Grove. These receptors are potentially exposed to COPCs in surface 

soil via ingestion, dermal contact, and inhalation and to COPCs in surface water via 

ingestion and dermal contact. Cancer and non-cancer risks were estimated separately 
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for adolescent and adult trespassers, 

Future exposure scenarios are as follows: 

• Future Excavation Worker - A future excavation worker is an adult who is assumed to 

work at NASJRB Willow Grove in the future during any type of excavation activity, This 

receptor is potentially exposed to copes in surface and subsuliace soH via ingestion, 

dermal contact. and inhalation, AdditionaHy, this receptor is potentially exposed to VOCs 

in shallow groundwater via inhalation, 

• Future Resident - A future resident is a person who will live in a residence at or near 

NASJRB Willow Grove in a hypothetical future scenario, This receptor resides at a 

residence as a child (from age 0 to 6 years) and as an adult (for 24 years exposure 

duration), This receptor is potentially exposed to copes in groundwater via ingestion, 

derma! contact. and inhalation (adult resident only) and to copes in surface soil via 

ingestion, dermal contact, and inhalation. Non-cancer risks will be estimated separately 

for child and adult; cancer risks are considered cumulative (risks are summed over child 

and adult periods of exposure), Potential exposure to subsurface soils following real 

estate development wi!! be discussed qualitatively, 

• Future Child Recreational Receptor - A future recreational receptor is a child who 

participates in recreational activities at NASJRB Willow Grove in a hypothetical future 

scenario, This receptor is potentially exposed to surface soil via ingestion, dermal 

contact, and inhalation and to surface water and sediment via ingestion and derma! 

contact 

Exposure Routes by Medium 

There are five environmental media at NASJRB Willow Grove through which potential receptors (see 

previous section) can be either directly or indirectly exposed to site-related COPCs: surface soil, 

subsuliace soil, sediment surface water, and groundwater, Potential exposure routes include ingestion, 

dermal contact, and inhalation, 

ECOLOGICAL RISK ASSESSMENT 

Ecological receptors at NASJRB Willow Grove may be at risk from contaminants associated with Site 5. 

Accordingly, an ecological risk assessment (ERA) was performed to characterize the potential risks from 
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site-related contaminants to ecological receptors that inhabit the installation, This section provides an outline 

of the approach that was taken to assess the impacts of site contamination on ecological receptors and the 

habitats that support these organisms. This assessment followed a two-step process, as follows: 

Step 1: Preliminary Problem Formulation and Ecological Effects Evaluation 

l Preliminary Problem Formulation - This first phase of an ERA discusses the goals, breadth, 

and focus of the assessment. It includes general descriptions of NASJRB Willow Grove 

sites, with emphasis on the habitats and ecological receptors present. This phase also 

involves characterization of site contaminants, contaminant sources, migration routes, and 

an evaluation of routes of contaminant exposure. Assessment and measurement endpoints 

that will be evaluated are also selected. Finally, a conceptual model is developed that 

describes how contaminants associated with Site 5 may come into contact with ecological 

receptors. 

. Preliminary Ecological Effects Evaluation - In this component, medium-specific ecological 

benchmarks for each potential contaminant of concern (PCOC, 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 

. Preliminary Exposure Estimate - This portion of the ERA includes identification of 

contaminant concentration data used to represent ecological exposure in various media and 

the selection of exposure point concentrations from the data. 

. Preliminary Risk Calculation - In this step, exposure point concentrations are compared to 

screening levels in order to characterize potential risks to ecological receptors of concern, 

Analytes found to pose potential risk after these comparisons are selected as ecological 

COPCS. 

When these two steps are completed, the results are interpreted and the uncertainties associated with the 

ERA are addressed. The process follows the ERA approach in EPA guidance (EPA, 1997) which was the 

basis for the ERA methodology. Furthermore, the ERA was conducted in accordance with EPA Region Ill 

BTAG ERA guidelines (EPA, 1994) other ERA guidance documents (EPA, 1992; Wentsel et al., 1996) and 

recent publications (Suter, 1993; Calabrese and Baldwin, 1993). Due to the potential complexity of ERAS, 
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site-related contaminants to ecological receptors that inhabit the installation. This section provides an outline 

of the approach that was taken to assess the impacts of site contamination on ecological receptors and the 

habitats that support these organisms. This assessment followed a two-step process, as follows: 

Step 1: Preliminary Problem Formulation and Ecological Effects Evaluation 

• Preliminary Problem Formulation - This first phase of an ERA discusses the goals, breadth, 

and focus of the assessment. It includes general descriptions of NASJRB Willow Grove 

sites, with emphasis on the habitats and ecological receptors present. This phase also 

involves characterization of site contaminants, contaminant sources, migration routes, and 

an evaluation of routes of contaminant exposure. Assessment and measurement endpoints 

that will be evaluated are also selected. Finally, a conceptual model is developed that 

describes how contaminants associated with Site 5 may come into contact with ecological 

receptors. 

• Preliminary Ecological Effects Evaluation - In this component, medium-specific ecological 

benchmarks for each potential contaminant of concern (PCOC, 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 

• Preliminary Exposure Estimate - This portion of the ERA includes identification of 

contaminant concentration data used to represent ecological exposure in various media and 

the selection of exposure point concentrations from the data. 

• Preliminary Risk Calculation - In this step, exposure pOint concentrations are compared to 

screening levels in order to characterize potential risks to ecological receptors of concern. 

Analytes found to pose potential risk after these comparisons are selected as ecological 

COPCs. 

When these two steps are completed, the results are interpreted and the uncertainties associated with the 

ERA are addressed. The process follows the ERA approach in EPA guidance (EPA, 1997), which was the 

basis for the ERA methodology. Furthermore, the ERA was conducted in accordance with EPA Region Ifl 

BTAG ERA guidelines (EPA, 1994), other ERA guidance documents (EPA, 1992; Wentsel et aI., 1996), and 

recent publications (Suter, 1993; Calabrese and Baldwin, 1993). Due to the potential complexity of ERAs, 
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they are often conducted using a tiered approach and punctuated with Scientific/Management Decision 

Points, 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 manneL 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, 1994). 

DISCUSSION OF RESULTS AT SITE 5 - FIRE TRAINING AREA 

The principal contaminants associated with Site 5 are VOCs in groundwater, polycyclic aromatic 

hydrocarbons (PAHs) in soils and sediments, and PCBs in soits. Pesticides were detected in sediment 

samples but do not appear to be site related. Sample locations are presented in Figure ES-3. 

Consistent with EPA guidelines, the "reasonable anticipated future land use" exposure scenario is 

Occupational Worker. Under the current occupational worker exposure scenario, the human health fisk 

assessment estimated that carcinogenic risks are within the EPA's acceptable range for aU media. Also, 

there is no estimated human health noncarcinogenic risk [Hazard Index (HI)] greater than 1 for tllis 

exposure scenario. The result of the human health risk assessment found that the site does not pose a 

threat to current or reasonably anticipated future human receptors, However, ecological risk screening 

concluded that risks from surface soils may be a concern, and other issues or guidelines in law must be 

considered, as discussed by medium below. 

Soils 

No further action is recommended. 

PAHs identified in soils (mostly in the area of the former burning ring, but also at other discrete 

areas) were deemed by earlier investigations to present potential exposure risk to ecological 

receptors such as sma!! mammals or birds, However, significant regrading of the site surface for 

the installation of a runway area security fence system has since covered these potentia! hot spot 

areas with at !east several inches of soil. 
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Sediments and Surface Water -..l___llll_-- -.. 

No further action is recommended. 

Potential ecological risk to aquatic or semi-aquatic receptors in or near the two (sometimes dry) 

ponds appears to be low. It does not appear that contaminants from the burn area have migrated 

to the ponds Regrading the site area and covering the potential hot spot areas with soil has 

addressed the marginal risk to sediments and surface water by dealing with the source of PAHs, 

ensuring no future migration to surface water or sediment. 

Groundwater -- 

Based on data obtained to date, an FS is recommended to evaluate options for Site 5 groundwater. 

Chlorinated VOC compounds were found in groundwater at concentrations above MCLs. A 

feasibility study is recommended to evaluate remedial alternatives for groundwater. 

Conclusions 

VOCs historically disposed at the site have impacted the groundwater. However, low levels of residual 

VOC soil contamination are not considered to be a continuing source of VOCs to groundwater. 

PAHs appear to have transported via erosion and runoff of sediments of nearby surface waters. This 

transport mechanism is probably minimal at present due to the heavy vegetation and flat topography of 

the site. In addition, the few potential PAH hot spots in the area of the former burning ring have been 

regraded as part of the installation of a runway perimeter security fence and now are covered by at least 

several inches of clean soil. Continued PAH transport is considered to be unlikely. 

PCB contamination does not appear to have migrated from the site. 

Human Health Risk Assessment 

The total cumulative carcinogenic risk for the current occupational worker is within EPA’s acceptable risk 

range at Site 5 for the reasonable maximum exposure (RME) scenario. Noncarcinogenic HIS for the 

potential receptors at Site 5 are less than 1.0 under the current occupational worker exposure scenario. 

a 

Dioxins and furans and carcinogenic PAHs are the main COPCs selected at Site 5. These contaminants 
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Sediments and Surface Water 

No further action is recommended. 

Potential ecological risk to aquatic or semi-aquatic receptors in or near the two (sometimes dry) 

ponds appears to be low. It does not appear that contaminants from the burn area have migrated 

to the ponds. Regrading the site area and covering the potential hot spot areas with soil has 

addressed the marginal risk to sediments and surface water by dealing with the source of PAHs, 

ensuring no future migration to surface water or sediment. 

Groundwater 

Based on data obtained to date, an FS is recommended to evaluate options for Site 5 groundwater. 

Chlorinated VOC compounds were found in groundwater at concentrations above MCLs. A 

feasibility study is recommended to evaluate remedial alternatives for groundwater. 

Conclusions 

VOCs historically disposed at the site have impacted the groundwater. However, low levels of residual 

VOC soil contamination are not considered to be a continuing source of VOCs to groundwater. 

PAHs appear to have transported via erosion and runoff of sediments of nearby surface waters. This 

transport mechanism is probably minimal at present due to the heavy vegetation and flat topography of 

the site. In addition, the few potential PAH hot spots in the area of the former burning ring have been 

regraded as part of the installation of a runway perimeter security fence and now are covered by at least 

several inches of clean soil. Continued PAH transport is considered to be unlikely. 

PCB contamination does not appear to have migrated from the site. 

Human Health Risk Assessment 

The total cumulative carcinogenic risk for the current occupational worker is within EPA's acceptable risk 

range at Site 5 for the reasonable maximum exposure (RME) scenario. Noncarcinogenic His for the 

potential receptors at Site 5 are less than 1.0 under the current occupational worker exposure scenario. 

Dioxins and furans and carcinogenic PAHs are the main COPCs selected at Site 5. These contaminants 
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ES-15 

are consistent with past practices at Site 5, which was a fuel burning area {solvents, paint chemicals, 

xylenes, toluenes, and petroleum compounds}. VOCs are the main COPCs in groundwater and these 

contaminants are also consistent with past practices of ttle site. 

For the reasonable anticipated land use risk scenario, human health risk assessment indicates that 

exposure to groundwater would result in estimated risk levels within EPA's acceptable risk range. 

However, VOCs have been detected at levels above MCls, which are federal concentration limits for 

drinking water. 

Ec~gical Risk Ass~ssment 

Several inorganic and organiC contaminants were present in Site 5 surtace water. sediment, and surface 

soil samples at concentrations in exceedance of ecological screening levels and were therefore retained 

as peocs. Several other contaminants were retained as PCOCs since no screening levels were 

available. Most of these contaminants were eliminated as COCs in the risk management phase of the 

assessment for one or more reasons, including low frequency of detection, maximum concentrations 

comparable to or below background (primarily inorganics) or alternative screening levels, and spatial 

analysis of detections. 

Potential risks to aquatic receptors that inhabit the two small ponds southwest of the bum pit appear to be 

low. Therefore, no COGs were selected for surface water and sediment in the ponds. It also does not 

appear that contaminants have migrated to the ponds from the burn pit area. 

No inorganic COCs were selected for Site 5 surface soil. and organics, except for PAHs, do not appear to 

pose potential risks to terrestrial receptors on and near Site 5. However, concentrations of severa! PAHs 

in Site 5 surface soils were significantly elevated. Concentrations of PAHs in surface soii samples 

collected west of the access road that borders the burn area were only slightly elevated and that area may 

receive PAH inputs from the taxiway to the north. Conversely, concentrations of several PAHs in samples 

collected around the burn pit Significantly exceeded screening levels for individual and total PAHs. 

Therefore, these PAHs are selected as COCs in Site 5 surface soils around the burn area, which is 

considered a hot spot of PAH contamination. Although terrestrial habitat in this area is marginal, it may 

attract ecological receptors such as small mammals and birds. Since thE! area of highest PAH 

contamination is reiatively smali and has been covered by soil during the construction of the runway 

perimeter security fence project, no significant adverse impact on potential ecological receptors is 

deemed probable. 
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1 .O INTRODUCTION 

Tetra Tech NUS (Tt NUS), formerly Brown & Root Environmental, submits this remedial investigation (RI) 

report for Installation Restoration Program Site 5 at the Naval Air Station Joint Reserve Base (NASJRB) 

Willow Grove in response to Contract Task Order No. 277 under Contract N62472-90-D-1298, 

Comprehensive Long-Term Environmental Action Navy (CLEAN). This work is part of the Navy’s installation 

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

Corps facilities resulting from past operations and to institute corrective measures as appropriate. 

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

assessment (PA), and the second phase consists of a site inspection (3). The third phase is a remedial 

investigation/feasibility study (RVFS), which is intended to characterize the physical and chemical 

parameters and risks associated with the facility. The fourth phase consists of remedial action that is 

designed to control and mitigate contamination, This report was prepared under Phase 3 IRP activities 

(RIIFS). The frrst phase of RI activities were performed in 1991, and the final report was issued in February 

1993. 

In addition to meeting the objectives of the Navy’s IRP, the purpose of the RI is to meet the requirements of 

CERCLA (Comprehensive Environmental Response, Compensation, and Liability Act of 1980) as amended 

by SARA (Super-fund Amendments and Reauthorization Act of 1986). The RI investigates the nature and 

extent of contamination associated with all hazardaus substance releases at the facility that are not regulated 

and are not being investigated under the authority of the Clean Air Act, the Clean Water Act, the Resource 

Conservation and Recovery Act (RCRA), or other federal statutes. 

1.1 PURPOSE AND OBJECTIVES 

The purpose of this report is to present the methods and results of the Phase II RI activities and subsequent 

investigations conducted at NASJRB willow Grove Site 5. IRP Site 5 has been previously investigated as 

part of the PA, SI, and RI processes. Initial Phase I! RI field activities were conducted from March through 

July 1997 in accordance with the Phase II RI Work Plan submitted by Tt NUS in May 1997. The draft Phase 

II Report was submitted for review in April 1998. Informal comments from the Environmental Protection 

Agency (EPA) were addressed by a series of investigations from 1998 through the year 2000. Final field 

activities were conducted at Site 5 from June 2000 through October 2000 in accordance with the Work Plan 

Addendum for Site investigation at Site 5 submitted by Tetra Tech NUS in May 2000. This report combines 

the results from the draft Phase II Report and previous findings for Site 5, with the results of activities 

performed from April 1998 through October 2000. 
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1.0 INTRODUCTION 

Tetra Tech NUS (Tt NUS), formerly Brown & Root Environmental, submits this remedial investigation (RI) 

report for Installation Restoration Program Site 5 at the Naval Air Station Joint Reserve Base (NASJRB) 

Willow Grove in response to Contract Task Order No. 277 under Contract N62472-90-D-1298, 

Comprehensive Long-Term Environmental Action Navy (CLEAN). This work is part of the Navy's Installation 

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

Corps facilities resulting from past operations and to institute corrective measures as appropriate. 

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

assessment (PA), and the second phase consists of a site inspection (SI). The third phase is a remedial 

investigation/feasibility study (RifFS), which is intended to characterize the physical and chemical 

parameters and risks associated with the facility. The fourth phase consists of remedial action that is 

designed to control and mitigate contamination, This report was prepared under Phase 3 IRP activities 

(RifFS). The first phase of RI activities were performed in 1991, and the final report was issued in February 

1993, 

In addition to meeting the objectives of the Navy's IRP, the purpose of the RI is to meet the requirements of 

CERCLA (Comprehensive Environmental Response, Compensation, and Liability Act of 1980), as amended 

by SARA (Superfund Amendments and Reauthorization Act of 1986). The RI investigates the nature and 

extent of contamination associated with all hazardous SUbstance releases at the facility that are not regulated 

and are not being investigated under the authority of the Clean Air Act, the Clean Water Act, the Resource 

Conservation and Recovery Act (RCRA), or other federal statutes. 

1.1 PURPOSE AND OBJECTIVES 

The purpose of this report is to present the methods and results of the Phase II RI activities and subsequent 

investigations conducted at NASJRB Willow Grove Site 5. IRP Site 5 has been previously investigated as 

part of the PA, SI, and RI processes. Initial Phase II RI field activities were conducted from March through 

July 1997 in accordance with the Phase II RI Work Plan submitted by Tt NUS in May 1997. The draft Phase 

II Report was submitted for review in April 1998. Informal comments from the Environmental Protection 

Agency (EPA) were addressed by a series of investigations from 1998 through the year 2000, Final field 

activities were conducted at Site 5 from June 2000 through October 2000 in accordance with the Work Plan 

Addendum for Site Investigation at Site 5 submitted by Tetra Tech NUS in May 2000. This report combines 

the results from the draft Phase II Report and previous findings for Site 5, with the results of activities 

• performed from April 1998 through October 2000. 
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The RI objective was to characterize the nature and extent of contaminants at Site 5 and gain additional • 

understanding of the physical parameters affecting contaminant fate and transport The results presented in 

this Fina! RI report summarize RI activities and provide the necessary data to evaluate human health risk 

and ecological risk screening against current benchmark values and move into the feasibility study and/or 

remedial action phases of the RI program. 

1.2 SITE LOCATION AND DESCRIPTION 

Naval Air Station Joint Reserve Base, Willow Grove, Pennsylvania (formerly NAS, Willow Grove} is located 

in Horsham Township, Montgomery County in southeastern Pennsylvania, approximately 15 miles north of 

the city of Philadelphia (Figure 1-1), The base occupies approximately 1,000 acres of flat to SHg[lUy roHing 

terrain and is generally bounded by State Route 611 to the east, State Route 463 to the southwest and Keith 

Valley Road to the north. 

The primary mission of NASJRB Willow Grove is to provide support for operations involving aviation 

activities and to train Navy reservists. NASJRB Willow Grove supports other tenants such as the Marines, 

the Air Force, and the Army. The base provides facilities, services, materials, and training in direct support 

of all assigned units. These units include antisubmarine warfare squadrons, a helicopter squadron, a fleet • 

logistic support squadron, and other Navy and Marine units, The Willow Grove Air Reserve Station (ARS) 

occupies approximately 162 acres of land in the northeastern section of the NASJRB and shares commoll 

facilities with the NASJRB, 

The four sites included within the scope of the IRP are two landfill areas [Antenna Field landfill (Site 2) and 

Ninth Street Landfill (Site 3)], a waste transfer station [Privet Road Compound Site (Site 1)], and a former fire 

protection training area [Fire Training Area (Site 5)]. The relative locations of the sites are shown on Figure 

1-2, Activities potentially resulting in site contamination occurred at different time periods bet\.veen 1842 (the 

first Fire Training Area exercises) and 1975 (last use of Privet Road Compound). Descriptions of the former 

Fire Training Area - Site 5 are provided in Section 4.1. 

1.3 PREVIOUS INVESTIGATIONS 

Previous work at the NASJRB Willow Grove includes the PA, 81, and first-phase RI. The PA, formerly 

identified as the Initial Assessment Study, identified 16 sites, including seven sites at the Air Reserve FacHity 

in '1984 (Weston. 1984) and nine sites at the NAS in 1986 (RGH, 1986). One additional site, the Navy Fuel 

Farm, was added to the program in 1988. Of the 17 sites included within the PA program, Sf work was • 

performed at 12 sites and RflF8 activities have subsequently been completed or are underway at eight sites, 
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In addition, extended site inspections were performed at two sites, NAS Site 7 (Abandoned Rifle Range No. 

2) and ARS Site 4 (Washrack Area). Work at three of the eight RVFS sites was completed under a program 

managed by the Air Force. Phase I RI activities were completed for four of the remaining five RllFS sites 

and reported in 1993 (HNUS, 1993). Results of the Phase I RI characterized the physical and chemical 

nature of these four sites and identified data gaps requiring further study. Recommendations for further 

investigation included in the Phase I RI were incorporated into subsequent planning discussions for 

additional work and have led to the Phase II activities that are reported in the Phase II RI report. 

1.4 PHYSICAL CHARACTERISTICS OF THE STUDY AREA 

A description of the regional or general physical characteristics of NASJRB Willow Grove has been prepared 

on the basis of published information, reports of previous site studies, and information obtained and 

interpreted during the course of the Phase II RI. Site-specific physical characteristics for the Site 5 are 

discussed in Section 4. 

1.4.1 n/Jeteorology 

NASJRB Willow Grove is located about 70 miles west of the Atlantic Ocean, which tends to have a 

moderating effect on temperatures. Normal minimum and maximum daily temperatures range from 24” in 

February to 88°F in July. 

The average annual rainfall is 44.5 inches. The average annual snowfall is 21.5 inches. Precipitation is 

fairly evenly distributed throughout the year, with an increase in rainfall during the summer months. Average 

annual and extreme frost penetrations are 20 inches and 30 inches, respectively. 

Mean annual relative humidity ranges from 54 percent in the early afternoon to 7% percent before dawn. The 

mean annual Class A Pan Evaporation is about 42 inches per year. 

The prevailing wind direction at the air station is southwesterly during the summer and northwesterly during 

the winter. The mean annual wind speed and direction are approximately 9 miles per hour from the west- 

northwest. 

? -4.2 Topography And Surface Water Hydrology -~ 

NASJRB Willow Grove lies within the Triassic Lowlands Section of the Piedmont Physiographic Province. 

This section is characterized by rolling topography. Broad northeast-southwest-trending ridges in the area 

reflect resistant conglomeratic sandstone beds or diabase dikes. The base occupies a relative topographic 
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In addition, extended site inspections were performed at two sites, NAS Site 7 (Abandoned Rifle Range No. 

2) and ARS Site 4 (Washrack Area). Work at three of the eight RifFS sites was completed under a program 

managed by the Air Force. Phase I RI activities were completed for four of the remaining five RifFS sites 

and reported in 1993 (HNUS, 1993). Results of the Phase I RI characterized the physical and chemical 

nature of these four sites and identified data gaps requiring further study. Recommendations for further 

investigation included in the Phase I RI were incorporated into subsequent planning discussions for 

additional work and have led to the Phase II activities that are reported in the Phase II RI report. 

1.4 PHYSICAL CHARACTERISTICS OF THE STUDY AREA 

A description of the regional or general physical characteristics of NASJRB Willow Grove has been prepared 

on the basis of published information, reports of previous site studies, and information obtained and 

interpreted during the course of the Phase II RI. Site-specific physical characteristics for the Site 5 are 

discussed in Section 4. 

1.4.1 Meteorology 

NASJRB Willow Grove is located about 70 miles west of the Atlantic Ocean, which tends to have a 

moderating effect on temperatures. Normal minimum and maximum daily temperatures range from 24 0 in 

February to 86°F in July. 

The average annual rainfall is 44.5 inches. The average annual snowfall is 21.5 inches. Precipitation is 

fairly evenly distributed throughout the year, with an increase in rainfall during the summer months. Average 

annual and extreme frost penetrations are 20 inches and 30 inches, respectively. 

Mean annual relative humidity ranges from 54 percent in the early afternoon to 78 percent before dawn. The 

mean annual Class A Pan Evaporation is about 42 inches per year. 

The prevailing wind direction at the air station is southwesterly during the summer and northwesterly during 

the winter. The mean annual wind speed and direction are approximately 9 miles per hour from the west

northwest. 

1.4.2 Topography ~nd Surface Water Hydrology 

NASJRB Willow Grove lies within the Triassic Lowlands Section of the Piedmont Physiographic Province. 

This section is characterized by rolling topography. Broad northeast-southwest-trending ridges in the area 

reflect resistant conglomeratic sandstone beds or diabase dikes. The base occupies a relative topographic 
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high, which for the most part precludes surface water flow onto the facility from surrounding areas. Surface 

elevations range from a high of approximately 370 feet above mean sea level (MSL) in the vicinity of Taxiway • 

Juliet to a low of approximately 240 feet above MSL in ttle northern portion of the base. Slopes are generally 

less than three percent. In areas where the land has been regraded, however, tile slopes may be steeper. 

NASJRB Willow Grove is situated within an upland area that forms a local drainage divide between the little 

Neshaminy Creek drainage basin to the north and the Penny pack Creek drainage basin to the south. Both 

of these local drainage basins lie within the regional drainage basin of the Delaware River. Most of the 

activity drains toward the north through several unnamed ephemeral, intermittent, and perennial 

drainageways into Park Creek, which is a tributary of Uttle Neshaminy Creek. The extreme southern portion 

of the base, including the Antenna Field Landfill and a portion of the Fire Training Area, !ies within the 

Pennypack Creek drainage basin. 

There are reportedly no flowing or perennial streams within the base boundaries. During heavy rainfalls, 

very loca! flooding conditions are associated with variolJs swales and man-made drainage ditches. 

Runoff from surface areas is primarily channeled through open drainage swales and enclosed storm sewers 

to one of five primary outfall areas. Three of these outfalls drain to Park Creek. The fourth outfall is an 

intermittent stream that flows into Pennypack Creek. The fifth outfall is a direct connection to the Northern • 

Storm Sewer System. 

The receiving waters for storn1 water runoff derived from the base are fished. The Pennsylvania Department 

of Environmenta! Protection (PADEP) designates Pennypack Creek as a warm-water fishery. Little 

Neshaminy Creek is stocked with trout. 

1.4.3 Soils 

Soils observed at the NASJRB VViUow Grove during current and previous R! fieldwork ranged frorn 4 feet to 

more than 15 feet in thickness. Generally, the soils included brown, yellowish-brown. reddish-brown, and 

orange mixtures of silt, clay, and sand with finer-grained materials dominant. 

The Soil Survey of Montgomery County (United States Department of Agriculture, 19B7) indicates that five 

major soi! series are mapped within the boundaries of the four RI sites. The soH series inc!ude the Lansdale, 

Lawrenceville, Chalfont, and Readington silt loams and the Lansdale loam. Minor areas of other soi[ series, 

composed chiefly of silt loam materials, are developed in small, low-lying areas. In general, these soils have 

a moderate to slow permeabmty that encourages rapid runoff during normal precipitation events. 
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Most of the soil within the boundaries of the air station has been disturbed. In addition, large areas have 

been filled with shale and sandstone mixed earth materials. These soils, known as made land, vary widely in 

depth and drainage potential. 

1.4.4 Regional Geology 

NASJRB Willow Grove is located within the Triassic Basin of southeastern Pennsylvania. The bedrock 

underlying the NASJRB consists of the middle arkose member of the Late Triassic age Stockton Formation. 

The Stockton Formation locally is about 5,000 feet thick and is unconformably underlain by Ordovician to 

Precambrian age basement rocks. Current and previous environmental investigations indicate that the top 

of bedrock at the air station is generally found in the range of 5 feet to 25 feet below ground surface (bgs). 

The Stockton Formation is composed of fine- to coarse-grained arkosic sandstones and conglomerates that 

are interbedded with finer grained shales and siltstones. These sediments were deposited by a series of 

coalescing alluvial fans that deposited materials eroded from highlands to the south (Slot0 and Davis, 1983). 

Bedding is very irregular throughout the Stockton Formation, although coarse-grained units commonly 

overlie fine-grained units. Beds commonly pinch out or form gradational contacts with overlying or 

underlying beds over lateral distances greater than several hundred feet (Rima et al., 1982) Based 

0 principally on dominant grain size and lithology, the Stockton Formation is divided into lower, middle, and 

upper members 

The middle member of the Stockton Formation is approximately 4,200 feet thick and consists of fine- to 

medium-grained arkosic sandstone interbedded with shale. Beds of shale and siltstone are common in the 

upper portion of the member, and coarser grained units are more common in the lower portion of the 

member. The rocks of the middle member are well sorted and weakly cemented, which creates a relatively 

high porosity compared to the lower and upper members of the formation (Rima et al., 1982). The middle 

member of the Stockton Formation typically weathers to a depth of 15 to 35 feet. 

The lower member of the Stockton Formation is composed primarily of coarse-grained arkosic sandstone 

and conglomerate and, to a lesser extent, medium-grained arkosic sandstone. Locally, the lower member is 

less than 1,500 feet thick. 

The upper member of the Stockton Formation is not present in the vicinity of NASJRB Willow Grove, The 

upper member is composed primarily of shale, siltstone, and fine-grained arkosic sandstone. In general, the 

grain size within this unit decreases in a stratigraphically upward direction, with the fine-grained sandstone 

a occurring most commonly in the lower portion of the unit. 
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Most of the soil within the boundaries of the air station has been disturbed. In addition, large areas have 

been filled with shale and sandstone mixed earth materials. These soils, known as made land, vary widely in 

depth and drainage potential. 

1.4.4 Regional Geology 

NASJRB Willow Grove is located within the Triassic Basin of southeastern Pennsylvania. The bedrock 

underlying the NASJRB consists of the middle arkose member of the Late Triassic age Stockton Formation. 

The Stockton Formation locally is about 5,000 feet thick and is unconformably underlain by Ordovician to 

PreCambrian age basement rocks. Current and previous environmental investigations indicate that the top 

of bedrock at the air station is generally found in the range of 5 feet to 25 feet below ground surface (bgs). 

The Stockton Formation is composed of fine- to coarse-grained arkosic sandstones and conglomerates that 

are interbedded with finer grained shales and siltstones. These sediments were deposited by a series of 

coalescing alluvial fans that deposited materials eroded from highlands to the south (Sloto and Davis, 1983). 

Bedding is very irregular throughout the Stockton Formation, although coarse-grained units commonly 

overlie fine-grained units. Beds commonly pinch out or form gradational contacts with overlying or 

underlying beds over lateral distances greater than several hundred feet (Rima et ai., 1962). Based 

principally on dominant grain size and lithology, the Stockton Formation is divided into lower, middle, and 

upper members. 

The middle member of the Stockton Formation is approximately 4,200 feet thick and consists of fine- to 

medium-grained arkosic sandstone interbedded with shale. Beds of shale and siltstone are common in the 

upper portion of the member, and coarser grained units are more common in the lower portion of the 

member. The rocks of the middle member are well sorted and weakly cemented, which creates a relatively 

high porosity compared to the lower and upper members of the formation (Rima et al.. 1962). The middle 

member of the Stockton Formation typically weathers to a depth of 15 to 35 feet. 

The lower member of the Stockton Formation is composed primarily of coarse-grained arkosic sandstone 

and conglomerate and. to a lesser extent, medium-grained arkosic sandstone. Locally, the lower member is 

less than 1,500 feet thick. 

The upper member of the Stockton Formation is not present in the vicinity of NASJRB Willow Grove. The 

upper member is composed primarily of shale, siltstone, and fine-grained arkosic sandstone. In general. the 

grain size within this unit decreases in a stratigraphically upward direction, with the fine-grained sandstone 

occurring most commonly in the lower portion of the unit. 
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Regionally, the sedimenta!y beds of the Stockton Formation strike to the northeast and dip at an average 

rate of 12 degrees to the northwest. Based on subsurface correlations made during this current 

investigation, the bedrock strike was calculated to be N 76°E and the dip was calculated to be r to the 

northwest. At another government installation located approximately 3 miles northeast of the site, strikes 

ranging from north 64 degrees east to north 71 degrees east and dips ranging from 5 degrees to 9 degrees 

to the northwest were calculated from subsurface correlations of geophysical borehole logs for the middle 

member of the Stockton Formation (HNUS, 1995). 

A northeast-southwest-trending, nearly vertical igneous diabase dike bisects the Stockton Formation and 

passes just south and east of the NASJRB Willow Grove boundary. The thickness of this dike is 

approximately 90 feet (Rima et aI., 1962), Figure 1-3 is a genera! geological map of the NASJRB vvmow 

Grove vicinity. 

1.4.5 Regional Hy,drogeology 

The sandstones, shales, and conglomerates of the Triassic Basin are relatively good water-bearing 

formations, They generally yield abundant supplies to wells (Hall, 1934), The groundwater ranges from soft 

to Ilard, with the average hardness being greater than that of most other formations in southeastern 

Pennsylvania. 

The major source of groundwater in the vicinity of NASJRB Willow Grove is the fractured bedrock of the 

Stockton Formation (Earth Data, incorporated, 1985), These rocks form a multi-aquifer system of relatively 

discrete water-bearing zones separated by less permeable zones. Transmissivity and groundwater 

movement within water-bearing zones are greater parallel to bedding than across bedding. Groundwater 

can generally be found between 5 and 25 feet bgs. 

Groundwater within the Stockton Formation locally occurs under both unconfined and confined conditions, 

The unconfined conditions generally extend to a subsurface depth of about 75 to 100 feet, depending on the 

local lithologies, Confined conditions are generally encountered below a depth of about 150 feet. A semi

confined or transitional aquifer lies between tile unconfined and confined aquifers, Vertical or nearly vertical 

fractures that cut across bedding and the weathering of various beds are expected to permit varying degrees 

of leakage between individual water-bearing zones, particularly at shallower depths. 

Although significant amounts of groundwater may be held in storage within the primary porosity of the fine- to 

medium-grained sandstones, groundwater migration is chiefly through the secondary porosity created by 

fractures and joints and along bedding-plane partings, The finer grained shale and siltstone beds typically 
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have very low permeabiiities. In addition fractures and joints are typically not as well developed in these 

0 

finer grained beds. Consequently, the shale and siltstone units often act as confining layers to groundwater 

flow. 

Numerous private (residential) and municipal type production wells supply water for domestic and 

commercial uses in the NASJRB Willow Grove vicinity. Figure l-4 shows the approximate locations of public 

and private wells in the vicinity of the southern end of NASJRB Willow Grove. 

1.4.6 EcoBy - 

A detailed evaluation of the NASJRB Willow Grove biological features was conducted during the site 

investigation phase of the environmental activities for the base (EA, May 1990). Most of the following 

discussion is excerpted from that report. 

1.4.6.1 Ecosystems 

The natural environment at NASJRB willow Grove has been altered by development ever since the facility 

was first commissioned in 1942 as an airport. Buildings and paved roadways are concentrated mainly in the 

eastern portion of the facility. Due to the development on the base, the land has not retained a natural 

vegetation cover. The vegetative communities that remain are limited and generally include lawn areas 

maintained by activity personnel, old field, immature forest, and wetland. 

Except for old field scrub/shrub, maintained grassy field is probably the most common vegetative cover at the 

base. Most of this habitat is located west of the runways. The herbaceous species and woody shrubs there 

provide habitat for many wildlife species. Typical herbaceous plants include cinquefoils (Potentilla spp.), 

ragweed (Ambrosia artemisiifolia), field daisy (Chrysanthemum leucanthemum), wild strawberry (Frag_aria ~” .--l..l___llll._l -l..“-..” -- 

vesca), and numerous grasses Shrubs observed include multiflora rose (Rosa multiflora), poison ivy (Rhus -~ I- 

radicans), chokecherry (Prunus virginiana), and blackberry (Rubus spp.). -I_1111 . ..-- 

Wooded areas occur mainly along the western boundary of the activity and serve as a buffer between the 

Activity and residences along Route 643 and the neighboring golf course/commercial complex. Common 

forest species observed include red maple (Acer rubrum), sassafras (Sassafras albidum), sycamore -._..- ~ _,I~ 

(Platanus occidentalis), and oak (Quercus spp.). The mixed hardwoods provide nesting, protective, and “._~ 

feeding habitat for many wildlife species. 

Wetland habitat is rare within the base area. According to the National Wetlands Inventory map of this area 

(United States Department of Interior, undated), five wetlands exist on the base. An excavated pond, 
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have very low permeabilities. In addition, fractures and joints are typically not as well developed in these 

finer grained beds. Consequently, the shale and siltstone units often act as confining layers to groundwater 

flow. 

Numerous private (residential) and municipal type production wells supply water for domestic and 

commercial uses in the NASJRB Willow Grove vicinity. Figure 1-4 shows the approximate locations of public 

and private wells in the vicinity of the southern end of NASJRB Willow Grove. 

A detailed evaluation of the NASJRB Willow Grove biological features was conducted during the site 

investigation phase of the environmental activities for the base (EA, May 1990). Most of the following 

discussion is excerpted from that report. 

1.4.6.1 Ecosystems 

The natural environment at NASJRB Willow Grove has been altered by development ever since the facility 

was first commissioned in 1942 as an airport. Buildings and paved roadways are concentrated mainly in the 

eastern portion of the facility. Due to the development on the base, the land has not retained a natural 

vegetation cover. The vegetative communities that remain are limited and generally include lawn areas 

maintained by activity personnel, old field, immature forest, and wetland. 

Except for old field scrub/shrub, maintained grassy field is probably the most common vegetative cover at the 

base. Most of this habitat is located west of the runways. The herbaceous species and woody shrubs there 

provide habitat for many wildlife species. Typical herbaceous plants include cinquefoils (Potentilla spp.), 

ragweed (Amb~osia artemisiifolia), field daisy (Chry~antbemun:! leu_~~_nthemum), wild strawberry (Frag.§ria 

yesca), and numerous grasses. Shrubs observed include multiflora rose (Rosa multiflora), poison ivy (~hus 

radicans), chokecherry (Prunus virginiana), and blackberry (Rubus spp.). 

Wooded areas occur mainly along the western boundary of the activity and serve as a buffer between the 

Activity and residences along Route 643 and the neighboring golf course/commercial complex. Common 

forest species observed include red maple (~s:.er rubrum), sassafras (Sassafras ?Jbidum), sycamore 

(Platanus occidentalis), and oak <Quercus spp.). The mixed hardwoods provide nesting, protective, and 

feeding habitat for many wildlife species. 

Wetland habitat is rare within the base area. According to the National Wetlands Inventory map of this area 

(United States Department of Interior, undated), five wetlands exist on the base. An excavated pond, 
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a 
classified as a palustrine, open water, intermittently exposed wetland is located near the property boundary 

in the extreme northern portion of the base. The recreation pond at the picnic area is classified as a 

palustrine open water, intermittently exposed, impounded wetland. A small palustrine, scrub/shrub emergent 

wetland is located downstream of the recreational pond. The recreational pond and the nearby emergent 

wetland are located adjacent to the Ninth Street Landfill site. Two small ponds near the southeastern corner 

of the base are classified as palustrine, open water, intermittently exposed, excavated wetlands. Two small 

(man-made) ponds (approximately 80 feet long by 20 feet wide) are present at the central area of Site 5. 

These small ponds are not mapped as wetlands but have become established with marsh grasses and 

sedges. A larger (several acres) area of marsh habitat consisting mainly of sedges and bulrush occupies 

topographically low areas just north of the runway end zone. Many of these wetland grasses were planted 

by Air Station tenant personnel to attract waterfowl and have not been formally mapped as wetlands. This 

area is not located near any former waste disposal activities. 

Wildlife species occurring at NASJRB Willow Grove are those that commonly occur near urbanized areas. 

Species observed, or reported to occur, include eastern cottontail (wvj&us floridanus), muskrat (Ondatra - _I_ 

zibethica), raccoon (Procyon lotor), woodchuck (Marmota monax), eastern gray squirrel (Sciurus -- -- -_^lll.. 

carolinensis), and white-tailed deer (Odocoileus virginianus). Pheasants (Phasianus colchicum) have been -llll_ 

observed in the old field habitat. Canada geese (Branta canadensis) apparently nest within the Activity’s -_ll_l_lll 

boundaries. Mallards (Anas platyrhynchos) have been observed in the wetlands area downstream from the 

pond at the picnic area. Other observed bird species include robin (Turdus migratorius), starling (Sturnus 

vulgaris), mourning dove (Zenaidura macroura), wood thrush (Qlocichla mustelina), cardinal (Cardinalis -.l...- -~ -.~ 

cardinalis), mockingbird (Mimus polyglottos), sparrows, and numerous others. -“~ 

Aquatic communities on the base occupy the two man-made impoundments at the recreational pond (near 

the Ninth Street Landfill) and the Building 114 pond. The aquatic community includes catfish, largemouth 

bass (Micropterus salmoides), and sunfish. -_111- Both ponds are reportedly available to base personnel for 

recreational fishing. The recreational pond has reportedly received contaminated runoff from spills related to 

aircraft accidents and firefighting. Fish kills have been reported in this pond. The two small wet areas at 

Site 5 are inhabited by frogs and insects if the weather is rainy. 

1.4.6.2 Endangered and Threatened Species 

The Endangered Species Act of 1973, as amended, provides for the protection of endangered and 

threatened species. Government agencies are required to submit to the United States Fish and Wildlife 

Service any proposed actions that may jeopardize the continued existence of any species listed under the 

a 

act as threatened or endangered. The peregrine falcon (Falco peregrinus), which is classified as --- 

endangered by the United States Fish and Wildlife Serwice, has been observed in the area, but it is 
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classified as a palustrine, open water, intermittently exposed wetland is located near the property boundary 

in the extreme northern portion of the base. The recreation pond at the picnic area is classified as a 

palustrine open water, intermittently exposed, impounded wetland. A small palustrine, scrub/shrub emergent 

wetland is located downstream of the recreational pond. The recreational pond and the nearby emergent 

wetland are located adjacent to the Ninth Street Landfill site. Two small ponds near the southeastern corner 

of the base are classified as palustrine, open water, intermittently exposed, excavated wetlands. Two small 

(man-made) ponds (approximately 80 feet long by 20 feet wide) are present at the central area of Site 5. 

These small ponds are not mapped as wetlands but have become established with marsh grasses and 

sedges. A larger (several acres) area of marsh habitat consisting mainly of sedges and bulrush occupies 

topographically low areas just north of the runway end zone. Many of these wetland grasses were planted 

by Air Station tenant personnel to attract waterfowl and have not been formally mapped as wetlands. This 

area is not located near any former waste disposal activities. 

Wildlife species occurring at NASJRB Willow Grove are those that commonly occur near urbanized areas. 

Species observed, or reported to occur, include eastern cottontail (Syl,,:,!~us ~.9ridanus), muskrat (Ondatra 

zibethica), raccoon (Procyon lotol) , woodchuck (Marmota mona~), eastern gray squirrel (Sclurus. 

carolinensis), and white-tailed deer (Odocoileus virginianus). Pheasants (Phasianus colchicum) have been 

observed in the old field habitat. Canada geese (Branta canadensis) apparently nest within the Activity's 

boundaries. Mallards (Anas ~J~) have been observed in the wetlands area downstream from the 

pond at the picnic area. Other observed bird species include robin (Turdus migratorius), starling (Sturnus 

yJ:l.!g.?..r::i~), mourning dove (Zenaidura ~), wood thrush (!::!YJ9.cichla mustelina), cardinal (Cardinalis 

cardinalis), mockingbird (Mi"mus polyglottos), sparrows, and numerous others. 

Aquatic communities on the base occupy the two man-made impoundments at the recreational pond (near 

the Ninth Street Landfill) and the Building 114 pond. The aquatic community includes catfish, largemouth 

bass (Micropterus salmoides), and sunfish. Both ponds are reportedly available to base personnel for 

recreational fishing. The recreational pond has reportedly received contaminated runoff from spills related to 

aircraft accidents and firefighting. Fish kills have been reported in this pond. The two small wet areas at 

Site 5 are inhabited by frogs and insects if the weather is rainy. 

1.4.6.2 Endangered and Threatened Species 

The Endangered Species Act of 1973, as amended, provides for the protection of endangered and 

threatened species. Government agencies are required to submit to the United States Fish and Wildlife 

Service any proposed actions that may jeopardize the continued existence of any species listed under the 

act as threatened or endangered. The peregrine falcon (Falco peregrin!Js), which is classified as 

endangered by the United States Fish and Wildlife Service, has been observed in the area, but it is 
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considered to be a rare seasonal (March to November) transient No other federally listed plants or animals 

are known to occur on the base. There are no known threatened or endangered plants or animals, as 

recognized by the Commonwealth of Pennsylvania under Chapter 147, Title 58, within the boundanes of the 

base. 

1.5 QUALITY ASSURANCE/QUALITY CONTROL RESULTS 

The objective of this process is to evaluate data quality of field quality control blanks, field duplicate 

precision, laboratory quality control analyses and precision, accuracy, representatives, comparability, and 

completeness (PARCq. Field sample results usability was determined by the process described below. 

As a result of this process, all field sample results have been rated as to data quality. The data usabHity 

qualifier (e.g., R - rejected or J - estimated) is included as a suffix to the numerical laboratory result in all 

data summary tables and tile qualifier is explained in a footnote on the table. 

1.5.1 Bald Quality Control Blanks 

Field quality control blanks are generally used to measure success of the program to avoid extraneous 

contamination during sample collection, storage, and transport. Field blanks served to trace possible 

• 

routes of contamination, including bottleware, sampling equipment, rinsate water, solvent vapors, and • 

items (e.g., gloves) that may contact samples or sample containers. Field blanks were collected at the 

frequencies specified in the work pian, following EPA Region II! guidance. 

Field Blanks 

Field blanks were obtained to estimate incidental or accidental contamination from field sampling 

techniques and to determine if cross-contamination of samples had occurred. Field blanks were taken 

separately from each source of equipment decontamination water (potable water and bottled deionized 

water) and analyzed for the same suite of parameters as the environmental samples in accordance with 

NFESC guidelines. 

Trip Blanks 

Trip blanks were used to determine if contamination was introduced during sample storage and transport. 

Trip blanks remained with the sample containers in the field at all times, were returned unopened at the 

conclusion of each day's field activities, and were included in each cooler sl1ipment of vo!atile organic 

compound (VaC) samples sent to the laboratory. Trip blanks were analyzed for TCl VOCs only. • 

1-14 
NAVYJ5466JSlte5RI/Sect1 

----------- -- -- - ------------



Rinsate Blanks 

Equipment rinsate blanks were utilized to determine if contamination had been introduced through contact 

with the sampling equipment. Equipment rinsate blanks were prepared by running analyte-free water 

through sample collection equipment (bailer, split-spoon hand auger bucket, etc.) after decontamination. 

Rinsate blanks were generated for each type of non-dedicated sampling equipment at the frequencies 

specified in the work plan. Equipment rinsate blanks were analyzed for the same suite of parameters as 

the associated environmental samples. 

1.5.2 Discussion of Field Quality Control Blank Impact .-____l .-~ 

Tabie I-1 summarizes the frequency and concentration of contaminants detected in each type of field 

quality control blank collected during the 1997 RI. In nearly all cases, blank contamination occurred at 

very low frequencies and was restricted to concentration ranges near the detection or quantitation limits. 

During data validation, the concentrations of compounds detected in laboratory and field quality control 

blanks were compared to concentrations found in the corresponding environmental samples to determine 

potential impacts on the analytical data. Analytical results from environmental samples were qualified as 

potential artifacts attributable to blank contamination if the compound was not found at a concentration of 

at least five times (10 times for certain common laboratory contaminants) the concentration in the 

associated blank. 

Metals and trihalomethanes detected in the potable water source (local tap water) field blank included 

aluminum, calcium, iron, magnesium, sodium, zinc, bromoform, bromodichloromethane, and 

dibromochloromethane, among other compounds. The detected metals mentioned are common “hard 

water” contaminants and the trihalomethanes are common by-products from disinfection water treatment, 

Calcium and zinc are elements found naturally in soils and sediments and in the potable water used in the 

first step of equipment decontamination. Therefore, it cannot be determined whether detection of these 

elements are associated with the first-step cleaning solution (potable water) or with residual soil materials 

left after completion of decontamination. 

Methylene chloride was detected in several trip blanks and rinsate blanks at concentrations below or near 

the contract-required quantitation limit (CRQL). This compound is a common laboratory contaminant and 

was detected more frequently in laboratory blanks than in field quality control blanks, This caused many 

of the positive field quality control blank results for methylene chloride to be qualified as not detected due 

to laboratory blank contamination. The positive results in Table I-1 represent only those compounds 

remaining after data validation. Methylene chloride was not used in the field; therefore, laboratory 
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TABLE 1-1 

Summary of Field Quality Control Blank Results 
NASJRB Willow Grove, Pennsylvania 

Analytes Rinsate Blanks Field Blanks Trip Blanks ------- .------~--~. --.-..... ---~--.,.- '-Freque-ncy' -.----
Frequency Maximum Frequency Maximum Maximum 

of Concentration of Concentration of Concentration 
Detection (ugIL) Detection (ugfL) Detection (ugfL) 

Volatiles 
2-BUTANONE 1 ! 25 13 0/6 0/26 
"i'3ROMODICHlOROMETHAr::iEf'----------~~-.. -~ - 1 ! 6 

.. __ ._ ... _--
0/26 Of 25 1 

BROMOFORM 
,.~~ ,.......-

0/25 
_._--- '---'216-- -_ ... _-_ .. _._._-

1--'- 0/26 8 - .. - ._ .. -
CHLOROFORM 0/25 0/6 1/26 2 
DIBROMOCHLOROMETHANE 0/25 2/6 5 0/26 -=r-
METHYLENE CHLOR!DE 1 12 16 

-
:J 19 T 14 4 f 10 20 

Semivolatiles 
818(2- 3 f 23 4 '1/8 13 N/A 
ETHYlHEXYl)PHTHALATE .... _._-_.- .-.-.. ---... -.. --.--
DI-N·BUTYlPHTFii\CAT"Er---·--- 4/21 2 1 18 1 NfA 
DIETHYLPHTHALA TE -6-" 23······--- ---

10 1Ti3 I----N!A----6 
PHENOL 1123 1 

~----

0/8 ------j---NIA---" 
Pesticides/PCBs 
None Detected NUl. 

Dioxills/Ful"lUlS 
1,2,3,4,6,7,S-HPCDD 0/3 1 12 0.0000807 N/A --1,2,3,4,6,7,8-HPCDF 6T3---- -_ ... __ ._. __ .... _ .. _-_ . . __ . __ . 

-"--'0:0-600416 N/A 112 
1,2,3,6,7,8.HXCDD"·- Or~ 

--------..... :jT"2-- 0.000006 N/A 
_._-_.-

lJC3,7,8,9-HXCDD 
_. """ 

0/3 
--_ ... _ ... __ .. _- ---'-N/A:'--1 12 0.0000065 

OeDD 
. -

I . 1 ! 1 
_ . 

0/3 0.00111 N/A -"-:r! 1 
-.---...... ~-~~ 

OCDF 0/3 0.000102 ~~/A 
. -.. --.. -.-.. -

TCDD TOXICITY 0.00000035 2/2 0.00000438 NlA 
EQUIVALENTS 
TOTAL HPCDD 0/3 112 __ ~000BO_7_. _ 

_ .. _. 
N!A 

TOTAL HPCDF 0/3 1/2 0.000103 N/A 
TOTAL HXCDD 

--,.....-
0/3 1/2 0.0000279 --

_._-----
N/A 

TOTAL HXCDF 
_. 

1 12 ----if 0000442 -.. - ·-N/A------

Metals 
ALUMINUM O! 19 115 407 N!A 
ARSENIC 0/22 2(-7--i----

2,9 NfA 
BARIUM 

--
O! 22 2T',-- -- - ---_. 

225 N/A -_._. "'-
CADM[UM 1 ! 22 6.5 017 _J'!0.:..._. ___ .. _ 

~~~-

CALCIUM 6! 22 217 77200 
COPPER -···---··----"---O! 22 739 ------.- -"---U7--,.....----------- _. 

12.9 NfA 
IRON 0/22 

.--~-.. --.. ---i 317 2900 N/A 
LE!\D '11 122 

. __ .- ... _ .. __ .... _._-
8.2 417 9.2 NfA 

MAGNESlilll'-- o I 22 .-.---. ,....._ .. __ ._-_. __ ._. 
217 

_. 
23600 I N/A 

--
~ .. ~~ . -.------- -_ .. _------ -~--~ .... - .. ----

MANGANESE 0/22 2/7 27,1 N!A 
-~-~'~~~--'-'--. .-.-. 

POTASSIUM 0/22 117 1910 NfA -. -_ .. -_. 
SODIUM 0/22 2/7 15900 N!A 
ZINC I 7! 22 --"-'-2(f'--,......------ --

89.4 N/A 2/6 

Miscellancous Parameters 
DIESEL RANGE ORGANICS 0/1 N/A 
GASOLINE RANGE 0/1 N/A 
ORGANICS 

Frequency of detection refers to number of times compound was detected among all samples versus tota! number of samples. 
Number of samples may vart based on the number of usable results. 
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sources are likely to be responsible for the sporadic detection of low levels of this compound in field 

quality control blanks. 

1.5.3 Field Duplicate Precision ..-- 

Field duplicate pairs were analyzed in order to assess the overall precision of the sampling and analysis 

process, Field duplicate pairs consisted of two field samples of identical media sampled at the same field 

location using the same sampling process. Duplicate pairs were stored and transported together to the 

laboratory for analyses. The relative percent differences (RPDs) for the duplicate pairs were calculated 

and reported by the laboratory and evaluated by the data validator in order to quantitate any imprecision 

In general, the majority of the field duplicate results exhibited acceptable precision and there were no 

consistent trends to indicate improper sampling technique. 

1.5.4 Laboratory Quality Control Arm&es - ..- 

Laboratory quality control samples were analyzed as required by each specific analytical protocol and 

NFESC requirements, Quality control data from organic analyses included laboratory blank results, 

surrogate, matrix spike, and matrix spike duplicate recoveries, internal standard recoveries, initial 

calibration relative standard deviations and minimum response factors, continuing calibration percent 

differences and response factors, laboratory control spikes, mass spectral tuning ratios, clean-up column 

recoveries, pesticide performance evaluation recoveries, pesticide analyte degradation percentages, and 

compound identification criteria (mass ratios retention time windows, and two-column percent 

differences). In general, the frequency of anatytical problems in each of these areas was very low and 

indicated overall acceptable method performance for each type of analysis. 

Organic analysis laboratory blanks revealed limited contamination, with low concentrations (near or below 

the CRQL) of common laboratory contaminants such as methylene chloride, acetone, 2-butanone, and 

selected phthalate esters. Sample-matrix-related interferences caused high percent differences for a few 

pesticide results, resulting in data qualified as estimated based upon validation protocols. A limited 

number of volatile and semivolatile results were qualified as estimated based upon calibration relative 

standard deviations or percent differences. Several semivolatile soil sample results were qualified as 

estimated due to slightly exceeded holding times [greater than the 7-day allowance per regional data 

validation guidelines but within Contract Laboratory Program (CLP) method-specified contractual holding 

times]. In a few cases, sample matrix effects may have caused low or high internal standard, matrix 

spike, or surrogate recoveries, which lead to the qualification of results as estimated or biased low. 

i* 

Where required, such samples were reanalyzed according the analytical protocol. 
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the CRQL) of common laboratory contaminants such as methylene chloride, acetone, 2-butanone, and 

selected phthalate esters. Sample-matrix-related interferences caused high percent differences for a few 

pesticide results, resulting in data qualified as estimated based upon validation protocols. A limited 

number of volatile and semivolatile results were qualified as estimated based upon calibration relative 

standard deviations or percent differences. Several semivolatile soil sample results were qualified as 

estimated due to slightly exceeded holding times [greater than the 7 -day allowance per regional data 
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times]. In a few cases, sample matrix effects may have caused low or high internal standard, matrix 

spike, or surrogate recoveries, which lead to the qualification of results as estimated or biased low. 

Where required, such samples were reanalyzed according the analytical protocol. 
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Quality control data from inorganic analyses included laboratory blank results, matrix spike recoveries, 

laboratory duplicate RPDs, serial dilution percent differences, initial calibration, continuing calibration, and 

CRDL standard percent accuracies, laboratory control sample recoveries, and interference check 

standard accuracies. 

Tile frequency of analytical problems in each of these areas was low and indicated overall acceptable 

method performance for each type of analysis. Inorganic analysis laboratory blanks revealed low 

frequencies of contamination generally restricted to concentrations below the CRDL, which affect data 

qualification but do not require sample reanalysis based on EPA protocols. Several matrix spike or post

digestion spike recoveries were below or above QC limits and resulted in the qualification of data as 

biased low or biased high, respectively. These problems are typically attributed to sample matrix 

interference effects caused by other substances in the sample. A few results were qualified as estimated 

or biased because of laboratory duplicate imprecision or CRDL standard recoveries above or below 

control limits. Very few problems occurred in other areas. 

1.5.5 Parameters 

The quality of the data set is measured by certain characteristics of the data, namely the precision, 

accuracy, representativeness, comparability, and completeness (PARCC) parameters. Precision and 

accuracy are expressed quantitatively, and the others are expressed qualitatively. 

Precision 

Precision characterizes the amount of variability and bias inherent in a data set. Precision describes the 

reproducibility of measurements of the same parameter for a sample under the same or similar conditions. 

Precision is expressed as a range (the difference between two measurements of the same parameter) or 

as an RPD (tile range relative to the mean, expressed as a percent). Precision is measured 

quantitatively. Range and RPD values are calculated as follows: 

Range = OR - DR 

RPD::::: (OR - DR)! [(OR -+ DR)! 2 J X 10Q'lj() 

where: OR = original sample result 

DR = duplicate sample result 
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RPD values are calculated for matrix spike duplicates laboratory duplicates and field duplicates and are 

compared to the control limits as a QA check. Data validation field duplicate results associated with this 

RI are discussed in Section 1.53, 

Accuracy 

Accuracy is the comparison between experimental and known or calculated values expressed as a 

percent recovery (%R). Percent recoveries are derived from analysis of standards spiked into deionized 

water (standard recovery) or into actual samples (matrix spike or surrogate spike recovery). Recovery is 

calculated as follows: 

For a surrogate spike or laboratory control spike or standard 

%R=E/TxlOO% 

where: E = experimental result 

T = true value (theoretical result) 

For a sample matrix spike 

%R = (SSR = SR) I SA x 100% 

where: SSR = sample spike result 

SR = sample result (unspiked) 

SA = spike concentration added 

and 

SA = (spike aliquot)(spike concentration)/(sample aliquot + spike aliquot) 

Accuracy for aqueous and solid samples was evaluated by use of surrogate and matrix spikes at the CLP- 

required frequencies. CLP acceptance criteria and corrective actions were applied. Out-of-criteria results 

were reviewed during EPA data validation to determine the need for qualification or rejection. 

Representativeness 

All data obtained should be representative of actual conditions at the sampling location. The work plan 

was designed so that the samples taken present an accurate representation of actual site conditions. The 

rationale discussed in the work plan were designed to ensure this. All sampling activities conformed to 

the protocols specified in the work plan. The use of CLP analytical protocols and data deliverables 
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ensured that analytical procedures were consistently performed to generate results that are considered 

representative. 

The use of low-flow dedicated sampling pumps in conjunction with monitoring of turbidity and other 

parameters ensured that monitoring well data were as representative of the formation as possible, 

Despite efforts such as installation of dedicated low-flow bladder pumps and adherence to the low-flow 

sampling procedure, in a few instances, low turbidity samples could not be collected. Where use of the 

low-fiow purge meUlod did not result in stabilized turbidity readings, fiitered samples were also obtained 

from the same location. In addition, sample fHtration was required for all oider monitoring wells that did 

not possess dedicated low-flow sampling pumps. Filtered and unfiltered metals results were then 

compared to achieve a more accurate perspective of contaminant fate and transport. 

Comparability 

Comparability is achieved by using standardized sampling and analysis methods and data reporting 

procedures. The use of standard analytical procedures and sample coilection techniques tbroughout all 

sampling rounds maximized the comparability of all Willow Grove elata, Additionally, consideration was 

given to field environmental conditions that could influence analytical results. 

Completeness 

Completeness is a measure of the amount of valid data obtained from the measurement program, 

compared to the total amount collected. For relatively clean, homogeneous matrices, 100 percent 

completeness is expected. However, as matrix complexity and heterogeneity increase, completeness 

may decrease. Where analysis is precluded or where data quality objectives (DOOs) are compromised, 

effects on the overall investigation must be considered. Whether any particular sample is critical to the 

investigation is evaluated in terms of the sample location, the parameter in question, the intended data 

use, and the risk associated with the error. 

Critical data points were not evaluated until aU the analytical results were evaluated, If in the evaluation of 

results it becomes apparent that the data for a specific medium are of insufficient quality (for example, 

completeness less than 95 percent). either with respect to the number of samples or an individual 

analysis, resampling of the deficient data point(s) may be necessary. The site- and medium-specific 

completeness percentages are summarized in Table 1-2. 
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SITE Monitoring Wells 

NUMBER No, of Total Percent 
Rejected No. of Rejected 
Results Results Data 

01 16 2910 0.55 
02 1 1575 0.06 
03 8 5080 0.16 
04 0 3865 0 
12 0 760 0 

Background - - I -
Areas 

NA VY/5466/Site5RIISect1 

• 
SUMMARY OF REJECTED DATA 

NASJRB WILLOW GROVE, PENNSYLVANIA 

Subsurface Soil , Surface Soil 
No. of Total Percent No, of Total Percent 

Rejected No. of Rejected Rejected No. of Rejected 
Results Results Data Results Results Data 

71 8030 0.88 0 393 0 
51 6012 0.85 0 2398 0 
0 1200 0 28 4110 0.68 
6 4048 0.15 11 1426 0.77 
1 894 0.11 0 447 0 
- - - I 10 , 1508 0.66 
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Surface Water Sediment 

No, of Total Percent No. of Total Percent 
Rejected No. of Rejected Rejected No. of Rejected 
Results Results Data Results Results Data 

i 0 425 0 0 900 0 
2 2683 0.08 0 3135 0 
0 1047 0 0 1350 0 
0 447 0 0 450 i 0 
- - - - - -
0 ! 1341 0 3 1341 

I 
0.22 



The overall percentages of rejected data points in Table 1-2 were generally low and within acceptable 

ranges. In the 1997 R!, most of the rejected data were attributed to fep spectral interference (antimony), 

low Contract Required Detection Limit (CRDL) standard recoveries (selenium), or very low surrogate 

recoveries in one pesticide analysis. 

Sample matrix effects may be the cause of the very low pesticide recoveries, which affect the ability of the 

analysis to successfully detect pesticides in one soil sample. Low CRDL standard recoveries occurred for 

selenium and triggered the rejection of 14 non-detected soil results in one sample delivery group. The 

analysis may not have been capable of detecting selenium in these cases. 

False positive results may have occurred with 60 sample results for antimony, based on its detection in 

several associated QC runs in which antimony should have been non-detected [Interference Check 

Standard (iCS) Mix A]. This problem indicates that the Inductively Coupled Plasma (ICP) spectrometer 

was not properly correcting for signal bias with antimony caused by the spectral overlap from higher 

concentrations of common minerals and that samples containing moderate levels of minerals may present 

results for antimony that appear to be positive but are actually artifacts. 

The selenium CRDL recoveries and ICS results for analytes that are supposed to be absent from Mix A 

are advisory QC criteria that do not require mandatory action according to CLP protocol; however, both 

problems are related to laboratory peliormance and not sample matrix effects. 

1.5.6 S~Etember 2000.Groundwater !?ampling 

The September 2000 groundwater sampling results resemble the previous results in every way, There 

were no unexpected compounds encountered and the concentrations generally fali in the range of 

concentrations encountered in the same wells in previous sampling events. The same stringent 

laboratory protocols were used as for previous analytical events. The laboratory used maintains the same 

EPA and Navy certifications required for previous studies. Since these analytical results confirm previous 

results and are being used to refine nature and extent, no additional data validation beyond that 

performed under contract by the analytical laboratory was deemed necessary. Likewise, since there is no 

discrepancy with previous data, the human health and ecological risk assessments performed and 

presented in the Phase II R! report have not been updated to include this latest similar data. Table 4-17, 

found at the end of Section 4, summarizes analytical results from the September 2000 groundwater 

sampling, 
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2.0 FIELD INVESTfGATlON 

The Phase II field investigation consisted of initial activities completed in 199J and follow-on activities at Site 

5 completed in 1998 and 2000. The initial field investigation activities were performed between March 3 and 

July 15, 1997. A second round of groundwater-level measurements was performed on August 7, 1997. The 

follow-on investigation activities were performed between May 1998 and October 2000. The initial Phase II 

RI field activities and the May 1998 follow-on activities were conducted in accordance with the final Phase II 

RI Work Plan submitted by Tetra Tech NUS in May 1997. The September 2000 follow-on activities were 

conducted in accordance with the Remedial Investigation Work Plan Addendum for Site Investigation at Site 

5 submitted by Tetra Tech NUS in May 2000. Subcontractors provided several site investigation services, 

including drilling and monitoring well installation, site surveying activities and laboratory analysis. The United 

States Geological Survey (U.S.G.S.) provided borehole geophysical logging services, rock core sample 

analysis, and aquifer test data review and interpretation through its Interagency Agreement with the Navy. 

The details of the field investigation tasks performed are discussed in Section 4. 

2.1 SUMMARY OF ACTIVITIES 

The initial field activities performed in 1997 to support the Phase II investigation included the following: 

. Drilling and installation of 30 monitoring wells. Seven wells each were installed at Site 1 

and Site 3, five wells were installed at Site 2, and 11 wells were installed at Site 5 (Section 

2.1.7.1). 

. Geophysical logging of all newly drilled boreholes and one existing borehole. 

. Measurement of static water levels in the new wells and existing wells at each site (Section 

2.1.8.4) and a long-term water-level study at Site 1 (Section 2,1.7.3). 

. Collection of groundwater samples for laboratory analysis from 67 wells including 28 of the 

newly installed monitoring wells (Section 2.1.J.2). Samples from Sites 2, 3, and 5 were 

analyzed for Target Compound List (TCL) VOCs, TCL semivolatile organic compounds 

(SVOCs), polychorinated biphenyl (PCB)/pesticides, Target Analyte List (TAL) inorganics, 

and cyanide. Samples from Site 1 were analyzed for TCL VOCs only. Samples were 

submitted to Applied Research and Development Laboratory (ARDL) in Mount Vermon, 

Illinois. 
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and Site 3, five wells were installed at Site 2, and 11 wells were installed at Site 5 (Section 

2.1.7.1). 

• Geophysical logging of all newly drilled boreholes and one existing borehole. 

• Measurement of static water levels in the new wells and existing wells at each site (Section 

2.1.8.4) and a long-term water-level study at Site 1 (Section 2.1.7.3). 

• Collection of groundwater samples for laboratory analysis from 67 wells, including 28 of the 

newly installed monitoring wells (Section 2.1.7.2). Sampl~s from Sites 2, 3, and 5 were 

analyzed for Target Compound List (TCl) VOCs, TCl semivolatile organic compounds 

(SVOCs), polychorinated biphenyl (PCB)/pesticides, Target Analyte List (TAL) inorganics, 

and cyanide. Samples from Site 1 were analyzed for TCl VOCs only, Samples were 

submitted to Applied Research and Development laboratory (ARDl) in Mount Vermon, 

Illinois . 
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• Sampling and analysis of surface soils from each RI site (88 locations total) and 12 

NASJRB background locations away from the investigation sites (Section 2,1,1), Samples 

were submitted to ARDl for various TCl and TAL analyses depending on site data 

requirements and specific locations. Samples from each site were submitted to Triangle 

Laboratories, Incorporated of Durham. North Carolina for dioxin analysis, Selected surface 

soi{ samples from Site 1 and Site 5 were analyzed in the field for PCBs using a field kit 

immunoassay procedure. 

• Sampling and analysis of subsurface soils at 43 locations from Sites 1. 3, and 5 (Section 

2.1.2). Samples were submitted to Triangle Laboratories for dioxin and to ARDl for various 

TCl and TAL analysis. Selected subsurface soil samples from Site 1 and Site 5 were 

analyzed in the field for PCBs using a field kit immunoassay procedure. 

• Excavation of nine test pits at Site 2 (Section 2.1.2.2). Forty subsurface samples of landfill 

material and/or soil were collected and submitted to ARDl for TCl VOCs. SVOCs, 

PCB/pesticides, TAL inorganics, and cyanide analysis. Two of these samples were 

analyzed for dioxin. 

• Sampling of surface water at two locations each at Sites 2,3, and 5 to obtain water quality 

data (Section 2.1.4). Nine surface water samples were collected at off-base locations to 

provide baseline background water quality data. Samples were submitted to ARDL for TCL 

VOCs, SVOCs, PCB/pesticides. TAL inorganics, and cyanide analysis 

• Sampling of sediments were at the same locations as suriace water for Sites 2, 3, 5, and 

off-base background. An additional Site 3 sediment sample was collected upgradient of a 

Phase I RI sediment location. These samples and one sediment sample from Site 1 were 

submitted to ARDl for Tel VOCs, SVOCs. PCB/pesticides, TAL inorganics, cyanide, total 

organic carbon (TOC). and grain size analysis, Five sediment samples were collected at 

Site 1 from five of the locations sampled in the Phase I RI and submitted to ARDL for TCl 

SVOCs, TOC, and grain size analysis. 

• Sampling of seep areas at Site 2 (aqueous and solid phases) and submission to ARDL for 

analysis (Section 2.1.6). Seep water and sediments were analyzed for Tel VOCs, SVOCs. 

PCB/pesticides, TAL inorganics, and cyanide, Sediments were also analyzed for TOC and 

grain size. 

• Repair on three artesian wells at Site 3 to stop groundwater from continually flowing. 

NAVY !5466fSite5RI/Sect2 2-2 

• 

• 

• 



. Surveying of the horizontal locations and the vertical elevations of newly installed monitoring 

wells and at locations of surface soil, subsurface soil, sediment, and seep samples and test 

pit locations (Section 2.1.8). 

. Sampling and disposal of investigation-derived waste (IDW) (Section 2.1.9). 

The follow-on activities performed in 1998 through 2000 to support the Phase II investigation at Site 5 

included the following: 

. Drilling and installation of three permanent monitor wells (well cluster II ) in May 1998 (Section 

2.1.7.2). 

l Drilling, and installation of three additional permanent monitoring wells (05MW121, 05MW051, 

05MW041) in September 2000 (Section 2.1.7.2). 

l Geophysical logging of all newly drilled boreholes. 

l Well sampling in September 2000 (Section 2.1.7.4). Collection of groundwater samples for 

laboratory analysis from 26 wells at Site 5 (Section 2.1.7.4). Samples were analyzed for Target 

Compound List (TCL) VOCs and monitored natural attenuation (MNA) parameters. 

l Measurement of static water levels in all Site 5 monitoring wells (Section 2.1.7.7). 

l Evaluation of the effect of geologic structure (dip and bedding planes) on the groundwater flow 

patterns at Site 5 (Sections 2.1.7.2 and 2.1.7.8). 

l Aquifer testing to determine impacts on groundwater at Site 5 from operation of the Horsham 

Township municipal supply well # 26 (Section 2.1.7.9). 

l Rock core investigation to assess weathered bedrock as a source of continuing groundwater 

contamination (Section 2.1.7.10). 

l Review and evaluation of low-flow sampling procedures performed during the initial field 

investigation activities (Section 2.1.7.1 I). 

. Review of EPIC historical aerial photographs and follow-up site verification visit for Site 5 

(Section 2.1.8). 
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• Surveying of the horizontal locations and the vertical elevations of newly installed monitoring 

wells and at locations of surface soil, subsurface soil, sediment, and seep samples and test 

pit locations (Section 2.1.8). 

• Sampling and disposal of investigation-derived waste (lOW) (Section 2.1.9). 

The follow-on activities performed in 1998 through 2000 to support the Phase \I investigation at Site 5 

included the following: 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Drilling and installation of three permanent monitor wells (well cluster 11) in May 1998 (Section 

2.1.7.2). 

Drilling, and installation of three additional permanent monitoring wells (05MW121, 05MW051, 

05MW041) in September 2000 (Section 2.1.7.2). 

Geophysical logging of all newly drilled boreholes. 

Well sampling in September 2000 (Section 2.1.7.4). Collection of groundwater samples for 

laboratory analysis from 26 wells at Site 5 (Section 2.1.7.4). Samples were analyzed for Target 

Compound List (TCl) VOCs and monitored natural attenuation (MNA) parameters. 

Measurement of static water levels in all Site 5 monitoring wells (Section 2.1.7.7). 

Evaluation of the effect of geologic structure (dip and bedding planes) on the groundwater flow 

patterns at Site 5 (Sections 2.1.7.2 and 2.1.7.8). 

Aquifer testing to determine impacts on groundwater at Site 5 from operation of the Horsham 

Township municipal supply well # 26 (Section 2.1.7.9). 

Rock core investigation to assess weathered bedrock as a source of continuing groundwater 

contamination (Section 2.1.7.10). 

Review and evaluation of low-flow sampling procedures performed during the initial field 

investigation activities (Section 2.1.7.11). 

• Review of EPIC historical aerial photographs and follow-up site verification visit for Site 5 

(Section 2.1.8). 
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2.1.1 ~urface Soi'-!nves!!gation 

Surface soil samples were obtained from 88 locations (18 sampling locations at Site 5) during the Phase Ii RI 

in 1997, No surface soil samples were obtained during the follow-on field activities in 2000, The specific soil 

sampling and analytical program conducted for each site is discussed in the respective site-specific section, 

A sLimmary of the surface soil samples collected during the Phase II RI is presented in Table 2-1, A Tt NUS 

Envlronmental geologist sampled by digging 0 to 6 inches bgs with a stainless-steel trowel and placing soil 

directly into a laboratory-proVided sample jar. 

Thirteen background surface soil samples were collected at 12 on-base locations, A minimum of three 

samples were collected from each of the four major soil series mapped within the base, as speCified in the 

Phase II RI Work Plan, The background soil samples were collected away from known or suspected waste

handling or waste disposal sites, The approximate locations of the soil samples are presented in Section 

2,3, Each background sample was analyzed for TCl SVOCs, PCB/pesticides, TAL inorganics, and cyanide 

(see Table 2-1), 

2.1.2 Subsurface Soil investigation 

2.1.2.1 Soil Borings 

Subsurface soil samples were collected at Site 1, Site 3, and Site 5 during the 1997 field activities. No 

subsurface soil samples were collected during the follow-on activities, Soil borings were drilled by ho!low

stem auger at 22 locations (14 soil borings at Site 5) using truck-mounted drilling equipment and at 21 

locations (all at Site 1) using hand-auger boring techniques, The subsurface soil sampling program is 

summarized in Table 2-2, 

Soil borings were drilled by Advanced Drilling, Incorporated, of Washington. New Jersey, The proposed 

locations for drilling were cleared for potential underground obstructions by the Navy and local utility 

companies before beginning each boring. A GEFCO Stratastar-15 drill rig with 4-1!4-inch-inner diameter (ID) 

augers was used to drill the borings. Each boring was sampled continuously with a split-spoon sampler in 

accordance with American SOCiety for the Testing of Materials (ASTM) D 1586-84 from the ground surface to 

the top of bedrock or split-spoon refusal. The augers were advanced after each sample was taken, and a 

center plug was used dLiring advancement of the augers. Two of the boreholes (03SB01 and 05SB30) 

were drilled and sampled using a Stratastar-25 drill rig with 2-1/4-inch 10 augers, 
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TABLE 2-4 

Surface Soil Sampling Summary 
NASJRB, Willow Grove, Pennsylvania 

Environmentai 

(‘) Includes field duplicates 
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TABLE 2-1 

Surface Soil Sampling Summary 
NASJRB, Willow Grove, Pennsylvania 

Site Number of Surface Number of Analytical Parameters 
Soil Sample Environmental 

locations Surface Soil 
Samples(1! 

26 PCBs (Field kit immunoassay) 
1 28 4 TCl semivolatiles 

3 Dioxin 
1 TCl PCBs 

20 TAL metals, TCl semivolatiles, TCl 
2 18 pesticides/PCBs, and Cyanide. 

3 Dioxin 
13 TAL metals, TCl semivolatiles, TCl 

3 12 pesticides/PCBs, and Cyanide. 
2 Dioxin 
15 TAL metals, TCl semivolatiles, and 

Cyanide. 
5 18 13 PCBs (Field Kit Immunoassay). 

4 TCl PCBs 
2 Dioxin 

Background 12 13 TAL metals, TCl semivolatiles, TCl 
pesticides/PCBs, and Cyanide . 

(1) Includes field duplicates 

NAVY 15466/SIte5RI/Sect2 2-5 



_.-__ -~.- . 

------“1~ 

2-6 

~. -.- . _ .. _ .. 

Site Number of 
SubsUliace Soil 

TABLE 2-2 
Subsurface Soil Sampling Summary 

NASJRB, Willow Grove, Pennsylvania 

Number of Analytical Parameters 
Environmental 

Sample Locations Subsurface Soil 
Samples(1) 

50 PCBs (Field kit immunoassay) 
1 28 14 TCL semivolatiles ---._-

6 TCl PCBs ._._.u ..... _. ___ . 

3 Dioxin 
3 1 3 TCLVOC 

".-~ 

17 TCl semivolatiles and TAL Metals. r------.-.--... --.--. 
TCLVOC 13 

14 
f-.. - ........ _-_ .. 

Cyanide 5 16 
.... _._-

11 PCBs (Field kit immunoassay) -_ ........ _ ....... -
4 TCL PCBs ... 

(ll Includes field duplicates 
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All drilling activities and soil sampling activities were supervised, logged, and recorded by a TT NUS 

Environmental field geologist, A lithologic description of each sample was recorded on each boring log in 

accordance with TT NUS Environmental standard operating procedure (SOP) GH-1.5 (Appendix D of the 

Phase II RI Work Plan). The boring logs are included in Appendix B. Each boring log contains the 

following information: 

. Sample numbers and types 

. Sample depths 

. Description of soil material 

. Standard Penetration Test data (if applicable) 

. Sample recovery and sample interval 

. Soil color and moisture 

In addition, depths of changes in lithology, depth to water, photoionization detector (PID) readings, and the 

total depth of each borehole are included on each boring log, where applicable. 

Hand auger borings were completed to a maximum depth of 6 feet below ground at 21 locations at Site 1 to 

obtain subsurface soil samples. After surface samples were collected, a stainless-steel hand bucket auger 

with an extension bar was used to advance the boring and obtain samples from depth intervals of 6 inches to 

2 feet, 2 to 4 feet, and 4 to 6 feet. The sample was removed from the auger bucket with a stainless-steel 

trowel and transferred directly into the laboratory-supplied sample jar. 

Selection criteria for soil samples to be submitted to the laboratory for analysis are presented in the detailed 

discussion for each site. Soil samples were collected in accordance with TT NUS Environmental SOP GH- 

1.3 (Appendix D of the Phase II RI Work Plan). Sample identification and chain-of-custody requirements 

were followed as presented in Section 6 and Section 7 of the Quality Assurance Program Plan (QAPP) 

(Appendix B of the Phase II RI Work Plan). All pertinent field data were recorded in the field logbook and the 

appropriate sample log sheet. A sample log sheet was filled out for each soil sample selected for laboratory 

analysis. Sample log sheets are contained in Appendix C. The number of subsurface soil samples 

collected and the laboratory analytical program for each site are summarized in Table 2-2. 

2.4 -2.2 Test Pit investigation 

Nine test pits were excavated at the Antenna Field Landfill (Site 2) in order to directly observe and evaluate 

the subsurface conditions at this location. Test pits were excavated by Advanced Drilling, Incorporated with 

a backhoe. Each pit was approximately 3 to 4 feet wide and IO feet long. The depth of each pit was planned 

to extend to the maximum depth of wastes and/or fill encountered, to the water table, or to the maximum 
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All drilling activities and soil sampling activities were supervised, logged, and recorded by a TT NUS 

Environmental field geologist. A lithologic description of each sample was recorded on each boring log in 

accordance with TT NUS Environmental standard operating procedure (SOP) GH-1.5 (Appendix D of the 

Phase II RI Work Plan). The boring logs are included in Appendix B. Each boring log contains the 

following information: 

• Sample numbers and types 

• Sample depths 

• Description of soil material 

• Standard Penetration Test data (if applicable) 

• Sample recovery and sample interval 

• Soil color and moisture 

In addition, depths of changes in lithology, depth to water, photoionization detector (PI D) readings, and the 

total depth of each borehole are included on each boring log, where applicable. 

Hand auger borings were completed to a maximum depth of 6 feet below ground at 21 locations at Site 1 to 

obtain subsurface soil samples. After surface samples were collected, a stainless-steel hand bucket auger 

with an extension bar was used to advance the boring and obtain samples from depth intervals of 6 inches to 

2 feet, 2 to 4 feet, and 4 to 6 feet. The sample was removed from the auger bucket with a stainless-steel 

trowel and transferred directly into the laboratory-supplied sample jar. 

Selection criteria for soil samples to be submitted to the laboratory for analysis are presented in the detailed 

discussion for each site. Soil samples were collected in accordance with TT NUS Environmental SOP GH-

1.3 (Appendix D of the Phase II RI Work Plan). Sample identification and chain-of-custody requirements 

were followed as presented in Section 6 and Section 7 of the Quality Assurance Program Plan (QAPP) 

(Appendix B of the Phase II RI Work Plan). All pertinent field data were recorded in the field logbook and the 

appropriate sample log sheet. A sample log sheet was filled out for each soil sample selected for laboratory 

analysis. Sample log sheets are contained in Appendix C. The number of subsurface soil samples 

collected and the laboratory analytical program for each site are summarized in Table 2-2. 

2.1.2.2 Test Pit Investigation 

Nine test pits were excavated at the Antenna Field Landfill (Site 2) in order to directly observe and evaluate 

the subsurface conditions at this location. Test pits were excavated by Advanced Drilling, Incorporated with 

a backhoe. Each pit was approximately 3 to 4 feet wide and 10 feet long. The depth of each pit was planned 

to extend to the maximum depth of wastes and/or fill encountered, to the water table, or to the maximum 
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reach of tIle backhoe, whichever was encountered first The depths of tile test pits ranged from 10 to 14 feet. 

Two of the test pits (02TP01 and 02TP02) were excavated on April 2, 1997, Ground conditions on that day 

were very wet, and the backhoe became repeatedly stuck: at the landfill The remaining test pits were 

excavated on May 14 and May 15, 1997 with relatively dry conditions at the site, 

Four samples of landfill material were collected and submitted for laboratory analysis from each of the nine 

trench locations. Four duplicate samples were collected, Samples for analyses were selected based 011 

visual evidence of potential contamination and/or elevated PID readings, In general, no unusual visual 

evidence or elevated PID readings were encountered, Therefore, grab samples were collected from near the 

center of each open pit at approximately 2- to 3-foot depth intervals, Detailed notes and logs describing the 

subsurface conditions encountered, PID readings, and sample locations were maintained for each pit. Test 

pit logs are contained in Appendix D, and sample log forms are included in Appendix C, Subsurface 

samples of landfill materia! and/or soil were submitted to ARDl for Tel VOCs, SVOCs, PCB/pesticides, TAL 

inorganics, and cyanide analysis, Two of these samples were analyzed for dioxin, A summary of tile test pit 

samples is presented ill Table 2-3, 

Materia! excavated during the test-pitting program was placed back in the test pit in accordance with the 

Phase II RI Work Plan, 

2.1.3 ~_ Field Screening 

One hundred soil samples (both surface and subsurface soil) were analyzed in the field for PCBs during the 

Phase II activities in 1997, PCB screening was performed during the soil removal action follow-on activities 

at Site 1, TT NUS Environmental personnel tested selected soil samples from the Privet Road Compound 

(Site 1) in the field for PCBs to delineate the extent of a previously identified "hot spot" Soil samples at the 

Fire Training Area (Site 5) were field tested for PCBs to identify and delineate potential PCB impact to soil at 

that site. 

An immunoassay test was used to screen for the presence of PCBs, In this test, the estimated concentration 

of PCBs is determined by measuring the absorbance of samples and standards using a differential 

photometer and then comparing the sample results against a calibration curve. Typically, results are used to 

report concentration as either greater or less than a predetermined action level (e,g" 10 ppm), Detailed 

methods and procedures for the immunoassay test are discussed in Appendix L. 

Duplicate soil samples were submitted to ARDL for PCB analysis as confirmation samples for the 

immunoassay field-tested samples. Duplicate samples were collected at a rate of aile per 10 field-tested 

samples. Surface and subsurface soil samples collected for PCB field screening and confirmation laboratory 
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TABLE 2-3 

Subsurface Soil (Test Pit) Sampling Summary 
NASJRB, Willow Grove, Pennsylvania 

Trench Locations Environmental Soil 

s/PCBs, TAL metals, and 

(li Includes field duplicates 
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TABLE 2-3 

Subsurface Soil (Test Pit) Sampling Summary 
NASJRB, Willow Grove, Pennsylvania 

Site Number of Test Pit Number of Analytical Parameters 
Trench locations Environmental Soil 

Samples'!) 

2 9 40 TCl vac, TCl semivolatiles, TCl 
pesticides/PCBs, TAL metals, and 
Cyanide. 

2 Dioxin 

(1) Includes field duplicates 
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analysis are summarized in Tables 2-1 and 2-2, Results of the Site 5 field testing are presented in Section 

4. • 

2.1.4 ~urface Water Sampling Investigatio_1J. 

Eight surface water samples (six locations) were collected at three sites (Site 2, Site 3; Site 5) and nine 

samples were coHeded at eight designated off-base background locations during the 1997 R! activities. Two 

surface water locations were sampled at Site 5. No surface water samples were obtained during the follow

on activities, The Site 5 specific sampling programs are included in the detailed discllssions in Section 4. 

Surface water was sampled at two locations each of Sites 2, 3, and 5 to obtain initial water quality data. 

Surface water samples were collected at off-base locations to provide baseline background data, Samples 

were submitted to ARDL for TCl VOCs, SVOCs, PCB/pesticides, TAL inorganics, and cyanide analysis, 

Field measurements were taken for the surface water samples prior to sample coliection, The field 

measurements included pH, temperature, and conductivity and visual estimates of the color and turbidity, All 

field data were recorded in the field logbook and on the appropriate sample log sheet. Sample log sheets for 

the surface water sampling program are included in Appendix C. A summary of the surface water samples 

collected at each site during the Phase II RI is presented in Table 2-4. 

2.1.5 Sediment Sam~ling Investigation 

Fourteen sediment samples were collected at 13 locations at Sites 1, 2, 3, and 5, and nine sediment samples 

were collected from the designated eight off-base background locations during the 1997 RI activities. No 

sediment samples were obtained during the follow-on activities, Sediments were sampled concurrently from 

the same locations as surface water for Sites 2, 3, 5, and off-base background, One Site 3 and one Site 1 

sediment sample were collected without corresponding surface water samples, All samples were submitted 

to ARDL for TCl VOCs, SVOCs, PCB/pesticides, TAL inorganics, cyanide, total organic carbon (TOe), and 

grain size analysis, In addition, five sediment samples at Site 1 were collected from the same iocations 

sampled for the Phase I RI and submitted to ARDL for TCl SVOCs, TOC, and grain size analysis to fl!1 

analytical data gaps identified during the scoping process for the current investigation. 

Sediment sample log sheets are included in Appendix C, A summary of the sediment samples collected 

during ttle Ptlase II R! is presented in Table 2-5. 

2.1.6 Saae SamE!!!!g Investigation 

Seep sampling was proposed in the Phase i RI investigation for the Antenna Field landfHl Site (Site 2) but 

samples could not be collected due to drought conditions, Seep samples were collected during the initial 
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TABLE 2-4 
Surface Water Sampling Summary 

NASJRB, Willow Grove, Pennsylvania 

Site 

5 

Offsite 

- 

Number of Surface 
Water Sample 

Locations 

Number of 
Environmental 
Surface Water 

Analytical Parameters 

U) Includes field duplicates 
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TABL E2-4 
Surface Water Sa 

NASJRB, Willow G 
mpling Summary 
rove, Pennsylvania 

Site Number of Surface 
Water Sample 

locations 

2 2 

3 2 

5 2 

Offsite 8 

(1) Includes field duplicates 

NAVY 15466/Site5RlfSectz 

Number 0 f 
tal 
er 

Environmen 
Surface Wat 

Samples(l) 

2 

3 

3 

9 

2-11 

Analytical Parameters 

TCL VOC, TCl semivolatiles, TCl 
pesticides/PCBs, TAL metals, and Cyanide. 
TCL VOC, TCl semivolatiles, TCl 
pesticides/PCBs, TAL metals, and Cyanide. 
TCL VOC, TCl semivolatiles, TCl 
pesticides/PCBs, TAL metals, and Cyanide. 
TCl VOC, TCl semivolatiles, TCl 
pesticides/PCBs, TAL metals, and Cyanide. 
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TABLE 2-5 
Sediment Sampling Summary 

NASJRB, Willow Grove, Pennsylvania 

... 
Site Number of Sediment Number of Analytical Parameters 

Sample Locations Environmental 
Sediment Samples,l) 

1 6 5 TCl semivolatlies, TOe, and grain size, 
1 TCl Voc:'TCT=o'seiilivolatiles, TCl 

pesticides/PCBs, TAL metals, and 
Cyanide, TOe, and grain size 

2 2 2 TCl VOC, TCl semivolatiles;"YCl 
pesticides/PCBs, TAL metals, Cyanide, 
TOe, and grain size. 

3 3 3 Tel VOC, TCl semivolatiles, Tel 
pesticides/PCBs, TAL metals, Cyanide, 
TOe, and grain size . .. 

5 2 3 Tel vae, TCl semivolatiles, TCl 
pesticides/PCBs, TAL metals, Cyanide, 
TOC, and grain size. 

Offsite 8 9 TCl voe, Tel semivolatiles, TCl 
pesticides/PCBs, TAL metals, Cyanide, 
TOe, and grain size. o. 

(11 Includes field duplicates 
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Phase II RI investigation to fill this data gap. Seep samples were not collected during the follow-on 

activities. Four groundwater seep samples (02SPOl through 02SPO4) were collected, Sediments were 

also collected from the fine-grained depositional area that receives surface runoff from the seep at these 

locations. All aqueous seep samples were analyzed for TCL VOC, TCL semivolatile compounds, 

PCBlpesticides, and TAL metals. Sediment seep samples were analyzed for TCL VOC, TCL semivolatile 

compounds, PCB/pesticides, TAL metals, TOC, and grain size. 

Field measurements of pH, temperature, and conductivity were taken for each aqueous seep sample, 

along with visual estimations of the color and turbidity. All field data were recorded in the field log book 

and the appropriate sample log sheet. Seep water and sediment sample log sheets are included in 

Appendix C. A summary of the seep sampling is presented in Table 2-6, 

2.1.7 Groundwater Investigation 

2.1.7.1 Monitoring Well Installation - Initial Field Activities 

Monitoring wells were installed at each site to obtain the additional groundwater quality and hydraulic 

head data needed to fill the data gaps identified during the scoping of this investigation and discussed in 

the Phase II Work Plan. 

A total of 30 monitoring wells were installed within 22 boreholes. The specific locations, numbers and 

depths of the wells at each site are presented in the detailed discussion for each. A summary of the 

Phase II RI monitoring well construction details is provided in Table 2-i’. 

The target depth for each proposed well was determined by the data needs identified during the scoping 

process and was based on the local hydrogeology as determined from the previous investigation. For 

shallow wells, the target depth was from the top of bedrock to a subsurface depth of 75 feet. For the 

intermediate wells, the target depth was from a subsurface depth of 75 to 150 feet. These target drilling 

depths were used only as general guidelines. The actual depth of the boreholes varied and was based on 

the subsurface conditions encountered during the drilling process. 

The proposed drilling locations were cleared for potential underground obstructions by the Navy and local 

utilities before beginning the borings. The boreholes were drilled with a Stratistar- air-rotary drilling rig 

operated by Advanced Drilling, Incorporated. For each bedrock borehole, IO-inch-diameter boreholes 

were drilled from the ground surface to a depth of at least 5 feet into competent bedrock. Six-inch- 

diameter steel surface casing was installed and grouted into the bedrock with cement-bentonite grout to 

hydrogeologically isolate the overburden from the bedrock. This casing also serves as the outer 

protective casing for the completed well above ground. The grout was allowed to set undisturbed for a 
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Phase II RI investigation to fill this data gap. Seep samples were not collected during the follow-on 

activities. Four groundwater seep samples (02SP01 through 02SP04) were collected, Sediments were 

also collected from the fine-grained depositional area that receives surface runoff from the seep at these 

locations. All aqueous seep samples were analyzed for TCl VOC, TCl semivolatile compounds, 

PCB/pesticides, and TAL metals. Sediment seep samples were analyzed for TCl VOC, TCl semivolatile 

compounds, PCB/pesticides, TAL metals, TOC, and grain size, 

Field measurements of pH, temperature, and conductivity were taken for each aqueous seep sample, 

along with visual estimations of the color and turbidity, All field data were recorded in the field log book 

and the appropriate sample log sheet. Seep water and sediment sample log sheets are included in 

Appendix C, A summary of the seep sampling is presented in Table 2-6. 

2.1.7 Groundwater Investigation 

2.1.7.1 Monitoring Well Installation -Initial Field Activities 

Monitoring wells were installed at each site to obtain the additional groundwater quality and hydraulic 

head data needed to fill the data gaps identified during the scoping of this investigation and discussed in 

the Phase II Work Plan, 

A total of 30 monitoring wells were installed within 22 boreholes. The specific locations, numbers, and 

depths of the wells at each site are presented in the detailed discussion for each, A summary of the 

Phase II RI monitoring well construction details is provided in Table 2-7. 

The target depth for each proposed well was determined by the data needs identified during the scoping 

process and was based on the local hydrogeology as determined from the previous investigation, For 

shallow weils, the target depth was from the top of bedrock to a subsurface depth of 75 feet. For the 

intermediate wells, the target depth was from a subsurface depth of 75 to 150 feet. These target drilling 

depths were used only as general guidelines, The actual depth of the boreholes varied and was based on 

the subsurface conditions encountered during the drilling process, 

The proposed drilling locations were cleared for potential underground obstructions by the Navy and local 

utilities before beginning the borings. The boreholes were drilled with a Stratistar-25 air-rotary drilling rig 

operated by Advanced Drilling, Incorporated, For each bedrock borehole, 10-inch-diameter boreholes 

were drilled from the ground surface to a depth of at least 5 feet into competent bedrock, Six-inch

diameter steel surface casing was installed and grouted into the bedrock with cement-bentonite grout to 

hydrogeologically isolate the overburden from the bedrock. This casing also serves as the outer 

protective casing for the completed well above ground. The grout was allowed to set undisturbed for a 
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Site Number of 
Seep Sample 

locations 

2 4 

(1) Includes field duplicates 
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TABLE 2-6 
Seep Sampling Summary 

NASJRB, Willow Grove, Pennsylvania 

_ ._., 

Number of Number of 
Environmental Seep Environmental 
(aqueous) Samples(1) Seep (sediment) 

Samples(1) 

4 

..,H"" _ 

Analytical Parameters 

TGl VQG, TGl semivolatiles, TCl 
pesticides/PCBs, TAL metals, and 
Cyanide, 

4 ." T"CL"'voe, TGl semivolatiles, TCC-'--
pesticides/PCBs, TAL metals, 
Cyanide, TOe, and grain size. --..... __ n._.n 
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TABLE 2-7 
Initial Phase Ii RI Monitoring Well Construction Summary 

NASJRB, Willow Grove, Pennsylvania 

Fire Training Area Site 05 

!prehole Depth WELL I.D. --” .,.... -._. screen interval (fi] Iscreen length 

150 05MWOl I 125- 135 10 

170 05MW03 I 118-128 IO 

75 05MW08 s 26 - 36 10 

05MW08 SI 55 - 65 IO 

150 05MW08 I 89 - 99 IO 

75 05MW09 S 27 - 32 5 

05MWO9 SI 59-74 15 

150 05MW09 I 96- 106 10 

95 05MWlO s 22 - 32 10 

05MWlO SI 79 - 94 15 

130 05MWlO I 116- 126 IO 

Ninth Street Landfill Site 03 

Iorehole Depth 

144 -- 

ELL I.D. screen interval (ft) screen - ..- ...” - ieat& --“. 
03MW02 SI 55- 65 10 

03MW02 I 134- 144 10 

150 03MWO5 I 82-92 10 

85 03MW06 S 26 - 36 IO 

03MW06 SI 75-85 IO 

150 03MW06 I 140 -150 10 

75 03MWO7 S 34-44 10 

Antenna Field Landfill Site 02 

,orehole Depth WELL LD. screen interval -_---.. ..- --.- -...... (fJ screen length 

105 02MWOl I 70 -80 IO 

150 02MWO3 SI 40 - 55 15 

02MWO3 I 140- 150 IO 

75 02MWO4 S 34-44 10 

150 02MW04 I 105- 115 10 

Privet Road Compound Site 01 

oreholemb WELL I.D. -_lll.-____ll screen intern - lll__ 
33 OIMWOI SO 08-18 

OIMWOI S 23 - 33 

100 OIMWOI I 75 - 85 

100 01 MW03 I 69 - 79 

34 01 MW08 so 7-17 

01 MWO8 s 24 - 34 

100 OlMW08 I 76 - 86 

screen leak ,.., 

10 

10 

IO 

10 

10 

10 

10 
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TABLE 2-7 
Initial Phase II RI Monitoring Well Construction Summary 

NASJRB, Willow Grove, Pennsylvania 

Fire Training Area Site 05 

?orehole Depth. WELL J.D, screen i~terval_(m ~~reen length 
--~., .... -.-. 

150 05MW011 125 - 135 10 

170 05MW031 118 -128 10 

75 05MW08 S 26 - 36 10 

05MW08 SI 55 - 65 10 

150 05MW08 ! 89 - 99 10 

75 05MW09 S 27 - 32 5 

05MW09S1 59 -74 15 

150 05MW091 96 - 106 10 

95 05MW10S 22 - 32 10 

05MW10S1 79 - 94 15 

130 05MW10 I 116 -126 10 

Ninth Street Landfill Site 03 

Borehole Depth WELL J.D. ~<::reel~JE1\~rval (ft) ~creen ~~lli 
~-.----

144 03MW02 SI 55 - 65 10 

03MW021 134 -144 10 

150 03MW051 82 -92 10 

85 03MW06 S 26 - 36 10 

03MW06S1 75 -85 10 

150 03MW061 140 -150 10 

75 03MW07 S 34-44 10 

Antenna Field Landfill Site 02 

Boreh_~~ D~p!b WELL I.D. ~rteen interval (~ ~creef!_lenf1!h ---.-
105 02MWOli 70 -80 10 

150 02MW03 SI 40 - 55 15 

02MW031 140 - 150 10 

75 02MW04 S 34 -44 10 

150 02MW041 105-115 10 

Privet Road Compound Site 01 

Borehole Deptf:1 WELL 1.0. scr~en in\~rval (ft) ~creen.I.~h. -.---
33 01MW01 SO 08 -18 10 

01MW01 S 23 - 33 10 

100 01MW01 I 75 - 85 10 

100 01 MW03I 69 -79 10 

34 01 MW08 SO 7 - 17 10 

01MW08S 24 - 34 10 

100 01 MW08I 76 - 86 10 
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minimum of 24 hours. Subsequently, a nominal 6-inch-diameter borehole was drilled in the bedrock until 

significant water-bearing zones were encountered within the target interval for the respective borehole, A 

IT NUS Environmental field geologist logged subsurface lithology as determined by the drill cuttings and 

recorded all drilling information, such as water entry zones, on the boring logs. The boreho!e and the 

cuttings were screened with a PID, and readings were recorded in the site logbook and documented in the 

boring logs. Boring togs are included in Appendix B. 

Most of the new boreholes were geophysical logged by the U.S.G.S. to identify subsurface lithology. 

fractured intervals, water entry or exit zones, and vertical flow direction and quantity. Caliper, gamma ray, 

single-point resistiVity, fluid temperature, fluid resistivity, and thermal-pulse flowmeter logs were run in each 

borehole. A down-hole video camera/recording system was employed at select locations to obtain a visual 

record of the inner borehole and potential water entry zones. Two shallow boreholes (01 MW01 Sand 

01 MW08S) were not geophysical logged. Copies of the geophysical log results are contained in Appendix 

F. 

The vertical interval to be screened in each borehole was determined by evaluating the geophysical logs and 

the well boring logs. In general, the wells were constructed to monitor the most significant (highest yielding) 

water-bearing zone wit!lin the target interval for that particular borehole, Other factors considered included 

stratigraphic and vertical separation of the various water-bearing zones already screened in existing wells (if 

any) at that weH cluster. 

At some locations, a nested pair of two monitoring wells was installed within one borehole. Typically. this 

was done in shallow bedrock boreholes in order to monitor both the minimally productive zones usually found 

at the water table and a higher yielding, deeper fracture within the target interval for the sha!!ow wells, 

Monitoring Well Cons~..i:.l.ction 

Monitoring wells were constructed with 2-inch-diameter, flush-joint and threaded polyvinyl chloride (PVC) 

well casing and 2-inch-diameter, Schedule 40, 0.020-inch slotted well screen fitted with a bottom cap. The 

space between the bottom of the borehole and the bottom of the screen (if any) was backfilled with bentonite 

and/or cement-bentonite grout to the bottom of the desired monitoring interval and with No, 2 quartz sand 

from that depth to the bottom of the screen, The annular space between the weI! screen and the borehole 

was packed with No. 2 quartz sand to at least 1 foot above the top of the desired monitoring interval. A 

minimum 2-foot-thick bentonite pellet seal was installed above the sand pack and allowed to hydrate prior to 

grout emplacement. The remaining annulus was then backfilled with a cement-bentonite grout mixture to 

within 1 foot of the ground surface or, when two wells were constructed in one borehole, to a depth 2 to 5 feet 

below the bottom of the shallow well. The depths of all backfiH materials were constantly monitored by a TT 
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NUS Environmental geologist during the well installation process to ensure that bridging did not occur and 

that the correct construction depths were achieved. Monitoring wells were completed with a Z&foot-square 

concrete pad at ground level around the stickup pipe, keyed 1 foot into the annular space. A standpipe was 

installed at two Site 1 locations to house well cluster lMWOlS, OIMWOISO and well cluster 01MWOSS, 

01 MW08SO because these wells had no protective surface casing set into bedrock. Steel/concrete bollards 

were placed at selected monitoring well sites where the risk of damage from vehicular traffic or maintenance 

activities exists. A monitoring well construction log was completed for each well, Well construction logs are 

contained in Appendix B. 

Well Development 

Most monitoring wells were developed with a submersible pump. The groundwater temperature, pH, 

conductivity, and turbidity were monitored during development. The wells were developed until these 

parameters were measured within 10 percent of one another from three consecutive samples and the 

groundwater became clear. The amount of water removed during well development and the field parameters 

for each well were recorded in the project field notebooks. 

One well at Site 3 (03MW06.S) was developed by hand bailing with a disposable Teflon bailer for 2-l/2 hours 

because of low well yield. A total of 60 gallons were removed and the final water had a very light brown 

color. 

Hand bailing was attempted at Site 1 Well OlMW08SO but yielded only 12 ounces of water with no 

perceptible recharge. This overburden wefl was installed upgradient of Site 1 within the same borehole as 

the shallow bedrock well at this location to monitor the groundwater quality in the overburden prior to any 

potential impacts from the site. The overburden was dry at the time of monitoring well installation during a 

very dry summer. It is possible that water samples may be available from this well in the future. 

2.1.7.2 Monitoring Well Installation - Field Activities 1998 through 2000 

Additional monitoring wells were installed at Site 5 to investigate groundwater quality on Navy property to 

respond to informal comments on the Phase II RI Report. The wells were installed in accordance with the 

general requirements included in the original Work Plan and the specific requirements indicated in the 

Addendum Remedial Investigation Work Plan for Site Investigation at Site 5. 

Six monitoring wells were instafied, including three wells at a new location (OsMWll), one new well 

location (well 05MW121), and one welf each at cluster locations 4 (05MW040 and 5 (05MW05l). The 
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NUS Environmental geologist during the well installation process to ensure that bridging did not occur and 

that the correct construction depths were achieved. Monitoring wells were completed with a 2-foot-square 

concrete pad at ground level around the stickup pipe, keyed 1 foot into the annular space. A standpipe was 

installed at two Site 1 locations to house well cluster 1MW01S, 01MW01S0 and well cluster 01 MW08S, 

01 MW08S0 because these wells had no protective surface casing set into bedrock. Steel/concrete bollards 

were placed at selected monitoring well sites where the risk of damage from vehicular traffic or maintenance 

activities exists. A monitoring well construction log was completed for each well. Well construction logs are 

contained in Appendix B. 

Well Development 

Most monitoring wells were developed with a submersible pump. The groundwater temperature, pH, 

conductivity, and turbidity were monitored during development. The wells were developed until these 

parameters were measured within 10 percent of one another from three consecutive samples and the 

groundwater became clear. The amount of water removed during well development and the field parameters 

for each well were recorded in the project field notebooks. 

One well at Site 3 (03MW06S) was developed by hand bailing with a disposable Teflon bailer for 2-1/2 hours 

because of low well yield. A total of 60 gallons were removed and the final water had a very light brown 

color. 

Hand bailing was attempted at Site 1 Well 01MW08S0 but yielded only 12 ounces of water with no 

perceptible recharge. This overburden well was installed upgradient of Site 1 within the same borehole as 

the shallow bedrock well at this location to monitor the groundwater quality in the overburden prior to any 

potential impacts from the site. The overburden was dry at the time of monitoring well installation during a 

very dry summer. It is possible that water samples may be available from this well in the future. 

2.1.7.2 Monitoring Well Installation - Field Activities 1998 through 2000 

Additional monitoring wells were installed at Site S to investigate groundwater quality on Navy property to 

respond to informal comments on the Phase II RI Report. The wells were installed in accordance with the 

general requirements included in the original Work Plan and the specific requirements indicated in the 

Addendum Remedial Investigation Work Plan for Site Investigation at Site S. 

Six monitoring wells were installed, including three wells at a new location (OSMW11), one new well 

location (well OSMW121), and one well each at cluster locations 4 (OSMW041) and 5 (OSMWOSI). The 
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specific locations, numbers, and depths of the wells are presented in the detailed discussion (Section 4). 

A summary of the follow-on Phase II RI monitoring well construction details is provided in Table 2-8. • 

The wells at 05MW11 are located near the Navy's property boundary. be1:\Neen the source area at Site 5 

and the Horsham TOlfmship Water District prodLlction well No. 26, These weHs are installed at shallow 

(25 feet), intermediate (50 feet) and deep (149 feet) intervals, to assess the quamy of groundwater quality 

ttl at could potentially migrate from Site 5 toward the public water supply well. 

Well 05MW12i was primarily installed to investigate the effects of geologic structure (bedrock dip) on the 

groundwater 'flow patterns at Site 5. Wells 05MW04! and 05MW051 were installed to fHl additional 

hydrauHc and groundwater quality data gaps. The rationale for the installation of each of these wells is 

discussed in more detail in Subsection 4.4.1. 

Bore hole advancement, monitoring well construction, and well development were per'formed using 

methods similar to those described for the initial field activities. Geophysical logs were also generated for 

the follow-on boring locations. Boring logs, well construction diagrams, and well development records are 

included in Appendix B. 

2.1.7.3 Groundwater Sampling - Phase II RI Activities 

Groundwater samples were obtained from all accessible permanent monitoring wells at tile fOLir study sites, 

including the newly installed wells (Phase II RI) and pre-existing wells. Groundwater samples were also 

obtained from the two Navy supply wells and four monitoring wells at the Air Reserve Station located 

adjacent to the Private Road Compound (Site 1). Monitoring wells were sampled a minimum of 14 days after 

development The groundwater sampling programs specific to each site are presented in the detailed 

discussions for each site. Four monitoring wells could not be sampled due to field conditions, Wells 

01 MW08S0 (Site 1) and 02MW01 i (Site 2) were dry wells. The pump couid not be lowered into wells 

02MW03S (Site 2) and 03MW01 SI (Site 3). WeI! 02MW03S has apparently collapsed and was filled with 

sediment to a depth of approximately 3 feet bgs. Well 03MW01S1 was damaged, with the casing disjointed 

approximately 3 feet bgs, 

The groundwater sampling program was conducted in accordance with the low-flow sampling procedure 

(Appendix M) based on EPA Region III (amended) Groundwater Sampling Procedure Low-Flow Purge and 

Sampling guidance. Monitoring wells were purged prior to sampling using a low-flow submersible pump and 

disposable polyethylene tubing, Care was taken to place the pump at the prescribed depth within the we!! 

• 

screen and to purge the wells at a rate less than the well yield. Purge rates generally did not exceed 1 liter • 

per minute (Llmin) and were typically set to the minimum capability of the pump (0,2 lImin to 0.5 Umin) 
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TABLE 2-8 

Follow-on Phase II RI Monitoring Well Construction Summary 
NASJRB, Willow Grove, Pennsylvania 

a 
Fire Training Area Site 05 

Borehole Depth WELL I,D. -..II___ -.” zreC.$~a!...U saeen Ien@ ---_” 
150 05MWI 1 I 139- 149 10 

70 05MW11SI 40 - 50 IO 

05MWl’l S 20 - 25 5 

151 05MW121 103.5 - 113.5 10 

261 05MW051 189.5 - 209.5 IO 

150 05MW041 74.5 - 84.5 10 
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TABLE 2-8 

Follow-on Phase II RI Monitoring Well Construction Summary 
NASJRB, Willow Grove, Pennsylvania 

Fire Training Area Site 05 

~Cl~ehole q~F.lb WELL I.D. scr~~n in.terv!"l® screen 1~t:l.9!b 

150 OSMW111 139 - 149 10 

70 OSMW11S1 40 - 50 10 

05MW11S 20 - 2S 5 

1S1 OSMW121 103.5 -113.S 10 

261 OSMWOSI 189.5 - 209.5 10 

1S0 OSMW041 74.5 - 84.S 10 
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shortly after now was established. Groundwater was directed into a flow-through cell with a multi-probe 

water quality meter. Each well was purged until the monitored parameters (pH. temperature. conductivity, 

turbidity, and dissolved oxygen) of three consecutive readings were within 10 percent. 

The groundwater samples from the monitoring wells were obtained directly at the discharge pOint of 

dedicated, disposable polyethylene tubing. The tubing was detached from the flow-through monitoring cell 

during sample collection in order to obtain the groundwater directly from the pump and dedicated tubing. 

The mo Navy production wells at Site 1 (01 MWNW1 and 01 MWNW2) were sampled during normal pumping 

conditions by collecting water through existing in-line baH valves at each pumphouse, 

Groundwater samples from Sites 2, 3, and 5 were analyzed for TCl vac, TCl svacs, TCl 

pesticides/PCBs, TAL metals, and cyanide. Groundwater samples from the Privet Road Compound 

(Site 1) were analyzed for TCl vacs only. Table 2-9 summarizes the groundwater sampling 

program. Ali pertinent field data were recorded in the field logbook and on the appropriate sample log 

sheet. The groundwater sample log sheets are included in Appendix C. 

2.1.7.4 Groundwater Sampling -1998 through 2000 Field Activities 

Groundwater samples were obtained from ail existing and newly installed permanent monitoring wells at Site 

5. Newly installed monitoring wells were sampled a minimum of 14 days after development. More details on 

the groundwater sampling programs specific to Site 5 are presented in Section 4, 

The groundwater sampling program was conducted in accordance with a modified sampling procedure 

(Appendix M) based on the EPA Region III (amended) Groundwater Sampling Procedure Purge and 

Sampling guidance. The same procedure is used at the former NAWC Warminster, Pennsylvania, which is 

located only three miles from NASJRB Willow Grove, in a similar hydrogeological setting. 

A total of 30 groundwater samples (26 monitoring wells, 3 duplicates, and 1 re-analysis) were 

analyzed for TCl vac and MNA parameters. The MNA parameters included liquid (alkalinity, 

chloride, ferrous iron, nitrate, nitrite, sulfide, total organic carbon) and gas (carbon dloxide, ethane, 

ethene, hydrogen, methane, nitrogen, and oxygen) fractions, The vac samples were analyzed by 

Severn Trent Services and the MNA parameters were analyzed by Vapor Tech Services. All 

pertinent field data were recorded in the field logbook and on the appropriate sample !og sheet. The 

groundwater sample log sheets are included in Appendix C. 
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TABLE 2-9 

Initial Field Activities - Ground Water Sampling Summary 
NASJRB, Willow Grove, Pennsylvania 

Groundwater Sample 
Locations (Wells) 

Environmental 

(ly Includes field duplicates 

a 
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TABLE 2-9 

Initial Field Activities - Ground Water Sampling Summary 
NASJRB, Willow Grove, Pennsylvania 

Site Number of Number of Analytical Parameters 
Groundwater Sample Environmental 

locations (Wells) Groundwater 
Samples(1) 

1 23 26 TClVOC 
2 6 7 TCl VOC, TCl semivolatiles, TCl 

pesticides/PCBs, TAL metals, and 
Cyanide. 

3 17 19 TCl VOC, TCl semivolatiles, TCl 
pesticides/PCBs, TAL metals, and 
Cyanide. 

S 21 23 TCl VOC, TCl semivolatiles, TCl 
pesticides/PCBs, TAL metals, and 
Cyanide. 

(1) Includes field duplicates 
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2.1.1.5 Long-Term Water-Level Study - Phase II RI Field Activities 

A iong-term water-level study was conducted at the Privet Road Compound from March 4 to April 2'1, 

1997. The results of previous investigations and existing data indicated that the groundwater flow 

conditions at this site were quite complex due to the presence of both unconfined and confined aquifers 

and the differing effects from tile pumping of the Navy supply wells on each aquifer. 

Pressure transducers were installed to monitor the water levels in 13 selected wells. Self-contained units 

(with stand-alone transducer and data logger) and satellite transducers wired into a common data logger 

were used to collect the water-level readings, which were obtained at 10-minute intervals from each well. A 

strip chart recorder was installed in Building 6 (Boiler House) to monitor the on-off cyc[e of the Navy 

supply wells (NW-1 & NW-2) to relate the water-level data recorded in the Privet Road monitoring wells to 

the production well pumping cycles. Section 4.5.1 details the field activities for the water-level study and 

Section 4.3 presents the hydrogeology for the Privet Road Compound site. 

2.1.1.6 Static Water Le ..... el Measurements - Phase II RI Field Activities 

Two rounds of groundwater-level measurements were collected at the four RI sites (on July 2, '1997 and 

August 7, 1997) to provide hydraulic head data for piezometric elevations and groundwater contour maps. 

Static water !evels were measured in all a ..... ailable wells using an electronic water-level indicator (m

scope) and were recorded to the nearest 0.01 foot. Well 02MW02S at the Antenna Field Landfill (Site 02) 

was not measured on July 2, 1997 because the well could not be located, Groundwater levels at four 

monitoring weHs (01 MWlNlN1, 01 MVVVVW1 B, 01 MWWW2., and 01 MVWVVV3) at the Air Reserve Station 

adjacent to and northwest of the Privet Road Site (part of the Site 1 investigation) were not collected on 

July 2, 1997. 

2.1.1.7 Static Water Level Measurements -1998 Through 2000 Field Activities 

A base-wide round of water level measurements was performed in October 1998 to assist the USGS to 

construct of a regional groundwater elevation contour map. 

Groundwater-level measurements were recorded at Site 5 on September 11, 2000 to provide hydraulic 

head data for piezometric elevations and groundwater contour maps. Static water levels were measured 

in all available wells using an electronic water-level indicator (Herron Water Level Indicator) and were 

recorded to the nearest C.Oi-foot. 
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2.1.7.8 Evaluation of Geological Structure - 1998 Through 2000 Field Activities 

The presence of chlorinated solvents in well 05MW031, located north and upgradient from the Site 5 source 

area, prompted theories of another unidentified contaminant source, or that contaminant migration was 

impacted by geologic structure. In particular, regulators asked if the dip of the sedimentary bedrock units 

caused either the dissolvedlphase groundwater plume or a separate-phase DNAPL to migrate from the 

source area toward well 05MW031. 

In response to the regulatory concern, well 05MW121 was installed to evaluate the effects of geologic 

structure (bedrock dip) on the groundwater flow patterns and the potential for plume migration in a 

different direction than the groundwater flow gradient at Site 5. The work was performed in accordance 

with the Addendum Remedial Investigation Work Plan for Site Inspection at Site 5. The borehole for well 

05MWlZl was located downdip (northwest) of the source area. The location and depth of the borehole 

was based on the site-specific strike and dip directions that were determined through the correlation of the 

subsurface geophysical logs from Site 5 boreholes. 

Site-specific geological structure data, hydrogeologic data, and groundwater quality data were evaluated 

concurrently to ascertain the most likely contaminant source location(s) and migration potential. Hydraulic 

head values were compared across potential semi-confining layers. Contaminant concentrations in wells 

screened below potential confining layers were reviewed, and the potential presence of a DNAPL layer 

was considered based on contaminant concentrations encountered. 

2.1.7.9 Water Level Monitoring Tests - 1998 Through 2000 Field Activities 

Between January 14, 2000 and February 7, 2000, a water level investigation was performed to identify 

potential influence on groundwater flow at Site 5 (and elsewhere) from the operation of the Horsham 

Township production well number 26 (Well No. 26). Well No. 26 is located off Navy property, approximately 

1800 feet south of the Site 5 source area. 

The general approach and specific design of the water level measurement test, and the subsequent data 

review and interpretation, were the responsibility of USGS with on-base field assistance from Tetra Tech 

NUS. Water level measurements were obtained before and after the shut down/start up of production well 

26. Water levels were recorded at on-base and off-base well locations using electronic data loggers, and 

through direct measurement with water level probes. On-base data were collected by the TtNUS field 

geologists. Off-base work was performed by the USGS. 
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2.1.7.8 Evaluation of Geological Structure -1998 Through 2000 Field Activities 

The presence of chlorinated solvents in well 05MW031, located north and upgradient from the Site 5 source 

area, prompted theories of another unidentified contaminant source, or that contaminant migration was 

impacted by geologic structure. In particular, regulators asked if the dip of the sedimentary bedrock units 

caused either the dissolved~phase groundwater plume or a separate-phase DNAPL to migrate from the 

source area toward well 05MW031. 

In response to the regulatory concern, well 05MW121 was installed to evaluate the effects of geologic 

structure (bedrock dip) on the groundwater flow patterns and the potential for plume migration in a 

different direction than the groundwater flow gradient at Site 5. The work was performed in accordance 

with the Addendum Remedial Investigation Work Plan for Site Inspection at Site 5. The borehole for well 

05MW121 was located downdip (northwest) of the source area. The location and depth of the borehole 

was based on the site-specific strike and dip directions that were determined through the correlation of the 

subsurface geophysical logs from Site 5 boreholes. 

Site-specific geological structure data, hydrogeologic data, and groundwater quality data were evaluated 

concurrently to ascertain the most likely contaminant source location(s) and migration potential. Hydraulic 

head values were compared across potential semi-confining layers. Contaminant concentrations in wells 

screened below potential confining layers were reviewed, and the potentia! presence of a DNAPL layer 

was considered based on contaminant concentrations encountered. 

2.1.7.9 Water Level Monitoring Tests -1998 Through 2000 Field Activities 

Between January 14, 2000 and February 7, 2000, a water level investigation was performed to identify 

potential influence on groundwater flow at Site 5 (and elsewhere) from the operation of the Horsham 

Township production well number 26 (Well No. 26). Well No. 26 is located off Navy property, approximately 

1800 feet south of the Site 5 source area. 

The general approach and specific design of the water level measurement test, and the subsequent data 

review and interpretation, were the responsibility of USGS with on-base field assistance from Tetra Tech 

NUS. Water level measurements were obtained before and after the shut down/start up of production well 

26. Water levels were recorded at on-base and off-base well locations using electronic data loggers, and . 
through direct measurement with water level probes. On-base data were collected by the TtNUS field 

geologists. Off-base work was performed by the USGS. 
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2.1.7.10 Rock Core Investigation -1998 Through 2000 Field Activities 

The USGS questioned whether either a DNAPL or a highly concentrated residual phase trapped within ttlEO! 

bedrock's primary porosity (pore spaces) could act as a continuing contaminant source, Previous studies 

from USGS have shown that DNAPL may diffuse into the primary pore space of some sedimentary rocks, 

The USGS developed an approach and field sampling and analysis design to evaluate the potential for this 

phenomenon at Site 5, The work was performed in accordance with the Addendum Rernediallnvestigation 

Work Plan for Site Inspection at Site 5, 

Bedrock core samples were obtained from a borehole drilled within the contaminant source area, The USGS 

provided a protocol, equipment, and personnel to handle and preserve the samples in the field. TtNUS 

provided a drilling subcontractor to advance the borehole, and a field geologist to record the litho!ogic log. 

The work was completed on September 8, 2000, The rock core samples were analyzed at the USGS 

National Laboratory. 

2.1.7.11 Review and Evaluation of low-Flow Sampling Procedures 

The regulatory community expressed concerns that the low-flow sampling methods used during the Phase If 

initial field activities may not have been executed in accordance with approved protocols. The Navy was 

requested to review ali Phase II initial field activity groundwater sample acquisition records. The Navy was 

also requested to compare historical results with the Phase II RI sample results for those samples that were 

found to have been acquired outside of conformance with accepted low-flow protocol, The ultimate objective 

was to identify potential impacts on the site conceptual model (and the associated human health risk 

evaluation} at the site. The Navy and TtNUS completed the review and evaluation in June 1999. The results 

of this evaluation can be found in Appendix N - Summary of Action Items Evaluation, 

2.1.8 Review of EPIC Historical Aerial Photographs 

In April 1909, the EPA provided information to the Navy summarizing a review of EPIC historical aerial 

photographs that indicated various unidentifiable anomalies at or near each of the IRP Sites, The EPA 

considered these anomalies potential environmental concerns, and requested the Navy to conduct further 

investigation to assess the potential concerns. The Navy obtained the EPiC aerial photos and completed 

further review. 

The Navy conducted an independent review of the aerial photos and systematicaiiy attempted to ascertain 

the identity of each anomaly, and if an environmental concern existed. The location of each anomaly was 

determined in relation to current site conditions. Sample location mapping developed for the Rf were 
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reviewed to determine if and to what extent the anomalies were investigated. On-site personnel were 

interviewed, and a site visit at each location was performed on October 24, 2000. 

2.1.9 Site Survey ----^ 

The newly installed monitoring wells were surveyed for horizontal location and elevation by the 

Pennsylvania-licensed surveyors GEO-Technical Services, Incorporated, of Harrisburg, Pennsylvania. 

Class B surveying was performed, allowing for a horizontal closure of 1:10,000 and a high vertical accuracy 

(at least O.Ol-foot). Elevations measured for each well included the ground surface at the well and a 

designated reference point on the uncapped monitoring well top of inner casing (TOG). Horizontal 

coordinates are reported to Pennsylvania South Zone-NAD 83 and elevations are reported with respect to 

NAVD 88. Select existing wells were surveyed to tie in previous survey data and as a check on the new 

survey data. Vertical elevation data from the previous investigation phases were reported to NGVD 29 and 

have been converted to NAVD 88 for this report. 

Soil borings, surface soil sampling locations, surface water, and sediment, and seep sampling locations were 

surveyed for horizontal location and elevation. In addition, other significant site features such as building 

corners or site boundaries were surveyed for horizontal locations as needed to provide adequate site 

references for improving the quality and accuracy of the site-specific drawings. 

2.1.10 Handling of Investigation-Derived Waste --. 

2.1 .lO.l Drill Cuttings 

All drill cuttings generated during the soil boring and well installation program were field screened with a PID. 

Drill cuttings from monitoring well boreholes that did not generate elevated organic vapor readings were 

spread on the ground around the completed well. The soil boring boreholes were backfilled with drill cuttings 

generated by the drilling or with a cement grout, depending on the presence or absence of organic vapors, 

Where no elevated organic vapor readings were detected, the borehole was backfilled with soil cuttings. If 

elevated readings were detected, then the cuttings were isolated and containerized in Department of 

Transportation (DOT)-approved (Specification 17-C) 55galion drums, and the borehole was backfilled with 

cement grout. Drill cuttings from the Fire Training Area (Site 5) soil borings 05SBl7, 05SB19, 05SB21, 

05SB22, 05SB24, and 05SB28 produced elevated P%D readings and were therefore containerized. The 

drums were sealed, labeled, and stored at a designated waste holding location pending further testing and 

ultimate proper disposal of the cuttings. Drill cuttings from well boring FTAW-ID were also containerized 

and handled in the same manner. Drill cuttings from al% other boring locations did not produce any significant 
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reviewed to determine if and to what extent the anomalies were investigated. On-site personnel were 

interviewed, and a site visit at each location was performed on October 24, 2000. 

The newly installed monitoring wells were surveyed for horizontal location and elevation by the 

Pennsylvania-licensed surveyors GEO-Technical Services, Incorporated, of Harrisburg, Pennsylvania. 

Class B surveying was performed, allowing for a horizontal closure of 1:10,000 and a high vertical accuracy 

(at least 0.01-foot). Elevations measured for each well included the ground surface at the well and a 

designated reference point on the uncapped monitoring well top of inner casing (TOC). Horizontal 

coordinates are reported to Pennsylvania South Zone-NAD 83 and elevations are reported with respect to 

NAVD 88. Select existing wells were surveyed to tie in previous survey data and as a check on the new 

survey data. Vertical elevation data from the previous investigation phases were reported to NGVD 29 and 

have been converted to NAVD 88 for this report. 

Soil borings, surface soil sampling locations, surface water, and sediment, and seep sampling locations were 

surveyed for horizontal location and elevation. In addition, other significant site features such as building 

corners or site boundaries were surveyed for horizontal locations as needed to provide adequate site 

references for improving the quality and accuracy of the site-specific drawings. 

2.1.10 Handling of Investigation-Derived Waste 

2.1.10.1 Drill Cuttings 

All drill cuttings generated during the soil boring and well installation program were field screened with a PID. 

Drill cuttings from monitoring well boreholes that did not generate elevated organiC vapor readings were 

spread on the ground around the completed well. The soil boring boreholes were backfilled with drill cuttings 

generated by the drilling or with a cement grout, depending on the presence or absence of organic vapors. 

Where no elevated organic vapor readings were detected, the borehole was backfilled with soil cuttings. If 

elevated readings were detected, then the cuttings were isolated and containerized in Department of 

Transportation (DOT)-approved (SpeCification 17-C) 55-gallon drums, and the borehole was backfilled with 

cement grout. Drill cuttings from the Fire Training Area (Site 5) soil borings 05S817, 05S819, 05S821, 

05S822, 05S824, and 05S828 produced elevated PID readings and were therefore containerized. The 

drums were sealed, labeled, and stored at a designated waste holding location pending further testing and 

ultimate proper disposal of the cuttings. Drill cuttings from well boring FTAW~1D were also containerized 

and handled in the same manner. Drill cuttings from all other boring locations did not produce any significant 
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PID readings, so the cuttings were spread around the immediate area of the borehole. Appendix I contains 

waste disposal records. 

2.1.10.2 Development Water 

Development water from most of the newly installed monitoring wells ·was directed away from the wellhead 

and discharged to the ground surface and allowed to infiltrate the soil. Elevated (above background) PID 

readings were noted during the drilling at well boring 01MW01S. Therefore, the development water from 

wells 01MW01S and 01MW01S0 was containerized and stored on site pending test results of groundwater 

from those wells. Appendix I contains waste disposal records. 

2.1.10.3 Purge Water 

Purge water was directed away from the wellhead and discharged to the ground surface and allowed to 

infiltrate the soil. Very small quantities of purge water were generated during groundwater sampling due to 

the !ow-flow sampling procedure. The quantities of purge water removed from each we!! are listed on the 

groundwater sample log sheets which are located in Appendix C. 

2.1.10.4 Decontamination Fluids and Drilling Fluids 

Steam wash and rinse liquids from the drill rig, tools, and the backhoe bucket were collected at site-specific 

collection pads. In most cases, the water in the decontamination pads evaporated or was discharged in a 

manner consistent with the handling of the solids produced during that activity (e.g" drilling auger rinses 

were allowed to infiltrate the site soil where the corresponding cuttings had been returned to the hole or were 

spread on the site surface). Decontamination rinse solutions from Site 5, where cuttings from soil borings 

displayed elevated PID readings, were containerized, held, and sampled. Appendi:< I contains waste 

disposal records. 

Water produced during the air-rotary drilling was temporarily contained at the head of ttle borehole in a 

plastic-lined, bermed holding pad. This water was discharged away from the wellhead and to the iocal 

ground surface and allowed to reinfiltrate if PID readings from the borehole were not elevated and there was 

no possibility of the drilling water flowing to a natural surface water body. At several locations, tile drilling 

water was contained where there were nearby storm drain ditches or a nearby surface water impoundment. 

In these cases, driiHng fluids were pumped from the temporary holding pad to a 4,OOO-galion-capacity tank

trailer. The tank trailer was emptied, as needed, to two holding tanks (6,000 gallons each) untll the water 

• 

• 

was sampled, analyzed, and approved for discharge to the NASJRB water treatment facility. Drilling • 
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locations where water was contained and transferred for disposal include the Privet Road Compound 

(01 MWOI %, 01 MW031, and 01 MW081) and the Antenna Field Landfill. 

2.1.10.5 Personal Protective Equipment (PPE) 

PPE was double bagged and disposed off site. PPE and plastic sheeting from the cuttings at Site 5 were 

containerized and temporarily held pending testing of the cuttings. Appendix % contains waste disposal 

records. 

2.1.11 General Sampling Operations --“- -. 

2.1.11.1 Sample Designation 

Each collected sample was assigned a unique sample tracking number. The sample tracking number 

consisted of a three-segment or four-segment alpha (A)-numeric (N) code that identifies the sample medium 

and location, sample depth (for subsurface soils), and QA designation if required. Any other pertinent 

information regarding sample identification was recorded in the field iogbooks. Additionally, monitoring wells 

installed during the previous SI and RI were renamed to fit the Phase II RI designations with a code that 

expresses the site number, monitoring well (initials), location number, and assigned depth designation; for 

example, 05MW08SI represents Site 5, monitoring well, location 8, shallow-intermediate. 

The alpha-numeric coding used in the sample system is explained in the diagram and the subsequent 

definitions: 

NN AA 

Site Medium 

NN 

Location 

NNNN 

Sample depth 

Character Type: 

A = Alphabetical 

N = Numerical 

Site Designation: 

01 = Site 1 - Privet Road Compound 

02 = Site 2 - Antenna Field Landfill 

03 = Site 3 - Ninth Street Landfill 

05 = Site 5 - Fire Training Area 
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locations where water was contained and transferred for disposal include the Privet Road Compound 

(01 MW011, 01 MW031, and 01 MW081) and the Antenna Field Landfill. 

2.1.10.5 Personal Protective Equipment (PPE) 

PPE was double bagged and disposed off site. PPE and plastic sheeting from the cuttings at Site 5 were 

containerized and temporarily held pending testing of the cuttings. Appendix I contains waste disposal 

records. 

2.1.11 Ge~!al Sampling Operation~ 

2.1.11.1 Sample Designation 

Each collected sample was assigned a unique sample tracking number. The sample tracking number 

consisted of a three-segment or four-segment alpha (A)-numeric (N) code that identifies the sample medium 

and location, sample depth (for subsurface soils), and QA deSignation if required. Any other pertinent 

information regarding sample identification was recorded in the field logbooks. Additionally, monitoring wells 

installed during the previous SI and RI were renamed to fit the Phase II RI deSignations with a code that 

expresses the site number, monitoring well (initials), location number, and assigned depth designation; for 

example, 05MW08S1 represents Site 5, monitoring weH, location 8, shallow-intermediate. 

The alpha-numeric coding used in the sample system is explained in the diagram and the subsequent 

definitions: 

NN 

Site 

Character Type: 

A = Alphabetical 

N = Numerical 

Site Designation: 

AA 

Medium 

01 = Site 1 - Privet Road Compound 

02 = Site 2 - Antenna Field Landfill 

03 = Site 3 - Ninth Street Landfill 

05 = Site 5 - Fire Training Area 
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BG "" background Sampling Location 

Medium: 

MW ::::: Groundwater sample from a monitoring well 

SB ::::: Soil boring sample 

SS = Surface soil sample 

SW :: Surface water sample 

SO = Sediment sample 

SP ::: Seep sample (additional designation L-liquid, S-sediment at end of tracking number) 

Sample Location: 

Subsurface soil = soil boring number 

Surface soil ::: sample location number from map 

Groundwater sample = well number 

Surface water/sediment -- sample location number from map 

Seeps ::: sample location number from map 

Background Sample = background sample location number 

Sample Depth: 

For soil samples, the two-digit start depth followed by the two-digit final depth (Le., 0204 

is beginning at 2 feet and ending at 4 feet). 

Not used for groundwater, surface water, sediment, or seep samples. 

QA Sample DeSignation 

OUP = Duplicate 

RB = Equipment Rinsate Blank 

FB = Field Blank 

TP = Trip Blank 

Field Duplicate Labels 

Field duplicates were designated as DUP-01, DUP-02, etc. so they were submitted to tile laboratory 

"blind." The chain-of-custody form and other documentation submitted to the laboratory were filled out in 

such a way that the laboratory could not match tile duplicates to the original sample. The time on the 

duplicate samples was noted as 00:00. The correct sample location, time, etc. were documented in the 

field logbook. Alternately, duplicate samples were assigned a fictitious sample location, depth. and time 
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to appear as another environmental sample. The correct sample association for the duplicate was 

a 
documented in the field notebook. 

Quality Control Sample Labels 

Quality control samples were taken periodically. These samples were used to document the 

effectiveness of decontamination, to determine the quality of water used for decontamination, and to 

identify possible cross-contamination occurring during transit. These blank samples, including trip blanks, 

field blanks, and equipment rinsate blanks, used the QC sample identification scheme, listed below. 

Sample Number 

A sequential numeric designation was assigned to each type of blank on a daily basis. 

Sample Date 

The format MMDDYY (M=Month, D=Day, Y=Year) was used to indicate the day the sample was 

generated. 

0 Example of the Quality Control Labels 

The first field blank sample collected on December 4, 1996 would have had the sample identification label 

FB-01-120496. 

Matrix spike and matrix spike duplicate (MSIMSD) samples were designated on the field documentation 

forms and sample labels, 

2.1.12 Sample Handling 

Sample Packaginq and Ship% 

. Samples were packaged and shipped in accordance with TT NUS Environmental SOP 

SA-6.2. The field operations leader (FOL), or designate, was responsible for completing 

the following forms: 

. Sample labels 
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to appear as another environmental sample. The correct sample association for the duplicate was 

documented in the field notebook. 

Quality Control Sample Labels 

Quality control samples were taken periodically. These samples were used to document the 

effectiveness of decontamination, to determine the quality of water used for decontamination, and to 

identify possible cross-contamination occurring during transit. These blank samples, including trip blanks, 

field blanks, and equipment rinsate blanks, used the QC sample identification scheme, listed below. 

Sample Number 

A sequential numeric designation was assigned to each type of blank on a daily basis. 

Sample Date 

The format MMDDYY (M=Month, D=Day, Y=Year) was used to indicate the day the sample was 

generated . 

Example of the Quality Control Labels 

The first field blank sample collected on December 4, 1996 would have had the sample identification label 

FB-01-120496. 

Matrix spike and matrix spike duplicate (MS/MSD) samples were designated on the field documentation 

forms and sample labels. 

2.1.12 Sample Handling 

Sampl~ackaging and Shipping 

• Samples were packaged and shipped in accordance with TT NUS Environmental SOP 

SA-6.2. The field operations leader (FOL), or designate, was responsible for completing 

the following forms: 

• Sample labels 
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• Chain-of-custody forms 

• Appropriate !abels applied to shipping coolers 

• Chain-af-custody seals 

• Federal Express air bills 

Sample Custody 

Custody of the samples was maintained and documented in accordance with procedures described in IT 

NUS Environmental SOP SA-6.1. Chain-of-custody began with the collection of the samples in the field. 

Sguipment Decontamination 

EqUipment involved in field sampling operations, including drilling rigs, backhoe, down-hole tools. augers, 

and all sampling equipment, was decontaminated before sampling, between individual samples, and after 

drilling or sampling activities 

The down-hole drilling equipment and sampling tools were cleaned using a high-pressure steam 

generator (steam jenny) before beginning work, between sample locations (such as test pits. soil borings, 

soil gas points. etc.). at the completion of the drilling program, and any time the drilling rig left a site before 

completing a boring. The NASJRB provided potable water directly from fire hydrants. Additional 

operations followed during drilling equipment decontamination are found in IT NUS SOP GH-1.6. 

The sampling equipment used for collecting samples was decontaminated before the beginning of field 

sampling and between samples. The foHowing decontamination steps were followed: 

• Potable water rinse 

• Alconox or liquinox detergent wash 

• Potable water rinse 

• Deionized water rinse 

• Air dry 

Field ana!ytical equipment such as pH, conductivity, and temperature instrument probes were rinsed first 

with deionized water, then with the sample liquid. 
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2.2 COMPARISON TO ARARs and TBCs 

All data were evaluated by comparison by medium to applicable or relevant and appropriate requirements 

(ARARs) or criteria to be considered (TBCs). Exceedences of ARARs and TBCs are detailed in the site- 

specific nature and extent of contamination narratives. The following ARARs and TBCs are applicable in 

this evaluation: 

l Surface and subsurface soils: 

- Risk based concentration (RBC) for residential soil ingestion 

- RBC for industrial soil ingestion 

- Pennsylvania Department of Environmental Protection (PADEP) 

soil residential direct contact medium specific concentration (MSC) 

- PADEP soil non-residential MSC 

0 Surface water: 

- Ambient Water Quality Criterion (AWQC) freshwater aquatic life 

- AWQC ingestion of water and fish 

- PADEP Water Quality Criteria (WQC); continuous concentrations 

- PADEP WQC; human health criteria 

l Sediment 

- Sediment ecological toxicity threshold values 

l Groundwater 

- Maximum Contaminant Level (MCL) 

- Drinking water health advisory 

- PADEP groundwater MSC 

- RBC for tap water consumption 

This section presents available regulatory standards or guidelines for the COPCs discussed in 

subsequent sections on a site-specific basis. Currently, the only enforceable regulatory standards for 

a 

exposure to groundwater are EPA MCLs. However, MCLs have not been specified for many of the 

COPCs. Therefore, other regulatory guidelines may be used for comparative purposes to determine 
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2.2 COMPARISON TO ARARs and TBCs 

All data were evaluated by comparison by medium to applicable or relevant and appropriate requirements 

(ARARs) or criteria to be considered (TBCs). Exceedences of ARARs and TBCs are detailed in the site

specific nature and extent of contamination narratives. The following ARARs and TBCs are applicable in 

this evaluation: 

• Surface and subsurface soils: 

- Risk based concentration (RBC) for residential soil ingestion 

- RBC for industrial soil ingestion 

- Pennsylvania Department of Environmental Protection (PADEP) 

soil residential direct contact medium specific concentration (MSC) 

- PADEP soil non-residential MSC 

• Surface water: 

- Ambient Water Quality Criterion (AWQC) freshwater aquatic life 

- AWQC ingestion of water and fish 

- PADEP Water Quality Criteria (WQC); continuous concentrations 

- PADEP WQC; human health criteria 

• Sediment 

- Sediment ecological toxicity threshold values 

• Groundwater 

- Maximum Contaminant level (MCl) 

- Drinking water health advisory 

- PADEP groundwater MSC 

- RBC for tap water consumption 

This section presents available regulatory standards or guidelines for the COPCs discussed in 

subsequent sections on a site-specific basis. Currently, the only enforceable regulatory standards for 

exposure to groundwater are EPA MCls. However, MCls have not been specified for many of the 

COPCs. Therefore, other regulatory guidelines may be used for comparative purposes to determine 
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health risks and environmental impacts. Federal relevant regulatory guidelines referenced include 

MCLGs, AWaCs, and EPA Drinking Water Health Advisories (DWHAs). Pennsylvania relevant 

regulatory standards referenced include ACT 2 Human Health Standards for soils (residential and non

residential ingestion of soi! and soil to groundwater pathway) and groundwater (groundwater aquifer 

ingestion), and Title 25 Chapter 16 Water Quality Toxics Management Strategy (fish and aquatic !ife 

continuous criteria concentration and human health criteria). Federal and state ARARs and TBCs are 

presented in Table 2-10. These criteria are discussed briefly below. 

Maximu~~ontamimmt level~JMCls) 

MCLs are enforceable standards promulgated Linder the Safe Drinking Water Act and are designed for the 

protection of human health. MCLs are based on laboratory or epidemiological studies and apply to 

drinking water supplies cons Limed by a minimum of 25 persons. They are designed for prevention of 

human health effects associated with lifetime exposure (70 years) of an average adult (weighing 70 

kilograms) consuming 2 liters of water per day, but they also reflect technical limits on removing the 

contaminant from water. These enforceable standards are also based upon the toxicant expected to be 

absorbed by the gastrointestinal tract 

Maximum Contaminant level Goa.!s (MClGs) 

MClGs are generally specified as zero for carcinogenic substances (although exceptions, such as 

beryllium, do exist) and do not consider the technical or economic feasibility of achieving these goa is. 

MClGs are nonenforceable guidelines based entirely on health effects. MCLs have been set as close to 

the r .. 1CLGs as technologically and economically feasible. 

Drinking Water Health Advisories (DWHA~l 

DWHAs are guidelines developed by the EPA Office of Drinking Water for non-regulated contaminants in 

drinking water. These guidelines are designed to consider both acute and chronic toxic effects in children 

(with an assumed body weight of 10 kilograms) who consume 1 liter of water per day and in adults 

(assumed body weight of 70 kilograms) who consume 2 liters of water per day. Hea!t!l Advisories are 

generally available for acute (i-day), subchronic (10-day), and chronic (longer-term or lifetime) exposure 

scenarios. These guidelines are designed to consider only threshold effects and, as such, are not used to 

set acceptable levels for known or probable human carcinogens. 
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Metals 

aluminum 
antimony 
arseniC 
bartum 
beryllium 
cadmium 
Chromium lotal 
cobalt 
lcopper 
Icyanide 
,ron 
lead 
manganese 
mercury 
niael 
selenium 
silver 
lhalilum 
vanadium 
zinc 

I'est ClGesll'\;tsS 

.1,4'-DDD 
44'-DDE 
4,4'-DDT 
aldrin 
alpha-chlordane 
Arodor-1254 • 
Arodor-12BO 
bela-SHe 
dieldrin 
endosuifanl 
enmn 

amma-ch!ordane 
heptachlor 
heptachlor epoxide 

UIOX nl/l-urans 

2,3},S-TCDD 
semlvoatlles 

1.2.4-trichlorobenzene 
1,2-dlchlorobenzene 
1,4-dichlorobenzen .. 
2,4-dlllltrotoluane 
2.S-<linltrotoluene 
2-chloro!lhenol 
2-metlwlnaphthalene 

2-metlwl!lhenol 

4-nltrophenol 

acenaphthene 

acenaphthvlene 

anthracene 

banzoCalanlhracene 

oonzo(a)pyrene 

• ", FEDI!RAL DRINKING WATER 
STANDARDS AND GUIDELINES ~ 

MIJdmum Maxlmum ~ 
COnt.minant Contaminant Ma.1mIIIII 

lAwi(MCt,) a.-IGoII CoI1tamIIIII I.IteIIme . 
(ugILj (MCLGJ (ug/L IAwIS AM. 

SMCL)(ug/L . (ug/L) 

- 2 OOE+02 -
6.00E+OO 6.00E+OO - 300E+OO 
5.00E+Ol - - · 
2.00E+03 2.00E+03 · 2.00E+03 
4.00E+OO 4.00E+OO · · 
500E+OO 5.00E+OO · S-OOE-OO 
l00E+02 1.00E+02 · 1.00E+02 

. . · · 
1.30E+03 ' 1.3OE+03 1.00E+03 -
2.00E+02 2 .. 00E+02 - 2.00E+02 

- - 300E+02 -
1.SOE+Ol • O.OOE'OO - -

- 5.00E+Ol -
200E+OO 200E+OO - 200E+OO 
l00E+02 1.00E+02 - 1.00E+02 
500E+Ol 500E+Ol - -

- - 1.00E+02 1.00E+02 
2.00E+OO 5.00E-Ol - 500E-01 

- - - -- - 5.00E+03 2.00E+03 

- - - -
- · -
- - - -
- - - -

200E+OO O.OOE+OO • · -
5.00E-Ol O.OOE+OO - -
5.00E-Ol O.OOE+OO - -

- . - -
- - - -
- - - -

2.00E+OO 2.00E+OO - 200E-OO 
200E+OO O.OOE+OO - -
4.00E-Ol O.OOE+OO - -
2.00E-Ol O.OOE+OO - -
3.00E-05 OOOE+OO - -

700E+Ol 7.00E+Ol - 400E+Ol 
600E+02 SOOE+02 - 3.00E+03 
7.S0E+Ol 7 SOE+Ol - 7.50E+Ol 

- - -
- - - -
- - 4.00E+Ol 

- - - -
- - - 1.00E+02 

- - - SOOE+Ol 

- - - -
- - - -
- - - -
- - - -

2.00E+OO O.OOE+OO -

tLE2-10 

ARARSANDTO~E~ON~DEREOCRITEruA 

NASJRB. WILLOW GROVE, PENNSYLVANIA 

FEDERAL HEALTH ADVISORIES ~ FEDERAL AWQC 

T .... ' 
,.' 

1..anQer. One- LOfIIIOW- ~ InoaIIan .... 1IIon 
T..,.. 0.,. :.! T_ ChronIc IIfWlllr OfFilh 
Adult CIIiId ChlIcI Aquatkt andFilh- Only. 
(ugII.) (ug/I.) (ugILJ {ugILJ ;' ..... {ugILJ (uOllI (ug/LI 

- - - - -
lSOE+01 l00E+01 1.00E+Ol 1.00E+01 · 1 AOE.Ol 4.30E+03 

· . · 1.B9E+02 1 BOE-02 1.40E-01 
. · . · · · . 

2.00E+04 300E+04 300E+04 ".OOE+03 · · . 
2.00E+Ol 400E+Ol 400E+01 500E+OO l.l0E+OO • -
8.00E+02 l00E+03 l00E+03 200E+02 2.09E+02 • - -

· - · · · -
- - - - UOE+Ol • - -

8.00E+02 200E+02 200E+02 200E+02 520E+OO 7.00E+02 2.20E+05 

- - - - - - -
- - - - 320E+OO - -
- - - -

200E+OO - - - 1.20E-02 1.40E-Ol 1.50E-01 
1.7CE+03 1.00E+03 1.00E+03 5.00E+02 1.60E+02 • 6.10E+02 46OE+03 

- - - - 5.00E+OO - -
2.00E+02 200E+02 200E+02 2.00E+02 1.90E+OO < -
200E+Ol 700E+OO 7.00E+OO 700E+OO 170E+OO 630E+OO 

- - - - - -
1.00E+Q4 600E+03 600E+03 3.00E+03 1.01E+02 I - -

- - - - - 8.30E-04 840E-04 

- - - - - 5.90E-04 590E-04 

- - - - 1.00E-03 590E-04 590E-04 
300E-Ol 300E-Ol 3 OOE-Ol 300E-Ol - 1.30E-04 140E-04 

- 600E+Ol 600E+01 ' - 430E-03 ' 5.70E-04 • 590E-04 

- - - - 1.40E-02 • 4.40E-05 4SOE-05 

- - - - 1.40E-02 • 440E-05 4.50E-05 

- - - - - 1.40E-02 4.BOE-02 
2.00E+OO 5.00E-Ol 500E-Ol 5.00E-01 - - -

- - - - 560E-02 930E-Ol 2.00E+OO 
1 aCE+Ol 2 00E+01 200E+Ol 300E.OO 2.30E-03 7.60E-Ol B.l0E-01 

- 600E+Ol • 6.00E+Ol ' - 4.30E-03 570E-04 5.90E-04 
500E+OO 100E+01 1.00E+01 5.00E+OO 3.BOE-03 210E-04 2.10E-04 
1.00E-Ol . l00E+01 - 1.00E-Ol 3BOE-03 '.OOE-04 1.10E-04 

400E-05 1.00E-03 100E-04 l00E-05 I - - -
500E+02 100E+02 l00E+02 1.00E+02 - - -
3.00E+04 9 C-DE.03 9.00E+03 900E+03 - 270E+03 170E+04 
4.00E+04 l00e+04 100E+04 1.00E+04 - 400E.02 260E+03 
1.00E+03 5.00E+02 500E.02 300E+02 - 11OE-Ol 21QE+OO 
l00E+03 4.00E+02 400E+02 400E+02 - - -
2.00E.03 5 00E+02 500E+02 5.00E+02 - - -

- - - - 3.00E+02 2.BOE-03 311E-02 

7.00E+03 2.00E+03 200E+03 2.00E+03 - - -
3.00E+03 8.00E+02 800E+02 8.00E+02 - -

- - - - 520E+02 1.20E+03 2.70E+03 

- - - - - -
- - 300E+02 280E-03 311E-02 

· - - - 2.BOE-03 311E-02 

- - - - - 2 aOE-03 311E-02 

• 
'" .,"".,. .. AI .... 
QUAI.ITV STANDARDS FOIl 

PAO£P ACT 2 HUMAN HEAl. nt STAHOARDS • TOXIC SUBSTANCES' 
PADeP ..... Fl." and Aquatic 

Graundwa .... """110ft Solita LlteClhrll Human 
MSC Roi<Ienllll Non- Gnlundwallr Confinuovo. Hlallh 

<-2,500 1tIS (uglKgl RH~ Pa"-y ConcanIIatlonll Criteria 
(ug/L) (ugIICo) (UQII(O) (uglLl ("'aL) 

- - - -
600E+OO 300E+01 400E+02 6.00E·01 219E+02 l00E+Ol 
500E+01 300E+OO "OOE+OO 500E+OO 1.9OE+02 .. 500E+Ol 
2.00E+03 5.00E+03 700E+04 200E+02 ".10E+03 1 OOE+03 
400E+OO 1.00E+OO 13OE+OO 4.00E-01 001 x 96hr LCSO . 
500E+OO 2.00E+Ol 500E+02 500E·Ol l00E-OO .. " 1.00E+Ol 
l00E+02 - - - l00E+Ol -

- - - 190E+01 -
100E+03 7.00E+02 370E+04 1.00E+02 1.10E+Ol ,'. 1.00E+03 
200E+02 1.00E+03 200E+04 200E+Ol 50GE+OO 700E+02 

- - - - -
500E+OO 500E+02 1.00E+03 - 250E+OO '." 500E+Ol 

- - - - - -
2.00E+OO 200E+Ol 3.00E+02 - 1.20E-02 144E-Ol 
1.00E+02 200E+02 200E+04 - 1.60E+02 6 00E'02 
5.00E+01 BOOE'01 500E+03 500E+OO 4.60E+OO .:, 

l00E+02 - - - 200E-Ol 200E+02 
200E+OO 600E+OO 800E+01 200E-01 130E+01 -

- - - - 103E+02 200E+OO 

- - - - 1.00E+02 500E+03 

- 200E+04 240E+04 500E+05 l00E-03 

- l00E+04 170E+04 500E+05 l00E-03 'ND 

- 100E+04 1.70E+04 500E+05 l00E-03 N.D 
200E-03 2.60E+02 340E+02 500E+05 l00E-Ol 1.00E-04 
200E+OO 300E+03 400E+03 500E+05 430E-03 500E-04 
5.00E-01 500E+03 - - 140E·02 4.00E-05 
500E-Ol 5 00E+03 - - 140E-02 400E-05 

. 2 00E+03 3.00E+03 400E+04 - 200E-02 
2.00E-03 300E+02 4.00E+02 9.00E+04 1 WE-03 l00E-04 

- 500E+05 S.OOE+OO 7.00E+04 230E-03 90DE-01 
2.00E+OO 2 00E+04 300E+05 5.00E+05 560E-02 800E-Ol 
2.00E+OO 3 00E.03 400E+03 5.00E~05 430E-03 

, 
5.001:-04 ' 

400E-Ol l00E-03 '1.30E+03 400E+05 380E-03 600E-04 
200E-Ol 500E+02 6.00E+02 500E+05 l00E-01 ND 

3.00E-05 3.00E-02 400E-02 - - l00E-08 

7.00E+Ql eOOE+05 1.00E+07 200E+04 260E+Ol 7.00E~02 

600E+02 700E+OO 9.00E+07 600E+04 164E+02 400E+02 

750E+01 100E+05 200E+05 BOOE.03 1.46E+02 400E+02 

500E-02 156E+05 200E+OO 1 OO~'Q3 318E.02 500E-02 

500E-02 7.60E+04 l00E+06 l00E'03 198E+02 500E-02 -
4.00E+01 400E+05 500E+OO 400E+03 - -

- - - -
- - - - -

6.00E+Ol 5.00E+OO 600E+07 600E+03 - -
- 5.00E+OO 600E+07 300E+04 170E+Ol 200E+Ol 

- - -
- 230E+07 300E+08 700E.04 100E.04 

- 600E+03 800E+03 500E.05 l00E-Ol 300E-D3 

2 OOE-Ol 600E+02 800E+D2 500E+05 300E-03 
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TABLE 2~10 

AMRS AND TO·BE·CONSIDERED CRlTER1A 
NASJRB, WIllOW GROVE. PENNSYLVANIA 

In;o!-- ~ 
ofWaler or F..tI 
.""FlAII" Only" 
1., (uoII.l 

PAOU SOII$ 
~ltr ~ 

11100 R.HilH!'lIIIlI Noo-
<8~,!OO rna iUOiKul ilti.1dentIl1 Pa1Ir",.y 

III!I!lJ (UQdKu) IUfIo'KoI 

boozoic a;;id 3.00E+00 1 00E+1J9 6.ooE+D2 

boJtvlbenzylphlhalate :3 OOE+OO "ooE.O] 5 2OE+()3 1 &JE+07 20<)E+00 1 OOE+05 

l~STANDAROS !'OR 

TOXIC SIlBSTANCES· 

54QE+Ol 

35()E+!l1 3OOE+02 

cam~!B~ ________ ~ ________ -+ ________ 4-______ -4 ________ ~ ________ 4-________ r-_______ ~ ________ ~3~00~E~+~O~2~+-________ ~ _________ i~ ________ +-______ -+ ________ t-_______ !. __________ -t ________ ~ 

dibef!zofuran 

ftuorene 
·ndenoi1.2 J-ro)pyreoe 

lnaphthalene 

VolatileS 

1,1.1.!ficl1lofOOll1ana 

1.1.2·l1icl1iorootl>ane 

2.ooE+02 

3CO()E+00 

2.ooE+\l2 

3.ooE+00 

1.2-d;ctlIoroelhane !i ooE+OO iJ OOE+oo 

1,2-didlloroelhene i!OIalJ 7.00E+()1' 1OOE+01' 

2·00!amlOO 

tOOE+02 n €lOOE+OO H 

form 1 00E+02 " OooE+():J " 

!HiGE+!lD 

5 (j!}E+03 

2.!)JE+Q2 

:2!JoJE+Q1 

4ooE+OS 

200E+02 

3OOE+00 

1.00E+()3 

1.OOE+03 

200E+04 

tooE+05 

l00E+03 

l00E+03 

5OOE+02 

S.OOE+il3 

l00E+05 
6 00E+\l2 

1.ooE+()3 

8ooE+03 

4.00E·.04 

4ooE'02 

300E+02 

400E+{!2 

6ooE·03 

400E+04 

4.00E+02 

3OOE+02 

3.ooE+02 

300E+00 

398E'03 

300E+02 

3OOE+02 

312E+04 

7.00E+00 4 (>OE-03 2 ooE+03 1 OOE+03 1 ooE+03 i . 16E+04 

7.WE+Ol' ;; ooE+C3 ' , 4ooE+03' 2 WE+O:!' 2ooE+03' 1.16E·04 

200E-03 311E.(i2 

270E-03 i 1.20E+04 

311E·02 

2.30E"04 120E+05 

420E+Ol 540E+Ol 

2.SOE·03 3111=-02 

:2 BOE-03 311E.02 

5OOE+00 1.00E+01 

2.lOE+04 460E+06 
280E-1J3 311E-02 

3.1QE.03 l t70E+05 

600E·O! 420E+01 

5.70E·02 320E·OO 

9.00E+01 

5OOE+03 

2ooE+01 

4.00E+1}3 

2CoQE+02 

5OOE+Oil 

500E·00 

7.!Jo3E+01 

B.ooE-OS II OOE+D5 SOOE,,)5 

!l ooE.02 8.0JE+02 5 CJQE+05 

600E+07 800E+oa 

300E+00 400E+07 

400E+(17 

6ooE+03 800E+03 

300E+00 

4.0(IE+07 I500E+OO 
200E+00 300E+07 

700E+00 9.00E"07 

3 0QE+(!5 4.00E+06 

700E+00 1 CoQE+oa 

5OOE+04 

S.QOE+05 1 (1)E+07 

4ooE+Ol 

3 00E+04 

500E+05 

4ooE+05 

4ooE+04 

8.00E+04 

400E'04 

3.00E+05 

2 QOE.Q4 

9QI)E+02 

500E+02 

l00bG] 

5.!lOE+02 

7.CoOE+03 

500E+01 

210e·Ol 

800E+02 

4ooE+01 

590E+01 

43OE+01 

tooE+OO 

200E+01 

605E+02 

1492E-t03 

3008E·03 

135E+03 

300E..G3 

300E+03 

3 ()OE.Q3 

20010+04 

300E+02 

l00E+03 

1 (>DE-Ol 

1'OOE+03 

100E+03 

16WE-Ol 

7J}(;E+02 

2.DOE+03 

130E..-04 6.00E+03 6 0QE+03 I 4 CO()E+03 2.70E.(l1 220E+01 l00E.02" 7.ooE+04 9.00<:+04 l.ooE+04 300E·Ol 

6.00E+Q3 5OOE+03 200E_03 2QoJE+03 43OE.00 36OE+02 1.00E+02 n' 5.ooE+05 700E'05 100E+04 365E.O:: 4oo~·;Xl 

7.00E+00 lOC€+oa a OOE+02 

7.00E+01 ;; OOE+Co!l 340E+04 44QE+04 :1 iOE+G3 

600E+02 210E+04 1.ooE+00 ;: OOE'O? 1 ooE-05 

arm 1 OOE-02 ". 0 OOE.CO;:; " 4 (lOE+(j2 400E+03 4.ooE+03 1 OOE+Q2 124E+03' 5 ?OE+oo 470E+0"2 

. 3OOE+Q3 

t"iri!;:i1I0r0ell1ene 500E.00 O(lQE+OO 50JE.03 :2 DOE.D3 :1 CoQE+Q3 1 OOE+03 Il.4QE+02' Il OOE-1Jl 885E+00 5 OOE+()~ 71)0E+05 1 C';]E+07 200E+03 139E+D2 

HlOE+03 1.00E+03 100E+03 7 00E+03 200E+04 2 CoQE+()3 :1 mE+()3 U5E+04 1 OOE+04 3 OC€.05 1 (;(}E·.()3 1 eOE';:;' 2 CoQE+OIl! 1 OOE+05 :3 30E+02 

5OOE+!l<J I () OOE+OO 

• • • 
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xvlene (total) 1.ooE+04 1. 00E+04 

, COtena are tor 100aI chromium 

2 Actlon level is 1.300 ugIL 

• Action level Is 15 ugIL 
• Criterta are for chlorciane 

....... 
LWtIIniIt I::':: AcIIIIt' . 
(UQIl) (UQIl) 

lOOE+04 looE+05 

• Wlere applicable. value(S) represent tile mora sbingen! of CIiIerla tor as- and trans- isomers 

• Hardness dependent ailena (100 mgIl used) 
, Insufficient data to develop aiteria. Value given is for lowest Observable Effect Level (lOEL) 

• Value given is for PCBs 
t Value given is tor dichlorobenzene 
.. pH dependent aitelia (pH 1.8 usad) 

" Criteria are for totallnhalomelhanes 
12 Value is for dissolved metal 

• EPA Drinking Water Regulations and Health AdviSOl1es. October 1996. EPA 822·B·96'()()2 

• EPA QuaiityCrilerieforWalerl9S6. Updeled1991 and Oec$mber22. 1992 

an.-

• TABLE 2-10 

ARARS AND TO-BE-CONSIDERED CRITERIA 
NASJRB, WILLOW GROVE, PENNSYLVANIA 

T .... 
. Oaf . , 0., 
CIIIkf CIII .. 
(UQIl) (UQIl) 

4.ooE+04 4.ooE+04 4.ooE+04 

• EPA Quality Cnteria forWeter 1986. Update 2. May 1.1987 and Updates December 22. 1992 and May 4.1995 

• Lend Recycling and Environmental Remediation Standards Act May 19. 1995. (ACT 2) 

• Title 25 Chapter 15 Water Quality Toxies Management Slfategy. May 18. 1996. 

Note. MCls that are promUlgated by EPA are automatically incorporated into the Pennsylvania Safe Drinking Water Act 

• 
1.00E+04 500E+03 2.11E+02 3.00E+02 



AWQCs were developed under the Clean Water Act and are not enforceable federal regulatory guidelines 

but are of primary utHity in assessing the potential for toxic effects in aquatic organisms as well as human 

receptors. AWQCs consider acute and chronic human health effects from ingestion of both water (2 liters 

per day) and aquatic organisms (6.5 grams per day). The AWQC may also be adjusted to consider 

ingestion of water alone (2 liters per day). The AWQC for protection of human health for carcinogenic 

sUbstances is based on EPA's specified incremental cancer risk range of one additional case of cancer in 

an exposed population of 100,000 to 10,000,000 persons and is generally based on older toxicologica! 

data. 

Pennsylvania Safe Drinking Water Regulations (PA Code, Title 25, Chapter 109) set forth drinking water 

quality standards at least as stringent as the Federal Drinking Water Standards. MCLs that are 

promulgated by EPA are automatically incorporated in the Pennsylvania SDWA. If an MCl does not e):ist 

for a contaminant, the Pennsylvania SDWA requires the maximum allowable concentration to be 

determined in the following order: the concentration that EPA has proposed to set or is considered setting 

as a primary MCl for the contaminant; the concentration associated with a lifetime cancer risk of 10-6 for 

carcinogenic contaminants or the lifetime drinking water health advisory concentration for 

noncarcinogenic contaminants. provided that this concentration is equal to or greater than the practical 

quantitation level and the level achievable through the use of available treatment technology; or the lowest 

concentration achievable considering the practical quantitation level and available treatment technology. 

Pennsylvania Land Recycling and Environmental Standards Act (ACT 2) is the primary law establishing 

the land recycling program and provides the foundation for standards, procedures, clean-up liability limits, 

and funding for environmental studies and cleanups. Persons who propose or are required to respond to 

the release of a regulated SUbstance at a site and who wish to be eligible for clean-up liability protection 

must select and attain one or more of the environmental standards in ACT 2. The three types of clean-up 

standards are background, statewide health, and site-specific standards. Background is the concentration 

of a regulated substance that is present at a site but is not related to the release of regulated substances 

at the site. Statewide health standards consist of ali numerical residential and non-residential standards 

adopted by PADEP and the federal government. Groundwater in aquifers intended for drinking or 

agricultural purposes is required to comply with the MCl or Health Advisory Level established for drinking 

water, except where naturally occurring groundwater has concentrations of total dissolved solids greater 

than 2,500 mg/l. Site-specific standards are developed using specific risk factors. For site remediation 
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managed under Act 2, a Notice of Intent to Remediate and public notice are required for cleanups planned 

to achieve background, statewide health, and site-specific standards. In addition, for cleanups to site- 

specific standards, there is a public comment period and public involvement. 

During data evaluation for the draft RI report, interim Act 2 standards issued by PADEP (revision dated 

November 1996) were applied for comparison purposes When available, final promulgated standards will 

supersede the interim PADEP guidelines, 

Pennsylvania Water Quality Standards (PA Code, Title 25, Chapter 93) are based upon water uses that 

are to be protected and considered by PADEP in its regulation of discharges to surface water. The 

standards may be applicable for actions involving the discharge of pollutants to surface water. 

Pennsylvania Water Quality Toxic Management Strategy-Statement of Policy (PA Code, Title 25, Chapter 

16) specifies guidelines and procedures for the development of criteria for toxic substances and lists 

those limits which have been developed to date. The water quality criteria in Chapter 16 are the numeric 

limits for stream conditions that need to be maintained or attained to prevent or eliminate pollution and are 

designed to protect the water uses listed in Chapter 93. 

a Values of the available regulatory standards and guidelines are presented in Table 2-10. This table 

presents values for the COPCs that are human, probable human, or possible human carcinogens, for 

chemicals having only noncarcinogenic effects and for chemicals having both carcinogenic and 

noncarcinogenic effects. 

2.3 ESTABLISHMENT OF BACKGROUND CONCENTRATIONS 

COPC selection is based on a series of statistical tests and comparison to background samples. 

Background samples were collected in and around NASJRB Willow Grove from media similar in 

characteristics to on-site samples but from areas outside the known or suspected areas of influence of the 

sites. Site sampling data are compared to background to determine if contaminants are elevated at a site. 

During the Phase II sampling, background samples were obtained from surface soils (BGSSO’l through 

BGSS12) and surface water and associated sediments (BGSWOl/BGSDOl through BGSWO8IBGSD08). 

Background sample locations may be found in Figure 2-l. Background surface soil samples were also 

used for comparison to subsurface soil samples. The significance of and occurrence and distribution of 

background results, are discussed in the site-specific sections. Results of background sample analysis 

for surface soils, surface water, and sediment may be found in Tables 2-l 1, 2-12 and 2-l 3, respectively. 
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managed under Act 2, a Notice of Intent to Remediate and public notice are required for cleanups planned 

to achieve background, statewide health, and site-specific standards. In addition, for cieanups to site

specific standards, there is a public comment period and public involvement. 

During data evaluation for the draft RI report, interim Act 2 standards issued by PADEP (revision dated 

November 1996) were applied for comparison purposes. When available, final promulgated standards will 

supersede the interim PADEP guidelines. 

Pennsylvania Water Quality Standards (PA Code, Title 25, Chapter 93) are based upon water uses that 

are to be protected and considered by PADEP in its regulation of discharges to surface water. The 

standards may be applicable for actions involving the discharge of pollutants to surface water. 

Pennsylvania Water Quality Toxic Management Strategy-Statement of Policy (PA Code, Title 25, Chapter 

16) specifies guidelines and procedures for the development of criteria for toxic substances and lists 

those limits which have been developed to date. The water quality criteria in Chapter 16 are the numeric 

limits for stream conditions that need to be maintained or attained to prevent or eliminate pollution and are 

designed to protect the water uses listed in Chapter 93. 

Values of the available regulatory standards and guidelines are presented in Table 2-10. This table 

presents values for the COPCs that are human, probable human, or possible human carcinogens, for 

chemicals having only noncarcinogenic effects, and for chemicals having both carcinogenic and 

noncarcinogenic effects. 

2.3 ESTABLISHMENT OF BACKGROUND CONCENTRATIONS 

cope selection is based on a series of statistical tests and comparison to background samples. 

Background samples were collected in and around NASJRB Willow Grove from media similar in 

characteristics to on-site samples but from areas outside the known or suspected areas of influence of the 

sites. Site sampling data are compared to background to determine if contaminants are elevated at a site. 

During the Phase II sampling, background samples were obtained from surface soils (BGSS01 through 

BGSS12) and surface water and associated sediments (BGSW01/BGSD01 through BGSW08/BGSD08). 

Background sample locations may be found in Figure 2-1. Background surface soil samples were also 

used for comparison to subsurface soil samples. The significance of and occurrence and distribution of 

background results, are discussed in the site-specific sections. Results of background sample analysis 

for surface soils, surface water, and sediment may be found in Tables 2-11, 2-12 and 2-13, respectively. 
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Tables 2-14 through 2-16 present summaries of background sample analytical statistics for each media 

sampled (groundwater background was not attempted). 

Background Comparison Tests 

To determine if results of samples from each site 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 each background comparison 

table presented in the site specific sections. 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 llsing a decision-making probability level (P-Ievel) 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 anyone of 

the quantitative tests concluded that site data are elevated above background. If no conclusion could be 

reached for any of the quantitative tests (e.g., if the assumptions necessary to run each of the 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: 

• The mealls 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. 
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LEGEND 

. BACKGROUND SOIL SAMPLE 
I 

A BACKGROUND SURFACE WATER/SEDIM _... _.Y.,, _- Juu Peer :cy 1 
SOURCE BASE MAP IS A PORTION OF THE U S G S AMBLER, PA 7.5 M;NUTE QUADRANGLE, 1966. PHOTOREVISED 1983. 

I ,.,Y,r 
CONTRAC’ NUMBER OWNER NO 

LDL 8;28/01 cl 
‘R Tetra Tech NUS, Inc. 

5466 2207 
.I 1<, I’, ,,I - 

RJT BACKGROUND SAMPLE LOCATIONS ‘, ‘,, *I .,,. \ 
NASJRB WILLOW GRnvF 

,, 1, 

WILLOW GROVE, PENNSYLVANIA DRAWNG No REV 
AS NOTED FIGURE 2-l 

2-39 

N 

• BACKGROUND SOIL SAMPLE 
o 

BACKGROUND SURFACE WATER/SEDIMENT SAMPLE 

SOURCE: BASE MAP IS A PORTION OF THE U.S.G.S AMBLER PA 7.5 MINUTE QUADRANGLE, 1966. PHOTOREVISED 1983. 
DRAWN BY DATI' 

LDL 8128101 
CHI'CKFO BY OAT .. 

RJT =-=-==~==-..,:;;:;::;:::::=
COS r ISCH[DULE AR~A 

AS NOTED 

[""ft;j Tetra Tech NUS, Inc. 

BACKGROUND SAMPLE LOCATIONS 
NASJRB WILLOW GROVE 

WILLOW GROVE, PENNSYLVANIA 

2-39 

CONTRACT NUMBER OWNER No. 

5466 2207 
APROVED BY DATE 

APROVED BY DATE 

DRAWING No REV 

FIGURE 2-1 
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• 11/07/97 

SAMPLE NUMBER: BGSS01 

LOCATION: BGSS01 

DATA SOURCE: Surface Soil 

SAMPLE DATE: 04107197 

INORGANICS mg/kg 

aluminum 10500 
antimony 5.6 UJ 

arsenic 6.1 J 

barium 95.7 
beryllium 0.89 
cadmium 1.4 U 
calcium 766 
chromium, total 16.3 
cobalt 8.1 
copper 11.3 
cyanide 0.69 U 

iron 13200 

lead 37.2 
magnesium 1430 

manganese 621 

mercury 0.14 U 

nickel 9 
potassium 418 U 

selenium 0.28 UL 
silver 1.4 U 
sodium 112 U 
thallium 0.28 U 

vanadium 25.4 
zinc 53.1 

NOTES: 

• TABLE 2-11 

ANALYTICAL RESULTS FOR SURFACE SOll- SITE Background 

NASJRB, WIllOW GROVE, PENNSYLVANIA 

BGSS01-DUP BGSS02 BGSS03 BGSS04 

BGSS01 BGSS02 BGSS03 BGSS04 

Surface Soil Surface Soil Surface Soil Surface Soil 

04107197 04107197 04107197 04107197 

mglkg mg/kg mglkg mglkg 

8570 9090 12300 12800 
5.2 UJ 8.4 R 5.8 UJ 7.5 R 
7 3.7 K 10.6 4.4 K 

89.9 77.8 108 111 
0.86 0.75 1.2 1.2 
1.3 U 1.3 U 1.4 U 1.3 U 

690 1530 914 685 
14 20.8 15.7 15.9 
8.2 9.3 6.8 7.8 

10.2 11.9 11.7 8 

0.65 U 0.64 U 0.7 U 0.66 U 

BGSS05 

BGSS05 

Surface Soil 

04107197 

mglkg 

9240 

7.6 
5.6 

79.5 
0.79 

1.4 
939 

13.2 
8.3 
9.S 
0.67 

11500 15700 13200 14100 13900 
29.8 22.9 29.9 64.7 25.2 

1210 1670 1450 1370 1480 
644 514 527 1190 538 

0.13 U 0.13 U 0.14 U 0.13 U 0.14 

9.2 9.8 10.3 11.2 9.3 

392 U 627 433 U 402 U 771 
1.3 UL 1.3 UL 1.4 UL 0.27 UL 1.4 
1.3 U 1.3 U 1.4 U 1.3 U 1.4 

104 U 103 U 115 U 107 U 109 
0.26 U 0.26 U 0.3 0.27 U 0.27 

22.1 28.2 24.4 24.9 23.8 
42.9 49.4 54.2 597 38.7 

• 
BGSS06 BGSS07 

BGSS06 BGSS07 

Surface Soil Surface Soil 

04107197 04107197 

mglkg mg/kg 

15000 11900 

R 9.6 R 8.2 R 
5.6 J 7.5 

111 97.9 
1.2 0.84 

U 1.3 U 1.3 U 
1500 763 

17.9 14.5 
S.3 8.5 

10.7 10.7 
U 0.64 U 0.66 U 

17600 16900 
19.5 18.1 

1940 1500 
684 538 

U 0.13 U 0.13 U 
10.4 10.4 

750 436 

UL 1.3 UL 1.3 UL 
U 1.3 U 1.3 U 
U 103 U 105 U 
U 0.28 0.34 

28.2 25.3 
47.2 31.7 

J 
U 
UJ 
UL 
UR 
L 
K 
B 
R 

- Value is considered estimated due to exceedance of technical quality control criteria or because result is less than the Contract Required Ouantitation Limit (CROL). 
- Value is a non-detected result as reported by the laboratory. 
- Non-detected result is conSidered estimated due to exceedance of technical quality control criteria. 
- Non-detected result is considered biased low due to exceedance of technical quality control criteria. 
- Non-detected result is considered unusable due to exceedance of technical quality control criteria. 
- Positive result is considered biased low due to exceedance of technical quality control criteria. 
- Positive result is considered biased high due to exceedance of technical quality control criteria. 
- Positive result is considered to be an artifact of blank contamination, and should not be considered present. 
- Positive result is considered unusable due to exceedance of technical quality control criteria. 

Page 

BGSSOS 

BGSSOS 

Surface 5011 

04107197 

mg/kg 

10500 
5.6 R 
8 

96.4 

0.98 
1.3 U 

1010 
13.5 
7.1 

10.1 
0.64 U 

12800 
56.7 

1410 
667 

0.13 U 
9.5 

618 
1.3 UL 
1.3 u: 

100 u· 
027 ull 

23 ii 
53 Ii 



2-41 

11107197 

SAMPLE NUMBER: BGSS01 

LOCATION: BGSS01 

DATA SOURCE: Surface Soil 

SAMPLE DATE: 04f07197 

I SEMIVOLA TILES I uglkg I 
1.2.4-trichlorobenzene 460 U 
1,2-dichlorooonzene 460 U 
1,3-dichlorobenzene 460 U 
1,4-dichlorobenzene 460 U 
2.2'-oxybis(1-chloropropane} 460 U 
2.4.5-trtchlorophenol 1200 U 
2,4,6-trichlorophenol 460 U 
2,4-<f1chlorophenol 460 U 
2.4-dimethylphenol 460 U 
2,4-dinitrophenol 1200 U 
2.4-dinitrotoluene 460 U 
2.6-dinilrotoluene 460 U 
2-chloronaphthalene 460 U 
2-chlorophenol 460 U 
2-methyinaphthalene 460 U 
2-methylphenol 460 U 
2-nitroaniline 1200 U 
2-nitrophenol 460 U 
3,3'-dichiorobenzidine 460 U 
3-nitroaniline 1200 U 
4,6-dinitro-2-methylpl1enol 1200 U 
4-bromophenyl-phenylather 460 U 
4-chloro-3-methylphenol 460 U 
4-chloroaniline 460 U 

NOTES: 

TABLE 2-11 
ANALYTICAL RESULTS FOR SURFACE SOIL· sITe Background 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

BGSS01-DUP BGSS02 BGSS03 BGSS04 

BGSS01 BGSS02 BGSS03 BGSS04 

Surface Soil Suiface Soil Surface Soil 5urfare Soil 

04107/97 04107197 M/07!!!7 04/07197 

uglkg I uglkg I ugJkg I u9/k9 =: I 
430 U 420 U 480 U 440 U 
430 U 420 U 480 U 440 U 
430 U 420 U 480 U 440 U 
430 U 420 U 480 U 440 U 
430 U 420 U 480 U 440 U 

1100 U 1100 U 1200 U 1100 U 
430 U 420 U 480 U 440 U 
430 U 420 U 480 U 440 U 
430 U 420 U 480 U 440 U 

1100 U 1100 U 1200 U 1100 U 
430 U 420 U 480 U 440 U 
430 U 420 U 480 U 440 U 
430 U 420 U 480 U 440 U 
430 U 420 U 480 ~J 440 U 
430 U 420 U 480 U 440 U -430 U 420 U 480 U 440 U 

1100 U 1100 U 1200 U 1100 U 
430 U 420 U 480 U 440 U 
430 U 420 U 480 U 440 U 

1100 U 1100 U 1200 U 1100 U 
1100 U 1100 U 1200 U 1100 U 
430 U 420 U 480 U 440 U 
430 U 420 U 480 U 440 U 
430 U 420 U 460 U 440 U 

Page 2 

BGSS05 BGSS06 BGSS07 BGSS08 

BGSS05 BGSS06 BGSS07 BGSS08 

Surface Soil Surf-ace Soil Surface Soil Surfar.e Soil 

04[07197 04107197 041()7i97 O4f07i97 

uglkg I uglkg I ug/kg I ug/kg I 
450 U 420 UJ 430 UJ 440 U 
400 U 420 UJ 430 UJ 440 U 
450 U 420 UJ 430 UJ 440 U 
450 U 420 UJ 430 UJ 440 U 
450 U 420 UJ 430 UJ 440 U 

1100 U 1100 UJ 1100 UJ 1100 U !i, 

450 U 420 UJ 430 UJ 440 U 
450 U 420 UJ 430 UJ 440 U 
450 U 420 UJ 430 UJ 440 U 

1100 U 1100 UJ 1100 UJ 1100 U 
450 U 420 UJ 430 UJ 440 U 
450 U 420 UJ 430 UJ 440 U 
450 U 420 UJ 430 UJ 440 U 
450 U 420 UJ 430 UJ 440 U 
450 U 420 UJ 430 UJ 440 U 
450 U 420 UJ 430 UJ 440 U 

1100 U 1100 UJ 1100 UJ 1100 U 
450 U 420 UJ 430 UJ 440 U 
450 U 420 UJ 430 UJ 440 U 

1100 U 1100 UJ 1100 UJ 1100 U 
1100 U 1100 UJ 1100 UJ 1100 U 
450 U 420 UJ 4:10 UJ 44G U

I 450 U 420 UJ 4JO tj]~;m---- l'i' 
-;-1---:', ~-,--' 450 U 420 UJ 430 . ,J 44\.J l L , 

J - Value is considered estimated due to exceedance of technical quality control criteria or because result is less than the Contract Required Quantitation limit (CRQLl. U - Value is a nolHleteded result as reported by the laboratory. 
UJ - Non..aetected result is considered estimated due to exceedance of teChnical quality control criteria. UL - Non..aetected result is considered biased low due to exc.eedance of technical quality control criteria. UR - Non-deteded result is considered unusable due 10 exceedance of technical quality control criteria. L - Positive result is conSidered biased low due to exceedance of technical quality control criteria. I( - Positive result is considered biased high due to exceedance of technical quality control criteria. B - Positive result is considered to be an artifact of blank contamination. and should not be considered pressnt. R - POSitive result is considered unusable due to exceedanc.e of technical quality control criteria. 

• • • 
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N 
1. 
N 

• 11107197 

SAMPLE NUMBER: BGSS01 

LOCATION: BGSS01 

DATA SOURCE: Surface Soil 

SAMPLE DATE: 04107197 

SEMIVOLA TILES ug/kg 

4-chlorophenyl-phenylether 460 U 
4-methylphenol 460 U 

4-nitroaniline 1200 U 

4-nitrophenol 1200 U 

N-nitroso-di-n-propylamine 460 U 

N-nitrosodiphenylamine (1) 460 U 

acenaphthene 460 U 
acenaphthylene 460 U 

anthracene 460 U 

benzo(a)anthracene 460 U 

benzo(a)pyrene 460 U 

benzo(b)fluoranthene 460 U 
benzo(g,h,i)perylene 460 U 
benzo(k)fluoranlhene 460 U 
bis(2-chloroethoxy)methane 460 U 

bis(2-chloroethyl)ether 460 U 
bis(2-ethylhexyl)phthalate 67 B 

butylbenzylphthalate 460 U 

carbazole 460 U 

chrysene 460 U 

di-n-butylphthalate 820 B 

di-n-oclylphthalate 460 U 

dibenz(a,h)anthracene 460 U 

dibenzofuran 460 U 

diethylphthalate 460 U 

NOTES: 

• TABLE 2-11 

ANALYTICAL RESULTS FOR SURFACE SOIL· SITE Background 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

BGSS01-DUP BGSS02 BGSS03 BGSS04 

BGSS01 BGSS02 BGSS03 BGSS04 

Surface Soil Surface Soil Surface Soil Surface Soil 

04107197 04107197 04/07197 04/07197 

ug/kg ug/kg ug/kg ug/kg 

430 U 420 U 480 U 440 U 
430 U 420 U 480 U 440 U 

1100 U 1100 U 1200 U 1100 U 
1100 U 1100 U 1200 U 1100 U 

430 U 420 U 480 U 440 U 

430 U 420 U 480 U 440 U 
430 U 420 U 480 U 440 U 

430 U 420 U 480 U 440 U 

430 U 420 U 46 J 440 U 

430 U 96 J 220 J 100 J 

430 U 110 J 350 J 110 J 

430 U 160 J 540 160 J 
430 U 52 J 180 J 440 U 
430 U 420 U 310 J 98 J 
430 U 420 U 480 U 440 U 

430 U 420 U 480 U 440 U 
130 B 100 B 480 B 60 B 

430 U 280 J 480 U 180 J 

430 U 420 U 140 J 440 U 

430 U 130 J 470 J 130 J 
790 B 400 B 840 B 1100 B 

430 U 420 U 480 U 440 U 

430 U 420 U 52 J 440 U 
430 U 420 U 51 J 440 U 

430 U 420 U 480 U 440 U 

• 
BGSS05 BGSS06 BGSS07 

BGSS05 BGSS06 BGSS07 

Surface Soil Surface Soil Surface Soil 

04107197 04107197 04107197 

ug/kg ug/kg ug/kg 

450 U 420 UJ 430 UJ 
450 U 420 UJ 430 UJ 

1100 U 1100 UJ 1100 UJ 
1100 U 1100 UJ 1100 UJ 
450 U 420 UJ 430 UJ 
450 U 420 UJ 430 UJ 
450 U 420 UJ 430 UJ 
450 U 420 UJ 430 UJ 

68 J 420 UJ 65 J 
310 J 33 J 270 J 
400 J 420 UJ 270 J 
550 420 UJ 340 J 
180 J 420 UJ 110 J 
310 J 420 UJ 270 J 
450 U 420 UJ 430 UJ 
450 U 420 UJ 430 UJ 
130 B 160 B 150 B 
83 J 420 UJ 430 UJ 
80 J 420 UJ 430 UJ 

460 43 J 320 J 

1100 B 420 UJ 430 UJ 

450 U 420 UJ 430 UJ 

52 J 420 UJ 430 UJ 

450 U 420 UJ 430 UJ 

450 U 420 UJ 430 UJ 

J 
U 
UJ 
UL 
UR 
L 
K 
B 
R 

- Value is considered estimated due to exceedance of technical quality control criteria or because result is less than the Contract Required Quantitation Limit (CRQll. 
- Value is a non-detected result as reported by the laboratory. 
- Non-detected result is considered estimated due to exceedance of technical quality control criteria. 
- Non-detected result is considered biased low due to exceedance of technical quality control criteria. 
- Non-detected result is considered unusable due to exceedance of technical quality control criteria. 
- Positive result is considered biased low due to exceedance of technical quality control criteria. 
- Positive result is considered biased high due to exceedance of technical quality control criteria. 
- Positive result is considered to be an artifact of blank contamination, and should not be considered present. 
- Positive result is considered unusable due to exceedance of technical quality control criteria. 

Page 3 

BGSS08 

BGSS08 

Surface Soil 

04/07197 

ug/kg 

440 U 
440 U 

1100 U 

1100 U 

440 U 

440 U 

61 J 

57 J 

110 J 

480 

720 
990 

300 J 
660 
440 U 

440 U 
240 B 
440 U 
270 J 
790 

81 B 
440 U 

83 J 
120 J 
440 U! 

I 
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TABLE 2~11 
11/07197 

ANALYTICAL RESULTS FOR SURFACE SOll- sITe Background 

NASJRB, WIllOW GROVE, PENNSYLVANIA 

SAMPlE. NUMBER: BGSS01 BGSSOH)UP BGSSO:;! BGSSOS BGSS04 BGSS05 BGSSOO BGSSO? 

LOCATION: BGSS01 BGSS01 BGSS02 BGSSOS BGSS04 BGSSOS BGSSOS BGSSO? 

DATA SOURCE: Surface Soil SUIT!lre Soli Surface Soil Surface Soil Surfac.e SoH Surface Soil Surface Soil Surface Soli 

SAMPLE. DATE.: 04107197 04/07/97 04(07197 04/07197 04107/97 04[07197 04107/97 04f{J7t1!7 

SEMIVOLA TILES ug/kg ug/kg uglkg uglkg ugtkg uglkg ug/kg uglkg 
dimethylphthalate 460 U 430 U 420 U 480 UI 440 u 450 U 420 UJ 430 
f1uoranthene 62 J 51 J 270 J 1200 270 J 1000 49 J 670 
fluorene 460 U 430 U 420 U 59 J 440 U 450 U 420 UJ 430 
hexachlorobenzene 460 U 430 U 420 U 480 U 440 U 450 U 420 UJ 430 
hexachlorobutadiene 460 U 430 U 420 U 480 U 440 U 450 U 420 UJ 430 
hexachlorocyclopentadiene 460 U 430 U 420 U 480 U 440 U 450 U 420 UJ 430 
hexachloroethane 460 U 430 U 420 U 480 U 440 U 450 U 420 UJ 430 
indeno(1,2,3-cd)pyrene 460 U 430 U 62 J 240 J 49 J 220 J 420 UJ 140 
isophorone 460 U 430 U 420 U 480 U 440 U 450 U 420 UJ 430 
naphthalene 460 U 43D U 420 U 480 U 440 U 450 U 420 UJ 430 
nitrobenzene 460 U 430 U 420 U 480 U 440 U 450 U 420 UJ 430 
pentachlorophenol 1200 U 1100 U 1100 U 1200 U 1100 U 1100 U 1100 UJ 1100 

phenanthrene 460 U 430 U 120 J 990 110 J 650 420 UJ 490 

phenol 460 U 430 U 420 U 480 U 440 U 450 U 420 UJ 430 
pyrene 51 J 46 J 220 J 870 250 J 810 56 J 610 

PESTICIDES uglkg uglkg ug/kg uglkg uglkg uglkg ug/kg ug/kg 

4,4'·000 4.6 U 4.3 U 4 .. 2 U 4.8 U 4.4 U 4.5 U 4.2 U 4.3 
4,4'-DDE 4.6 U 4.3 U 4.2 U 4.8 U 4.4 U 4.5 U 4.2 U 4.3 

4,4'-DOT 4.6 U 4.3 U 4.2 U 4.8 U 4.4 U 4 .. 5 U 4.2 U 4 .. 3 
Aroclor-1016 46 U 43 U 42 U 48 U 44 U 45 U 42 U 43 
Arooor-1221 93 U 86 U 00 U 97 U 89 U 91 U 86 U 88 
Aroclor-i232 46 U 43 U 42 U 48 U 44 U 45 U 42 U 43 
Aroclor-1242 46 U 43 U 42 U 48 U 44 U 45 U 42 lJ 43 
Arooor-i248 46 U 43 U 42 U 48 U 44 U 45 U 42 U 43 

Arodor-1254 46 U 43 U 42 U 48 U 44 U 45 U 42 U 43 

NOTES: 
J 
II 
UJ 
UL 
UR 
L 
K 
B 
R 

- Value is considered estimated due to exceedance of technical quality control criteria or because result is less than the Contract Required Ouantitation Limit (CROL). 
- Value is a non-detected result as reported by t.he laboratory. 

Non-detected result is considered estimated due to exceedanc:e of technical quality control criteria. 
Non-detected result is considered biased low due to excoodance of technical quality control criteria. 
Non-deiected result is considered unusable due to exceedance of technical quality control criteria. 

- Positive result is considered biased low due to exceedance of technical quality control criteria. 
- Positive result is considered biased high due to exceedance of technical quality control criteria. 
- Positive result is considered to be an artifact of blank contamination. and should not be considered present. 
- Positive result is considered unusable due to exceedance of technical quality control criteria. 

UJ 

J 

UJ 

UJ 

UJ 

UJ 

UJ 

J 

UJ 

UJ 

UJ 

UJ 

J 

UJ 

J 

U 

U 

U 
U 

U 
U 

U 

U 

U 
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BGSSOS 

BGSSOS 

Surfoc.e Soil 

04107i9i 

ugfkg 

440 U 
2000 

160 J 
440 U 
440 U 

440 U 

440 U 

400 J 

440 U 
440 U 

440 U 

1100 U 

1500 
440 U 

1600 

uglkg 

4.4 U 

4.4 U, 
6.2 J 1 

44 ul 
89 U' 
44 U 

44 U 

44 

~I 44 
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TABLE 2-11 
ANALYTICAL RESULTS FOR SURFACE SOIL - SITE Background 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: BGSS01 BGSS01-DUP BGSS02 BGSS03 BGSS04 BGSS05 BGSS06 BGSS07 

LOCATION: BGSS01 BGSS01 BGSS02 BGSS03 BGSS04 BGSS05 BGSS06 BGSS07 

DATA SOURCE: Surface Soil Surface Soil Surface Soil Surface Soil Surface Soil Surface Soil Surface Soil Surface Soli 

SAMPLE DATE: 04/07197 04/07197 04107/97 04/07197 04107/97 04107197 04107197 04107/97 

PESTICIDES uglkg uglkg uglkg uglkg uglkg ug/kg ug/kg uglkg 

Aroclor-1260 46 U 43 U 42 U 48 U 44 U 45 U 42 U 43 
aldrin 2.4 U 2.2 U 2.2 U 2.5 U 2.3 U 2.3 U 2.2 U 2.2 
alpha-BHC 2.4 U 2.2 U 2.2 U 2.5 U 2.3 U 2.3 U 2.2 U 2.2 
alpha-chlordane 2.4 U 2.2 U 2.2 U 2.5 U 2.3 U 2.3 U 2.2 U 2.2 
beta-BHC 2.4 U 2.2 U 2.2 U 2.5 U 2.3 U 2.3 U 2.2 U 22 
delta-BHC 2.4 U 2.2 U 2.2 U 2.5 U 2.3 U 2.3 U 2.2 U 2.2 
dieldrin 13 14 4.2 U 760 13 J 220 14 86 
endosulfan I 2.4 U 2.2 U 2.2 U 2.5 U 2.3 U 2.3 U 2.2 U 2.2 
endosulfan II 4.6 U 4.3 U 4.2 U 4.8 U 4.4 U 4.5 U 4.2 U 4.3 
endosulfan sulfate 4.6 U 4.3 U 4.2 U 4.8 U 4.4 U 4.5 U 4.2 U 4.3 
endrin 4.6 U 4.3 U 4.2 U 4.8 U 4.4 U 4.5 U 4.2 U 4.3 
endrin aldehyde 4.6 U 4.3 U 4.2 U 4.8 U 4.4 U 4.5 U 4.2 U 4.3 

endrin ketone 4.6 U 4.3 U 4.2 U 4.8 U 4.4 U 4.5 U 4.2 U 4.3 
gamma-BHC (Lindane) 2.4 U 2.2 U 2.2 U 2.5 U 2.3 U 2.3 U 2.2 U 2.2 

gamma-chlordane 2.4 U 2.2 U 2.2 U 10 J 2.3 U 2.3 U 2.2 U 2.2 

heptachlor 2.4 U 2.2 U 2.2 U 2.5 U 2.3 U 2.3 U 2.2 U 2.2 

heptachlor epoxide 2.4 U 2.2 U 2.2 U 2.5 U 2.3 U 2.3 U 2.2 U 2.2 

methoxychlor 24 U 22 U 22 U 25 U 23 U 23 U 22 U 22 

toxaphene 240 U 220 U 220 U 250 U 230 U 230 U 220 U 220 

NOTES: 
J 
U 
UJ 
UL 
UR 
l 
K 
B 
R 

Value is considered estimated due to exceedance of technical quality control criteria or because result is less than the Contract Required Quantitation Limit (CRQL). 
Value is a non-detected result as reported by the laboratory. 
Non-detected result is considered estimated due to exceedance of technical quality control criteria. 
Non-detected result is considered biased low due to exceedance of technical quality control criteria. 
Non-detected result is considered unusable due to exceedance of technical quality control criteria. 
Positive result Is considered biased low due to exceedance of technical quality control criteria. 
Positive result is considered biased high due to exceedance of technical quality control criteria. 
Positive result is considered to be an artifact of blank contamination, and should not be considel'E'cI present. 
Positive result is considered unusable due to exceedance of technical quality control criteria. 

U 

U 

U 

U 

U 

U 

U 
U 
U 

U 

U 

U 

U 
U 

U 

U 

U 

U 
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BGSSOS 

BGSS08 

Surface Soil 

04107/97 

ugtkg 

44 U 

2.3 U 

2.3 U 
2.3 U 

2.3 U 

2.3 U 
420 

2.3 U 
44 U 
44 U 
4.4 U 

4.4 U 

4.4 U 
2.3 U 

34 

2.3 U 
33 

23 U 
230 U 
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TABLE 2-11 
11101197 

ANALYTICAL RESULTS FOR SURFACE SOIL· sITe Background 
Page 6 

NASJRB, WIllOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: BGSS09 BGSS10 BGSS11 BGSS12 _. - --- --- --- ---
LOCATION: BGSS09 BGSS10 BGSS11 BGSS12 --- --- --- --- ---
DATA SOURCE: Surface Soil Surface Soil Surface Soil Surface Sol! 

SAMPLE DATE: 04107197 04107197 04107197 O4lO7/97 

INORGANICS mglkg mglkg mg/kg mg/kg 

aluminum 12000 10100 11900 10300 
antimony 8.7 R 6.4 R 8.1 R a.a R 
arsenic 6 .. 1 J 7.4 8 6 .. 3 
barium 89.7 90 111 83.7 
beryllium 0.79 1 1.3 0.92 
cadmium 1.2 U 1.3 U 1.3 U 1..3 U 
calcium 614 162 1160 1600 

chromium, total 12.4 13.8 15.3 16 
N 
1. cobalt 8.2 6.9 8.5 1 
01 copper 13.4 9.3 9.3 12.7 

cyanide 3.8 0.1 0.64 U 0.66 U 
iron 15700 13300 16700 15500 
lead 16.3 29 K 20.5 31.4 

magnesium 1530 1300 1480 1550 

manganese 429 667 844 477 

mercury 0.12 U 0 .. 13 U 0.13 U 0.13 U 
nickel 10.4 7.4 9.6 10.1 

potassium 460 531 388 U 396 U 
selenium 1.2 UL 1.3 Ul 1.3 Ul 1.3 Ul 
silver 1.2 U 1.3 U 1.3 U 1..3 U 

/1 sodium 120 106 U 103 U 112 

thallium 0.25 113 0.29 0.28 11 J 
vanadium 20.9 23.7 26.2 26.5 Ii --
zinc 21.7 44.6 49.4 45.8 

~ .- -

NOTES: 
J - Value is considered estimated due to exceedance of technical quality control criteria or because result is less than the Contract Required Ouantitation Limit (CROL). 
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.. 
L - Positive result is considered biased low due to exceedance of technical quality control criteria. 
K - Positive result is considered biased high due to exceedance of technical quality control criteria. 
B - Positive result is considered to be an artifact of blank contamination. and should not be considered present. 
R - Positive result is considered unusable due to exceedance of technical quality control criteria. 

• • • 
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• • TABLE 2-11 
11/07/97 

ANALYTICAL RESULTS FOR SURFACE SOIL· SITE Background 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: BGSS09 BGSS10 BGSS11 BGSS12 -.- -_. --- ---
LOCATION: BGSS09 BGSS10 BGSS11 BGSS12 --- --- --- ---
DATA SOURCE: Surface Soil Surface Soil Surface Soil Surface Soil 

SAMPLE DATE: 04/07/97 04/07/97 04/07/97 04/07197 

I SEMIVOLA TILES I uglkg I uglkg I ug/kg I uglkg I I I I 
1,2,4-trichlorobenzene 390 U 440 U 430 U 440 U 
1,2-dichlorobenzene 390 U 440 U 430 U 440 U 

1,3-dichlorobenzene 390 U 440 U 430 U 440 U 

l,4-dichlorobenzene 390 U 440 U 430 U 440 U 

2.2'-oxybis(1-chloropropane) 390 U 440 U 430 U 440 U 

2,4,5-trichlorophenol 990 U 1100 U 1100 U 1100 U 

2,4.6-trichlorophenol 390 U 440 U 430 U 440 U 

2,4-dichlorophenol 390 U 440 U 430 U 440 U 

2,4-dimethylphenol 390 U 440 U 430 U 440 U 

2,4-dinitrophenol 990 U 1100 U 1100 U 1100 U 

2,4-dinitrotoluene 390 U 440 U 430 U 440 U 

2,6-dinitrotoluene 390 U 440 U 430 U 440 U 
2-chloronaphthalene 390 U 440 U 430 U 440 U 

2-chlorophenol 390 U 440 U 430 U 440 U 

2-methylnaphthalene 390 U 440 U 430 U 440 U 

2-methylphenol 390 U 440 U 430 U 440 U 

2-nitroaniline 990 U 1100 U 1100 U 1100 U 

2-nitrophenol 390 U 440 U 430 U 440 U 

3.3'-dichlorobeozidine 390 U 440 U 430 U 440 U 

3-nitroaniline 990 U 1100 U 1100 U 1100 U 

4,6-dinitro-2-methylphenol 990 U 1100 U 1100 U 1100 U 

4-bromophenyl-phenylether 390 U 440 U 430 U 440 U 

4-chloro-3-methylphenol 390 U 440 U 430 U 440 U 

4-chloroaniline 390 U 440 U 430 U 440 U 

NOTES: 
J 
U 
UJ 
UL 
UR 
L 
K 
B 
R 

- Value Is considered estimated due to exceedance of technical quality control criteria or because result is less than the Contract Required Quantitation Limit (CRQL). 
Value is a non-detected result as reported by the laboratory. 
Non-detected result is considered estimated due to exceedance of technical quality control criteria. 
Non-detected result is conSidered biased low due to exceedance of technical quality control criteria. 
Non-detected result is considered unusable due to exceedance of technical quality control criteria. 
POSitive result is considered biased low due to exceedance of technical quality control criteria. 
Positive result is considered biased high due to exceedance of technical quality control criteria. 
Positive result is considered to be an artifact of blank contamination, and should not be considered present. 
Positive result is conSidered unusable due to exceedance of technical quality control criteria. 
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TABLE 2~11 
11107/97 

ANALYTICAL RESULTS FOR SURFACE SOIL- SITE Background 

NASJRB, WIllOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: BGSS09 BGSS10 BGSS11 BGSS12 --- --- --- ---
LOCATION: BGSS09 BGSS10 BGSS11 BGSS12 --- --- --- ---
DATA SOURCE: Surface Soil Surface Soil Surface SoIl Surface Soil 

SAMPLE DATE: 04/07197 04/07197 04107197 04/07197 

SEMIVOLA TILES uglkg uglkg uglkg uglkg 

4-chlorophenyl-phenylether 390 U 440 U 430 U 440 U 
4-methylphElOol 390 U 440 U 430 U 440 U 

4-nitroaniline 990 U 1100 U 1100 U WlO U 
4-nHrophenol 900 U 1100 U 1100 U 1100 U 
N-nilroso-di-n-propylamine 390 U 440 U 430 U 440 U 
N-nitrosodjphenylamine (1) 390 U 440 U 430 U 440 U 
acenaphthene 390 U 64 J 430 U 55 J 

acenaphthylene 390 U 54 J 430 U 62 J 
anthracene 390 U 130 J 430 U 160 J 
benzo(a}anlhracene 390 U 590 430 U 940 
benzo(a)pyrene 390 U 830 430 U 1100 
benzo(b)fluoranthene 300 U 1000 430 U 1500 
benzo(g,h,i)perylene 390 U 320 J 430 U 490 
benzo(k)fluoranthene 390 U 820 430 U 920 
bis(2-chloroethoxy)methane 390 U 440 U 430 U 440 U 

bis(2-chloroethyl)ether 390 U 440 U 430 U 440 U 

bls(2-ethylhexyOphthalate 92 B 110 B 110 B 130 B 

butylbenzyiphthalate 390 U 440 U 430 U 440 U 

carbazole 390 U 310 J 430 U 260 J 
chrysene 390 U 860 430 U 1200 
di-n-butylphthalate 460 B 1000 B 740 B 660 B 

dl-n-octylphthalate 390 U 440 U 430 U 440 U 

dibenz(a,h)anthracene 390 U 96 J 430 U 160 J 

dibenzofuran 390 U 120 J 430 U 61 J 

diethylphthalate 390 U 440 U 430 II 440 U 

NOTES: 
J 
U 
UJ 
UL 
UR 
L 
K 
B 
R 

Value is considered estimated due to exceedance of technical quality control criteria or because result is less than the Contract Required Quantitation limit (CRQL). 
Value is a non-detected result as reported by the laboratory. 
Non-detected result is considered estimated due to exceedance of technical quality control criteria. 
Non-deteeled result is considered biased low due to exceedance oftedmical quality control criteria. 
Non-detected result is considered unusable due to exceedance of technical quality control criteria. 
Positive result is considered biased low due to exceedance of technical quality control criteria. 
Positive result is considered biased high due to Elxceedance of technical quality control criteria. 
Positive result is considered to be an artifact of blank contamination, and should not be c.onsidered presen!. 
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• 
11107197 

SAMPLE NUMBER: BGSS09 

LOCATION: BGSS09 

DATA SOURCE: Surface Soil 

SAMPLE DATE: 04/07197 

SEMIVOLA TILES ug/kg 

dimethylphthalate 390 U 
f1uoranthene 390 U 
fluorene 390 U 
hexachlorobenzene 390 U 
hexachlorobutadiene 390 U 
hexachlorocyclopentadiene 390 U 
hexachloroethane 390 U 
indeno(1,2,3-cd)pyrene 390 U 
isophorone 390 U 
naphthalene 390 U 
nitrobenzene 390 U 
pentachlorophenol 990 U 
phenanthrene 390 U 
phenol 390 U 
pyrene 390 U 

PESTICIDES ug/kg 

4,4'-000 3.9 U 
4,4'-DOE 3.9 U 
4,4'-DOT 3.9 U 
Aroclor-1016 39 U 
Aroclor-1221 80 U 

Aroclor-1232 39 U 

Aroclor-1242 39 U 
Aroclor-1248 39 U 

Aroclor-1254 39 U 

NOTES: 

• TABLE 2-11 

ANALYTICAL RESULTS FOR SURFACE SOIL - SITE Background 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

BGSS10 BGSS11 BGSS12 ---
BGSS10 BGSS11 BGSS12 .. -

Surface Soil Surface Soil Surface Soil 

04107197 04/07197 04107197 

uglkg uglkg ug/kg 

440 U 430 U 440 U 
2300 430 U 2600 

160 J 430 U 120 J 
440 U 430 U 440 U 
440 U 430 U 440 U 
440 U 430 U 440 U 
440 U 430 U 440 U 
420 J 430 U 640 
440 U 430 U 440 U 
440 U 430 U 440 U 
440 U 430 U 440 U 

1100 U 1100 U 1100 U 
1600 430 U 1700 
440 U 430 U 440 U 

1700 430 U 2100 

ug/kg ug/kg ug/kg 

4.3 U 4.3 U 4.3 U 
4.3 U 4.3 U 4.3 U 
8.3 J 4.3 U 4.3 U 

43 U 43 U 43 U 
88 U 87 U 88 U 

43 U 43 U 43 U 
43 U 43 U 43 U 

43 U 43 U 43 U 
43 U 43 U 43 U 

--- . -- . --
. -- --- ---

J 
U 
UJ 
UL 
UR 
L 
K 
B 
R 

- Value is considered estimated due to exceedance of technical quality control criteria or because result is less than the Contract Required Ouantitation Limit (CROL). 
- Value is a non-detected result as reported by the laboratory. 

Non-detected result is considered estimated due to exceedance of technical quality control criteria. 
Non-detected result is considered biased low due to exceedance of technical quality control criteria. 
Non-detected result is considered unusable due to exceedance of technical quality control criteria. 
Positive result is considered biased low due to exceedance of technical quality control criteria. 
Positive result is considered biased high due to exceedance of technical quality control criteria. 
Positive result is considered to be an artifact of blank contamination, and should not be considered pre~p.nt. 
Positive result is considered unusable due to exceedance of technical quality control criteria. 
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11/07197 
TABLE 2-11 

ANALYTICAL RESULTS FOR SURf!ACE SOIL· SITE Background 
Page 10 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: BGSS09 BGSSHl BGSS11 BGSS12 . -- --- --- --- ---
LOCATION: BGSS09 BGSS10 BGSS11 BGSS12 --- --- --- --- ---
DATA SOURCE: Surface Soil Surface Soil Surface Soil Surface Soil 

SAMPLE DATE: 04/07/97 04107197 04/07/97 04/07197 

PESTICIDES ug/kg uglkg ug/kg uglkg 

ArocJor-1200 39 U 43 U 43 U 43 U 

aldrin 2 U 2.2 U 2.2 U 2.2 U 

alpha-SHC 2 U 2.2 U 2.2 U 2.2 U 

alpha-chlordane 2 U 2.2 U 2.2 U 2.2 U 

beta-BHC 2 U 2.2 U 2.2 U 2.2 U 

delta-SHe 2 U 2.2 U 2.2 U 2.2 U 

dieldrin 3.9 U 550 4.3 U 63 J 

endosulfan I 2 U 2.2 U 2.2 U 2.2 U 

endosulfan II 3.9 U 4.3 U 4.3 U 4.3 U 
N endosulfan sulfate 3.9 U 4.3 U 4.3 U 4.3 U 
~ 
CD endrin 3.9 U 4.3 U 4.3 U 4.3 U 

endrin aldehyde 3.9 U 4.3 U 4.3 U 4.3 U 

endrin ketone 3.9 U 4.3 U 4.3 U 4.3 U 

gamma-BHC (lindane) 2 U 2.2 U 2.2 U 2.2 U 

gamma-chlordane 2 U 48 J 2.2 U 3.2 

heptachlor :2 U 2.2 U 2.2 U 2.2 U 

heptachlor epoxkle 2 U 41 2.2 U 3.4 J 

methoxychlor 20 U 22 U 22 U 22 U . 
toxaphene 200 U 220 U 220 U 220 U i 

NOTES: 
J - Value is considered estimated due to exceedance of technical quality control criteria or because result is less than the Contract Required Quanti!ation limit (CROLl· 
U - Value is a non-detected result as reported by the laboratory. 
UJ - NolHletected result is considered estimated due to exc.eedance of technical quality control criteria. 
Ul - Non-detected result is considered biased low due to exceedance of technical quality control criteria .. 
UR - Non-detecled result is considered unusable due to exceedance of technical quality control criteria.. 
L - Positive result is considered biased low due to exceedance of technical quality control criteria. 
K - Positive result is considered biased high due to exceedance of technical quality control criteria. 
B - Positive result is considered to be an artifact of blank c.ontaminalion. and should not be considered P'~'''~;'''~. 
R - Positive result is considered unusable due to exceedance of technical qual1ty control criteria. 

• • • 
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SAMPLE NUMBER: BGSW01 

LOCATION: BGSW01 

DATA SOURCE: Surface Water 

SAMPLE DATE: 03113197 

INORGANICS ug/L 

aluminum 226 B 

antimony 20 U 

arsenic 1 U 

barium 93 

beryllium 1 U 

cadmium 5 UL 

calcium 34900 

chromium. total 5 U 

cobalt 5 U 

copper 10 U 

cyanide 5 U 

iron 222 

lead 1 U 

magnesium 12100 

manganese 75.7 

mercury 0.2 U 

nickel 20 U 

potassium 2860 

selenium 1 UL 

silver 5 U 

sodium 34000 

thallium 1 UL 

vanadium 5 U 

zinc 5 U 

NOTES: 

• TABLE 2-12 

ANALYTICAL RESULTS FOR SURFACE WATER - SITE Background 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

BGSW02 BGSW03 BGSW03-0UP BGSW04 

BGSW02 BGSW03 BGSW03 BGSW04 

BGSW05 

BGSW05 

Surface water Surface Water Surface Water Surface water Surface Water 

03/13197 03113197 03/13197 03113197 03/13197 

ugiL ug/L ugIL ugIL ugIL 

247 B 284 B 561 267 B 236 B 

20 U 20 U 20 U 20 U 20 U 

1 U 1 U 1 U 1 U 1 U 

95.9 93.6 97.2 105 112 

1 U 1 U 1 U 1 U 1 U 

5 UL 5 UL 5 UL 5 UL 5 UL 

34400 26800 27700 28000 15800 

5 U 5 U 5 U 5 U 5 U 

5 U 5 U 5 U 5 U 5 U 

10 U 10 U 16.6 10 U 10 U 

5 U 5 U 5 U 5 U 5 U 

351 519 751 366 273 

1 U 1 U 1.1 1 U 1 U 

11800 9740 10100 9750 6290 

92 98.5 122 65.8 56.7 

0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 

20 U 20 U 31.4 20 U 20 U 

2570 1930 1950 2110 1870 

1 UL 5 U 1 U 1 UL 5 U 

5 U 5 U 5 U 5 U 5 U 

36200 22500 17400 23300 10700 

1 UL 1 UL 1 UL 1 UL 1 UL 

5 U 5 U 5 U 5 U 5 U 

7.8 6.8 18.9 9.1 5 U 

• 
BGSW06 BGSW07 

BGSW06 BGSW07 

Surface Water Surface Water 

03113/97 03113197 

ugiL ug/L 

163 B 177 B 

20 U 20 U 

1 U 1 U 

87.3 110 

1 U 1 U 

5 UL 5 UL 

22400 18500 

5 U 5 U 

5 U 5 U 

10 U 10 U 

5 U 5 U 

85.3 311 

1 U 1 U 

8260 6940 

26.7 45.1 

0.2 U 0.2 U 

20 U 20 U 

1750 1500 U 

5 U 5 U 

5 U 5 U 

13200 12700 

1 UL 1 UL 

5 U 5 U 

5 U 5 U 

J 
U 
UJ 
UL 
UR 
L 
K 
B 
R 

Value is considered estimated due to exceedance of technical quality control criteria or because result is less than the Contract Required Ouanlitalion Limit (CROL). 
- Value is a non-detected result as reported by the laboratory. 

Non-detected result is considered estimated due to exceedance of technical quality control criteria. 
Non-detected result is considered biased low due to exceedance of technical quality control criteria. 
Non-detected result is considered unusable due to exceedance of technical quality control criteria. 
Positive result is considered biased low due to exceedance of technical quality control criteria. 
Positive result is considered biased high due to exceedance of technical quality control criteria. 
Positive result is considered to be an artifact of blank contamination, and should not be considered present. 
Positive result is considered unusable due to exceedance of technical quality control criteria. 

Page 

BGSWOS 

BGSW08 

Surface water 

03/13197 

ug/L 

301 B 

20 U 

1 U 

109 

1 U 

5 UL 

15800 

5 U 

5 U 

10 U 

5 U 

326 

1 U 

6250 

64.2 

0.2 U 

20 U 

1500 U 

5 U 

5 U 

10800 

1 UL 

5 U 

5 U 
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TABLE 2-12 
11107191 

ANALYTICAL RESULTS FOR SURFACE WATER - SITE Background 
Page 2 

NASJRB, WILLOW GROVE. PENNSYLVANIA 

SAMPLE NUMBER: BGSIt'V01 BGSW02 BGSW03 BGSW03-DUP BGSW04 BGSW05 BGSWOO BGSW07 BGSW08 

LOCATION: BGSW01 BGSW02 BGSW03 BGSW03 BGSW04 BGSW05 BGSW06 BGSW07 BGSW08 

DATA SOURCE: Surface Waler Surface Water Surface Water Surface Water SUlface Waler Surface Water Surface water Surface Water Surfar..;! Water 

SAMPLE DATE: 03113197 03113197 03/13197 03113197 03113197 03113197 03113197 03/13/97 03113197 

I SEMIVOLA TilES = I ugll I ugll I ugll I ugll I ug/l I Ugl~ I ug/t =1 uglt I ugll I 
1,2,4-trichlorooenzene 10 U 10 U 10 U 10 U 10 U 10 U 10 U 100 U 10 U 

1.2-dich!orobenzene 10 U 10 U 10 U 10 U 10 U 10 U 10 U 100 U 10 U 
1,3-dichlorobenzene 10 U HI U 10 U 10 U 10 U 10 U 10 U 100 U 10 U 

1.4-<1ichlorobenzene 10 U HI U 10 U 10 U 10 U 10 U 10 U 100 U 10 U 

2.2'-oxybis(1-chloropropane) 10 U 10 U 10 U 10 U 10 U 10 U 10 U 100 U 10 U 

2,4,5-trichlorophenol 25 U 25 U 25 U 25 U 25 U 25 U 25 U 250 U 25 U 

2,4,6-trichlorophenol 10 U 10 U 10 U 10 U 10 U 10 U 10 U 100 U 10 U 
N 2,4-dichlorophenol 10 U 10 U 10 U 10 U 10 U 10 U 10 U 100 U 10 U • ()1 

2,4-dimethylphenol 10 U 10 U 10 U 10 U 10 U 10 U 10 U 100 U 10 U ...... 

2,4-<1initrophenol 25 U 25 U 25 U 25 U 25 U 25 U 25 U 250 U 25 U 

2,4-dinitrotoluene 10 U 10 U 10 U 10 U 10 U 10 U 10 U 100 U 10 U 

2,6-dinitrotoluene 10 U 10 U 10 U 10 U 10 U 10 U 10 U 100 U 10 U 

2-chloronaphthalene 10 U 10 U 10 U 10 U 10 U 10 U 10 U 100 U 10 U 

2-chlorophenol 10 U 10 U 10 U 10 U 10 U 10 U 10 U 100 U 10 U 

2-methylnaphthalene 10 U 10 U 10 U 10 U 10 U 10 U 10 U 100 U 10 U 

2-rnethylphenol 10 U 10 U 10 U 10 U 10 U 10 U 10 U 100 U 10 U 

2-nilroaniline 25 U 25 U 25 U 25 U 25 U 25 U 25 U 250 U 25 U 

2-nitrophenol 10 U H.I U 10 U 10 U 10 U 10 U 10 U 100 U 10 U
i 

3.3'-dichlorooonzidine 10 U 10 U HI U HI U 10 U 10 U 10 U 100 U 10 ull 
3-nitroaniline 25 U 25 U 25 U 25 U 25 U 25 U 25 U 250 U 25 ~ll 
4.6-dinitro-2-melhylphenol 25 U 25 U 25 U 25 U 25 U 25 U 25 U 250 U 25 

4-bromophenyl-phenylether 10 U 10 U 10 U 1() U 10 U 10 U 10 U 100 U 10 U 

4-chloro-3-melhylphenol 10 U 10 U 10 U 10 U 10 U 10 U 10 U 100 U 10 U 

4-chloroanmne 10 U 10 U 10 U 10 U 10 U HI U 10 U 100 U 10 U 

NOTES: 
J - Value is considered estimated due to exceedance oftechnical quality control criteria or because result is less than the Contract Required Quantitation Limit (CROl) 
U - Value is a noil-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. 
L - Positive result is considered biased low due to exceedance of technical quality control criteria. 
K - Positive result is considered biased high due to exceedance of technical quality control criteria. 
B - Positive result is considered to be an artifact of blank contamination, and should not be considered presf<"~. 
R - Positive resurt is considered unusable due to exceedance of technical quality control criteria. 
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SAMPLE NUMBER: BGSW01 

LOCATION: BGSW01 

DATA SOURCE: Surface Water 

SAMPLE DATE: 03/13197 

SEMIVOLA TILES ugll 
4-chlorophenyl-phenylether 10 U 
4-methylphenol 10 U 
4-nitroaniline 25 U 
4-nitrophenol 25 U 
N-nitroso-di-n-propylamine 10 U 
N-nitrosOdiphenylamine (1) 10 U 
acenaphthene 10 U 
acenaphthylene 10 U 
anthracene 10 U 
benzo(a)anthracene 10 U 
benzo(a)pyrene 10 U 
benzo(b}tluoranthene 10 U 
benzo(g,h,i)perylene 10 U 
benzo(k)tluoranthene 10 U 
bis(2-chloroethoxy)methane 10 U 
bis(2-chloroethyl}ether 10 U 
bis(2-ethylhexyl)phthalate 10 U 
butylbenzylphthalate 10 U 
carbazole 10 U 
chrysene 10 U 
di-n-butylphthalate 10 U 
di-n-oclylphthalate 10 U 
dibenz(a,h)anthracene 10 U 
dibenzofuran 10 U 
diethylphthalate 10 U 

NOTES: 

• TABLE 2-12 
ANALYTICAL RESULTS FOR SURFACE WATER - SITE Background 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

BGSW02 BGSW03 BGSW03-DUP BGSW04 

BGSW02 BGSW03 BGSW03 BGSW04 

Surface Water Surface Water Surface Water Surface Water 

03(13197 03(13197 03/13(97 03113197 

ugll ug/L ugIL ug/L 
10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 
25 U 25 U 25 U 25 U 
25 U 25 U 25 U 25 U 
10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 

• 
BGSW05 BGSW06 BGSW07 

BGSW05 BGSW06 BGSW07 

Surface Water Surface Water Surface Water 

03113(97 03/13197 03(13(97 

ugll ug/L ugll 
10 U 10 U 100 U 
10 U 10 U 100 U 
25 U 25 U 250 U 
25 U 25 U 250 U 
10 U 10 U 100 U 
10 U 10 U 100 U 
10 U 10 U 100 U 
10 U 10 U 100 U 
10 U 10 U 100 U 
10 U 10 U 100 U 
10 U 10 U 100 U 
10 U 10 U 100 U 
10 U 10 U 100 U 
10 U 10 U 100 U 
10 U 10 U 100 U 
10 U 10 U 100 U 
10 U 10 U 100 U 
10 U 10 U 100 U 
10 U 10 U 100 U 
10 U 10 U 100 U 
10 U 10 U 100 U 
10 U 10 U 100 U 
10 U 10 U 100 U 
10 U 10 U 100 U 
10 U 10 U 100 U 

J 
U 
UJ 
UL 
UR 
L 
K 
B 
R 

- Value is considered estimated due to exceedance of technical quality control criteria or because result is less than the Contract Required Quantitation Limit (CRQl). - Value is a non-detected result as reported by the laboratory. 
- Non-detected result is considered estimated due to exceedance of technical quality control criteria. - Non-detected result is considered biased low due to exceedance of technical quality control criteria. - Non-detected result is considered unusable due to exceedance of technical quality control criteria. Positive result is considered biased low due to exceedance of technical quality control criteria. Positive result is considered biased high due to exceedance of technical quality control criteria. - Positive result is considered to be an artifact of blank contamination. and should not be considered present. - Positive result is considered unusable due to exceedance of technical quality control criteria. 
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BGSW08 

BGSW08 

Surface Water 

03/13197 

uglL 

10 U 
10 U 
25 U 
25 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 u: 

uil 10 ,-
10 ui! 
10 -----r.;ii~ 

10 1;1i 
. " 

10 - lJ II 
10 ull 
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SAMPLE NUMBER: 

LOCATION: 

DATA SOURCE: 

SAMPLE DATE: 

BGSW01 

BGSW01 

Surface Water 

03113197 

TABLE 2-12 

ANAL ¥TICAL RESULTS FOR SURFACE WATER· SITE Background 

NASJRB. WILLOW GROVE. PENNSYLVANIA 

BGS'oW2 

BGSW02 

Surface Water 

03/13/97 

BGSW03 

BGSW03 

Surface Water 

03/13197 

BGSW03-DUP 

BGSV'v'03 

Surface Water 

03113197 

BGSWM 

BGSW04 

Sulface Water 

03113/97 

BGSW05 

BGSW05 

Surface waler 

03[13/97 

BGSWOO 

BGSW06 

Surface Water 

03113197 

SEMIVOLA TILES ug/L ugll ugll ug/l ug/L ugll ug/L 

dimethylphthalate 10 U 10 U 10 U 10 U 10 U 10 U 10 

fluoranthene 10 U 10 U 10 U 10 U 10 U 10 U 10 

fluorene 10 U 10 U 10 U 10 U 10 U 10 U 10 

hexachlorobenzene 10 U 10 U 10 U 10 U 10 U 10 U 10 

hexachlorobutadiene 10 U 10 U 10 U 10 U 10 U 10 U 10 

hexachlorocyclopentadiene 10 U 10 U 10 U 10 U 10 U 10 U 10 

hexachloroethane 10 U 10 U 10 U 10 U 10 U 10 U 10 

Indeno(1.2,3-cd)pyrene 10 U 10 U 10 U 10 U 10 U 10 U 10 

isophorone 10 U 10 U 10 U 10 U 10 U 10 U 10 

naphthalene 10 U 10 U 10 U 10 U 10 U 10 U 10 

nitrobenzene 10 U 10 U 10 U 10 U 10 U 10 U 10 

pentaChlorophenol 25 U 25 U 25 U 25 U 25 U 25 U 25 

phenanthrene 10 U 10 U 10 U 10 U 10 U 10 U 10 

phenol 10 U 10 U 10 U 10 U 10 U 10 U 10 

pyrene 10 U 10 U 10 U 10 U 10 U 10 U 10 

BGSW07 

BGSW07 

Surface Water 

03113197 

ug/l 

U 100 

U 100 

U 100 

U 100 

U mo 
U 100 

U 100 

U 100 

U 100 

U 100 

U 100 

U 250 

U 100 

U 100 

U 100 

u 
U 

u 
u 
U 

U 

U 

u 
u 
U 

u 
u 
u 
u 
u 

Page 4 

BGSIJI.'OB 

BGSWOS 

Surface Water 

03i13197 

ug/L 

10 

10 

10 

10 
10 

10 

10 

10 

10 
10 

25 
10 

10 

10 

u 
u 
U 
U 

U 

u 
U 

U 

U 

U 

u 
U 

u 
u 
u 

~~ - - - - - - - - -1~~~~--~----------~--~~--~~--~----~~~~----~~~~----~--~----~~--r.>-----or-~~----oTI---.. __ ----~--7n-----.~!1 1.1.1-trichloroothane 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 

1.1.2,2-tetrachloroethane 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U I 

NOTES: 
J 
U 
UJ 
UL 
UR 
l 
K 
B 
R 

- Value is considered estimated due to exceedance of technical quality control criteria or because result is less than the Contract Required Quantitation limit (CRall· 
- Value is a non-detected result as reported by the laboratory. 
- Non-detected result is considered estimated due to exceedance of technical quality control criteria. 
- Non-detected result is considered biased low due to exceedance of technical quality control criteria. 
- Non-detected result is considered unusable due to exceedance of technical quality control criteria. 
- Positive result is considered biased low due to exceedance of technical qualily control criteria. 
- Positive result is considered biased high due to exceedance of technical quality control criteria. 
- Positive result is considered to be an artifact of blank contamination, and should not be considered present. 
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SAMPLE NUMBER: BGSW01 

LOCATION: BGSW01 

DATA SOURCE: Surface water 

SAMPLE DATE: 03/13197 

VOLATILES ugIL 

2-hexanone 10 U 
4-methyl-2-pentanone 10 U 
acetone 10 U 
benzene 10 U 

bromodichloromethane 10 U 

bromoform 10 U 

bromomethane 10 U 

carbon disulfide 10 U 

carbon tetrachloride 10 U 

chlorobenzene 10 U 

chloroethane 10 U 

chloroform 10 U 

chloromethane 10 U 

cis-1,3-dichloropropene 10 U 

dibromachloromethane 10 U 

ethylbenzene 10 U 

methylene chloride 10 U 

styrene 10 U 
tetrachloroethene 10 U 

toluene 10 U 

trans-1,3-dichloropropene 10 U 

trichloroethene 10 U 

vinyl chloride 10 U 

xylene (total) 10 U 

NOTES: 

• TABLE 2-12 

ANALYTICAL RESULTS FOR SURFACE WATER· SITE Background 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

BGSW02 BGSW03 BGSW03-DUP BGSW04 

BGSW02 BGSW03 BGSW03 BGSW04 

Surface water Surface Water Surface Water Surface Water 

03/13197 03113/97 03/13197 03113197 

ug/L ugiL ug/L ug/L 

10 U 10 U 10 U 10 U 

10 U 10 U 10 U 10 U 

10 U 10 U 10 U 10 U 

10 U 10 U 10 U 10 U 

10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 

10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 

10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 

10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 

10 U 10 U 10 U 10 U 

10 U 10 U 10 U 10 U 

10 U 10 U 10 U 10 U 

10 U 10 U 10 U 10 U 
10 U 20 B 13 B 16 B 

10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 

10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 

10 U 10 U 10 U 10 U 

10 U 10 U 10 U 10 U 

10 U 10 U 10 U 10 U 

• 
BGSW05 BGSW06 BGSW07 

BGSW05 BGSW06 BGSW07 

Surface Water Surface Water Surface Water 

03113/97 03/13197 03113197 

ugiL ug/L ugiL 

10 U 10 U 10 U 

10 U 10 U 10 U 

10 U 10 U 10 U 

10 U 10 U 10 U 

10 U 10 U 10 U 

10 U 10 U 10 U 
10 U 10 U 10 U 

10 U 10 U 10 U 

10 U 10 U 10 U 

10 U 10 U 10 U 

10 U 10 U 10 U 

10 U 10 U 10 U 

10 U 10 U 10 U 

10 U 10 U 10 U 

10 U 10 U 10 U 

10 U 10 U 10 U 

11 B 23 B 7 B 
10 U 10 U 10 U 

10 U 10 U 10 U 

10 U 10 U 10 U 

10 U 10 U 10 U 

10 U 10 U 10 U 

10 U 10 U 10 U 

10 U 10 U 10 U 

J 
U 
UJ 
UL 
UR 
L 
K 
B 
R 

Value is considered estimated due to exceedance of technical quality control criteria or because result is less than the Contract Required Quantitation Limit (CRQLj. 
- Value is a non-detected result as reported by the laboratory. 

Non-detected result is considered estimated due to exceedance of technical quality control criteria. 
Non-detected result is considered biased low due to exceedance of technical quality control criteria. 
Non-detected result is considered unusable due to exceedance of technical quality control criteria. 
Positive result is considered biased low due to exceedance of technical quality control criteria. 
Positive result is considered biased high due to exceedance of technical quality control criteria. 
Positive result is considered to be an artifact of blank contamination, and should nat be co:·~sider9d ;::resent. 
Positive result is considered unusable due to exceedance of technical quality control criteriR 
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BGSW08 

BGSW08 

Surface Water 

03/13197 

ug/L 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 

10 U 
10 U 
10 U 
10 U 
15 B 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
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11107197 
. TABLE 2-12 

ANALYTICAL RESULTS FOR SURFACE WATER - SITE Background 
Page 6 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: BGSW01 BGSW02 BGSW03 BGSW03-DUP BGSW04 BGSW05 BGSW06 BGSW07 BGSWOO 

LOCATION: BGSW01 BGSW02 BGSW03 BGSW03 BGSW04 BGSW05 BGSW06 BGSW07 BGSW08 

DATA SOURCE: Surface Waler Surface Water Surface Waler Surface Water Surface Water Surface Water Surface Water Surface Water Surface Waler 

SAMPLE DATE: 03113197 03113i97 03/13197 03113197 03113197 03113197 03113197 03f13i97 03113197 

! PESTICIDES I uglL I ugll I ugll I uglL I ugll I uglL I ugll I uglL I ug/l I· 
4,4'-DDO 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0 .. 1 U 
4,4'-DDE 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 
4,4'-00T 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 
Aroclor-1016 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 
Aroclor-1221 :2 U :2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 
Aroclor-1232 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 IJ 
Aroclor-1242 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 

I\.J Aroclor-124B 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U , 
Aroclor-1254 1 U (Jl 

(Jl 
1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 

Arocior-1260 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 
aldrin 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 

alpha-SHe 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0,05 U 0,05 U 

alpha-chlordane 0.05 U 0.05 U 1105 U 1105 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 

beta-SHe 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 

delta-BHe 0.05 u 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 

dieldrin 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 

endosulfan I 0.05 U 1105 U 1).05 U 0.05 U 0.05 U 0.05 U 0,05 U 0.05 U (l05 U 

endosulfan II 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0,1 U! O~ ul: 
endosulfan sulfate 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U i11 ull 
endrin 111 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 01 U!I 
endrin aldehyde 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 01 lJl 
endrin ketone 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 01 

~.I gamma-SHe (Lindane) 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 
i 

gamma-chlordane 0.05 U CW5 U 0,05 U 0.05 U 0,05 U 0.05 U 0.05 U 0.05 U 0.05 UI 
NOTES: 

J - Value is consldered estimated due to exceedance oftechnical quality control criteria or because result is less than the Contract Required Quanlitation limit (CRQl). 
U - Value is a non-detected result as reported by the laboratory .. 
UJ .~ Non-deteded result is considered estimated due to exc.eedance of technical quality control criteria. 
UL - Non.ootected result is considered biased low due to exceedance of technical quality control criteria. 
UR - Non-detected result is considered unusable due to exceooance of technical quality control criteria. 
l - Positive result is considered biased low due to exceedance of technical quality control criteria. 
K - Positive result is considered biased high due to exceedance of technical quality control criteria. 
e - Positive result is conSidered to be an artifact of blank contamination, and should not be considered present. 
R - Positive result is considered unusable due to exceedance of technical quality control criteriOl .. • 

I • • 
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11107/97 

TABLE 2-12 
ANALYTICAL RESULTS FOR SURFACE WATER - SITE Background 

NASJRB, W1UOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: BGSW01 BGSW02 BGSW03 BGSW03-DUP BGSW04 BGSW05 BGSW06 BGSW07 

LOCATION: BGSW01 BGSW02 BGSW03 BGSW03 BGSW04 BGSW05 BGSW06 BGSW07 

DATA SOURCE: Surface Water Surface Water Surface Water Surface Water Surface Water Surface Water Surface Waler Surface Water 

SAMPLE DATE: 03113197 03/13197 03113197 03113197 03113197 03113197 03/13197 03/13197 

PESTICIDES ug/L ug/L ug/L ug/L ug/L ugIL ug/L ug/L 

heptachlor 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 
heptachlor epoxide 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 

methoxychlor 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

toxaphene 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 

NOTES: 
J 
U 
UJ 
UL 
UR 
L 
K 
B 
R 

- Value is considered estimated due to exceedance of technical quality control criteria or because result is less than the Contract Required Quantitation Limit (CROL). 
Value is a non-detected result as reported by the laboratory. 
Non-detected result is considered estimated due to exceedance of technical quality control criteria. 
Non-detected result is considered biased low due to exceedance of technical quality control criteria. 
Non-detected result is considered unusable due to exceedance of technical quality control criteria. 
Positive result is conSidered biased low due to exceedance of technical quality control criteria. 
Positive result is considered biased high due to exceedance of technical quality control criteria. 
Positive result is considered to be an artifact of blank contamination, and should not be consitj~red present. 
Positive result is considered unusable due to exceedance of technical quality control criteria. 
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BGSW08 

BGSW08 

Surface Water 

03/13/97 

ug/L 

0.05 U 

0.05 U 

0.5 U 

5 U 
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TABLE 28 13 

ANALYTICAL RESUl T8 FOR SEDIMENT· sITe Background 
Page 1 

NASJRB. WillOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: BGSD01 BGSD02 BGSD03 BGSOO3-DUP BGSD04 BGSD()5 BGSDOO BGSDD] BG8DOB 

LOCATION: BGSD01 BGSD02 BGSD03 BGSOO3 BGSD04 BGSDOS BGSD06 BGSDO] BGSDOS 

DATA SOURCE: Sediment Sediment Sediment Sediment Sediment Sediment Sediment Sediment Sediment 

SAMPLE DATE: 03113197 03113197 03113197 03113197 03113197 03113197 03113197 03/13197 03i13197 

INORGANICS mglkg mglkg mo/kg mg/kg mglkg mglkg mg/kg mglkg mg/kg 
aluminum 6950 7330 5750 10900 6000 3610 8510 4690 5580 
antimony 12,1:1 R 5.S UJ 7.6 UJ 7.8 UJ 6.2 UJ 4.6 UJ 11.1 R 5.1 UJ 5.5 R 
arsenic 7.2 3.7 5 5J5 4.1 3.2 4 4.9 4 
barium 105 54.6 142 179 106 76.2 81.2 82.4 120 
beryllium 1.2 0.52 1.1 1.3 0.81 0.6 1.1 0.61 0.98 

cadmium L2 UL 1.4 UL 2 UL 1.9 UL 1.6 Ul U Ul 1.2 UL 1.3 UL 1.4 UL 
calcium 14800 744 1850 2070 1000 878 18200 1080 1130 
chromium, total 34.5 9.7 10.9 16.5 13.5 6.8 29.3 6.7 9.2 

cobalt 12.4 5.8 5.5 7.7 6.S 4.5 9.8 4.9 6.9 
I\.) 
• copper 27.S 11.3 11.9 13.7 10.9 5.8 22.1 7.4 8.8 01 

--...j 
cyanide 0.51 U 0.68 U 0.97 U 0.96 U 0.71 U 0.56 U 0.58 U 0.62 U 0.67 U 

iron 35400 10500 11400 15000 13700 9540 25400 9660 14300 

lead 18.7 20.4 26.8 28.4 19.6 6.4 8.6 10.6 10.4 

magnesium 9100 1000 1130 1670 999 1350 10600 1450 1600 

manganese 759 384 416 551 573 376 529 388 618 

mercury 0.12 U 0.14 U 0.2 U 0.19 U 0.16 U 0.11 U 0.12 U 0.13 U 0.14 U 

nickel 22.7 6.8 K 12.5 16.1 9.1 7.8 K 19.1 10.1 9.7 

potassium 2330 514 586 U 825 467 U 775 2330 721 921 

selenium 0.24 UJ 0.27 UJ 0.44 J 0.51 J 0.36 J 0.23 UJ 0.23 UJ 0.25 UJ 0.27 UJ 

silver 1.2 U 1.4 U 2 U 1.9 U 1.6 U 1.1 U 1.2 U 1.3 U 1.4 U
ji sodium 560 109 U 156 U 155 U 125 U 91.7 U 240 101 U 109 UI 

thallium 0.24 U 0.27 U 0.39 U 0.39 U 0.31 U 0.23 U 0.23 U 0.25 U 0.27 u,1 

vanadium 52.6 12.2 20.3 25 .. 8 18.8 79 42.B 11.9 119 l' 
zinc 97.6 39.5 43.9 60 51.3 25.4 80.4 28.2 I 35 

·1) 

! 

NOTES: 
J - Value is considered estimated due to exceedance of technic.aI quality control criteria or because result is less than the Contract Required Quantita1iofl Limit (CRQL). 
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 lew due to exc.oodance of technical quality control criteria. 
UR - Non-detected result is considered unusable due to exceedance of technical quality control criteria. 
L - Positive result is c.oosidered biased low due to exceedance of technical quality control criteria. 
K - Positive result is considered biased high due to exeeedance of technical quality control criteria. 
B - Positive result is considered to be an artifact of blank contamination, and should not be considered present. 
R - Positive result is considered unusable due to Elxceedance of technical quality control criteria. 

• • • 



N 

.= 
E 

3 

2-58 

" 

N , 
01 
co 

• • • TABLE 2-13 
11107197 

ANALYTICAL RESULTS FOR SEDIMENT - SITE Background 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: BGSDOl BGSD02 BGSD03 BGSD03-DUP BGSD04 BGSD05 BGSD06 BGSD07 

LOCATION: BGSDOl BGSD02 BGSD03 BGSD03 BGSD04 BGSD05 BGSD06 BGSD07 

DATA SOURCE: Sediment Sediment Sediment Sediment Sediment Sediment Sediment Sediment 

SAMPLE DATE: 03113197 03113197 03113197 03113197 03113197 03/13/97 03/13197 03/13/97 

I SEMIVOLA TILES I ug/kg I ug/kg I ug/kg I uglkg I uglkg I uglkg I ug/kg I uglkg 

l,2,4-trichlorobenzene 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 
1,2-dichlorobenzene 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 
l,3-dichlorobenzene 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 
1,4-dichlorobenzene 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 
2,2' -oxybis(l-chloropropane) 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 

2.4.5-trichlorophenol 1000 U 1100 U 1600 U 1600 U 1300 U 950 U 960 U 1100 U 

2.4.6-trichlorophenol 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 
2,4-dichlorophenol 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 
2,4-dimethylphenol 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 

2,4-dinitrophenol 1000 U 1100 U 1600 U 1600 U 1300 U 950 U 960 U 1100 U 
2,4-dinitrotoluene 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 
2,6-dinitrotoluene 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 
2-chloronaphthalene 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 
2-chlorophenol 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 
2-methylnaphthalene 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 

2-methylphenol 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 

2-nitroaniline 1000 U 1100 U 1600 U 1600 U 1300 U 950 U 960 U 1100 U 

2-nitrophenol 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 

3,3'-dichlorobenzidine 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 

3-nitroaniline 1000 U 1100 U 1600 U 1600 U 1300 U 950 U 960 U 1100 U 

4,6-dinitro-2-methylphenol 1000 U 1100 U 1600 U 1600 U 1300 U 950 U 960 U 1100 U 

4-bromophenyl-phenylether 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 

4-chloro-3-methylphenol 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 

4-chloroaniline 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 

NOTES: 
J 
U 
UJ 
UL 
UR 
L 
K 
B 
R 

- Value is considered estimated due to exceedance of technical quality control criteria or because result is less than the Contract Required Ouantitation Limit (CROL). 
- Value is a non-detected result as reported by the laboratory. 
- Non-detected result is considered estimated due to exceedance of technical quality control criteria. 
- Non-detected result is considered biased low due to exceedance oftechnical quality control criteria. 
- Non-detected result is considered unusable due to exceedance of technical quality control criteria. 
- Positive result is considered biased low due to exceedance of technical quality control criteria. 
- Positive result is considered biased high due to exceedance of technical quality control criteria. 
- Positive result is considered to be an artifact of blank contamination, and should not be considered present. 
- Positive result is considered unusable due to exceedance of technical quality control criteria. 
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11107191 

ANALYTICAL RESULTS FOR SEDIMENT· SITE Background 
Page 3 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: BGSOO1 BGSOO2 BGSD03 BGSD03-DUP BGSOO4 008005 BGSOO6 BGSD07 BGSD08 

LOCATION: BGSD01 BGSOO2 BGSD03 BGSD03 BGSD04 BGSD05 BGSD06 8G3007 BGSD08 

DATA SOURCE: Sediment Sediment Sediment Sediment Sediment SedIment Sediment Sediment Sediment 
i 

SAMPLE DATE: 03/13/91 03l13!97 03113197 03113197 03113/97 03113/97 03113/97 03113/97 03113197 

SEMIVOlATfLES uglltg uglkg ug/kg uglkg uglkg ug/kg uglkg u91k9 uglkg 

4-chlorophenyl-phenylether 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U 
4-methylpheno1 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U 
4-nitrOaniline 1000 U 1100 U 1600 U 1600 U 1300 U 950 U 960 U 1100 U 1100 U 
4-nilrophenol 1000 U 1100 U 1600 U 1600 U 1300 U 950 U 960 U 1100 U 1100 U 
N-nitroso-di-n-propylamlne 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U 

N-nitrosodiphenylamine (1) 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U 

acenaphthene 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U 

acenaphthylene 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U 

'" 
anthracene 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U 

I benzo(a)anthracene 580 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U 01 
(Q 

benzo(a)pyrene 530 J 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U 

benzo(b)fluoranthene 670 J 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U 

benzo(g,h,i)perylene 400 UJ 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U 

benzo(k)fluoranthene 300 J 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U 

bis(2-chloroethoxy)methane 400 U 450 U 650 U 640 U 510 U 380 U 360 U 420 U 450 U 

bls(2-chloroethyl)ether 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U 
I 

bis(2-ethylhexyl)phthalate 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U I 

I 

butylbenzylphthalate 400 U 450 U 650 U 640 U 510 U 300 U 380 U 420 U 450 U 

carbazole 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 ---ull 
chrysene 640 450 U 130 J 90 J 110 J 380 U 380 U 420 U 450 u!1 
di-n-butylphthalate 400 UJ 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 u!! ,I 
di-n-octylphthalate 400 UJ 450 U 650 U 640 U 5Hl U 380 U 3BO U 420 U 450 Ul 

dibenz(a.h)anthracene 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 ul 
i 

dibenzofuran 400 U 450 U 6S0 U 640 U 510 U 380 U 380 U 420 U 450 Ui 

diethylphthalate 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U 

NOTES: 
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). 
U - Value is a non-detectoo result as reported by the laboratory. 
UJ - Non-detected result is considered estimated due to exceedance oftechnical quality control criteria. 
Ul - Non-detected result is considered biased low due to exceedance of technical qua lily control criteria. 
UR - Noo-detected result is considered unusable due to exceedance of technical quality control criteria. 
l - Positive result is considered biased low due to exceedance of technical quanty conlrol criteria. 
K - Positive result is considered biased high due to exceedance of technical quality control criteria. 
B - Positive result is considered to be an artifact of blank contamination, and should not be considered present. 
R - Positive result is considered unusable due to exceedance of technical quality control criteria. • • • ..4 
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TABLE 2-13 

11107/97 
ANALYTICAL RESULTS FOR SEDIMENT - SITE Background 

Page 4 
NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: BGSD01 BGSD02 BGSD03 BGSD03-DUP BGSD04 BGSD05 BGSD06 BGSD07 BGSDOB 

LOCATION: BGSD01 BGSD02 BGSD03 BGSD03 BGSD04 BGSD05 BGSD06 BGSD07 BGSDOB 

DATA SOURCE: Sediment Sediment Sediment Sediment Sediment Sediment Sediment Sediment Sediment 

SAMPLE DATE: 03113197 03113197 03113197 03/13197 03113197 03113/97 03/13/97 03/13197 03113/97 

SEMIVOLA TILES ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg uglkg ug/kg 

dimethylphthalate 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U 
fluoranthene 510 100 J 210 J 140 J 170 J 380 U 380 U 420 U 450 U 

fluorene 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U 

hexachlorobenzene 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U 

hexachlorobutadiene 400 U 450 U 650 U 640 U 510 U 3BO U 380 U 420 U 450 U 

hexachlorocyclopentadiene 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U 

hexachloroethane 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U 

indeno(1,2,3-cd)pyrene 400 UJ 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U 

isophorone 400 U 450 U 650 U 640 U 510 U 380 U 3BO U 420 U 450 U 
tv , naphthalene 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U en 
a nitrobenzene 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U 

pentachlorophenol 1000 U 1100 U 1600 U 1600 U 1300 U 950 U 960 U 1100 U 1100 U 

phenanthrene 260 J 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U 

phenol 400 U 450 U 650 U 640 U 510 U 380 U 380 U 420 U 450 U 

PYrene 1300 100 J 190 J 120 J 150 J 3BO U 380 U 420 U 450 U 

VOLATILES ug/kg ug/kg ug/kg uglkg ug/kg ug/kg ug/kg uglkg uglkg 

1,1,1-trichloroethane 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 U 

1,1,2,2-lelrachloroethane 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 U 

1,1,2-trichloroethane 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 U 

1,1-dichloroethane 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 U 

uj I 

1,1-dichloroethene 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 I 

1,2-dichloroethane 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 UI 

1,2-dichloroethene (total) 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 U 

1,2-dichloropropane 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 U 

2-butanone 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 U 

NOTES: 
J - Value is considered estimated due 10 exceedance of technical quality control criteria or because result is less than the Contract Required Quantitalion limit (CRQll· 
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. 
L - Positive result is considered biased low due to exceedance of technical quality control criteria. 
K - Positive result is considered biased high due to exceedance of technical quality control criteria. 
B - Positive result is considered to be an artifact of blank contamination, and should not be considered present. 
R - Positive result is considered unusable due to exceedance of technical quality control criteria. 
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ANAL VTICAL RESULTS FOR SEDIMENT. SITE Background 
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NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPlE NUMBER: BGSOO1 BGSOO2 BGSD03 BGSOO3-DUP BGSOO4 BGSD05 BGSDOO BGSDO? BGSD08 

LOCATION: BGSDD1 BGSD02 BGSD03 BGSeD3 BGSOO4 BGSD05 BGSOOO BGSeD? BGSe08 

DATA SOURCE: Sediment Sediment Sedlmenl Sediment Sediment Sediment Sediment Sediment Sediment 

SAMPLE DATE: 03113197 03113197 03/13197 03113197 03113197 03113J97 03/13197 03113197 03113197 
I 

VOLATILES uglkg ugl1lg uglkg ug/kg uglkg ug/kg ug/kg ug/kg uglkg 

2-hexanone 12 U 14 U 2D U 19 U 16 U 12 U 12 U 13 U 14 U 
4-methyI-2-pentanone 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 

~ 'i acetone 38 B 51 B 20 U 19 U 91 B 12 U 12 U 13 U 14 

benzene 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 U 

bromodichloromethane 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 
~ i bromoform 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 

bromomethane 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 U 

carbon disulfide 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 U 

I\.) carbon tetrachloride 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 U 
0> chlorobenzene 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 U ->. 

chloroethane 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 U 

chloroform 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 U 

chloromethane 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 U 

cis-1,3-dlchloropropene 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 U 

dibromochloromethane 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 U 

ethylbenzene 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 U 

methylene chloride 8 B 9 B 20 U 19 U 11 B 12 U 12 U 13 U 14 U 

styrene 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 U 

tetrachloroethene 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 --U 
toluene 12 U 14 U 21J U 19 U 16 U 12 U 12 U 13 U 14 U 

i 

trans-1,3-dichloropropene 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 U !, 

trichloroethane 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 U 

vinyl chloride 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 U 

xylene {total} 12 U 14 U 20 U 19 U 16 U 12 U 12 U 13 U 14 Yll ~ 

NOTES: 
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). 
U - Value is lit non-deteded 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 cxceedance of technical quality control criteria. 
UR - Non-detected result is considered unusable due to exceedance of technical quality control criteria. 
!. - Positive result is considered biased low due to exceeaance of technical quality control criteria. 
K - Positive result is considered biased high due to exceedance of technical quality control criteria, 
B - Positive result is considered to be an artifact of blank contamination, and should not be considered present 
R - Positive result is considered unusable due to exceedance of technical quality control criteri<'. 

• • • 
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11107/97 

SAMPlE NUMBER: BGSD01 

LOCATION: BGSD01 

DATA SOURCE: Sediment 

SAMPLE DATE: 03113197 

I PESTICIDES I ugfkg I 
4,4'-ODO 4 U 

4,4'-ODE 4 U 

4,4'-00T 4 U 

Aroclor-1016 40 U 

Aroclor-1221 82 U 

Aroclor-1232 40 U 

Aroclor-1242 40 U 

Aroclor-1248 40 U 

Aroclor-1254 40 U 

Aroclor-1260 40 U 

aldrin 2.1 U 

alpha-BHC 2.1 U 

alpha-chlordane 2.1 U 

beta-BHC 2.1 U 

delta-BHC 2.1 U 

dieldrin 4 U 

endosulfan I 2.1 U 

endosulfan II 4 U 

endosulfan sulfate 4 U 

endrin 4 U 

endrin aldehyde 4 U 

endrin ketone 4 U 

gamma-BHe (Lindane) 2.1 U 

gamma-chlordane 2.1 U 

NOTES: 

• TABLE 2-13 

ANALYTICAL RESULTS FOR SEDIMENT - SITE Background 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

BGSD02 BGSD03 BGS003-DUP BGS004 

BGSD02 BGSD03 BGSD03 BGSD04 

Sediment Sediment Sediment Sediment 

03113197 03113197 03113197 03113197 

uglkg I ugfkg I ugfkg I ugfkg 

4.5 U 6.4 U 6.4 U 5.1 U 

4.5 U 6.4 U 6.4 U 5.1 U 

4.5 U 6.4 U 6.4 U 5.1 U 

45 U 65 U 64 U 51 U 

91 U 130 U 130 U 100 U 

45 U 65 U 64 U 51 U 

45 U 65 U 64 U 51 U 

45 U 65 U 64 U 51 U 

45 U 65 U 64 U 51 U 

45 U 65 U 64 U 51 U 

2.3 U 3.3 U 3.3 U 2.6 U 

2.3 U 3.3 U 3.3 U 2.6 U 

2.3 U 3.3 U 3.3 U 2.6 U 

2.3 U 3.3 U 3.3 U 2.6 U 

2.3 U 3.3 U 3.3 U 2.6 U 

4.5 U 3.1 J 6.4 U 5.1 U 

2.3 U 3.3 U 3.3 U 2.6 U 

4.5 U 6.4 U 6.4 U 5.1 U 

4.5 U 6.4 U 6.4 U 5.1 U 

4.5 U 6.4 U 6.4 U 5.1 U 

4.5 U 6.4 U 6.4 U 5.1 U 

4.5 U 6.4 U 6.4 U 5.1 U 

2.3 U 3.3 U 3.3 U 2.6 U 

2.3 U 3.3 U 3.3 U 2.6 U 

• 
BGS005 BGSD06 BGSD07 

BGS005 BGSD06 BGSD07 

Sediment Sediment Sediment 

03113197 03113/97 03113197 

I ugfkg I ug/kg I ug/kg 

3.8 U 3.8 U 4.2 U 

3.8 U 3.8 U 4.2 U 

3.8 U 3.8 U 4.2 U 

38 U 38 U 42 U 

77 U 78 U 85 U 

38 U 38 U 42 U 

38 U 38 U 42 U 

38 U 38 U 42 U 

38 U 38 U 42 U 

38 U 38 U 42 U 

1.9 U 2 U 2.1 U 

1.9 U 2 U 2.1 U 

1.9 U 2 U 2.1 U 

1.9 U 2 U 2.1 U 

1.9 U 2 U 2.1 U 

3.8 U 3.8 U 4.2 U 

1.9 U 2 U 2.1 U 

3.8 U 3.8 U 4.2 U 

3.8 U 3.8 U 42 U 

3.8 U 3.8 U 4.2 U 
3.8 U 3.8 U 4.2 U 

3.8 U 3.8 U 4.2 U 

1.9 U 2 U 2.1 U 

1.9 U 2 U 2.1 U 

J 
U 
UJ 
UL 
UR 
L 
K 
B 
R 

- Value is considered estimated due to exceedance of technical quality control criteria or because result is less than the Contract Required Ouantitation Limit (CROL). 
- Value is a non-detected result as reported by the laboratory. 
- Non-detected result is considered estimated due to exceedance of technical quality control criteria. 
- Non-detected result is considered biased low due to exceedance of technical quality control criteria. 
- Non-detected result is considered unusable due to exceedance of technical quality control criteria. 
- Positive result is considered biased low due to exceedance of technical quality control criteria. 
- Positive result is considered biased high due to exceedance of technical quality control criteria. 
- Positive result is considered to be an artifact of blank contamination, and should not be considered present. 
- Positive result is considered unusable due to exceedance of technical quality control criteria. 
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BGSD08 

BGSD08 

Sediment 

03113197 

I ugfkg I 
4.5 U 

4.5 U 

4.5 U 

45 U 

91 U 

45 U 

45 U 

45 U 

45 U 

45 U 

2.3 U 

2.3 U 

2.3 U 
2.3 U 
2.3 U 
4.5 U 
2.3 U 
4.5 

~il 4.5 ·1 
4.5 

I· 

~I 4.5 

4.5 
UI 

2.3 U, 
2.3 ul 

JI 
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TABLE 2-13 
11107197 

ANALYTICAL RESULTS FOR SEDIMENT· SITE Background 

NASJRB, 1MLLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: 008001 BGSD02 BGSOO3 BGSD03-DUP BGSOO4 BGSD05 BGSDOO BGSe07 

LOCATION: BGSOO1 BGSD02 BGSOO3 BGSD03 BGSD04 BGSD05 BGSD06 BGSe07 

DATA SOURCE: Sediment Sediment Sediment Sediment Sediment Sediment Sediment Sediment 

SAMPLE DATE: 03113197 03113197 03113/97 03113197 03113197 031131'97 03113197 03113197 

PESTICIDES uglkg uglkg uglkg uglkg uglkg uglkg ugikg uglkg 

heptachlor 2.1 U 2.3 U 3.3 U 3.3 U 2.6 U 19 U :2 U 2.1 U 

heptachlor epoxide 2.1 U 2.3 U 3.3 U 3.3 U 2.6 U 1.9 U :2 U 2.1 U 

methoxychlor 21 U 23 U 33 U 33 U 27 U 20 U 20 U 22 U 

toxaPhene 210 U 230 U 330 U 330 U 270 U 200 U 200 U 220 U 

NOTES: 
J - Value is considered estimated due to exceedance of technical quality control cri1eria or because result is less than the Contract Required Quant/tatlon Limit (CRQl). 
U 
UJ 
Ul 
UR 
L 
K 
B 
R 

Value ill a non-detected result as reported by the laboratory. 
Non-detected result is considered estimated due 10 exceedance of technical quality control criteria. 
Non-detected result ill considered blased low due to exceedance of technical quality control criteria. 
Non-deteeted result is considered unusable due to exceedance of technical quality control criteria. 
Positive result is considered biased low due to exceedance of technical quality control criteria. 
Positive result is considered biased high due to exceedance of technical quality control criteria. 
Positive result is considered to be an artifact of blank conlamination, and should not be considered f ... s8l1t 
Positive result is considered unusable due to exceedance of technical quality control criteria. 

• • • 
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BGSDOB 

BGSD08 

Sediment 

03f13!97 

ugJkg 

2.3 U 
2.3 U I 

23 U 
230 U 

I 
I 
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• • 
TABLE 2·14 

Background Statistics - Soil Data 
NASJRB Willow Grove, Pennsylvania 
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TABLE 2-14 

Background Statistics - Soil Data 
NASJRB Willow Grove, Pennsylvania 

Freq. Range of Positive 95 % Upper Tolerance limit (UTl) 

of I-_--.;.D.,;.ete;;.;.;.cti,;;.'oo;;.;;;.._-.:..I Meanof Sampling Round and Back:. Std.Dev. t L,N Back, 

Substance Detection Min. Max. All Data location of Maximum Mean- Back.O Value Q UTL 

Aroclor-1254 0/12 NA 
1------------------1---.---~---.. --.. -.------ -·--·-----~Ir_--r__--+---I-- ---.--
Aroclor-1260 Of12 NA 
1-----------------I---~--- ~---------... ---. -~---II.:..::....--------I---I_- --_ .. -~- ---. --_ ... -
beta-BHe 0/12 NA 
1---------_·· --.---.... ., .. -- ~---I--------I----I-------- --11----11--···-- -------:1------
dieldrin 9/12 13 - 760 179 BGSS0304/07/97 179 
.-.-----... -- .. -. -_ .. --------11----1----------1---·_· __ · .-.. ---.-~ .. --·----11-- ·-+----1---'1---1--
endosulfan I 0/12 NA 
--.. ---.------~ .. ---.-----.. ---.- ._ ... _---_ .. _--_ .. _- -.--~I~----------I----~---- - .. - .. - -- -.-.---
endrin 0/12 NA 

----1-------_-1------1-------_·---- - .. --. - ... _-
heptachlor 0/12 NA 
1-'--------·- --·-~-----·--·-·I__---I---- -----1----.- ----.----........ ---- ·----Ir_--r__--- - - .-.---
heptachlor epoxide 3/12 3.4 - 47 7.79 BGSS1004/07/97 7.79 

---------1----1-- -- --.--.~--I--.:...:.:...=--.F_.::...::.,.=-:..:.~...::..:..:..:...---I__...:....:..:.-=---I_-- . - -. - .. -- ., .. _--
1 ,2,4-trichlorobenzene _0._/1._2_.

I 
_________ I ____ I-N_A ________ ... _._ .. __ ..... __ .. __________ 1-__ 1 ___ ._ ... _ .... _ 

1 ,2-dichlorobenzene 0/12 
---II--~--I----·-------- ----.-. · .. ··-····-·-··--·--------Ir_--r__--- - --. --- -. --

NA 

1,4-dichlorobenzene 0/12 NA 
. -.- ... ---------- 1--.-... --.. - ·---------1----1.:...::.------·---- --....... -- .... -.-. --~- _.- .--. 

2-~~hylnaphthalene . __ 1 __ 0/_1_2 _II--_______ B--__ -I-N_A __ _ -----+----1-----1--------- - .... -. 
2-methylpheno! 0/12 NA -------1-----/-----------1----_ .. _._ .. _-----_._. 
acenaphthene 3/12 55 - 64 178 BGSS1004/07197 178 

...... _-.-.-.. -.... -----1----1---1- ... - .. -------
acenaphthylene______ 3/12 54 - 62 177 BGSS12 04/07/97 177 

- -----1-----1------·_·_------ .-------- ·---··-------1---
anthracene 6/12 46 - 160 154 BGSS12 04/07/97 154 

... --'-- ---·---1----1--·- --... - .--.---
benz(a)anthracene 9/12 33 - 940 30e BGSS12 04/07/97 300 

··_----------1----1- ---I----I~---I-··-···-- -----
benzo(a)pyrene 8/12 110 - 1100 394 BGSS12 04/07/97 394 

---------~- -.... --.---.-~-------.. - ----1----1--
8/12 160 - 1500 507 BGSS12 04/07/97 507 --+---_._ ... _ ..... _------. -_ .. _ .... -- --· .. ·-·····-· .. ------I---~-benzo(b )fiuorantnene ---_ .... ----_. -"-_.'-_._.-

BGSS12 04/07197 225 benzo{g,h,i)perylene 7/12 52 - 490 225 
-1----· -.-_.-- .. -.. -....... -.. -.. - ··· .. -·--···----·------11---·- .. · -.- .--- --.--.' 

benzo{k}fluoranthene 7/12 98 - 920 370 BGSS12 04107/97 370 --'-_ ... _------ I........:~--.::...-=---·---·- .-.-..... ------_ .. -... --- -.----
butylbenzyiphthalate 3/12 83 - 280 208 BGSS0204/07/97 208 

------1----11---- ------1-----1------ -.--..... - -----1----1-- .-_ ... _---_ ... - -

carbazole 5112 80 - 310 212 BGSS1004/07/97 212 .. _--_._--_._---- -- ---- ~-' -_._---_._--- -.--... --- --.- --.-- _ ....... ----- _._ ... _._- --" 

9/12 43 - 1200 420 BGSS12 04/07/97 420 
----1---_. --·-·------1----1--- - · .. -------11-----1--

chrysene 
...... -- - ..... ----------

0/2 NA ~~lp-ht-h-a-la-te---
dibenz(a,h)anthracene 

-----1---- -I----·--~--- .--_ .... -. ···---·-···-··-·----~-·I----I-
5/12 52 - 160 161 BGSS12 04/07/97 161 

4/12 51 - 120 172 BGSS0804i07!97 .. ---~~ .. - ___ I ___ .. ~ _. ____ ._. _____ ..... __ . __ _ 172 dibenzofuran 

• • 
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• 
Substance 

f1uoranthene 
-.. 

fluorene 
--

indeno(1.2,3-cd)pyrene 
1------- --
N-nitrosodiphenylamine (1) 

--
naphthalene 

--
phenanthrene 

pyrene -_. 

Abbreviations: 

L, N, orO 

@ 

, --

,._-

---

Freq. _;-

of 

Detection 

10/12 

• TABLE 2-14 

Background Statistics - Soil Data 
NASJRB Willow Grove, Pennsylvania 

Range of Positfve , 
Detection Mean of Sampling Round and 

Min. Max;. All Data Location of Maximum 

49 - 2600 902 BGSS12 04/07/97 
----r---------

4/12 59 - 160 184 BGSS0804/07/97 --
8/12 49 - 640 251 BGSS12 04/07197 

----

0/12 - NA 
---r----------

0/12 - NA 
-' 

8/12 110 - 1700 667 BGSS12 04/07/97 
f-----

10/12 48.5 - 2100 723 BGSS12 04/07197 
-

• 
;- 95 % Upper Tolerance;Limit (UTL) 
Back. std.Dev. t L,N Back. 

iMeanC! Back.C! Value Q UTL 

902 
----- ----- ._-_._----

184 
1------- ----- f------ -"'-1---------

251 
-------- - ---'"-

- .. - -------
-1----- -~-" ------.--

667 
--1----- -'--~-----

723 
----1----- ----- "---_. -

Notes: Units are mg/kg for inorganics, ug/kg for organics. 
Number of sample results excludes rejected data or blank-qualified data. Duplicates are 

consolidated into one result. 
Mean of all data includes positive detections and non-detected results. Detection limits are 

divided by two. 
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. 
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. 

UTL is based on 95 % upper limit (using t-value) when data are lognormal (L) or normal (N). Otherwise, 
an upper 95 % quantile (0) is used if there are> 18 back. points. 

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 and background distribution matches lognormal. 
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- T t 

Substance 
aluminum 

-,------,-
antimony 
~.-- ,------
arsenic 
C---' 
barium 
--'~---" --
beryllium 

'-'-'-~-

cadmium 
--

calcium 
r---' 
chromium 
-,--' , ,-~--

cobalt ,. 

copper 
1--'--'-""'. ,,--

cyanide 
'" --,-, 

iron 
-" ---.. _-
lead 

., 

Imagnesium 

Imanganese 
~ ... 
mercur)' 

nickel 
_v' •• ,. __ 

Ipotassium 

I;-I;;'ium '"'' 
,,--

---~~ 

Isodium _" 

thallium 
,--, 

vanadium 
- --
zinc 

'" 

aldrin 
-~'~--'---

aipl1a-ch!ordan~ ___ "." _, 

Arocior-1260 
--.-~- --~ 

dieldrin 
-~-.--'"~"--'--- .. 

• 

TABLE 2M15 

Background Statistics - Sediment Data 
NASJRB Willow Grove, Pennsylvania 

Freq. Range of Positive 95 % Upper Tolerance Limit (UTL) 
of D&tection Mean of Sampling Round and Back. Std.Dev. t L,N Back. 

Detection Min. Max. All Data Location of Maximum Mean- Back.!! Value Q UTL 
S/8 3610 - 8950 6620 BGSD01 03/13i97 6620 1950 1.8946 N 10500 

-~,--
~-'" 

'---"~ --~~- --~--.--
~~~- ,--- ._-- ~--.-, ---~, , , -, 

0/5 - NA 
--~ '---"-- -.".- -,,,-- -,,-~ 

Bf8 3.2 - 7.2 4.55 BGSD01 03/13/97 1.49 0.252 1.8946 L 7.33 ,- ' "<--1----'-C--' --- ~'''.- -~--~'----c-""._-
S/8 54.6 - 160.5 98.2 BGSD0303/13/97 4.54 0.327 1.8946 L 181 

~-.--- -~,-'" .---~~.' "' ---" --~. _.'"-C--' ,,-

8/8 0.52 - 1.2 0878 BGSD01 03/13/97 0,878 0..28 1.8946 N 1.44 
-, -" ---, -----.-- r---- "''' 

0/8 - NA 
,. ----C--------' "'--~-- c---~'--

8/8 744 - 18200 4980 BGSD0603/13/97 4980 
~,----

~---"'---' --'"------ I---' 1-----' ,." 

8/8 6.8 - 34.5 15.7 BGSD01 03/13197 2.59 0.585 1.8946 L 43.2 
-".~" '''-----~" 1"--"'--1----. ,-----.-f------ ---, r---- ~-.----

S/8 4.5 - 12.4 7.21 BGSD01 03/13197 1.92 0.338 1.8946 l 13.5 
r----'-' -'" ~--I---~--"-' 

8/8 5.8 - 27.S 13.4 BGSD01 03/13/97 2.46 0.528 1.8946 L 34 
,,-~--.~.---' ,,---I"--~-- -,-.. --1"--"'-~- .. - r---- -----~-.--

0/8 - NA 
-_.,-,. 

~-- '"-- -~-'''-1-----" 
8f8 9540 - 35400 16500 BGSD0103113/97 9.6 0.473 1.8946 l 38200 

------,,--~~, ---~----'-c------~,- I--- ---~-" .. __ .-
8/8 6.4 - 27.6 15.3 BGSD03 03/13197 2.62 0.509 1.8946 L 38,1 

--- ,-- ... '" ---_. ,-----''''-r--- "'---
8/8 999 - 10600 3440 BGSD06 03/13/97 3440 

·~._v.<~ __ --"-"----"._-1--'. ---- _- ... _0- ---, ,-- ----".~--.-

8/8 376 - 759 514 BGSD0103113/97 6.21 0.256 1.S946 L 834 .-----,,'- r---- ----~--
018 - NA _.,---- -,,~ r----" ----._- --,,~- - ----_." 

BfS 6.8 - 22.7 12"5 BGSD01 03/13/97 2.44 0.43 1.8946 L 27,1 
--~---'-- -~~,,---"'-1"--' "'- -----"'''' "._--, '---" 

7iB 514 - 2330 1050 BGSD01 03/13/97 6.7 0.771 1.S946 l 3820 
--".' -_ .. _- ---- f------... --~~-.,--1-.- -------

218 0.36 - 0.475 0.198 BGSD0303/13/97 0.198 
'---' " ---. --- -" .. --c---- --"- - ,,-~ 

21S 240 - 580 143 BGSD0103/13/97 143 
.------ '--"" ,--'--'--" '-'--'~---

.. _ .. _---- -------- _. -,-"- ~-" 

018 - NA 
~------ --"~--~-"" --C---"-~ -~-- -,--- ----,- ,- ~--" -

8i8 7.9 - 52.6 22.6 BGSD01 03/13/97 2.91 0.669 1.8946 L 70.7 
--~. -- ---~-. '-_. ._- -- I---- "c---,,--- -~ ,~ ~-." ,-

818 25.4 - 97.6 512 8GSDOl 03/13/97 3.83 0.477 1.8946 L 121 _. -.. __ ._--,--' -----~ ~--- -- , " ----, ---,. 

0/8 - NA -_._---~~, ---~ ---"-c------ ".'~- -- ----, -._--- r----~' ,----' , 

Oi8 - NA 
'--"- ~'---~-~- ,,--, ',,-- ----., ---- .------

Oi8 - NA ---, --"--'''" ... _---~'-- ._. -- I--- ,,_ .. 
~--' -- -- ,-.- ---

1i8 3,1 - 3.1 2.26 BGSD0303/13/97 2.26 
.'--'-,--"'---,---------,-,,,. .. ,- --~-. ._--------- --. - --- ------ , 
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• 
Freq. 

of 

Substance Detection 

endosulfan I 0/8 
t------------- ---
gamma-chlordane 0/8 
F---- -- ----
2,4-dinitrotoluene 0/8 

-------- -----
2,6-dinitrotoluene 0/8 

------- ---"-.. 

2-methylnaphthalene 0/8 -------------
acenaphthene 0/8 

f--- -
acenaphthylene 
1----

0/8 

anthracene 0/8 

N m 
(Xl 

benz(a)anthracene 1/8 
1----- ------ f-----
benzo(a)pyrene 1/8 ---
benzo{b )f1uoranthene 1/8 ------.----.-1--------
benzo(g,h,i)perylene 0/8 ----- ----
benzo(k)fluoranthene 1/8 ----
bis(2-et~lhexyl)phthalate __ 0/8 

----
butylbenzylphthalate 0/8 

------
carbazole 0/8 

chrysene 3/8 
-------1-------

dibenz(a,h)anthracene 0/8 
t------

dibenzofuran 0/8 
-- - -

f1uoranthene 4/8 
~- -
fluorene 0/8 
--- .-
indeno(1,2,3-cd)pyrene 0/8 --,,------ ------
N-nitrosodiphenylamine (1) 0/8 
~-.--------- ----
naphthalene 0/8 

phenanthrene 1/8 

pyrene 4/8 
-~ ._---------------
2-butanone 0/8 -----,,------- .-

• 
TABLE 2-15 

Background Statistics - Sediment Data 
NASJRB Willow Grove, Pennsylvania 

Range of Positive 95 % Upper Tolerance Limit (UTL) 
Detection Mean of Sampling Round and Back. Std.Dev. t L,N Back. 

Min. Max. All Data location of Maximum Mean- Back.- Value Q UTL 

- NA 
~.~- -- --- _._--

~------ -------
- NA 

-- ----------- ---_ .. _- ---------
- NA 

~- _.-------- ------. - ------
- NA ------ --.- r-----r---~ 1----c---- ~~"-------
- NA 

------------ -. .-.---_. - -----
- NA -- ----c-----[---- --.- ---_. 
- NA 
-.-------- ---- ------ --~"--

- NA 
-- --,"-- r------ f------- [----- ~---------

580 - 580 275 BGSD0103/13f97 275 
------ -- -- I---- --f---- -----

530 - 530 268 BGSD01 03113/97 268 
I----- ----c--------1----r----- '-------

670 - 670 286 BGSD01 03/13/97 286 
----~--.------ ,----- -- f------- ----- --- f--- -----"--

- NA 
--- - - --------r---f-------

300 - 300 240 BGSD01 03/13/97 240 
------- 1---- --------

- NA -r----- -----1--------1----
- NA 

------------ ------ f-------

- NA 
-- --- ._--1------I---- -----

110 - 640 238 BGSD01 03/13/97 238 
--- _.- r--------

- NA ------. --- --r---------- I---- -----
- NA 

---- --'. --- ---
100 - 510 221 BGSD01 03/13/97 221 
-------r---- -------- r-----t------_.- _.- -----

- NA --- .. --- t---- --- -----~-- ---------
- NA -_. ------------~~ 1----~---- ------ r----- -~----
- NA 

------- - +------~ 

- NA -- - .. ------ ----~ .. - 1-------
260 - 260 235 BGSD01 03/13/97 235 

---- ---r------ -----. --.------- ~------
100 - 1300 315 BGSD01 03/13/97 315 

----- -------- --0- ------ ------ ~-~- -- -- -
- NA 

-------------'--------- - ----------------- ------ ---
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ethylbenzene .. 
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Notes: 

Abbreviations: 

L, N, orQ 
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TABLE 2N15 

Background Statistics R Sediment Data 
NASJRB Willow Grove, Pennsylvania 

Freq. Range of Positive 95 % Upper Tolerance Limit (UTl) 
of Detection Mean of Sampling Round and Back. Std.Dev. t L,N 

Detection Min. Max. All Data Location of Maximum Mean@! Back.@! Value Q 

0/5 - NA 
-~---~ 

... 
~--~ .• -~---.. --~.~,--- ~-.. ~-~ _.'- ~ .... - ~<,-

0/8 - NA 
.--.~ ~ .. 1------ .--,- -~,---'--.~- -

0/8 - NA 
.--.~ -.~ --- _ .. 

~~--
... -

Units are mg/kg for inorganics, ug/kg for organics. 
Number of sample results excludes rejected data or blank-qualified data. Duplicates are 

consolidated into one result. 
Mean of all data includes positive detections and non-detected results. Detection limits are 

divided by two. 
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. 

Back. 
UTL 

t----~ ... 

.--~.----.--

f---'.~' ~~. 

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. 

UTL is based on 95 % upper limit (using t-value) when data are lognormal (L) or normal (N). Otherwise, 
an upper 95 % quantile (0) is used if there are:> 18 back. points. 

Mean and standard deviations are shown of log-transformed data when distributions are of this type; 
ie. r if an (L) code appears for the UTL test and background distribution matches lognormal. 
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TABLE 2-16 

Background Statistics - Surface Water Data 
NASJRB Willow Grove, Pennsylvania 

Freq, . Range of Positive 95 % Upper Tolerance Limit (UTL) 
of . Detec:tion Mean of SamplingiRound and Back. Std.Dev. t L,N Back. 

Substance , Detection Min. Max. All Data LocatIon c:ifMaxlmum Mean· Back.· Value Q UTl 
aluminum 1/1 561 - 561 561 BGSW03 03/13/97 561 ----.. ---- _._- --
antimony O/S - NA 

." -- ~-----

arsenic O/S - NA 
---------- - --~.- ----

barium SIS S7.3 - 112 101 BGSW05 03/13/97 4.61 0.0919 1.S946 L 121 ._------ -- - --
beryllium O/S - NA 

- --"---- ,-_.- f----- r----------
calcium SIS 15S00 - 34900 24600 BGSW01 03/13/97 24600 7720 1.S946 N 40200 

chromium O/S - NA 
r-------------------- --~-

_. __ .---c--------------
cobalt O/S - NA 

~ ._." _ .. -

copper 1/S 10.S - 10.S 5.73 BGSW03 03/13/97 5.73 
-----~----.~.--~--- -~---.-- --
cyanide O/S - NA 

-----~~- ---- -~--.. ----
iron SIS S5.3 - 635 321 BGSW03 03/13/97 321 156 1.S946 N 634 
------------- ~. ---_. ---------- --1------
lead 1/S O.S - O.S 0.538 BGSW03 03/13/97 0.538 

-.-~ .. -.----1-------
magnesium SIS 6250 - 12100 S910 BGSW01 03/13/97 S910 2350 1.8946 N 13600 

-------.-- -- - --
manganese 8/8 26.7 - 110.25 67.1 BGSW03 03/13/97 67.1 26.2 1.S946 N 120 

--- ------ .---~ 

nickel 1/8 20.7 - 20.7 11.3 BGSW03 03/13/97 11.3 
--~----~-----.---.-.-< -- ---_. ------- ------
potassium 6/S 1750 - 2S60 1830 BGSW01 03/13/97 1830 ._-----
sodium SIS 10700 - 36200 20100 BGSW02 03/13/97 9.8 0.496 1.8946 L 48800 
.. --.--------- -- ---
vanadium O/S - NA 

-- f--------- ---- ---- ----- - ---
zinc 3/8 7.8 - 12.85 5.2S BGSW03 03/13/97 5.2S 

--~-~- -- ---

dieldrin O/S - NA -" --._.- <--_._--_._._- . ---- -- ------.-~ -~-.- . 

bis(2-ethylhexyl)phthalate 0/8 - NA ----------- -~-<-.--.-

di-n-butylphthalate 0/8 - NA 
. --.--.~.--~-~. ~-.-.. -.--'~-

4-methyl-2-pentanone 0/8 - NA 
--~ '.-~,.-.-.~-~ ---- ~~~-.------ _. '-'_.-

acetone 0/8 - NA 
~-.---... ~~----~--~--~~- - -~---------<~.----- I-----~- .----

Notes: Units are ug/L. 
Number of sample results exciudes rejected data or blank-qualified data. Duplicates are 
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TABLE 2-16 

Background Statistics - Surface Water Data 
NASJRB Willow Grove, Pennsylvania 

Freq. Range of Positive 95 % Upper Tolerance Limit (UTl) 
of Detection. Mean of Sampling Round. and 

Back. f SId.Dev,' t I L.NI 
Detect/on Min. Max. An Data location of Maximum Meane Back.. Value Q 

consolidated Into one result 
Mean of all data includes positive detections and non-detected results. Detection limits are 

divided by two. 
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. 

Back. 
un. 

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. 

UTL is based on 95 % upper limit (using t-value) when data are lognormal (L) or normal (N). Otherwise, 
an upper 95 % quantile (0) is used if there are> 18 back. points. 

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 and background distribution matches lognormal. 
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. Nonparametric statistical tests, which do not require underlying assumptions regarding 

equal data distributions were also applied in each case. The Mann-Whitney U-test was 

used to determine whether the site and background data are from populations with identical 

medians and rank distributions. The Mann-Whitney test involves combining the two data 

sets, ranking results from smallest to largest, and evaluating whether the two sites have a 

similar distribution of data within the range of low to high ranks. If more than 40 percent 

nondetected results are present in either the site or the background data set or when 

multiple levels of detection limits are present, a different statistically valid test, Gehan’s 

test, was substituted because recent guidance (EPA, 1992~) 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 test statistics were computed using 

appropriate score adjustments for tied values and a normal approximation when sufficient 

data points were available; whereas, an exact computation of probabilities was used in 

the situations where there were very few (for example, less than eight) data points. 

. A 95 percent upper tolerance limit (UTL) test was applied to determine whether the 

maximum concentration detected in an area of interest was a hot spot of a magnitude 

exceeding 95 percent of the background population. The 95 percent UTL is defined as the 

calculated upper limit that, on the average, is expected to include 95 percent of the 

background population. If the background data were determined to match the shape of a 

normal or lognormal population, then the limit was calculated using the t-distribution and the 

appropriate normal or log-transformed mean and standard deviation from the background 

data set. For this test to be valid, the background data set was required to be comprised of 

at least 85 percent detects and at least three data points. 

. A substitute procedure for the 95 percent UTL, called the 95 percent quantile test, was 

employed to test for hot spots if the background data were not 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. 

. The upper ranks test (EPA, 1992c, 1996d) 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 
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• A substitute procedure for the 95 percent UTL, called the 95 percent quantile test, was 

employed to test for hot spots if the background data were not 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 paints must be detects in the background data set. 

'. The upper ranks test (EPA, 1992c, 1996d) 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 
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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 tess than a five percent chance that this CQu!d 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 

smail portion of results are detected (less than 10 percent), this test is recommended 

(EPA, 1996d, 1989b). The test is routinely applied using a norma! 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. 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). Tflis 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. 

• As recommended (EPA, 1996d, 1992b, 198Gb), quantitative statistical tests were 

preceded by data analysis to evaluate the distributional shape for both positive and 

nondetected data, of which quantile plots or tables are one recommended (and efficient) 

approach. This data analysis is required because multiple detection limits bias or 

invalidate the conclusions of common statistical tests. For each chemical in each fisk 

group, a quantile (percentile) range evaluation was required to compare the number and 

magnitude of site and background nondetects. In particular, some of the above tests do 

not tolerate any non-detects above a certain magnitude or portion of the total. In the case 

of the Mann-Whitney test, careful quantitative evaluation was used to determine if the site 

and background populations exhibited the same distributional spread of non-detected 

resu!ts and whether to instead use the more robust Gehan test. For the Gehan test to be 

valid, the only requirement was that the method of data censoring could not be 

significantly different for site versus background, a condition that rendered somewhat 

unreliable the usability of background tests for the combined routine and low detection 

limit mercury data comparisons due to different proportions of low detection limit data 

among the site and background populations. 
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3.0 RISK ASSESSMENT APPROACHES 

3.1 METHODS FOR THE HUMAN HEALTH RISK ASSESSMENT APPROACH 

This section provides a description of the human health risk assessment (HHRAJ methods used to 

evaluate the NASJRB Willow Grove data collected at Sites 1 (Privet Road), 2 (Antenna Field Landfill), 3 

(Ninth Street Landfill), and 5 (Fire Training Area). The objectives of the risk assessment were to estimate 

the actual or potential risks to human health resulting from the presence of contamination in surface soil, 

subsurface soil, sediment, groundwater, and surface water and to provide the basis for determining the 

need for remedial measures for these media in the feasibility study. 

Three major aspects of chemical contamination must be considered when assessing public health risks: 

contaminants with toxic characteristics must be found in environmental media and must be released by 

either natural processes or by human action; 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 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. 

The risk assessment estimated the potential for human health risk attributable to each NASJRB Willow 

Grove site. 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 to estimate potential risks for each NASJRB Willow Grove 

site. The risk assessment processes used at NASJRB Willow Grove were in accordance with current 

EPA risk assessment guidance (see EPA references at end of document) and were performed according 

to methods established in the NASJRB willow Grove Work Plan (1997), which was reviewed and 

approved by EPA Region III and the Pennsylvania DEP. 

The human health risk assessment consists of five sections: Data Evaluation, Toxicity Assessment, 

Exposure Assessment, Risk Characterization, and Uncertainty Analysis. Each section is briefly discussed 

below, 

Data Evaluation (Section 3.1.1) was primarily concerned with distributional analysis of the data, 

background comparison tests, identification of chemicals of potential concern (COPCs), and 

representative concentrations. COPCs selected in this section are representative of the type expected for 

potential human health exposure. Distributional analysis of the data, contaminant concentrations relative 

to background levels, contaminant release and environmental transport mechanisms, exposure routes, 
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and tm:icity were all considered in order to develop a list of COPCs used to define the site-associated 

risks. • 

The Toxicity Assessment (Section 3.1.2) presents available reference doses, cancer slope factors, EPA 

weight of evidence, adjustment of the dose-response parameters, relative potencies for PAHs, and 

relative potencies for dioxins/furans. Quantitative toxicity indices, wllere available, are presented in this 

section. including any applicable regulatory standards and criteria. 

The Exposure Assessment (Section 3.1.3) 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 potentia! pathways of cope 

migration, selected potential receptors, and the estimated intakes of COPCs for the identified receptors. 

Risk Characterization (Section 3.1.4) presents the approaches for determining carcinogenic risks, 

noncarcinogenic risks, and iead 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. Reasonable maximum exposure (RME} and 

central tendency (CT) risks. as defined by EPA guidance, have been calculated. Carcinogenic human 

health risk is reported as a numerical result based on the exposure which would result in one additional 

cancer event in a population of 10.000 persons (1E-04) to one additional cancer event in a population of 

1,000,000 persons (1 E-06). Noncarcinogenic human health risk is reported as a decimal equivalent of a 

fraction, a hazard quotient (HQ), resulting from the ratio of the concentration of a noncancer causing 

compound found in a particular site media (e.g., soil or groundwater) divided by the concentration of that 

compound suspected to cause adverse health affects. HQs greater than 1 indicate that the 

corresponding noncancer causing compound is found in site media at a concentration greater than the 

concentration of that compound thought to be associated with adverse health affects. A hazard index (Hi) 

is a sum of HQs, and is used to represent aggregate noncancer human health risk at a site. 

The Uncertainty Analysis (Section 3.1.5) is a discussion of the uncertainties associated with the HHRA. 

3.1.1 Data Evaluation 

This section presents the approaches for distributional analysis of the data, background comparison tests, 

identification of copes, representative concentrations, and special notes concerning chromium 

• 

concentrations, filtered groundwater samples, use of 1991 groundwater data at Site 1 for inorganics, and • 

PCB analysis at Site 1. 
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3.1 .I .I Distributional Analysis of the Data 

Statistical analyses discussed in this section adhere to the guidance referenced in several EPA and related 

publications (1989a, 1989b, 1992a, 1992b, and 1996a). Section 4.1.5 discusses the general limitations and 

uncertainties of statistical procedures, particularly with regards to confidence and decision-making power 

when limited numbers of samples are involved. Before representative concentrations (Section 4.1.4) could 

be estimated for each site, the underlying statistical distribution of data was determined for each chemical in 

each medium. The Shapiro-Wilk W test or the Shapiro-Francis Test (EPA, 1992a) were performed to 

determine if the data set of chemical concentrations matches 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 (more results at the high-concentration tail), For each chemical in each medium at a site, the W test 

was performed once using the original data and once after data were converted to their logarithms. A five 

percent level of significance was used to determine if the data deviate 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, 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 to the data 

than a normal distribution, a lognormal transformation of data was used before the upper 95th percentile 

concentrations were computed. In most cases, the distribution of data fit one of the above two categories. If 

neither distribution matched well, the default assumption of an underlying lognormal distribution was followed 

(EPA, 1989a). 

3.1 .I.2 Background Comparison Tests 

To determine if results of samples from each site were elevated relative to background sample results, an 

array of statistical tests were performed. Section 2.3 presents a discussion of the statistical analyses 

performed on background analytical data. 

3.1.1.3 Identification of Chemicals of Potential Concern (COPCs) 

COPC selection is based on various aspects of chemical concentration, distribution, and toxicity. 

Chemicals are selected to represent site contamination and will provide the framework for the quantitative 

risk assessment. 

Inorganic and organic samples were collected from the NASJRB Willow Grove Sites in groundwater, 

spring water, surface soil, sediment (seeps, creeks, and ponds), surface water (seeps, creeks, and 
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ponds), and fish media, The positively detected chemicals for each site are compared to background 

levels and presented in occurrence and distribution and background tables in site-specific Nature and 

Extent of Contamination sections, CO PC selection is based on these tables and the following rules (EPA, 

1993): 

• Screen COPCs against RBC criteria (EPA, 1993). Developed by Region (II EPA, RBCs 

are chemical-specific benchmark criteria that represent the calculated concentration for a 

given contaminant that might produce a cancer risk of 1 E-06 or a noncarcinogenic HI of 

1.0, given exposure to soil or groundwater by residential receptors and assuming the EPA 

default values for upper range (RME) intake (e.g., 2 liters groundwater consumption per 

day for a residential adult or 200 mg soil ingestion per day for a residential child), Using 

the RBC screening approach, a chemical was eliminated from consideration as a COPC 

at a site if the maximum detected concentration was less than the RBC screening value 

or if site concentrations were not significantly greater than background (inorganics only). 

The cope selection process differed slightly for each sampling medium, as explained 

below: 

~urface Soil ~>:posure cope Selec~on 

Inorganics - Compare the maximum concentration detected in surface soil to the residential soil RBC 

determined at a risk level of 1 x 10-6 or a HQ of 0.1 and compare site concentration to background 

concentration in order to determine if the area of interest is significantly greater than background, If both 

criteria are met, the chemical is selected as a cope, 

Organics - Compare the maximum concentration detected in surface soil to tile residential soil R8C 

determined at a risk level of 1 x 10-6 or an HQ of 0,1. AU chemicals exceeding R8Cs were selected as 

copes. 

Residential R8Cs were used as comparison criteria because they are expected to be protective of all 

receptors exposed to surface soil. 

Subsurface Soil Exeosure cope Selection 

Inorganics - Compare the maximum concentration detected in subsurface soH to H'le industrial soH RBC 

determined at a risk level of 1 x 10';; or an HQ of 0.1 and compare site concentration to background 

concentration in order to determine if the area of interest is significantly greater than background, If both 

criteria are met, the chemical is selected as a COPC. 
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Qrganics - Compare the maximum concentration detected in subsurface soil to the industrial soil RBC 

determined at a risk level of 1 x IO” or an HQ of 0.1. All chemicals exceeding RBCs were selected as 

COPCS. 

Industrial RBCs were used as comparison criteria because, generally, only industrial receptors are 

expected to be exposed to subsurface soils during excavation or construction activities. 

Sediment Exposure COPC Selection 

Inorganic55 - Compare the maximum concentration detected in sediment to the residential soil RBC 

determined at a risk level of 1 x lg5 or an HQ of 1.0 and compare site concentrations to background 

concentrations in order to determine if the concentrations in the area of interest are significantly greater 

than background. This comparison is conservative in that it assumes that exposure intakes for sediment 

are one-tenth as great as the exposure pathway based on the RBC soil ingestion value. If both criteria 

are met, the chemical is selected as a COPC. 

Organics - Compare the maximum concentration detected in sediment to the residential soil RBC 

determined at a risk level of 1 x 10s5 or an HQ of 1.0. This comparison is conservative in that it assumes 

that exposure intakes for sediment are one-tenth as great as the exposure pathway based on the RBC 

soil ingestion value (whereas exposure to surface water in this HHRA is expected to be even significantly 

lower than one-tenth of the exposure to surface soil). All chemicals exceeding RBCs were selected as 

COPCS. 

Surface Water Exposure COPC Selection -“. 

lnorganics - Compare the maximum concentration detected in surface water to the tap water RBC 

determined at a risk level of 1 x IO-’ or an HQ of 1.0 and compare site concentrations to background 

concentrations in order to determine if the concentrations at the site are significantly greater than 

background. This comparison is conservative in that it assumes that exposure intakes for surface water 

are one-tenth as great as the exposure pathway based on the RBC tap water value, whereas exposure to 

surface water in this HHRA is expected to be even lower than one-tenth of the exposure to tap water. If 

both criteria are met, the chemical is selected as a COPC. 

Organics - Compare the maximum concentration detected in surface water to the tap water RBC 

* 

determined at a risk level of 1 x 10s5 or an HQ of 1.0. This comparison is conservative in that it assumes 

that exposure intakes for surface water are one-tenth as great as the exposure pathway based on the 
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Organics - Compare the maximum concentration detected in subsurface soil to the industrial soil RBC 
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RBC tap water value, whereas exposure to surface water in this HHRA is expected to be even lower than 

one-tenth of the exposure to tap water. All chemicals exceeding RBCs were selected as COPCs, • 

Future Groundwater Exposure CQPQ, Selection 

Inorganics (Monitoring Wells) - Compare the maximum concentration detected in monitoring weHs to the 

tap water RBC determined at a risk level of 1 x 10-6 or an HQ of 0.1 and compare site concentrations to 

background monitoring well concentrations in order to determine if the concentration at a site is 

significantly greater than background. If both criteria are met. the chemical is selected as a COPC. 

Additionally, the maximum concentration detected in groundwater wHi be compared to applicable MCLs 

and those chemicals exceeding MCLs will be identified and considered candidate COPCs, 

Organics (Monitoring Wells) - Compare the maximum concentration detected in groundwater to the tap 

water RBC determined at a risk level of 1 x 10-6 or an HQ of 0.1. All organic chemicals exceeding RBCs 

were selected as COPCs. Additionally. the maximum concentration detected in groundwater wilt be 

compared to applicable MCLs and those chemicals exceeding MCLs will be identified and considered 

candidate copes. 

• The essential nutrients, including calcium, chlorine, iodine. magnesium, phosphorus, 

potassium, and sodium. were eliminated as COPCs if they were not present at high 

concentrations at a site (EPA, 1989a). 

• Previously eliminated chemicals were evaluated to determine whether any fell within the 

following two classifications and. therefore, must be retained as COPCs: 

- If the chemica! was a break-down product of a COPC, it was included as a COPC 

for that medium. 

- If a chemical was a member of the same class of chemicals that were selected as 

COPCs, that chemical was included as a COPC for that medium (e.g., carcinogenic 

PAHs, dioxins/furans, and PCBs). 

• Lead wHf be evaluated as a COPC based on a derived screening levels for tap water and 

residential soil. Per EPA Region III directive, a value of 400 mg/kg [Office of Solid Waste 

and Emergency Response (OSWER) Directive, EPA, 1994a] wiH be lIsed as the 

residential soil screening RBG and a value of 15 ug!L (Drinking Water Action Level, EPA, 

1996b) will be used as the residential tap water RBC. 
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3.1 .I .4 Representative Concentrations 

The risk assessment for NASJRB Willow Grove will be performed using a representative concentration for 

each COPC in each medium identified at the particular site of interest. Current and historic 

concentrations of detected chemicals at each site medium will be evaluated. Usability of results is 

discussed below. The representative concentration was calculated using the latest risk assessment 

guidance from EPA (EPA, 1989a). 

The validated data will be used to calculate representative concentrations. The data will include 1997 RI 

data and 1991 RI data. For chemicals with at leas% one positive detection, the corresponding non-detects 

will be assumed to be one-half the detection limit (sample quantitation limit). Rejected values (R) and 

blank qualified results (B) will be eliminated from further consideration. Estimated and biased values (J, 

K, L) will be used as the reported value. 

Duplicate samples will be averaged together and considered as one result For duplicates, where one 

result is positive and the other result is a non-detect, the problem of calcula%ing an average result arises 

whenever half the detection limit exceeds the positive result. In these situations, the positive result will be 

used to represent the non-detect 

The calculation of the representative concentration is a two-step process First, the distribution of the data 

must be determined as discussed in the preceding section. Then, based on the distribution of the data, a 

representative concentration is 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-Wilk test. 

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

. Environmental data are usually determined to be lognormally distributed (default). 

. If the data are no% determined to be either a lognormal or normal distribution, they are 

classified as an unknown distribution and a lognormal distribution is assumed. 

For data that are considered to be lognormally distributed, the standard deviation of the log-transformed 

sample se% must be determined, as follows: 

s= c ( ) 2 
‘j -FL 

/I 1 n-l 
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Several important points are associated with distribution of the data: 

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

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

• Environmental data are usually determined to be log normally distributed (default). 

• If the data are not determined to be either a lognormal or normal distribution, they are 

classified as an unknown distribution and a lognormal distribution is assumed. 

For data that are considered to be 10gnormaHy distributed, the standard deviation of the log-transformed 

sample set must be determined, as follows: 
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where: 

S :: Standard deviation of the log-transformed data 

X, == Individual sample value (log-transformed) 

p == Arithmetic mean of the log-transformed n samples 

n = Number of samples 

Calculation of the one-sided upper 95 percent confidence limit (UCLLOG) is shown on the following page. 

where: 

e :: Constant (base of the natural log, equal to 2.718) 

!J :: 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 

If tile 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: 

where: 

s 
X, 

~I 

n 

:: 

::: 

:: 

:: 

NAVY!5466/Site5RlfSect3 

Standard deviation of the data 

individual sample value 

Arithmetic mean of the n samples 

Number of samples 
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The one-sided upper 95 percent confidence limit (UCLNOR) is then calculated as follows: 

UCL NOR 

where: 

s = Standard deviation of the data 

t = One-sided t distribution factor 

p = Arithmetic mean of the n samples 

n = Number of samples 

For small sample sets or sample sets in which all positive results equal less than one-half the detection 

limit, the UCL can exceed the maximum detected concentration. In these cases, the maximum 

concentration will be selected as the representative concentration. The maximum positive value is 

frequently the default choice when a lognormal distribution (having a higher upper confidence limit from 

the distributional shape) is used. 

3.1.1.5 Special Note Concerning Chromium Concentrations 

Chromium data were considered to be the hexavalent chromium (VI) form as opposed to the trivalent form 

(chromium III) because no speciation data were available. Hexavalent chromium is considered the more 

toxic form; therefore, assuming that all chromium is hexavalent is a conservative approach. 

3.1 .I .6 Special Note Concerning Filtered Groundwater Samples 

Some monitoring well samples were collected using dedicated low-flow pumps to minimize the 

occurrence of suspended solids associated with conventional purging and sampling techniques Filtered 

samples were collected from older monitoring wells that did not have these pumps. 

When samples were collected both as filtered and unfiltered aliquots, EPA technical guidance was applied 

to pick the most representative data to use for risk assessment If suspended solids were strongly 

suggested in the unfiltered analysis, then filtered results were considered more representative of the 

metals available from transport in the aquifer. Elevated aluminum, iron, and manganese levels in the 

unfiltered sample relative to the filtered sample were used as evidence that filtered results should be 

used. Otherwise, unfiltered results were used if there was not a clear indication of elevated metals in 

association with suspended solids. 
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The one-sided upper 95 percent confidence limit (UCL ) is then calculated as follows: 
NOR 

(t * S) 
UCL NOR = J1 +--r=:: 

",n 

where: 

S = 

= 

g = 

n = 

Standard deviation of the data 

One-sided t distribution factor 

Arithmetic mean of the n samples 

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 will be selected as the representative concentration. The maximum positive value is 

frequently the default choice when a lognormal distribution (having a higher upper confidence limit from 

the distributional shape) is used. 

3.1.1.5 Special Note Concerning Chromium Concentrations 

Chromium data were considered to be the hexavalent chromium (VI) form as opposed to the trivalent form 

(chromium III) because no speciation data were available. Hexavalent chromium is considered the more 

toxic form; therefore, assuming that all chromium is hexavalent is a conservative approach. 

3.1.1.6 Special Note Concerning Filtered Groundwater Samples 

Some monitoring well samples were collected using dedicated low-flow pumps to minimize the 

occurrence of suspended solids associated with conventional purging and sampling techniques. Filtered 

samples were collected from older monitoring wells that did not have these pumps. 

When samples were collected both as filtered and unfiltered aliquots, EPA technical gUidance was applied 

to pick the most representative data to use for risk assessment. If suspended solids were strongly 

suggested in the unfiltered analysis, then filtered results were considered more representative of the 

metals available from transport in the aquifer. Elevated aluminum, iron, and manganese levels in the 

unfiltered sample relative to the filtered sample were used as evidence that filtered results should be 

used. Otherwise, unfiltered results were used if there was not a clear indication of elevated metals in 

association with suspended solids . 
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3.1.1.7 Special Note Concerning Analysis of PCBs at Site 1 

Two types of PCBs data were collected at NASJR8 Willow Grove, Aroclor-specific PCB data were 

collected based on routine methods for off-site laboratory analysis, At known areas of soil contamination 

at Site No.1, "total PCBs" data were collected using field screening by immunoassay, Aroclor-specific 

data will be summed to calculate a "total PCBs" result at each location so that these data can be 

combined with the "total PCBs" immunoassay data from different locations. Split sample locations (where 

analysis was performed by both methods) wi!! be evaluated using only the off-site laboratory data, which 

are generally considered to be more accurate. 

The purpose of this section is to identify the potential health hazards associated with exposure to each of 

the copes, A toxicological evaluation characterizes the inherent toxicity of a compound. The literature 

indicates that the copes have the potential to cause carcinogenic and/or noncarcinogenic health effects 

in humans. Although the copes may cause adverse health effects, dose-response relationships and the 

potentlal 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 copes at all sites at NASJRB Willow Grove is presented in Table 3-1 and • 

Appendix J of the RI report in the form of toxicological profiles, 

An important component of the risk assessment process is the relationship between the intake 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 by 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. 

Reference doses (RIDs} and slope factors (SFs} have been developed by EPA (1997a, 199581) and other 

sources for many organics and inorganics. This section provides a brief description of these parameters. 

3.1.2.1 Reference Doses (RfDs) 

The RfD is developed by EPA for chronic and/or subchronic human exposure to hazardous c!1emicals and 

is based solely on the noncarcinogenic effects of chemical substances, The RID 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-LeveI (NOAEL) or a Lowest-Observed-Adverse-Effect-Level (LOAEL) by an 
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appropriate uncertainty factor. NOAELs, etc. are determined from laboratory animal or epidemiological 

toxicity studies. The uncertainty factor is based on the extent and applicability of toxicity data to human 

exposure. 

Uncertainty factors are generally applied as multiples of IQ to represent specific areas of uncertainty in 

the available data. A factor of IO is used to account for variations in the general population (to protect 

sensitive subpopulations), extrapolation of test results from animals to humans (to account for 

interspecies variability), derivation of a NOAEL from a subchronic study (instead of a chronic study) for 

developing the RfD, and use of a LOAEL 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 database not already 

accounted for, The default value of the modifying factor is 1. The RfD incorporates the reliability of the 

evidence for ChroniG human health effects. Even if applicable human data exist, the RfD (as reduced 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. RfDs for NASJRB Willow Grove 

site contaminants are provided in Table 3-1. 

Noncarcinogenic risks for lead were not quantified and compared to RfDs because EPA has implemented 

an approach to evaluating lead risks that goes beyond providing a single-point estimate output. Instead, 

expected blood-lead increases were estimated; a discussion of these results is presented in Section 

3.1.5.9. 

3.1.2.2 Cancer Slope Factors (SFs) 

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. SFs for NASJRB Willow Grove site 

contaminants are provided in Table 3-1. 

Carcinogenic risks for lead were not quantified because no EPA consensus currently exists with respect 

to an inorganic lead SF. Instead, potential lead exposures were calculated using a biokinetic model to 

estimate expected blood-lead increases; a discussion of these results is presented in Section 3.1.3.6, 
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Chemical of Concern 
Volatiles 

1.1.1-trichloroethane 
1.1.2-trichloroethane 
1.1-dichloroe!hane 
1.1-dichloroethene 
1.2-dichloroethane 
benzene 
etrachloroethene 
richloroethene 

Semivolatiles 

·enz(a)anthracene 
.enzo(a)pyrene 
enzo(b)flouranthene 
enzo(k)t1uoranthene 
hrysene 
ibenz(a,h)anthracene 

ndeno(1.2,3-cd)pyrene 
Ilbis(2-ethylhexyl)phthalate 

Pesticides/PCBs 

Polychlorinated biphenyls 
Aroclor-1260 
dieldrin 

Metals 

aluminum 
arsenic 
·arium 
.eryllium 
admium 
hromium 

ron 
~ad 

langanese (water) 
anganese (food) 

hallium 
anadium 
inc 

Dioxins/Furans 
.2,3,4,6,f,8-HPCDD I 

TABLE 3-1 

DOSE-RESPONSE PARAMETERS· CHEMICALS OF POTENTIAL CONCERN 
NASJRB WilLOW GROVE 

Fraction of COPC Toxicity Values 
Absorbed in the RID" SF 
Gastrointestinal Oral* Dermal Inhalation· Orar Dermal 

Tract (unitless)"· (mg/kg)!day (mg/kg)/day (mg/kg)/day 1/(mglkg)/day 1/(mglkg)lday 

1.0 3,.5E-02 E 3,5E-02 2.S6E-01 IN 
HI 4,.OE-03 4,OE-03 5.7E-02 5.7E-02 
H) 1..0E-01 1,OE-01 1,43E-01 A 
1,0 9,OE-03 ROE-03 6,QE-Oj 6.0E-01 
1,0 2,.OOE-03 E 9,1E-02 9.1E-02 
1.0 HiE-03 E 2.9E-02 2.9E-02 
1.0 1.0E-02 1,OE-02 5.2E-02 E 5.2E-02 
1.0 6.0E-03 E G,OE-03 1.1 E-02 W 1.1E-02 

1.0 7.3E-01 E 
1.0 7.3E+OO I 
1.0 7.3E-01 E 
1.0 7.3E-02 E 
1.0 7.3E-OS E 
1.0 7.3E+OO E 
1.0 7.3E-01 E 

0.55 2,OE-02 3,64E-02 1.4E-02 7.7E-03 

1.0 I 2.0E+OO i 1.78E+OO 
1,0 2.0E+OO i 1.78E+OO 
0.5 5.0E-05 1.0E-04 1.6E+01 8.0E+OO 

0.27 1,OE+OO E 3.7E+OO 
0.95 S.OE-04 S.16E-04 1.5E+OO 14SE+OO 
1,0 7,OE-02 7,OE-02 1.4SE-04 A 

0.Q1 5.0E-03 5,OE-01 4.3E+OO 4,SE-02 
0,05 5,OE-04 I 1.0E-02 5.r10E-05 W 
0,01 5.0E-03 5.0E·01 
1.0 3.0E-01 E 3.0E·01 
1.0 
1.0 2.SE-02 I 2.3E-02 143E-05 I 
1.0 1.4E-01 1.4E·01 14SE-05 
1.0 6.5E·05 6.50E-05 
0.0 1..0E-03 H 3.50E-01 
1,0 30E-Q1 3.0DE-01 

0.5 I 1.550E+03 7J:IOOE+02 

Weight I 
Inhalation" of I 

1/(mg/kg)lday Evidence' 

D 
5.6E-02 C 

1.75E-OI C I 

9.1E-02 .. B2 i 
2,9E-02 A 

203E-OS E 82 
a,OE-03 E B2 

6.1E-01 E 82 
6.1E+OO W 82 
6.1E-01 E 82 
6.1E-02 E 82 
6.1E-03 E 82 
6.1E+OO E 82 
6.1E-01 E 82 

82 

B2 
B2 

1.61E+01 B2 

1,51E+01 A 
D 

8.4E+OO 82 
6.3E+OO I 
4.2E+01 D 

82 

D 

I 
1160E+03 82 
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DOSE·RESPONSE PARAMETERS· CHEMICALS OF POTENTIAL CONCERN 

NASJRB WILLOW GROVE 

Fraction of COt'C Toxicity Values 
Absorbed in the RfD* 
Gastrointestinal Oral* Dennal Inhalation'" 

Chemical of Concern Tract (unitless)** (mg/kg)/day (mg/kg)/day (mg/kg)/day 
1,2,3,4,6,7,B-HPCDF 0.5 
1,2,3,4,7,B,9·HPCDF 0.5 
1,2,3,4,7,B-HXCDD 0.5 
1,2,3,4,7,B-HXCDF 0.5 
1,2,3,6,7,B-HXCDD 0.5 
1,2,3,6,7,B-HXCDF 0.5 
1,2,3.7,B,9-HXCDD 0.5 
1,2,3.7,B,9-HXCDF 0.5 
1,2,3,7,B-PECDD 0.5 
1,2,3,7,B-PECDF 0.5 
2,3,4,6,7,S-HXCDF 0.5 
2,3,4,7,8-PECDF 0.5 
2,3,7,B-tetrachlorodibenzo-p-di 0.5 
2,3,7,B-tetrachlorodibenzofuran 0.5 
octachlorodibenzo-p-dioxin 0.5 
octachlorodibenzofuran 0.5 

No Value = No dose-response value is available for this chemical in this classification 
* = All toxicity values are from Integrated Risk Information System (IRIS) unless otherwise noted 
** = Modifying factor applied only to dermal RIDs and SFs. from ATSDR 
H = Health Effects Assessment Summary Tables 
A = HEAST Alternative 
E = EPA·NCEA Regional Support provisional service 
W = Withdrawn from IRIS or HEAST 

Oral· 
1/(mg/kg)/day 
1.560E+03 
1.560E+03 
1.560E+04 
1.560E+04 
1.560E+04 
1.560E+04 
1.560E+04 
1.560E+04 
7.BOOE+04 
7.BOOE+03 
1.560E+04 
7.BOOE+04 
1.560E+05 
1.560E+04 
1.560E+02 
1.560E+02 

SF 
Dennal 

1/(mg/kg)/day 
7.BOOE+02 
7.BOOE+02 
7.BOOE+03 
7.BOOE+03 
7.BOOE+03 
7.BOOE+03 
7.BOOE+03 
7.BOOE+03 
3.900E+04 
3.900E+03 
7.BOOE+03 
3.900E+04 
7.BOOE+04 
7.BOOE+03 
7.BOOE+01 
7.S00E+01 

• 
Weight 

Inhalation'" of 
1/(mg/kg)/day Evidence 
1.160E+03 B2 
1.160E+03 B2 
1.160E+04 B2 
1. 160E+04 B2 
1.160E+04 B2 
1.160E+04 B2 
1.160E+04 B2 
1.160E+04 B2 
5.BOOE+04 B2 
5.BOOE+03 B2 
1.160E+04 B2 
5.BOOE+04 B2 
1.160E+05 B2 
1.160E+04 B2 
1.160E+02 B2 
1.160E+02 B2 



3.1.2.3 EPA Weight~of-Evidence 

The weight-of-evidence designations indicate the preponderance of evidence regarding carcinogenic 

effects in humans and animals. The categories are defined in Table 3-2 (EPA, 1992d). 

3.1.2.4 Adjustment of Dose-Response Parameters 

Risks associated with dermal exposures are evaluated using toxicity values that are specific to dermally 

absorbed doses. Most oral toxicity values are based on administered doses rather than absorbed doses 

(TeE being an important exception). Therefore, in accordance with Region III EPA (199Sb) and EPA 

(1989a, Appendix A), the toxicity values based on administered doses were adjusted before they were 

used for evaluation of absorbed doses. Dermal RIDs and SFs are obtained from oral RfDs and SFs via 

the following relationships: 

RfD Adjusted '" RfD Oral " ABSEFF Oral 

SF - SForal / 
AdJlJsted - / ABSEFF 

l Oral 

where ABSEFF Oml ::: Absorption Efficiency in the study that is the basis of the oral toxicity value. 

The default ABSEFFs are designated by EPA Region iii for selected compounds (EPA, 1995b) and are 

shown on Table 3-3. 

3.1.2.5 Relative Potency Factors for PAHs 

Carcinogenic PAHs are related by chemical structure. Only benzo(a)pyrene [B(a)P] has an EPA

published SF (EPA 1997a). AI! other carcinogenic PAHs have SFs based on their potency relative to 

B(a)Ps, and these factors are published by EPA (1997b). Table 3-4 shows the relative potency factors 

[which are also commonly known as toxicity equivalence factors (TEFs)]. 

3.1.2.6 Relative Potency Factors for DioxinsfFurans 

Dioxins and furans are related by chemical structure. Only 2,3,7,8-tetrachlorodibenzodioxin (TCDD) has 

an EPA-published SF (EPA, 1995a). AU other 2,3,7,8-substituted dioxins and furans have SFs based on 

their potency relative to 2,3,7,8-TCDD, and these factors are published by EPA (1992e). Table 3-5 shows 

the relative potellcy factors (which are also commonly known as TEFs). 
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TABLE 3-2 

EPA WEIGHT OF EVIDENCE CARCINOGENIC CLASSIFICATIONS 
NASTRB WILLOW GROVE 

nce from epidemiologic studies to support a 

-_-.l”“-ll”.l.-““.--..“~“.“-.~~“.”~” -..-- 
f carcinogenicity in humans from 
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EPA Category 
Group A 

Group B1 

Group B2 

Group C 

Group 0 
Group E 

TABLE 3-2 

EPA WEIGHT OF EVIDENCE CARCINOGENIC CLASSIFICATIONS 
NASTRB WILLOW GROVE 

Description of Group _ Description of Eviden~~_____ . 
Human carcinogen Sufficient evidence from epidemiologic studies to support a 

causal association between exposure and cancer ._-_ .. _- -_._-----_._._-_. __ .. _-_. __ ._-_._-_ ..... - .. _-
Probable human Limited evidence of carcinogenicity in humans from 

carcinogen epidemiologic studies 
Probable human Sufficient evidence of carcinogenicity in animals; inadequate 

carcinogen evidence of carcinogenicity in humans 
Possible human Limited evidence of carcinogenicity in animals 

carcinogen 
Not classified Inadequate evidence of carcinogenicity in animals 

No evidence of No evidence for carcinogenicity in at least two adequate 
carcinogenicity animal tests or in both epidemiological and animal studies 
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TABLE 3-3 

Absorption Factors For The Dermal Pathway 
NASJRB, Willow Grove, Pennsylvania 

f' Chemical 
'" .. " 

Absorption Factors 
For Dermal Pathway 

PCBs 6% 

Chlorinated Dioxins 3% 
-" 

Cadmium 1% 

-, 
Arsenic 3.2% 

Ethylbenzene 3% 

LToluene 3% 

II Xylenes 3% 

Tetrachloroethene 3% 
'''' 

Pesticides 10%) 

Pentachlorophenol 24.4% 

Other Inorganics 1% 

Other Organics 10% 
,,-
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a 

TABLE 3-4 

Relative Potency Of Carcinogenic PAHs 
NASJRB, Willow Grove, Pennsylvania 

[I Benr(a)anthracene 0.1 i: 

1 Benzo(b)fluoranthene 
^~ 

ii--- 

/ o.l ----.-.-I 

!! Benzo(k)fluoranthene 0.01 
j,“.“-- “..” . I 

11 
.-.. __.-- --_ “--.-l,.l... .._..._ ,_ 1 ̂ ..^.. ..-. . .._ .- l.l^.“- ^...^ ...” 

1 Benzo(a)pyrene 
1 

1 
ir 
$1 

‘\” ..---.- -.- --,, -II-,“-“-,--- ,,,,,,.,,,, “,-,“““,-,,-“,, __ ,.,--_ -I! 
1 Chrysene 0.001 I! 4 
t---- 1..“.-1.1- .-.--. -,. i 
1 Dibenz(a,h)anthracene 1 1 

$1 
f” -...-.” -...-- -“llll-lllllll”.l ...” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...’ ...” “” ..-.-..-.. “.” ...” ..--. ~1411____1111 
i Indeno(l,2,3xd)pyrene 0.1 

jl 

I~~:::~~~:~~;;;:;;;~:;:~.~::::;~:~~:~.-::~ ,._ ~;,_ I .” . ..- “. -.^, .., ,,,, ,,,,” ..,,, I,,~~~,~.~~~:~,~,~,~~~,~~~~~,~~~~~,.~~~~~... _.A 
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TABLE 3-4 

Relative Potency Of Carcinogenic PAHs 
NASJRB, Willow Grove, Pennsylvania 

r;co=""'"=''''''"''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''"'''""'i""'''",''''''''''''''''''''''''''''''"'''''''':''''''=='"'=='''''='=='''';) 
" . al I Relative Potency 

Factors 
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TABLE 3-5 TABLE 3-5 

Toxicity Equivalency Factors (TEFs) - Dioxin/Furan Congeners 
NASJRB, Willow Grove, Pennsylvania 

"'. 

Dioxin/Furan Congener TEFs 

2,3,7,8-TCDD 1 --2,3,7,8-PeCDO 0,5 
"----

2,3,7,8-HxCDD 0.1 
-2,3,7,8-HpCDD 0.01 ,-. acoo 0.001 
2,3,7,8·TCDF 0.1 
1,2,3,7,8-PeCOF 0,05 

2,3,4,7,8·PeCOF 0.5 
2,3,7,8-HxCDF 0.1 

----,-
2,3,7,8-HpCDF 0.01 

'-OCOF 0.001 
-
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3.1.3 Exposure Assessment - .-- 

The purpose of this section is to evaluate the potential for human exposure to the chemicals detected in 

the environmental media at the NASJRB Willow Grove sites investigated under this RI. This section 

characterizes the exposure setting and the potentially exposed populations, identifies actual or potential 

exposure routes, presents a general conceptual site model, and summarizes the methods used to 

generate exposure estimates. The nature and extent of contamination upon which the exposures are 

based are presented in Sections 4.0 through 7.0 of this RI report. To determine whether there is an actual 

or potential exposure, the most likely pathways of contaminant release and transport, as we! as the 

human and environmental activity patterns, must be considered. A complete exposure pathway has three 

components: a source, a route of transport, and an exposure point for receptors. These components are 

addressed in this section. 

3.1.3.1 Characterization of the Exposure Setting 

Section 3 provides a characterization of general site conditions, including meteorology, topography and 

surface water hydrology, soils, regional geology, regional hydrogeology, and ecology. 

e 

3.1.3.2 Potential Receptors 

The receptors chosen for the sites at NASJRB Willow Grove are presented in this section. All the 

receptors listed below are applicable to every site because all selected media were sampled at each site. 

The current exposure scenarios are as follows: 

. Occupational Worker - The full-time on-site worker is an adult who works at NASJRB 

Willow Grove year round. This receptor is potentially exposed to COP& in surface soil 

via ingestion, dermal contact, and inhalation. 

. Adolescent and Adult Trespasser - A trespasser is an adult or adolescent who trespasses 

at NASJRB Willow Grove. These receptors are potentially exposed to COPCs in surface 

soil via ingestion, dermal contact, and inhalation and to COP& in surface water via 

ingestion and dermal contact. Cancer and non-cancer risks will be estimated separately 

for adolescent and adult trespassers. 
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3.1.3 Exposure Assessment 

The purpose of this section is to evaluate the potential for human exposure to the chemicals detected in 
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human and environmental activity patterns, must be considered. A complete exposure pathway has three 
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addressed in this section. 
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Section 3 provides a characterization of general site conditions, including meteorology, topography and 

surface water hydrology, soils, regional geology, regional hydrogeology, and ecology. 

3.1.3.2 Potential Receptors 

The receptors chosen for the sites at NASJRB Willow Grove are presented in this section. All the 

receptors listed below are applicable to every site because all selected media were sampled at each site. 

The current exposure scenarios are as follows: 

• Occupational Worker - The full-time on-site worker is an adult who works at NASJRB 

Willow Grove year round. This receptor is potentially exposed to COPCs in surface soil 

via ingestion, dermal contact, and inhalation. 

• Adolescent and Adult Trespasser - A trespasser is an adult or adolescent who trespasses 

at NASJRB Willow Grove. These receptors are potentially exposed to COPCs in surface 

soil via ingestion, dermal contact, and inhalation and to COPCs in surface water via 

ingestion and dermal contact. Cancer and non-cancer risks will be estimated separately 

for adolescent and adult trespassers. 
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Future exposure scenarios are, as follows: Future exposure scenarios are, as follows: 

• Future Excavation Worker - A future excavation worker is an adult who is assumed t.o 

work at NASJRB Willow Grove in the future during any type of excavation activity. This 

receptor is potentially exposed to copes in surface and subsurface soil via ingestion, 

derma! contact, and inhalation. Additionally, this receptor is potentially exposed to VOCs 

in shallow groundwater via inhalation. 

• Future Resident - A future resident is a person who will live ill a residence at or near 

NASJRB Willow Grove in a hypothetical future scenario. This receptor resides at a 

residence as a child (from age 0 to 6 years) and as an adult (for 24 years exposure 

duration). This receptor is potentially exposed to copes in groundwater v1a ingestion, 

dermal contact, and inhalation (adult resident only) and to COPCs in surface soH via 

ingestion, dermal contact, and inhalation. Non-cancer risks wi!! be estimated separately 

for child and adult; cancer risks are considered cumulative (risks are summed over child 

and adult periods of exposure). Potential exposure to subsurface soils following real 

estate development will be discussed qualitatively. 

• Future ChHd Recreational Receptor - A future recreational receptor is a child who 

partiCipates in recreational activities at NASJRB WiHow Grove in a hypothetical future 

scenario. This receptor is potentially exposed to surface soil via ingestion, dermal 

contact, and inhalation and to surface water and sediment via ingestion and dermal 

contact. 

3.1.3.3 Exposure Routes by Medium 

There are five environmental media at NASJRB Willow Grove througtl which potential receptors (see 

previous section) can be either directly or indirectly exposed to site-related copes: surface soil, 

subsurface soH, sediment, surface water, and groundwater. Potential exposure routes include ingestion, 

dermal contact, and inhalation. 

3.1.3.3.1 Surface Soil 

Surface soil exposure routes include incidental ingestion. dermal contact, and inhalation of fugitive dust 

All scenarios are based on cope representative concentrations in surface soils. All three exposure 

routes will be evaluated using occupational workers (current scenario), adolescent and adult trespassers 

(current scenario), excavation workers (future scenario), residential receptors (future scenario), and 
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recreational receptors (future scenario). These receptors were chosen because it is unknown whether 

NASJRB Willow Grove will remain open to industrial employees only or whether NASJRB Willow Grove 

(or a portion of it) might become a residential or recreational area in the future. For fugitive dust 

emissions, the assumption of surface cover will resemble the type of vegetation, paving, and buildings 

that are currently in place. 

For surface soil, low levels of VOCs did not warrant full-scale modeling and an estimation of the exposure. 

VOCs were generally not detected in surface soil. Therefore, exposure to volatilized chemicals is 

expected to be negligible at NASJRB Willow Grove, and ingestion and dermal contact would contribute to 

the bulk of the risk. 

3.1.3.3.2 Subsurface Soil 

Because there is currently no direct contact with subsurface soil, only potential future incidental ingestion, 

dermal contact, or inhalation of fugitive dusts could be evaluated. All three exposure routes were 

evaluated using excavation workers (future scenario). The exposure scenarios for subsurface soil are 

based on the assumption that subsurface soil could eventually become surface soil if excavations, 

erosion, construction, or landscaping activities occurred. Exposure scenarios related to concentrations in 

subsurface soil are conservative based on this assumption. For fugitive dust emissions from subsurface 

soil under the future industrial scenario, the assumption of surface cover would be based on the type of 

vegetation, paving, and buildings that are currently in place. Additionally, a qualitative discussion of the 

impact on real estate landscaping for future residential receptors will be presented. 

3.1.3.3.3 Sediment 

Sediment exposure routes include incidental ingestion and dermal contact. These exposure routes will be 

evaluated using adult and adolescent trespassers (current scenario) and recreational receptors (future 

scenario). Inhalation of chemicals in sediment was eliminated as a pathway because the sediment is not 

expected to be in a dry stream. Furthermore, the frequency of contact with sediment by these receptors is 

expected to be low. 

3.1.3,3.4 Surface Water 

Surface water exposure routes include incidental ingestion and dermal contact. These exposure routes 

will be evaluated using adult and adolescent trespassers (current scenario) and recreational receptors 

(future scenario). Inhalation of VOCs in surface water was eliminated as a pathway because VOCs were 
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recreational receptors (future scenario). These receptors were chosen because it is unknown whether 
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erosion, construction, or landscaping activities occurred. Exposure scenarios related to concentrations in 

subsurface soil are conservative based on this assumption. For fugitive dust emissions from subsurface 

soil under the future industrial scenario, the assumption of surface cover would be based on the type of 

vegetation, paving, and buildings that are currently in place. Additionally, a qualitative discussion of the 

impact on real estate landscaping for future residential receptors will be presented. 

3.1.3.3.3 Sediment 

Sediment exposure routes include incidental ingestion and dermal contact. These exposure routes will be 

evaluated using adult and adolescent trespassers (current scenario) and recreational receptors (future 

scenario). Inhalation of chemicals in sediment was eliminated as a pathway because the sediment is not 

expected to be in a dry stream. Furthermore, the frequency of contact with sediment by these receptors is 

expected to be low. 

3.1.3.3.4 Surface Water 

Surface water exposure routes include incidental ingestion and dermal contact. These exposure routes 

will be evaluated using adult and adolescent trespassers (current scenario) and recreational receptors 

(future scenario). Inhalation of VOCs in surface water was eliminated as a pathway because VOCs were 
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detected infrequently in surface water. Furthermore, the frequency of contact with surface water by the 

these receptors is expected to be low. • 

31.3.3.5 Groundwater 

The groundwater exposure route includes ingestion, dermal contact while bathing or showering, and 

inhalation of airborne vapors during showering. This exposure route will be evaluated using child and 

adult residential receptors (future scenario). Additionally, inhalation of VOCs in shallow groundwater 

during excavation activities will be evaluated. This exposure route will be evaluated using the excavation 

worker (fLlture scenario). Future groundwater conditions at the site wi!! not be modeled. For the HHRA, it 

is assumed that migration of copes in groundwater is currently occurring and current groundwater 

conditions adequately represent this phenomenon. 

3.1.3.4 Cc::mceptual Site Model 

The conceptual site model for NASJRB Willow Grove incorporates information on the potential chemical 

sources, affected media, release mechanisms, routes of migration, and known or potential human 

receptors. Ttle purpose of the conceptual site model is to provide a framework in which to identify 

potential exposure pathways occurring at the sites. Information provided on site characterization, 

chemical characterization, (ocal land and water uses, and potential receptors is used to identify potentia! 

exposure pathways for the site. The genera! conceptual site model for NASJRB Willow Grove is 

presented in Figure 3-1. 

3.1.3.5 Exposure Estimates 

The estimation methods and models used in this section are consistent with current EPA risk assessment 

guidance (EPA, 1989a; EPA, 1991a; EPA, 1996c). Exposure estimates associated with each exposure 

route are presented below. All exposure scenarios incorporate the representative concentrations in the 

estimation of intakes. Two types of exposure scenarios are considered in this HHRA, reasonable 

maximum exposure (RME) and central tendency exposure (CTE). RME incorporates input parameters 

into the exposure scenarios that are protective of 90 or 95 percent of the population, and CrE 

incorporates input parameters that are representative of an average or median exposure scenario. CTE 

is only to be run at a particular site when the total cancer risk exceeds 1 E-04 (considered the upper bound 

of EPA's acceptable risk range) or when the noncarcinogenic HI is greater than 1.0. 

Noncarcinogenrc risks are estimated using the concept of an average annual exposure. The intake 

incorporates terms describing the exposure time and/or frequency that represent the number of hours per 
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day and the number of days per year that exposure occurs. This is used along with the “averaging time,” 

which converts the daily exposure frequency and duration to an annual exposure by dividing by 365 days 

per year of exposure. Noncarcinogenic risks for some exposure routes (e.g., soil) are generally greater 

for children than for adults because of the much lower body weights of children and their similar or higher 

ingestion rates. Carcinogenic risks, on the other hand, are calculated as an incremental lifetime risk and, 

therefore, incorporate terms to represent the exposure duration (years) over the course of a lifetime (70 

years). 

3.1.3.5.1 Surface and Subsurface Soil Exposure 

Three potential exposure routes are associated with direct exposure to surface soil and subsurface soil at 

NASJRB Willow Grove. These exposure routes include ingestion, dermal contact, and inhalation of 

fugitive dust. The methods used to assess these routes of exposure are discussed in the following text, 

Incidental soil ingestion, dermal contact, and inhalation of fugitive dust exposure are estimated from the 

following equations (EPA, 1989a): 

ingestion 

Dermal Contact 
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day and the number of days per year that exposure occurs. This is used along with the "averaging time," 

which converts the daily exposure frequency and duration to an annual exposure by dividing by 365 days 

per year of exposure. Noncarcinogenic risks for some exposure routes (e.g., soil) are generally greater 

for children than for adults because of the much lower body weights of children and their similar or higher 

ingestion rates. Carcinogenic risks, on the other hand, are calculated as an incremental lifetime risk and, 

therefore, incorporate terms to represent the exposure duration (years) over the course of a lifetime (70 

years). 

3.1.3.5.1 Surface and Subsurface Soil Exposure 

Three potential exposure routes are associated with direct exposure to surface soil and subsurface soil at 

NASJRB Willow Grove. These exposure routes include ingestion, dermal contact, and inhalation of 

fugitive dust The methods used to assess these routes of exposure are discussed in the following text. 

Incidental soil ingestion, dermal contact, and inhalation of fugitive dust exposure are estimated from the 

following equations (EPA, 1989a): 

Ingestion 

CS * IR . * FI * CF. * EF * blJ 
INTAKEINGESTION(mg / kg) I day = sOil d ' ! 

BW * AT * 365 a}s/ 
,f year 

Dermal Contact 

Di * S4 * EF * ED * EV 
INTAKE DERMAL (mg I kg) I day = 'E e''l'I,I' d

J

• / J (Adults) 
Bn' * AT * 365 ays, 

, .vear 

INTAKE DERMAL 
DA *EV*EF /I SA. * ED. 

= event d ,/ * I. I I (Children, accounts changing SA and BW) 
AT * 365 G)'.s> 1=111 BW 

/year I 

, DAevem = CS * AF * ABSdermal * CF; 
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where: 

Inhalation of COPCs in Fugitive Dust 

Fraction inllaleel and retained in lungs: 

". , ... .! . .Y *CS* iRail. * ET*EF* ED* IF;;, 
lA1AKEiNIIA1ATlON_I,I:NU(mg I kg)! day::::; iuwo =/,' '" ' 

.. .. . BW* A1'* 365 L iZP 
year 

Fraction inhaled and eventually swallowed: 

," * ('"'5' * j·U . * r;'l' * EF * ED * l}~. 
[ lV" 1 ['1 / k / J r = .<1. .,.. 1 lilli' .t:.... . - '" U Tot'" I 
lVl.'.l'.. fINHALAmJX~!N(;};:'mox (mg 'g) {jay =. INGliSl'fON . .1 '" 

B 11' * 11' * "I-' ~ aavs I'r '1 'lO:'l'· , ~. year 

Inhalation is the sum of the two fractions: 

LN7~lKEINNALHroN-lmAI. (nlg I kg) I day = IUiNG + IfNGESl10N 

where: 

cs 

FI 

ET 

EF 

ED 
EV 

BW 

Ew = [(0.036) *(1- V) *( ~r * F(X)] 

Ut ::::: U· '" [~J * In(~-) 
_0.4 \"oJ 

= 

:: 

:::: 

= 
= 

:::: 

::: 

= 

Chemical concentration in soil (mg/kg or 1J9/kg soH) 

Soil ingestion rate (mg soil/day) 

Inhalation rate (m3/hr) 

Fraction ingested from contaminated source (unitless) 

Exposure time (hr/day) 

Exposure frequency (days/yr) 

Exposure duration (years) 

Event frequency (events/day) 

Body weight (kg) 
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AT 

DEgWlt 

-1 

SA 

SA, 

ED, 

B’JY 

AF 

A=&orma, 

E 10 

V 

U 

ut 

Z 
ZO 

U’ 

44 

R,* 

A 

Q, 

PR 

X 

F, 

-2 

IF, 

IF, 

Averaging time (years) 

Dose absorbed per unit area per event (mglcm’-event) 

Conversion factor (1 x 10W6 kg/mg for inorganics; 1 x 19’ kg/ug for organicsj 

Skin surface area available for contact {cm’/dayj 

Surface area exposed at age i (cm2) 

Exposure duration at age i (years) 

Body weight at age i (kg) 

Soil-to-skin adherence factor (mg/cm’) 

Absorption fraction (unitless) 

PMIo emission factor (g/m2 set) 

vegetative cover 

mean annual wind speed (m/s) 

threshold value of wind speed at 7 m (m/s) 

height above surface (mj 

roughness height(m) 

friction velocity (m/secj 

function based on x = 0.886 x UW 

Emission rate of soil (g/set) 

source area (m2) 

wind erosion scaling factor (glsec) 

fraction of time wind erosion occurs (0.296) 

average annual downwind respirable concentration (mg/m3) 

unscaled cont. due to unit erosion rate [(ug/m3)/(g/secj] 

conversion factor (1 mgll ,000 ug) 

inhaled fraction retained in lungs (0.125) 

inhaled fraction eventually swallowed (0.625) 

A sample calculation for ingestion of soil is provided in Appendix J. The input parameters for this exposure 

route, along with the rationale for the selection of each value, are presented in Table 3-6 through Table 3-15 

for RME and GTE scenarios. As discussed in Section 3.1.3.2, the potential receptors for this scenario were 

current occupational workers, current adolescent and adult trespassers, future child and adult residents, 

future excavation workers, and future recreational children. EPA or conventional values were used for all 

input parameters. 

A sample calculation for dermal contact with surface soil is provided in Appendix J. The input parameters for 

this exposure route, along with the rationale for the selection of each value, are presented in Table 3-6 

through Table 3-I 5 for RME and CTE scenarios, As discussed in Section 3.1.3.2, the potential receptors for 
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AT = Averaging time (years) 

DAevent = Dose absorbed per unit area per event (mgtcm2-event) 

CF1 = Conversion factor (1 x 10-6 kg/mg for inorganics; 1 x 10-g kg/jJg for organics) 

SA = Skin surface area available for contact (cm2/day) 

SA = Surface area exposed at age i (cm2) 

ED; = Exposure duration at age i (years) 

BW, = Body weight at age i (kg) 

AF = Soil-to-skin adherence factor (mg/cm2) 

ABSderma' = Absorption fraction (unitless) 

E10 = PM10 emission factor (g/m 2 sec) 

V = vegetative cover 

U = mean annual wind speed (m/s) 

Ut = threshold value of wind speed at 7 m (m/s) 

Z = height above surface (m) 

Zo = roughness height (m) 

U· = friction velocity (m/sec) 

F(x) = function based on x = 0.886 x UtlU 

RlO = Emission rate of soil (g/sec) 

A = source area (m2) 

0, = wind erosion scaling factor (g/sec) 

PR = fraction of time wind erosion occurs (0.296) 

X = average annual downwind respirable concentration (mg/m 3
) 

F, = unsealed conc. due to unit erosion rate [(ug/m3)/(g/sec)] 

CF2 = conversion factor (1 mg/1 ,000 ug) 

IFR = inhaled fraction retained in lungs (0.125) 

IFa = inhaled fraction eventually swallowed (0.625) 

A sample calculation for ingestion of soil is provided in Appendix J. The input parameters for this exposure 

route, along with the rationale for the selection of each value, are presented in Table 3-6 through Table 3-15 

for RME and CTE scenarios. As discussed in Section 3.1.3.2, the potential receptors for this scenario were 

current occupational workers, current adolescent and adult trespassers, future child and adult residents, 

future excavation workers, and future recreational children. EPA or conventional values were used for all 

input parameters. 

A sample calculation for dermal contact with surface soil is provided in Appendix J. The input parameters for 

this exposure route, along with the rationale for the selection of each value, are presented in Table 3-6 

through Table 3-15 for RME and CTE scenarios. As discussed in Section 3.1.3.2, the potential receptors for 
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TABLE 3-6 

Exposure Parameters For Surface Soil Ingestion, Dermal Contact, And Inhalation 
Occupational Worker - RME Scenario 
NASJRB, Willow Grove, Pennsylvania 

PARAMETER OCCUPATIONAL UNITS SOURCE 
WORKER 

CS Chemical Specific mg/kg or J.,Jg/kg Analysis 

IR~i<'d 50 mg!day EPA. 1991a 
FI 1 unitless Assumption ------- __ b ..... __ •• ~_· 

C F 1 .trlOt'f an~C5 1E-06 kg/mg O __ n ___ ~ ___ ·_._, ___ .... 

C F 1.oroallL<:,' 1E-09 kg/lJg 
EF 250 days/year EPA,1991a 

__ 'om 

ED 25 years EPA, 1989a, 19918 
"-

ET 8 hours/day Assumption 
._.n -

EV 1 event/day Assumption 
•••• n 

,J."-T,,,,,,",,r 70 years EPA. 1991a 

~Tl1on,r;ane@r 25 years EPA,1991a 
--'--~-'~ 

SA 3,508* cm:? EPA,1995 
f-=-- -, 

fRail 0.833 m3!hour EPA, 1991a -.. ~ 
BW 70 kg EPA, 1991a --AF 1 mg/cm2 per EPA, 1992a. 1995a 

event 
---

ABSdermal Chemical Specific unitless EPA, 1995a 
EPA, 1995h 

....... 

Eo Calculated g/m2 sec i-:--!:- ._ .... - ,-
V 0.7 unitiess Estimated from site visit 

1--:-7--
U 4.3 mls Cowherd et al.. 1984 

--" 
Ut Calculated m/s --- unitless -_. F(x) 1.9 Cowh~!.~ et aL, 1984 

~:--" 
CFz 0.001 Mg/ug 

J:'.l9 caI6"L,iated 
-

g/sec 
A 10000 fJJ<' Estimated from site visit 

Calculated g/sec --
Cowherd et 131.. 1984 0.296 Unitless - Mgfm3 X Calculated Cowherd et ai., 1984 _ .. ..-

(ug/m3 )/(g/sec) F, 3.837 Cowherd et aI., 1984 -. ---
Z 7 M Cowherd et 131., 1984 .. - .-~ .. ~ 

~ 
0.7 M Cowherd et aL, 19~4 

0.35 M/sec Cowherd et aI., 1984 
.... 

0.125 Unitless Cowherd et at, 1984 -0.625 Unitless Cowherd et 131., 1984 
... - . __ .,-

*Average of male and female surface areas for arms and hands 
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TABLE 3-7 

0 - 

Exposure Parameters For Surface Soil ingestion, Dermai Contact, And Inhalation 
Occupational Worker - CTE Scenario 
NASJRB, Willow Grove, Pennsylvania 

EPA, 1995h 
Calculated g/m2 set 

0.7 unitless 
4.3 m/s 

Estimated from site visit 
Cowherd et al.. 1984 

*Average of male and female surface areas for arms and hands 
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TABLE 3-7 

Exposure Parameters For Surface Soil Ingestion, Dermal Contact, And Inhalation 
Occupational Worker - CTE Scenario 
NASJRB, Willow Grove, Pennsylvania 

PARAMETER OCCUPATIONAL UNITS SOURCE 
WORKER 

CS Chemical Specific mg/kg or IJg/kg Analysis 

IRsol' 50 mg/day EPA, 1991a 
FI 1 unitless Assumption 

C F 1-,noraanlcs iE-06 kg/mg 
CF2-oraamcs iE-09 kg/lJg 
EF 250 days/year EPA,1991a 
ED 9 years EPA, 1989a, 1991a 
ET 8 hours/day Assumption 
EV 1 Events/day Assumption 
AT cancer 70 years EPA, 1991a 

AT non-cancer 9 years EPA,1991a 
SA 3,508* cm2 EPA, 1992a 

IRalf 0.833 m3/hour EPA,1991a 
BW 70 kg EPA,1991a 
AF 1 mg/cm2 per event EPA, 1992a, 1995a 

ABSderma' Chemical Specific unitless EPA,1995a 
EPA,1995h 

ElO Calculated g/m2 sec 
V 0.7 unitless Estimated from site visit 
U 4.3 mls Cowherd et aI., 1984 
Ut Calculated mls 
F(x) 1.9 unitless Cowherd et aI., 1984 
R10 Calculated g/sec 
A 10000 m2 Estimated from site visit 
Q, Calculated g/sec 
PR 0.296 unitless Cowherd et aI., 1984 
X Calculated mg/m3 Cowherd et aI., 1984 
F, 3.837 (ug/m3)/(g/sec) 
Z 7 m Cowherd et aI., 1984 
U* 0.35 m/sec Cowherd et al., 1984 
CF2 0.001 mg/ug 
IFR 0.125 unitless Cowherd et ai., 1984 
1Fo 0.625 unitless Cowherd et aI., 1984 

*Average of male and female surface areas for arms and hands 
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TABLE 3-8 

Exposure Parameters For Surface Soil Ingestion, Dermal Contact, And Inhalation 
Adolescent And Adult Trespassers - RME Scenario 

NASJRB, Willow Grove, Pennsylvania 

_._---
PARAMETER ADOLESCENT ADULT UNITS SOURCE 

CS Chemical Specific Chemical mg/kg or f..Ig/kg Analysis , 
I Specific I .. -~~-

IR"", 100 100 mg/day EPA,1991a -_ ... __ .. 
FI 1 1.0 unitless Assumption 

C F 1 ~inOl'f ~~nicg 1E-06 1E-06 kg/mg 

CF 1-<lrQm1lr .• iE-D9 
. ... - 1E-09 kg!!Jg 

EF 30 24 days/year EPA,1991a .--
ED 11 19 EPA 1989a, 1991a years . ----_._-------
ET 4 4 hours/day Assumption 
A Tcan'",, ______ 70 70 years EPA,1991a 

AT non-c"ncer 11 19 years EPA,1991a 
SA See Appendix A 3,508* cm2 EPA, {992a 

IRa;r 0.833 0.833 m3/hour EPA, 1991a 
. ..,.-... 

BW 40 70 kg EPA,1991a 
AF 1 1 mg/cm2 per EPA, 1992a, 1995a 

event 
'-'~ 

ABSdermal Chemical Specific Chemical unitless EPA 1995a 
Specific EPA,19f!5h 

_··· .. v 

t_~lQ Calculated Calculated 91m2 sec 
0.7 0.7 unitless Estimated from site visit -

U 4.3 4.3 m/s Cowherd et aI., 1984 
-~ ... 

Ut Calculated Calculated m/s 
.-~-... -... - ... - .--

FIX) 1.9 1.9 unitless Cowherd et 81.. 1984 
RlO Calculated -. Calculated g/sec 
A 10000 10000 m2 Estimated from site visit 
Q1 Calculated Calculated g/sec 

! PR 0.296 0.296 unitless Cowherd et at., 19-84--
-.-. -- mg/m-:r -IX Calculated Calculated Cowherd et ai., 1984 

~-.---

. FI 3.837 3.837 (ug/m3}/(g/sec) --.-z 7 7 'm Cowherd et aI., 1984 _. ,,-
"-'-"--~"-" 

Zo 0 7 
.1 0.7 m Cowherd et aI., 1984 

U* 0.35 0.35 mlsec Cowherd et ai., 1984 -CF;; 0.001 0.001 mg/ug 
IFR 0.125 0.125 unitless Cowherd et al.. 1984 

... ,--
lFo 0.625 0.625 unitless Cowherd et aI., 1984 

CI-\ Calculated Calculated mg/m3 
. - -" .. --

*Average of male and female surface areas for arms and hands 
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TABLE 3-9 

Exposure Parameters For Surface Soil Ingestion, Dermal Contact, And Inhalation 
Adolescent And Adult Trespassers - CTE Scenario 

NASJRB, Willow Grove, Pennsylvania 

PARAMETER 1 ADOLESCENT 1 ADULT UNITS SOURCE 1 

event 
1 Chemical 1 Chemical I Unitless EPA, 1995a 

Z 

ZO 
I I” 

Cowherd et al 1984 II 
Cowherd et i 

-I . 

*Average of male and female surface areas for arms and hands 
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TABLE 3-9 

Exposure Parameters For Surface Soil Ingestion, Dermal Contact, And Inhalation 
Adolescent And Adult Trespassers - CTE Scenario 

NASJRB, Willow Grove, Pennsylvania 

PARAMETER ADOLESCENT ADULT UNITS SOURCE 

CS Chemical Chemical mg/kg or \Jg/kg Analysis 
Specific Specific 

IRsol' 
50 50 mg/day EPA,1991a 

FI 1 1.0 unitless Assumption 

C F 1-inoraanics 1E-06 1E-06 kg/mg 
CF1-<>raanics 1E-09 1E-09 kg/\Jg 
EF 15 12 days/year EPA, 1991a 
ED 2 7 Years EPA, 1989a, 1991a 
ET 4 4 hours/day Assumption 

ATcancer 70 70 Years EPA,1991a 

AT nan-cancer 2 7 Years EPA,1991a 
SA See Appendix A 5,750* cm2 EPA, 1992a 

IRair 0.833 0.833 m3/hour EPA,1991a 

BW 40 70 Kg EPA,1991a 
AF 1 1 mg/cm2 per EPA, 1992a, 1995a 

event 

ABSdermal Chemical Chemical Unitless EPA, 1995a 
Specific Specific EPA, 1995h 

ElO Calculated Calculated g/m2 sec 
V 0.7 0.7 Unitless Estimated from site visit 
U 4.3 4.3 mls Cowherd et aI., 1984 
Ut Calculated Calculated mls 
F(x) 1.9 1.9 Unitless Cowherd et aI., 1984 

RlO Calculated Calculated g/sec 
A 10000 10000 m2 Estimated from site visit 
Q, Calculated Calculated g/sec 
PR 0.296 0.296 Unitless Cowherd et aI., '1984 
X Calculated Calculated mg/m3 Cowherd et aI., 1984 
F, 3.837 3.837 (ugfm3)/(g/sec 

) 
Z 7 7 M Cowherd et aI., 1984 

Zo 0.7 0.7 M Cowherd et ai., 1984 
U* 0.35 0.35 m/sec Cowherd et aI., 1984 
CFz 0.001 0.001 mg/ug 
IFR 0.125 0.125 Unitless Cowherd et aI., 1984 
IFo 0.625 0.625 Unitless Cowherd et aI., 1984 

*Average of male and female surface areas for arms and hands 
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TABLE 3-10 

Exposure Parameters For Surface Soil Ingestion, Dermal Contact, And Inhalation 
Recreational Child - RME Scenario 

NASJRB, Willow Grove, Pennsylvania 

PARAMETER CHILD 3-8 UNITS SOURCE 

CS Chemica! Specific mg/k9 or !-Ig/kg Analysis 

IIIR''''1 200 mg/day EPA, 1991a 
FI 1.0 Unit!ess Assump-tion 

.... _._._._. 
C F j.inoraanic, 1E-06 kg/mg --
C F i.amam,os 1E-09 kg/l-lg 

~-.-. 1--- .-
EF 7 Days/year EPA,1991a _ ........ ..-

l~, 
6 years EPA, 1989a, 1991a .•. 
8 Hours/day Assumption .. 
1 Events/day 

70 years EPA, 1991a 

AT non.e<>nc!lr 6 years EPA,1991a _g ...... _v_ 
SA See Appendix A cm2 EPA, 1992a 

---
IRl.!lf 0.833 m3/hour EPA, 1991a -
BW 21.3 kg EPA,1991a 
AF 1 mgicm2 per' EPA, 1992a, 1995a 

event 
ABSdermal Chemical Specific Unitless EPA, 1995a 

1-::::------... .-- EPA, 1995h 
ElO Calculated 91m2 sec Estimated from site visit -
V 0.7 Unitless Cowherd et aL, 19?~ 
U 4.3 m/s 

.0. 

r Calculated mls Cowherd et aI., 1984 -. 
1.9 Unitless --

Rio Calculated g/sec Estimated from site visit 
A 10000 m2 
r=.--.-. 

Calculated 
.-.-

cowherd~1 Q1 g/sec 
'PR 0.296 Unitless Cowherd 

., 

X Calculated mg/m3 .. ..-
FI 3.837 (ug/m3)/(g/sec) 
Z 7 M Cowherd at at. 1984 
z(j 0.7 M Cowherd et aL, 1984 
U'" 0.35 m/sec Cc:wherd et aI., 1984 
CF2 0.001 mg!u~L 
~. 0.125 Unit!ess Cowtlerd et aI., 1984 ..... _ .. ~ ... 
1Fo 0.625 Unit!ess Cowherd et aI., 1984 

: .. -
CA Calculated mg!m3 
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TABLE 3-11 

Exposure Parameters For Surface Soil ingestion, Dermal Contact, And Inhalation 
Recreational Child - CTE Scenario 

NASJRB, Willow Grove, Pennsylvania 

Chemical Specific 
event 

Unitless EPA, 1995a ----I 

Q, 
PR 
X 

F, 
Z 

Calculated 
0.296 

gkec 
Unitless 

lb, 

Calculated 
3.837 

7 

mg/m3 
(ug/m3)/(g/sec) 

M 

Cowherd et al., 1984 
Cowherd et al.. 1984 

Cnwhmd st al., 1984 
I . 1 - -.... -.- -_. 

M Cowherd et i 
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TABLE 3-11 

Exposure Parameters For Surface Soil Ingestion, Dermal Contact, And Inhalation 
Recreational Child - CTE Scenario 

NASJRB, Willow Grove, Pennsylvania 

PARAMETER CHILD 3-8 UNITS SOURCE 

CS Chemical Specific mg/kg or J.lg/kg Analysis 

IRsoi' 100 mg/day EPA,1991a 
FI 1.0 Unitless Assumption 

C F Hnoraanics 1E-06 kg/mg 

C F 1-omamcs 1E-09 kg/l-lg 
EF 7 Days/year EPA,1991a 
ED 2 years EPA, 1989a, 1991a 
ET 8 Hours/day Assumption 

AT cancer 70 years EPA, 1991a 

AT non-oancer 2 years EPA,1991a 
SA See Appendix A cm2 EPA,1992a 

IRan 0.833 m3/hour EPA,1991a 

BW 21.3 kg EPA, 1991a 
AF 1 mg/cm2 per EPA, 1992a, 1995a 

event 
ABSderma, Chemical Specific Unitless EPA,1995a 

EPA,1995h 

Em Calculated g/m2 sec Estimated from site visit 
V 0.7 Unitless Cowherd et aI., 1984 
U 4.3 m/s 
Ut Calculated m/s Cowherd et aI., 1984 
F(x) 1.9 Unitless 

RlO Calculated g/sec Estimated from site visit 
A 10000 m2 

Q, Calculated g/sec Cowherd et aI., 1984 
PR 0.296 Unitless Cowherd et aI., 1984 
X Calculated mg/m3 
F, 3.837 (ug/m3)/(g/sec) 
Z 7 M Cowherd et aI., 1984 

Zo 0.7 M Cowherd et ai., 1984 
U* 0.35 m/sec Cowherd et aI., 1984 
CF2 0.001 mg/ug 
IFR 0.125 Unitless Cowherd et aI., 1984 
IFo 0.625 Unitless Cowherd et aI., 1984 
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TABLE 3-12 

Exposure Parameters For Surface Soil Ingestion, Dermal Contact, And Inhalation 
Future Resident - RMEScenario 

NASJRB, Willow Grove, Pennsylvania 

PARAMETER CHILD (0-6 YRS) ADULTS 
CS Ch-emical Specific Chemical 

Specific .. 
I RS0I1 200 100 
(R,"r 0.833 0.833 
FI 1 1 

24 24 -
350 350 -

ED· 6 24 
EV 1 1 
BW 15 70 
AT~c"r 70 70 

AT "',",.cane'" 6 24 

DA"van! Chemical Specific Chemical 

--- Specific 

1~·'nora3n'c. 1 X 10.£ 1 X 10-6 

1~Qroamc$ 
1 X 10.9 1 X 10.9 

.-
SA - 3,508* 
SA, Varies with age -
ED, i-year increrY!enIs -raW Varies with age -I 

AF 1 1 

ABSd"rm"l Chemical Specific Chemical 
SpecifiC 

E10 Calculated Calculated 
~ .. 

0.7 V 0.7 

U 4.3 4.3 
Ut Ca!culated Calculated 
F(x) 1.9 1.9 
Rw Calculated Calculated -
A 16000 . 10000 

Q, Calculated Calculated 
PR 0.296 0.296 
X Calculated Calculated 
F, 3.837 3.837 

Z 7 7 
z 0.7 0.7 

0.35 0.35 
2 0.001 0.001 

H 0.125 0.125 
() 0.625 0.625 

Calculated Calculated 

*Average of male and female surface areas for arms and hands 
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UNITS 
mg/kg 

mg soillday 
m3/hour 
unitless 

hours/day 
days/year 

years 
events/day 

kg 
years 
years 

mg/cm2-event 

kg/mg 
kg/ug 
em:? 
cm2 

years 
kg 

mg!cm2 
unitless 

g/m2 sec 
unitless 

m/s 
m/s 

unitless 
g/sec 

m2 

g{sec 
unitlass 
mg/m3 

( ug/m3)/(g/sec 
) 
m 
m 

m/sec 
mg/ug 

unitless 
unitless 
Mg/m3 

SOURCE •.. 
EPA 1989a 

-
EPA 1991d .-
EPA 1989a 
Assumption ... 

=: Conventional 
EPA 1991d 

EPA 1989a, 1991d 

EPA 1991d, 19898 
EPA,1989a 
EPA 1989a 

..-

EPA 1996e II 
EPA 1989a 

EPA 1989a, 1991d 
EPA 1996e --

... -
EPA 1992e 
EPA 1995a II 

-

Estimated from site 
visit 

Cowherd et aL, 1984 

.- -;;;-;:;:--
Cowherd et aL, 

Estimated from site II 
visit 

Cowherd at aI., 1984 
Cowherd et al.. 1984 

Cowl1~rd et aI., 1984 
Cowherd et al. I 1984 
Cowherd et aL I 1984 

Cowherd et aL I 1984 
qowherd et aL, 1984 

• 

• 

• 



TABLE 3-13 

Exposure Parameters For Surface Soil Ingestion, Dermal Contact, And Inhalation 
Future Resident - CTE Scenario 

NASJRB, Willow Grove, Pennsylvania 

*Average of male and female surface areas for arms and hands 
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TABLE 3-13 

Exposure Parameters For Surface Soil Ingestion, Dermal Contact, And Inhalation 
Future Resident - CTE Scenario 

NASJRB, Willow Grove, Pennsylvania 

PARAMETER CHILD (0-6 YRS) ADULTS UNITS SOURCE 
CS Chemical Specific Chemical Specific mg/kg EPA 1989a 

I Rsoi' 100 50 mg soil/day EPA 1991d 
I Rair 0.833 0.833 m3/hour EPA 1989a 
FI 1 1 unitless Assumption 
ET 24 24 hours/day Conventional 
EF 350 350 days/year EPA 1991d 
ED 2 7 years EPA 1989a, 1991d 
EV 1 1 events/day 
BW 15 70 kg EPA 1991d, 1989a 

ATcancer 70 70 years EPA,1989a 

AT non-cancer 2 7 years EPA 1989a 

DA..vent Chemical Specific Chemical Specific mg/cm2-event 
C F 1-inoraanics 1 X 10.6 1 x 10-6 kg/mg 
CF 1.organ,cs 1 X 10-9 1 X 10-9 kg/ug 
SA - 3,508* cm2 EPA 1996e 
SA; Varies with age - cm2 EPA 1989a 
EDi i-year increments - years EPA 1989a, 1991d 
BWj Varies with age - kg EPA 1996e 
AF 1 1 mg/cm2 EPA 1992e 

ABSderma' Chemical Specific Chemical Specific unitless EPA 1995a 
E10 Calculated Calculated g/m2 sec 
V 0.7 0.7 unitless Estimated from site 

visit 
U 4.3 4.3 m/s Cowherd et aI., 1984 
Ut Calculated Calculated m/s 
F(x) 1.9 1.9 unitless Cowherd et aI., 1984 --
RlO Calculated Calculated g/sec 
A 10000 10000 m2 Estimated from site 

visit 
Q1 Calculated Calculated g/sec 
PR 0.296 0.296 unitless Cowherd et aI., 1984 
X Calculated Calculated mg/m3 Cowherd et aI., 1984 
FI Calculated Calculated (ug/m3)/(g/sec) 
Z 7 7 m Cowherd et aI., 1984 
Zo 0.7 0.7 m Cowherd et aI., 1984 
U* 0.35 0.35 m/sec Cowherd et aI., 1984 
CFz 0.001 0.001 mg/ug 
IFR 0.125 0.125 unitless Cowherd et aI., 1984 
lFo 0.625 0.625 unitless Cowherd et ai., 1984 

*Average of male and female surface areas for arms and hands 

3-34 
NAVY f5466/Site5RIISect3 



3-35 

TABLE 3-14 

Exposure Parameters For Surface And Subsurface Soil ingestion, Dermal Contact, And Inhalation • 
Excavation Worker - RME Scenario 

NASJRB, Willow Grove, Pennsylvania 

- _.- -. 
Parameter Excavation Units Source 

Worker 
CS Chemical Specific rng/kg or I-A9/kg Analysis 

.-. -- -. 
IR"",I 480 mg/day EPA, '19918 

FI 1 unitless Assumption 
'- _ .. 

CF l-lnorg."lIcs 1E-06 kg/mg 
-----

CF2.org~"'G5 1E-09 kg/lJg 

EF 30 days/year EPA,1991a 
._·'V __ 

ED 1 years EPA, 1989a, 19918 

ET 8 hours/day Assumption 

EV 1 Events/day 
- ...... _ .... n .. 

IA T car!(~!;"tf 70 years EPA,1991a 

'AT mon<am;J!lr 1 years EPA, '1991a 

SA 3,508* cm2 EPA, 1992a 
... 

1Raw 2.5 m3/hour EPA, '(991a 

BW 70 kg EPA,1991a • AF -
1 mg/cm2 per EPA, 1992a, 19958 

event 
-:-:::::-:;;:_.-

ABS'1~.rn1!l1 Chemica! SpeCific unitless EPA,1995a 
EPA, 1995h -- ······M·~· -' E10 Calculated g/m2 sec 

V 0,7 unitless Estimated from site visit 
-;--:---
U 4.3 mls Cowherd et al., 1984 

-
Ut Calculated m/s 
C:::-:-: 
F(x) 1.9 unitless Cowherd et aI., 1984 

.. -
0 Calculated g/sec 

10000 m2 Estimated from site visit 
~.- .- ._-
0 1 Calculated g/sec 

-PH 0,296 unitless Cowherd et aI., 1984 

X Calculated mg/m3 '-Cowherd et al.. 1984 
---_. 
F, 3.837 (ug/m3)/(g/sec) 

...... 
Z 7 m Cowherd et aL, 1984 
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e TABLE 3-14 
Exposure Parameters For Surface And Subsurface Soil Ingestion, Dermal Contact, And Inhalation 
Excavation Worker - RME Scenario 
NASJRB, Willow Grove, Pennsylvania 
Page 2 Of 2 

*Average of male and female surface areas for arms and hands 
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TABLE 3-14 
Exposure Parameters For Surface And Subsurface Soil Ingestion, Dermal Contact, And Inhalation 
Excavation Worker - RME Scenario 
NASJRB, Willow Grove, Pennsylvania 
Page 2 Of2 

Parameter Excavation Units Source 
Worker 

Zo 0.7 m Cowherd et aI., 1984 

U* 0.35 m/sec Cowherd et aI., 1984 

CF2 0.001 mg/ug 

IFR 0.125 unitless Cowherd et aI., 1984 

1Fo 0.625 unitless Cowherd et aI., 1984 

*Average of male and female surface areas for arms and hands 
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TABLE 3-15 

Exposure Parameters For Surface And Subsurface Soil Ingestion, Dermal Contact, And Inhalation • 
Excavation Worker - CTE Scenario 

NASJRB, Willow Grove, Pennsylvania 

- --
Parameter Excavation Units Source 

Worker 
CS Chemical Specific mg/kg or !Jg/kg Ana!ysis 

'-'-" 

I Rsoil 480 mg/day EPA,1991a 
._--

FI 1 unitless Assumption 
. ., ... .-

C F 1-II,orga",O-' 1E-06 kg/mg 
~. -
CF';DOrgarw;.t;> iE-Oe kg/!Jg 
f==-. ,,- ~ ..... 
EF 15 days/year EPA. 1991a 

ED 1 years EPA, 1989a, 1991a 
-- 0.-

ET 8 hours/day Assumption 
.". 

EV 1 Event/day 

AT cancer 70 years EPA, 1991a 
,," 

AT non-can",,, 1 years EPA,1991a 
..... 

SA 3,508" cm2 EPA',· 1992a 
---

IR"w 2.5 m3!hour EPA,1991a 

BW 
-f-o 

70 kg EPA, 1991a • AF 1 mg/cm2 per EPA, 1992a, 1995a 
event - o. ._-

ABSde,mal Chemical Specific unitless EPA,1995a 
EPA,1995h 

." .. --
Em Calculated g/m2 sec 

- .~. 

V 0.7 unitless Estimated from site visit 
- -

U 4.3 m/s Cowherd et al.. 1984 
-. .---

Ut Calculated mls 
-

F(x) 1.9 unitless Cowherd et aL, 1984 
-

Rw Calculated g/sec 

A 10000 m2 Estimated from site visit 
f-::--- "" 

Q1 Calculated g/sec 

PR 0.296 unitless Cowherd et aL, 1984 
~" .- o-
X Calculated mg/m3- Cowherd et aL, 1984 

FI 3.837 (ug/m3)/(g/sec) 
-.. -

IZ 7 m Cowherd et aL, 1984 
.. ~ ... ,,_ no .-._-
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TABLE 3-l 5 
Exposure Parameters For Surface And Subsurface Soil Ingestion, Dermal Contact, And Inhalation 
Excavation Worker - CTE Scenario 
NASJRB, Willow Grove, Pennsylvania 
Page 2 Of 2 

IlParameter I Excavation Units Source 

ZO 

Worker 
0.7 m Cowherd et al., 1984 

U* 
I I I 

0.35 mlsec Cowherd et al., 1984 
I I I 

0.001 mgU 
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TABLE 3-15 
Exposure Parameters For Surface And Subsurface Soil Ingestion, Dermal Contact, And Inhalation 
Excavation Worker - CTE Scenario 
NASJRB, Willow Grove, Pennsylvania 
Page 2 Of2 

Parameter Excavation Units Source 
Worker 

Zo 0.7 m Cowherd et aI., 1984 

U* 0.35 m/sec Cowherd et aI., 1984 

CF2 0.001 mg/ug 

IFR 0.125 unitless Cowherd et aI., 1984 

1Fa 0.625 unitless Cowherd et aI., 1984 
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this scenario were current occupational workers, current adolescent and adult trespassers. future child and 

adult residents, future excavation workers, and future recreational children. EPA or conventional values 

were used for most input parameters. For tile dermal pathway, it was assumed that the primary areas of 

skin available for adult receptors (current and future) contact would be the hands and arms; for children 

(future) and adolescents (current), 25 percent of body surface area would be exposed. 

A sample calculation for inhalation of fugitive dust is provided in Appendix J. The input parameters for this 

exposure route, along with the rationale for the selection of each value, are presented in Table 3-6 through 

Table 3-15 for RME and GTE scenarios. As discussed in Section 3.1.3.2. the potential receptors for this 

scenario were current occupational workers, current adolescent and adult trespassers, future child and adult 

residents, future excavation workers. and future recreational children. EPA or conventional values were 

used for most input parameters. Inhalation exposure to fugitive dust was calculated for receptors only using 

the equations established by EPA (1989a) and Cowherd, et at (1984). Exposure to fugitive dust emissions 

from surface soil in an area of interest can be estimated by first calculating the average annual rate of 

PM lO particulate emissions, the average annual PMw concentration downwind from the source area, and 

the downwind cope concentration associated with PMw and then applying this concentration to estimate 

the intake rate for the receptors. The input parameters were generally those provided in the Cowherd 

model, which allows limited parameter choices for area and distance to the area of interest. Specific 

details regarding the application of the mode! can be found in the source document (Cowherd, et aI., 1884), 

Two potentia! exposure routes are associated with direct contact with sediment at NASJRB Willow Grove: 

ingestion and dermal contact. These scenarios were evaluated using the same basic equations as 

ingestion and dermal exposures for surface soil, which were explained above. 

Ingestion 

("'S' * IR * Fl * ""F * E· F * EI) 
[\fT.·i'K·>l? . . .., I 1, .. ,,' /.-1 ,_." 1"""ffill!""1 . C ' . --:, ; ___ ..:......_ 
.1' .1. GINw;snON(ln,{,; II!?,); UlZl- BTV* 4T*16.:;daJw/ 

, - - " .veal' 

Dermal Contact 

JUT'! C"l:' .' 1. . ! 1 DA'r'm '" SA '" EF'" liD'" EV 
j, f r~ lJliRMAL (mg / fI:g) , til{V:::::: _._' .. t. l" (Adults) 

BFV * AT* 36S(ays, 
···.vear 
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INK4 KE DERnsAI, 
“EV”EF 

= 
,, SAi * EDi 

A;;:li;g5T;; * cf=m BJ4; 
(Children, accounts changing SA and BW) 

where: 

CS 

1 Ltment 

FI 

EF 

ED 

EV 

BW 

AT 

CF 

SA 

Chemical concentration in sediment (mg/kg or pg/kg sediment) 

Sediment ingestion rate (mg soil/day) 

Fraction ingested from contaminated source (unitless) 

Exposure frequency (days/yr) 

Exposure duration (years) 

Event frequency (events/day) 

Body weight (kg) 

Averaging time (days) 

Conversion factor (1 x lOa kg/mg for inorganics; 1 x 10” kg/pg for 
organics) 

Skin surface area available for contact (cm’/day) 

Surface area exposed at age i (cm*) 

Exposure duration at age i (years) 

Body weight at age i (kg) 

Soil-to-skin adherence factor (mg/cm2) 

Absorption factor (unitless) 

A sample calculation for ingestion of sediment is provided in Appendix J. The input parameters for this 

exposure route, along with the rationale for the selection of each value, are presented in Table 3-16 through 

Table 3-19 for RME and CTE scenarios. As discussed in Section 3.4.3, the potential receptors for this 

scenario were current adolescent and adult trespassers and future recreational children, EPA or 

conventional values were used for all input parameters. 

A sample calculation for’dermal contact with sediment is provided in Appendix J. The input parameters 

for this exposure route, along with the rationale for the selection of each value, are presented in Table 3- 

16 through Table 3-19 for RME and CTE scenarios. As discussed in Section 3,1.3.2, the potential 

receptors for this scenario were current adolescent and adult trespassers and future recreational children. 

NAW/5466/SiteSRI/Sect3 
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Ill/TAKE = DA"venl * EV * ~F * ,11 SA; * ED; (Children, accounts changing SA and BW) 
DERMAL * days " L.Ji~m Bl4~ 

AT 365 /year I 

DAeI'e/lt = CS * AF * ABSdermal * CF., 

where: 

CS = Chemical concentration in sediment (mg/kg or 1J9/kg sediment) 

I Rsediment = Sediment ingestion rate (mg soil/day) 

FI = Fraction ingested from contaminated source (unitless) 

EF = Exposure frequency (days/yr) 

ED = Exposure duration (years) 

EV = Event frequency (events/day) 

BW = Body weight (kg) 

AT = Averaging time (days) 

CF = Conversion factor (1 x 10'" kg/mg for inorganics; 1 x 10.9 kg/lJg for 
organics) 

SA = Skin surface area available for contact (cm2/day) 

SAi = Surface area exposed at age i (cm2) 

ED, = Exposure duration at age i (years) 

BWi = Body weight at age i (kg) 

AF = Soil-to-skin adherence factor (mg/cm2) 

ABSdermal = Absorption factor (unitless) 

A sample calculation for ingestion of sediment is provided in Appendix J. The input parameters for this 

exposure route, along with the rationale for the selection of each value, are presented in Table 3-16 through 

Table 3-19 for RME and CTE scenarios. As discussed in Section 3.4.3, the potential receptors for this 

scenario were current adolescent and adult trespassers and future recreational children. EPA or 

conventional values were used for all input parameters . 

. 
A sample calculation for dermal contact with sediment is provided in Appendix J. The input parameters 

for this exposure route, along with the rationale for the selection of each value, are presented in Table 3-

16 through Table 3-19 for RME and CTE scenarios. As discussed in Section 3.1.3.2, the potential 

receptors for this scenario were current adolescent and adult trespassers and future recreational children. 
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TABLE 3-16 

Exposure Parameters For Sediment Ingestion And Dermal Contact 
Trespasser Adolescent And Adult - RME Scenario 

NASJRB, Willow Grove, Pennsylvania 

PARAMETER ADOLESCENT ADULT UNITS SOURCE 
CS Chemical- Chemical- mg/kg EPA 1989a 

Specific Specific 
II IR 

t 100 100 mg sed/day EPA 1991d 
II FI 1 1 unitless Professional judgment 

EF 30 24 days/year ASSU~lption 
ED 11 19 years EPA 1991d - -.~-

BW 40 70 kg EPA 1996e 
-;--

70 70 EPA 198~la ATe""",,, years -.... ~ 
.AT 11 19 years EPA 1989a .. ......... ,..... 
EV 1 1 eV6nts/d~y .. 
DA,,"ent Chemical- Chemical- mg/cm2

-

Specific Specific event .. - -
1 x 10'" 1 X 10-'6 CF",o,a"",cs kg/mg 
1 x 10:9 1 X 10.9 -

CForranl!." kg/ug - .. -
SA - 4,734* Cm2 EPA, '1995 
SA, ,varies with age cm2 EPA 1985 

.. _-
-

ED, 1-year - years EPA 1989a, 1991d 
increments ... .. -

BW, Varies with age - kg EPA 1985 -
AF 1 1 mg/cm2 EPA 19926 ... .. .-

! ABS(jermal Chemica/- Chemical- unitless EPA 19958 
cific SpeCific 

"". -

* Average of male and female surface area for hands, arms, and feet 
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TABLE 3-17 

Exposure Parameters For Sediment Ingestion And Dermal Contact 
Trespasser Adolescent And Adult - CTE Scenario 

NASJRB, Willow Grove, Pennsylvania 

PARAMETER 1 ADOLESCENT 1 ADULT UNITS SOURCE 
1 Chemical- 1 Chemical-Specific 1 

:ific I I 
1 50 

1 I I -. .._.--- 

EC I IE I I-3 Ae.,,r/*.rr,, udyzdyaal 

wars 

EPA 198% 

Assumption 
EPA 1991d 
EPA 1996e 

I 2 I 7 I vears I EPA 1989a , 
1 1 1 events/day ) 

Chemical- Chemica - 
I 

il-Specific 
I I 

mg/cmz- 
Specific I event I II 

1 years EPA 1989a, 1991d 1 -year I 

Specific 

* Average of male and female surface area for hands, arms, and feet 
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TABLE 3-17 

Exposure Parameters For Sediment Ingestion And Dermal Contact 
Trespasser Adolescent And Adult - CTE Scenario 

NASJRB, Willow Grove, Pennsylvania 

PARAMETER ADOLESCENT ADULT UNITS SOURCE 
CS Chemical- Chemical-Specific mg/kg EPA 1989a 

Specific 

I Rsediment 50 50 mg sed/day EPA 1991d 
FI 1 1 Unitless Professional judgment 
EF 15 12 days/year Assumption 
ED 2 7 years EPA 1991d 
BW 40 70 kg EPA 1996e 
AT cancer 70 70 years EPA 1989a 
AT non.cancer 2 7 years EPA 1989a 
EV 1 1 events/day 
DAevent Chemical- Chemical-Specific mg/cm2-

Specific event 
C F tnoraan<cs 1 X 10'6 1 X 10-6 kg/mg -
CForQaniCs 1 x 10-9 1 X 10-9 kg/ug 
SA - 4,734* Cm2 EPA, 1995 
SA, Varies with age - cm2 EPA 1985 
ED, 1-year - years EPA 1989a, 1991d 

increments 
BW, Varies with age - kg EPA 1985 
AF 1 1 mg/cm2 EPA 1992e 
ABSdermal Chemical- Chemical-Specific unitless EPA 1995 

Specific 

* Average of male and female surface area for hands, arms, and feet 
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TA 3-28 

3-43 

..I...- 

cl-n2 

TABLE 3-18 

Exposure Parameters For Sediment Ingestion And Dermal Contact 
Recreational Child - RME Scenario 

NASJRB, Willow Grove, Pennsylvania 

PARAMETER CHILD VALUE (3-8 YRS) UNITS SOURCE 

CS Chemical-Specific ~1~i~g EPA 1989a 

E='~'! 
200 mg sed/day EPA 1991d 

,,-

., 
1 unitless Professional judgment - -, --

EF 7 days/year Assumption 
I-ED 

,-
6 years EPA 1991d ., 

BW 21,3 kg EPA 1996e 
(Ave, 3.::.8 yrs,) 

ATcanc,;o' 70 years EPA 1989a .-
~!!-c,;;n.:.f'" 6 years EPA 1989a -EV 1 events/day 

I DA.ven, Chemical-Specific mg/cm2-event 
"'-.'.-."-

CF,nom8n1c, 1 x 10'" kg/mg 
CF omanics 1 X 10,9 kg/ug .. -... 
SA, Varies with age cm2 EPA 1985 
ED, i-year increments years EPA 1989a, 1991'cl""-
BW, Varies with age kg EPA 1985 

- ,--
AF 1 mg/cm2 EPA 1992e 

ABSdermal Chemical-Specific unitless EPA 1995 
-,-
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TABLE 3-l 9 

Exposure Parameters For Sediment Ingestion And Dermal Contact 
Recreational Child - CTE Scenario 

NASJRB, Willow Grove, Pennsylvania 

EF 
ED 
BW 

7 
2 

21.3 

days/year Assumption 
years I EPA 1991d 

kg EPA I! 

II . . .._-I I 2 I vears I EPA l! 

II EV 1 events/day II -. 
Chemical-SDecific I ma/cm”-event I II 

II ED, I 1 -vear increments I Years I EPA 19; 

NAVY15466iSite5RIISect3 
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TABLE 3-19 

Exposure Parameters For Sediment Ingestion And Dermal Contact 
Recreational Child - CTE Scenario 

NASJRB, Willow Grove, Pennsylvania 

PARAMETER CHILD VALUE (3-8 YRS) UNITS SOURCE 

CS Chemical-Specific mg/kg EPA 1989a 

I RSedtment 100 mg sed/day EPA 1991d 
FI 1 unitless 
EF 7 days/year Assumption 
ED 2 years EPA 1991d 
BW 21.3 kg EPA 1996e 

(Ave. 3-8 yrs.) 

AT can""r 70 years EPA 1989a 

AT non-cancer 2 years EPA 1989a 
EV 1 events/day 

DAevent Chemical-Specific mg/cm2-event 

CF inoraanics 1 x 10-6 kg/mg 
CForaanics 1 x 10-9 kg/ug 
SA, Varies with age cm2 EPA 1985 
EDt 1-year increments years EPA 1989a, 1991d 
BWi Varies with age kg EPA 1985 
AF 1 mg/cm2 EPA 1992e 

ABSderma' Chemical-Specific unitless EPA 1995 
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3.1.3.5.3 Surface water Exposure -..- 

EPA or conventionai values were used for most input parameters, For the dermal pathway, it was 

assumed that the primary areas of skin available for adult receptors (current) contact would be tile hands, 

arms, and feet; for children (future) and adolescents (current), 25 percent of body surface area WOlllci be 

exposed, 

3.1.3.5.3 Sulj'ace Water Exposure 

Two potential exposure routes are associated with surface water exposure at NASJRB Willow Grove: 

ingest!on and dermal contact. These scenarios were evaluated using the same basic equations as 

ingestion and dermal exposures for groundwater, which were explained above. 

Ingestion 

INTAKE INGESll()X (mg' / kg) I dc~V 
CW '" If{ '" eF * EF * ED = -' ., sufj~1(.'t!WUI ~~~ ___ ' ........... I .... ____ '_._._ 

BfV '" AT '" 365 days, . 
year 

Dermal Contact 

lr· ... ,~ * ,\4'" E·F· * E'D* EF 
j ,I\']' ,IKE" (~. ! I,,) ! J ~ ,_ .~'<'nl c .. ~. .... , ,~ 

• /j 'DERAW. mJ:., i I\,$s, Il4{lJ - dlTV" / (Adults) 
BPV'" AT'" 365 . 'J" 

year 

IJlTriKE DE'RlvfAL ;:;: 
DA * EV* EF 11 SA, * ED 

.. event i ,. '--'. -, - * L" _1 ___ 1 (Children. accounts for varying SA and BW) 
lIT * 3"'5 (, ays, ,-In BW 

< "' \). ..' year I 

DA,'v~lIt = PC"wml * CW *' C~ * CF; 
For Inorganics (Steady State Approach): 

For Organics (Non-steady State Approach): 

Case 1: 

where t..vel'lt < f (for the specific organic chemical) 
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Case 2: 

where: 

where event > t* (for the specific organic chemical) 

Concentration of contaminant in surface water @g/L) 

Surface water ingestion rate (L/day) 

Conversion factor (mgll0” ug) 

Conversion factor (L/1 O3 cm3) 

Exposure frequency (days/year) 

Exposure duration (years) 

Event frequency (events/day) 

Averaging time (years) 

Surface area (cm2) 

Body weight (kg) 

Dose absorbed per unit area per event [mg/(event-cm*)] 

Diffusion depth per event (cm/event) 

Permeability coefficient from water (cm/hr) 

Duration of event (hrlevent) 

Permeability coefficient from water (cm/hr) 

Lag time (hr) 

Time to reach steady state (hr) 

Octanol water partition coefficient divided by IO” (dimensionless) 

Surface area exposed at age i (cm*) 

Exposure duration at age i (years) 

Body weight at age i (kg) 

A sample calculation for ingestion of surface water is provided in Appendix J. The input parameters for this 

exposure route, along with the rationale for the selection of each value, are presented in Table 3-20 through 

Table 3-23 for RME and CTE scenarios. As discussed in Section 3.1.3.2, the potential receptors for this 

scenario were current adolescent and adult trespassers and future recreational children. EPA or 

conventional values were used for all input parameters. 

a 
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Case 2: 

PC - K * «(.t event / .) + 2 * «1 + 3B% ) 
evellt - pw--org /(1 + B) T (1 + B) 

where t..vent > t* (for the specific organic chemical) 

where: 

CW = Concentration of contaminant in surface water (j.Jg/L) 

I Rgroundwater = Surface water ingestion rate (L/day) 

CF1 = Conversion factor (mg/1 03 j.Jg) 

CF2 = Conversion factor (L/1 03 cm3
) 

EF = Exposure frequency (days/year) 

ED = Exposure duration (years) 

EV = Event frequency (events/day) 

AT = Averaging time (years) 

SA = Surface area (cm2) 

BW = Body weight (kg) 

DAevent = Dose absorbed per unit area per event [mg/(event-cm2)J 

PCevent = Diffusion depth per event (cm/event) 

Kpw-inorg = Permeability coefficient from water (cm/hr) 

tevent = Duration of event (hr/event) 

Kpw-org = Permeability coefficient from water (cm/hr) 

1: = Lag time (hr) 

t* = Time to reach steady state (hr) 

B = Octanol water partition coefficient divided by 104 (dimensionless) 

SAi = Surface area exposed at age i (cm2) 

EDi = Exposure duration at age i (years) 

BWi = Body weight at age i (kg) 

A sample calculation for ingestion of surface water is provided in Appendix J. The input parameters for this 

exposure route, along with the rationale for the selection of each value, are presented in Table 3-20 through 

Table 3-23 for RME and CTE scenarios. As discussed in Section 3.1.3.2, the potential receptors for this 

scenario were current adolescent and adult trespassers and future recreational children. EPA or 

conventional values were used for all input parameters. 
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TABLE 3-20 

Exposure Parameters For Surface Water Ingestion And Dermal Contact 
Trespasser Adolescent And Adult - RME Scenario 

NASJRB, Willow Grove, Pennsylvania 

PARAMETER ADOLESCENT ADULT UNIT SOURCE 

CW Chemical- Chemica!- ug/liter EPA 1989a 
Specific Specific 

I R.w·fac., water 0.065 0.065 liters/day E 
.u.~ ... 

mg/10;; ug CF. 0.001 0.001 
r:::-~ . 

.S;F2_ 0.001 0.001 liters!103 cma 

EF 30 24 days/year EPA 1989a 
~D 

" --
11 19 years EPA 1991d 

EV 1 1 events/day 
BW 40 70 Kg EPA 1996e 

AT",mcef 70 70 Years EPA 1989a --
A T non~~;am:ml' 11 19 Years EPA 1989a 

_~~u_ 

DA.went Chemical- Chemical- Mg/event-
Specific Specific cm2 

.. ~.-
SA - 3,508" Cm2 EPA 1985 --SA Varies with Age - Cm2 EPA 1985 
ED, 1 year - Years EPA 1989a 

increments -
'!?.YYL __ v..§~\es ~!!~.~ge " 70 Kg EPA 1985 

"--
AF 1 1 Mg/cm2 EPA 1992e 

Kpw.,nofo 0.001 0.001 em/hour EPA '1992e 

KP1J1H:tft:ii Chemical- Chemical- Cm/hour EPA 1992e 
Specific SpeCific 

t';VO:1t 2.6 2.6 Hour/event 
t" Chemical- Chemical- Hour EPA 1992e 

Specific Specific 
t Chemical- Chemical- Hour EPA 1992e 

Specific Specific 

PCe"~nt Chemical- Chemical- Cm/event 
Specific Specific 

~--
_ .. " .. 

B Chemical- Chemical- Unitless EPA 1992e 
Specific Specific 
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TABLE 3-21 

Exposure Parameters For Surface Water ingestion And Dermal Contact 
Trespasser Adolescent And Adult - CTE Scenario 

NASJRB, Willow Grove, Pennsylvania 

NAVY15466lSiteSRliSect3 
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TABLE 3-21 

Exposure Parameters For Surface Water Ingestion And Dermal Contact 
Trespasser Adolescent And Adult - CTE Scenario 

NASJRB, Willow Grove, Pennsylvania 

PARAMETER ADOLESCENT ADULT UNITS SOURCE 
CW Chemical-Specific Chemical- uglliter EPA 1989a 

Specific 

I Rsurface water 0.065 0.065 liters/day EPA 1989a 
CF1 0.001 0.001 mg/103 ug 
CF2 0.001 0.001 liters/103 

cm3 

EF 15 12 days/year EPA 1989a 
ED 2 7 years EPA 1991d 
EV 1 1 events/day 
BW 40 70 kg EPA 1996e 
AT cancer 70 70 years EPA 1989a 

AT non.cancer 2 7 years EPA 1989a 
DA.,vent Chemical-Specific Chemical- mg/event-

Specific cm2 

SA - 3,508* Cm2 EPA 1995 
SA, Varies with Age - cm2 EPA 1985 
ED; 1 year increments - years EPA 1989a 
BWi Varies with Age 70 kg EPA 1985 
AF 1 1 mg/cm2 EPA 1992e 

Kpw-inoro 0.001 0.001 cm/hour EPA 1992e 

Kpw-org Chemical-Specific Chemical- cm/hour EPA 1992e 
Specific 

tevent 2.6 2.6 hour/event 
t* Chemical-Specific Chemical- hour EPA 1992e 

Specific 
T Chemical-Specific Chemical- hour EPA 1992e 

Specific 
PC event Chemical-Specific Chemical- cm/event 

Specific 
B Chemical-Specific Chemical- unitless EPA 1992e 

Specific 
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I 1 
I hour I 

- 

-
PARAMETER 

CW 

~'WI"C" ",,,te'· 

CF1 

CF2 

EF 
ED 
EV 
BW 

AT ""ne,,! 

ATnon-cancer 

DA .. vm111 

SA, 
ED, 
BW; 
AF 

K.".....'nqrg 

K,w_o", 
tev&n! 

t* --. 
'l' 

PC"vent 
B .. 

TABLE 3-22 

Exposure Parameters For Surface Water Ingestion And Dermal Contact 
Recreational Child - RME Scenario 

NASJRB, Willow Grove, Pennsylvania 

CHILD VALUE (3-8 UNITS SOURCE 
YEAR) 

Ch~:nical-Specific uglliter EPA 1989a 
0.065 liters/day EPA·1989a 
0.001 mg/10:1 ug 

----._-
0.001 liters/103 em3 

-.. --
7 days/year EPA 198fJa 
6 years EPA 1991d 
1 events/day 

21.3 kg EPA 1996e 
(Ave. 3-8 yrs.) 

70 years EPA 1989a 
6 years EPA 1989a .-

mg/event- cm2 Chemical-Specific 
Varies with Age cm2 EPA 1985 .. 

1 year increments years EPA 1989a --
Varies with AQe kg EPA 1985 

1 m~/cm2 EPA 1992e 
0.001 em/hour EPA 1992e .. 

ChemicaH3pecific em/hour EPA 1992e 
2.6 hour/event 

Chemical-Specific hour EPA 1992e 
Chemical-SPe:cific hour EPA 1992e 
Chemical-Specific em/event .-
Chemical-Specific unitless EPA 19926 ._. -
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TABLE 3-23 

Exposure Parameters For Surface Water Ingestion And Dermal Contact 
Recreational Child - CTE Scenario 

NASJRB, Willow Grove, Pennsylvania 
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PARAMETER 
CW 
I Rsurtace water 

CF1 

CF2 

EF 
ED 
EV 
BW 
AT cancer 

AT non-cancer 

DA"vent 
SA, 
ED, 
BWi 

AF 
KowRjnoro 

Kow-ora 

'tevent 

t* 
T 

PCevent 
B 

TABLE 3-23 

Exposure Parameters For Surface Water Ingestion And Dermal Contact 
Recreational Child - CTE Scenario 

NASJRB, Willow Grove, Pennsylvania 

CHILD VALUE (3-8 YRS) UNITS SOURCE 
Chemical-Specific ug/liter EPA 1989a 

0.065 liters/day EPA 1989a 
0.001 mg/103 ug 
0.001 Iiters/103 cm3 

7 days/year EPA 1989a 
2 years EPA 1991d 
1 events/day 

21.3 kg (Ave. 3-8 yrs.) EPA 1996e 
70 years EPA 1989a 
2 years EPA 1989a 

Chemical-Specific mg/event- cm2 

Varies with Age cm2 EPA 1985 
1 year increments years EPA 1989a 
Varies with Age kg EPA 1985 

1 mg/cm2 EPA 1992e 
0.001 cm/hour EPA 1992e 

Chemical-Specific cm/hour EPA 1992e 
2.6 hour/event 

Chemical-Specific hour EPA 1992e 
Chemical-Specific hour EPA 1992e 
Chemical-Specific crn/event 
Chemical-Specific unitless EPA 1992e 
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A sample calculation for derma! contact with surface water is provided in Appendix J, The input parameters 

for this exposure route, aiong with the rationale for the selection of each value, are presented in Table 3-20 • 

through Table 3-23 for RME and eTE scenarios. As discussed in Section 3.1.3.2, the potential receptors for 

this scenar10 were current adolescent and adult trespassers and future recreational children. EPA or 

conventional values were used for aU input parameters. The approach for dermal contact with surface water 

is based on the assumption that water contaminants are present in dilute solution and that percutaneous 

absorption is controlled by the flux of water. ~1W' B, 1:, and t* were chemical-specific values obtained from 

EPA (1992e) or derived from the molecular weight and Kow as demonstrated therein. As recommended by 

the guidance, default ~N.'nOfg values of 1 E-3 cm/hr were used for metals for which experimental values had 

not been obtained (EPA, 1992e), For the dermal pathway, it was assumed that the primary areas of skin 

available for adult receptors (current and future) contact would be the hands, arms, and feet; for children 

(future) and adolescents (current), 25 percent of body surface area would be exposed, 

3~ 1.3.5.4 ~roundwater Exposure 

Three potentia! exposure routes are associated with direct contact with groundwater at the site: ingestion, 

dermal contact, and inhalation of vapors during showering or excavation activities (from shallow 

groundwater). The methods used to assess these routes of exposure are discussed in the following text. 

Exposures via incidental groundwater ingestion, derma! contact, and inhalation of volatile organic vapors 

are estimated using the following equations (EPA, 1989a): 

Ingestion 

INTAKE lVCiFsnov (mg I kg ) / day 
CW '" lR * CF * EF '" ED = ." grmlll£ilmll' r '. I .. J -' 

RTf/ * AT * 365 days // 
/ year 

Dermal Contact 

J"T'T"1 FE 'i k '_I. DA"'Wli :I< SA * EF * ED *' EV 
IV J/ I\, :'1Jf,nH4J (mg i g)! aay = -. .._-_ .. i'" (Adults) 

BW * 1T *' "6'i{ ays 
~.. .) L'year 

I lvTAKE DERMAL 
DA "I'll *EV * EF ",...,Il SA * ED = __ e.l_1. __ .. ___ ;_ * ~, I I (Children, accounts for varying SA and BW) 
--11' * 36"Sdays: 1=1/1 BW . -' .. year I 
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For lnorganics (Steady State Approach): 

For Organics (Non-steady State Approach): 

Case I: 

Case 2: 

where Lent c t’ (for the specific organic chemical) 

J-,,,, = PC,,>c,t * (-Jpfi’ * CF, * C]T2 

where cvsnt > t* (for the specific organic chemical) 

e Inhalation of COPCs in Volatile Organic Vapors (Showering) 

Where: 

PR*ir *’ D _ 

BW”Ra*CF, 
*Q 

s= Cwd*Fr 

SV 

KaL = 

NhWki466tSite5RIISect3 

AND kl=kC* s Jr--- 
3-52 

AND 

For Inorganics (Steady State Approach): 

• PC - K *t event - pw-inorg ewn! 

For Organics (Non-steady State Approach): 

Case 1: DA. - PC * CT,fl * ('/? * ("f~ eW;'fll - event,r 1 / 2 

PC 2 * K * 6 * 7: * teveu! 
event == pw-arg --'---

Jr 

where tevant < f (for the specific organic chemical) 

Case 2: D 1 PC' * C1F * ("F, * C"F' ".I. (~l'elll = evenl ,'1'1 l' '2 

PC - K * ((tevent!.1 ) + 2 * «1 + 3B)/ ) 
evefll - pw-org I (1 + B) 7: / (1 + B) 

where levent > t* (for the specific organic chemical) 

• Inhalation of COPCs in Volatile Organic Vapors (Showering) 

• 

D * EF * ED 
INTAKEU{ffALATION(mg / kg) / day = I' 

AT * 365 c.ays// 
/year 

Where: 

D=- IRa~*Q 
BW* Ra * CF, 3 

s == _C_l-i_'d_*_F_r 
Sv 

KaL = KL 

Ji, ::~ 
kg = kH* ~M~VH 

MW 

NAVY 15466/Site5RI/Sect3 

AND Q= Ds+ - AND {
e-Ua'DI} {e""R"*(D.'-V/)} 

, Ra Ra 

AND Clvd == C1V * (1- e-KaL*/,,'*6!d*Cl'4*CFI) 

AND AND 

AND kl = kC * ~Jl.IWC 
MW 
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Inhalation of copes in Volatile Organic Vapors (Excavation) 

INTAKE IVllAloAtfON (tng / kg) / dqv 
c *' lR *' EF * FD :::: __ -.:. [our ,ch.!.>mi(~~~. ~ _____ "_-_ 

.11' *' 3(') dqvs // 
,- - L . veal' 

• 
-, err *' CF *' H *' 1;' *' 1/ (."",,,,;'<ollll«JI =- .-/ 'I /1) 11' 

I 1\ / '1 

where: 

CIN = Concentration of contaminant in groundwater (iJg/L) 

I RgfOundwahH := Groundwater ingestion rate (L/day) 

CF1 
::: Conversion factor (mg/1 03 1-19) 

CF.z ::: Conversion factor (L/1 03 cm3
) 

EF ::: Exposure frequency (days/year) 

ED ::: Exposure duration (years) 

EV ::: Event frequency (events/day) 

AT :: Averaging time (years) 

SA = Surface area (cm2} 

BW :::: Body weight (kg) 

DA"venl ::: Dose absorbed per unit area per event [mg!(event-cm2)] • peeV@"! = Diffusion depth per event (cm/event) 

V'-pw.inorg = Permeability coefficient from water (cm!hr) 

t..v,,"t ::: Duration of event (hr/event) 

Kpw"r.)fg 
::: Permeability coefficient from water (cm/hr) 

, :::: Lag time (hr) 

t'" ::: Time to reach steady state (hr) 

B ::: Octano! water partition coefficient divided by 104 (dimensionless) 

SA, = Surface area exposed at age i (cm2) 

ED, = Exposure duration at age i (years) 

aw, ::: Body weight at age i (kg) 

D = inhalation dose (mg/kg!shower) 

CF3 -- Conversion factor: 106 ug x L I (mg x m3
) 

Q - Function of air exchange rate and time in shower and shower room (min) 

IRa" :::: Inha!ation rate (Umin) 

S '" Indoor VOC generation rate (ug/m3/min) 

Ra :::: Rate of air exctlange (min,i) 

Os ::: Duration of shower (min) • 3-53 
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Dt 

CWd 

Fr 

SV 

KaL 

ts 

6/d 

CF.4 

Ch 

d 

KL 

T, 

Ts 

I4 

l-4 

R 

T2 

H 

kg 

kl 

kH 

kC 

MWH 

MWC 

MW 

C ar,chemital 

T3 

Total time in shower room (min) 

Concentration leaving water droplet (ug/L) 

Shower flow rate (Umin) 

Shower room air volume (m”) 

Adjusted overall mass transfer coefficient (cmlhr) 

Shower droplet time (set) 

Specific inter-facial area (l/mm) 

Conversion factor (1 hr/3600 set) 

Conversion Factor (IO mm/cm) 

Shower droplet diameter (mm) 

Mass transfer coefficient (cm/hr) 

Calibration water temperature of KL (“K) 

Shower water temperature (“K) 

Water viscosity at Tl (centipoise) 

Water viscosity at Ts (centipoise) 

Ideal gas law constant [atm-mV(moie-“K)] 

Absolute temperature (“K) 

Henry’s Law constant (atm-m?mole) 

Gas-film mass transfer coefficient (cmlhr) 

Liquid-film mass transfer coefficient (cm/hr) 

kg for water (cm/hr) 

kl for carbon dioxide (cmlhr) 

Molecular weight of water (g/mole) 

Molecular weight of carbon dioxide (g/mole) 

Molecular weight of the chemical (g/mole) 

Concentration in Air (mg/m3) 

Temperature (OK) 

A sample calculation for ingestion of groundwater is provided in Appendix J. The input parameters for this 

exposure route, along with the rationale for the selection of each value, are presented in Table 3-24 and 

Table 3-25 for RME and CTE scenarios. As discussed in Section 3.1.3.2, the potential receptors for this 

scenario were future adult and child residential receptors. EPA or conventional values were used for all input 

parameters. 

A sample calculation for dermal contact with groundwater is provided in Appendix J. The input parameters 

for this exposure route, along with the rationale for the selection of each value, are presented in Table 3-24 

and Table 3-25 for RME and CTE scenarios. As discussed in Section 3.1.3.2, the potential receptors for this 

NAVYh466JSite5RI/Sect3 
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Dt = Total time in shower room (min) 

Cwd = Concentration leaving water droplet (ug/L) 

Fr = Shower flow rate (Umin) 

Sv = Shower room air volume (m3
) 

KaL = Adjusted overall mass transfer coefficient (cm!hr) 

ts = Shower droplet time (sec) 

6/d = Specific interfacial area (1/mm) 

CF4 = Conversion factor (1 hr/3600 sec) 

CFs = Conversion Factor (10 mm/cm) 

d = Shower droplet diameter (mm) 

KL = Mass transfer coefficient (cm/hr) 

T1 = Calibration water temperature of KL CK) 

Ts = Shower water temperature CK) 

1J1 = Water viscosity at T1 (centipoise) 

IJs = Water viscosity at Ts (centipoise) 

R = Ideal gas law constant [atm-m3/(mole-"K)] 

T2 = Absolute temperature CK) 

H = Henry's Law constant (atm-m3/mole) 

kg = Gas-film mass transfer coefficient (cm/hr) 

kl = Liquid-film mass transfer coefficient (cm/hr) 

kH = kg for water (cm/hr) 

kC = kl for carbon dioxide (cm/hr) 

MWH = Molecular weight of water (g/mole) 

MWC = Molecular weight of carbon dioxide (g/mole) 

MW = Molecular weight of the chemical (g/mole) 

C air, chemical = Concentration in Air (mg/m3) 

T3 = Temperature (OK) 

A sample calculation for ingestion of groundwater is provided in Appendix J, The input parameters for this 

exposure route, along with the rationale for the selection of each value, are presented in Table 3-24 and 

Table 3-25 for RME and CTE scenarios. As discussed in Section 3.1.3.2, the potential receptors for this 

scenario were future adult and child residential receptors. EPA or conventional values were used for all input 

parameters. 

A sample calculation for dermal contact with groundwater is provided in Appendix J. The input parameters 

for this exposure route, along with the rationale for the selection of each value, are presented in Table 3-24 

and Table 3-25 for RME and CTE scenarios. As discussed in Section 3.1.3.2, the potential receptors for this 
3-54 
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E 7 -.... ..- 

TABLE 3-24 

Exposure Parameters For Groundwater Ingestion, Dermal Contact, And Inhalation 
Residential Child And Adult Receptors - RME Scenario 

NASJRB, Willow Grove, Pennsylvania 

--~-'--'-
·v __ •• __ • • 

~.~ ... -.-.~ CHILD VALUE (0-6 YRS) ADULT UNIT SOURCE 
CW Chemical-Specific Chemical-Specific uglliter EPA 19898 --

1_ .1 (3QfOlJtY.iWl:1!f.tf 1 2 liters/day EPA 1991d 
I CF1 0.001 0.001 mg/103 ~Ig 
~-.-.. -. 

0.001 0.001 liters/10:) cm3 CF .. I-::: ,. .- .. 
EF 350 350 days/year EPA 1991d -
ED 6 24 years EPA 1989a, 1991d 
EV 1 1 event/day 

~~ 
"_.p 

EPA 1989a 70 70 years 
p~-" 

6 24 years EPA 1989a _. 
em:! 

-_ .. _-
- 18150 EPA 19968 

IIBW 15 70 kg EPA 1989a, 1991d 

DAev,mt Chemical-Specific Chemical-Specific m_9/event -cm2 --
PC~ver.t Chemical-Specific Chemical-Specific em/event 
Kp.,..,.« '91QFC«me 0.001 --

._._._--
0.001 cm/hour EPA 1992e 

". 

!:"V"flt 0.33 0.25 hr/event Assumption ... 

Kr,w • ora~"i" Chemical-Specific Chemical-Specific em/hour EPA 1992e 
'l' Chemical-Specific Chemical-Specific hours 

~I t* Ch.emical-Specific Chemical-Specific flour 
B Chemical-Specific Chemical-Specific unit!ess EPA 1992e 

IE-"' _ ..... -

Varies with' Age cm2 - EPA 1985 
1 year increments - years EPA 1989a, 1991d 

BW Varies with Age - kg EPfo. 1985, 1991d 
-:::--! 
D - Chemical-Specific mg/kg/shower 
CF3 - 1000000 ug":"'Lfmg*m3 

- .-. ._ .. _ .. 
Q - Chemical-Specific minutes .- .- ... 
IR@lf - 14 liters/minutes EPA "989a -- .. --. 
S - Chemical-Specific ug/m3!min 
Ra - 0.01667 min" Foster and 

Chrostowski, 1987 
~"" ... -
Os - 15 minutes EPA, 1996e ... 
Dt - 20 minutes Professional 

judgment 
Cwd - Chemical~.specific ug/liter ... -
Fr - 20 liters/minute Professional 

judgment 
Sv - 6 :5 Professional m 

judgment 
_."--' 

V..aL " 
·.·.0 

Chemical-Specific em/hour 
, ts - 2 seconds 
!d 

_. - -_ ... 
- 1 mm .-

i_~L - Chemical-Specific em/hour 
-,._-

T, - 293 oK 
.-.... ._-

Ts - 318 "K Foster and 
Chrostowski, 1987 -. .. 
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TABLE 3-24 
Exposure Parameters For Groundwater Ingestion, Dermal Contact, And Inhalation 
Residential Child And Adult Receptors - RIME Scenario 
NASJRB, Willow Grove, Pennsylvania 
Page 2 of 2 
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TABLE 3-24 
Exposure Parameters For Groundwater Ingestion, Dermal Contact, And Inhalation 
Residential Child And Adult Receptors - RME Scenario 
NASJRB, Willow Grove, Pennsylvania 
Page 2 of2 

PARAMETER CHILD VALUE (0-6 YRS) ADULT UNIT 

!l1 - 1.002 centipoise 

!l. - 0.596 centipoise 
R*T2 - 0.0241 atm/m3-mole 
CF4 - 1/3600 Hrlsec 
CFs - 10 Mm/cm 
T3 - 298 OK 

Cair chemical - Calculated Mg/m3 

H - Chemical-Specific atm-m3jmole 
Kg - Chemical-Specific cm/hour 
KI - Chemical-Specific cm/hour 
KH - 3000 cm/hour 
KC - 20 cm/hour 
MWH - 18 g/mole 
MWC - 44 g/mole 
MW - Chemical-Specific g/mole 
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TABLE 3-25 

I hours I 

nical-Specific E lJnitless I 

- . . -  

1_.^^ I 14 

I 

- - - ----- ---~~~ ---~----- ~-~~~-~~~~~~~---

TABLE 3-25 

Exposure Parameters For Groundwater Ingestion, Dermal Contact, And Inhalation 
Residential Child And Adult Receptors - CTE Scenario 

NASJRB, Willow Grove, Pennsylvania 

._. 

PARAMETER CHilD VALUE ADULT UNIT SOURCE 
(0-6 YRS) 

IICW Chernical-Specific Chemical-Specific ~.9!liter EPA 1989a 

I Roroundwat,il[ 0.7 1.4 liters/day EPA 1991d ---
CFI 0.001 0.001 mg!103 ~tg _. 

Iiters/103 cm3 

ti 
0,001 0.001 -. 
350 350 days/year EPA 1991d 

2 7 years EPA 1989a, 1991d -. 
EV 1 1 event/day 

AT canr.:~1r 70 70 years EPA 1989a 
~ .... 

A T ncn~c.tmcef 2 7 years EPA 1989a _. 
SA 2728 18150 cm2 EPA 1996e -
BW 15 70 kg EPA 1989a, 1_991d .-
DA"""nt Chemical.:Specific Chemical-Specific mg/event-cm2 

'PC~::;- ~hemical-Specific_ Chemical-Specific em/event 

Kow ~ inoraanlc 0.001 0.001 em/hour EPA 1992e - ~.-. 

tevenr 0.33 0.25 hr/event Assumption 
.. - ... -

_.~fW n oraanlG Chemical-Specific Chemical-Specific cm/hour EPA 1992e 
r Chemical-Specific Chemical-Specific hours EPA 1992e 
t" Ch~mical-Specific Chemical-Specific hour EPA 1992e 
B Chemical-Specific Ch~mical-Specific unitless EPA 1992e 

i-::-"-" --. ..-
SA, Varies with Age--See - cm2 EPA 1985 

Text -
ED; 1 year increments - years EPA 1989a, 1991d 
BW, Varies with Age--See - kg EPA 1985, 1991d 

Text 
D - Chemical-Specific mg/kg/shower 

-
'" 

1000000 ug'Llmg*m" 
- Chemicai-Specifii:: minutes ... 
- 14 liters/minutes EPA 1989a .-

S ug!m~~min - Chemical-Specific .-
Ra - 0.01667 minot Foster and 

Chrostowski, 19 ...., 
Ds - 15 minutes EP 
Dt - 20 minutes Professio 

-.:-
Chemical-Specific Cwd - ug!Ii~~r -Fr - 20 liters/minute Professional judgment 

I Sv - 6 m3 Professional judgment 

I~~ 
Chemical-Specific 

_. .- .--- cm/hour .. _. 
- 2 seconds .-

d - 1 mm _. 
KL - Chemical-Specific cm/hour 
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TABLE 3-25 
Exposure Parameters For Groundwater Ingestion, Dermal Contact, And Inhalation 
Residential Child And Adult Receptors - CTE Scenario 
NASJRB, Willow Grove, Pennsylvania 
Page 2 of 2 

Chrostowski, 1987 

2ecific I atm-mYmole I 

Iecific I cm/hour I 
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TABLE 3-25 
Exposure Parameters For Groundwater Ingestion, Dermal Contact, And Inhalation 
Residential Child And Adult Receptors - CTE Scenario 
NASJRB, Willow Grove, Pennsylvania 
Page 2 of 2 

PARAMETER CHILD VALUE ADULT UNIT 
(0-6 YRS) 

T1 - 293 oK 

Ts - 318 oK 

SOURCE 

Foster and 
Chrostowski, 1987 

~l1 - 1.002 centipoise 

J-ls - 0.596 centipoise 
R*T2 - 0.0241 atmlm3-mole 
CF4 - 113600 Hrlsec 
CFs - 10 Mm/cm 
T3 - 298 oK 

Calt chemical - Calculated Mg/m3 
H - Chemical-Specific atm-m3/mole 
Kg - Chemical-Specific cm/hour 
KI - Chemical-Specific cmlhour 
KH - 3000 cm/hour 
KC - 20 cm/hour 

, 

MWH - 18 g/mole 
MWC - 44 g/mole 
MW - Chemical-Specific g/mole 
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scenario were future adult (showering) and child (bathing) residential receptors. EPA or conventional values 

were used for most input parameters. The approach for dermal contact with groundwater is based on the • 

assumption that water contaminants are present in dilute solution and that percutaneous absorption is 

controlled by the flux of water. Adult and child residents were assL!med to take daily showers and baths, 

respectively, and therefore their total body surface areas were used. Kp'JI' S, r, and t* were chemical-specific 

values obtained from EPA (1992f) or derived from the molecular weight and Kowas demonstrated therein. 

As recommended by the guidance, default Kpw-InOfIl values of 1 E-3 cm/hr were used for metals for Wllich 

experimental values had not been obtained (EPA, 1992f). The age-adjusted, body-weight-norma!ized 

surface areas exposed while bathing for a resident child is 2728 cm2-year/kg. 

A sample calculation for inhalation of volatile COPCs during showering is provided in Appendix J. The input 

parameters for this exposure route, along with the rationale for the selection of each value, are presented in 

Table 3-24 and 3-25. As discussed in Section 3.1.3.3, the potential receptors for this scenario were future 

adult (showering) residential receptors and future excavation workers (excavation scenario}. EPA or 

conventional values were used for most input parameters. Inhalation exposure to groundwater (during 

showering) was calculated for adult residents only using the equations established by EPA (1989a) and 

Foster and Chrostowski (1987). 

3.1.3.6 Blood-Lead Modeling 

As outlined in OSWER Directive 9355.4-12 (EPA, 1994a). EPA has implemented an approach to 

evaluating lead risks that recognizes the multimedia nature of lead exposures, incorporating absorption 

and pharmacokinetic information. Research has been done concerning lead intake and resultant blood

lead levels. Determinations of lead uptake from soil. sediment, drinking water, and surface water were 

considered. For the purposes of this risk. assessment, each pathway was evaluated separately so that the 

contribution of lead from each source and each exposure route could be evaluated. Potentia! blood-lead 

level increases were estimated and are discussed, along with the potential implications of blood-lead 

results for each site. The following paragraphs present information that is useful in estimating lead 

exposure. 

No threshold has been defined for effects related to blood-lead increases. The estimated increases at 

these sites are weI! below the concentrations at which effects sllch as anemia and neuropathy occur (40 

IJg!dL and above) (Ooull et aI., 1986). Effects below 10 !Jg/dL are difficult to define. Inhibition of certain 

enzymes involved in red blood cel! metabolism has been reported to occur at 10 to 15 I1g/dL and possibly 

lower (EPA, 1991b). Smail increases in blood pressure have been related to adults with blood-lead levels 

• 

down to 7 !-Ig/dL (EPA, 19910), Probably the subpopulation most sensitive to effects at the 3 to 7 !Jg/dL • 

range (where tile concentrations estimated for this study area would fall) would be infants, whose early 
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neurological development can be affected by blood-lead concentrations reportedly down to 5 vg/dL (EPA, 

1991b). 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 pg/dL per pg/L lead in water up to 15 pgJL and at the rate of 0.04 pg/dL for 

every pg/L lead in water above 15 pg/L (EPA, 1991 b). For older children, the ratio is 0.12 pg/dL blood 

lead per pg/L lead in water up to 15 pglL and 0.06 pg/dL for every pg/L lead in water above 15 pglL (EPA, 

1991 b). For adults, the ratio is approximately 0.06 FgldL blood lead per FgIL in water (EPA, 1991 b). 

Dietary intake of lead is assumed to produce increases of 0.02 to 0.04 pg/dL blood lead per pg/day 

ingested by adults and 0.16 pg/dL blood lead per MS/day ingested by infants (EPA, 1986). 

Blood-lead levels are estimated to increase by 0.6 to 6.8 pg/dL per 1,000 mglkg lead in soil (EPA, 1986). 

Estimates of blood-lead levels in residential children (age 0 through 6 years) were made using the 

Integrated Exposure and Uptake Biokinetic (IEUBK) Model (version 0.99) developed by EPA. The model 

was applied to each site where lead was selected as a COPC in surface soil. The output for each run 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 IO pg/dL (considered to be the significant cutoff level 

above which adverse effects cannot be ruled out). When the percentage of the population estimated to 

have blood levels above IO pg/dL is greater than five percent, EPA considers the potential for adverse 

effects to be significant (EPA, 1994b). These histograms, along with input information particular to each 

run of the IEUBK model, are presented in Appendix A of the Supplemental RFllRl Report. The estimated 

percentage of residential children (age 0 through 6 years) with a blood-lead level above 10 pg/dL is also 

presented in the site-specific text contained in subsequent sections of this report. Uncertainties 

associated with the IEUBK model are discussed in Section 3.1.5.9. 

Noncarcinogenic risks for occupational workers from exposures to lead in soil were estimated using the 

Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil (EPA, 1996). The 

model is based on a biokinetic slope factor that estimates fetal blood-lead concentration in women 

exposed to lead-contaminated soil. A simplified (linear) representation of lead biokinetics is used to 

predict quasi-steady-state blood-lead concentrations among adults who have relatively steady patterns of 

site exposures (exposure duration of at leas% 90 days and exposure frequencies greater than once per 

week). The intake assumptions used in the model were the maximum (RME) and the average (CTE) soil 

lead concentrations at the site, a 50 mg-per-day soil ingestion rate, and a 219 days-per-year exposure 

frequency. The biokinetic model input parameters were a biokinetic slope factor (ug/dl adult blood-lead 

per uglday uptake) of 0.4, a constant of proportionality between fetal blood-lead concentration at birth and 

NAVY15466lSiteSRIlSect3 
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neurological development can be affected by blood-lead concentrations reportedly down to 5 iJg/dL (EPA, 

1991b). 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 IJg/dL per IJg/L lead in water up to 15 iJg/L and at the rate of 0.04 IJg/dL for 

every IJg/L lead in water above 15 iJg/L (EPA, 1991b). For older children, the ratio is 0.12 Ilg/dL blood 

lead per Ilg/L lead in water up to 15 1J9/L and 0.06 IJg/dL for every 1J9/L lead in water above 15 1J9/L (EPA, 

1991 b). For adults, the ratio is approximately 0.06 1J9/dL blood lead per IJg/L in water (EPA, 1991 b). 

Dietary intake of lead is assumed to produce increases of 0.02 to 0.04 1J9/dL blood lead per Ilg/day 

ingested by adults and 0.16 IJg/dL blood lead per IJg/day ingested by infants (EPA, 1986). 

Blood-lead levels are estimated to increase by 0.6 to 6.8 1J9/dL per 1,000 mg/kg lead in soil (EPA, 1986). 

Estimates of blood-lead levels in residential children (age 0 through 6 years) were made using the 

Integrated Exposure and Uptake Biokinetic (IEUBK) Model (version 0.99) developed by EPA. The model 

was applied to each site where lead was selected as a COPC in surface soil. The output for each run 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 1J9/dL (considered to be the significant cutoff level 

above which adverse effects cannot be ruled out). When the percentage of the population estimated to 

have blood levels above 10 1J9/dL is greater than five percent, EPA considers the potential for adverse 

effects to be significant (EPA, 1994b). These histograms, along with input information particular to each 

run of the IEUBK model, are presented in Appendix A of the Supplemental RFIIRI Report. The estimated 

percentage of residential children (age 0 through 6 years) with a blood-lead level above 10 1J9/dL is also 

presented in the site-specific text contained in subsequent sections of this report. Uncertainties 

associated with the IEUBK model are discussed in Section 3.1.5.9. 

Noncarcinogenic risks for occupational workers from exposures to lead in soil were estimated using the 

Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil (EPA, 1996). The 

model is based on a biokinetic slope factor that estimates fetal blood-lead concentration in women 

exposed to lead-contaminated soil. A simplified (linear) representation of lead biokinetics is used to 

predict quasi-steady-state blood-lead concentrations among adults who have relatively steady patterns of 

site exposures (exposure duration of at least 90 days and exposure frequencies greater than once per 

week). The intake assumptions used in the model were the maximum (RME) and the average (CTE) soil 

lead concentrations at the site, a 50 mg-per-day soil ingestion rate, and a 219 days-per-year exposure 

frequency. The biokinetic model input parameters were a biokinetic slope factor (ug/dl adult blood-lead 

per ug/day uptake) of 0.4, a constant of proportionality between fetal blood-lead concentration at birth and 
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maternal blood-lead concentration of 0.9, a soil absorption factor of 0.12 (aqua! to the product of the 

relative bioavafiability of 0.6 and a solub!e lead absorption factor of 0,2), a background blood lead (typical 

concentration for women of childbearing age not exposed to the site) of 1.7 ugfdl, and a geometric 

standard deviation of '1.8 (representative of a relatively homogeneous population demographic). 

3.1.4 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 are 

generated based on risk assessment methods outlined in current EPA guidance (EPA, 1989a), 

NoncarCinogenic risk estimates are presented in the form of Hazard Quotients (HQs) and Hazard indices 

(His) that are determined through integration of estimated intakes with published RfDs. Incremental 

cancer risk estimates are 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 carcinogenic and noncarCinogenic risks are summarized for each exposure route on a 

series of tables in this section. 

3.1.4.1 Carcinogenic Risks 

Incremental cancer risk estimates are 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 foliowing equation is used: 

Risk", 1- e -(!ntake"'SF) 

The risk determined using these equations is 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 E-06 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 the upper 95 percent confidence limit of a dose-response 
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~ curve generally derived from animal studies Actual human risk, while not identifiable, is not expected to 

0 
exceed the upper limit based on the St% and may, in fact, be lower. 

EPA has generally defined risks in the range of 1 E-04 to IE-06 or less as being acceptable for most 

hazardous waste facilities addressed under the Comprehensive Environmental Response Compensation 

and Liability Act (CERCLA). For CERCLA activities, residual risks on the order of IE-06 are the primary 

goal but are often modified by such regulatory requirements as MCLs or chemical-specific clean-up goals. 

3.1.4.2 Noncarcinogenic Risks 

Noncarcinogenic risks are estimated using the concept of HQs and HIS. The HQ is the ratio of the 

estimated intake and the RfD for a selected chemical of concern, as follows: 

Intake 
HQ=- 

RfD 

HIS are the sums of the individual HQs for the COP&s. If the value of the HQ or the HI exceeds unity 

(1 .O), the potential for noncarcinogenic health risks associated with exposure to that partiGular chemical or 

particular chemical mixture, respectively, cannot be ruled out (EPA, 1986b). If the individual HQs are less 

than 1.0 and the HI is greater than “1.0, 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 

toxicity for different organs is not truly additive. The HI is not 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. 

3.1.4.3 Lead Risks 

EPA’s approach to evaluating lead risks goes beyond providing a single-point estimate output and 

incorporates absorption and pharmacokinetic properties. Section 3.1.3.6 discusses background 

information related to blood-lead estimation methods. Soil Goncentrations for lead were assessed for 

each applicable site where lead was selected as a COPC. 

3.1.4.4 Receptor Risks 

Receptor risks are presented for each NASJRB Vvillow Grove site in the form of tables and summary text. 

Each of these sections includes summaries of risks estimated by the exposure scenarios. It should be 

a 

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, CarcinogeniGity is considered to be more 
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EPA has generally defined risks in the range of 1 E-04 to 1 E-06 or less as being acceptable for most 

hazardous waste facilities addressed under the Comprehensive Environmental Response Compensation 

and Liability Act (CERCLA). For CERCLA activities, residual risks on the order of 1 E-06 are the primary 

goal but are often modified by such regulatory requirements as MCLs or chemical-specific clean-up goals. 

3.1.4.2 Noncarcinogenic Risks 

Noncarcinogenic risks are estimated using the concept of HQs and His. The HQ is the ratio of the 

estimated intake and the RID for a selected chemical of concern, as follows: 

Intake 
HQ=-

RfD 

His are the sums of the individual HQs for the COPCs. If the value of the HQ or the HI exceeds unity 

(1.0), the potential for noncarcinogenic health risks associated with exposure to that particular chemical or 

particular chemical mixture, respectively, cannot be ruled out (EPA, 1986b). If the individual HQs are less 

than 1.0 and the HI is greater than 1.0, 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 

toxicity for different organs is not truly additive. The HI is not 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. 

3.1.4.3 Lead Risks 

EPA's approach to evaluating lead risks goes beyond providing a single-point estimate output and 

incorporates absorption and pharmacokinetic properties. Section 3.1.3.6 discusses background 

information related to blood-lead estimation methods. Soil concentrations for lead were assessed for 

each applicable site where lead was selected as a COPC. 

3.1.4.4 Receptor Risks 

Receptor risks are presented for each NASJRB Willow Grove site 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 
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important, since carcinogenicity wi!! generally be seen at lower doses than noncarcinogenic effects. 

Cancer risks of zero or "N/A" generally indicate that the chemical is not carcinogenic or that an SF has not • 

yet been developed. 

As discussed in EPA (1989a), the risk measures used in SuperfLlnd site risk assessments are not fuUy 

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 coliection through risk characterization. To support decision-making 

processes, significant uncertainties in the risk assessment for NASJRB Willow Grove are noted in the 

foflowing sections. 

3.1.5.1 Uncertainties in the Physical Setting and Receptor Exposure Pathways 

Reliable information on current land uses at NASJRB Willow Grove sites was based on actual current land 

use. Current occupational., current trespasser. future excavation, residential, and recreational land use 

scenarios were considered in the risk assessment for each site. Future land use at the site is unknown; this 

is source of uncertainty for this risk assessment. Based on known and projected activity patterns, current • 

and future receptors in the study area were considered to engage in a range of activities adequately 

approximated by default exposure parameter assumptions. It is unknown whether some of these receptors 

wi!! actually exist, adding to the uncertainty in the risk assessment. However, for any future land use, the 

receptors chosen are expected to adequately define any Significant change in the current !and Lise pattern. 

3.1.5.2 Environmental Data Collection Uncertainties 

Selection qf Locations and Number of Samples 

For each site, the areal extent of the samples (including the number collected and location of the sampling 

points) in a particular medium impacts the calculation of representative concentrations. Every' effort was 

made to collect samples that reflect actual site conditions and to include areas thought to contain the most 

significant contamination or exposure problems. In addition, a dynamic sampling plan was utilized that 

allowed expansion of the initial sampling plan in order to collect sufficient data to resolve important 

contaminant attribution questions. Therefore, the magnitude of this uncertainty on risks is expected to be 

low. 
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I Selection of Samples with Naturally Occurring Background Levels 

A number of background samples were collected that measure the range of concentrations of substances in 

each medium that are associated with non-site-related sources within the vicinity of the NASJRB Willow 

Grove. The diversity and abundance of inorganics in soil and sediment samples are determined by the soil’s 

content in bedrock or other deposits and the effects of climatic and biological factors However, if native soil 

types are encountered in site-related samples that are unlike those of background samples, then the 

evaluation of naturally occurring levels could be biased and might lead to overestimation or underestimation 

of the amount of contamination attributable to the NASJRB Willow Grove sites. 

The abundance of inorganics in groundwater samples is determined by, among other things, the particular 

geological formation in which the well is screened and the content of suspended solids occurring as a result 

of the well sampling process. If groundwater results from a particular site are compared to background wells 

that are constructed and sampled in a different manner, then this could lead to an over- or underestimation of 

the amount of contamination attributable to the NASJRB Willow Grove. 

3.153 Analytical Data Uncertainties 

l Incorporation of Data from Different Investigations - 

Because of uncertainties regarding the validation status and usability of results from earlier investigations 

performed by various parties, only validated data were used from this RI/FS for the risk assessment. Data 

obtained during earlier investigations were examined during project planning and were used to focus the 

sample collection effort to include potential areas of interest. Historical data were used in this risk 

assessment from solid and some aqueous media. Data were colleGted over several years at all eight sites. 

The contaminant concentrations could have changed at the sites based on migration or physiGal removal 

of contaminated media. Therefore, uncertainty exists in using historical data because current conditions 

may not be represented by historical data. Areal extent of the samples (including the number collected 

and location of the sampling points) in a particular medium at a site was one such uncertainty. Every 

effort was made to collect samples that reflect actual site conditions. However, biased sampling may 

have occurred if an unknown area of contamination at a particular site was under- or over-sampled. 

Established data validation procedures were applied to define uncertainties in terms of qualifying data as 

inaccurate or imprecise and eliminate data points that are unusable for risk assessment. This treatment 

does not eliminate all uncertainty but focuses attention on potential areas of conGern regarding accuracy, 

precision, and data gaps. 
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Selection of Samples with Naturally Occurring Background Levels 

A number of background samples were collected that measure the range of concentrations of substances in 

each medium that are associated with non-site-related sources within the vicinity of the NASJRB Willow 

Grove. The diversity and abundance of inorganics in soil and sediment samples are determined by the soil's 

content in bedrock or other deposits and the effects of climatic and biological factors. However, if native soil 

types are encountered in site-related samples that are unlike those of background samples, then the 

evaluation of naturally occurring levels could be biased and might lead to overestimation or underestimation 

of the amount of contamination attributable to the NASJRB Willow Grove sites. 

The abundance of inorganics in groundwater samples is determined by, among other things, the particular 

geological formation in which the well is screened and the content of suspended solids occurring as a result 

of the well sampling process. If groundwater results from a particular site are compared to background wells 

that are constructed and sampled in a different manner, then this could lead to an over- or underestimation of 

the amount of contamination attributable to the NASJRB Willow Grove. 

3.1.5.3 Analytical Data Uncertainties 

Incorporation of Data from Different Investigations 

Because of uncertainties regarding the validation status and usability of results from earlier investigations 

performed by various parties, only validated data were used from this RifFS for the risk assessment. Data 

obtained during earlier investigations were examined during project planning and were used to focus the 

sample collection effort to include potential areas of interest. Historical data were used in this risk 

assessment from solid and some aqueous media. Data were collected over several years at all eight sites. 

The contaminant concentrations could have changed at the sites based on migration or physical removal 

of contaminated media. Therefore, uncertainty exists in using historical data because current conditions 

may not be represented by historical data. Areal extent of the samples (including the number collected 

and location of the sampling points) in a particular medium at a site was one such uncertainty. Every 

effort was made to collect samples that reflect actual site conditions. However, biased sampling may 

have occurred if an unknown area of contamination at a particular site was under- or over-sampled. 

Established data validation procedures were applied to define uncertainties in terms of qualifying data as 

inaccurate or imprecise and 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. 
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Analytical Data Usability 

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 potentia! areas of concern regarding 

accuracy, precision, and data gaps. As discussed in Section 1.5, the overall percentages of rejected data 

points were acceptably Iowan site-by-site basis, and data rejection was limited to substances that were 

neither associated with site activities nor present at high levels. 

3.1.5.4 Data Evaluation Uncertainties 

Ac~uracy of Statistical Tests Used in Background Compa..~sons 

When a limited number of pOints are sampled, such as occurred for surface water or sediment samples, 

reduced accuracy is expected for the upper 95 percent tolerance limit. In such cases, this statistic is still 

expected to, on the average, estimate the upper 95 percentile of the population. However, for an individual 

case, the true percentage of the population that exceeds the calculated tolerance Hmit will be more likely to 

differ markedly from the predicted five percent when too few samples are collected. In the event that the 

upper 95 percent tolerance limit for background samples is overestimated, this could defeat the attempt to 

identify site-related samples with levels greater than naturally occurring background and may lead to an 

underestimate of the risk attributable to a site. To help ensure that data points above background were not 

overlooked. a conservative combination of several background tests was used (the test of proportions, 

Fisher's exact test, the upper ranks test, the quantile test, the 95 percent UTL test, the Mann-Whitney U-test, 

Gehan's test. the student's i-test, and Satterthwaite's t-test), 

Uncertainties exist regarding selection of a concentration for input into the quantitative risk assessment. The 

use of the representative 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 choice of the representative 

concentration as the value for input into the risk assessment generally lowers the chances of under 

estimation of the actual risk present in a pathway at a particular area of interest to a potential receptor. 

However, the use of the representative concentration may overestimate the actual risk present in an 

exposure pathway at a particular area of interest. 
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Distributional Shape of the Sample Population ^.“- 

The ability (power) of the W test to be able to correctly identify genuine differences between the shape of a 

sample population versus a reference normal or lognormal population is reduced when too few samples are 

collected. If an incorrect distributional assumption is made based on this test, this could lead to an over- or 

underestimate of the upper 95 percent concentration, which in turn would create some additional uncertainty 

as to whether the calculated risk is a reasonable approximation of high end exposure. 

3.1.5.5 Exposure Model Applicability and Assumptions 

Uncertainties in Chemical-Specific Properties 

The chemical-specific parameters such as Koc were literature-derived values that are measured under 

conditions that may or may not be representative of on-site conditions. Parameters such as vapor pressure 

and solubility were not always obtainable at the desired temperature. Parameters such as the Kd for metals 

are strongly influenced by other factors such as the chemical form of the metal, the soil type, and pH. 

Groundwater Concentration Uncertainties 

Uncertainties associated with the lack of groundwater modeling at the site include the assumption that 

current conditions are indicative of future concentrations of contaminants. Contaminants may increase (due 

to migration, sediment loading, or chemical transformation) or decrease (due to migration or transformation) 

over time and vary from area to area. 

To prevent use of metals data that might not be representative of the formation, the selection of unfiltered or 

unfiltered monitoring well results for use in the risk assessment was based upon a sample-by-sample 

evaluation of turbidities and aluminum, iron, and manganese concentrations. In addition, low-flow bladder 

pumps used in all new monitoring wells to minimize the chances of suspended solids occurring during the 

sampling process. 

Fugitive Dust Emissions Model Assumptions 

Exposure to fugitive dust emissions conservativeiy assumes that residents 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. For receptors exposed to fugitive dust emissions, it was assumed that 
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The ability (power) of the W test to be able to correctly identify genuine differences between the shape of a 

sample population versus a reference normal or lognormal population is reduced when too few samples are 

collected. If an incorrect distributional assumption is made based on this test, this could lead to an over- or 

underestimate of the upper 95 percent concentration, which in tum would create some additional uncertainty 

as to whether the calculated risk is a reasonable approximation of high end exposure. 

3.1.5.5 Exposure Model Applicability and Assumptions 

.!}ncertainties in Chemical-Specific Properties 

The chemical-specific parameters such as Koc were literature-derived values that are measured under 

conditions that mayor may not be representative of on-site conditions. Parameters such as vapor pressure 

and solubility were not always obtainable at the desired temperature. Parameters such as the Kd for metals 

are strongly influenced by other factors such as the chemical form of the metal, the soil type, and pH. 

Groundwater Concentration Uncertainties 

Uncertainties associated with the lack of groundwater modeling at the site include the assumption that 

current conditions are indicative of future concentrations of contaminants. Contaminants may increase (due 

to migration, sediment loading, or chemical transformation) or decrease (due to migration or transformation) 

over time and vary from area to area. 

To prevent use of metals data that might not be representative of the formation, the selection of unfiltered or 

unfiltered monitoring well results for use in the risk assessment was based upon a sample-by-sample 

evaluation of turbidities and aluminum, iron, and manganese concentrations. In addition, low-flow bladder 

pumps used in all new monitoring wells to minimize the chances of suspended solids occurring during the 

sampling process. 

Fugitive Dust Emissions Model Assumptions 

Exposure to fugitive dust emissions conservatively assumes that residents 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. For receptors exposed to fugitive dust emissions, it was assumed that 
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future conditions would approximate typical light industrial conditions in terms of the estimated fraction 

vegetative cover. If future vegetative cover is different in a residential area, then dust exposures could be • 

lower or higher than estimated by the model. However, the impact of this error would not be significant 

because a worst-case (no vegetative cover) scenario would only increase exposures calculated by the model 

by a factor of 5, while inhalation exposures at NASJRB Willow Grove sites were estimated as several orders 

of magnitude below levels of concern. 

The model for dennal exposure to soil and sediment assumes that only a very thin, constant thickness layer 

of soil is available for contaminant transfer to the stratum corneum and that a constant amount of 

contaminant, proportional to the soil 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 (199219), 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. Because of the lack of reliable data regarding dermal 

absorption factors, the risk assessment provides default soil absorption factors for all substances except four 

chemicals for which weH documented absorption factors are available (arsenic, 

pentachlorophenol, PCBs, chlorinated dioxins, ethylbenzene, toluene, xylenes, and peE), 

considerable uncertainty exists with the accuracy of estimates applied for these four chemicals, 

~rmal Absorption fromContam!nant E_::<~osures in Aqueous Media 

cadmium, 

Even so, 

Prediction of absorption rates for lipophilic compounds is difficult due to, among other reasons, the possibiiity 

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 variabilities 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, 

Uncertainties exist in the exposure model for the inhalation of vo!atiles during showering such as chemica!-

• 

specific rates of volatilization, droplet size, and droplet residence time in the shower. Most of the inputs into • 

3-67 
NAVY f5466/Site5RIJSect3 



the models were considered conservative; therefore, the output may overestimate the exposure for this 

route. 

3.1.5.6 Exposure Intake Parameter Uncertainties 

Standard Default Exposure Assumptions 

Exposure assumptions can add uncertainty into the risk assessment process based on input values selected 

for each exposure route, For example, not all people weigh 70 kilograms, drink 2 liters of water per day, and 

live at the same residence for 30 years. The rationale for each assumption was provided in each table of 

input parameters. Receptor characteristics, such as age and body weight, were based on published values. 

Conservative values (based on reasonable maximum exposure or professional judgment) were used in most 

exposure equations, except where average values were expected to better correspond to actual site 

conditions. 

Soil Ingestion Rates 

In the case of current and future residential receptors, soil ingestion rates were based on noncontact- 

intensive activities. A higher level of short-term incidental soil ingestion by workers engaged in residential 

home construction (excavation, underground utility work, road repair/construction) or heavy landscaping (tree 

and shrub planting, drainage routing, or land re-sloping) results. However, contact-intensive activities are 

typically event driven (for construction) and so should average out to less than l-month duration per year for 

a typical exposed individual. Other receptors that are exposed to surface soil at the site should have risks 

below that of the residential receptor. 

The use of current subsurface soil concentrations to represent future subsurface excavation exposure 

concentrations assumes two things that add to the uncertainty of this risk assessment. First, this 

exposure scenario assumes that soil would be excavated to the sampling depth. Second, this exposure 

scenario assumes that once the soil is excavated to the subsurface soil sampling depth, no degradation of 

the chemicals in the subsurface soil would have taken place and/or no additional contamination would be 

transported to the soils. These uncertainties may cause either an under- or over-estimation of the 

exposure at a particular site. 

3.1.5.7 Toxicity Assessment Uncertainty 

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 
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the models were considered conservative; therefore, the output may overestimate the exposure for this 

route. 

3.1.5.6 Exposure Intake Parameter Uncertainties 

Standard Default Exposure Assumptions 

Exposure assumptions can add uncertainty into the risk assessment process based on input values selected 

for each exposure route. For example, not all people weigh 70 kilograms, drink 2 liters of water per day, and 

live at the same residence for 30 years. The rationale for each assumption was provided in each table of 

input parameters. Receptor characteristics, such as age and body weight, were based on published values. 

Conservative values (based on reasonable maximum exposure or professional judgment) were used in most 

exposure equations, except where average values were expected to better correspond to actual site 

conditions. 

Soi/lngestion Rates 

In the case of current and future residential receptors, soil ingestion rates were based on noncontact

intensive activities. A higher level of short-term incidental soil ingestion by workers engaged in residential 

home construction (excavation, underground utility work, road repair/construction) or heavy landscaping (tree 

and shrub planting, drainage routing, or land re-sloping) results. However, contact-intensive activities are 

typically event driven (for construction) and so should average out to less than 1-month duration per year for 

a typical exposed individual. Other receptors that are exposed to surface soil at the site should have risks 

below that of the residential receptor. 

The use of current subsurface soil concentrations to represent future subsurface excavation exposure 

concentrations assumes two things that add to the uncertainty of this risk assessment. First, this 

exposure scenario assumes that soil would be excavated to the sampling depth. Second, this exposure 

scenario assumes that once the soil is excavated to the subsurface soil sampling depth, no degradation of 

the chemicals in the subsurface soil would have taken place and/or no additional contamination would be 

transported to the soils. These uncertainties may cause either an under- or over-estimation of the 

exposure at a particular site. 

3.1.5.7 Toxicity Assessment Uncertainty 

There is uncertainty associated with the RIDs 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 
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environmental low-dose scenarios, and interspecies and intraspecies variations in toxicological endpolnts 

caused by chemical exposure. The use of EPA SF values is generally considered to be conservative • 

because the doses are based on no-effect or lowest-observed-effect levels and then further reduced with 

uncertainty factors to increase tile margin of safety by a factor in the neighborhood of '10 to 1,OOO-fotd. 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, tile carcinogenic risk 

is considered to be much more significant since carCinogenic effects usually occur at much lower doses. 

Additional uncertainties were associated with the adjustment of oral dose-response parameters to compute 

dermally absorbed doses. As noted, when absorption factors were not avaUable, the chemical was assumed 

to be 100 percent absorbed during the RID or SF study. While this is likely to be realistic for volatile 

compounds, the assumption could be underprotective for chemicals absorbed less than 100 percent. 

For chemicals coded with a "W' in Table 3-1, toxicity constants were utilized that have been withdrawll from 

IRIS, pending further agency review. In these cases, there may be additional uncertainty in the associated 

SFs or RfDs, based on the original or new studies that were the basis for considering a reevaluation of 

toxicological properties. Ifthe uncertainty related to using a withdrawn toxicity constant is critical (i.e., found 

to drive a Significant risk at a site), then additional information be can obtained on the exact reasons for 

withdrawal from the EPA Environmental Criteria and Assessment Office (ECAO), Cincinnati, Ohio. 

3.1.5.8 Risk Characterization Uncertainty 

From a toxicological standpoint, it is not strictly correct to add HOs for a total Hi, because RIDs are based on 

effects to various target organs, However, if the HI is less than 1.0, this demonstrates that, even when this 

conservative calculation is performed, the noncarcinogenic HI does not indicate a hazard for a particular 

exposure pathway. This is a conservative approach that will generally overestimate the HI for a particular 

pathway. To reduce the extent of overestimation when significant risks occurred at an area of interest, a less 

conservative approach was used wherein noncancer risks were grouped and summed together for only 

those cllemicals affecting the same target organ/organ system. One additional source of uncertainty in the 

HI approach is that these models assumed that chemicals did not interact synergistically (a possible 

underestimate of the actual risk) or antagonistically (a possible overestimate of the actual risk). 

3.1.5.9 IEUBK Modeling Uncertainty 

The IEUBK model aC'.f'"ounts 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 
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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 performed using a 

traditional toxicity slope-based approach. Important uncertainties and [imitations in the use of the IEUBK 

model are as follows: 

The IEUBK model is predictive of blood lead for residential children in the range of 6 months to 7 years of 

age, which typically is considered to be a more sensitive subpopulation than adults. The model does not 

apply to adults in either residential or occupational settings. In addition, the lEUBK model does not predict 

the blood-lead levels of pregnant women and does not include an exposure component based on the transfer 

of lead from the mother’s blood to the fetus before birth, although a significant potential exists for adverse 

effects of prenatal lead exposure on neurobehavioral and physical development (EPA, 1994b). 

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 ohips in soil may be different than lead absorption from 

other chemical forms. 

Blood-lead variability in the IEUBK model is characterized by a single number, the geometric standard 

deviation, which is set to a defauit value of 1.6. This value represents the aggregate uncertainty in all 

sources of population variability, including biological, uptake, exposure, sampling, and analytical 

components. Child blood-lead level predictions 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. 

3.2 ECOLOGICAL RISK ASSESSMENT APPROACH 

Ecological receptors at NASJRB Willow Grove may be at risk from contaminants associated with Sites 1, 

2, 3, and 5. Therefore, an ecological risk assessment (ERA) was performed to characterize the potential 

risks from site-related contaminants to ecological receptors that inhabit the installation. The ERA was 

based on laboratory analyses of surface soil, surface water, and sediment samples collected from each 

site. This section provides an outline of the approach that was taken to assess the impacts of site 

contamination on ecological receptors and the habitats that support these organisms. This assessment 

followed a two-step process: 
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transit time. For example, lead absorption from paint chips in soil may be different than lead absorption from 
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components. 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 
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3.2 ECOLOGICAL RISK ASSESSMENT APPROACH 

Ecological receptors at NASJRB Willow Grove may be at risk from contaminants associated with Sites 1, 

2, 3, and 5. Therefore, an ecological risk assessment (ERA) was performed to characterize the potential 

risks from site-related contaminants to ecological receptors that inhabit the installation. The ERA was 

based on laboratory analyses of surface soil, surface water, and sediment samples collected from each 

site. This section provides an outline of the approach that was taken to assess the impacts of site 

contamination on ecological receptors and the habitats that support these organisms. This assessment 

followed a two-step process: 
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Step 1: Preliminary Problem Formulation and Ecological Effects Evaluation (Section 3.2.1) 

• Preliminary Problem Formulation - This is the first phase of an ERA, which discusses the goals, 

breadth, and focus of the assessment. It includes general descriptions of NASJRS Wiliow Grove 

sites with emphasis on the habitats and ecological receptors present. This phase also involves 

characterization of contaminant sources and migration pathways, evaluation of routes of contaminant 

exposure, and selection of analytes to be assessed. Assessment and measurement endpoints are 

also selected in this phase. In addition, a conceptual model is developed that describes how 

contaminants associated with the RI sites may come into contact with ecological receptors, 

• Preliminary Ecological Effects Evaluation - In this phase, medium-specific ecological screening levels 

for each analyte (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 be!ow. 

Step 2: Preliminary Exposure Assessment and Risk Calculation (Section 3.2.2) 

• Preliminary Exposure Estimate - This portion of the ERA includes the identification of contaminant 

concentration data used to represent ecoiogical exposure in various media and the selection of 

exposure point contaminant concentrations from those data. 

• Preliminary Risk Calculation - In this step, exposure point concentrations are compared to screening 

levels in order to characterize potentia! risks to ecological receptors of concern. Analytes found to 

pose potential risk after these comparisons are selected as ecological chemicals of potential concern 

(COPCs). 

When these two steps are completed, the results are interpreted and the uncertainties associated with the 

ERA are addressed. The above process, described in further detail below, represents the general 

approach recommended in tile most recent U.S. EPA guidance for performing ecological risk 

assessments (U.S. EPA, 1997), which served as the basis for the ERA methodology. Additional guidance 

consulted for this ERA includes Department of the Navy ERA policy (DON, 1999), EPA Region ill STAG 

ERA guidelines (USEPA, 1994), and other ERA guidance documents and publications (Calabrese and 

Baldwin, 1993; Suter, 1993; Wentsel et aI., 1996). 

Due to the potential complexity of ERAs, they are usually conducted using a tiered approach and 

punctuated with ScientificfManagement Decision Points (SMDPs). SMDPs are meetings involving the risk 

managers and risk assessment team and are conducted to evaluate the work up to that point and to 

ensure that the ecological risk assessment is proceeding in an efficient manner. information analyzed in 

one tier is evaluated to determine whether the objectives of the study have been met. The results are 
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then used to identify the data required for the next tier, if necessary. The Tier 1 ERA is also known as a 

Screening Risk Assessment. The Screening Risk Assessment uses conservative (i.e., stringent) 

assumptions to evaluate site data and determine whether additional ecological risk assessment or 

accelerated site cleanup may be warranted, or that the site poses negligible ecological risks. 

The second tier is a baseline ERA (BERA), which is conducted if the results of the screening-level ERA 

indicate that additional study is warranted. The BERA comprises Steps 3 through 7 of the &step ERA 

process, and is a more focused study of the initial COPCs. The beginning of the BERA also presents a 

more balanced evaluation of the conservativeness inherent in the first two steps of the ERA process 

(DON, 1999). 

32.1 Preliminary Problem Formulation and Ecological Effects Evaluation ~” -.--- 

Section 3.2.1 .I discusses the components of problem formulation and Section 3.2.1.2 discusses the 

components of ecological effects evaluation. 

3.2.1.1 Preliminary Problem Formulation 

Ecological Setting 

The preliminary problem formulation contains a description of the background of the site and a general 

description of the ecological setting at NASJRB Willow Grove, These topics are presented in Section 1.4. 

The main areas of interest at NASJRB Willow Grove for this ERA are Sites 1, 2, 3, and 5. These sites are 

described in detail in site-specific sections. 

Habitat Types and Ecological Receptors 

Descriptions of habitat types and ecological receptors were composed for Sites I, 2, 3, and 5, and are 

presented in site-specific sections of this report. Data regarding habitats and ecological receptors were 

obtained from previous reports and from biological characterizations conducted at the installation during 

this investigation. Information on the occurrence of threatened and endangered species on and near the 

four sites was obtained from the U.S. Fish and Wldlife Service, the Pennsylvania Game Commission, the 

Pennsylvania Fish and Boat Commission, the Pennsylvania Department of Environmental Protection, and 

the Natural Resources Manager at NASJRB Willow Grove. 
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then used to identify the data required for the next tier, if necessary. The Tier 1 ERA is also known as a 

Screening Risk Assessment. The Screening Risk Assessment uses conservative (i.e., stringent) 

assumptions to evaluate site data and determine whether additional ecological risk assessment or 

accelerated site cleanup may be warranted, or that the site poses negligible ecological risks. 
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indicate that additional study is warranted. The BERA comprises Steps 3 through 7 of the 8-step ERA 
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Contaminant Sources. Release Mechanisms, and Migration Pathways 

Site-specific contaminant sources, release mechanisms, and migration pathways are discussed in site

specific sections of this report. The general transport mechanisms that were investigated include 

combustion, volatilization, wind erosion, overland runoff, and infiltration of contaminants. Constituents in 

soi! could volatWze from surficial material or become airborne through wind erosion. Contaminated 

fugitive dust could be generated during ground-disturbing activities such as construc.tion or excavation. 

Contaminants could then be dispersed in the surrounding environment and transported to downwind 

locations, where they couid become deposited in surface soil, surface water, or sediment Combustion 

was probably a major transport mechanism during the period when the landfills and fire training area were 

in use. However, combustion is assumed to currently represent a negligible transport mechanism at 

NASJRB Willow Grove since open burning activities have ceased. 

Precipitation runoff could carry constituents to nearby surface water and sediment. Infiltrating 

precipitation could cause the contamination of subsurface soil and groundwater. Upon infiltrating the soH 

column and reaching the water table, a contaminant may be carried with the flow of groundwater to 

downgradient locations. Groundwater from the site may eventually discharge to surface water; 

contaminants could be subsequently deposited in sediment or accumulate in the tissues of aquatic 

organisms. 

Exposure Routes 

Terrestrial animals cou!d be exposed to soil contaminants through the ingestion of contaminated food 

items. Animals can also incidentally ingest soil while grooming fur, preening feathers, digging, grazing 

close to the soil, or feeding on items to which soil has adhered (such as roots and tubers). Terrestrial 

vegetation could be exposed to contaminants via direct aerial deposition and root translocation. However, 

aerial depOSition was not investigated, primarily because the contaminant sources at the sites under 

investigation are largely covered by vegetation. Terrestrial animal receptors may also come into contact 

with contaminants in surface water through drinking, although this exposure route represents a negligible 

portion of total exposure for most receptors. Exposure to contaminants in the soil via dermal contact may 

occur but is unHkely to represent a major exposure pathway because fur, feathers, and chitinous 

exoskeletons minimize transfer of contaminants across dermal tissue. 

Inhalation does not represent a significant exposure pathway because air contaminant concentrations are 

assumed to be quite low, even for burrowing wildlife. In addition, inhalation ecotoxicity data for chronic 

exposure are lacking. Therefore, the air pathway was not considered for ecological receptors. 
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Aquatic and semi-aquatic organisms at NASJRB Willow Grove could be exposed to contaminants via 

direct contact with surface water and sediments, incidental ingestion of surface water and sediments, and 

consumption of contaminated food items. Aquatic and semi-aquatic organisms could also be exposed to 

constituents from contaminated groundwater that potentially discharges into nearby surface water. 

Selection of Analytes to be Investigated 

All analytes detected in surface water, sediment, and surface soil samples collected during 1991 Phase I 

and 1997 Phase II sampling activities were assessed in this investigation However, calcium, 

magnesium, potassium, and sodium were excluded in the screening process since they are essential 

nutrients that are toxic only in extremely high concentrations. Due to the scarcity of data for these 

essential nutrients, it was not possible to develop ranges of toxicity even at high concentrations. The 

limited toxicity data available indicate that high dietary intake of these nutrients is well tolerated. 

Assessment and Measurement Endpoints 

One of the major tasks in problem formulation is the selection of assessment and measurement 

endpoints. An assessment endpoint is “an explicit expression of actual environmental values that are to 

be protected” and measurement endpoints are “measurable ecological characteristics that are related to 

the valued characteristic chosen as the assessment endpoint” (USEPA, 1997). For this ERA, the 

assessment endpoint was the maintenance of aquatic and terrestrial receptor populations. Therefore, the 

specific objectives of this assessment were to determine if exposure to contaminants present in the 

surface water, sediment, and soil on and near the sites are likely to result in declines in ecological 

receptor populations. Declines in populations could result in a shift in community structure and possible 

elimination of resident species from aquatic, semi-aquatic, and terrestrial environments. 

Measurement endpoints serve as surrogates for assessment endpoints, since they are more easily 

quantified or observed than assessment endpoints Measurement endpoints consisted of contaminant 

concentrations associated with adverse effects on growth, survival, and reproduction of aquatic organisms 

(surface water screening levels), benthic organisms (sediment screening levels), and terrestrial vegetation 

and soil invertebrates (surface soil screening levels). 

Conceptual Site Model 

The conceptual model is designed to diagrammatically 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 the sites were 

determined by identifying the most likely pathways of contaminant release and transport. A complete 

NAVW5466tSite5RIISect3 
3-74 

• 

• 

Aquatic and semi-aquatic organisms at NASJRB Willow Grove could be exposed to contaminants via 

direct contact with surface water and sediments, incidental ingestion of surface water and sediments, and 
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Selection of Ana/ytes to be Investigated 

All analytes detected in surface water, sediment, and surface soil samples collected during 1991 Phase I 

and 1997 Phase II sampling activities were assessed in this investigation. However, calcium, 

magnesium, potassium, and sodium were excluded in the screening process since they are essential 

nutrients that are toxic only in extremely high concentrations. Due to the scarcity of data for these 

essential nutrients, it was not possible to develop ranges of toxicity even at high concentrations. The 

limited toxicity data available indicate that high dietary intake of these nutrients is well tolerated. 

Assessment and Measurement Endpoints 

One of the major tasks in problem formulation is the selection of assessment and measurement 

endpoints. An assessment endpoint is "an explicit expression of actual environmental values that are to 

be protected" and measurement endpoints are "measurable ecological characteristics that are related to 

the valued characteristic chosen as the assessment endpoint" (USEPA, 1997). For this ERA, the 

assessment endpoint was the maintenance of aquatic and terrestrial receptor populations. Therefore, the 

specific objectives of this assessment were to determine if exposure to contaminants present in the 

surface water, sediment, and soil on and near the sites are likely to result in declines in ecological 

receptor populations. Declines in populations could result in a shift in community structure and possible 

elimination of resident species from aquatic, semi-aquatic, and terrestrial environments. 

Measurement endpoints serve as surrogates for assessment endpoints, since they are more easily 

quantified or observed than assessment endpoints. Measurement endpoints consisted of contaminant 

concentrations associated with adverse effects on growth, survival, and reproduction of aquatic organisms 

(surface water screening levels), benthic organisms (sediment screening levels). and terrestrial vegetation 

and soil invertebrates (surface soil screening levels). 

Conceptual Site Model 

The conceptual model is designed to diagrammatically 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 the sites were 

• determined by identifying the most likely pathways of contaminant release and transport. A complete 
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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 model for each site is presented in site-specific 

sections of this report. 

3.2.1.2 Preliminary Ecological Effects Evaluation 

For this ERA, exposure-point concentrations of detected analytes in surface water, sediment, and surface 

soil were compared to ecologically based guidelines to determine if the analytes should be selected as 

copes. Although groundwater-to-surface-water migration of groundwater contaminants is possible at 

NASJRB Willow Grove, ecological receptors are not directly exposed to groundwater. AdditionaHy, no 

groundwater thresholds have been developed based on ecological concerns. Potential ecological risks 

associated with groundwater contaminants are reflected in the evaluation of the potential risks associated 

with surface water and sediment since the sources of contamination at the sites under investigation have 

been in place long enough for groundwater plumes to discharge into nearby surface water and sediment 

Thus, groundwater contaminants were not screened against surface water contaminants in the ecologica! 

risk assessment. It is noted that an artesian flowing well formerly existed downstream from the pond near 

Site 3. However, this well has been permanently capped so that flow from this monitoring weI! is 

nonexistent. There are no other flowing artesian wells near any other site investigated in this report. The 

• 

Navy corrected the problem of flowing artesian monitoring wells during RI 'field investigations in the spring • 

of 1997 by repairing the leaking sample assemblies. Long-term annual inspection and maintenance of 

these artesian monitoring wells will ensure no flow of groundwater to surface water. 

Methods used for the selection of medium-specific benchmarks used in this ERA are provided below. 

Surface Water Screening Levels 

Actual exposures of aquatic receptors to surface water contaminants at NASJRB Willow Grove were 

assumed to be primarHy chronic (long-term) exposures. usually at sublethal concentrations. Initial 

screening levels for this ERA were chronic screening values obtained from USEPA Region III STAG 

(EPA, 1995), EPA chronic ambient water quality criteria (AWQC), EPA final chronic values (FCVs), and 

Tier II values (EPA. 1996b). 

Sediment Screening Levels 

Initial contaminant screening !evels for benthic organisms were preferentially EPA Region II! STAG 

screening levels (EPA, 1995), These values are primarily Effects Range-Low (ER-L) values from Long 

and Morgan (1990) and Long et al. (1995), and Apparent Effects Thresholds (AETs). • 
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Surface Soil Screening Levels 

* Initial screening levels for soil organisms consisted primarily of USEPA Region Ill BTAG screening levels 

(EPA, 1995), Oak Ridge National Laboratory (ORNL) surface soil screening levels, and Dutch “EY’ levels 

that represent ecological toxicity endpoints (Netherlands, 1994). 

32.2 Preliminary Exposure Estim+e and Risk Calculation 

Section 322.1 describes the components of preliminary exposure estimate and Section 3.2.2.2 describes 

the components of preliminary risk calculation. 

3.2.2.1 Preliminary Exposure Estimate 

The maximum detected concentrations of analytes in surface water, sediment, and surface soil were used 

as exposure point contaminant concentrations for comparison to ecological screening levels in the risk 

calculation step. Detailed descriptions of sampling locations, data validation, data treatment, and data 

selection were presented in previous sections. 

3.2.2.2 Preliminary Risk Calculation 

4B 
The preliminary risk calculation step in the ERA process compares exposure-point contaminant 

concentrations with screening levels protective of ecological receptors (EPA, 1997). The ratio of the 

exposure-point contaminant concentration to the screening level is called the hazard quotient (HQ) and is 

defined as follows: 

HQ, = EPC,/ESL, 

where: HQ, = Hazard Quotient for analyte “i” (unitless) 

EPC, = Exposure Point Concentration for analyte “i” (llg/L or mg/kg) 

ESL, = Ecological Screening Level for analyte ‘9” @g/L or mglkg) 

When the ratio of the exposure point concentration to its respective screening level equaled or exceeded 

1.0, adverse impacts were considered possible, and the contaminant was retained as a COPC. The HQ 

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 screening level. HQ values equal or 

greater than 1 .O indicate 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. 
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Surface Soil Screening Levels 

Initial screening levels for soil organisms consisted primarily of USEPA Region III STAG screening levels 

(EPA, 1995), Oak Ridge National Laboratory (ORNL) surface soil screening levels, and Dutch "8" levels 

that represent ecological toxicity endpoints (Netherlands, 1994). 

3.2.2 Preliminary Exposure Estimate and Risk Calculation 

Section 3.2.2.1 describes the components of preliminary exposure estimate and Section 3.2.2.2 describes 

the components of preliminary risk calculation. 

3.2.2.1 Preliminary Exposure Estimate 

The maximum detected concentrations of analytes in surface water, sediment, and surface soil were used 

as exposure point contaminant concentrations for comparison to ecological screening levels in the risk 

calculation step. Detailed descriptions of sampling locations, data validation, data treatment, and data 

selection were presented in previous sections. 

3.2.2.2 Preliminary Risk Calculation 

The preliminary risk calculation step in the ERA process compares exposure-point contaminant 

concentrations with screening levels protective of ecological receptors (EPA, 1997). The ratio of the 

exposure-point contaminant concentration to the screening level is called the hazard quotient (HQ) and is 

defined as follows: 

HQi = EPC/ESL; 

where: HQi = Hazard Quotient for analyte "i" (unitless) 

EPC; = Exposure Point Concentration for analyte "i" (~lg/L or mg/kg) 

ESL; = Ecological Screening Level for analyte "i" (~lg/L or mg/kg) 

When the ratio of the exposure point concentration to its respective screening level equaled or exceeded 

1.0, adverse impacts were considered possible, and the contaminant was retained as a COPC. The HQ 

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 screening level. HQ values equal or 

greater than 1.0 indicate 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. 
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The use of HOs is probably the most common method used for risk characterization in ERAs, 

Advantages of this method, according to Bamthouse et a!. (1986), include the following: • 

• The HQ method is relatively easy to use, is generally accepted, and can be applied to any data. 

• The method is useful when a large number of contaminants mLlst be screened, 

This method of risk characterization has some inherent limitations. One primary limitation is tflat it is a 

"no/maybe" method for relating toxicity to exposure. That is, it uses single values for exposure 

concentrations and screening levels. The HQ method does not account for the variability in both these 

parameters or for incremental or cumulative toxicity, 

The comparisons of maximum contaminant concentrations in eacll medium to screening levels are 

presented in screening tables. The screening tables include the frequency of detection for each analyte, 

the range of detected values, and contaminant-specific screening levels. 

The ERA methods described above constitute the first two steps of the 8-step ERA process. Thus, the 

ERA, up to this point, can be considered to be a "screening-level" assessment, or "Tier 1" assessment, 

since it is based primarily on a conservative initial screening of contaminant concentrations against • 

contaminant-specific screening levels. As wi!! be seen in site-specific ERAs, maximum concentrations of 

several analytes exceed ecological screening levels. Because of this, and since the locations and 

number of samples appears to be adequate to determine tile nature and extent of site related 

contamination, a more thorough assessment is warranted, Therefore, in accordance with EPA (1997) and 

Navy policy (DON, 1999), and as per discussions with Region II( STAG, a portion of Step 3. of the 8-step 

ERA process was included in this assessment. 

Step 3 of the 8-step ERA process is BERA problem formulation (EPA, 1997). This step consists of 

several sub-steps designed to develop the goals, breadth, and focus of the SERA. The initial sub-step 

within Step 3 is refinement of contaminants of potential concern, and is referred to as "Step 318 -

Refinement of Conservative Exposure Assumptions" in the Navy's ERA guidance (DON, 1999), 

The use of conservative guidelines and maximum detected concentrations in the screening-level 

assessment is necessary to ensure that potential risks are not underestimated. However, if the hazard 

quotients derived from comparisons of maximum concentrations to conservative screening levels are 

used as the single factor for including a cope in a baseline ERA without consideration of other relevant 

information, additional ecological studies such as toxicity testing or tissue analyses could be undertaken • 
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for COPCs that do not actually pose significant risks. For this reason, refinement of COPCs, the first sub- 

step within Step 3, was incorporated into the ERA. Step 3a involves the consideration of factors such as 

background data (mainly for inorganics), toxicological evaluation of COPCs, frequency of detection, and 

comparisons of COPCs to alternate guidelines (EPA, 1997; DON, 1999). 

3.2.3.1 Alternate Guidelines 

Less conservative guidelines are presented in Step 3a of this ERA to provide balance to the conservative 

screening-level assessment. For example, some sediment screening values in Steps 1 and 2 consisted 

of ER-L values obtained from Long et al. (1995). However, an ER-L is defined as the concentration below 

which adverse ecological effects “would rarely be observed”, and the effects range-medium (ER-M) is the 

concentration below which adverse effects “would occasionally occur” (Long et al., 1995). Therefore, 

ascribing risk to a sediment contaminant detected in a concentration that exceeds the ER-1 but is below 

the ER-M can be misleading. Recent studies have indicated that ER-MS are much better indicators of 

potential adverse effects than ER-Ls (Long et al., 1998), and thus, ER-MS are included in Step 3a. 

Less conservative sediment guidelines also include Probable Effects Levels (PELs) developed by the 

Florida Department of Environmental Protection (FDEP, 1994). The PELs are loosely analogous to ER- 

Ms. The data set used by Long et al. (1995) to develop ER-Ls and ER-MS was used also by FDEP. 

However, unlike the ER-Ls and ER-MS, PELs also incorporate chemical concentrations observed or 

predicted to be associated with no adverse biological effects (no effects data). The PEL is the geometric 

mean of the 50” percentile in the effects data set and 85’” percentile in the no effects data set, The PEL 

represents the lower limit of the range of contaminant concentrations that are usually, or always, 

associated with adverse biological effects (FDEP, 1994). 

Other less conservative sediment guidelines such as Severe Effects Levels (SELs) developed by the 

Ontario Ministry of the Environment (MOE) are also presented in Step 3a. MOE guidelines are based 

exclusively on observed effects in the field (absence of certain species). The SEL represents the 

contaminant level that could potentially eliminate most of the benthic organisms. Unlike National Oceanic 

and Atmospheric Administration (NOAA) and FDEP guidelines, MOE guidelines are based on freshwater 

sediments. Probable Effects Concentrations (PECs) developed as part of EPA% Assessment and 

Remediation of Contaminated Sediments Program (EPA, 1996c), and other guidelines are also presented 

in Step 3a. 

Alternate guidelines for surface water are not as plentiful as for sediments. Therefore, a broad range of 

alternate guidelines for surface water could not be developed. However, alternate guidelines are 

presented, when available, for surface water COP& in Step 3a for each site investigated herein. 
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the ER-M can be misleading. Recent studies have indicated that ER-Ms are much better indicators of 
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Florida Department of Environmental Protection (FDEP, 1994). The PELs are loosely analogous to ER

Ms. The data set used by Long et al. (1995) to develop ER-Ls and ER-Ms was used also by FDEP. 

However, unlike the ER-Ls and ER-Ms, PELs also incorporate chemical concentrations observed or 

predicted to be associated with no adverse biological effects (no effects data). The PEL is the geometric 

mean of the 50th percentile in the effects data set and 85th percentile in the no effects data set. The PEL 
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associated with adverse biological effects (FDEP, 1994). 

Other less conservative sediment guidelines such as Severe Effects Levels (SELs) developed by the 

Ontario Ministry of the Environment (MOE) are also presented in Step 3a. MOE guidelines are based 

exclusively on observed effects in the field (absence of certain species). The SEL represents the 

contaminant level that could potentially eliminate most of the benthic organisms. Unlike National Oceanic 

and Atmospheric Administration (NOAA) and FDEP guidelines, MOE guidelines are based on freshwater 

sediments. Probable Effects Concentrations (PECs) developed as part of EPA's Assessment and 

Remediation of Contaminated Sediments Program (EPA, 1996c), and other guidelines are also presented 

in Step 3a. 

Alternate guidelines for surface water are not as plentiful as for sediments. Therefore, a broad range of 

alternate guidelines for surface water could not be developed. However, alternate guidelines are 

presented, when available, for surface water COPCs in Step 3a for each site investigated herein. 
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Alternate surface soH guidelines for some GOpes were available from ORNL (Efroymson et aI., 1997a; 

1997b) and are presented in Step 3a. TIlese data were derived to be used as screening values for 

invest/gating the potential effects of contaminants on soil litter invertebrates (i.e. eartl1worms), soil 

microbes, and plants. Other alternate ecological soil guidelines include Dutch "8" soil valves indicative of 

"moderate soH contamination that requires further study" (Beyer, 1990), and Canadian Council of 

Ministers of the Environment SoH Quality Guidelines (CCME, 1997). 

3.2.3.2 Toxicological Evaluation of copes 

Toxicity data and information from various sources in the literature are discussed as they relate to the 

interpretation of potential risks from each COPG. These sources include the USFWS Chemical Hazard 

Reviews, commonly referred to as the "Eisler" publications, ATSDR Toxicity Profiles on CD-ROM. and 

ecotoxicological journals. 

3.2.3.3 Other Considerations 

The establishment of background concentrations was discussed in Section 2.3. Background data were 

obtained from tile sampling and analysiS of surface water, sediment, and surface soil during Phase II 

activities. As a result. background data are available for use in assessing the extent to which chemical 

concentrations at Sites 1, 2, 3, and 5 are due to site-related activities, since concentrations of inorganic 

contaminants can be naturally elevated and exceed screening values. 

The frequency of detection and spatial analysis of elevated contaminant concentrations were evaluated to 

determine whether potential risks are widespread or limited to a smaU area. The magnitude of the HQs 

was also considered. As described earlier, the relationship between the magnitude of an HQ and toxicity 

is not necessarily linear. However, the magnitude of an HQ can be used as a rough approximation of the 

extent of potential risks, especially if there is sufficient confidence in the guideline used. 

Due to past contaminant releases at Sites 1, 2, 3, and 5, a screening-level ERA was conducted for each 

of these sites. Maximum contaminant concentrations in surface water, sediment, and surface soil were 

compared to screening level toxiCity values that are protective of ecological receptors. Potential risks to 

ecological receptors were investigated in tile form of HQ values, which is the ratio of the representative 

contaminant concentration to the screening level toxicity value. Risks were considered possible when an 

HQ value was equal to or greater than 1.0. Subsequent!y, other quantitative and qualitative factors were 

investigated in Step 3a to more fully assess potential risks. A "weight-af-evidence" approach (EPA, 1997) 

was used as part of Step 3a to determine the extent of potential risks wilen HQ values exceeded 1.0 . 

information in Step 303 was used to determine final ecological contaminants of concern (COGs). 
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3.2.5 Screening Level and Step 3a Uncertainty Analysis 

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. This section 

provides a summary of the general uncertainties involved in this ERA, and discusses how the 

uncertainties may affect the final risk values and conclusions. Discussions of site-specific uncertainties 

are contained in site-specific sections of this report. 

3.2.5.1 Uncertainty in the Preliminary Problem Formulation 

Uncertainty in problem formulation can result from limited information regarding contaminant sources, 

release mechanisms, and exposure routes. For example, the sites investigated in this ERA receive 

contaminant inputs from more than one source. Thus, uncertainties can exist regarding whether risk 

characterized at a discrete site stems from site-related contaminants. 

3.2.5.2 Uncertainty in the Ecological Effects Evaluation 

Uncertainty in the ecological effects evaluation results from the nature and quality of the available toxicity 

data used to derive toxicity screening values 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. 

Unlike human health risk assessments, ERAS must consider risks to many different species. However, 

calculation of risk values for each potential receptor species is not possible. For this ERA, conservative 

screening values protective of a wide range of ecological receptors were sought. The underlying 

assumption associated with the use of these screening values is that contaminant concentrations in 

excess of these values 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 or decrease a receptor’s contact with a 

contaminant are seldom known. Also, contaminants were present in some media for which no suitable 

benchmarks were available, and as a result, these contaminants could not be quantitatively assessed. 

Risks may be biased low in these instances. 

Potential risks may be under- or overestimated due to the interactive effects of contaminants. 

Contaminants with similar modes of action may have additive effects (e.g., organochlorine pesticides) or 

synergistic effects. In this case, potential risks could be underestimated. Contaminants can also have 

ameliorating effects on certain receptors. In this case, potential risks could be overestimated. 
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3.2.5.3 Uncertainty in the Ex.posure Estimate 

Uncertainty in the exposure estimate is primarily a result of the methods used to obtain exposure point 

concentrations, The maximum detected contaminant concentrations were used to represent the highest 

contaminant concentrations to which ecological receptors might be exposed. If the maximum 

concentration of a chemical in a given medium was collected in a "hot spot" of contamination and was 

much higher than the remaining values in the data set, potential risks might be greatly overestimated, 

Conversely, if undiscovered hot spots exist at a site, then potential risks might be greatly underestimated. 

Dermal and inhalation exposures were not evaluated in this ERA. Dermal exposure is usually limited by 

the outer coverings of most receptors, Nevertheless, certain portions of some receptors, such as 

footpads, eyes, and nose do not contain fur or feathers, and may have a higher chance of exposure. 

Inhalation of contaminants is insignificant for most receptors, but burrowing species such as woodchUCKS 

could be exposed to some contaminants via inhalation. However, data regarding inhalation exposure and 

toxicity for wildlife were not available. In summary, the dermal and inhalation eKposure routes are 

considered to be miniscule, but since they cannot be quantitatively assessed, the associated potential 

risks are inherently underestimated. 

3.2.5.4 Uncertainty in the Risk Calculation 

Uncertainty in the risk calculation is affected by all aspects of the ERA process described in the above 

sections. To try to reduce the overall uncertainty in the risk assessment, the weight-at-evidence approach 

is Llsed to make risk decisions. This approach considers all aspects of the assessment including the 

uncertainties, to make determinations of potential risks. 
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4.0 SITE 5 -THE FIRE TRAINING AREA 

4.1 DESCRIPTION AND HISTORY 

The Fire Training Area is located in the south-central portion of the Naval Air Station, approximately midway 

between Runway lo/28 and State Route 463 (Figures 1-2 and 4-l). The site is located immediately south 

of Taxiway Juliet and covers an irregularly shaped area of approximately I .25 acres. The training area was 

used from 1942 to 1975 for large-scale fire fighting exercises, which included the disposal and burning of 

flammable liquid wastes generated by the Naval Air Station. Wastes including solvents, paint chemicals, 

xylenes, toluene, and various petroleum compounds were consumed at the rate of at least 4,000 gallons par 

year in these fire fighting exercises (EA, May 1990). The area was also reportedly used for drum storage of 

these flammable materials during the periods between burning exercises. 

The Fire Training Area is primarily covered by grasses, with some woody and brushy vegetation present 

within the southern portion of the area. The burn area is located in the south-central portion of the site. Two 

small (generally dry) soil depression areas referred to as “ponds” are immediately south of the former 

burning area. 

4.1.1 Historical Aerial Photoqraphs 

Historical aerial photographs depicting surface conditions at Site 5 during the years 1942, 1958, 1964, 1971, 

1978, and 1984 were reviewed by the EPA and the Navy. In a report forwarded to the Navy in April 1999 

EPA indicated a series of unidentified anomalies that were considered potential environmental concerns. 

The Navy attempted to ascertain the identity of the anomalies through interviews with site representatives 

and site visits. The Navy also reviewed the photographs in conjunction with site mapping from the RI 

activities. Ultimately, the Navy concluded that all of the anomalies at Site 5 had been subjected to some 

level of field investigation during either the Phase I or Phase II RI. The full report of his investigation, 

prepared by the Navy, is included as Appendix N. 

4.2 HYDROLOGY 

The ground surface in the vicinity of the Fire Training Area slopes toward the south at a grade of 

approximately two percent. Runoff during normal precipitation events should be minimized by the relatively 

gentle slope and the abundant vegetation, which serves to decrease runoff velocity and increase infiltration. 

Two small ponds are located within 100 feet of the site in the downslope direction. The two small “ponds” 

do not always contain water and tend to dry out. 
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Based on the local topography, any runoff from the site area may be expected to flow off base through a 

small intermittent drainage that crosses the base boundary approximately 2,000 feet south of the Fire 

Training Area. This drainage, which also carries runoff from the Antenna Field Landfill, flows into 

Pennypack Creek approximately 3,000 feet from the base property line. 

4.3 SITE 5 GROUNDWATER FLOW PATTERNS 

The former fire training area is situated atop a southwest-northeast-trending ridge that is the highest 

topographic feature within the region (see Figure 4-2, topographic map of Site 5). This ridge serves as a 

divide for the regional surface water bodies (watershed divide), as surface water to the north of the divide 

flows toward the Little Neshaminy Creek, and surface water to the south of the divide flows toward the 

Pennypack Creek. 

Typically within the Triassic Basin, surface water and groundwater flow patterns are generally similar, and 

regional groundwater divides coincide with regional surface water divides. To test and confirm this 

hypothesis and to determine the regional groundwater flow patterns on and in the vicinity of the base, the 

USGS performed a regional groundwater study (concurrent with this investigation and with the assistance of 

TtNUS) and constructed a regional potentiometric surface map (USGS, 2001). The results of the USGS 

investigation confirm that the topographic ridge forms both a surface water divide and a groundwater divide. 

That is, groundwater to the north of the divide flows regionally in a northwest direction, and groundwater to 

the south of the divide flows regionally in a southeast direction. The USGS interpretation indicates that the 

regional groundwater divide trends southwest-to-northeast in the vicinity of Site 5 and passes directly 

beneath the Fire Training Area. 

4.4 GEOLOGY AND HYDROGEOLOGY OF SITE 5 -THE FIRE TRAINING AREA 

4.4.1 Geolosy 

The geologic interpretation of the Fire Training Area is based on the subsurface data (boring logs and 

geophysical logs) obtained during this current and previous site investigations. These data indicate that the 

local geology beneath this site is generally consistent with the regional geology. 

The numerous soil borings encountered a variably thick overburden section underlain by weathered 

siltstone and sandstone. The overburden generally consisted of silty clay and clay, with minor amounts of 

silty sand. The thickness of the overburden (or the depth to the top of the weathered bedrock) ranged from 

9 to 18 feet. 

DOCSINAVY/54661 SitefjfWSect4 4-3 

• 

• 

• 

Based on the local topography, any runoff from the site area may be expected to flow off base through a 

small intermittent drainage that crosses the base boundary approximately 2,000 feet south of the Fire 

Training Area. This drainage, which also carries runoff from the Antenna Field Landfill, flows into 

Pennypack Creek approximately 3,000 feet from the base property line. 

4.3 SITE 5 GROUNDWATER FLOW PATTERNS 

The former fire training area is situated atop a southwest-northeast-trending ridge that is the highest 

topographic feature within the region (see Figure 4-2, topographic map of Site 5). This ridge serves as a 

divide for the regional surface water bodies (watershed divide), as surface water to the north of the divide 

flows toward the Little Neshaminy Creek, and surface water to the south of the divide flows toward the 

Pennypack Creek. 

Typically within the Triassic Basin, surface water and groundwater flow patterns are generally similar, and 

regional groundwater divides coincide with regional surface water divides. To test and confirm this 

hypothesis and to determine the regional groundwater flow patterns on and in the vicinity of the base, the 

USGS performed a regional groundwater study (concurrent with this investigation and with the assistance of 

TtNUS) and constructed a regional potentiometric surface map (USGS, 2001). The results of the USGS 

investigation confirm that the topographic ridge forms both a surface water divide and a groundwater divide. 

That is, groundwater to the north of the divide flows regionally in a northwest direction, and groundwater to 

the south of the divide flows regionally in a southeast direction. The USGS interpretation indicates that the 

regional groundwater divide trends southwest-to-northeast in the vicinity of Site 5 and passes directly 

beneath the Fire Training Area. 

4.4 GEOLOGY AND HYDROGEOLOGY OF SITE 5 - THE FIRE TRAINING AREA 

4.4.1 Geology 

The geologic interpretation of the Fire Training Area is based on the subsurface data (boring logs and 

geophysical logs) obtained during this current and previous site investigations. These data indicate that the 

local geology beneath this site is generally consistent with the regional geology. 

The numerous soil borings encountered a variably thick overburden section underlain by weathered 

siltstone and sandstone. The overburden generally consisted of silty clay and clay, with minor amounts of 

silty sand. The thickness of the overburden (or the depth to the top of the weathered bedrock) ranged from 

9 to 18 feet. 

DOCS/NAVY/54661 Site5RI/Sect4 4-3 



100 Feet 

\ I’- 

Tetra Tech NUS, Inc. 
CONTRACT NUMBER OWNER NUMBFR 

6466 2207 

ADPROVED 6Y DATE 

TOPOGRAPHIC MAP - - 
SITE 5 - FIRE TRAINING AREA APPROVED BY DATE I 1 I I 

I I I 1 I I I I NASJRB WILLOW GROVE 
SCA-E WII I nW GROVE. PENNSYLVANIA -. -- --- 

I I I I I AS NOTED . ..----. I rIuut7c -2 

- 
I REV 

4-4 

o IGISI5466bm02 .apr-FIG4-2 9/4101 LDL 

I 

/ 
\ 

\ 
----- .. 

/ 

( /[) 
355 ----" 

'___--';so 

I 

/ 

~~r-______ +-____________ ~~~ ____________ ~_B~~C~H~<D~_.~P_P_~-+ ____________ ~RE~'F~R~EN~C~F~ ________________ ~ DAAWN8Y 

LDL 
DATE 

9/4/01 

~~r-------+-------------------------------~---+----+------f--------------------------------~ CHECKED 8Y DATE 
RET 

COST/SCHEOULE·AREA 

SCALE 

AS NOTED 

4-4 

N 

355 

I 
f -.. -' 7 

- "\ --.,..- ( 

, r ~ ____ ~ ______________________ ~ 

TOPOGRAPHIC MAP 
SITE 5 - FIRE TRAINING AREA 

NASJRB WILLOW GROVE 
WILLOW GROVE, PENNSYLVANIA 

100 o 100 Feet 

CONTRACT NUMBER 
5466 

OWNER NUMBER 
2207 

APPROVED BY DATE 

APPROVED BY DATE 

DRAWING NO. REV 
FIGURE 4-2 



The maximum depth of the monitoring well boreholes at Site 5 is 261 feet (the monitoring wells generally are 

shallower than the total depth of the borehole because the boreholes typically were backfilled in order to 

screen the most significant water-bearing zone, which was not necessarily at the bottom of the borehole). 

The bedrock to this depth typically consisted of alternating sequences of siltstone and sandstone. Thin but 

laterally consistent beds of mudstone and claystone were encountered within the lower portions of the 

penetrated section. In general, the bedrock beneath this site was characterized by its predominantly 

coarse-grained lithology. 

The structural geology beneath the site is illustrated by a pair of hydrogeologic cross-sections (Figures 4-3, 

4-4, and 4-5). These sections indicate that the structure (dip) of the bedrock is similar to that predicted by 

the regional geology. A 3-point correlation of geophysical logs from the Site 5 boreholes produced a 

bedrock strike of North 76O East and a bedrock dip of 7’ Northwest. 

A fine-grained claystone that occurs at a subsurface depth of about 100 feet beneath the source area at 

monitoring well cluster 05MWOl is fairly correlatable throughout the site (both on the drilling lithology logs 

and the geophysical logs), and served as the key marker bed for the subsurface correlations. The lateral 

continuity of this bed is consistent with the observation (noted by TtNUS at several sites within the region) 

that in general, the finer-grained rocks within the Triassic Basin are more laterally continuous and traceable 

than the coarser-grained rocks. 

4.4.2 Hvdroaeoloay 

4.4.2.1 Monitorinq Well Installation and Rationale 

Seventeen additional monitoring wells were installed to further delineate the nature and horizontal and 

vertical extent of groundwater contamination at the site and to provide the additional hydraulic head data 

needed to refine the hydrogeologic interpretation of the site. The Site 5 monitoring well locations are 

illustrated in Figure 4-6. The construction details for all monitoring wells are listed in Table 4-l. 

A new intermediate monitoring well (05MWOil) was installed at cluster location 05MWOl to further 

investigate and define the vertical extent of groundwater contamination at this previously identified source 

area of volatile organic compounds. Three new monitoring well clusters (05MW08, 05MW09, and 05MWlO) 

were installed downgradient of location 05MWOl to further investigate the nature and extent of 

contamination in the area downgradient of the source area. Each new well cluster consists of a shallow, 

shallow-intermediate, and intermediate monitoring well. 

0 
A new intermediate monitoring well (05MW031) was installed at well location 05MW03 to be paired with the 

DOCSINAVYJ5466J SiteSWSect4 4-5 

• 

• 

• 
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shallower than the total depth of the borehole because the boreholes typically were backfilled in order to 

screen the most significant water-bearing zone, which was not necessarily at the bottom of the borehole). 

The bedrock to this depth typically consisted of alternating sequences of siltstone and sandstone. Thin but 

laterally consistent beds of mudstone and claystone were encountered within the lower portions of the 

penetrated section. In general, the bedrock beneath this site was characterized by its predominantly 

coarse-grained lithology. 

The structural geology beneath the site is illustrated by a pair of hydrogeologic cross-sections (Figures 4-3, 

4-4, and 4-5). These sections indicate that the structure (dip) of the bedrock is similar to that predicted by 

the regional geology. A 3-point correlation of geophysical logs from the Site 5 boreholes produced a 

bedrock strike of North 760 East and a bedrock dip of 70 Northwest. 

A fine-grained claystone that occurs at a subsurface depth of about 100 feet beneath the source area at 

monitoring well cluster 05MW01 is fairly correlatable throughout the site (both on the drilling lithology logs 

and the geophysical logs), and served as the key marker bed for the subsurface correlations. The lateral 

continuity of this bed is consistent with the observation (noted by TtNUS at several sites within the region) 

that in general, the finer-grained rocks within the Triassic Basin are more laterally continuous and traceable 

than the coarser-grained rocks. 

4.4.2 Hydrogeology 

4.4.2.1 Monitoring Well Installation and Rationale 

Seventeen additional monitoring wells were installed to further delineate the nature and horizontal and 

vertical extent of groundwater contamination at the site and to provide the additional hydraulic head data 

needed to refine the hydrogeologic interpretation of the site. The Site 5 monitoring well locations are 

illustrated in Figure 4-6. The construction details for all monitoring wells are listed in Table 4-1. 

A new intermediate monitoring well (05MW01I) was installed at cluster location 05MW01 to further 

investigate and define the vertical extent of groundwater contamination at this previously identified source 

area of volatile organic compounds. Three new monitoring well clusters (05MW08, 05MW09, and 05MW10) 

were installed downgradient of location 05MW01 to further investigate the nature and extent of 

contamination in the area downgradient of the source area. Each new well cluster consists of a shallow, 

shallow-intermediate, and intermediate monitoring well. 

A new intermediate monitoring well (05MW031) was installed at well location 05MW03 to be paired with the 
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TABLE 4-1 

SITE 5: FIRE TRAINING AREA 
WELL CONSTRUCTION DETAILS 

.“” _ “--.~. 
L ARE CINCH DI PREVIOUSLY EXISTING WELL --.- -.....” .,.,... ^--_.-- 

FTAW-2 05MW02S 1 30 
05MWOSS’-‘--1 

-_-.-_- 
FTAW3 31 --.- 
FTAW-4 --.^ 05MW04S 30 ll-.l .^ ~.” . ̂ ^^ 
FTAW-5 05MW05S 40 1 

L . FTAVV:! I 05 MW ws I 37.5 17.5-37.5 1 362.38 1 Shallow 1 ___l-___- .” .._. ““.“l”._-” .._.., 

__ 05MW051 209.5 189.5 - 209.5 - 
__ .- -... “..“^ .--.-. 05MW08S 
__ 05MW08SI 
-- 05MW081 

t- __ 1 05MW09S 1 32 27 - 32 --..... --- ---.l.~“l---. -.“_- 
-- 05MW09SI -1”“-1” 
-- 05MW091 

05MW 1 OS __ 

.L 
361.91 Shallow 

74 59 - 74 361.74 Intermediate .-.- ---.“” I_____ 
106 96 106 “ziiizir ! D&Z?? - 11111 ~.-- 
32 22 - 32 362.54 Shallow .__. _ .._. _ -~--.- 

TOC = Top of casing 

bgs = Below ground surface 
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TABLE 4-1 

SITE 5: FIRE TRAINING AREA 
WEll CONSTRUCTION DETAilS 

,. __ .... _ .... --_. 
PREVIOUSLY EXISTING WEllS (All ~R§_±:!NCH DIAMETER) 

D:~r;~~~i~~---··-~~~~~~t~o-:c-~:~t~:t;· Screen Interval Elevation 
(feet bgs) (TOG) 

FTAW-1 05MW01S 32 12 - 32 364.11 .... ,-.. -.... -~- --_ ...... _----_._ ... _._--_ .. _-_._-_ .. 
FTAW-1B 05MW01S1 84.5 74.5 - 84.5 363.64 ... _._-----_._.- ~~.~ .. ~ ..•.. -~--
FTAW-2 05MW02S 30 10 - 30 365.48 ----_._-

05MW03S 11 - 31 FTAW-3 31 367.18 
f-----. --.-

FTAW-4 05MW04S 30 10 - 30 365.62 
--~'--

.~ .. -.-
FTAW-5 05MW05S 40 20 - 40 359.92 
FTAW-6 05MW06S 37.5 17.5-37.5 362.38 

-.~--.~ .. -
FTAW-6B 05MW061 84 74- 84 361.08 

'--- FTAW-? --
05MW07S 26 6 -26 360.73 

FTAW-7B 05MW071 84 74 - 84 360.20 
NEW MONITORING WEllS ~!:h ARE 2-INCH DI~.~!=TER} 

-- 05MW011 135 125 -135 363.99 
-- 05MW031 128 118 - 128 367.35 
-- 05MW041 84.5 74.5 - 84.5 364.75 
-- 05MW051 209.5 189.5 - 209.5 358.89 
-- 05MW08S 36 26 - 36 360.88 r-----.--... -.. --.--. ----- 05MW08S1 65 55 - 65 360.92 --_._-----_._._-_._-
-- 05MW081 99 89 - 99 361.02 -_. 
-- 05MW09S 32 27 - 32 361.91 --_._ . 

--~--. -'---- 05MW09S1 74 59 -74 __ 361.74 
- - 05MW091 106 96 - 106 362.11 
-- 05MW10S 32 22 - 32 362.54 "-"-- ._ ......... . _ ...... 

-- 05MW10S1 94 79 - 94 362.44 -_. 
-- 05MW101 126 116 - 126 362.48 ----- 05MW11S 25 20 - 25 349.50 
-- 05MW111 50 40 - 50 349.51 - _ .. 
-- 05MW11D 149 139 - 149 348.96 -.-_.-, .... . .-
-- 05MW121 113.5 103.5 - 113.5 365.98 _. __ ._---- ._- -_. 

TOG = Top of casing 

bgs = Below ground surface 
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existin~J shallow weH, and a new intermediate monitoring well (05MW121) was installed at nf::lW well location 

05MW12. We!llocations 05MW03 and 05MW12 are structurally located downdip from the source area for 

volatile organic compounds near well location 05MWOL Well location 05MW12 is located directly downdip 

from 05MW01, as its location was not selected until after the site-specific strike and clip WerE} determined 

using the stratigraphic information obtained through the geophysical logging 01' borehole 05MW03L The 

intermediate weBs 05MW031 and 05MW121 were installed to investigate the potential structural (bedrock) 

control on the migration of contaminants from the source area, particularly the potential for contaminants to 

migrate downdip (rather than down gradient) along bedding planes separating overlying, more permeable 

rocks from underlying, less permeable rocks. 

New shallow, intermediate, and deep monitoring wells were installed at new well location 05MW'11 to define 

the hydrogeologic conditions and groundwater quality in an area located downgradient trom the source area 

and between the source area and the off-site public supply well Horsham Township Well No. 26. Monitoring 

weH cluster 05MW11 was located as close to the base fence line as logistically possible in an area underlain 

by several utiHty Hnes. 

• 

At the time of their installation, the monitoring wells were designated either shallow (5). intermediate (I), 

deep (0), or shallow-intermediate transitional (81) monitoring wells. These well designations reflect the 

relative subsurface depths of the weU screens, and were not meant to imply a hydrogeological sionificance. 

After all of the hydrogeologic data were acquired and interpreted, it was determined that in order to simplify • 

subsequent discussions, the monitored portion of the aquifer beneath the site (which is entirely within the 

shallow, unconfined zone) could generally be divided into a shallow, intermediate, and deep groundwater 

lone. The portion of the aquifer monitored by each well is listed in Table 4-1. 

4.4.2.2 Groundwater Occurrence and Flow Characteristics 

The occurrence and distribution of groundwater within the bedrock was similar to that typically reported for 

aquifers within the Triassic Basin. During drilling, the bulk of the groundwater entered the boreholes through 

discrete water-entry zones. Subsequent analyses of the drilling logs, borehole video tape (when present), 

and borehole geophysical logs revealed that the discrete water-entry zones were either bedding-plane 

partings at lithologic contacts or fractures within a relatively homogeneous lithologic unit. Typically, both 

types of water-entry zones were present within any particular borehole. The primary porosity of the various 

lithologic units (particularly the sandstones) most likely contributed groundwater to each borehole, but the 

volume or yield could not be quantified due to the low volume of groundwater entering the borehole through 

the primary pore spaces relative to the volume of groundwater entering through the secondary openings. 

The hydraulic head data collected during this investigation indicate that two hydrogeologic units (an upper, 
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unconfined zone and a deeper, semi-confined to confined zone) exist beneath the Fire Training Area. All of 

the monitoring wells were completed within the unconfined zone, as interpreted by the vertical distribution of 

hydraulic head and the existence of downward vertical flow within the borehole at that particular screen 

depth. 

Hvdraulic qradients 

Flowmeter logs run in the open boreholes revealed that both upward and downward vertical gradients exist 

at Site 5. Typically, the vertical gradients were oriented downward in the shallower portions of the borehole 

and oriented upward in the deeper portions of the borehole, although not all boreholes exhibited an upward 

vertical gradient. The transition from downward to upward flow did not appear to be strictly controlled by 

lithology or stratigraphy. In boreholes 05MW031, 05MWO41, and 05MW121, the transition from downward to 

upward flow occurred at the claystone (discussed above) that can be correlated throughout the site. In 

borehole 05MW051, however, the vertical flow was downward throughout the borehole, even below the 

claystone. 

The magnitude of the vertical hydraulic gradient within the unconfined zone is quite variable and complex at 

Site 5. The hydraulic head measurements at the monitoring well cluster locations (where wells monitor 

several subsurface depth zones at a single surface location) indicate that the vertical gradients between 

most wells (wells with screen elevations shallower than a subsurface depth of about 140 feet, or above a 

topographic elevation of approximately 230 feet amsl) are fairly low, which suggests that these wells are 

monitoring different vertical zones within a common aquifer or hydrogeologic unit. The vertical gradient 

between the water table (an elevation of approximately 340 feet amsl) and an elevation of 230 feet amsl is 

typically in the range of hundreths of a foot of head difference per foot of vertical elevation. South of 

monitoring well cluster 05MW10, the vertical gradient increases considerably below an elevation of 230 feet 

amsl. Based on the hydraulic head measured in wells 05MW05l and 05MWl II, the vertical gradient 

between the water table and the deeper zones within the aquifer is one tenth of a foot of head difference per 

foot of vertical elevation, or an order of magnitude higher than the vertical gradient at the shallower depths 

(or higher elevations). 

The horizontal hydraulic gradient across the site is very low, with the exception of the gradient at the water 

table in the vicinity of the runway. The horizontal gradient at the water table ranges from about 0.01 foot of 

head difference per foot of horizontal distance near the runway to about 0.002 foot of head difference per 

foot of horizontal distance near the source area at well cluster 05MWOl. The horizontal gradients decrease 

markedly with increasing subsurface depth to a subsurface depth of about 140 feet (or an elevation of 

approximately 230 feet amsl), where the horizontal gradients range from about 0.002 foot of head difference 

per foot of horizontal distance near the source area at well cluster 05MWOl to about 0.0006 foot of head 
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unconfined zone and a deeper, semi-confined to confined zone) exist beneath the Fire Training Area. All of 

the monitoring wells were completed within the unconfined zone, as interpreted by the vertical distribution of 

hydraulic head and the existence of downward vertical flow within the borehole at that particular screen 

depth. 

Hydraulic gradients 

Flowmeter logs run in the open boreholes revealed that both upward and downward vertical gradients exist 

at Site 5. Typically, the vertical gradients were oriented downward in the shallower portions of the borehole 

and oriented upward in the deeper portions of the borehole, although not all boreholes exhibited an upward 

vertical gradient. The transition from downward to upward flow did not appear to be strictly controlled by 

lithology or stratigraphy. In boreholes 05MW031, 05MW041, and 05MW121, the transition from downward to 

upward flow occurred at the claystone (discussed above) that can be correlated throughout the site. In 

borehole 05MW051, however, the vertical flow was downward throughout the borehole, even below the 

claystone. 

The magnitude of the vertical hydraulic gradient within the unconfined zone is quite variable and complex at 

Site 5. The hydraulic head measurements at the monitoring well cluster locations (where wells monitor 

several subsurface depth zones at a single surface location) indicate that the vertical gradients between 

most wells (wells with screen elevations shallower than a subsurface depth of about 140 feet, or above a 

topographic elevation of approximately 230 feet amsl) are fairly low, which suggests that these wells are 

monitoring different vertical zones within a common aquifer or hydrogeologic unit. The vertical gradient 

between the water table (an elevation of approximately 340 feet amsl) and an elevation of 230 feet amsl is 

typically in the range of hundreths of a foot of head difference per foot of vertical elevation. South of 

monitoring well cluster 05MW1 0, the vertical gradient increases considerably below an elevation of 230 feet 

amsl. Based on the hydraulic head measured in wells 05MW051 and 05MW111, the vertical gradient 

between the water table and the deeper zones within the aquifer is one tenth of a foot of head difference per 

foot of vertical elevation, or an order of magnitude higher than the vertical gradient at the shallower depths 

(or higher elevations). 

The horizontal hydraulic gradient across the site is very low, with the exception of the gradient at the water 

table in the vicinity of the runway. The horizontal gradient at the water table ranges from about 0.01 foot of 

head difference per foot of horizontal distance near the runway to about 0.002 foot of head difference per 

foot of horizontal distance near the source area at well cluster 05MW01. The horizontal gradients decrease 

markedly with increasing subsurface depth to a subsurface depth of about 140 feet (or an elevation of 

approximately 230 feet amsl), where the horizontal gradients range from about 0.002 foot of head difference 

per foot of horizontal distance near the source area at well cluster 05MW01 to about 0.0006 foot of head 
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difference per foot of horizontal distance in the vicinity of well cluster 05r,,1W04. 

Groundwater flow directiQns 

Groundwater flow directions beneath the Fire Training Area were determined from the contouring of the 

static-water level elevations measured in the site's monitoring wells. Three complete rounds of static-water 

level measurements were conducted for this investigation. These data are included in Table 4-2. Contour 

maps were constructed for the water elevations collected September 2000, since this represents the most 

inclusive data set. 

Groundwater flow directions were calculated for the shallow (water table) groundwater zone (Figure 4-7) 

and for an intermediate-depth groundwater zone (Figure 4-8). For the intermediate zone, the water level 

data were selected from wells screened from approximately the same elevations, to remove as much 

influence from the vertical hydraulic gradient as possible. 

The groundwater flow directions calculated during Ule P!lase I RI indicated that the direction of groundwater 

flow appeared to vary with depth. That is, groundwater appeared to flow to the soutil-south(::last in the 

shallow (water table) zone, and to the southwest to depths of about 80 teet. During the planning of the 

Phase II Ri investigation. it was hypothesized that the difference in flow directions could be an artifact of 

data ava!labiHty (there livere less hydraulic head data available for the intermediate zone). 

The groundwater flow directions calculated for this current investigation indicate that the groundwater flow 

direction beneath the Fire Training Area does indeed vary with depth. Groundwater at the water table and 

within the shallow groundwater zone (which is most directly influenced by the surface topography) flows in 

an overall southeastward to southwestward direction, depending on surface location (Figure 4-7). The 

hydraulic gradient near the runway is relatively steep. but the gradient flattens considerably in the vicinIty of 

the source area near monitoring well cluster 05MW01 , 

Groundwater within the intermediate groundwater zone is influenced by the regional groundwater divide that 

underlies the site (Figure 4-8). Based on the most recent round of comprehensive water level 

measurements, the groundwater divide is interpreted to trend southwest-northeast through the site and 

occur approximately 100 feet east of the source area near monitoring well cluster 05MW01. As discussed, 

the horizontai hydraulic gradient is very low in this area (which is not unusual in the area of a divide), anc! 

the divide has been defined on hydraulic head differences of 0.1 foot or less. However, the position and 

orientation of the divide agree well with the regional groundwater divide as interpreted by USGS. The full 

USGS hydrogeo!ogical investigation report for Site 5 is included as Appendix O. 
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• 
Well Number 

05MW01S 
05MW01S1 
05MW011 
05MW02S 
05MW03S 
05MW031 
05MW04S 
05MW041 
05MW05S 
05MW051 
05MW06S 
05MW061 
05MW07S 
05MW071 
05MW08S 
05MW08S1 
05MW081 
05MW09S 
05MW09S1 
05MW091 
05MW10S 
05MW10S1 
05MW101 
05MW11S 
05MW111 
05MW11D 
05MW121 

Toe 
Elevation Date SWL2 

364.11 07/02197 25.97 
363.64 07/02197 26.01 
363.99 07/02/97 26.37 
365.48 07/02/97 26.73 
367.18 07/02197 27.02 
367.35 07/02197 30.44 
365.62 07/02/97 26.09 

NA NA NA 
359.92 07/02/97 21.90 

NA NA NA 
362.38 07/02/97 23.92 
361.08 07/02/97 23.21 
360.73 07/02/97 22.16 
360.20 07/02/97 22.96 
360.88 07/02/97 22.63 
360.92 07/02197 23.10 
361.02 07/02197 23.23 
361.91 07/02197 23.65 
361.74 07/02197 23.96 
362.11 07/02197 24.42 
362.54 07/02/97 24.40 
362.44 07/02197 24.67 
362.48 07/02197 24.85 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

1 TOe = Top of casing. 
2 SWL = Static water level. 

• 
TABLE 4-2 

SITE 5 STATIC-WATER-LEVEL MEASUREMENTS 
FIRE TRAINING AREA 

NASJRB WILLOW GROVE, PENNSYLVANIA 

Groundwater Groundwater 
Elevation Date SWL Elevation 

(feet amsI3
). (feet amsl) 

338.14 08107/97 27.62 336.49 
337.63 08/07/97 27.49 336.15 
337.62 08107/97 27.95 336.04 
338.75 08/07197 28.05 337.43 
340.16 08/07/97 27.61 339.57 
336.91 08/07197 31.63 335.72 
339.53 08/07/97 27.23 338.39 

NA NA NA NA 
338.02 08/07/97 23.55 336.37 

NA NA NA NA 
338.46 08107197 25.66 336.72 
337.87 08/07/97 24.84 336.24 
338.57 08107/97 23.85 336.88 
337.24 08/07/97 24.59 335.61 
338.25 08/07/97 24.32 336.56 
337.82 08/07/97 24.73 336.19 
337.79 08/07/97 24.87 336.15 
338.26 08/07/97 25.31 336.60 
337.78 08/07/97 25.55 336.19 
337.69 08/07/97 26.03 336.08 
338.14 08/07/97 26.01 336.53 
337.77 08/07/97 26.26 336.18 
337.63 08/07/97 26.46 336.02 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

3 amsl = Above mean sea level 
NA = Not Available. Well had not been installed at time of sampling round. 
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Groundwater 

Date SWL Elevation 
(feet amsl) 

09/11/00 24.73 339.38 
09/11/00 24.87 338.77 
09/11/00 25.42 338.57 
09/11/00 25.59 339.87 
09/11100 24.83 342.35 
09/11/00 28.77 338.58 
09/11100 24.56 341.06 
09/11/00 26.20 338.55 
09/11/00 20.96 338.96 
09/11/00 38.89 320.00 
09/11/00 22.89 339.49 
09/11/00 22.46 338.62 
09/11/00 21.32 339.41 
09/11/00 22.03 338 .. 17 
09/11/00 21.80 339.08 
09/11/00 22.15 338.77 
09/11/00 22.28 338.74 
09/11/00 22.55 339.36 
09/11/00 22.92 338.82 
09/11/00 23.46 338.65 
09/11/00 23.30 339.24 
09/11/00 23.65 338.79 
09/11/00 23.91 338.55 
09/11100 10.87 338.63 
09/11/00 10.92 338.59 
09/11/00 28.92 320.04 
09/11100 27.30 338.68 
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Groundwater within the intermediate zone flows in variable directions ranging from southeast to northwest, 

The groundwater flow direction at any particular location is dependent on the position of that location relative 

to the groundwater divide. As mapped with the September 2000 hydraulic head data, the divide occurs just 

to the east of the source area, creating a northwestward direction of groundwater flow beneath and from the 

source area. Because the divide is created and defined by differences in groundwater elevation of 0.1 foot 

or less, however, it is possible that the position of the divide may migrate laterally throughout the year as the 

hydraulic gradients vary. 

The hydrogeologic cross-sections (Figures 4-4 and 4-5) illustrate the horizontal and vertical distribution of 

hydraulic head. These sections reflect the recharge and the dominantly downward flow of groundwater at 

the site, and the fact that although relatively low, the vertical gradient is still steeper than the horizontal 

gradient throughout most of the site. The vertical gradient increases considerably south of monitoring well 

cluster 05MWlO (Figure 4-4). This same increasing vertical gradient is also reflected at well cluster 

05MW05 (see Table 4-2), which is not included on the cross-section, but is located at approximately the 

same southerly coordinates as 05MW07. 

4.5 NATURE AND EXTENT OF CONTAMINATION 

This section evaluates all sampling data from the 1991 Phase I RI, the Phase II RI including 1997/98 

initial field activities and the 2000 follow-on field activities. Details of the samples collected (number of 

samples, location, sample identifier) during each phase are presented. Data were compared to ARARs 

and background as detailed in Section 3.1. 

4.5.1 Surface Soil 

During the Phase II RI field activities, 18 surface soil samples (05SS12, 05SS14, and 05SS17 through 

05SS30) were collected from Site 5 to determine detected contaminants of concern (Figure 4-l). 

Thirteen samples were analyzed for TAL metals and TCL SVOCs. Fifteen locations were selected for 

PCB immunoassay field screening, one sample was submitted for TCL PCB confirmation analysis, and 

two samples were submitted for dioxin analysis. No surface soil samples were collected during Phase I 

field activities. 

Table 4-3 presents the occurrence and distribution of inorganic and organic chemicals detected in site- 

related surface soil samples and compares them to background. Table 4-4 presents results from the 

background comparison tests. Table 4-5 presents a comparison of detected compounds to ARARS and 

TBCs. Figure 4-9A shows sample locations and concentrations of compounds that exceed ARARS and 

a 

TBCs. 

NAVY/5466/Site5RI/Set4 4-17 

• 
Groundwater within the intermediate zone flows in variable directions ranging from southeast to northwest. 

The groundwater flow direction at any particular location is dependent on the position of that location relative 

to the groundwater divide. As mapped with the September 2000 hydraulic head data, the divide occurs just 

to the east of the source area, creating a northwestward direction of groundwater flow beneath and from the 

source area. Because the divide is created and defined by differences in groundwater elevation of 0.1 foot 

or less, however, it is possible ttlat the position of the divide may migrate laterally throughout the year as the 

hydraulic gradients vary. 

The hydrogeologic cross-sections (Figures 4-4 and 4-5) illustrate the horizontal and vertical distribution of 

hydraulic head. These sections reflect the recharge and the dominantly downward flow of groundwater at 

the site, and the fact that although relatively low, the vertical gradient is still steeper than the horizontal 

gradient throughout most of the site. The vertical gradient increases considerably south of monitoring well 

cluster 05MW10 (Figure 4-4). This same increasing vertical gradient is also reflected at well cluster 

05MW05 (see Table 4-2), which is not included on the cross-section, but is located at approximately the 

same southerly coordinates as 05MW07. 

4.5 NATURE AND EXTENT OF CONTAMINATION 

This section evaluates all sampling data from the 1991 Phase I RI, the Phase /I RI including 1997/98 

• initial field activities and the 2000 follow-on field activities. Details of the samples collected (number of 

samples, location, sample identifier) during each phase are presented. Data were compared to ARARs 

and background as detailed in Section 3.1. 

• 

4.5.1 Surface Soil 

During the Phase /I RI field activities, 18 surface soil samples (05SS12, 05SS14, and 05SS17 through 

05SS30) were collected from Site 5 to determine detected contaminants of concern (Figure 4-1). 

Thirteen samples were analyzed for TAL metals and TCl SVOCs. Fifteen locations were selected for 

PCB immunoassay field screening, one sample was submitted for TCl PCB confirmation analysis, and 

two samples were submitted for dioxin analysis. No surface soil samples were collected during Phase I 

field activities. 

Table 4-3 presents the occurrence and distribution of inorganic and organic chemicals detected in site

related surface soil samples and compares them to background. Table 4-4 presents results from the 

background comparison tests. Table 4-5 presents a comparison of detected compounds to ARARS and 

TBCs. Figure 4-9A shows sample locations and concentrations of compounds that exceed ARARS and 

TBCs. 
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Table 4-3 
Occurrence and Distribution of Organics and Inorganics in Surface Soils, Site 5 

NASJRB Willow Grove, Pennsylvania 

Background Data Site-Related Data 
Range of Positive Freq. Range of Positive 

of Detection Mean of Sampling Round and of Detection 

Substance Detection Min. Max. An Data Location of Maximum Detection Min. Max. 

Mean of Sampling Round and 

All Data location of Maximum 

Representative 

Concentration 

aluminum 12{12 909{) - 15000 11400 
.-----f-----. ~--If__---

04/07/97 BGSSOO 

NA 

15/15 7890 - 12400 10000 058525 04116/97 10600 
----~- -.-~-----~~ --.--~~--- -~ 

0/2 214 8.2 - 9.2 5.45 05SS20 04f16f97 9.2 
-------~I-~-- .--~---.- ---- ... -----. ------- ~~.---. 

antimony 

arsenic 12/12 3.7 10.6 6.61 04107/97 BGSS03 15/15 1.3 - 10.5 4.87 05881904/16/97 6.04 
-11----1----- .. _. --.. --.- .. ---.-- -. 

barium 12112 77.8 - 111 96 04/07/97 BG8804 15/15 33.1 - 108 80.1 05581704/16/97 93.5 
----~ .. -.-- - .-.---r-----~-.. .--.---- .. ---- --- - ..... - --'- ~.--. 

beryllium 12112 0.75 - 1.3 0.988 04/07/97 BGSS11 15/15 0.3 - 1.1 0.806 058S17 04/16/97 0.894 
--~--- .. --.. ---.---.. - ...... -.----.-------.-.-. ---11--------- - ... ---~-.. . .. --.---- .--.--~ .. -

cadmium 0/12 NA 3/15 2.8 - 4.7 1.17 058S28 04116/97 1.73 
-----.-~ _._._-- - ------/--- -----_ ..... - ---- -._._._---_. - ------
calcium 12/12 614 - 1600 1020 04/07/97 BG5S12 15/15 1150 - 69400 13000 05S830 05/28/97 32500 

--_··_----·_·_·1- --------.---- -.. - .-~-- --·"--·'-···1---'-
chromium 12/12 12.4 - 20.8 15.4 04/07/97 BGS802 15/15 B.8 - 56.5 19.1 05882704116/97 23.8 

-- ----~-.- .. -----r--.--.. . ... ---~---.- .------.... ------. -.~ ---.-- .. --~--.-- --
cobalt 12/12 6.B - 9.3 7.9 04/07/97 BG8S02 15115 4.3 - 13 7.45 05S819 04/16/97 

---~--'-- ... -.----~.--. -------. .- -'- -.. -~.-- .. -.--~ .... _ ... _---
copper 12112 8 - 13.4 10.7 04/07197 BG8S09 15115 6.5 - 28.4 18.1 05882904/16/97 

.. _ .. _--- .. - -------. ---.. ---.-.... ..---. .._-- ---_ ... _------
iron 12/12 12800 - 17600 14900 04/07f97 BG880B 15115 9320 - 21600 14900 05582904/16/97 

. --- --_._ ..... -----_ .. _._--- ----- '--~.-.. -.-.~ ----_. _ .. _--- ----_. -.-- ._. __ . -----

8.42 

21.1 

16700 

lead 12112 16_3 - 64.7 31 04/07197 BG8S04 15115 7.4 - 412 89.7 05S822 04116/97 217 
I---~.~.--... --'.-1-. __ .. _... --.--- - .-------.-... -----.--... -.-- - - --'-

magnesium 12/12 1300 - 1940 1510 04/07197 BGSS06 15/15 1410 - 42700 7890 05883005/28/97 15100 
-t.----.. - .. -----.. - ... ----. - . -----. 

manganese 12/12 429 - 1190 641 04/07197 BGS804 15/15 202 - 873 507 05881904/16197 582 
-------. ., - .. _-- ---. ..--------- .---.. ' .. _-1-. -

nickel 12/12 7.4 - 11.2 9..78 04/07/97 BGS804 15/15 5.2 - 23.6 9.49 058S19 04/16197 
1---_._._. __ ... _--.- - .. -- .... --- ------. 

04107/97 BGSS05 12/15 447 - 2050 
--+-~-

7112 436 - 771 770 05S819 04/16197 potassium 

sodium 2/12 112 - 120 63.9 04/07/97 BG8S09 9/15 113 - 448 149 05881704116197 
------~ '.~-~--".' ... " +---~+-- ---.-~-----. ---I--·-~--··----~ 

thallium 7/12 0.25 - 0.34 0.226 04/07/97 BGSS07 7/15 0 .. 24 - 0.39 0.2 05S829 04/16/97 
- .. -.-----.------~ -.-~---.--~- .. -.---- --._- ..•. _--_. __ .. . .. ---

vanadium 12112 20.9 - 28 .. 2 25 04/07/978GSS02 15/15 14.3 - 36.3 24.3 058S29 04116/97 
~ .. -<.-~~,- .. ~-~" ---~ -- ----- -.~ .- -----~.-----.. 

zinc 

1.2,3A.6,7,S-HPCDD 
--_._- ------

12/12 21.7 597 90 .. 5 04/07/97 BG8S04 15f15 17 137 62.3 058829 04116197 

010 

010 

-I------+-~- ... -----.... -~ ----.--- ---
212 0972 - 5 .. 15 3.06 05581404/17197 

----- ... '--- ----. - ~'--"------ -' -. -----1- -------... ----.-
1,2.3,4,6,7.8-HPCDF 212 0 .. 0467 - 0.19 0.118 05581404117197 

. --'~.' .. -.-'- _·····--1----· -- .. ----.. ---.----.-----.-----~ .. --. ---.. - .. _- - ----- - .. --.. -_ ... -------.... -"--'--
1.2,3,4,7.B,9-HPCDF 0/0 212 0.0028 - 0.0128 0.0078 05881404/17197 
--'--'--'--'------- -.--.. -. --~-----... -.- --~i ----11--- ---~.- -- . --- ----.. - ... -----.- . 
1,2,3,4,?8-HXCDD DiD 2!2 0.0091 - 110271 

'._- -. - ..... - -------------... -.---~ ---·---~---·-····-·G---~I--······----··· 
0.0181 

DiD -- -_ ... -----.. -~ -.-_._-. 2!2 00109 - 0.0116 
--1------_._----1,2,3,4,7,8-HXCDF 0.0113 

1,2,3,6.7,8-HXCDD DiD 212 0.0224 - 0.124 0.0732 
-- ----- ----_.- -----~-- . --. .---

2/2 0.0031 - 0.006 0.00455 
-.-~I!---~-.. +-------~.-.- - ---1,2,3,6,7,.8·HXCDF DiD 

.. -~ _ .. _- _._---

• • 

05881404/17197 

05881404!17!97 

05881404117/97 

05SS14 04/17/97 

• 

11.5 

1290 
-----"- --

247 

0.256 

27..7 

87.6 

5.15 

0.19 

110128 

0.0271 

(1.0116 

0 .. 124 

0.00.6 
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Substance 

1.2,3,7,8,9-HXCDD ----_. __ .-
1,2,3,7,8,9-HXCDF 
~.---~--

1,2,3,7,8-PECDD 
-- ,,-

1,2,3.7,8-PECDF 
_.' --_._--- '--' 
2,3,4,6,7,S-HXCDF 
-'-----'-.- .-
2,3,4,7,8-PECDF 
-.-.----~ ... --.--. 
2.3,7.8-tetrachlorodibenzo-p-di 
--------
2,3,7,8-tetrachlorodibenzofuran 
....:... .. _ ... _--_ .. _----
octachlorodibenzo-p-dioxin 
... -----.-.---.--
octachlorodibenzofuran 
1----- ... 
TOTAL HPCDD 
~-. ---

TOTAL HPCDF 
-'---' ------
TOTAL HXCDD 
--~ ... _ .. 

TOTAL HXCDF 
.----. 
TOTALPECDD -_. --
TOTALPECDF 

-
total tetrachlorodibenzo-p-dioxi 
-_. 

total tetrachlorodibenzofuran 
--- . -
2-methylnaphthalene 
... ---,-._.-
acenaphthene 

"--~ 

a~~ap~~yle~.e ______ 

anthracene ..... 

benz(a)anthracene 
---------- ._ ... -
benzo(a)pyrene .. _-
benzo(b )fluoranthene -- -_._--
benzo(g,h,i)perylene .. _-
ben!o(k)fluoranthene .. 

• • 
Table 4-3 

Occurrence and Distribution of Organics and Inorganics in Surface Soils, Site 5 
NASJRB Willow Grove, Pennsylvania 

Background Data Site-Related Data 

Freq. Range of Positive Freq. Range of Positive 

of Detection Mean of Sampling Round and of Detection Mean of Sampling Round and Representative 

Detection Min. Max. All Data Location of Maximum Detection Min. Max. All Data Location of Maximum Concentration 

0/0 - 2/2 0.0123 - 0.0508 0.0316 05S814 04117197 0.0508 
-~,-.- ~~~------.--- ~.--. 

----_ ... __ .. --.. ~ I--"-~ .. ~.--.- - -,---_.-._-----. -

0/0 - 212 0.002 - 0.0059 0.00395 05881404/17/97 0.0059 
-'--'---' -._--_. 

~---.----.--. ---~-.----".-_._- '--'-"---'- -- .. _.--

010 - 2/2 0.0054 - 0.0146 0.01 05S814 04/17/97 0.0146 
r--------' _.---_.- -'-~-1------_.-_.----- .---. .. - t------.--.--~ .. --"- -'-

0/0 - 2/2 0.0016 - 0.0019 0.00175 05881204117/97 0.0019 _ .. - _.----_ . .. _- ---------- - .. --.--.---.~ --', ------ ._---
0/0 - 2/2 0.0044 - 0.016 0.0102 05881404/17197 0.016 ------- ~-,-------.. - ----'-"'---'--"- _ .. _-- -- ---_ .. - .. _---_ ... _-- -- -- '-'--~--'--

0/0 - 2/2 0.0021 - 0.0029 0.0025 05881204/17197 0.0029 
r--' .---- --"- _ .. - ------ -"--' -' ._. ,...--- .. - _._---_ .... __ .. -- -- ... 

0/0 - 2/2 0.0035 - 0.0451 0.0243 05881404/17/97 0.0451 
--~ ... --------," '--"- --p.o. ... __ ._---c----- --_ .. _----_ .. _.- - .---- " ---

0/0 - 212 0.0026 - 0.0026 0.0026 05881204/17/97 00026 
r---" - .-_._<----- ---- - -- -_ ... --_._-----'--' ,,---_. -_._-----_. - --- "."-- .--

010 - 2/2 5.16 - 45.08 25.1 05881404117197 45.1 
---~ - ..... ------.-- -~.--- ------------ - .... "_._-.. - -_ .. _---_._- ---~- --- - -

0/0 - 2/2 0.0763 - 0.0843 0.0803 05881404/11197 0.0843 
--------~-----_ .... _ ... _---_ .. - c----.-- ------ -"."----.--"-~--.. --.- ._- -

0/0 - 2/2 1.84 - 10.63 6.24 05881404/17/97 10.6 
-- ------~-.-----'-- T ____ --_._--- c-_____ . -_._------- ... ---_._---_ .. - -- --.-~-"--~ 

010 - 2/2 0.12 - 0.921 0.521 05881404/17/97 0.921 
--~-~-- 1-- ._--- ---- .---.-----. ---'--" ._-------_ ..... __ .. __ .- -- - --- -

010 - 2/2 0.264 - 1.01 0.637 05S814 04/17/97 1.01 
.... -- --'--'--_ .. - ;------ '-' ---"---'-- - --~--. -<--

0/0 - 2/2 0.0893 - 0.526 0.308 05881404/17/97 0.526 
-- . ".-. "'---'- .... _--- . --._---- ~ .. ----.-----... ---- --- -

0/0 - 2/2 0.039 - 0.112 0.0755 05881404/17/97 0.112 ._<--_ .. ---- .. -- ... .... __ ... __ .- - --. ---- -'-

010 - 212 0.0539 - 0.0995 0.0767 058S14 04/17/97 0.1 
----- ---------'---'-----r---'- ------- --_._---_. -------< -'-

OlD - 212 0.0101 - 0.0591 0.0346 05881404/17/97 0.0591 
--.--.- ... _----- ----. ---... --- ... _--- _ .. _---- ------ -- -_ .. 

010 - 212 0.0332 - 0.0377 0.0355 05881204/17/97 0.0377 
-.. _ .. _--_ .. - .. ----_ . ._-- ~-"-.. , . ... _--_ .. _-_._- - - --~- -' 

0/12 - NA 7116 50 - 16000 1170 058830 05/28/97 1270 
.. _--_ . .... _-_. ...... ----------- ... ---.-~-- - . .. _- ~----------

. _. -. ~-

3/12 55 - 64 178 04/07/97 BGS810 13/16 47 - 36000 2560 058830 05/28f97 4370 .. __ .... -------_ ... - --.. ---.. _---- _.-.. _. ._------ ----- ----------- ---- - ..'-~ 

3/12 54 - 62 178 04/07/97 BG8812 12/16 73 - 2300 388 058830 05/28/97 643 _._-_ ... ------ ---.-- _._----_ .. -- ._----~ ... -- ---.-- ._--- -- I-- - _. -- . 

6/12 46 - 160 155 04/07/97 BG8S12 14116 140 - 54000 4330 058830 05/28197 11800 
---- ._- r------' _.- _ ... _- ---- ---- ...... _-. 

.--~.- . .- -- - .-
9/12 33 - 940 307 04/07/97 BG8812 14/16 580 - 48000 7350 058830 05/28/97 45400 

f--- .. - _. '''---' --.-'-~ ------ ._--- -'---"-' --- .. ----- .. - -- - .. 

8/12 110 - 1100 395 04/07/97 BG8812 14/16 750 - 36000 5900 058S30 05/28/97 26700 
--1----- ._------... - ----- -_. .. ---~~ .. ---- - ... .-

8/12 160 - 1500 508 04/07/97 BG8812 14/16 1200 - 35000 7440 058830 05f28/97 35000 
-- .. _-- ----- ---~-~- ,,---_ .. . _-- ... 

7/12 52 - 490 225 04/07/97 BG8812 14/16 400 - 13000 2340 058830 05/28/97 5910 
~-.--- ------ r----.-- f-----.---- .- ~-'- ""--"'-'-- -- ._- - - -

7/12 98 - 920 371 04/07/97 BG8812 13116 750 - 29000 4700 058830 05/28197 22800 ._-_ ...... _-.......... _---.. - - ----"'--- .- .------ -~ ._--_. ._- .. .- . - - .. --
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Table 4-3 
Occurrence and Distribution of Organics and Inorganics in Surface Soils, Site 5 

NASJRB Willow Grove, Pennsylvania 

Background Data 
Freq. Range of Positive Freq. Range of Positive 

of Detection Mean of Sampling Round and of Detection 

Substance Detection Min. Max. All Data location of Maximum Detection Min. Max. 

brs(2:-e!hylhe~llP~t~al~ 010 - 313 210 - 1200 
.~-"~- ---- .,-~.-- r'--- ~~ ... ~--.- ----~ ~-.-"'-~~.----.... ---. 

carbazole 5/12 80 - 310 213 04/07/97 BG8S1O 13116 160 - 19000 
--------~-.-

.-- ._- -- --~. ---~-
-_._ .. 

ci1rysene _.____ . 9/12 43 - 1200 420 04/07/97 BGSS12 14i16 1100 - 45000 
---~-~--~~ -- ~ ____ r_ _ .. _--- -~--~-- ----.--. .- --

di-n-bulylphlhalate 0/2 - NA 2/16 85 - 120 
--.,~ ... ---. .--------- ~--.-- ~~-. -----. 

dibenz(a,h)anthracene 5112 52 - 160 162 04/07/97 BG8812 13/16 110 - 4800 
~-~-~,-~ -- -~.~. -------"-------~.-- --.~ 

dibenzofuran 4/12 51 - 120 173 04/07/97 8GSS08 13116 71 - 34000 
c-----~--~--- ~ .. -----~ f--------- .. --.-.-----.-~.- --- ~-~-----. ---- -~ .. ~- ~-. 

lIuoranthene 10/12 49 - 2600 903 04/07197 BGSS12 14/16 2400 - 140000 
--~ ~~ -- ~~-.--- ----- -~.----. ~-.--~--- --_._" ~--~-

fluorene 4/12 59 - 160 185 04/07/97 BGSS08 13/16 81 - 56000 
-- .. - - . ---.~- --~---~--- --- .~ .. - -- I------~ 

indeno(1.2,3-cd)pyrene 8/12 49 - 840 252 04/07/97 BGSS12 14/16 550 - 18000 
--- -'-- - ~-~- ---.. -_._---- -.~-- - "" ... _---- -" .. ----

naphthalene 0/12 - NA 5/16 52 - 22000 
-" -~ ..... -.--- ._- .-~ ... 

-------.~~-.~-- - ---- - ~ ---_.-._--.--.-

phenanthrene 8/12 110 - 1700 668 04/07197 BGSS12 14116 1100 - 200000 . __ ~_c_. ---- ---~--.-.. -.~'-' ---- "< .- ---- ~--'----.-- I-~--- .-.--
pyrene 10/12 51 - 2100 723 04/07197 BGSS12 14/16 1800 - 120000 

-- -----~- -.-------- --- -~- I- ----..... --- ---- -~'- -

acetone 010 - 1/5 17 - 17 
~~.---~--~- - ~.--.-~--- - --- ~<--.-~ -------- ~~.-,. - -_.<> - . --

toluene DID - 1/10 1 - 1 

Notes: 

Units are mg/kg for inorganics, ug/kg for organics. 
Number of sample results excludes rejected data or blank-qualified data. Duplicates are consolidated into one result. 
Mean of all data includes positive detections and non-detected results. Detection limits are divided by two. 

Site·Related Data 

Mean of Sampling Round and 

All Data Location of Maximum 

770 058827 04/16f97 _._-_.- --- ---~ -
1780 058830 05/28/97 

. --~- ---._.------- ----
744() 058830 05/28/97 

--_. 
-.---~-

198 05SS22 04/16197 
------- -- - -~. 

863 058830 05/28/97 
~----

___ ~~T~_·~ .. ~_·_ 

~-~-

2380 058S30 05/28197 
.-----~----~ .---

17800 058830 05/28/97 
r----~.-- -------~-.-- --- -

3900 058830 05/28/97 
---~-

-_.-- ------
3240 05S830 05/28/97 

---_.-.- --- -_. 

1540 05S830 05/28/97 
.. ---1---- .. -- -

18100 058S30 05/28/97 
--- ------- -- -

16100 05S830 05/28/97 
---- ~ 

7.7 05SB25~0002 04116/97 
---- -_.- ~,---------

3 . .2 05SB15-000209104/91 

The determination of representative concentrations is based on comparison of maximum to the 95 % UCL, which is presented in a separate table. 
Frequency of detection refers to 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. 

Representative 

Concentration 

1200 
-- -- ---

3200 
----- -_ . 

37500 
__ r_' __ 

-~.--

120 
----

1710 
--~-.-- ---

3120 
.--- ~ 

140000 
----- - --

5560 
------
9700 

--~--- ---
1610 
-

106000 
. 

120000 
r _____ 

16.8 
--~------

1 

• • • 
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Table 4-4 

Background Comparison Tests - Surface Soil Data for Site 5 
NASJRB Willow Grove, Pennsylvania 
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Table 4-4 
Background Comparison Tests g Surface Soil Data for Site 5 

NASJRB Willow Grove, Pennsylvania 

l·iill:I~~~.i:l.:I~C~~~j~~I'.j.I'~~:~~Jrt~ __ iGi£lt~~~ ... ~lt'$Ta$tf~e:~=~oe:~:.? 
Assumptions Val1d. #ND .. PO" >~5 or use Fisher Back. lognocm. or n')ffi1. Irno!. iIb,o·18 for Quantile res! /I Sile (S) in Top r "'40% ND or use Gehan #§"2.iIb"2,,>~85% Pos; both norm1og #""'2,#0>2" srte & bad.l'Qlh normal Of bothlognmm. 

h-_";7::--_T-:e:,s~! .;;C~rit-::e~r.,.,io:-r.:-: =+ __ P,v_a_!!J_e_<_~,o_.r_;5_?_. -.-II-!,-".;..a)(_>,9 __ 5_%_U;;..T_LT(,,-p_aram_,eIri_·c:,).~O_f'c..M_a_<_>_9y5_%_Q.;.-u_a_n_lilr"-t_P_"-r-O_O,5_I_h-.-al_'_Sr""_"+ __ P_Vy8_1u_'l_<_",O_.05_?,--+ __ -._I_:v_'a_lll-ier"_I_.T..;;.ab-rle __ --r-t ___ F-.,;;V";;""-i'Yr"'_~~~F_-T_aTb.;..le (Shldenls 1). if Mt. Satlerlhwail» 
Conclusion: Site:> BaCt:? YN 8ack Si!,,> P YI'( Sack. StdDev. LN Bock Site YN r k P y~ P Test Used y~ Bael<. Site 'iN Baci< Sile ~ Sid Dev. F F YN 

Substance Freq. Freq V,'lIu", Meanlll 8ac~ .. 1ll Value Q UTL Max Value Value Meanlii Meanlii Value Table D;51,;0. Dislno. Bacl<.OiI SI!etil> Value Table 

Notes: Units are mgikg for irlOrganics, uglkg for organics 

• 

A statistical significance level (P vallie) of 0.05 is used for all tesis tl1at direc11y compare site to bac~;gr()llml. A two-sided signiflC,<mce level of {) 1 is used for Bartlett's test for eqlJal variance 

UTL is the e;:p€:ded value for the upper 95 % quantile of 11113 background population; there is an equal chance of the population's true 95 % quantile being either below or above this estimate 

For each tesi,. a YES Of NO dedsio!1 is presented only if ali assumplioos are met The overali decision (is site" background) for each chemical appears at the left and is based on four criteria 
(1) Overa!! decision is YES if anyone oftne UTL. Mann-V'v'hiiney/Gehan, Upper Ranks Test orT-Test is YES, regardless ofolller test results 

Page 2 
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• • 
Table 4-4 

Background Comparison Tests· Surface Soil Data for Site 5 
NASJRB Willow Grove, Pennsylvania 

(2) Overall decision is NO if at least one of UTl, Mann-'JVhitney/Gehan, Upper Ranks Test, or T-Test is NO, and none of the aforementioned tests are YES. 

• 

(3) Overall decision is YES/NO if ZlFisher Test is YESINO, respectively, and other tests are NA. Z-iest 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.) 
Abbreviations: # NDs or# Pas. 

#sor#b 
Number of non-detected (ND) or positive (Pas.) results in data set, not including rejected data or blank-qualified data. Number of site (s) or background (b) samples, not including rejected data or blank-qualified data. s=b 

P value 
L. N, ora 
%ND 
@ 

r,k 

Standard deviation of site results must not be different from the standard deviation of background results. 
Probability or Significance level is defined as the chance of a false positive. If P <= 0.05 then test determines site> 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 (Ol is used if there are> 18 back. points. Mann-'JVhitney 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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10/29!97 TABLE 4"5 
COMPARISON OF SURFACE SOIL ANALYTICAL DATA TO ARARS AND TBCs "Site 05 

Page 1 
NASJRB, WILLOW GROVE, PENNSYLVANIA 

I 8AMPlE NUMBER: 05S817 058817 058518 058519 055520 ARARS &TBCs 

LOCATION: 055517 055817 058S18 058S19 055S20 Risk-Based Risk-Based I PADEPSoil PADEPSoll 
I Concentration Concentration Residential Non-residential I DATA SOURCE: Surface Soil Surface Soil Surface Soil Surface Soil Surface Soli 

for Residential for Industrial Direct Contact Direct Contact 
SAMPLE DATE: 04/16197 04/18i97 04/16f97 04/16/97 04/16197 Soil Ingestion Soil Ingestion MSC MSC 

INORGANICS mgfkg mglkg mg/kg mglkg mglkg my/kg mglkg mg/kg mgikg 

aluminum 12100 nla 8540 7890 9680 78000 1000000 - -
antimony 5.9 R nfa 8.3 R 7..7 R 9.2 K 31.0 820 30.0 400 ! , 
arsenic 3.8 E K nfa 5.7 E 10.5 E 6.2 E 0.430 3.80 3.00 4.00 

barium 108 nfa 88.7 90.8 80.6 5500 140000 5000 70000 

beryllium 1.1 E nfa 0.85 E 0.93 E 0.79 E 0.150 1.30 1.00 1.30 

cadmium 1.2 U nfa 2.8 1.1 U 1.2 U 39.0 1000 20.0 500 

calcium 24700 nla 7110 19500 5950 - - - -
chromium, total 13 .. 4 nfa 17.8 24.1 16.3 390 10000 - -

e 

.f:;. 
cobalt 6.3 nfa 7.1 13 7.8 4700 120000 - -, 

'" .f:;. copper 14.7 nfa 18.7 23.1 15.4 3100 82000 700 37000 

iron 13300 nfa 15300 17300 14700 23000 610000 - -
lead 157 nla 115 10.1 50.6 K 400 - 500 1000 I 

magnesium 8690 n/a 3960 12900 3840 - - " -
,I manganese 557 n/a 550 873 630 1800 47000 - -

nickel 8.2 nfa 8.9 23.6 8.6 1600 41000 200 20000 I 

potassium 733 nfa 572 2050 688 - - - -
Ii sodium 448 nla 113 170 98.3 U - - - -

thallium 0.26 wa 0.27 U 0 .. 25 L 0.27 6.30 160 6.00 80.0 

vanadium 18.6 n/a 23 .. 1 36 27.2 550 14000 - -
zinc 49.6 nfa 102 57.0 61.1 23000 610000 - -
SEMIVOLATILES ug/kg ugfkg uglkg ugikg ug1k9 ug/kg ug/kg I.Iglk9 ugfkg 

2-methylnaphthalene 50 J nfa 190 J 350 UJ 400 UJ; - " - ! -
acenaphthene 340 J nla 690 J 350 UJ 120 J, 470CO{}OO 120000000 5000000 60000000 

i acenaphthylene 220 J nla 140 J 350 UJ 73 J - - - -
~ ill 

anthracene 1400 J ofa 1000 J 350 UJ 660 J 23000000 610000000 23000000 300000000 
III benzo(a)anthracene 9000 E J ilia 6100 E J 350 UJ 2000 E J 880 7800 6000 8000 I: 

benzo{a)pyrene 7200 E J nfa 6700 E J 350 UJ 2300 E J 88.0 780 600 800 
I! I 

benzo{b)fluoran!hene 11000 E J ofa 11000 E J 350 UJ 3200 E J 880 7800 I 6000 ~ooo 
i • • • 
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• • • TABLE 4-5 
10/29/97 

COMPARISON OF SURFACE SOIL ANALYTICAL DATA TO ARARS AND TBCs - Site 05 
Page 2 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: 055817 05S517 055518 055S19 055520 ARAR5 & TBCs 

LOCATION: 055817 05S517 055518 055S19 055520 Risk-Based Risk-Based PADEPSoil PADEPSoil 

Concentration Concentration Residential Non-residential 
DATA SOURCE: Surface Soil Surface Soil Surface Soil Surface Soil Surface Soil 

for Residential for Industrial Direct Contact Direct Contact 

SAMPLE DATE: 04/16197 04/18197 04/16197 04116197 04/16/97 Soil Ingestion Soil Ingestion MSC M5C 

SEMIVOLA TILES ug/kg ug/kg ug/kg ug/kg uglkg uglkg ug/kg uglkg uglkg 

benzo(g,h,i)perylene 3800 J n/a 2800 J 350 UJ 590 J - - - -
benzo(k)fluoranthene 5300 J n/a 4600 J 350 UJ 1500 J 8800 78000 60000 80000 

bis(2-ethylhexyl)phthalate 470 B n/a 390 B 140 B 260 B 46000 410000 300000 400000 

carbazole 920 J n/a 1500 J 350 UJ 250 J 32000 290000 - -
chrysene 7400 J n/a 9600 J 350 UJ 2600 J 88000 780000 600000 800000 

dibenz(a,h)anthracene 1100 E J n/a 690 E J 350 UJ 430 E J 88.0 780 600 800 

dibenzofuran 250 J n/a 500 J 350 UJ 81 J 310000 8200000 - -
~ fluoranthene 15000 J n/a 18000 J 350 UJ 4400 J 3100000 82000000 3000000 140000000 . 
f\) 
(J1 fluorene 480 J n/a 840 J 350 UJ 160 J 3100000 82000000 3000000 40000000 

indeno(1,2,3-cd)pyrene 4800 E J nfa 4700 E J 350 UJ 1000 E J 880 7800 6000 8000 

naphthalene 410 UJ n/a 130 J 350 UJ 400 UJ 3100000 82000000 3000000 40000000 

phenanthrene 7800 J n/a 13000 J 350 UJ 2700 J - - - -
pyrene 17000 J n/a 16000 J 350 UJ 5600 J 2300000 61000000 2000000 30000000 

PESTICIDES ug/kg uglkg ug/kg ug/kg ug/kg ug/kg uglkg ug/kg ug/kg 

PCBs (immunoassay) 18000 E n/a 870 E n/a 500 U 319 2860 5000 -
! 

PCBs (tot. all) n/a 42 U 870 E nfa 500 U 319 2860 5000 - I 
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TABLE 4~5 

COMPARISON OF SURFACE SOIL ANALYTICAL DATA TO ARARS AND TeCs" Site 05 
Page :3 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: 05SS21 05S822 058823 058824 055824 ARARS&TBCs 

LOCATION: 05S821 055822 053823 05S824 055S24 Risk-Based Risk-Based PADEPSoi! PADEPSoil 

Concentration Concentration Residential Non-residentia! 
DATA SOURCE: Surface Soil Surface Soil Surface Soil Surface Soil Surface Soil for Residential for Industrial Direct Contact Direci Contact 
SAMPLE DATE: 04/16/97 04/16/97 04/16/97 04/16/97 04118197 Soil Ingestion Soil Ingestion MSC MSC 

INORGANICS mg/kg mg/kg mglkg mglkg mglkg mg/kg mg/kg mg/kg mglkg 

aluminum 10200 9460 10200 11100 nla 78000 1000000 - -
antimony 6.2 R 8.2 K 6.9 R 95 R nla 31..0 820 30.0 400 
arsenic 5 E 1.8 E J 4.7 E K 6 .. 4 E nfa 0.430 3.80 3.00 4 .. 00 

barium 78.9 8U1 77 89.9 nfa 5500 140000 5000 70000 

beryllium 0092 E 0088 E 0.68 E 0.94 E n/a 0.150 1.30 1.00 1.30 

cadmium 101 U 2.9 1.3 U 1.3 U nfa 39.0 1000 2000 500 

calcium 8690 3380 5140 2070 nla - - - -
chromium, total 18.7 19.1 125 15.3 nfa 390 10000 - -

.f:. cobalt 7.8 606 7.2 7.8 n/a 4700 120000 - - ! , 
27.3 11.9 12.8 I\:) copper 1402 nfa 3100 82000 700 37000 0) 

iron 15300 13500 13500 18000 nfa 23000 610000 - -
lead 41.7 412 E 2206 4303 nfa 400 - 500 1000 

magnesium 5180 2470 2920 1850 nla - - " -
manganese 571 535 508 558 nfa 1800 • 47000 - -
nickel 1005 7 6 .. 1 8.5 nfa 1600 41000 200 20000 

potassium 932 399 U 447 584 nfa - - - -
sodium 127 106 U 113 124 nfa - - - -
thallium 0.24 0.27 U 0.26 U 0.3 nia 6.30 160 6.00 80 .. 0 

vanadium 30.3 24.3 23.4 2508 nla 550 14000 - ~ 

zinc 52.4 88 31.5 58 . .5 ofa 23000 610000 - - , 

I SEMIVOLA TILES ug/kg ug/kg uglkg ug/kg ug/kg uglkg uglkg ug/kg uglkg 

I 
2-methylnaphthalene 75 J 440 UJ 90 J 120 J ofa - - - -
acenaphthene I 300 J 110 J 690 J 1000 J nfa 4700000 120()()()OOO 5000000 60000000 

acenaphthylene 520 J 97 J 150 J 230 J nfa - - - -
anthracene 2200 J 210 J 2100 J 2800 J o/a 23000000 6100000!X) 23000000 300000000 

benzo(a)anthracene 12000 E J 1400 E J 7400 E J 1'lOOO E J ofa 880 7aOO 6000 8000 

benzo{ajpyrenB 8200 E J 1200 E J 6100 E J 8600 E J nfa 8S.0 780 600 800 , 
: iA'9ilzo(b )fllJoranthene 14000 E J 4400 E J 6500 E J 10000 E J nfa 880 7800 BODO 8000 I 

• • • 
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• .' • TABLE 4-5 
10/29/97 

COMPARISON OF SURFACE SOIL ANALYTICAL DATA TO ARARS AND TBCs - Site 05 
Page 4 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: 05SS21 05SS22 05SS23 05SS24 058824 ARARS &TBCs 

Risk-Based Risk-Based PADEPSoil PADEPSoil I 
LOCATION: 05SS21 05SS22 05SS23 05SS24 058S24 

Concentration Concentration Residential Non-residential 
DATA SOURCE: Surface Soil Surface Soil Surface Soil Surface Soil Surface Soil for Residential for Industrial Direct Contact Direct Contact 

SAMPLE DATE: 04/16/97 04/16197 04116/97 04/16197 04/18/97 Soil Ingestion Soil Ingestion M8C MSC 

SEMIVOLA TILES ug/kg uglkg uglkg uglkg ug/kg ug/kg uglkg uglkg uglkg 

benzo(g,h,i)perylene 4200 J 1200 J 1600 J 1800 J n/a - - - -
benzo(k)fluoranthene 8100 J 440 UJ 5200 J 7100 J nfa 8800 78000 60000 80000 

bis(2-ethylhexyl)phthalate 230 B 190 B 380 B 310 B n/a 46000 410000 300000 400000 

carbazole 1300 J 450 J 880 J 1500 J n/a 32000 290000 - -
chrysene 13000 J 2000 J 7500 J 11000 J nfa 88000 780000 600000 800000 

di-n-bulylphthalate 370 UJ 120 J 430 UJ 440 UJ n/a 7800000 200000000 - -
dibenz(a,h)anthracene 1400 E J 440 UJ 760 E J 1300 E J n/a 88.0 780 600 800 

dibenzofuran 250 J 230 J 480 J 740 J n/a 310000 8200000 - -
fluoranthene 25000 J 5300 J 16000 J 23000 J n/a 3100000 82000000 3000000 40000000 

./'-
~ fluorene 360 J 200 J 930 J 1200 J n/a 3100000 82000000 3000000 40000000 
--J 

indeno(1,2,3-cd)pyrene 5500 E J 1500 E J 2300 E J 3200 E J n/a 880 7800 6000 8000 

naphthalene 370 UJ 81 J 430 UJ 62 J n/a 3100000 82000000 3000000 40000000 

phenanthrene 10000 J 4400 J 12000 J 18000 J n/a - - - -

I 

pyrene 22000 J 4300 J 14000 J 20000 J nfa 2300000 61000000 2000000 30000000 

I 
PESTICIDES uglkg ug/kg uglkg ug/kg uglkg ug/kg ug/kg ug/kg ug/kg 

! PCBs (immunoassay) 2000 E 1600 E 500 U 500 U n/a 319 2860 5000 -, 

PCBs (tot. all) 2000 E 1600 E 500 U nla 43 U 319 2860 5000 -
! 
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10/29/97 
TABLE 4-5 

COMPARISON OF SURFACE SOIL ANALYTICAL DATA TO AMRS AND T8es - Site 05 
Page 5 

NASJRB. WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: 058525 05S826 058527 055527 058828 ARARS &TBCs 

LOCATION: 058825 055526 058S27 055827 058S28 Risk-Based Risk-Based PADEPSoil PADEPSoil 

Concentration Concentration Residential Non-residential 
DATA SOURCE: Surfac.e Soil Surface Soil Surface Soil Surface Soil Surface Soil for Residentia! for Industrial Direct Contact Direct Contact 
SAMPLE DATE: 04/16197 

; 
04/16197 04/16/97 04117/97 04/16197 Soil Ingestion Soillngeslion M8C M8C 

INORGANICS mg/kg mg/kg mglkg mg/kg mg/kg mg/kg mglkg mg/kg mg/kg 

aluminum 12400 10300 9280 nla 9970 78000 1000000 - - i 
antimony 5.5 R 6 R 8.1 R nfa 6.1 R 31.0 820 30.0 400 

arsenic 4.3 E K 6.2 E 2.4 E K nil' 5.9 E 0.430 3.80 3.00 4.00 

barium 84,8 88.7 95,,1 nfa 88.5 5500 140000 5000 70000 

beryllium 0,73 E 0.78 E 0,86 E nfa 0.98 E 0.150 1.30 1.00 1.30 

I 
cadmium 1.3 U 1.3 U 1-2 U nla 4.7 39.0 1000 20.0 500 

calcium 1690 1150 3710 nla 4020 - - - -
chromium, total 13 12.6 56,5 nla 13,9 390 10000 - - I 

~ cobalt 7.3 7.6 9.1 nla 6.6 4700 120000 - -. I 1\:1 
00 copper 10A 16.3 22.9 nla 25.1 3100 82000 700 37000 t 

iron 13900 13700 20800 nla 13400 23000 610000 - -
lead 40.1 119 56.4 nfa 51 K 400 - 500 1000 

magnesium 1640 1410 2790 nla 2730 - - - -
manganese 462 491 331 nfa 603 1800 47000 - - I 

nickel 6.2 7.5 10.2 nfa 6.6 Hioo 41000 200 20000 

potassium 562 476 1670 n/a 398 U - - - -
sodium 100 U 101 U 121 n/a 106 U - - - -
thallium 0.25 U 0.25 U 0.23 UJ nfa 0,3 6.30 160 6 .. 00 80.0 

vanadium 22 22.5 20.8 nfa 23.8 550 14000 - - I 
zinc 30,.5 42.3 105 nfa 71.9 23000 610000 - -
SEMIVOLATILES ug/kg ug/kg uglkg ugfkg uglkg uglkg ug/kg uglkg uglkg 

acenaphthene 550 J 160 J 47 J nfa 60 J 4700000 120000000 5000000 SOOOOOOO 

acenaphthylene 130 J 110 J 380 UJ nfa 110 J - - - -
anthracene 2200 J 350 J 140 J !'I/a 380 J 23000000 610000000 23000000 300000000 

benzQ(ajan!hracene 6700 E J 1100 E J 580 J nJa 1000 E J 880 7800 6000 8000 

benzQ(a)pyrene 5500 E J 1700 E J 750 E J nfa 1500 E J 88J) 780 600 800 , 

benzo(b )fluoranthene 5900 E J 3100 E J 1200 E J nfa 2000 E J 880 7800 6000 8000 

benzo(g,h,i)perylene 1500 J 890 J 400 J 1 nfa 860 J - - - -

• • • 
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• • • TABLE 4-5 
10/29/97 

COMPARISON OF SURFACE SOIL ANALYTICAL DATA TO ARARS AND TBCs - Site 05 
Page 6 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: 05SS25 05SS26 05SS27 05SS27 05SS28 ARARS&TBCs 

LOCATION: 05SS25 05SS26 05SS27 05SS27 05SS28 Risk-Based Risk-Based PADEPSoil PADEPSoil 

Concentration Concentration Residential Non-residential 
DATA SOURCE: Surface Soil Surface Soil Surface Soil Surface Soil Surface Soil 

for Residential for Industrial Direct Contact Direct Contact 

SAMPLE DATE: 04/16/97 04/16/97 04116197 04/17197 04116197 Soil Ingestion Soil Ingestion MSC MSC 

SEMIVOLA TILES ug/kg ug/kg ug/kg ug/kg uglkg ug/kg uglkg uglkg ug/kg 

benzo(k)f1uoranthene 5700 J 1600 J 750 J n/a 1100 J 8800 78000 60000 BOOOO 

bis(2-ethylhexyl)phthalate 210 B 180 B 1200 J n/a 500 B 46000 410000 300000 400000 

carbazole 820 J 510 J 160 J n/a 320 J 32000 290000 - -
chrysene 7100 J 2300 J 1100 J n/a 1700 J 88000 780000 600000 800000 

di-n-butylphthalate 410 UJ 85 J 380 UJ nfa 440 UJ 7800000 200000000 - -
dibenz(a,h)anthracene 710 E J 240 E J 110 E J n/a 330 E J 88.0 780 600 800 

dibenzofuran 340 J 260 J 72 J n/a 90 J 310000 8200000 - -

.f>.. 
f1uoranthene 15000 J 5500 J 2400 J n/a 3100 J 3100000 82000000 3000000 40000000 

I 

fluorene 710 J 310 J 81 J n/a 100 J 3100000 82000000 3000000 40000000 I\:l 
co 

indeno(1,2,3-cd)pyrene 2300 E J 1200 E J 550 J nfa 1000 E J 880 7800 6000 BOOO 

naphthalene 410 UJ 52 J 380 UJ n/a 440 UJ 3100000 82000000 3000000 40000000 

phenanthrene 9800 J 4600 J 1800 J nfa 2000 J - - - -
pyrene 13000 J 4200 J 1800 J nfa 3200 J 2300000 61000000 2000000 30000000 

PESTICIDES ug/kg ug/kg uglkg uglkg uglkg ug/kg ug/kg ug/kg uglkg 

PCBs (immunoassay) nla nfa nfa 800 E n/a 319 2860 5000 - , 
PCBs (tot. all) n/a n/a nfa 800 E n/a 319 2860 5000 -
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SAMPLE NUMBER: 055528 

LOCATION: 058828 

DATA SOURCE: Surface Soil 

SAMPLE DATE: 04/17/97 

INORGANICS [ mg/kg 

aluminum nla 

antimony nfa 

arsenic nla 

barium nfa 

beryllium n/a 

calcium nia 

chromium, total nfa 

cobalt nfa 
i 

.f:>. copper nfa , 
w iron nfa 0 

lead nfa 

magnesium nfa 

manganese nfa 

nickel nfa 

potassium nfa 

sodium nfa 

thallium nfa 

vanadium nla 

zinc nfa 

Ii SEMIVOLATILES ug/kg 

i 2-methylnaphthalene nla 

acenaphthene nfa 

acenaphthylene nfa 

I anthracene nia 

I I:nmzo(a}anthrac..ene nfa 

benzo(a)pyrene nfa 

benzo(b)fluoranthene nfa 

bellzo(g.i1.i)peryiene nfa 

• 

TABLE 4--5 

COMPARISON OF SURFACE SOIL ANALYTICAL DATA TO ARARS AND TBCs -Site 05 

NASJRB. WILLOW GROVE, PENNSYLVANIA 

053529 055829 058829 05S829-DUP 

05S829 058829 058529 055S29 Risk-Based 

Concentration 
Surface Soil Surface Soil Surface Soil Surface Soil for Residential 

04/16/97 04/17197 04/18197 04116/97 Soil ingestion 

mg/kg mg/kg mglkg mg/kg mglkg 

8950 nfa nla 5500 78000 

9.8 R nfa nla 4.6 U 31.1) 

1.3 E J nla nla 3.5 E K 0.430 

51.3 nfa nfa 58 .. 3 5500 

0.81 E nla nla 0.23 E 0.150 

33800 nla nfa 114000 -
26.9 nia nfa 9.8 390 

8.1 nfa nfa 3.1 4700 

28.4 nla nta 32.1 3100 

21600 nfa nla 6230 23000 

29.6 nfa nla 40 K 400 

23000 nfa nla 72000 -
502 nfa nla 117 1800 

14.1 nfa nfa 4.8 1600 . 

1720 nla nfa 416 -
274 nfa nla 407 -

0.39 l nla nfa 0.45 L 6.30 

36.3 nfa nfa 12.9 550 

137 nfa nfa 55.1 23000 

uglkg uglkg ug/kg uglkg ug/kg 

170 J nla nla 380 UJ -
120 J nfa nfa 61 J 4700000 

1200 J nfa n/a 350 UJ· -
1300 J nfa nfa 380 UJ 23000000 

9300 E J n/a nfa 1800 E J 880 

6800 E J nfa nia 2200 E J 81W 

8EiaO E J Ilfa ofa 3000 E J 880 

3400 J Ilfa ola 2000 J -

• 

Page 7 

ARAR5 &TBCs 

Risk-Based PADEPSoil PADEPSoil 

Concentration Residential Non-residential 

for Industrial Direct Contact Direct Contact 

Soil Ingestion MSC MSC 

I! mg/kg mglkg mg/kg I' 
1000000 - -

820 30 .. 0 400 I' 

3.80 3.00 4.00 

140000 5000 70000 

1.30 1.00 1.30 

- - -
10000 - -

120000 - -
82000 700 37000 

610000 - -
- 500 1000 

- - -
47000 - -
41000 200 20000 I 

- - -
II - - -
II , 

160 6.00 80.0 

·111 14000 - -
610000 - - Ii 

ug!kg 
I 

uglkg ugfkg I 

·1 - - - I, 

120000000 5000000 60000000 ! 
I 

I - - - I 
610000000 23000000 300000000 I 

7800 6000 8000 

780 SOO 800 

7800 6000 BOOO 

- - - , 

• 
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• • • TABLE 4-5 
10/29/97 

COMPARISON OF SURFACE SOIL ANALYTICAL DATA TO ARARS AND TBCs - Site 05 
Page 8 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: 05SS28 05SS29 05SS29 05SS29 05SS29-DUP ARARS&TBCs 

LOCATION: 05SS28 05SS29 05SS29 05SS29 05SS29 Risk-Based Risk-Based PADEPSoil PADEPSoil 

Concentration Concentration Residential Non-residential 
DATA SOURCE: Surface Soil Surface Soil Surface Soil Surface Soil Surface Soil 

for Residential for Industrial Direct Contact Direct Contact 

SAMPLE DATE: 04/17f97 04/16/97 04117197 O4f18/97 04116197 Soil Ingestion Soil Ingestion MSC MSC 

SEMIVOLA TILES ug/kg uglkg uglkg uglkg uglkg uglkg uglkg uglkg ug/kg 

benzo(k)f1uoranthene n/a 3500 J nfa nfa 1100 J 8800 78000 60000 80000 

bis(2-ethylhexyl)phthalate n/a 230 B nfa n/a 380 UJ 46000 410000 300000 400000 

carbazole n/a 210 J n/a nfa 98 J 32000 290000 - - I 
chrysene n/a 6100 J nfa nfa 1600 J 88000 780000 600000 800000 

dibenz(a,h)anthracene n/a 1100 E J nfa n/a 470 E J 88.0 780 600 800 

dibenzofuran nfa 71 J nfa nfa 380 UJ 310000 8200000 - -
fluoranthene nfa 8100 J nfa nfa 2600 J 3100000 82000000 3000000 40000000 

fluorene nfa 230 J nfa n/a 380 UJ 3100000 82000000 3000000 40000000 

.f:>. indeno{1,2,3-cd)pyrene nfa 4300 E J nfa nfa 2100 E J 880 7800 6000 8000 , 
i:.:I phenanthrene nfa 2200 J n/a nfa 830 J - - - --' 

pyrene nfa 13000 J nfa nfa 3000 J 2300000 61000000 2000000 30000000 

PESTICIDES uglkg ugfkg uglkg uglkg ug/kg uglkg ug/kg ug/kg ug/kg 

PCBs (immunoassay) 500 U nfa 2200 E n/a nfa 319 2860 5000 - I 
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TABLE 4-5 
10/29/97 

COMPARISON OF SURFACE SOil ANALYTICAL DATA TO ARARS AND TBCs - Site 05 
Page 9 

NASJR.B, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: 055530 05S831 058832 --- --- ARARS&TBCs 

LOCATION: 05S830 058831 055832 --- --- Risk-Based Risk-Based PADEPSoil PADEPSoil 

Concentration Concentration Residential Non-residential 
DATA SOURCE: Surface Soil Surface Soil Surface Soil 

for Residential for Industrial Direct Contact Direct Contact 
SAMPLE DATE: OS/28!S7 05/27197 05/27197 Soil Ingestion Soil Ingestion MSC MSC I 

INORGANICS mg/kg mglkg mgfkg mg/kg mg/kg mg/kg mg/kg 

aluminum 8000 nfa nfa 76000 1000000 - -
arsenic 1.5 E l nfa nfa 0..430 3.80 3.00 4.00 

barium 33.1 nfa n/a 5500 140000 5000 70000 

i beryllium 0.3 E ilia n/a 0.150 1.30 LOa 1.30 

calcium 69400 nla nla - - - -
chromium, total 18 nfa nfa 390 10000 - -
cobalt 4.3 n/a nia 4700 120000 - -
copper 23.8 n/a n/a 3100 82000 700 37000 

.J:>. 
iron 10600 ilIa n/a 23000 610000 - -

(,;, lead 
I\) 

189 nla n/a 400 - 500 1000 

magnesium 42700 n/a nfa - - - -
manganese 215 o/a o/a 1800 47000 - -
nickel 11.2 K ilia nfa 1600 41000 200 20000 

potaSSium 554 nfa n/a - - - -

I sodium 439 nfa n/a - - - -
I vanadium 15.7 nfa nla 550 14000 ! - -
! 
! 

30 l nla zinc ola 23000 SWOOO - -
I SEMIVOlATllES ug/kg ltg/kg ug/kg ug/kg ug/kg ug/kg l 

uglkg 

i 2-methylnaphthalene 16000 J nfa n/a - - - I -
i acenaphthene 36000 o/a o/a 4700000 120000000 5000000 60000000 

I acenaphthylene 2300 nla nia - - - -
I anthracene 54000 nfa n/a 23000000 610000000 23000000 300000000 j 

benzo{a)anthraceoe 48000 E nfa ofa 880 7800 6000 8000 

benzo(a)pyrene 36000 E nla n/a 88.0 780 600 800 

I benzo(b)fluoranthene 35000 E J n/a nfa £laO 7800 i 6000 8000 

I benzo(g,h,i)perylene 13000 J nia nla - - I - - i 

I benzo(k)f!uoranthene 29000 E J o/a nfa 8800 78000 60000 80000 

I I bis(2-ethylhex-yl)phthalate 900 J nfa n/a 46000 410000 I 300000 400000 
I 

• • • 
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• • • TABLE 4.5 
10/29/97 

COMPARISON OF SURFACE SOIL ANALYTICAL DATA TO ARARS AND TBCs - Site 05 
Page 10 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: 05SS30 05SS31 05SS32 --- --- ARARS & TBCs 

LOCATION: 05SS30 05SS31 05SS32 --- Risk-Based Risk-Based --- PADEPSoil PADEPSoil 

Concentration Concentration Residential Non-residential 
DATA SOURCE: Surface Soil Surface Soil Surface Soil 

for Residential for Industrial Direct Contact Direct Contact 
SAMPLE DATE: 05/28/97 05/27197 05/27/97 Soil Ingestion Soil Ingestion MSC MSC 

SEMIVOLA TILES ug/kg uglkg uglkg ug/kg ug/kg uglkg ug/kg 

carbazole 19000 J nla nla 32000 290000 - -
chrysene 45000 nla nla 88000 780000 600000 800000 

dibenz(a.h)anthracene 4800 E J nla nfa 88.0 780 600 800 

dibenzofuran 34000 J nla nfa 310000 8200000 - -
fluoranthene 140000 nla nfa 3100000 82000000 3000000 40000000 

fluorene 56000 nla nla 3100000 82000000 3000000 40000000 

indeno(1,2,3-cd}pyrene 18000 E J nla nla 880 7800 6000 8000 

naphthalene 22000 J nla nfa 3100000 82000000 3000000 40000000 
.j>. 

phenanthrene 200000 nla nla , - - - -c.:> 
c.:> pyrene 120000 nla nla 2300000 61000000 2000000 30000000 

PESTICIDES ug/kg uglkg ug/kg ug/kg ug/kg uglkg ug/kg 

PCBs (immunoassay) 6400 E 3900 E 2300 E 319 2860 5000 -
PCBs (tot all) 6400 E 38 U 2300 E 319 2860 5000 -



4-34 

TABLE 4-5 
COMPARISON OF SURFACE SOil ANAL YTleAl DATA TO ARARS AND TBCS - SITE 05 

NASJRB, WIllOW GROVE, PENNSYLVANIA 

Footnotes to sample results: 

U - Compound or element was not detected. Value is the detection limit (inorganics) or quantitation limit (organics). 

UJ - Not detected. Detection limit or quantitation limit shown is considered estimated due to exceedance of data validation quality control criteria. 

UL - Not detected. Detection limit or quantitation limit shown is considered biased low due to exceedance of data validation quality control criteria. 
No Value - Constituent was not analyzed for in this sample. 

UR - Nondetected result is considered rejected based on exceedance of data validation quality control criteria. 

J - Value is estimated because concentration is below the quantitation limit or because of exceedance of data validation quality control criteria. 

l - Value is considered biased low because of exceedance of data validation quality control criteria. 

K - Value is considered biased high because of exceedance of data validation quality control criteria. 

R - Positive result is considered rejected based on exceedance of data validation quality control criteria. 

E - Result exceeds one or more of the selected ARARs. 

Footnotes to PADEP Criteria: 

- No standard is available for this chemical in this classification. 

MSC - Medium-Specific Concentration. 

• • 
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P:\GIS'VVILLOW\WILLOW _ TAGS.APR. 8'14/01 JAL S!TE. 5· SURFACE. AND SUBSURFACE SOIL LAYOUT 

-------

i 

.. -~ ~ - - - ~ - - - - - - - -r--------------, 
055S21 
BENZO'A)ANTHRACENE 
BENZQ ,A) PYRENE 
BENZO 'B) FLUORANTHENE 
DIBENZIA,H)ANTHRACENE 
ARSENIC 

055517 
BENZO,A)ANTHRACENE 
BENZQ ,A) PYRENE 
BENZO,B)FLUDRANTHENE 
DIBENZ'A,H)ANTHRACENE 
ARSENIC 

055B17 
I depth: 4' - 6' 
iARSENIC 
jdepth: 10' - 12' 

_ .... i BERYLLIUM 

055B19 
BENZQIA)PYRENE 
05SS19 
ARSENIC 

05SS18 
BENZOIAlPYRENE 
BENZOIB)FLUORANTHENE 
ARSENIC 

05SS20 
BENZO,A)PYRENE 
ARSENIC 

5.4 

1.3 

12000 
8200 
14000 
1400 
5 

9000 
7200 
11000 
1100 
3.8 K 

1500 

10.5 

6700 

5.7 

J 

J 

2300 ,T 

6.2 

J 

J 

05S522 
BENZQ.A)PYRENE 
ARSENIC 

1200 .. 1 
7.8 J 

D55S24 
EENZQ.AlANTHRACENE 
BENZOIA)PYRENE 
EENZOIB)FLUORANTHENE 
DIBENZ.A,H1ANTH~~CENE 

., ARSENIC 

NOTES: 

NO. 

1. INORGANIC COMPOUND CONCENTRATIONS 
ARE IN mg/kg. 

2. ORGANIC COMPOUND CONCENTRATIONS 
ARE IN ug/kg. 

DATE REVISIONS BY 

af7101 NOTE ADDED. FIGURE NUMBER & COMPANY NAME REVISED. LDL 

4-35 

11000 
8600 J 
10000 J 
1300 J 
6.4 

-- ---

1700 J 
6.2 

--- -. 

05SB26 
depth: 2' - 4' 
ARSENIC 

.- ~..::..-~
'--~~ . .... , 

DATE 

S. TABLER 3125196 

CHECKEOBY DATE 

COST/SCHEDULE·AREA 

SCALE 

AS NOTED 

----- -----------~ 

'-- - --....::..;. 

------- ~-~--- --,----
1500 
5.9 

.. ;':'., ----- -~ -- - .~ -

5500 J 
4.3 K 

05SS29 
BENZQ.A)ANTHRACENE 
BENZQ,A)PYRENE 
BENZQ,BiFLUORANTHENE 
DIBENZIA,H)ANTHRACENE 
055S29 DUP 
BENZQ.A)PYRENE 

05SB29 
depth: 2' - 4' 
BENZQ,A)PYRENE 

05SS14 

3600 

9300 J 
6800 J 
8600 J 
1100 J 

2.3,7,8-TCDD 45.1 
TCDD TOXICITY EQUIVALENTS 177 

055S30 
BENZQ;A) ANTHRACENE 
BENZQ,A)PYRENE 
BENZQ,B)FLUQRANTHENE 
DIBENZIA,H)ANTHRACENE 
INDENO.1 2 3-CDlPYRENE 

I 05SB30 , 
I depth: 4' - 6' 

48000 
36000 
35000 
4800 
18000 

,BENZQ.AjANTHRACENE 13000 
iBENZO'A)PYRENE 11000 

,I BENZO 'B) FLUORANTHENE 12000 
iDIBENZIA,HlANTHRACENE 1400 J 

05SS23 

J 

BENZQ,A)PYRENE 
ARSENIC 

6100 J 
4. 7 K 

J 

J 

o 

LEGEND 

• Soil Boring 
o Surface Soil 

80 Feet 

N 

~ Tetra Tech NUS, Inc. 
CONTRACT NUMBER OWNER NUMBER 

5466 2207 

CONCENTRATION ABOVE SCREENING LEVELS 
APPROVED BY DATE 

HUMAN HEAlTH RISK CRITERIA 
APPROVED BY 

SITE 5 - FIRE TRAINING AREA DATE 

NASJRB WILLOW GROVE 
WILLOW GROVE, PENNSYLVANIA 

DRAWING NO. REV 

FIGURE4-9A 1 



4.5.1.1 lnorganics 

Arsenic and beryllium were detected above reference criteria but within background ranges in the 

samples analyzed for inorganic parameters. Lead was the only metal detected above background and 

reference criteria (05SS21, 412 mglkg). Other metals detected at levels above background but below 

regulatory levels include chromium, cobalt, copper, iron, nickel, and zinc. 

4.5.1.2 Organics 

PAHs exceeded background levels and reference criteria at the majority of surface soil locations. The 

location with the highest levels of PAHs was 05SS30. 

PCB immunoassay results exceeded reference criteria at seven locations; however, the analytical 

technique used is considered a field screening method that provides an approximation of detected 

concentrations. 

Low levels of dibenzodioxin and dibenzofuran compounds were detected in Site 5 surface soil samples. 

No background samples were analyzed for these compounds. The three samples exceeded the most 

l 
stringent reference criteria for total TCDD equivalents; however, the levels were below the PADEP non- 

residential soil direct contact standard at two locations and slightly above it for one location. 

4.5.2 Subsurface Soil 

During the 1991 Phase I Fit, 58 samples were obtained from 12 subsurface locations (05SBO5 through 

05SB16). Four to five samples at various depths were obtained from each boring, with total depths 

reaching up to 18 feet. Samples were analyzed for VOCs only. 

During Phase II RI activities, 16 samples were collected from various depths at 14 locations (05SBIJ 

through 05SB30). Sample analyses were for TAL inorganics, TCL VOCs, and TCL SVOCs. Three 

samples were also analyzed using PCB immunoassay field screening methodology. 

Figure 4-1 presents sampling locations. Table 4-6 presents the occurrence and distribution of inorganic 

and organic chemicals detected in site-related subsurface soil samples and compares them to 

background. Table 4-7 presents results from the background comparison tests. Table 4-8 presents a 

comparison of detected compounds to ARARS and TBCs. Figure 4-9A shows sample locations and 

concentrations of compounds that exceed ARARS and TBCs. 
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4.5.1.1 Inorganics 

Arsenic and beryllium were detected above reference criteria but within background ranges in the 

samples analyzed for inorganic parameters. Lead was the only metal detected above background and 

reference criteria (05SS21. 412 mg/kg). Other metals detected at levels above background but below 

regulatory levels include chromium. cobalt. copper, iron, nickel. and zinc. 

4.5.1.2 Organics 

PAHs exceeded background levels and reference criteria at the majority of surface soil locations. The 

location with the highest levels of PAHs was 05SS30. 

PCB immunoassay results exceeded reference criteria at seven locations; however, the analytical 

technique used is considered a field screening method that provides an approximation of detected 

concentrations. 

Low levels of dibenzodioxin and dibenzofuran compounds were detected in Site 5 surface soil samples. 

No background samples were analyzed for these compounds. The three samples exceeded the most 

stringent reference criteria for total TCDD equivalents; however. the levels were below the PADEP non

residential soil direct contact standard at two locations and slightly above it for one location. 

4.5.2 Subsurface Soil 

During the 1991 Phase I RI. 58 samples were obtained from 12 subsurface locations (05SB05 through 

05SB16). Four to five samples at various depths were obtained from each boring. with total depths 

reaching up to 18 feet. Samples were analyzed for VOCs only. 

During Phase II RI activities, 16 samples were collected from various depths at 14 locations (05SB17 

through 05SB30). Sample analyses were for TAL inorganics, TCl VOCs, and TCl SVOCs. Three 

samples were also analyzed using PCB immunoassay field screening methodology. 

Figure 4-1 presents sampling locations. Table 4-6 presents the occurrence and distribution of inorganic 

and organic chemicals detected in site-related subsurface soil samples and compares them to 

background. Table 4-7 presents results from the background comparison tests. Table 4-8 presents a 

comparison of detected compounds to ARARS and TBCs. Figure 4-9A shows sample locations and 

concentrations of compounds that exceed ARARS and TBCs. 
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Substance 

Table 4·6 
Occurrence and Distribution of Organics and Inorganics in Subsurface Soils, Site 5 

NASJRB Willow Grove, Pennsylvania 

Background Data Site-Related Data 

Freq. Range of Positive Freq. Range of Positive 

of Detection Mean of Sampling Round and of Detection Mean of Sampling Round and 

Detection Min. Max. All Data Location of Maximum Detection Min. Max. All Data Location of Maximum 

Representative 

Concentration 

aluminum 12/12 9090 - 15000 11400 04/071978GS806 9/9 8420 - 12200 10500 OSSB27-081004118f97 11400 
~-~-~--- '--- ----- ~ ~---- .~--~- - ---.--.--~- -~-----~~----.--.. ~---.. _._- ._.-._--- _.. ----

arsenic 12/12 3.7 - 10.6 6.61 04/07/97 BGSS03 9/9 1.1 .. 5.4 2 .. 7 058817-040604/17/97 4.73 
-~~-~----"----'~-'- --~ .. ----.------~.------I---~~ ... -.-.--~ ... ~ ----~. ---- .. --. --- .~~.~--~ --.~-----~----

barium 12/12 77.8 - 111 96 04/07/97 BGSS04 919 39.9 - 280 134 05S826·040604/18/97 264 
~ .-,- ----~-.~.- -~ ------1----._---,._--- ~--~,-+--.-~.~~.---.--~--~--.~---.--~.---.---.. ---- ---~.--~ --- --
beryUium 12/12 0.75 - 1.3 0.988 04/07/97 BGSS11 9/9 0.47 - 1.3 0.901 05SB17-1012 04/17/97 108 
.. ,---. ------ --- -'--,-------._' . __ .------ --_. --------------~------ -- -- ,--
calcium 12/12 614 - 1600 1020 04107/97 BGSS12 9/9 416 - 8340 1880 055830-040605128/97 5920 
~.----"~.- .---~-- --.----.~- --... ----~-.---.--------~~. r--- .. ~-~~ .. --.... -~.- - .. ~- --~~ 

chromium 12112 12.4 - 20.8 15.4 04107/97 BG8S02 919 6.1 - 23.7 15.3 058817-040604/17/97 18.8 ------.-- ._--- --~-.-- - ~---~,,-- - ---'''---~---- ... --' ._----- -.--~.--- ... ---"'-~--- -- -- -
cobalt 12112 6.8 .. 93 7.9 04/07/978GS802 9/9 5.9 - 14.9 9.88 058817-101204/17/97 11.6 -----1-·- --- .. ----.---.----... - -- -- .~. --.-~.-----,,-----.-_.- ~-"~-~-"---' , - - ... -- .---- . -- -~ .-~.' - .~-~ 

copper 12112 8 - 13.4 10.7 04107/97 BGSS09 819 7.1 - 25.1 12.4 05SB29-0204 04/17197 16.6 
~~. _____ c_."._____ __,, ___ . ___ ~~. __________ , ______ . ___________ . ____ _ ~" __ . __ " --. __ ~ __ ._ -- -___ ~_ _ ____ _ 

iron 12112 12800 - 17600 14900 04/07/97 BGSS06 9/9 11100 - 27900 19000 05S818-0406 04117/97 23600 
-... -- .--~- .... --~---- .... -i-.-.~------.-- - -----... -.-.----.--~-r___-- -,-----.~ -.-~r___~~ 

lead 12i12 16.3 .. 64.7 31 04/07/97 BGSS04 9/9 5.4 - 64.S 16.2 05SB30-0406 05128/97 34.4 
----~ "---' -~----'----- .. ---- --_ .... --- --- -- ._-_ .. _-- . -- ~~.-. ------_ .. _------- --.-.~ --- --~. _._---. 

magnesium 12112 1300 - 1940 1510 04107197 BGSSOO 9/9 533 .. 5360 2690 05SB30-0406 05/28/97 3640 
,..--_. - -- .-.---.... --~ .. ---' ---.~ .. --- --f-""-~-- I--- --- --.---.-- . . -- ~ ... ----... ---... --- - ---.----- ,. .--~ 

manganese 12/12 429 - 1190 641 04/07!978GSS04 9i9 134 .. 1550 512 058B26·0406 04/18/97 1100 
-- ---~-~ -_.- .I----~~.-- ---~ .... ---. --- - - .. -'" . -- ---- -.---~ "---"'---"'-~ -.~---~.--,,--~- --- ~---~ 

nickel 12112 7.4 .. 11.2 9.78 04/07/97BGSS04 9/9 6.7 - 17.4 11.9 055B27·081 0 04/18/97 14.3 
~-~ --. -~'.-'---.'---i-'--- .----... ---.-- -'.'--~"-----"-'. --.---. ---. ..~--.~~ 

potassium 7/12 436 • 771 434 04/07/97 BGSS05 7/9 418 • 3130 1080 058B17-1012 04/17197 3130 ._._----- -"---'" ---."--~----"---~"--~-. ----.... ------,,--. _."-_._._--'" --~ .. ----~------ - _ .... _--
sodium 2/12 112 .. 120 63.9 04/07/97 BGSS09 9/9 101 - 341 150 058B17·1012 04/17197 199 
~-.- ... -' .. ---"-- '---"~-" --~".-.-f------------~-''''-'--'-'-----' .~.--. .. "'''--''---~.--~ - -~- --~~-

thallium 7/12 0.25 - 0.34 0.226 04/07197 BG8S07 319 0.24 - 0.27 0.163 055B28·020404/18/97 0.218 ._---_.. ~---.--.. - .~.~.----~. ---... --~ ._---",,--- ---~ --~.------.--~.---.--.- --
vanadium 12/12 20.9 - 28.2 25 04f07197 BG8S02 9/9 12.4 .. 36.8 23.5 058817·040604/17/97 32.2 
--.~-" ."-----.~---.-------.. ~---.. ,, .-.. -------~-.. --~ .. ,,---... -- -.--~.. ,,-_.-- - -~---i-- .. ---
zinc 12112 21.7 • 597 90.5 04/07197 BGSS04 9i9 12.4 - 57.4 30.4 058827·081004/18/97 46.7 
---~.~~ ... --- ",,---"'-- ~.-.--~----"~-.".-~-~"--I----' -- -"" .---.. ------.~-. .~.---~--~ -- - - .... 

2·methylnaphlhalene 0/12 - NA 7/14 120 - 5500 975 05S821-020404f17l97 2520 
--" - -" ,,---i----.. ---.. ---~~------------"".'--.-- .... -------,. .---- --.. --"~-~f---.'- ---_.------.-- ---' -~-----."-

acenaphthene 3112 55 - 64 178 04/07197 BGSS10 2/14 1400 " 5700 691 058B30 .. 040605/28/97 1090 
----.~- .~.~,,---- --~~-~"---~~-.. ---. --'- -----~----.------ ---.----.--r---"- ... --.~~--~~~."---~ 
acenaphthylene _.'_'. __ ~ " 3112. __ ~.~ __ .,1~ ____ Q4/07!97~G.SS12 ,,_ .~!.4,, ____ .1?~ __ 8,,9~_ ~ __ 0~SB30-04060~/28i97 _ .. __ ~2!... 

anthraCene 6/12 46 " 160 155 04/07/97 BGSS12 3/14 36 - 11000 1170 05S830·040605/28197 2860 
---"---'-'--- '--' ~ ._-----_. --~.--,,----.-----~~----~----,,------. ----~ .. -----

~ltmz(~~':!thracene ~12 ______ ~?40 307 04!07i~7BGS.~ ~1~. ..~ - 13000 __ 1~80 __ 0~t)B30·E'!..0t?.!J~~92_~ 3400 

be~_~{a)EYre~____ ___ 8/12 .. ,, __ 1_1~.::.._.!.!OO ___ ~~g~ 04/07/9?_BGSS1~ __ ~ __ 4~ ___ ~_ 11~ 1200 __ 05S.s30~4(J6 O~28t97 ,, __ 2~60 

benzo(b)fluoran!hene 8/12 160 - 1500 508 04/07/97 BGSS12 4114 64 - 12000 1310 058830-0406 05/28/97 2930 c------ ,~ .-.-.~ .. ~~-----~. ---~-- -~- ~.~-. --~'--- -~- .. ~--~-- ----.. - .--,,~. -!---~----.~-. --1---'-- --- - -- -- ~---

benzo(g,h,i)peryiene 7/12 52 - 490 225 04107/97 BGSS12 3114 250 - 4400 603 058B30-040605l28/97 953 
. -~- - ~-.- - .- - ~ -- ---.- - ...... - ----- .-~----. ._- -~ --- --~ 

benz~(~fly~ranthene ..... ___ .!!12 _____ ~ 92~ __ ._ 371 __ . __ .04/07/97 BGSS1.2 __ >--.. 21!4_o-__ 2~~.~9iJO_~ _ 820 __ .~~05SB30.0406 OS/28197 1380 

• • • 
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Table 4-6 

Occurrence and Distribution of Organics and Inorganics in Subsurface Soils, Site 5 
NASJRB Willow Grove, Pennsylvania 

Background Data Site-Related Data 

Freq. Range of Positive Freq. Range of Positive 

of Detection Mean of Sampling Round and of Detection Mean of Sampling Round and Representative 

Substance Detection Min. Max. All Data Location of Maximum Detection Min. Max. All Data Location of Maximum Concentration 

bis(2~t.rlhe~l)p~~late 0/0 - 6/6 160 - 790 340 05S830-0406 05/28197 688 ---- "~---' ---. ------- ----- -.~-. ---- ... ~- ,--._._--_. -- - ---.-

carbazole 5/12 80 - 310 213 04/07/978GSS10 2/14 1600 - 5300 677 05S830-0406 05/28/97 1090 
... -_._--- ~.--.-.----. --~- -- .~---.- .,._-- ------<- -- ---- -- -

chrysene 9/12 43 - 1200 420 04/07/978GSS12 5/14 41 - 12000 1310 05S830-0406 05/28/97 3620 
-----~--~--- -.~-~--'-'- ----.--~- --- ---" . __ ._---- --
dibenz(a,h)anthracene 5/12 52 - 160 162 04/07/978GSS12 2/14 510 - 1400 320 05S830-0406 05/28197 426 

---'~~--'---'-- ~-'---"-" - -- --~--~---, .-~--.- --.------- ---- --
dibenzofuran 4/12 51 - 120 173 04/07/978GSS08 4/14 120 - 5200 646 05S830-0406 05/28/97 1070 ------_._-_ ... _- ---- --" -~ .. --- -----
f1uoranthene 10/12 49 - 2600 903 04/07/978GSS12 5/14 84 - 34000 3310 05S830-0406 05/28/97 10700 

----- -------'"""-- ----- -_.--_._-- ------ - -- ----_._.-

fluorene 4/12 59 - 160 185 04/07/978GSS08 4/14 93 - 10000 1030 05S830-0406 05/28/97 1950 
---. -"---"- --- "---- - - ._-------- -----_. _-.---- ... - .---- _._--<---

indeno(1,2,3-cd)pyrene 8/12 49 - 640 252 04/07/978GSS12 3/14 170 - 5700 726 05S830-0406 05/28/97 1220 
--<_.--" _.,----- - - .. _-----._- ~.-- - - ... -----

N-nilrosodiphenylamine (1) 0/12 - NA 1114 75 - 75 204 05S930-0406 05/28/97 75 
~-<~-.--~,-- .----------. -~-------- ----... -----.~~ -- -~~.~-- --- -

naphthalene 0/12 - NA 6/14 99 - 2300 580 05S921-020404117197 1220 
T ___ ' __ '_'~_'~' ____ 

__ TO -- .--.. -,", -- --_. - ------

phenanthrene 8/12 110 - 1700 668 04/07/978GSS12 5/14 46 - 43000 4090 05S830-0406 05/28/97 16700 
.------~~----------- - - -.-_. 

--~ -- ------------
pyrene ____________ 10/12 51 - 2100 723 04/07/978GSS12 5/14 76 - 30000 2890 05S930-0406 05/28/97 8690 

_ .. _--"-,------ -- ---.---- -'-- -- --------------- -- ---c--------- ------~.------ .. - -----~-- --
1,1 ,1-trichloroethane 0/0 - 1156 140 - 140 19.4 05S822-0406 04/16/97 9_01 
-~. "-" -~---- -~--."" -- -~-- -------.. -~ --- ----
1,1,2-trichloroethane 0/0 - 2/61 5 - 15 16.2 05S822-0406 04/16/97 6.53 

---- ._---_._---._------- ---- --- ---. - ---- .- -_. ---" 

1,1-dichloroethane 0/0 - 3/61 8 - 160 18.7 05S822-0406 04/16/97 9.92 
----.---.... -~----------- - ___ 0--. 

"'-'- --------- --- ----_._-
1 ,1-dichloroethene 0/0 - 1/59 5 - 5 16.5 05S822-0406 04/16/97 5 

.~ .. -~ -----._----- .---~~"" ----~-<--- ---> 

2-butanone 0/0 - 3/61 9 - 54 19.8 05SB22-0406 04/16/97 11.3 
--- -------~---- ._--------- ----._"._- -- -- --_. --._--- .-._.-

2-hexanone 0/0 - 1/61 1 - 1 18.7 05S805-0608 09/05/91 1 
--- --- ----------- --._--_._--------- _ .. - ---_.- . __ .-- ,--- --,- ._-_._. -- -- -- -

4-methyl-2-pentanone 0/0 - 1/61 2 - 2 18.8 05S813-0204 09/04/91 2 
-- "---.. __ ._--------- ____ T_ 

--~-.-------- .--.. -._.- ----- -- -- -

acetone 0/0 - 6/24 14 - 140 49.7 05S822-0406 04/16/97 62_8 
--.- --- ---------- ------.. --~.-."'- -_. ~. - -- ~ ~-- --- "---

benzene 0/0 - 5/61 1 - 20 16.5 058917-101204/17/97 6.83 
-- ---- -------~----~.-.- -- -----~-..... ~---- --- -- -- -- ---

carbon disulfide 0/0 - 1/61 2 - 2 16 05S815-0406 09/04/91 2 
-- ---------- ------~- -~--~ ~- ---_.-.-.- .. -. ----~--~--- -.~- -- ---- . _.- - - --

chloroform 0/0 - 1/61 8 - 8 16_1 05SB22-1416 04/16/97 6A 
- --.- .-.-~.-~ - -- _._--- --

chloromethane 0/0 - 2161 3 - 6 18.8 05S913-1214 09/04/91 6 
.. ~--- ---~--

-_ ... _------ -'-- - - ----.~-.-- -- -- . - -- -
ethyl benzene 0/0 - 5/61 5 - 3400 65A 05S821-0204 04/17/97 3400 
---._--_._-_. ---_ ... _--_._. -- -I---~-- ~-~~--.-.-<-~---. - ",-.-~- - -._- ----.--.--.-.~-... --~--.- ---- - -- - -- --
ll1~t~ylene chloride. _______ 0/0 - 1135 10 - 10 25.4 05S830-0406 05/28/97 10 

._------------- -- --- ---- -

tetrachloroethene 0/0 - 1/61 10 - 10 16.1 058922-0406 04116/97 6A5 
----- -~ .. -.. -.-.. -- ~-------- -- ----- --------- --- - -
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Table 4-6 
Occurrence and Distribution of Organics and Inorganics in Subsurface Soils, Site 5 

NASJRB Willow Grove, Pennsylvania 

Background Data 

Freq. Range of Positive Freq. Range of Positive 

of Detection Mean of Sampling Round and of Detection 

Substance Detection Min. Max. All Data Location of Maximum Detection Min. Max. 

toluene 010 - 3f51 2 - 14 
-~~"'-" 

_._ ....... _.-
,_·~~._c_ ._---- ~-- ~ 

-~~---

_. <--, 

trichloroethene 0/0 - 2/61 2 - 8 
-----~.~-~~«-.--- ---- ----- -- .~ -~ ..• _--_ ... " -----_._-" -_. 

-~--~-.- ---.-
xylene (total) 0/0 . 5/61 22 - 16000 

Notes: 

Units are mg/kg for inorganics, ug/kg for organics. 
Number of sample results excludes rejected data or blank-qualified data. Duplicates are consolidated into one result. 
Mean of all data includes positive detections and non-detected results. Detection limits are divided by two. 

Site-Related Data 

Mean of Sampling Round and 

All Data Location of Maximum 

16.1 058822-0406 04f16!97 
----- --.- - -----.------ .- -
16 058817-101204/17/97 

---- -------- -- -. 

294 058821-020404/17/97 

The determination of representative concentrations is based on comparison of maximum to the 95 % UCL, which is presented in a separate table. 
Frequency of detection refers to 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. 
I 

(H 
(0 

• • • 

Representative 

Concentration 

648 
-- -

6.3 
. _._-- _ . 
28.9 
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TABLE 4-7 

Background Comparison Tests - Subsurface Soil Data for Site 5 
NASJRB Willow Grove, Pennsylvania 

Page 1 

• 



TABLE 4-7 
Background Comparison Tests - Subsurface Soil Data for Site 5 

NASJRB Willow Grove, Pennsylvania 

Noles: Units are mgikg for inorganic;;, ugfkg for organics_ 

• 

A statistical significance level (p value) of 0_05 is used for all tests thai directly compare site to background. A two-sided Significance level of 0.1 is used for Bartletfs lest for equal variancR 

UTL is the 8xr--ectej value for the Upr.>ef 95 % quantile of the background population; there is an equal chane:;;! 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 ali assumptions are mel. The overall oocision (is sile :> background) for each chemical appears at the left and is based on four criteria: 

(1 j Overail deciston is YES if anyone of the UTL, Mann-WhilneyfGehan, Upper Ranks Test, Of T-Tes! is YES, rc-gardless of other test resuils. 

(2) Overall 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 YESfNO if ZiFisller Test is YES/NO, respeclively, and other tests aTe NA. Z-test is treated as lerNest priority since it relies on detection frequency, not magnitude of msults .. 

(4) Overall deci;:;ion is NA if all tests are NA. (Chemicals aSSigned NA are stUi included inhuman health risk-baS€,j screening andlor risk assessment) 

• 
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#sor#b 
s=b 
Pvalue 
l, N, orQ 
%ND 
@ 

r,k 

• 
TABLE 4-7 

Background Comparison Tests - Subsurface Soil Data for Site 5 
NASJRB Willow Grove, Pennsylvania 

• 

UTl is based on 95 % upper limit (using t-value) when data are lognormal (ll or normal (N). Otherwise, an upper 95 % quantile (0) 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 are shown of log-transformed data when distributions are of this type; ie., if an (ll code appears for the UTl test 

or if site and background distributions both match lognormal, and both T-test and BartleU'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. 

Page 3 
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10/29/97 

SAMPLE NUMBER: 058805-0002 

LOCATION: 05S805 

DATA SOURCE: Subsurface Soil 

SAMPLE DATE: 09/05/91 

VOLATILES uglkg 

2-hexanone 11 U 

acetone 5 B 

methylene chloride 2 B 

• 

TABLE 4--8 

COMPARISON OF SUBSURFACE SOIL ANALYTICAL DATA TO ARARS AND TBCs - Site 05 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

058805-0204 05S805-0406 05S805-0406-DU 055805-0608 

055805 058805 058805 05SB05 Risk-Based 

Concentration 
Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil for Residential 

09/05191 09/05/91 09/05/91 09/05/91 Soillngeslion 

uglkg ug/kg ug/kg uglkg uglkg 

12 U 12 U 12 U 1 J -
6 B 5 B 9 B 6 B 7800000 

6 U 6 U 6 U 4 B 85000 

• 

Page 1 

ARARS&TBCs 

Risk-Based PADEPSoi! PADEPSoil 

Concentration Residential Non-residential 

for Industrial Direct Contact Direct Contact 

Soil Ingestion MSC MSC 

uglkg uglkg uglkg 

- - -
200000000 8000000 100000000 

760000 600000 800000 

• 
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• • • TABLE 4-8 
10129197 

COMPARISON OF SUBSURFACE SOIL ANALYTICAL DATA TO ARARS AND TBCs - Site 05 
Page 2 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: 05SB05-1012 05SB06-oo02 05SB06·0204 05SB06-0406 05SB06-0608 ARARS &TBCs 

LOCATION: 05SB05 05SB06 05SB06 05S806 05SB06 Risk-Based Risk-Based PADEPSoil PADEPSoil 

Concentration Concentration Residential Non-residential 
DATA SOURCE: Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil for Residential for Industrial Direct Contact Direct Contact 
SAMPLE DATE: 09/05191 09/05/91 09/05/91 09/05/91 09/05/91 Soil Ingestion Soil Ingestion MSC MSC 

VOLATILES ug/kg ug/kg uglkg uglkg ug/kg uglkg ug/kg uglkg ug/kg 

1,1.1-trichloroethane 1 B 5 U 6 U 6 U 5 U 2700000 72000000 7000000 90000000 

acetone 4 8 8 8 6 B 5 B 4 B 7800000 200000000 8000000 100000000 

chloromethane 11 U 11 U 11 U 3 J 11 U 49000 440000 - - , 

~ 

.;,.. 
~ 
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TABLE 4·8 
10/29197 

COMPARISON OF SUBSURFACE SOIL ANALYTICAL DATA TO ARARS AND TBCs - Site 05 
Page 3 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: 058806-1012 05SB07-0002 055807·0204 058807-0406 055807·0608 ARARS&TBCs 

LOCATION: 055806 055807 05SB07 05SB07 05S807 Risk-Based Risk-Based PADEPSoil PADEPSoil 
Concentration Concentration Residential Non-residential 

DATA SOURCE: Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soli for Residential for Industrial Dired Contact Direct Contac1 
SAMPLE DATE: 09/05/91 09/05191 09/05191 09/05/91 09105/91 Soil Ingestion Soil Ingestion MSC MSC 

VOLATILES ug/kg ug/kg uglkg uglkg uglkg uglkg ug/kg ug/kg uglkg 

acetone 5 B 3 B :3 B 4 B 11 U 7800000 200000000 8000000 100000000 

methylene chloride 5 UJ 2 B :3 B 6 U 2 B 85000 760000 600000 800000 

• • • 
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10/29/97 

TABLE 4-8 
COMPARISON OF SUBSURFACE SOIL ANALYTICAL DATA TO ARARS AND TBCs - Site 05 

Page 4 
NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: 05SB07-0608-DU 05SB07 -1011 055808-0002 055B08-0406 055808-0608 ARARS&TBCs 

LOCATION: 055B07 055807 05SB08 05SB08 05SB08 Risk-Based Risk-Based PADEPSoil PADEPSoil 

Concentration Concentration Residential Non-residential 
DATA SOURCE: Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil Subsurface SOil for Residential for Industrial Direct Contact Direct Contact 

SAMPLE DATE: 09/05/91 09/05/91 09/05/91 09/05/91 09/05/91 Soil Ingestion Soil Ingestion MSC MSC 

VOLATILES ug/kg ug/kg ugJkg ug/kg ugJkg ug/kg ug/kg ug/kg ug/kg 

acetone 5 B 3 B 6 B 6 B 12 U 7800000 200000000 8000000 100000000 

methylene chloride 3 B 3 B 6 U 2 B 3 B 85000 760000 600000 SOOOOO 

.f:>. 
r 

.f:>. 
(j') 
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TABLE 4-8 10/29/97 
COMPARISON OF SUBSURFACE SOIL ANALYTICAL DATA TO ARARS AND TBCs - Site 05 

Page 5 NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: 05S808-1012 05SB08-1416 OSS809-0002 05SB09"()204 05SB09-{!608 ARARS& TBCs 
LOCATION:. 055808 05S808 05SB09 058809 05S809 Risk-Based Risk-Based PADEPSoil PADEPSoil 

Concentration Concentration Residential Non-residentia! DATA SOURCE; Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil for Residential for Industrial Direct Contact Direct Contact SAMPLE DATE: 09/05/91 09104/91 09/04191 09/04/91 09/04191 Soil Ingestion Soil Ingestion MSC MSC VOLATILES uglkg uglkg ug/kg uglkg ug/kg uglkg ug/kg ug/kg uglkg acetone 12 8 11 U :3 B 11 B 8 B 7800000 200000000 8000000 1100000000 methylene chloride 2 B 2 B 2 B 5 B 6 U 85000 760000 1600000 BOaDOO 

• • • 
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• • • TABLE 4-8 
10/29197 

COMPARISON OF SUBSURFACE SOIL ANALYTICAL DATA TO ARARS AND TBCs - Site 05 
Page 6 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: 05SB09-1012 05SB09-1618 05SB10-0204 05SB10-0204-DU 05SB10-0406 ARARS &TBCs 

LOCATION: 05SB09 05SB09 05SB10 05SB10 05SB10 Risk-Based Risk-Based PADEPSoil PADEPSoil 

Concentration Concentration Residential Non-residential 
DATA SOURCE: Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil for Residential for Industrial Direct Contact Direct Contact 

SAMPLE DATE: 09/04191 09/04/91 09/05/91 09/05191 09105/91 Soil Ingestion Soil Ingestion MSC MSC 

VOLATILES ug/kg ugfkg ug/kg ug/kg ugfkg ugfkg ugfkg ug/kg ug/kg 

acetone 12 U 5 B 17 B 4 B 200 B 7800000 200000000 8000000 100000000 

.j::.. , 

.j::.. 
OJ 
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10/29/91 

SAMPLE NUMBER: 05S B 1 O-OBi 0 

LOCATION: 055B10 

DATA SOURCE: Subsurface Soil 

SAMPLE DATE: 09105.'91 

VOLATILES uglkg 

1,1,1-trichloroethane 7 B 

acetone 690 B 

• 

COMPARISON OF SUBSURFACE SOIL. ANALYTICAL DATA TO ARARS AND recs -Site 05 

NASJRB. WILLOW GROVE, PENNSYLVANIA 

058810-1012 058810-1618 058B11-0002 058B11-0406 

058B10 058B10 053B11 055B11 Risk·Based 

Concentration 
Subsurface Soil Subsurfac.e Soil Subsurface Soil Subsurface Soil for Residential 

09/05/91 09105191 09/04/91 09iQ4f91 Soi! Ingestion 

ugfkg ug/kg ug/kg ug/kg uglkg 

6 U 6 U 6 U 6 U 2700000 

250 B 11 U 11 U 5 B 7800000 

• 

Page 1 

ARAR8&TBCs 

Risk-Based PADEPSoil PADEPSoti 

Concentration Residential Non-residential 

for Industrial Direct Contact Direct Contact 

Soli Ingestion MSC MSC 

ug/kg uglkg uglkg 

72000000 7000000 900000'::10 

200000000 8000000 100000000 

• 
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• • • TABLE 4-8 
10/29/97 

COMPARISON OF SUBSURFACE SOIL ANALYTICAL DATA TO ARARS AND TBCs - Site 05 
Page 8 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: 05SB11-0406-DU 05SB11-0608 05SB11-1012 05SB11-1416 05SB12-0002 ARARS&TBCs 

LOCATION: 05SB11 05SB11 05SB11 05SB11 05SB12 Risk-Based Risk-Based PADEPSoil PADEPSoil 

Concentration Concentration Residential Non-residential 
DATA SOURCE: Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil for ReSidential for Industrial Direct Contact Direct Contact 
SAMPLE DATE: 09/04191 09/04/91 09104191 09104/91 09/05191 Soil Ingestion Soil Ingestion MSC MSC 

VOLATILES ug/kg ug/kg uglkg ug/kg uglkg uglkg uglkg uglkg uglkg 

acetone 6 B 5 B 5 B 11 U 11 U 7800000 200000000 8000000 100000000 

.j:>. . 
01 
0 
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TABLE4..s 
10/29/97 

COMPARISON OF SUBSURFACE SOIL ANALYTICAL DATA TO ARARS AND TBCs - Site 05 
Page 9 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: 055812-0406 05S812-0810 055B12-1214 058812-1618 058B 13-0204 AMRS &TBCs 

LOCATION: 055812 05S812 058812 055812 055813 Risk-Based Risk-Based PADEP Soil PADEPSoil 

Concentration Concentration Residential Non-residential 
DATA SOURCE: Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil for Residential for Industria! Direct Contact Direct Contact 

I 
SAMPLE DATE: 09/05/91 09/05/91 09f05!91 09/05/91 09/04/91 I Soi! Ingestion Soil Ingestion MSC MSC 

VOLATILES ug/kg uglkg uglkg uglkg ug!kg ug/kg ug/kg ug/kg ug/kg 

1 ,1-dichloroethene 6 U 6 U 6 U 6 U 2 8 1100 9500 700000 9000000 

4-methyl-2-pentanone 13 U 12 U 12 U 12 U 2 J 16300000 160000000 6000000 80000000 

acetone 3 B 12 U 4 B 5 B 11 U 7800000 200000000 8000000 100000000 

methylene chloride 3 B 6 U 6 U 3 B 9 B 85000 760000 600000 800000 

toluene 6 U 6 U 6 U 6 U 5 J 16000000 410000000 16000000 200000000 

.P-
I 

U1 
-" 

• • • 
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• • • TABLE 4-8 
10/29/97 

COMPARISON OF SUBSURFACE SOIL ANALYTICAL DATA TO ARARS AND TBCs - Site 05 
Page 10 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: 05SB13-0204-DU 05SB13-0608 05SB13-1012 05SB13-1214 05SB14-0406 ARARS & TBCs 

LOCATION: 05SB13 05SB13 05SB13 05SB13 05SB14 Risk-Based Risk-Based PADEPSoil PADEPSoil 

Concentration Concentration Residential Non-residential 
DATA SOURCE: Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil for Residential for Industrial Direct Contact Direct Contact 
SAMPLE DATE: 09/04/91 09/04191 09/04/91 09/04191 09/04191 Soil Ingestion Soil Ingestion MSC MSC 

VOLATILES ug/kg ug/kg ug/kg uglkg uglkg uglkg ug/kg ug/kg uglkg 

1,1,1-trichloroethane 6 U 6 U 6 U 1 B 6 U 2700000 72000000 7000000 90000000 

1,1-dichloroethene 6 U 2 B 6 U 6 U 6 U 1100 9500 700000 9000000 

acetone 15 B 12 U 11 U 12 B 20 B 7800000 200000000 8000000 100000000 

chloromethane 12 U 12 U 11 U 6 J 12 U 49000 440000 - -
methylene chloride 6 U 6 U 4 B 3 B 6 U 85000 760000 600000 800000 

~ 
I 

U1 
I\) 
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TABLE 4008 
10/29197 

COMPARISON OF SUBSURFACE SOIL ANALYTICAL DATA TO ARARS AND TBCs· Site 05 
Page 11 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

! SAMPLE NUMBER: 05SB14-0008 058814-0810 05S814-1012 05S814·1209 05S814·1209-DU ARARS& TBCs 
i Risk·Based Risk-Based PADEPSoil PADEPSoil I LOCATION: 05SB14 055814 058814 058814 055814 
I 

Concentration Concentration Residential Non-residential I DATA SOURCE: Subsurface Soil Subsurfac-e Soli Subsurfac-e Soil Subsurface Soli Subsurface Soil for Residential for Industrial Direct Contact Direct Contact 
II SAMPLE DATE: 09t04f91 09/04191 09i04f91 09/04/91 09104/91 Soil Ingestion Soillngestlon MSC MSC 

VOLATILES ug/kg uglkg uglkg uglkg uglkg ug/kg ugfkg ug!kg uglkg 

1 ,1 ,1-trichloroethane 1 B 6 U 6 U 1 B 6 U 2700000 72000000 7000000 90000000 

2-butanone 12 U 9 J 11 U 12 U 11 U 47000000 1000000000 40000000 600000000 

acetone 8 B 52 B 5 B 12 U 7 B 7800000 200000000 8000000 100000000 

methylene chloride 4 B 3 B 2 B 3 B 2 B 85000 760000 600000 BOOOOO 

• • • 
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• • • TABLE 4-8 
10/29/97 

COMPARISON OF SUBSURFACE SOIL ANALYTICAL DATA TO ARARS AND TBCs - Site 05 
Page 12 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: 05SB15-0002 05SB15-0406 05SB 15-0406-DU 05SB15-0810 05SB15-1214 ARARS&TBCs 

LOCATION: 05SB15 05SB15 05SB15 05SB15 05SB15 Risk-Based Risk-Based PADEPSoil PADEPSoil 

Concentration Concentration Residential Non-residential 
DATA SOURCE: Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil for Residential for Industrial Direct Contact Direct Contact 

SAMPLE DATE: 09/04/91 09/04/91 09/04191 09/04191 09/04191 Soil Ingestion Soil Ingestion MSC MSC 

VOLATILES uglkg uglkg uglkg ug/kg ug/kg uglkg uglkg uglkg uglkg 

1 ,1-dichloroethene 1 B 6 U 6 U 6 U 7 U 1100 9500 700000 9000000 

acetone 10 U 52 B 49 B 6 B 13 U 7800000 200000000 8000000 100000000 

benzene 5 U 1 J 6 U 6 U 7 U 22000 200000 100000 200000 

carbon disulfide 5 U 2 J 1 J 6 U 7 U 7800000 200000000 7000000 100000000 

methylene chloride 2 B 5 B 4 B 1 B 7 U 85000 760000 600000 800000 

toluene 1 J 6 U 6 U 6 U 7 U 16000000 410000000 16000000 200000000 I 

~ , 
CJ1 
~ 
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TABLE 4-8 
10/29/97 

COMPARISON OF SUBSURFACE SOIL ANALYTICAL DATA TO ARARS AND TBCs· Site 05 
Page 13 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: 058815·1618 058816·0406 05S816-0008 058616-1012 058816-1214 ARARS&TBCs 

LOCATION: 058B15 058816 05S816 058816 058B16 Risk-Based Risk-Based PADEPSoil PADEPSoil 

Concentration Concentration Residential Non-residential 
DATA SOURCE: Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil for Residential for Industrial Direct Contact Direct Contact 

SAMPLE DATE: 09/04191 09/04191 09104/91 09104/91 09/04191 Soil Ingestion Soil Ingestion MSC MSC 

VOLATILES ugl1<g ugikg ug/kg uglkg uglkg ug/kg uglkg ug/kg ugikg 

acetone 6 B 93 B 11 U 11 U 8 B 7800000 200000000 8000000 1000()()OOO 

• • • 
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• • • TABLE 4-8 
10/29/97 

COMPARISON OF SUBSURFACE SOIL ANALYTICAL DATA TO ARARS AND TBCs - Site 05 
Page 14 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: 05SB16-1416 05SB17-0406 05SB17-0406 05SB17-1012 05SB18-0406 ARARS & TBCs 

LOCATION: 05SB16 05SB17 05SB17 05SB17 05SB18 Risk-Based Risk-Based PADEPSoil PADEPSoil 

Concentration Concentration Residential Non-residential 
DATA SOURCE: Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil 

for Residential for Industrial Direct Contact Direct Contact 
SAMPLE DATE: 09/04/91 04/17/97 04118197 04/17/97 04117197 Soil Ingestion Soil Ingestion MSC MSC 

INORGANICS mglkg mglkg mg/kg mg/kg mglkg mglkg mglkg mg/kg mglkg 

aluminum nla 11400 nla 10500 12000 78000 1000000 - - I 
antimony nfa 8,1 R nla 6,8 R 9,6 R 31.0 820 30,0 400 

arsenic nla 5.4 E nfa 1.3 E K 3,5 E K 0.430 3,80 3,00 4.00 

barium nla 56,1 nfa 250 73.1 5500 140000 5000 70000 

beryllium nla 0,71 E nla 1.3 E 0,76 E 0,150 1.30 1,00 1.30 

calcium nla 589 nla 1360 430 - - - -
chromium, total nla 23.7 nla 14.9 20,3 390 10000 - -
cobalt nfa 6,7 nfa 14.9 10,2 4700 120000 - -

~ copper nla 10 nla 2.4 U 12.8 3100 82000 700 37000 , 
01 
(j) iron nla 26000 E nla 19500 27900 E 23000 610000 - -

lead nla 8.5 nla 12.4 6,1 400 - 500 1000 

magnesium nla 2090 nfa 3460 2590 - - - -
manganese nla 260 nfa 645 266 1800 47000 - - I nickel nla 9,3 K nfa 15,8 K 12,6 K 1600 41000 200 20000 

I potassium nla 611 nfa 3130 702 - - - -
sodium nla 133 nla 341 131 - - - -

I thallium nla 0,24 UL nla 0,25 L 0,24 L 6,30 160 6,00 80,0 

vanadium nla 36.8 nla 15.7 34.8 550 14000 - -
I zinc nfa 27,8 L nla 51.2 35.7 23000 610000 - -

SEMIVOLA TILES ug/kg ug/kg uglkg uglkg uglkg ug/kg uglkg uglkg uglkg 

2-methylnaphthalene nfa 560 nfa 2900 390 U - - - -
anthracene nfa 400 U nfa 36 J 390 U 23000000 610000000 23000000 300000000 

benzo(a)anthracene nla 400 U nfa 55 J 390 U 880 7800 6000 8000 

benzo(a)pyrene nla 400 U nla 45 J 390 U 88,0 780 600 800 

benzo(b}fluoranthene nfa 400 U nfa 64 J 390 U 880 7800 6000 8000 

bis(2-ethylhexyl)phthalate nfa 240 J nla 310 J 160 J 46000 410000 300000 400000 

chrysene nla 41 J nfa 74 J 390 U 88000 780000 600000 800000 --
dibenzofuran nfa 400 U nfa 120 J 390 U 310000 8200000 - -
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SAMPLE NUMBER: 05S816-1416 05S817-0406 05S8 17-0406 05SB17-1012 058818-0406 ARARS &TBCs 

LOCATION: 05S816 058B17 055817 058817 058818 Risk-Based Risk-Based PADEP Soil PADEPSoil 

Concentration Concentration Residential Non-residential 
DATA SOURCE: Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil for Residential for Industrial Direct Contact Direct Contact 
SAMPLE DATE: 09104/91 04/17/97 04f18i97 04117197 04117197 Soilillgestion Soil Ingestion MSC MSC 

SEMIVOLATllES uglkg uglkg ugikg uglkg uglkg ug/kg uglkg uglkg ug/k9 

fiuoranthene nla 84 J o/a 110 J 390 U 3100000 82000000 3000000 40000000 

fluorene nfa 400 U o/a 93 J 390 U 3100000 82000000 3000000 40000000 

naphthalene ofa 99 J n/a 940 390 U 3100000 82000000 3000000 40000000 

phenanthrene nfa 46 J n/a 170 J 390 U - - - -
pyrena nla 7S J nfa 140 J 390 U 2300000 61000000 2000000 30000000 

VOLATilES uglkg ug/kg uglkg uglkg uglkg ug/kg uglkg uglkg ug/kg 

1,1-dichloroethane 6 U 12 U nfa 11 J 12 U 1800000 200000000 7000000 100000000 

I 
acetone 15 B 70 ofa 12 U 14 J 7800000 200000000 8000000 100000000 

benzene 6 U 15 nla 20 J 12 U 22000 200000 100000 200000 
I 

ethylbenzene 6 U 180 nfa 150 J 12 U 7800000 200000000 7000000 100000000 

I methylene chloride 1 B 12 U ofa 12 U 12 U 85000 760000 600000 800000 

trichloroethene 6 U 12 U nfa 8 JI 12 u 58000 520000 400000 500000 

I xylene (total) 6 U 410 n/a 1100 12 U 160000000 1000000000 - -

• • • 
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SAMPLE NUMBER: 05SB19-oo02 05SB20-0406 05SB21-0204 05SB22-0406 05SB22-0406 ARARS&TBCs 

LOCATION: 05SB19 05SB20 05SB21 05SB22 05SB22 Risk-Based Risk-Based PADEPSoil PADEPSoil 

Concentration Concentration Residential Non-residential 
DATA SOURCE: Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil 

for Residential for Industrial Direct Contact Direct Contact 
SAMPLE DATE: 04f17/97 04f16/97 04f17f97 04f16/97 04/17/97 Soil Ingestion Soil Ingestion MSC MSC 

INORGANICS mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

aluminum 11200 nfa 8420 nfa nfa 78000 1000000 - -
arsenic 1.4 E J nfa 3 E K n/a nfa 0.430 3.80 3.00 4.00 

barium 66.6 nfa 62 nfa nfa 5500 140000 5000 70000 

beryllium 0.54 E nfa 0.56 E nfa nfa 0.150 1.30 1.00 1.30 

calcium 4080 nfa 649 nfa nfa - - - -
chromium, total 8.8 nfa 8.2 nfa nfa 390 10000 - -
cobalt 5.2 nfa 8.1 nfa nfa 4700 120000 - -
copper 6.5 nfa 11.9 nfa nfa 3100 82000 700 37000 

+>- iron 9320 nfa 11100 nfa n/a 23000 610000 . - -(J1 
(Xl 

lead 7.4 nfa 6.1 nfa nfa 400 500 1000 -
magnesium 2340 nfa 1210 nfa nfa - - - -
manganese 202 nfa 414 nfa nfa 1800 47000 - -
nickel 5.2 K nfa 7.8 K nfa nfa 1600 41000 200 20000 

potassium 335 U nfa 418 nfa n/a - - - -
sodium 89.3 U nfa 101 nfa nfa - - - -
vanadium 14.3 nfa 15.9 nfa nfa 550 14000 - - I 

zinc 17 nfa 15 nfa nfa 23000 610000 - -
SEMIVOLA TILES ugfkg uglkg ugfkg ug/kg ug/kg ug/kg ug/kg ug/kg ugfkg 

2-methylnaphthalene 740 U 410 UJ 5500 630 J nfa - - - -
! 

anthracene 140 J 410 UJ 770 U 410 UJ nfa 23000000 610000000 23000000 300000000 

I benzo(a)anthracene 1000 E 410 UJ 100 J 410 UJ nfa 880 7800 6000 8000 

benzo(a)pyrene I 1500 E 410 UJ 130 E J 410 UJ nfa 88.0 780 600 800 
1\ 

benzo(b )fluoranthene 2700 E 410 UJ 220 J 410 UJ nfa 880 7800 6000 8000 II 
benzo(g, h, i)perylene 960 410 UJ 250 J 410 UJ nfa - - - - ! 

! 
benzo{k)fluoranthene 1200 410 UJ 770 U 410 UJ nfa 8800 78000 60000 80000 i 

I 

bis(2-ethylhexyl}phthalate 210 J 270 B 340 J 160 B nfa 46000 410000 ' 300000 400000 I , 
! 

chrysene 2200 410 UJ 190 J 410 UJ nfa 88000 780000 600000 800000 

I dibenz(a,h)anthracene 250 E J 410 UJ 770 U 410 UJ nfa 88.0 780 600 BOO 
! 
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SAMPLE NUMBER: 05S819-0002 058820·0406 058B21-0204 058B22-0400 058822-0406 ARARS&TBCs 

LOCATION: 05SB19 058B20 058821 058822 058822 Risk-Based Risk-Based PADEPSoil PADEPSoil 

Concentration Concentration Residential Non-residential 
DATA SOURCE: Subsurfac.e Soil Subsurface Soil Subsurface SOil Subsurface Soil SUbsurface Soil for Residential for I nd ustria I Direct Contact Direct Contact 
SAMPLE DATE: 04/17/97 04/16/97 04117197 04/16i97 04/17197 Soil Ingestion Soil Ingestion MSC MSC 

SEMIVOLA TILES uglkg uglkg uglkg ug/kg uglkg uglkg uglkg ugikg uglkg 

I dibenzofuran 740 U 410 UJ 130 J 410 UJ nla 310000 8200000 - -
fluoranthene 3300 410 UJ 340 J 410 UJ nfa 3100000 82000000 3000000 40000000 

fluorene 740 U 410 UJ 100 J 410 UJ nfa 3100000 82000000 3000000 40000000 I 
indeno(1,2,3-cdjpyrene 1200 E 410 UJ 170 J 410 UJ n/a 880 7800 6000 8000 

I naphthalene 740 U 410 UJ 2300 130 J nfa 3100000 82000000 3000000 40000000 

phenanthrene 1100 410 UJ 210 J 410 UJ nla - - - - I 
pyrene 3100 410 UJ 280 J 410 UJ n/a 2300000 61000000 2000000 130000000 I 
VOLATILES uglkg uglkg ug/kg uglkg uglkg uglkg uglkg ugikg ugtkg I 1,1.1-trichloroethane 11 U 12 U 1500 U 140 n/a 2700000 72000000 7000000 90000000 I 

1,1.2-trichloroethane 11 U 12 U 1500 U 15 nla 11000 100000 300000 4000000 

1 ,1-dichloroethane 11 U 12 U 1500 U 160 nla 7800000 200000000 7000000 100000000 

1, i -dichloroethene 11 U 12 U 1500 U 5 J nfa 1100 9500 700000 9000000 

1,2-dich!oroethene (total) 11 U 12 U 1500 U 120 nfa 700000 18000000 800000 10000000 I 2-butanone 11 U 12 U 1500 U 54 nfa 47000000 1000000000 40000000 600000000 

acetone 11 UJ 12 UJ 1500 UJ 140 J nla 7S00000 200000000 8000000 100000000 

I benzene 11 U 12 U 1500 U 19 n/a 22000 200000 100000 200000 

ethylbenzene 11 U 12 U 3400 50 nfa 7800000 200000000 7000000 100000000 

'I methylene chloride 11 U 10 B 1500 U 10 B nfa 85000 760000 600000 800000 i ~ 

i 
I tetrach!oroothene Ii U 12 LJ 1500 LJ 10 J n/a 12000 110000 700000 lonooooo ,I 

I 
toluene 11 U 12 U 1500 U 14 rlfa 16000000 410000000 16000000 200000000 

I,; 

trichloroethene 11 Ui 
12 U 1500 U 2 J nfa 58000 520000 400000 500000 II' 

xylene (total) 11 U 12 U 16000 220 n/a 160000000 1000000000 - - Ii 
Iii 

• • • 
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SAMPLE NUMBER: 05SB22-0406-DU 05SB22-1416 05SB23-0204 05SB24-0406 05SB24-0406 ARARS & TBCs 

LOCATION: 05SB22 05SB22 05SB23 05SB24 05SB24 Risk-Based Risk-Based PADEPSoil PADEPSoil 

Concentration Concentration Residential Non-residential 
DATA SOURCE: Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil for Residential for Industrial Direct Contact Direct Contact 

SAMPLE DATE: 04/16/97 04116197 04/16f97 04116/97 04/18197 Soil Ingestion Soil Ingestion MSC MSC 

SEMIVOLA TILES uglkg uglkg ug/kg uglkg ug/kg uglkg ug/kg ugfkg uglkg 

2-methylnaphthalene 98 J 390 UJ 380 UJ 120 J nfa - - - -
bis{2-ethylhexyl)phthalate 170 B 150 B 180 B 180 B nfa 46000 410000 300000 400000 

VOLATILES uglkg uglkg ug/kg uglkg ug/kg ug/kg ug/kg ug/kg ug/kg 

1 ,1 ,1-trichloroethane 29 12 U 12 U 12 U nfa 2700000 72000000 7000000 90000000 

1,1,2-trichloroethane 11 J 5 J 12 U 12 U nfa 11000 100000 300000 4000000 

1 ,1-dichloroethane 55 8 J 12 U 12 U n/a 7800000 200000000 7000000 100000000 I 
1,2-dichloroethene (total) 58 8 J 12 U 12 U nfa 700000 18000000 800000 10000000 

I 2-butanone 55 12 U 12 U 14 nfa 47000000 1000000000 40000000 600000000 

acetone 140 J 12 UJ 31 J 48 J nfa 7800000 200000000 8000000 100000000 

benzene 9 J 2 J 12 U 12 U n/a 22000 200000 100000 200000 
~ , 

chloroform 12 U 8 J 12 U 12 U n/a 100000 940000 700000 900000 0> 
0 

ethylbenzene 17 12 U 12 U 12 U nfa 7800000 200000000 7000000 100000000 
I 

methylene chloride 8 B 6 B 4 B 6 B nfa 85000 760000 600000 800000 

I 
tetrachloroethene 3 J 12 U 12 U 12 U nfa 12000 110000 700000 10000000 

toluene 6 J 12 U 12 U 12 U nfa 16000000 410000000 16000000 200000000 I 
I 

xylene (total) 76 12 U 12 U 12 U nfa 160000000 1000000000 
! - - i 
1 
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SAMPLE NUMBER: 05SB25-0002 05SB26-0400 05S827-0810 058828-0204 05SB29-0204 ARARS &TBCs 

LOCATION: 055825 055B26 05S827 05S828 05SB29 Risk-Based Risk-Sased PADEPSoii PADEPSoil 

Concentration Concentration Residential Non-residential 
DATA SOURCE: Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil 

for Residential for Industrial Direct Contact Direct Contact 
SAMPLE DATE: 04/16/97 04/18/97 04/18/97 04118197 04/17197 SoH Ingestion Soil Ingestion MSC MSC 

INORGANICS mg/kg mg/kg mglkg mg/kg rug/kg mgfkg mglkg mg/kg rug/kg 

aluminum nfa 8980 12200 10300 8690 78000 1000000 - -
antimony nJa 4.8 U 5 .. 6 R 7.2 R 5.6 R 31.0 820 30.0 400 

arsenic nla 1.1 E J 1.7 E J 5.4 E 1.5 E J 0.430 3.80 3000 4.00 

barium nla 280 163 39.9 137 5500 140000 5000 70000 

beryllium nfa 1.1 E 1.2 E 0.47 E 0.91 E 0.150 1.30 1.00 1.30 

calcium nfa 416 1400 553 3220 - - - -
chromium, total n/a 6.1 15.2 19.4 12.1 390 10000 - -
cobalt nla 11.3 12.5 5.9 9.5 4700 120000 - -
copper nla 15.5 7.1 9.4 25.1 3100 82000 700 37000 

J::. 
iron nfa 13200 15700 21100 17100 23000 610000 I - -en 

-'" 
lead nfa 24.7 8.6 9.2 5.4 400 - 500 1000 

magnesium n/a 533 4370 1700 2930 - - - -
manganese nla 1550 172 134 474 1800 47000 - -
nickel ofa 14.2 L 17.4 L 6.7 L 8.9 K 1600 41000 200 20000 

potassium ofa 359 U 3070 373 U 822 - - - -
sodium nla 108 157 109 105 - - - -
thallium oia 0.24 UL 0.24 UL 0.21 L 0.24 Ul 6.30 160 6.00 80.0 

vanadium nfa 12.4 17.2 32.6 19.8 550 14000 - -
zinc nla 12.4 l 57.4 23.4 L 22 23000 610000 - -
SEMIVOLA TILES ugfkg ugJkg ug/kg ugfkg ug/kg ugfkg ugfkg ugfkg ugfkg 

i 2-me!hylnaphthalene 380 UJ 390 UJ 390 UJ 410 UJ 460 - - - -
acenaphthene 380 UJ 390 UJ 390 UJ 410 UJ 1400 4700000 120()OOOCO 5000000 60000000 

aoonaphthylene 380 UJ 390 UJ 390 UJ 410 UJ 160 J - - . . 

anthracene 380 UJ 390 UJ 390 UJ 41[1 UJ 3000 23000000 610000000 23000000 300000000 

benzo(a)anthracene 380 UJ 390 UJ 390 UJ 410 UJ 4200 E 880 7800 6000 8000 

benzo(a)pyrene I 380 UJI 390 UJ 390 UJ 410 UJ 3600 E 88.0 780 600 800 
i 

benzo(b)fluoranthene 380 UJi SSt) UJ 390 UJ 410 UJ 4000 E 880 7800 6000 8000 

I benzc{g, h.ilperytene 380 UJ 390 UJ 390 UJ 410 UJ 1600 J - - - -
~ 

• • • 
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SAMPLE NUM8ER: 05S825-0002 05S826-0406 05S827-0810 05S828-0204 05SB29-0204 ARARS &T8Cs 

LOCATION: 05SB25 05SB26 05SB27 05S828 05SB29 Risk-Based Risk-8ased PADEPSoil PADEPSoil 

Concentration Concentration Residential Non-residential 
DATA SOURCE: Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil Subsurface Soil 

for Residential for Industrial Direct Contact Direct Contact 

SAMPLE DATE: 04/16/97 04/18197 04/18/97 04118197 04117197 Soil Ingestion Soil Ingestion MSC MSC 

SEMIVOLA TILES uglkg ug/kg ug/kg uglkg ug/kg ug/kg ug/kg uglkg ug/kg 

benzo(k)f1uoranthene 380 UJ 390 UJ 390 UJ 410 UJ 2000 8800 78000 60000 80000 

bis(2-ethylhexyl)phthalate 210 B 200 B 440 8 220 8 200 J 46000 410000 300000 400000 

carbazole 380 UJ 390 UJ 390 UJ 410 UJ 1600 32000 290000 - -
chrysene 380 UJ 390 UJ 390 UJ 410 UJ 4300 88000 780000 600000 800000 

dibenz(a,h)anthracene 380 UJ 390 UJ 390 UJ 410 UJ 510 E J 88.0 780 600 800 

dibenzofuran 380 UJ 390 UJ 390 UJ 410 UJ 1600 310000 8200000 - -
fluoranthene 380 UJ 390 UJ 390 UJ 410 UJ 10000 3100000 82000000 3000000 40000000 

fluorene 380 UJ 390 UJ 390 UJ 410 UJ 2300 3100000 82000000 3000000 40000000 
.l:>- indeno(1,2,3-cd)pyrene 380 UJ 390 UJ 390 UJ 410 UJ 2100 E 880 7800 6000 8000 I 
Q) 
I\J naphthalene 380 UJ 390 UJ 390 UJ 410 UJ 760 3100000 82000000 3000000 40000000 

phenanthrene 380 UJ 390 UJ 390 UJ 410 UJ 12000 - - - -
pyrene 380 UJ 390 UJ 390 UJ 410 UJ 8200 2300000 61000000 2000000 30000000 , 
VOLATILES ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg uglkg uglkg ug/kg 

acetone 17 J nla nla nla nla 7800000 200000000 8000000 100000000 I 

PESTICIDES ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg 

PC8s (immunoassay) nla 500 U nla 550 E 500 U 319 2860 5000 - j 
I 

PCBs (tot. all) nfa 500 U nfa 550 E nla 319 2860 5000 -
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SAMPLE NUMBER: 055B29-0204 05SB29-0204-DU 05S830-0406 "- " --- ARARS&TBCs 

LOCATION: 058B29 055829 055830 --- --- Risk-Based Risk-Based PADEPScil PADEPSoii 

Concentration Concentration Residential Non-residential 
DATA SOURCE: Subsurface Soil Subsurface Soil Subsurface Soil for Residential for Industrial Direct Contact Direct Contact 
SAMPLE DATE: 04118/97 04!18i97 05/28/97 Soil Ingestion Soil Ingestion MSC MSC 

INORGANICS mg/kg I mg/kg mg/kg mg/kg mg/kg mg/kg mglkg 

aluminum o/a nfa 11600 78000 10000[)O - " 

arsenic o/a o/a 1.4 E L 0,430 3.80 3JJO 4,00 

barium n/a fila 149 5500 140000 5000 70000 

beryllium n/a fila 1.1 E 0.150 1.30 1.00 1.30 

calcium ma n/a 8340 - - - -
chromium, total ofa o/a 17.5 390 10000 - -
cobalt o/a nfa 9.8 4700 120000 - -
copper n/a n/a 18.2 3100 82000 700 37000 

iron n/a n/a 19200 
.f:>. 

23000 610000 - -
m lead o/a n/a 64.8 400 - 500 1000 
UJ 

magnesium o/a nla 5360 - - - -
manganese nfa nfa 694 1800 47000 - -
nickel n/a ilIa 14.7 K 1600 41000 200 20000 

potassium nfa nfa 566 - - - -
sodium nla nfa 167 - - - -
vanadium nfa ilIa 26.7 550 14000 - -
zinc Ilfa nfa 28.6 L 23000 610000 - -
SEMIVOLA TilES uglkg ug/kg ug/kg ug/kg u9/kg ug/kg uglkg 

2-methy!naphthalene Ilfa nfa 2100 - - - -
N-Ilitrosodiphenylamine (1) nfa Ilfa 75 J 130000 1200000 - -
acenaphthene nfa nfa 5700 J 4700000 120000000 5000000 6000000a 

acenaphthylelle ilia Ilia 890 - - - -
anthracene n/a n/a 11000 23000000 61000000{) 23000000 300000000 

benzo(a)allthracelle nfa Ilia 13000 E I 880 7800 6000 8000 

benzo(a)pyrene ilia nfa 1HlOO E 88.0 780 600 800 

benzo{b )fluoranthene nfa nla 12000 E I 880 7800 6000 8000 

beozo(g,h,i)perylene ilIa ilia 4400 J - - - -
benzo(k)fluoranthene ! n/a nla 6900 J 8800 78000 60000 80000 I 

• • • 
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SAMPLE NUMBER: 05SB29-0204 05SB29-0204-DU 05SB30-0406 --- --- ARARS &TBCs 

LOCATION: 05SB29 05SB29 05SB30 --- --- Risk-Based Risk-Based PADEPSoil PADEPSoil 

Concentration Concentration Residential Non-residential 
DATA SOURCE: Subsurface Soil Subsurface Soil Subsurface Soil 

for Residential for Industrial Direct Contact Direct Contact 

SAMPLE DATE: 04118/97 04/18/97 05/28/97 Soil Ingestion Soil Ingestion MSC MSC 

SEMIVOLA TILES ug/kg ug/kg uglkg ug/kg ug/kg uglkg ug/kg 

bis(2-ethylhexyl)phthalate nla nla 790 46000 410000 300000 400000 

! 

carbazole nla nla 5300 J 32000 290000 - - i 

I chrysene nla nla 12000 88000 780000 600000 800000 

dibenz(a.h)anthracene nla nla 1400 E J 88.0 780 600 800 

dibenzofuran nla nla 5200 J 310000 8200000 - -
fluoranthene nla nla 34000 3100000 82000000 3000000 40000000 

fluorene nla nla 10000 3100000 82000000 3000000 40000000 

I 
indeno(1,2,3-cd)pyrene nla nla 5700 E J 880 7800 6000 8000 

./>. naphthalene nla nla 2300 3100000 82000000 3000000 40000000 
! 

, 
(j) 

phenanthrene nla nla 43000 ./>. - - - -
pyrene nla nla 30000 2300000 61000000 2000000 30000000 : 

VOLATILES ug/kg ug/kg ug/kg ug/kg uglkg ug/kg ug/kg 

acetone nla nla 41 J 7800000 200000000 8000000 100000000 

ethylbenzene nla nla 5 J 7800000 200000000 7000000 100000000 

methylene chloride nla nla 10 J 85000 760000 600000 800000 

toluene nla nla 2 J 16000000 410000000 16000000 200000000 

xylene (total) nla nla 22 160000000 1000000000 - -

I 
, 
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Footnotes to sample results: 

U - Compound or element was not detected. Value is the detection limit (inorganics) or quantitation limit (organics). 

UJ - Not detected. Detection limit or quantitation limit shown is considered estimated due to exceedance of data validation quality control criteria. 

Ul - Not detected. Detection limit Of quantitation limit shown is considered biased low due to exceedance of data validation quality control criteria. 

No Value - Constituent was not analyzed for in this sample. 

UR - Nondetected result is considered rejected based on exceedance of data validation quality control criteria. 

J - Value is estimated because concentration is below the quantitation limit or because of exceedance of data validation quality control criteria. 

L - Value is considered biased low because of exceedance of data validation quality control criteria. 

K - Value is considered biased high because of exceedance of data validation quality control criteria. 

R - Positive result is considered rejected based on exceedance of data validation quality control criteria. 

E - Result exceeds one or more of the selected ARARs. 

Footnotes to PADEP Criteria: 

MSC - Medium-Specific Concentration. 

• • 
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4.5.2.1 lnorganics 

Ia Arsenic and beryllium exceeded reference criteria in all Phase II subsurface soil samples; however, levels 

were within background. Iron was the only metal exceeding reference criteria and background (05SB17- 

0406, 26,000 mg/kg; 05SB18-0406, 27,900 my/kg), Other metals detected at levels above background 

but below reference criteria include barium, chromium, cobalt, copper, lead, manganese, nickel, and 

vanadium. 

I 4.5.2.2 Organics 

VOCs were detected in borings (05SB05,05SBl3 through 05SB15,05SB17,05SB18,05SB22,05SB24, 

058825, and 05SB30). The highest levels were detected at 058822 at a depth of 4 to 6 feet; however, 

VOCs were detected to depths of 16 feet. No VOCs were present over ARARs. A comparison against 

EPA soil screening levels (SSLs) indicates that the soil to groundwater pathway, historically the presumed 

route for groundwater contamination, is no longer a significant source of VOCs in groundwater. BTEX 

compounds were detected at 05SB17, 05SB21, 05SB22, and 05SB30; the highest concentrations were 

detected at 05SB21. BTEX compounds were detected at depths to 12 feet. 

PAHs were detected above reference criteria but within background levels at several locations. Locations 

where PAHs exceeded background as well as regulatory criteria were 05SBl7, 05SB29, and 05SB30. 

The highest level of PAH contamination was at 05SB30. PCBs (immunoassay result) exceeded 

reference criteria at 05SB28-0204. 

4.5.3 Surface Water 

Two surface water samples (05SWOl and 05SWO2) were collected during Phase II RI activities from Site 

5 (Figure 4-l). Table 4-9 presents the occurrence and distribution of inorganic and organic chemicals 

detected in site-related surface water samples and compares them to background. Table 4-10 presents 

results from the background comparison tests. Table 4-11 presents a comparison of detected 

compounds to ARARS and TBCs. Figure 4-98 shows sample locations and concentrations of 

compounds that exceed ARARS and TBCs. 

4.5.3.1 lnorganics 

Based on these results, sample location 05SWOl showed levels within background range while 

exceedences were detected in sample 05SWO2. Iron, lead, and zinc were detected in surface water 
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4.5.2.1 Inorganics 

Arsenic and beryllium exceeded reference criteria in all Phase II subsurface soil samples; however, levels 

were within background. Iron was the only metal exceeding reference criteria and background (058B17-

0406, 26,000 mg/kg; 058B18-0406, 27,900 mg/kg). Other metals detected at levels above background 

but below reference criteria include barium, chromium, cobalt, copper, lead, manganese, nickel, and 

vanadium. 

4.5.2.2 Organics 

VOCs were detected in borings (058B05, 058B13 through 058B15, 058B17, 058B18, 058B22, 058B24, 

058B25, and 058B30). The highest levels were detected at 058B22 at a depth of 4 to 6 feet; however, 

VOCs were detected to depths of 16 feet. No VOCs were present over ARARs. A comparison against 

EPA soil screening levels (88Ls) indicates that the soil to groundwater pathway, historically the presumed 

route for groundwater contamination, is no longer a significant source of VOCs in groundwater. BTEX 

compounds were detected at 058817, 058821, 058822, and 058830; the highest concentrations were 

detected at 058821. BTEX compounds were detected at depths to 12 feet. 

PAHs were detected above reference criteria but within background levels at several locations. Locations 

• where PAHs exceeded background as well as regulatory criteria were 058B17, 058B29, and 058B30. 

• 

The highest level of PAH contamination was at 058B30. PCBs (immunoassay result) exceeded 

reference criteria at 058B28-0204. 

4.5.3 Surface Water 

Two surface water samples (058W01 and 058W02) were collected during Phase II Rl activities from 8ite 

5 (Figure 4-1). Table 4-9 presents the occurrence and distribution of inorganic and organic chemicals 

detected in site-related surface water samples and compares them to background. Table 4-10 presents 

results from the background comparison tests. Table 4-11 presents a comparison of detected 

compounds to ARAR8 and TBCs. Figure 4-9B shows sample locations and concentrations of 

compounds that exceed ARAR8 and TBCs. 

4.5.3.1 Inorganics 

Based on these results, sample location 058W01 showed levels within background range while 

exceedences were detected in sample 058W02. Iron, lead, and zinc were detected in surface water 
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Substance 

Table 4~9 
Occurrence and Distribution of Organics and Inorganics in Surface Water, Site 5 

NASJRB Willow Grove, Pennsylvania 

Background Data 

Freq. Range of Positive Freq. Range of Positive 

of Detection Mean of Sampling Round and of Detection 

Detection Min. Max. All Data location of Maximum Detection Min. Max. 

Site-Related Data 

Mean of 

All Data 

Sampling Round and 

Location of Maximum 

aluminum 010 1i1 926 - 926 926 03/1819705SW02 

Representative 

Concentration 

926 
"- "-~ "-' "-- """-~-" ~- -" " -- "-- --~" ------.. ".---.• - ------.".--.- - -- ---" "_. ~ - --- -- "---

arsenic 018 NA H2 1.4 - 1.4 0 .. 95 0311819705SW02 -- - -"- ---- .-"-" .--"- -~" '"---"'--" -'-- - -- .---. -------- --'--" "---'--"-- _.-.--- .---- -- .. ' ~ ---
barium 8/8 87.3 - 112 101 03/13/97BGSW05 212 23.3 - 44.8 34.1 03/18!9705SW02 44 .. 8 
--- ---- ----~ -- - - ._-- -. "---"----~ .. -- ---- .----... -----~" -_._- - "_."--"-------._- ---_. --------- " 

calcium 8f8 15800 - 34900 24600 03113/97 BGSW01 2/2 19900 - 24500 22200 03118/9705SW01 24500 
- --.--... -- --.,,----.. ------ ---- ---.. -- .... --- "--"-'".--".----~-.---.-- "-- -1--.------------ --
iron 8/8 85.3 - 519 307 Q3/13f97BGSW03 212 261 - 1170 716 03/18/9705SW02 1170 ----_._------ -_."--- .---~-.---" --" ------------.---- ---- ----_._---- ---- '-" ---.--"-"--------.~--

lead 0/8 NA 2/2 1.3 - 3 2.15 03/18/9705SW02 3 
---" --------------- -----.--- "._--. --""-- -- -- --~"----"-- -- .. -~-----"---.----"-"- 1---- ------_ .. 

maQ~e:sium " ___________ ~ ___ 6250.- 12100 __ "~~~" __ 03~13/97 BGSW01 ____ 2/2 __ 4350 - _5420 --~~~r. 03/18/9705§W~2 __ 5420 

mangane~e. ___ . ____ ~~_. ___ 26.7_-=- 9~ _. ~5~6_. ____ ~/13/97B9SWO~ ____ ~ .. ~ __ - 55.9 ___ .~4.3 _ __ Q,3118197.05SW02 ___ __ 55.9 

p~la:;sium ' ___ " __ ~_~50 ~~ __ ... ~~~ _~~/.§l7 BGSIiV~_ .. ~ ___ ?_1~2840 _ ~510_ I-- 03/18/97 05SWO!.. ____ . 2840 

sodium 818 10700 - 36200 20400 03/13197 BGSW02 2/2 2060 - 11200 6630 03/18/97 05SW01 11200 
.--- ... --- I-~~~--~- ... --~ ... '-'- - r---- .. "---... --- ... --~-.. -- ~--.. --.. "-~ ... ---I_----~ ~---

zinc 318 6.8 - 9-1 4.53 03(13197 BGSW04 212 19 .. 32.1 25.6 03f18/9705SW02 
"'~--------"---' -- ... _ .. _-- .---" .... ----~ .... _- --.--~- .. --------.---.---"--- -- ------ ._----

dieldrin 0/8 NA 1/2 0.06 - 0.06 0_055 03/18/9705SW02 

Notes: 

Units are ug/L. 
Number of sample results excludes rejected data or blank-qualified data. Duplicates are consolidated into one result. 
Mean of all data includes positive detections and non-detected results. Detection limits are divided by two. 
The determination of representative concentrations is based on comparison of maximum to the 95 % UCl, which is presented in a separate table. 
Frequency of detection refers to 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. 

• • • 

32.1 
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TABLE 4-10 

Background Comparison Tests - Surface Water Data for Site 5 
NASJRB Willow Grove, Pennsylvania 

• 

Notes: Units are uglL. 

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 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 ali assumptions are met. The overall decision (is site> background) for each chemical appears at the left and is based on four criteria: 

(1) Overall decision is YES if anyone of the UTl, Mann-Whitney/Gehan, 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-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 ZlFisher 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.) 

Abbreviations: # NOs or # Pos. 

#sor#b 

s=b 

Pvalue 

L, N. orO 

0/0 NO 
@ 

r,k 

Number of non-detected (NO) or positive (Pas.) results in data set, not including rejected data or blank-qualified data. 

Number of site (5) or background (b) samples. not including rejected data or blank-qualified data. 

Standard deviation of site results must not be different from the standard deviation of background results. 

Probability or significance level is defined as the chance of a false positive. If P <= 0.05 then test determines site> 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 (0) 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 are shown of log-transformed data when distributions are of this type; ie., if an (Ll code app€'.ars for the UTL test 

or if site and background distributions both match lognormal. and both T-tes! 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 lop r ranks of the combined site and background data set 

are comprised of site data if both populations are in fact equal. 

Page 1 
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TABLE 4-11 
10/29/97 

COMPARISON OF SURFACE WATER ANALYTICAL DATA TO ARARS AND TBCs • Site 05 
Page 1 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

SAMPLE NUMBER: 05SW01 03/18197 05SWJ1-DUP 05SW02 03118/97 --- ARARS& TaCs 

LOCATION: 05SW01 05SW01 05SW02 --- AWQC T AWQC AWQC PADEPWQC PADEPWQC 

Freshwater Ingestion of Ingestion of Criteria Human 
DATA SOURCE: Surface Water Surface Water Surface Water 

Chronic Aquatic Water and Fish Only Continuous Health 
SAMPLE DATE: 03/18/97 03/18/97 03118197 life Fish Concentrations Criteria E 

II INORGANICS ugfL ug/L ugfL ugIL ugiL ugfL ugfL ugfL 

aluminum 231 B 229 B 926 - - - - - E 

arsenic 1 U 1 U 1.4 E 189 0.0180 0.140 190 * 50.0 

barium 23.3 23.3 44.8 - - - 4100 1000. 

calcium 24500 24600 19900 - - - - -
iron 261 259 1170 - - - - -
lead 1.3 K 1 U 3 E K 3.20 + - - 2.50 + 50.0 i , 
magnesium 4350 4370 5420 - - - - -
manganese 12.6 11.9 55.9 - - - - - i 

potassium 2840 2530 2180 - - - I - -
sodium 11200 9900 2060 - - - i - -

I 

zinc 19 7.1 32.1 101 + - - I 100 + 5000 I 
PESTICIDES ugfL U9fL ug/l ug/l ug/l U9fL ugfL ug/L 

dieldrin 0.1 U 0 .. 1 U 0.00 E J - - - j 0.00190 

• • • 
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TABLE 4-11 

COMPARISON OF SURFACE WATER ANALYTICAL DATA TO ARARS AND TeCS - SITE 05 
NASJRe, WIllOW GROVE, PENNSYLVANIA 

Footnotes to sample results: 

U - Compound or element was not detected. Value is the detection limit (inorganics) or quantitation limit (organics). 
UJ - Not detected. Detection limit or quantitation limit shown is considered estimated due to exceedance of data validation quality control criteria. Ul - Not detected. Detection limit or quantitation limit shown is considered biased low due to exceedance of data validation quality control criteria. No Value - Constituent was not analyzed for in this sample. 
UR - Nondetected result is considered rejected based on exceedance of data validation quality control criteria. 
J - Value is estimated because concentration is below the quantitation limit or because of exceedance of data validation quality control criteria. l - Value is considered biased low because of exceedance of data validation quality control criteria. 
K - Value is considered biased high because of exceedance of data validation quality control criteria. 
R - Positive result is considered rejected based on exceedance of data validation quality control criteria. 
E - Result exceeds one or more of the selected ARARs. 

Footnotes to Ambient Water Quality Criteria: 
- No standard is available for this chemical in this classification. 

+ - Criterion is hardness dependent and is generated based upon an assumed hardness of 100 mglL. 

• 
PAGE 2 
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05SD01 
ANTHRl'.CENE 160 J 
BENZO ,A) ANTHRACENE 650 
BENZO'A) FYRENE 520 
CHRYSENE 720 
FLUORANTEENE 1300 
PHENANTHRENE 620 
PYRENE 1500 
DIEJ"DRIN 17 J 
05SDOI DUP 
BENZO,A)ANTHRACENE 400 J 
CHRYSENE 570 
FLUORANTEENE 950 
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BENZOIA)PYRENE 910 
CHRYSENE 1200 
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FLUORANTHENE 1800 
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samples at levels exceeding background. Aluminum and arsenic were detected in surface water but not 

a 
in background. Aluminum (926 ug/l), arsenic (1.4 ug/l), iron (1 ,I 70 ugil), lead (3 ugJI), and zinc (32.1 ugll) 

were detected at 05SWO2. Arsenic and lead levels present in 05SWO2 exceed reference criteria. 

4.5.3.2 Organics 

Dieldrin was detected at a level exceeding reference criteria but within background levels in 05SWO2 

(0.06 ug/l). No other organic compounds were detected in surface water samples. 

4.5.4 Sediment 

Two sediment samples (05SDOl and 05SD02) were collected during Phase II RI activities from Site 5 

(Figure 4-l). Table 4-12 presents the occurrence and distribution of inorganic and organic chemicals 

detected in site-related sediment samples and compares them to background. Table 4-13 presents 

results from the background comparison tests. Table 4-14 presents a comparison of detected 

compounds to ARARS and TBCs. Figure 4-9B shows sample locations and concentrations of 

compounds that exceed ARARS and TBCs. 

4.5.4.1 lnorganics 

a 
Antimony, which was not detected in background samples, was detected at 4.1 mg/kg and 6.1 mgJkg at 

samples 05SDOl and 05SD02, respectively. The concentration of antimony in 05SD02 exceeds 

reference criteria. Aluminum was the only other inorganic compound detected at significant levels above 

background. Barium was detected at levels greater than reference criteria but within background range. 

4.5.4.2 Organics 

For all organics detected in Site 5 sediment samples, the highest levels were recorded at location 

05SDO2. Two VOCs were detected in sample 05SD02. Toluene and 2-butanone were detected at 4 

ug/kg and 22 ug/kg, respectively, No VOCs were detected in 05SDOl or background sediment samples. 

The pesticides aldrin (2.3 ug/kg to 11 ug/kg) and dieldrin (27 ug/kg to 220 ug/kg) were detected at 

05SDOl and 05SD02. Dieldrin levels exceeded background, and aldrin was not detected in background 

samples. Elevated levels of PAHs were also detected in 05SD02 and, to a lesser extent, in 05SDOl. The 

levels exceeded reference criteria and background for several PAH compounds in 05SDOl and to a 

greater degree in 05SD02. 
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• 

• 

samples at levels exceeding background. Aluminum and arsenic were detected in surface water but not 

in background. Aluminum (926 ug/l), arsenic (1.4 ug/l), iron (1,170 ug/l), lead (3 ug/l), and zinc (32.1 ug/l) 

were detected at 058W02. Arsenic and lead levels present in 058W02 exceed reference criteria. 

4.5.3.2 Organics 

Oieldrin was detected at a level exceeding reference criteria but within background levels in 058W02 

(0.06 ug/l). No other organic compounds were detected in surface water samples. 

4.5.4 Sediment 

Two sediment samples (058001 and 058002) were collected during Phase II RI activities from 8ite 5 

(Figure 4-1). Table 4-12 presents the occurrence and distribution of inorganic and organic chemicals 

detected in site-related sediment samples and compares them to background. Table 4-13 presents 

results from the background comparison tests. Table 4-14 presents a comparison of detected 

compounds to ARAR8 and TBCs. Figure 4-9B shows sample locations and concentrations of 

compounds that exceed ARAR8 and TBCs. 

4.5.4.1 Inorganics 

Antimony, which was not detected in background samples, was detected at 4.1 mg/kg and 6.1 mg/kg at 

samples 058001 and 058002, respectively. The concentration of antimony in 058002 exceeds 

reference criteria. Aluminum was the only other inorganic compound detected at significant levels above 

background. Barium was detected at levels greater than reference criteria but within background range. 

4.5.4.2 Organics 

For all organics detected in 8ite 5 sediment samples, the highest levels were recorded at location 

058002. Two VOCs were detected in sample 05S002. Toluene and 2-butanone were detected at 4 

ug/kg and 22 ug/kg, respectively. No VOCs were detected in 058001 or background sediment samples. 

The pesticides aldrin (2.3 ug/kg to 11 ug/kg) and dieldrin (27 ug/kg to 220 ug/kg) were detected at 

05S001 and 058002. Oieldrin levels exceeded background, and aldrin was not detected in background 

samples. Elevated levels of PAHs were also detected in 05S002 and, to a lesser extent, in 058001. The 

levels exceeded reference criteria and background for several PAH compounds in 058001 and to a 

greater degree in 05S002. 

NAVY 15466/Site.5RI/Sect4 4-72 
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Table 4-12 
Occurrence and Distribution of Organics and Inorganics in Sediments, Site 5 

NASJRB Willow Grove, Pennsylvania 

Background Data Site-Related Data 
Freq. Range of Positive 

of 

Range of Positive 

Detection 
F-------------~ 

Mean of Sampling Round and of Detection Mean of Sampling Round and Representative 

Substance Detection Min. Max. All Data location of Maximum Detection Min. Max. All Data location of Maximum 

aluminum 8/B 3610 - 8950 6300 03i13/97 BGS001 212 11200 - 12000 11600 03/18197058D01 ---- ~--------- '-- ~--- - ._----- ---~ -~---. -~ ... -----.--- .. -----. ..--- _._----- -----~- ._--
NA 212 5.6 - 6.1 5.85 03/18197058002 

-- -----·-----t-"'- '- --~-----.--- ~----. ---.--- - ---- --- ---- -
G/5 antimony .---------.... --~ 

arsenic 8/8 3.2 7.2 4.51 03113/97 BG8D01 212 4 - 4.5 4.25 03/18/97055002 

Concentration 

12000 

6.1 

4_5 
------- ---------_._-------_._---_._---- ---_.- ---------- - --------
barium 8/8 54.6 - 142 95.9 03/13/97 BGS003 212 69.8 - 74.3 72.1 03118/97058002 74.3 
-------------._----1-----1----- ---------+----- ------------------ --- - ---- ------
beryllium ____ . ________ 81_8_-1 _ _ 0_.5_2_-_1._2 ___ ~_~6_5 ___ ~3/13/97BGSD01 212 0.58 - 0.77 __ ~6!~ ___ 03J18/_9_7_05_S~~~ ___ r--_O.:T~ __ _ 
calcium 818 744 - 18200 4970 03/13/97 BGS006 2/2 1420 - 12200 6810 03118/97058D01 12200 
---- .. ---- .--- .. --~------~----------------. - ._---- ... _-- ---- --------- -----_._-----
chromium 8/8 6.8 - 34.5 15.3 03/13/97 BG8001 2/2 8.8 - 12.9 10.9 03/18/9705S002 12 .. 9 ----- ---------- ----- . -------- -- -- .... ----------- .. ---+---. ---.. ----.... .---- ----
cobalt 8/8 4.5 - 12.4 7.08 03113197BGS001 2/2 7.1 - 7.1 7.1 03/18/97058002 7.1 ---_._--------------------_._----. ----_. '--- --------------------- ---.-- .--- - - -----
copper 8/8 5.8 - 27.8 13.3 03113/97 BGS001 2/2 12.3 - 13.5 12.9 03/18197058001 13.5 

---------- 1------.----- --------.- ~.-.------ .. -- -- - .. ---.. ' '-'--r---- --- -- -- - -- -- ----
iron 8/8 9540 - 35400 16200 03/13/97 BGSD01 212 11000 - 11900 11500 03/18197058D02 11900 -----_ .. - -_ .... ---- --.--.-----.-- ---- .. --------.--~- .. - ---_._-_...... - ----
lead 8/8 6.4 - 26.8 15.2 03/13/97 BGS003 2/2 7.9 - 31.7 19.8 03/1819705SD02 31.7 

----.--.-- --~- --.. -------.. ----------~-.------- ... ---~-- ... -.- - -----.. -.----------1--

magnesium 8/8 999 - 10600 3400 03/13/97 BGSD06 2/2 1610 7650 4630 03/18/9705SD01 7650 ------.. - _. __ . ---- ---- .. ~-- ------- -- -----_ ... _--- ----- --- ._-- ._---- -- ---- - - --'- ----
manganese 8/8 376 - 759 505 03113/97 BGSD01 2/2 107 - 222 165 03/18/97058D02 222 .-------.--..... - ... ---------.. ----. -- .. -~------ ----- r---------- -- .. --.------- -1----
nickel 8/8 6.8 - 22.7 12_2 03/13197 BGSD01 2/2 9_4 - 11 10.2 03/18197 058002 11 

-------------.---.-----.- ----..... -------t--.. --------------- - ... ---- ------ ---~~--~ 

potassium 6/8 514 - 2330 1010 __ 03l_1_3/~~ BGS001 .. _ __ 2/_2 __ 664 - 691 678 ___ P~~/9? 05S~O!._ -------_._- -- --+-.-
691 

vanadium 8/8 7..9 - 52.6 22.3 03/13/97 BGSD01 212 15.6 - 21.2 18.4 03/18/97 058002 21 . .2 
----------~-.. - .. ------. ---------.----~------------ ... _---._---- ---- ---------~----

zinc 818 25.4 - 97.6 50_2 03i13i97 BGS001 212 14.8 - 40.1 27.5 03/18/9705S002 40.1 
-----.-- --- ---- ._- --.. --- -~.--~. --. ---- -- ---~ .. ----- .- -_.. ----- .. -_. ~ - --------

in 0/8 NA 1/2 11 - 11 6.05 03/18/97058D02 11 
-----_. -- ~-.-- ------- .. "'----- - - -.... _---_ ... _----- ----- --._- --- --- - .- .'-- .. 

rin 118 3.1 3.1 2.26 03/13/97 BGSD03 2i2 17 .. 220 119 03/1819705SD02 220 
----------I·-~-- -------.--- --.---~.-... - --.---- ----- ... 

anthracene 0/8 NA 212 160 - 160 160 03/18197 058002 
... -----... ------ --~ - -- - .. ----. ..-- f----.... --.. ---.-.. 1---

160 

benz(a)anthracene 118 580 .. 580 275 03/13f97 BGSD01 2/2 650 - 850 750 03118197058002 850 
---.. - ~~--~~~ .. - ~--- ~,- .--~. ~~-- . -" .-.--------~" ,-----~ ~.,,--~~ .. _-- -- -- ~ ---- ----------

benzo(a}pyrene 118 530 - 530 .. __ ~9.__ 03f13/9~ BGSD01 __ f---~f~ 520 .. 910 ~ ____ .. 03/18/97058002 _____ 9~O ___ _ 

benzo(b)lluoran!hene 1/8 670 - 670 286 03/13/97 BGS001 212 720 - 1400 1060 03/18/97058002 1400 
---- ---.-------------- - .. --------.- - .. ------- -------_ .. ----.-. ----- ---- ------
benzo(g.h,i)pe;ylene ______ 0~8______ NA ._~ ___ 200 - ~~ ___ 3~~ __ .03/18/97G5S002 400 

benzo(k)lluoranthene 118 300 .. 300 240 03/13/97 BGSDOi 212 430 - iOO 565 03/18/9705SD02 700 
._------- -- .. ------.----.-- --- .----.~------------.---- --. -~------ ---

chrysene 3/8 110 - 640 240 03/13197 BGS001 2/2 720 - 1200 960 03118/9705SD02 

dibe~z(a~h)~~h~';;;~- __ Oi8-~ =-=-=--=-===NA--- =~1/2 ~ =-E~~~io----~ __ O~18f9705SD02 
1200 

120 

• • • 
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Table 4-12 

Occurrence and Distribution of Organics and Inorganics in Sediments, Site 5 
NASJRB Willow Grove, Pennsylvania 

Background Data Site-Related Data 

Freq. Range of Positive Freq. Range of Positive 

of Detection Mean of Sampling Round and of Detection Mean of Sampling Round and 

Substance Detection Min. Max. All Data Location of Maximum Detection Min. Max. All Data Location of Maximum 

lIuoranthene 4/8 100 - 510 226 03/13/97 BG8D01 2/2 1300 - 1800 1550 03118197 058002 
-'~'---- -- '-----~~---- ----- ------ -------~ ... ------ ----- ----._-----
indeno(1.2,3-cd)pyrene 0/8 - NA 2/2 290 - 560 
--.-~ ---- ----- -------.-.~- ---- ------------- ------ ~------------
phenanthrene 1/8 260 - 260 235 03/13/97 BG8001 2/2 620 - 880 

--- --.-- ----"--------- -----~- ------ -----------
pyrene_ 4/8 100 - 1300 319 03/13/97 BG8D01 2f2 1500 - 1900 ---- ------------------- ----'--«< --
2-butanone 0/8 - NA 1/2 22 - 22 
-~,------- --------I---- -- --r--1------------
toluene 0/8 - NA 112 4 - 4 

Notes: 

Units are mglkg for inorganics, ug/kg for organics_ 
Number of sample results excludes rejected data or blank-qualified data. Duplicates are consolidated into one result. 
Mean of all data includes positive detections and non-detected results. Detection limits are divided by two. 

425 03/18/97 058002 ,,---- -- ---«<------
750 03f18f97 058002 

----- --,-----._----
1700 03118197 058002 

----- ---«< 
14_3 03/18f97 058002 

-------1-------------
5_25 03/18/97 058002 

The determination of representative concentrations is based on comparison of maximum to the 95 % UCL, which is presented in a separate table. 
Frequency of detection refers to 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. 

Representative 

Concentration 

1800 
--~-~.-' 

560 
-------- ---'-" 

880 
-- - ---

1900 
~-.--- --- -

22 
- '".----- -------

4 
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TABLE 4-13 
Background Comparison Tests - Sediment Data for Site 5 

NASJRB Willow Grove, Pennsylvania 

• 
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TABLE 4-13 

Background Comparison Tests - Sediment Data for Site 5 
NASJRB Willow Grove, Pennsylvania 

• 

Notes: Units are mg/kg for inorganics, uglkg for organics. 

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 Bartlett's lest 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 criteria: 

(1) Overall decision is YES if anyone of the UTl, Mann-Whitney/Gehan, 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-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 ZlFisher 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.) 

Abbreviations: # NOs or # Pas. 
#sor#b 
s=b 
P value 
l, N, orQ 

%NO 
@ 

r,k 

Number of non-detected (NO) or positive (Pas.) results in data set, not including rejected data or blank-qualified data. 
Number of site (s) or background (b) samples, not including rejected data or blank-qualified data. 
Standard deviation of site results must not be different from the standard deviation of background results. 
Probability or significance level is defined as the chance of a false poSitive. If P <= 0.05 then test determines site> background with 95 % confidence. 
UTL is based on 95 % upper limit (using t-value) when data are lognormal (ll 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 are shown of log-transformed data when distributions are of this type; ie., if an (ll 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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03109/98 

II SAMPLE NUMBER: 05S001 03!18/97 

LOCATION: 05S001 

DATA SOURCE: Sediment 

SAMPLE DATE; 03/18/97 

MISCELLANEOUS mg/kg 

total organic carbon 14400 

INORGANICS mg/kg 

aluminum 12000 

antimony 5.6 

arsenic 4 J 

barium 69.8 

beryllium 0.58 

calcium 12200 

chromium. lotal 8.8 

cobalt 7.1 

. copper 13.5 

iron 11000 

lead 7.9 

magnesium 7650 

manganese 107 
\ 

nickel 9.4 K 

potassium 691 

vanadium 15.6 

zinc 14.8 

SEMIVOLATllES ug/kg 

anthracene 160 E J 

benzo(a)antilracene 650 E 

benzo(a)pyrene 520 E 

benzo(b)fluoranthene 720 

benzo(g,h.ijpmylene 200 J 

I benzo(k}f1uoranthene 430 J 

chrysene 720 E 

dibenz(a.h)anthracel1l:! 440 U 

• 

TABLE 4-14 

COMPARISON OF SEDIMENT ANALYTICAL DATA TO ARARS AND TBCs" Site 05 

NASJRB. WILLOW GROVE, PENNSYLVANIA 

05S001-0UP 058002 03/18197 --" --- ---
055D01 058002 --- --- ---

Sediment Sediment 

03/18/97 03/18/97 

mg/kg mg/kg 

8950 31900 

mg/kg mg/kg 

12900 11200 

5.2 U 6.1 

2 4.5 J 

76.2 74.3 

0.6 0.77 

977 1420 

9.2 12.9 

R3 7.1 

12.5 12.3 

11100 11900 

8.4 31.7 

931 1610 

90.1 222 

9.6 K 11 K 

518 664 I 
16 21.2 

16 40.1 I I 
ug/kg ug/kg 

430 U 160 E J 

400 E J 850 E 

400 J 910 E 

570 1400 

160 J 400 J 

390 J 700 

570 E 1200 E 

430 U 120 E J 

• 

Page 1 

---
Sediment ---
Ecological I 

Toxicity 

Thresho!d Values 

I i mglkg 
I 

- Ii 
mg/kg II 

- II 
150 A I 

B.20 L 

-
-
-

81.0 L 

-
34.0 L 

-
47.0 L 

-
, 

1110 0 
i 21.0 l , 
! 

i -
, 
! -i 
j 150 l 

! ugikg 

i 85,3 L 

261 l 

430 L 

3200 A 

670 A 

-
384 L 

I 63.4 l 
1 I 

• 
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• 03109/98 

SAMPLE NUMBER: 05SD01 03/18/97 

LOCATION: 05SD01 

DATA SOURCE: Sediment 

SAMPLE DATE: 03/18/97 

SEMIVOLA TILES ug/kg 

f/uoranthene 1300 E 

indeno(1,2,3-cd)pyrene 290 J 

phenanthrene 620 E 

pyrene 1500 E 

VOLATILES ug/kg 

2-butanone 13 U 

acetone 13 U 

methylene chloride 13 U 

toluene 13 U 

PESTICIDES ug/kg 

aldrin 2.2 U 

dieldrin 17 E J 

• TABLE 4-14 

COMPARISON OF SEDIMENT ANALYTICAL DATA TO ARARS AND TBCs - Site 05 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

05SD01-DUP 05SD02 03/18/97 --- --- ---
05SD01 05SD02 --- --- ---

Sediment Sediment 

03/18/97 03/18/97 

ug/kg ug/kg 

950 E 1800 E 

240 J 560 

400 E J 880 E 

930 E 1900 E 

ug/kg ug/kg 

13 U 22 

120 B 180 B 

33 B 37 B 

13 U 4 J 

ug/kg ug/kg 

3.5 11 J 

37 E J 220 E J 

• 
Page 2 

---
--- Sediment 

Ecological 

Toxicity 

Threshold Values 

ug/kg 

600 L 

600 A 

240 L 

660 L 

ug/kg 

-
-

427 S 

670 P 

ug/kg 

80.0 0 

8.00 M 



TABLE 4-14 
COMPARISON OF SEDIMENT ANALYTICAL DATA TO ARARS AND TBes - SITE 05 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

Footnotes to sample results: 

U - Compound or element was not detected. Value is the detection limit (inorganics) or quantitation limit (organics). 

UJ - Not detected. Detection limit or quantitation limit shown is considered estimated due to exceedance of data validation quality control criteria. 

Ul - Not detected. Detection limit or quantltation limit shown is considered biased low due to exceedance of data validation quality control criteria. 

No Value - Constituent was not analyzed for in this sample. 

UR - Nondetected result is considered rejected based on exceedance of data validation quality control criteria. 

J - Value is estimated because concentration is below the quantitation limit or because of exceedance of data validation quality control criteria. 

L - Value is considered biased low because of exceedance of data validation quality control criteria. 

K - Value is considered biased high because of exceedance of data validation quality control criteria. 

R - Positive result is considered rejected based on exceedance of data validation quality control criteria. 

E - Result exceeds one or more of the selected ARARs. 

Footnotes to Sediment Criteria: 

- No standard is available for this chemical in this classification. 

A - EPA Region III BTAG Screening Level (EPA. 1995). 

PAGE 3 

L - Effects Range-low. Source: long ER. D.O. MacDonald. S.L Smith. and F.D. Calder. 1995. Incidence of Adverse Biological Effects within Ranges of 
Chemical Concentrations in Marine and Estuarine Sediments. Environmental Management. 19:81-97. 

M - Effects Range-Medium. Source: Long, E. R. and l. G. Morgan. 1991.. The Potential for Biological Effects of Sediment-Sorbed Contaminants Tested in 
the National Status and Trends Program. NOAA Technical Memorandum NOS OMA 52. National Oceanic and Atmospheric Administration, Seattle, WA. 

o - Ontario screening level. Source: Ontario Ministry of the Environment (OME). 1992. Guidelines for the Protection and Management of the Aquatic 
Sediment Quality in Ontario. Log 92-2309-067, PISS 1962. 

P - Sediment quality benchmark using equipartition. Source: USEPA. 1996. ECO Update. Volume 3: Number 2. EPA 540/F-951038. 

S - Sediment screening benchmark. Source: Suter, G, W., and J. B. Mabrey. 1994. Toxicological Benchmarks for Screening Potential Contaminants of 
Concern for Effects on Aquatic Biota. Oak Ridge National Laboratory, Oak Ridge, TN. 

• • • 



4.5.5 Groundwater 

Ten monitoring wells (shallow zone wells 05MWOl S through 05MW07S, shallow intermediate zone wells 

05MWOlSI and 05MW06SI, and intermediate zone well 05MW071) were sampled for TCL VOCs during 

the Phase I RI. During Phase II initial field activities, 21 monitoring wells (shallow zone wells 05MWOlS 

through 05MWlOS, shallow intermediate zone wells 05MW06SI, and 05MW08 through 05MWlOSI, 

intermediate zone wells 05MWO1 I, 05MW031, 05MW061, and 05MW08 through 05MWlO1, and deep well 

05MWOl D) were sampled for TAL metals and full TCL organic parameters. During the Phase II follow-on 

field activities, 26 monitoring wells (shallow zone wells 05MWOlS through 05MWl lS, shallow 

intermediate zone wells 05MWOl SI, 05MW09SI, and 05MWll SI, and intermediate zone wells 05MWOl I 

05MW031, 05MW041, 05MW051, 05MW061, 05MW071, 05MW081, 05MWO91, 05MWlO1, 05MWll I, and 

05MW 121) were samples for TCL VOCs and MNA parameters. 

Figure 4-l presents sampling locations. Table 4-15 presents the occurrence and distribution of inorganic 

and organic chemicals detected in groundwater samples and compares them to background. Table 4-16 

presents results from the background comparison tests. Table 4-17 presents a comparison of detected 

compounds to ARARS and TBCs. Table 4-17A presents NA parameter results for data acquired during 

field activities IN September 2000, Figure 4-10A shows sample locations and concentrations of 

compounds that exceed ARARnBC screening levels from the September 2000 groundwater samples. 

Figure 4-108 shows sample locations and concentrations of compounds that exceed ARARITEX 

screening levels from the initial field activities. 

4.5.5.1 lnorganics 

Lead (05MW071 ), arsenic (05MWlOSj, and beryllium (05MWlOS) were the only inorganics detected at 

levels above reference criteria. Statistical tests indicate these inorganics are not site related. 

4.5.5.2 Organics 

No SVOCs were detected in groundwater samples. The pesticide dieldrin exceeded screening levels in 

05MW07S (0.3 ugJI) and 05MWl OS (0.09J ugll). VOCs were detected in the groundwater throughout Site 

5. In general, the VOC occurrences and concentrations formed a somewhat predictable pattern (plume 

geometry) that was consistent with the interpreted groundwater flow patterns and the conceptual model of 

a groundwater plume migrating advectively with the groundwater flow. The areal distributions of VOCs 

for the most recent sampling round (September 2000) are illustrated in isoconcentration contour maps 

constructed for the shallow (Fig. 4-l 1) and intermediate (Fig 4-12) groundwater zones. 
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4.5.5 Groundwater 

Ten monitoring wells (shallow zone wells 05MW01 S through 05MW07S, shallow intermediate zone wells 

05MW01 SI and 05MW06SI, and intermediate zone well 05MW071) were sampled for TCl VOCs during 

the Phase I Rio During Phase II initial field activities, 21 monitoring wells (shallow zone wells 05MW01 S 

through 05MW10S, shallow intermediate zone wells 05MW06SI, and 05MW08 through 05MW10SI, 

intermediate zone wells 05MW01I, 05MW031, 05MW061, and 05MW08 through 05MW 101, and deep well 

05MW01 D) were sampled for TAL metals and full TCl organic parameters. During the Phase II follow-on 

field activities, 26 monitoring wells (shallow zone wells 05MW01 S through 05MW11 S, shallow 

intermediate zone wells 05MW01 SI, 05MW09SI, and 05MW11 SI, and intermediate zone wells 05MW011 

05MW031, 05MW041, 05MW051, 05MW061, 05MW071, 05MW081, 05MW091, 05MW101, 05MW111, and 

05MW121) were samples for TCl VOCs and MNA parameters. 

Figure 4-1 presents sampling locations. Table 4-15 presents the occurrence and distribution of inorganic 

and organic chemicals detected in groundwater samples and compares them to background. Table 4-16 

presents results from the background comparison tests. Table 4-17 presents a comparison of detected 

compounds to ARARS and TBCs. Table 4-17A presents NA parameter results for data acquired during 

field activities IN September 2000. Figure 4-10A shows sample locations and concentrations of 

compounds that exceed ARARfTBC screening levels from the September 2000 groundwater samples. 

Figure 4-10B shows sample locations and concentrations of compounds that exceed ARARfTBC 

screening levels from the initial field activities. 

4.5.5.1 Inorganics 

lead (05MW071 ), arsenic (05MW10S), and beryllium (05MW10S) were the only inorganics detected at 

levels above reference criteria. Statistical tests indicate these inorganics are not site related. 

4.5.5.2 Organics 

No SVOCs were detected in groundwater samples. The pesticide dieldrin exceeded screening levels in 

05MW07S (0.3 ug/I) and 05MW1 OS (0.09J ug/I). VOCs were detected in the groundwater throughout Site 

5. In general, the VOC occurrences and concentrations formed a somewhat predictable pattern (plume 

geometry) that was consistent with the interpreted groundwater flow patterns and the conceptual model of 

a groundwater plume migrating advectively with the groundwater flow. The areal distributions of VOCs 

for the most recent sampling round (September 2000) are illustrated in isoconcentration contour maps 

constructed for the shallow (Fig. 4-11) and intermediate (Fig 4-12) groundwater zones. 
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Substance 

aluminum 

Table 4M 15 
Occurrence and Distribution of Organics and Inorganics in Groundwater, Site 5 

NASJRB Willow Grove, Pennsylvania 

Freq. 

of 

Detection 

Background Data 

Range of Positive 

Detection Mean of r--------------4 
Min. Max. All Data 

Freq. 

Sampling Round and of 

Location of Maximum Detection 

Site-Related Data 

Range of Positive 

Detection Mean of 
F-------------~ 

Min. Max. All Data 

Sampling Round and 

Location of Maximum 

7/16 59.9 .. 6970 540 OSf .. lVV10S 06124197 

Representative 

Concentration 

1310 
'''---~r--- -~-------. 

arsenic 

barium 
-------

beryllium 

calcium 
~"-------

chromium 

cobalt 

iron 

lead 

1/21 2 2 0.571 OSr...1W1OS 06f24J97 0.633 ..... _ .. -~~-~~- ~.--. ----
~--~~.- ---- - - ~~--- ~~ ~ 

21121 43.8 - 1430 317 05MW10S 06/24/97 575 
--~.+-.-.---. _._. __ ._ .. _- ._-- - -- --. _. --' ~--I·----f----· ..... - .-<-. .--r--.---- ~-... -- -. -- ~--

.. _-- -.-~~~----~. _ .... _-- .. ~.-.- .~ ... -.~.~---
1/21 2.8 - 2.8 0.61 05MW10S 06/24/97 0.683 

-·1--------1----- _ ... - ... - ..... -.---.-,...-~ . 
21/21 5740 - 39000 22300 05MW08S106/23/97 33100 

7/21 6 - 40.8 5.72 05MW10S 06/24/97 7.32 ._ .. ~ - ._._----- ...... __ ..... ---~- ... ~-~.--- _ ... __ .. 
~---I__-~----.... -~ .~- --~--_f.-~--~ ---.~ •. -

3/21 5.1 - 18.8 3.67 05MW09S1 06/23/97 4.31 ----+--.-.... ~.~ .~.~ .. -.--.. -.. ~ ~.---+---- _._--~--.~-. 
18/21 61.4 - 7440 533 05MW10S 06/24/97 858 . ... ~--------+---- .... ~. ~.-.---.--.- -~-+-~--~-----_. -_... . __ .- _ .. _ ...... 

1/8 18.1 - 18.1 2.7 05MVV07106123/97 12.6 
~-- ... -----~- ....... ---+ ~ ~---- _ ..... __ .. - ._---_. ~-~~ 

6; ~~lJnesium _~ . ___ .,_ 
~----- -- --.- --... -.-.. - .. ~. ~.-I--.. --~+- ... -- ... _-.. 

21121 1820 12000 6260 05M\.\I01D 07/07/97 7430 
... ------~ .. _ ..... --~ ... -_._--

manganese 19/21 5 - 397 81.5 05MW01S 06123/97 356 
~.-.~ -.~-

nickel 1121 74.3 - 74.3 13.1 05MW10S 06124/97 14.6 
--.. I----I!--...... ····-··· .. - .. ~---+---I~- .... --.~-- ~ ---

potassium 
----_ ..... _--_.- 9/21 1630 - 26000 3360 05M\.V06I06125/97 5400 

---I!~------...... ~.~ ... -~-;------- ... - - -------+--~- .... -~ .. -.------
sodium 21121 7680 - 29100 14700 05MW10S 06/24/97 17200 
--- .---f----.. ..... ---

vanadium 1121 5 .. 5 2.62 
---i-----

05MW10S 06/24/97 2]7 
---{-~.--

5/9 27..7 457 685 05MW1OS 06/24/97 457 zinc 

dieldrin 
-----1- -_ .......... . 

-----_ .. _- .-
tetrachloroethene ----.-1----+--.. ---...... - r---~ _ ~ ... __ 
Iricnioroethene 

• • 

2/21 0.09 .. 0.3 0.0638 05M"AJ07S 06/23/97 
---.'--1---

8121 6.86 OSt,lW01D 07107/97 
----+-~.~--

9/21 5 - 300 25.7 OSt.iV'/01 S 06123197 

• 

0.0723 

114 

5.55 

45.9 

52_9 

4 

11 

6.79 

9.48 

33.9 

.. ~-.... . _--------------------------------------------_1IIIIIIII 
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Table 4-15 

Occurrence and Distribution of Organics and Inorganics in Groundwater, Site 5 
NASJRB Willow Grove, Pennsylvania 

Background Data 

Freq. Range of Positive Freq. Range of Positive 

of Detection Mean of Sampling Round and of Detection 

Substance Detection Min. Max. All Data Location of Maximum Detection Min. Max. 

Notes: 

Units are ug/L. 
Number of sample results excludes rejected data or blank-qualified data. Duplicates are consolidated into one result. 
Mean of all data includes positive detections and non-detected results. Detection limits are divided by two. 

Site-Related Data 

Mean of Sampling Round and 

All Data Location of Maximum 

The determination of representative concentrations is based on comparison of maximum to the 95 % UCL, which is presented in a separate table. 
Frequency of detection refers to 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. 

Representative 

Concentration 



TABLE 4-16 
Background Comparison Tests· Groundwater Data for Site 5 

NASJRB Willow Grove, Pennsylvania 

Noles: Unils are ugfL 

• 

A stalislic-:JI significance level (P value) of 0.05 is USEKI for all tests that directly compare sile to background .. A two-sided significance level of 0.1 is used for Bartlett's test for equal variaocB. 

UTL is the eKp,?cted value for the upper 95 % quantile of the background population; there is an equal chane,,:, of ihe population's true 95 % quantile being either below or abow, Ihis estimate. 

For each lest, 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 base.i on four enterie: 

(1) Overall decision is YES if anyone of Ihe UTL, Mann-WililneyiGehan, Upper Ranks Test,. or I-Test is YES, regardless of other test resulls. 

(2) Overa!1 decision is NO if at least one of UTL, Mann-WhitneyfGehan, Upper Ranks ToOlS!, or T-Test is NO, and none of Ihe aforemen!iom::>d tests are YES .. 
(3} Overall decision is YESINO if ZiFisher Test is YES/NO, respectively, and other tests are NA. Z-test is treated as io-Nest priority since it relies on detediol1 frequency, 1101 1T18Hni!urlfe of reslills. 
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TABLE 4-16 

Background Comparison Tests - Groundwater Data for Site 5 
NASJRB Willow Grove, Pennsylvania 

• 

(4) Overall decision is NA if all tests are NA. (Chemicals assigned NA are still induded in human health risk-based screening and/or risk assessment.) 

Abbreviations: # NOs or # Pos. 

#sor#b 

s=b 

Pvalue 

l, N, orO 

%ND 
@ 

r,k 

Number of non-detected (NO) or positive (Pos.) results in data set, not induding rejected data or blank-qualifled data. 

Number of site (s) or background (b) samples, not including rejected data or blank-qualified data. 

Standard deviation of site results must not be different from the standard deviation of background results. 

Probability or significance level is defined as the chance of a false positive. If P <= 0.05 then test determines site > 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 (0) 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 are shown of log-transformed data when distributions are of this Iype; 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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4, 

11/16/00 

SAMPLE NUMBER: 05MW01D 

LOCATION: 05MWOlI 

DATA SOURCE: Monitoring Well 

SAMPLE DATE: 07107/97 

INORGANICS ugH_ 

aluminum 89.4 

barium 363 

calcium 30100 

chromium, tota' 10.7 

iron 220 J 

lead 1.2 B 

magnesium 12000 

manganese 81.S 

potassium 9420 

sodium 23400 

zinc 6.2 B 

VOLATilES ugiL 

1.1.1-trichloroethane 10 U 

1,1.2-trichloroethane 10 U 

1.1·dichloroethane 10 U 

1,1-dichloroethene 10 U 

1,2-dichlofoothane 10 U 

1.2-dichloroethene (total) 10 U 

acetone 10 U 

benzene 10 U 

methylene chloride 5 B 

tetrachloroethane 35 E 

trichloroethane 10 U 

• 

TABLE 4-17 

COMPARISON OF GROUNDWATER ANALYTICAL DATA TO SCREENING VALUES - Site 05 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

05MWOll 05M'.N011 05MW01S 05MW01S 

05WJ01l 05MW011 05MW01S 05M1i\101S Maximum 

Contaminant 
Monitoring Well Monitoring Well Monitoring Well Monitoring Wall Level (MGl) 

06J23197 09/25100 00123/91 09/18191 

ug/L ugll ugll ugiL uglL 

50 U nla SO U nla -
502 n/a 266 nla 2000 

31000 n/a 13100 nla · 
5 U nla 5 U nle 100 

142 n/a 71 nla -
2.5 B nla 7 B nle 15.0 

8610 nfa 5750 nfa -
55.1 nfa 397 nfa · 

10700 nla 1500 U nfa -
15600 nfa 15800 nla · 

1B.1 B nfa 21.8 B nfa -
ug/l ugll ugiL ugiL ugll 

54 10 U 960 E 2800 E 200 

10 U 10 U 10 E J 250 U 5.00 

50 E 10 U 350 E 420 E -
35 E J 10 U 300 E J 840 E 7.00 

3 E J 10 U 4 E J 250 U 5.00 

6 J nJa 99 E 180 E J 7110 

10 U 2.8 J 10 U 500 U -
10 U 10 U 28 E 250 U 5.00 

7 B 10 U 7 B 250 U 5.00 

3 E J 10 U 24 E 500 U 5.00 

23 E 10 U 300 E 590 E 5.00 

• 

Page 1 

SCREENING VALUES 

Drinking Water PADEP Risk-Based 

Health Advisory Groundwater Conc.entration 

(Lowest Criterion MSC (res.) for Tap Water 

Shown) <2500 TOS Consumption 

ug/L ug/l ug/L 

- - 37000 

700 2000 2600 

- . -
* 1000 100 110 

- - 11000 

- 5.00 1S.0 

- - . 
- - 730 

- - -
- - -

2000 a 2000 11000 

ugiL uglL ugfL 

200 a 200 3200 

3.00 a 5.00 0.190 

- 27.0 BOO 
7.00 a 7.00 0.0440 

700 5.00 0.120 

iii 70.0 a 70.0 55.0 

- 3700 610 

200 5.00 11320 

:WOO d 5.00 4.10 

10 .. 0 a 5.00 1.10 

- 5.00 1.130 

• 
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• 11/16/00 

SAMPLE NUMBER: 05MW01 S-RE-D 

LOCATION: 05MW01S 

DATA SOURCE: Monitoring Well 

SAMPLE DATE: 09125100 

INORGANICS ug/L 

barium nla 

calcium nla 

magnesium nla 

sodium nla 

VOLATILES uglL 

1,1,i-trichloroethane 2700 E 

1,1,2-trichloroethane 38 E J 

1,1-dichloroethane 590 E 

1.1-dichloroethene 530 E 

1,2-dichlorobenzene 200 U 

1,2-dichlorobenzene 200 U 

1,2-dichloroethane 200 U 

1,2-dichloroethene (total) nla 

1,4-dichlorobenzene 200 U 

1,4-dichlorobenzene 200 U 

acetone 74 J 

benzene 53 E J 

chloroform 200 U 

cis-1,2-dichloroethene 450 E 

methylcyclohexane 200 U 

methylene chloride 200 U 

tetrachloroethene 79 E J 

toluene 200 U 

trans-1,2-dichloroethene 200 U 

trichloroethene 890 E 

COMPARISON OF GROUNDWATER ANALYTICAL DATA TO SCREENING VALUES - Site 05 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

05MW01S-RE 05MW01S1 05MW01S1 05MW02S 

05MW01S 05MW01S1 05MW01SI 05MW02S Maximum 

Contaminant 
Monitoring Well Monitoring Well Monitoring Well Monitoring Well level (MCl) 

09/25/00 09/20191 09/25100 06/24197 

ug/L ug/L ug/L ug/L uglL 

nla nla nla 43.8 2000 

nla nla nla 7200 -
nla nla nla 2230 -
nla nla nla 9410 -

ug/L uglL ug/L uglL ug/L 

2400 E J 260 E 73 10 U 200 

42 E 5 U 10 U 10 U 5.00 

620 E J 84 E 54 E 10 U -
600 E J 120 E J 43 E 10 U 7.00 

4.5 J n/a 10 U 10 U 600 

4.5 J nla 10 U 10 U 600 

13 E 5 U 10 U 10 U 5.00 

nla 11 J nla 1 J 70.0 

21 E nla 10 U 10 U 75.0 

21 E n/a 10 U 10 U 75.0 

10 U 10 U 10 U 10 U -
58 E 16 E J 10 U 10 U 5.00 

1.1 E J 5 U 10 U 10 U 80.0 

460 E J nla 9.8 J nla 70.0 

18 nla 10 U nla 

5.9 E J 6 B 10 U 5 B 5.00 

87 E 8 E 4.2 E J 1 J 5.00 

10 U 3 B 10 U 10 U 1000 

3.5 J n/a 10 U n/a 100 

740 E J 69 E J 29 E 10 U 5.00 

• Page 2 

SCREENING VALUES 

Drinking Water PADEP Risk-Based 

Health Advisory Groundwater Concentration 

(lowest Criterion MSC (res.) for Tap Water 
Shown) <2500 TDS Consumption 

ug/L ugIL ug/L 

700 2000 2600 

- - -
- - -
- - -

uglL ug/L uglL 

200 a 200 3200 

3.00 a 5.00 0.190 

- 27.0 800 

7.00 a 7.00 0.0440 

600 a 600 550 

600 a 600 550 

700 5.00 0.120 

a 70.0 a 70.0 55.0 

75.0 a 75.0 0.470 

75.0 a 75.0 0.470 

- 3700 610 

200 5.00 0.320 

4000 100 0.150 

70.0 a 70.0 61.0 

6300 

2000 d 5.00 4.10 

10.0 a 5.00 1.10 

1000 a 1000 750 

100 a 100 120 

- 5.00 1.60 



11/16/00 

SAMPLE NUMBER: 05MW02S I 
LOCATION: 05MW02S 

DATA SOURCE: Monitoring WeI! 

SAMPLE DATE: 08107191 

INORGANICS ugl!.. 

aluminum nla 

barium ofa 

calcium nfa 

chromium, total ofa 

iron nla 

lead nfa 

magnesium nfa 

manganese nfa 

potassium fila 

sodium nla 

zinc nla 

SEMIVOLA TILES ugll 

di-n-butyl phthalate 2 B 

VOLATILES ugll 

1 ,1, '-trichloroethane nla 

1,1-dichloroethane nla 

1,1-dlchloroethene wa 
i ,2-dichloroethene (total) nfa 

acetone nfa 

cis-1,2-dlchlowethene nfa 

methylene chloride nla 

tetrachloroethane nla 

trichloroethane ilia 

• 

TABLE 4-17 

COMPARISON OF GROUNDWATER ANALYTICAL DATA TO SCREENING VALUES - Site 05 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

05MW02S 05MW02S-DUP OSM\<V02S 05MW031 

05MW02S 05M\o\'02S 05MW02S 05MW031 Maximum 

Contaminant 
Monitoring Well Monitoring Well Monitoring Well Monitoring Well Level (MCl) 

09/18191 06i24197 09118100 06/24/97 

ug/l.. ug!1.. ug/I.. ug/I.. ug/l.. 

ilIa 50 U oia 282 -
nfa 45.6 nfa 17.5 2000 

nfa 7120 nJa 32700 . 
nla 5 U nfa 7.2 K 100 

n/a 50 U nfa 357 -
nJa 2.1 B nfa 1.2 B 15.0 

n/a 2220 nfa 3620 -
n/a 5 U n/a 14 K " 

nfa 1500 U nfa 3300 -
nfa 9320 nla 17500 -
n/a 5 U n/a 7.5 B -

ug/L ugiL uglL ugIL ugfL 

nJa 10 U "fa 10 U -
ugll uglL ugll ugll ugll 

5 U 10 U 10 U 13 200 
5 U 10 U 10 U 18 -
5 U 10 U 10 U 7 E J 7.00 

5 U 1 J nfa :2 J 70.0 

10 U 10 U 2.1 J 10 U -
nfa nfa 2.1 J nfa 70.0 

a B 6 B 10 U 6 B 5.00 
:2 E J 2. E J 5.6 E J 2 E J 5.00 

5 U 10 U 10 U 5 E J 5.00 

• 

Page 3 

SCREENING VALUES 

Drinking Water PACEP Risk-Based 

Health Adviso!), Groundwater Concentration 

(Lowest Criterion MSC (res.) for Tap Water 

Shown) <2500 TOS Consumption 

ug!1.. IAglL ug/L 

" · 37000 

700 2000 2600 

- · -
.. 1000 100 110 

- - 11000 

- 5.00 1S.0 

- - -
- - 730 

- · -
- - . 

2000 a 2000 11000 

!lglL ug/L ugiL 

- 3700 3700 

ug/L ug/L ug!1.. 

200 a 200 3200 

- 27.0 800 

7.00 ill 7.00 0.0440 

a 70.0 ill 70.0 55.0 

- 3700 610 

70.0 a 70.0 61.0 

:2000 d 5.00 4.10 

10Jl a 5.00 1.10 

- 5J}O 1.00 

• 
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• 11116100 

SAMPLE NUMBER: 

lOCATION: 

DATA SOURCE: 

SAMPLE DATE: 

INORGANICS 

barium 

calcium 

chromium, total 

iron 

lead 

magnesium 

manganese 

sodium 

zinc 

VOLATILES 

1. 1. 1-trichloroethane 

1,1-dichloroethane 

1,1-dichloroethene 

acetone 

cis-1,2-dichloroethene 

methylene chloride 

tetrachloroethene 

trichloroethene 

OSMW031 

OSMW031 

Monitoring Well 

09/18/00 

ugiL 

nla 

nla 

nla 

nla 

nla 

nla 

nla 

nla 

nla 

ug/L 

3.7 J 

5.S J 

3.S E J 

2.1 J 

1.6 J 

10 U 

2 E J 

2.5 E J 

• TABLE 4-17 

COMPARISON OF GROUNDWATER ANALYTICAL DATA TO SCREENING VALUES· Site 05 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

OSMW03S OSMW03S OSMW03S OSMW041 

OSMW03S OSMW03S OSMW03S OSMW041 Maximum 

Contaminant 
Monitoring Well Monitoring Well Monitoring Well Monitoring Well level (MCl) 

06124197 09118191 09/18100 09/21/00 

ugiL ugiL ugiL ugIL ugIL 

44.S nla nla 136 8 2000 

7300 nla nla nla . 
6.3 K nla nla 1 U 100 

124 nla nla nla -
2.1 B nla nla 1.9 U 15.0 

2110 nla nla nla -
7.5 K nla nla nla . 

7680 nla nla nla -
19.6 8 nla nla nla -

ug/L ug/L ug/L ug/L uglL 

10 U 1 B 10 U SO 200 

10 U 5 U 10 U 29 E -
10 U S U 10 U 25 E 7.00 

10 U 10 U 2.2 J 3 J -
nla nla 10 U S J 70.0 

6 B 4 8 10 U 10 U S.OO 

10 U 5 U 10 U 2.2 E J 5.00 

10 U 5 U 10 U 18 E 5.00 

• 
Page 4 

SCREENING VALUES 

Drinking Water PADEP Risk-Based 

Health Advisory Groundwater Concentration 

(lowest Criterion MSC (res.) for Tap Water 

Shown) <2S00 TOS Consumption 

ugiL ugIL ugiL 

700 2000 2600 

- - -. 1000 100 110 

- - 11000 

- 5.00 15.0 

- - -
- - 730 

. - -
2000 a 2000 11000 

ug/L ug/L ug/L 

200 a 200 3200 

- 27.0 800 

7.00 a 7.00 0.0440 

- 3700 610 

70.0 a 70.0 61.0 

2000 d S.OO 4.10 

10.0 a 5.00 1.10 

- 5.00 1.60 



11/16/00 

SAMPLE NUMBER: 05MW04S 

LOCATION: 05MW04S 

DATA SOURCE: Monitoring Well 

SAMPLE DATE: 06/25197 

INORGANICS ug/L 

aluminum 82.9 B 

arsenic 1 Ul 

barium 56.8 

calcium 5740 

chromium, total 5 U 

iron 51.4 

lead 2.9 B 

magnesium 2240 

manganese 5 K 

sodium 9200 

zinc 39.2 B 

SEMIVOLA TILES ugll 

bis(2-ethylhexyl)phthalate 1 B 

VOLATILES ugll 

1.1.1-irichloroethane 10 U 

1.1-dichloroethane 10 U 

1.1-dlchloroethene 10 U 

acetone 10 U 

methylene chloride 17 B 

trichloroethane 10 U 

• 

TABLE 4-17 

COMPARISON OF GROUNDWATER ANALYTICAL DATA TO SCREENING VALUES· Site 05 

NASJRB, WillOW GROVE. PENNSYLVANIA 

OSMW(l4S 05MW04S 05MW051 OSMW051-F 

05MW04S 05MVI.'04S 05M\'V051 05M'N051 Maximum 

Contaminant 
Monitoring Well Monitoring Well Monitoring Well Filt Mon. Well Level (Mel) 

09/18191 09/21100 09121100 09121/00 

ugiL uglL ug/L ugiL uglL 

nla nla nfa nla . 
nla nle 8.3 B 6.8 B 5.00 

nla nla 164 B 132 B 2000 

nla nla nla nla -
nla nla 10.2 nla 100 

nla nla nla n/a -
nla n/a 3.8 1.9 U 15.0 

nfa n/a n/a nla -
n/a nla nla n/a -
nfa nla nfa n/a -
n/a n/a nla nla -

uglL ugIL uglL uglL uglL 

nfa n/a nla roe 6.00 

!JglL ugfl uglL ugll ugll 

3 B 10 U 7.3 J n/a 200 

5 U 10 U 2.9 J nfa -
5 U 10 U 9.2 E J n/a 7.00 

10 U 10 U 3.5 J nJa -
5 U 10 U 10 U n/a 5.00 

5 U 10 U 2.9 E J nla 5.00 

• 

Page 5 

SCREENING VALUES 

Drinking Water PACE? RiSk-Based 

Health Advisory Groundwater Concentration 

(lowest Criterion MSC (res.) for Tap Water 

Shown) <2500 TOS Consumption 

ugfL ugll ugfL 

. - 37000 

- 50.0 0.0450 

700 2000 2600 

- - -. 1000 100 110 

- - 11000 

- 5.00 15.0 

- - -
- - 730 

- - -
2000 a 2000 11000 

ugll ug/L uglL 

- 6.00 4.80 

ug/l ugll ugll 

200 a 200 3200 

- 27.0 800 

7.00 a 7.00 0.0440 

- 3700 61('1 

2000 d 5.00 4.10 

- 5.00 1.60 

• 



a 

a 

- 
4-90 

~ , 
CD 
o 

• 11/16/00 

SAMPLE NUMBER: 

lOCATION: 

DATA SOURCE: 

SAMPLE DATE: 

INORGANICS 

aluminum 

barium 

calcium 

chromium, total 

iron 

lead 

magnesium 

manganese 

potaSSium 

sodium 

zinc 

VOLATILES 

acetone 

methylene chloride 

05MW05S 

05MW05S 

Monitoring Well 

06/24197 

ug/l 

50 U 

190 

6860 

6 K 

85.9 

3.4 8 

1820 

5.5 K 

1500 U 

12300 

9 B 

ug/L 

10 U 

5 B 

COMPARISON OF GROUNDWATER ANALYTICAL DATA TO SCREENING VALUES - Site 05 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

05MW05S 05MW05S-DUP 05MW05S 05MW061 

05MW05S 05MW05S 05MW05S 05MW061 Maximum 

Contaminant 
Monitoring Well Monitoring Well Monitoring Well Monitoring Well level (MCl) 

09120/91 09120191 09/12100 06125/97 

ug/L ug/L ug/L ug/L ug/L 

nla nla nla 59.5 B -
nla nla nla 178 2000 

nla nla nla 7640 -
nla nla nla 5 U 100 

nla nla nla 50 U -
nfa nla nla 1 U 15.0 

nfa nfa nfa 5790 -
nfa nfa nla 5 U -
nla nla nla 26000 -
nla nla nfa 25200 -
nfa nla nla 5 U -

ug/L ug/L ug/L ugiL ugIL 

10 U 10 U 1.8 J 10 U -
5 U 3 B 10 U 17 B 5.00 

• 
Page 6 

SCREENING VALUES 

Drinking Water PADEP Risk-Based 

HeaHh Advisory Groundwater Concentration 

(lowest Criterion MSC (res.) for Tap Water 

Shown) <2500 TDS Consumption 

ug/L ug/l ug/L 

- - 37000 

700 2000 2600 

- - -
* 1000 100 110 

- - 11000 

- 5.00 15.0 

- - -
- - 730 

- - -
- - -

2000 a 2000 11000 

ug/L ugIL ug/L 

. 3700 610 

2000 d 5.00 4.10 



a a 

11/16100 

SAMPLE NUMBER: 05MW061 

LOCATION: 05MWOOI 

DATA SOURCE: Monitoring Well 

SAMPLE DATE: 09/13/00 

INORGANICS ugll 

aluminum nfa 

barium nla 

calcium nfa 

lead nfa 

magnesium nla 

manganese nla 

sodium nla 

VOLATilES ugiL 

acetone 2.2 J 

methylene chloride 10 U 

toluene 10 U 

• 

COMPARISON OF GROUNDWATER ANALYTICAL DATA TO SCREENING VALUES· Site 05 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

05MW061 05MW06S 05MWOOS 05MW06S 

05MW061 05MW06S 05MWOOS 05MW06S Maximum 

Contaminant 
Monitoring We!! MonitOring Well Monitoring Well MonitOring Well level (Mel) 

09/20191 00125i97 09120191 09/13100 

ugfL ug/l ugfl ugll ug/l 

nfa 68.3 B nla nla -
nla 111 nfa nla 2000 

nla 7320 nfa nla -
nfa 2.8 B nfa nla 1S.0 

nfa 3410 n/a nla -
nla 14.2 K nla nfa -
nfa 8510 nla nfa -

uglL ugll uglL ugiL uglL 

10 U 10 U 10 U 2 J -
5 U 16 B 5 U 10 U 5.00 

1 B 10 U 5 U 10 U 1000 

• 

Page 7 

SCREENING VALUES 

Drinking Water PACEP Risk-Based 

Health Advisory Groundwater Concentration 

(Lowest Criterion MSC (res.) for Tap Wa!er 

Shown) <2500 TDS Consumption 

uglL ug/l ugfL 

- - 37000 

700 2000 2600 

- - -
- 5.00 15.0 

- - -
- - 730 

- - -
uglL ugll ug/l 

- 3700 610 

2000 d 5.00 4.10 

1000 a 1000 750 

• 
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• 11/16/00 

SAMPLE NUMBER: 05MW071 

LOCATION: OSMW071 

DATA SOURCE: Monitoring Well 

SAMPLE DATE: 06/23197 

INORGANICS ug/L 

barium 460 

calcium 35600 

iron 90.3 

lead 18.1 E 

magnesium 6980 

manganese 142 

potassium 2330 

sodium 10000 

zinc 5 U 

SEMIVOLA TILES ug/L 

bis(2-ethylhexyl)phthalate 10 U 

di-n-butyl phthalate 3 B 

VOLATILES ug/L 

1,1,1-trichloroethane 10 U 

1,1-dichloroethane 10 U 

1,1-dichloroethene 10 U 

acetone 10 U 

methylene chloride 6 B 

toluene 10 U 

trichloroethane 10 U 

PESTICIDESfPCBS ugfL 

dieldrin 0.1 U 

• TABLE4~17 

COMPARISON OF GROUNDWATER ANALYTICAL DATA TO SCREENING VALUES· Site 05 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

05MW071 05MW071 05MW07S 05MW07S 

05MW071 OSMW071 05MW07S 05MW07S Maximum 

Contaminant 
Monitoring Well Monitoring Well Monitoring Well Monitoring Well Level (MCL) 

09/14/00 09/20191 06123197 09/20/91 

uglL ug/L uglL ug/L uglL 

n/a n/a 95.1 nfa 2000 

nfa n/a 24300 nfa . 
nfa nfa 71.8 nfa -
n/a nfa 1 U nfa 15.0 

n/a n/a 9850 nfa -
nfa n/a 6.4 K nla -
nla nfa 1500 U nfa -
nfa nfa 10700 nfa . 
nla nfa 24.1 B nla -

uglL ug/L ug/L ug/L ug/L 

nfa nla 6 B nfa 6.00 

nla n/a 3 B nfa -
ug/L ug/L ug/L ug/L ugfL 

3.3 J 6 10 U 2 J 200 

2.9 J 2 J 10 U 1 J -
5.4 E J 4 E J 10 U 5 U 7.00 

2.1 J 10 U 10 U 10 U -
10 U 3 B 6 B 5 U S.OO 

10 U 2 B 10 U 1 B 1000 

2.4 E J 2 E J 10 U S U 5.00 

ug/L ug/L ug/L ug/L ugfL 

n/a nfa 0.3 E n/a -

• 
Page 8 

SCREENING VALUES 

Drinking Water PADEP Risk·Based 

Health Advisory Groundwater Concentration 

(Lowest Criterion MSC (res.) for Tap Water 

Shown) <2500 TOS Consumption 

ug/L ug/L ug/L 

700 2000 2600 

· - . 
- - 11000 

- 5.00 15.0 

- - -
· - 730 

· - -
- . -

2000 a 2000 11000 

ug/L ugfL ug/L 

- 6.00 4.80 

- 3700 3700 

uglL ug/L ug/L 

200 a 200 3200 

- 27.0 800 

7.00 a 7.00 0.0440 

- 3700 610 

2000 d 5.00 4.10 

1000 a 1000 750 

- 5.00 1.60 

ug/L ug/L ugfL 

0.500 0.0410 0.00420 
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11/16100 

SAMPLE NUMBER: OSMW07S 

LOCATION: 05MW07S 

DATA SOURCE: Monitoring Well 

SAMPLE DATE: 09/14100 

INORGANICS ug/L 

aluminum nla 

barium nJa 

calcium nJa 

iron nfa 

lead nla 

magnesium nla 

manganese nla 

potassium n/a 

sodium wa 

zinc nla 

VOLATILES ugIL 

1,1,1 -trichloroethane 10 U 

acetone 2,1 J 

methylene chloride itl U 

• 

TABLE 4-17 

COMPARISON OF GROUNDWATER ANALYTICAL DATA TO SCREENING VALUES - Site 05 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

05MW081 05MWOSI-OUP 05M..,1I081 OSMIJ\'{)8S 

05MWOSI 05MW081 05MWOSI 05MW()8S Maximum 

Contaminant 
Monitoring Well MonitOring Well Monitoring Well Monitoring Well level (MCl) 

00123197 00123197 09115100 00125197 

ugll ugll ugll ug/l ug/l 

230 213 nJa 173 B -
372 378 nJa 75.9 2000 

35100 35100 nfa 27300 -
300 269 nla 256 -

1 B 1.2 B nla 1 U 15.0 

8560 8710 nla 6650 -
6.5 K 6.S K nla 51.1 -

1500 U 1500 U wa 2170 -
10100 10100 nfa 15100 -

34.8 K 24.9 B nfa 49.1 -
ug/l ugll ugll ug/L ug/L 

2 J 10 U 10 U 10 U 200 
10 U 10 U 3 J 10 U -
'7 B 6 B 10 U 16 B 5.00 

• 

Page 9 

SCREENING VALUES 

Drinking Water PACE? Risk-Based 

Health Advisory Groundwater Concentration 

(lowest Criterion MSC (res . .) for Tap Water 

Shown) <2500 TOS Consumption 

ugll ugll ugiL 

- - 31000 

700 2000 2600 

- - -
- - 11000 

- 5.00 15.0 

- - -
- - 130 

- - -
. - -

2000 a 2000 11000 

ugIl ugll ugll 

200 a 200 3200 

- 3700 610 

2000 d 5.00 4.10 

• 
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• 11/16100 

SAMPLE NUMBER: OSMW08S-DUP 

LOCATION: 05MW08S 

DATA SOURCE: Monitoring Well 

SAMPLE DATE: 09/15100 

INORGANICS uglL 

aluminum nla 

barium nla 

calcium nla 

chromium, total nla 

cobalt nla 

iron nla 

lead nla 

magnesium nla 

manganese nfa 

sodium nfa 

zinc nla 

VOLATILES uglL 

1.1.1-trichloroethane 10 U 

1.1-dichloroethane 10 U 

1.1-dichloroethene 10 U 

1 ,2-dichloroethene (total) nla 

acetone 2 J 

methylene chloride 10 U 

trichloroethene 10 U 

TA.4-17 

COMPARISON OF GROUNDWATER ANALYTICAL DATA TO SCREENING VALUES - Site 05 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

OSMW08S OSMW08S1 OSMW08S1 05MW091 

05MW08S 05MW08S 05MW08SI OSMW091 Maximum 

Contaminant 
Monitoring Well Monitoring Well Monitoring Well Monitoring Well Level (MGl) 

09115/00 09/1SI00 06123197 06123197 

uglL uglL uglL uglL ug/L 

nla nla 679 162 B -
nla nla 487 594 2000 

nla nla 39000 38400 -
nla nla 5 U 7.3 K 100 

nfa nfa 5 U 8.1 K -
nla nla 76S 450 -
nla nfa 1.5 B 2.2 B 15.0 

nla nla 8450 10100 -
nla nla 46.3 21.4 K -
nla nla 12400 10300 -
nla nla 24.9 B 27.7 K -

uglL ug/L ugfL ug/L ugIL 

10 U 1.9 J 10 U 38 200 

10 U 1.2 J 10 U 26 -
10 U 3.7 E J 10 U 37 E J 7.00 

nla nla 10 U 1 J 70.0 

2 J 1.6 J 10 U 10 U -
10 U 10 U 7 B 6 B 5.00 

10 U 1.5 J 10 U 15 E 5.00 

• 
Page 10 

SCREENING VALUES 

Drinking Water PADEP Risk-Based 

Health Advisory Groundwater Concentration 

(Lowest Criterion MSC (res.) for Tap Waler 

Shown) <2500 TOS Consumption 

ug/L ug/L ug/L 

- - 37000 

700 2000 2600 

- - -
* 1000 100 110 

- 2200 2200 

- - 11000 

- 5.00 15.0 

- - -
- - 730 

- - -
2000 a 2000 11000 

uglL ug/L uglL 

200 a 200 3200 

- 27.0 800 

7.00 a 7.00 0.0440 

a 70.0 a 70.0 55.0 

- 3700 610 

2000 d 5.00 4.10 

- S.oo 1.60 
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11/16/00 

SAMPLE NUMBER: 05MW091 

LOCATION: 05MW091 

DATA SOURCE: MonitOring Well 

SAMPLE DATE: 09121/00 

INORGANICS ug/l 

aluminum nla 

barium nla 

calcium nla 

chromium, total nla 

cobalt nla 

iron nla 

lead nla 

magnesium nla 

manganese nla 

potassium nla 

sodium nla 

zinc nla 

VOLATilES uglL 

i ,1 , i-trichloroethane 11 

1,1-dichloroethane 12 

1,1-dichloroethene 13 E 

1,2-dichloroethane 10 U 

1,2-dichloroethene (total) nfa 

benzene 10 U 

cis-1,2-dichloroethene 10 U 

methylene chloride 10 U 

tetrachloroethane Hl U 

trichloroethane 5.5 E J 

• 

TABLE 4-17 

COMPARISON OF GROUNDWATER ANALYTICAL DATA TO SCREENING VALUES - Site 05 

NASJRB, WillOW GROVE, PENNSYLVANIA 

05MW09S 05MW09S 05P.1W09SI 05MW09S1 

05MW09S 05MW()9S 05MW09S1 05MW09S1 Maximum 

Contaminant 
Monitoring Well Monitoring Well Monitoring Well Monitoring Well Level (Mel) 

00124197 09/2tlIOO 06123197 09121 100 

ugll ug/l 1.19/1.. ugfl.. ugll 

50 U nla 59.9 nla ~ 

143 nfa 401 nla 2000 

9650 nfa 26700 nla -
5 U nfa 6.9 K nla 100 

5 U nfa 18.8 K nla -
62.1 nfa 267 nla -
2.6 B nla 1 U nla 15.0 

3100 nfa 5460 nla -
148 nfa 244 nla . 

1680 nla 1500 U nla -
20700 nla 16100 nla -

13.7 B nla 37.6 K nla -
ug/L ugfL ug/l ugIL ugfL 

28 11 64 41 200 

27 12 42 E 35 E -
25 E J 20 E 53 E J 57 E 7.(10 

10 U 10 U 10 U 1.1 E J 5.00 
10 U nfa :3 J ilia 70.0 

10 U 1.2 E J :3 E J 10 U 5.00 

nfa 10 U nla 2.1 J 70.0 
4 B 10 U 7 B 10 U 5.00 

2 E J 1.6 E J 4 E J 2.9 E J 5.00 

17 E 8.2 E J 32 E 26 E 5.00 

• 
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SCREENING VALUES 

Drinking Water PADEP Risk-Based 

Health Advisory Groundwater Concentration 

(Lowest Criterion MSC (res.) for Tap Water 

Shown) <2500 TDS Consumption 

ugll ugfl ug/l 

- - 37000 

700 2000 2600 

· - . 
• 1000 100 110 

" 2200 2200 

- - 11000 

- 5.00 15.0 

- - -
· - 730 

· - -
- - -

2000 a 2000 11000 

ug/L ugll ugll 

200 a 200 3200 

- 27.0 800 

7.00 a 7.00 0.0440 

700 5.00 11120 

a 70.0 a 70.0 55.0 

200 5.00 0 .. 320 
! 

70.0 a 70.0 61.0 

2000 d 5.00 4.10 

10.0 a 5J1O 1.10 

- 5.00 1..60 

• 
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• 11/16/00 

SAMPLE NUMBER: OSMW101 

LOCATION: OSMW101 

DATA SOURCE: Monitoring Well 

SAMPLE DATE: 06124/97 

INORGANICS ugIL 

aluminum 50 U 

arsenic 1 U 

barium 403 

beryllium 1 U 

calcium 34500 

chromium, total S U 

cobalt S U 

copper 10 U 

iron 87.5 

lead 1 U 

magnesium 10900 

manganese 22.4 K 

nickel 20 U 

potassium 1630 

sodium 11600 

vanadium S U 

zinc 14.1 B 

SEMIVOLA TILES uglL 

bis(2-ethylhexyl)phthalate 10 U 

VOLATILES ug/L 

1,1,1-trichloroethane 18 

1,1,2-trichloroethane 10 U 

1,1-dichloroethane 9 J 

1,1-dichloroethene 12 E J 

1,2·dichloroethane 10 U 

acetone 10 U 

carbon tetrachloride 10 U 

cis·1,2-dichloroethene nla 

COMPARISON OF GROUNDWATER ANALYTICAL DATA TO SCREENING VALUES - Site 05 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

OSMW101 OSMW10S OSMW10S OSMW10S1 

05MW101 05MW10S 05MW10S 05MW10S Maximum 

Contaminant 
Monitoring Well Monitoring Well Monitoring Well Monitoring Well level (MCl) 

09/18/00 06124/97 09/15/00 09/18/00 

ug/L ug/L ugiL ug/L ug/L 

nla 6970 nla n/a · 
nla 2 E l n/a nla S.OO 

n/a 1430 E nfa n/a 2000 

nla 2.8 n/a nla 4.00 

n/a 16300 nla nla -
nla 40.8 nla nla 100 

nla 5.1 nfa nla · 
nla 20.8 B nfa nla 1300 

nla 7440 n/a nla · 
nla 19.9 B nla nla 1S.0 

nla 7220 nla nla · 
nfa 356 nla nla · 
nfa 74.3 nla nla -
nla 3770 nla nla · 
nla 29100 nla nla · 
nla S E nla nla · 
nla 457 nfa nla -

ugiL ug/L uglL ugiL ugiL 

nla 1 B nla nla 6.00 

uglL ugiL ug/L uglL ug/L 

5.5 J 13 4.8 J 120 200 

10 U 10 U 10 U 2.5 E J 5.00 

4.3 J 4 J 3 J 52 E -
7.6 E J 6 E J 7.3 E J 120 E 7.00 

10 U 10 U 10 U 2 E J 5.00 

2.3 J 10 U 1.8 J 2.S J -
10 U 10 U 10 U 19 E 5.00 

10 U nla 10 U 8.8 J 70.0 

• 
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SCREENING VALUES 

Drinking Water PADEP Risk·Based 

Health Advisory Groundwater Concentration 

(lowest Criterion MSC (res.) for Tap Water 

Shown) <2500 TDS Consumption 

ug/L ugiL ug/L 

· - 37000 

· 50.0 0.0450 

700 2000 2600 

30000 4.00 73.0 

· - . . 1000 100 110 

· 2200 2200 

· 1000 1500 

· . 11000 

· 5.00 1S.0 

- . . 
- - 730 

100 a 100 730 

- - -
- - -
- 2.10 260 

2000 a 2000 11000 

ug/L ug/L ugfL 

- 6.00 4.80 

ug/L ugiL uglL 

200 a 200 3200 

3.00 a 5.00 0.190 

. 27.0 800 

7.00 a 7.00 0.0440 

700 S.OO 0.120 

. 3700 610 

200 d S.OO 0.16() 

70.0 a 70.0 61.0 



4-97 

11/16100 

SAMPLE NUMBER: 05MW101 

LOCATION: 05MW101 

DATA SOURCE: Monitoring Well 

SAMPLE DATE: 06/24197 

VOLATILES ug/L 

methylene chloride 4 B 

tetrachloroethane 10 U 

trichloroethene 8 E J 

PESTICIDESIPCBS uglL 

dieldrin 0.1 U 

• 

TABLE4~17 

COMPARISON OF GROUNDWATER ANALYTICAL DATA TO SCREENING VALUES 0 Site 05 

NASJRB. WILLOW GROVE, PENNSYLVANIA 

05MW101 05MW10S 05MW10S 05MW10S1 

05MW101 05MW10S C5MW10S 05MW10S Maximum 

Contaminant 
Monitoring Well Monitoring Well Monitoring Well Monitoring Well level (Mel) 

09/18100 00124197 09/15100 09118100 

ugiL ugiL ug/L ugiL ugiL 

10 U 17 B 10 U HI U 5.00 

10 U 10 U 10 U IH E J 5.00 

2.5 E J 5 E J 2.8 E J 68 E 5.00 

ugiL ugiL ugll ugIL ugIL 

nla 0.09 E J nla nla -

• 
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SCREENING VALUES 

Drinking Water PACEP Risk-Based 

Health Advisory Groundwater Concentration 

(Lowest Criterion MSC (res.) for Tap Water 

Shown) <2500 TOS Consumption 

ugiL ugiL ug/L 

2000 d 5.00 4.10 

10.0 a 5.00 1.10 

- 5.00 1.60 

ugll ugiL ugll 

0.500 0.0410 0.00420 

• 
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• 11/16/00 

SAMPLE NUMBER: 

LOCATION: 

DATA SOURCE: 

SAMPLE DATE: 

INORGANICS 

aluminum 

antimony 

arsenic 

barium 

beryllium 

cadmium 

calcium 

chromium, total 

cobalt 

copper 

cyanide 

iron 

magnesium 

manganese 

mercury 

nickel 

potassium 

sodium 

vanadium 

zinc 

VOLATILES 

1,1,1-trichloroethane 

1,1-dichloroethane 

1,1-dichloroethene 

1,2-dichloroethene (total) 

acetone 

benzene 

chlorobenzene 

05MW10S1 

OSMW10S1 

Monitoring Well 

06/24197 

ug/L 

101 

20 U 

1 U 

354 

1 U 

5 U 

32100 

5 U 

5 U 

10 U 

5 U 

263 

6550 

75.7 

0.2 U 

20 U 

1500 U 

17700 

5 U 

17.6 B 

ug/L 

140 

45 E 

120 E J 

6 J 

10 U 

10 U 

10 U 

COMPARISON OF GROUNDWATER ANALYTICAL DATA TO SCREENING VALUES· SIte 05 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

05MW111 05MW111 05MW11S 05MW11S 

OSMW111 05MW11 I OSMW11S 05MW11S Maximum 

Contaminant 
Monitoring Well Monitoring Well Monitoring Well Monitoring Well Level (MCl) 

OS128198 09/13/00 05/28198 09/12100 

ug/L uglL ug/L uglL ug/L 

387 nla SO.2 nla -
1.9 B nla 1.9 B nla 6.00 

2.3 U nla 3.3 E nla S.OO 

201 nfa 98.3 nfa 2000 

0.47 K nfa 0.62 K nfa 4.00 

0.21 L nla 0.31 L nla 5.00 

64100 nla 14200 nla -
8.4 K nla 1.8 K nla 100 

3 nla 0.87 K nla · 
4.4 nla 1.8 K nla 1300 

10.3 n/a 10 U nla 200 

769 nla 83.5 nla · 
13300 nla 3030 nla · 

185 nla S K n/a · 
0.1 nla 0.1 U nla 2.00 

6.5 nfa 4 nla -
7640 nla 842 nla -

19000 nla 10100 nla -
0.5 B nla 0.5 8 nla -

34.3 nla 28.7 nla -
ug/L ugIL uglL uglL ug/L 

10 U 10 U 10 U 10 U 200 

10 U 10 U 10 U 10 U -
10 U 10 U 10 U 10 U 7.00 

10 U nla 10 U nla 70.0 

6 8 2.5 J 6 B 14 -
10 U 1.2 E J 10 U 10 U S.OO 

10 U 1.3 J 10 U 10 U . 

• 
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SCREENING VALUES 

Drinking Water PADEP Risk-Based 

Health Advisory Groundwater Concentration 

(Lowest Criterion MSC (res.) for Tap Water 

Shown) <2500 TOS Consumption 

ug/L ug/L ug/L 

- - 37000 

6.00 a 6.00 1S.0 

- SO.O 0.0450 

700 2000 2600 

30000 4.00 73.0 

5.00 a 5.00 18.0 

· - · 
• 1000 100 110 

· 2200 2200 

· 1000 1 SOD 

200 200 730 

· · 11000 

· · · 
· · 730 

2.00 2.00 3.70 

100 a 100 730 

- · · 
- - -
· 2.10 260 

2000 a 2000 11000 

ug/L ug/L ug/L 

200 a 200 3200 

· 27.0 800 

7.00 a 7.00 0.0440 

a 70.0 a 70.0 5S.0 

- 3700 610 

200 5.00 0.320 
. 100 110 



- - 

11/16/00 

SAMPLE NUMBER: 05MW10S1 

LOCATION: 05MW10Sl 

DATA SOURCE: Monitoring Well 

SAMPLE DATE: 06124197 

VOLATILES ugil 

chloroform 10 U 

methylene chloride 20 B 

tetrachloroethene 8 E J 

toluene 10 U 

trichloroethene 75 E 

xylenes, total 10 U 

PESTICIDESIPCBS ugIL 

Aroclor-1221 :2 UJ 

dieldrin 0.1 UJ 

endrin aldehyde 0.1 UJ 

gamma-chlordane 0.05 UJ 

heptachlor 0.05 UJ 

• 

TABLE 4-17 

COMPARISON OF GROUNDWATER ANALYTICAL DATA TO SCREENING VALUES· Site 05 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

05MW111 OSMW111 OSMW11S 05MW11S 

05MW111 05MW111 05MW11S 05MW11S Maximum 

Contaminant 
Monitoring Well Monitoring Well Monitoring Well Monitoring Well level (Mel) 

05128198 09113100 05128198 09/12100 

ugll ug/L ugJl ugiL ugiL 

10 U 1 E J 10 U 10 U so.a 
2 B 1.3 J 3 B 10 U S.OO 

10 U 10 U 10 U 10 U S.OO 

10 U 1.2 J 10 U 10 U 1000 

10 U 1.2 J 10 U 10 U 5.00 

10 U 1.4 J 10 U 10 U 10000 

ugiL ugiL uglL ug/L uglL 

2 U nla 0.98 B nla 0.500 

0.1 U n/a 0.0051 E J nfa -
0.021 8 n/a 0.054 B nfa 

0.0049 J nla 0.05 U nla 2.00 

0.014 B nla 0.02 B nla 0.400 

• 
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SCREENING VALUES 

Drinking Water PADEP Risk-Based 

Health Advisory Groundwater Concentration 

(lowest Criterion MSC (res.) for Tap Water 

Shown) <2500 TDS Consumption 

ugiL ugiL ugll 

4000 100 0.150 

2000 d 5.00 4.10 

10.0 a 5.00 1.10 

1000 a 1000 750 

. 5.00 1.60 

10000 a 10000 12000 

uglL uglL ugIL 

- 1.30 0.0330 

0.500 0.0410 0.00420 

11.0 

60.0 2.00 0.190 

10.0 0.400 0.0150 

• 
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• 11/16/00 

SAMPLE NUMBER: 

LOCATION: 

DATA SOURCE: 

SAMPLE DATE: 

INORGANICS 

aluminum 

antimony 

barium 

beryllium 

cadmium 

calcium 

chromium. total 

cobalt 

copper 

cyanide 

iron 

lead 

magnesium 

manganese 

nickel 

potassium 

selenium 

sodium 

vanadium 

zinc 

VOLATILES 

1,1,1-trichloroethane 

1,1-dichloroethane 

1 ,1-dichloroethene 

acetone 

cis-1,2-dichloroethene 

methylene chloride 

tetrachloroethene 

05MW11S1 

OSMW11S1 

Monitoring Well 

05128198 

ug/L 

105 

1.9 B 

170 

0.51 K 

0.22 L 

15300 

0.9 U 

0.93 K 

1.6 K 

10 UJ 

320 J 

1.2 U 

3010 

15.3 

3 

869 

3.5 UL 

10600 

0.5 B 

24.4 

ug/L 

10 U 

10 U 

10 U 

10 U 

nfa 

2 B 

10 U 

TA'4-17 

COMPARISON OF GROUNDWATER ANALYTICAL DATA TO SCREENING VALUES - Site 05 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

05MW11 SI-DUP 05MW11S1 OSMW121 OSMW121-DUP 

05MW11S1 05MW11S1 05MW121 05MW121-DUP Maximum 

Contaminant 
Monitoring Well Monitoring Well Monitoring Well Monitoring Well Level (MCl) 

05/28/98 09/12100 09/21100 09/21100 

ug/L ug/L ug/L ug/L ug/L 

73.9 nla nla nfa -
1.9 B nfa nla nla 6.00 

166 nla 125 B 125 B 2000 

0.59 K nla nla nla 4.00 

0.25 l nla 0.49 U 0.49 U 5.00 

15000 nla nla nfa -
0.9 U nla 1.3 B 1.4 B 100 

0.6 B nfa nla nfa . 
1.5 K nfa nla nla 1300 

160 J nla nla nla 200 

253 J nla nla nla -
1.2 U nla 2.3 B 2.7 B 15.0 

2930 nla nla nla -
13.9 nla nla nla -
2.2 nla nla nla -

837 nfa nla nfa -
3.5 UL nfa 2.9 B 2.1 U 50.0 

10400 nla nfa nla -
0.5 B nla nfa nla -

21 nla nla nfa -
ug/L ug/L ug/L ug/L ug/L 

10 U 10 U 5.4 J 5.3 J 200 

10 U 10 U 9.5 J 12 -
10 U 10 U 4.5 E J 4.2 E J 7.00 

6 B 10 U 10 U 3.1 J -
nfa 10 U 2.4 J 2.2 J 70.0 

2 B 10 U 10 U 10 U 5.00 

10 U 10 U 2.9 E J 2.8 E J 5.00 

• 
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SCREENING VALUES 

Drinking Water PADEP Risk-Based 

Health Advisory Groundwater Concentration 

(lowest Criterion MSC (res.) for Tap Water 

Shown) <2500 TOS Consumption 

ug/L ugIL ug/L 

- - 37000 

6.00 a 6.00 15.0 

700 2000 2600 

30000 4.00 73.0 

5.00 a 5.00 18.0 

- - -
* 1000 100 110 

- 2200 2200 

- 1000 1500 

200 200 730 

- - 11000 

- 5.00 15.0 

- - -
- - 730 

100 a 100 730 

- - -
50.0 a 50.0 180 

- - -
- 2.10 260 

2000 a 2000 11000 

ug/L ug/L ugfL 

200 a 200 3200 

- 27.0 800 

7.00 a 7.00 0.0440 

- 3700 610 

70.0 a 70.0 61.0 

2000 d 5.00 4.10 

10.0 a 5.00 1.10 
...,..~,'. 
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4-101 

11/16100 

SAMPLE NUMBER: 05MW11SI 

LOCATION: 05MW11S1 

DATA SOURCE: Monitoring Well 
SAMPLE DATE: 05/213198 

VOLATILES ugll 
trichloroethene 10 U 

PESTICIDESIPCBS ug/l 
Aroclor-1221 2 U 
dieldrin 0.1 U 
endrin aldehyde 0.1 U 
heptachlor 0.0046 B 

• 

TABlE4M11 
COMPARISON OF GROUNDWATER ANALYTICAL DATA TO SCREENING VALUES - Site 05 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

05MW11 SI·DUP 05MW11S1 05MW121 OSMW121-0UP 
05MW11S1 05MW11S1 05MW121 05MVJ121-DUP Maximum 

Contaminant Monitoring Well Monitoring Well Monitoring Well Monitoring Well level (MCl) 
05128198 09112100 09/21/00 09121/00 

ugll ugll ugll ugll uglt 
10 U 10 U 2.9 E J 2.8 E J 5.00 

uolt ugll ug/l ugll uglL 
1.2 B n/a nla nla 0.500 
0.004 J nla nfa nla -
0.11 B nla nla nla 
0.058 B nla nfa n/iii 0.0400 

• 
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SCREENING VALUES 

Drinking Water PAOEP Risk-Based 
Health Advisory Groundwater Concentration 

(Lowest Criterion MSC(res.) for Tap Water 
Shown) <2500 TOS Consumption 

ugll ugIL ugll 

- 5.00 1.60 

uglL ugll ug/l 

- 1.30 0.0330 
0.500 0.0410 0.00420 

11.0 

10.0 Q.4oo 0.0150 

• 
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• • TABLE 4-17 

COMPARISON OF GROUNDWATER ANALYTICAL DATA TO ARARs AND TeCs - SITE 05 

NASJRB, WILLOW GROVE, PENNSYLVANIA 

Footnotes to sample results: 

U - Compound or element was not detected. Value is the detection limit Onorganics) or quantitation limit (organics). 

UJ - Not detected. Detection limit or quantitation limit shown is considered estimated due to exceedance of data validation quality control criteria. 

UL - Not detected. Detection limit or quantitation limit shown is considered biased low due to exceedance of data validation quality control criteria. 
nla - Constituent was not analyzed for in this sample. 

B - (Organic Data). Value is considered a nondetected result due to blank contamination. 

B - (Inorganic Data). Value is greater than the Instrument Detection Limit (IDL), but less than the Contract Required Detection Limit (CRDL). 

J - Value is estimated because concentration is below the quantitation limit or because of exceedance of data validation quality control criteria. 
L - Value is considered biased low because of exceedance of data validation quality control criteria. 

K - Value is considered biased high because of exceedance of data validation quality control criteria. 
E - Result exceeds one or more of the selected ARARs . 

Footnotes to MCLs: 

- No standard is available for this chemical in this classification. 
a - Where applicable, value(s) represent the more stringent of criteria for total, cis-, and trans- isomers. 
* - Criteria are for total chromium. 
** - Copper action level 1300 ug/L for water treatment technology for public water supply systems. 
*** - Lead action level 15 ug/L for water treatment technology for public water supply systems. 

Footnotes to Health Advisories: 

- No standard is available for this chemical in this classification. 

a - The listed health advisory criterion, lifetime adult, is equal to the most stringent of the EPA health advisories for this chemical. 

b - The listed health advisory criterion, long-term adult, is equal to the most stringent of the EPA health advisories for this chemical. 

C - The listed heaHh advisory criterion, one-day child, is equal to the most stringent of the EPA health advisories for this chemical. 

d - The listed health advisory criterion, ten-day child, is equal to the most stringent of the EPA health advisories for this chemical. 

e - The listed health advisory criterion, long-term child, is equal to the most stringent of the EPA heaHh advisories for this chemical. 

Footnotes to PADEP Criteria: 

MSC - Medium-Specific Concentration. 

• 
PAGE 18 
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TABLE 4-17A 
NATURAL ATTENUATION PARAMETER RESULTS 

SITE 5 - FIRE TRAINING AREA 
NASJRB WILLOW GROVE 

H CO2 0 Nitratrogen-' Methane Ethane Ethene pH" 
Well (nM/L) (mg/L mg/L (mg/L) (u/L) 
05MW01S 6.4 128.4 1.09 10.4 15.8 
05MWOiSI 8.8 71.9 0.75 13.6 0.3 
05MW011 8.0 6.3 3.15 14.0 nd 
05MW03S 4.1 23.2 5.3 8.0 nd 
05MW031 3.4 45.6 2.92 11.5 nd 
05MW04S 7.1 38.2 5.07 10.5 nd 
05MW041 7.0 55.1 4.00 14.4 nd -_ .. 
05MW05S S** 76.2 2.31 11.1 nd 
05MW06S S 95.6 2.46 11.7 nd 
05MW061 S 8.8 2.12 11.4 161.9 

05MW07S S 119.1 0.64 9.4 nd 

05MW071 S 21.8 1.95 13.3 1.5 
05MW08S S 122 0.86 10.8 nd 
05MW08S1 S 67.2 0.82 11.7 nd 
05MW081 S 16.1 2.33 10.9 nd 
05MW09S 11.1 174.9 0.36 11.5 0.8 
05MW09S1 6.6 90.5 0.73 12.5 nd 
05MW091 7.0 21.8 1.92 12.8 nd 
05MW10S S 192.9 0.52 9.7 2~8 

05MW10S1 S 58.2 1.06 11.4 nd -
05MW101 S 6,5 3.89 16,8 nd 
05MW11S 1.8 100.4 0.21 11.3 nd 
05MW11S1 2.5 83.5 3.05 8.5 nd 

'_U"p_ 

05MW11T S 1.7 1.09 13 1.3 
05MW121 9.9 55.0 3.30 12,7 nd -
Criteria (US EPA, 1998) 
=--:--" > 1 > 2 x backgr <: 0.5 < 1 > 0.5 

-
Tolerated 

Score 3 1 3 2 3 
not tolerated < 1 >5 > 1 <: 0.5 

Score VC oxid. -3 o VC oxid. 

*pH data from Groundwater Sample Log Sheet (September 2000) 
**S Compound saturated detector, actual result> 50 nM/l 
nd - not detected 

4-103 

.. 
(ug/L) (ug/L) 

0.03 0.0'5 5.8 
nd -'-'--0.02 6.2 

"._b ... 

nd nd 7.3 
--" nd nd 5.5 

0.01 0.01 6.1 
nd 

_. 
nd 

-~-;;;c 

5.2 
..... b __ 

nd nd 6.0 ._. 
nd nd 5.9 
nd nd 5.4 
nd nd 7.6 
nd 0.01 5.7 
nd nd 6.8 
nd nd 5.7 
rid nd 

.. --~ 
6.4 

nd nd 6.8 
0 .. 01 0.05 5.4 

nd 0.02 6.2 
0.01 0.01 6.9 

nd 0.01 5.5 
0.01 0.01 6.5 
0.01-- 0.02 7.3 

nd 0:01 5.5 
nd 

- nd 

~~:~~ rid nd 
nd nd 

;;. 0.1 1>"0.01 5<pH<9 

3 2 0 
5>pH>9 

... :::z-

• 

• 

• 



Of,MW 1 ZI 
N 

.-j 

l-l 1 ,l-dichloroethene 
tetrachloroethene 

/ i 

OSMWOIS 
. l- 

Of,MWO:11 

1,l dchloroethene 35 J 
tetrachloroethene 2 J 
tnchloroethene 25 J Y 

1 ,l ,l-trichloroethane 2550 
1 ,1,2-trichloroethane 40 J 
1 ,l -dichloroethane 605 
1 ,l-dichloroethene 565 
1,2-dichloroethane 6.5 
1,4dichlorobenzene 10.5 
benzene 55.5 J 
chloroform 0.6 J 
cis-1,2dichloroethene 455 
methylene chloride 3.0 
tetrachloroethene 83 J 
trichloroethene 815 

Of,M W I OS 

1,l -dichloroethene 7.3 J 
trichloroethene 2.8 J 

Of)M W I OSI 

1 ,1.2-tnchloroethane 25J 
1 ,ld~chloroethane 52 
1 .l-dichloroethene 120 
1.2-dlchloroethane 2 J 
carbon tetrachloride 19 
tetrachloroethene 875 
tnchloroethene 68 

/ 
. _ 1 trichloroethene 29 I- 

05MW091 

trichloroethene 5.5 J -- _ ’ 

05MW09S 

l,l-dichloroethene 
benzene 
tetrachloroethene 
tnchloroethene 

20 
1.2 J 
1.6 J 
8.2 J 

05MW09SI 

1 ,I dichloroethane 
l,l-dichloroethene 
1,2dichloroethane 
tetrachloroethene 
trichloroethene 

35 
57 

1.1 J 
2.9 J 

26 

Of,M W I I I 

benzene 1.2 J 
chloroform 1 J 

IOTE: All Concentrations are in ugk. 
100 Feet 

CONTRACT NUMBER OWNER NUMBER 

.cn-~ 5 - FIRE TRAINING AREA 

R.E.T. 

APPROWED 6Y 

DATE 

- 

DATE 

I I 1 I I I 
.s..-- . 

-  ̂
NASJRB WILLOW GROVE 

- - 
SCALE DRAWING NO REV 

D:IGISI5466k101 apr-FIG4-10A SnlOl LDL 

05MW031 

1,1-dlchloroethane 
1,1-dichloroethane 
tetrachloroethane 
trichloroethane 

29 
25 

2.2 J 
18 

05MWIOI 

1,1-dichloroethene 7.6 J 
trichloroethane 2.5 J 

05MW051 

1,1-dlchloroethane 9.2 J 
trichloroethane 2.9 J 

05MW10S 
1,1-dlchloroethene 
trichloroethene 

05MW10S1 

1,1,2-trichloroethane 
1,1-dlchloroethane 
1,1-dlchloroethane 
1,2-dlchloroethane 
carbon tetrachloride 
tetrachloroethene 
trichloroethane 

/1 

7.3 J 
2.8 J 

2.5J 
52 

120 
2 J 

19 
8.7 J 

68 

/ 
/ 

/ 

05 MW 121 

1,1-dlchloroethene 
tetrachloroethane 2.9J 4.4J Zr" 

L..----------,..------';S6':l - - - -:....:-=~5;",,:~=-W=-O....;;;;;"""S-=----...,. - - - -

VI I 

~ 

) 

[} 
I r 

05MW071 
1,1-dlchloroethene 5.4 J 

tetrachloroethene 5.6 J 

05MW01S[ 

1,1-dichloroethane 
1,1-dichloroethene 
tetrachloroethene 
trichloroethene 

54 
43 

4.2 J 
29 

.. ·----~·60-/-·---.. -.. ~ .. :_,-.-... -.... --.: .. , .. -. 

05MW09[ 

1,1-dichloroethane 
trichloroethene 

3 trlchloroethene 2.4 J --- '55 """--_______ ---' 

05MW111 

1.2 J 
1 J 

05MW01S 

1,1,1-trichloroethane 
1,1,2-trichloroethane 
1,1-dichloroethane 
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Shallow Groundwater Zone 

The shallow groundwater zone is represented by the monitoring wells that are screened across or just 

below the water table. The highest concentrations of VQCs in the shallow groundwater zone occur at 

cluster 05MW01, where the total VOC concentration exceeds 5,200 ug/L. The groundwater at this 

location has been impacted by a suite of chlorinated solvents (Fig. 4-10 tag map) that exceed screening 

levels, including 1 ,l ,l-TCA (2,700 ug/L; TCE (890 ug/L); 1 ,l-DCA (620 ug/L); 1 ,l -DCE (600 ug/L): cis- 

1,2-DCE (460 ugJL); PCE (87 ug/L); 1 ,1,2-TCA (42 ug/L); and 1,2-DCA (13 ug/L, Other VOCs were 

relatively rare, with only benzene (58 ug/L) exceeding screening levels. 

The concentrations of VOCs in the shallow groundwater zone rapidly decrease downgradient from 

05MWOl (Figure 4-l 1). The total VOC concentration is 54 ugJL at monitoring well location 05MWQ9, 

including screening level exceedances of 1 ,l-DCE (20 ug/L); TCE (8.2 ug/L); PCE (1.6 ug/L); and 

benzene (1.2 ugJL). The total VQC concentration is 18 ug/L at monitoring well location 05MW10, 

including a screening level exceedance of 1 ,l-DCE (7.3 ug/L). VOCs were not detected in any other 

downgradient shallow monitoring wells. 

Intermediate Groundwater Zone 

The intermediate groundwater zone is represented by the monitoring wells that are screened within the 

elevation interval of approximately 237 to 298 feet amsl. The VOCs within the intermediate groundwater 

zone have a wider horizontal or lateral distribution than the VOCs at the water table (Fig, 4-12). The 

highest concentrations of VOCs in the intermediate groundwater zone occur at cluster 05MW 10, where 

the total VOC concentration is 401 ug/L. Screening level exceedances at this location include l,l-DCE 

(120 ug/L); 1 ,l -DCA (52 ug/L); carbon tetrachloride (19 ug/L); 1 ,1,2-TCA (2.5 ug/L); and 1,2-DCA (2 

ug/L). The monitoring well in the most distal portion (furthest downgradient) portion of the VOC plume 

within the intermediate zone (05MW04) contains a total VOC concentration of 129 ug/L, including 

screening level exceedances of 1 ,I-DCA (29 ug/L); I,l-DCE (25 ug/L); PCE (2.2 ugJL); and TCE (18 

ug/L). 

Deep Groundwater Zone 

The deep groundwater zone is represented by the monitoring wells that are screened within the elevation 

interval of approximately 169 to 256 feet amsl, or about 96 to 209.5 feet below ground surface. The 

highest concentrations of VOCs in the deep groundwater zone occur at cluster 05MWO9, where the total 

VOC concentration is 41.5 ugfl. Screening level exceedances at 05MW09 include 1 ,I-DCE (13 ug/L) 

and TCE (5.5 ug/L). Other screening level exceedances within the deep groundwater zone occur at 
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Shallow Groundwater Zone 

The shallow groundwater zone is represented by the monitoring wells that are screened across or just 

below the water table. The highest concentrations of VOCs in the shallow groundwater zone occur at 

cluster 05MW01, where the total VOC concentration exceeds 5,200 ug/L. The groundwater at this 

location has been impacted by a suite of chlorinated solvents (Fig. 4-10 tag map) that exceed screening 

levels, including 1,1,1-TCA (2,700 ug/L; TCE (890 ug/L); 1,1-DCA (620 ug/L); 1,1-DCE (600 ug/L); cis-

1,2-DCE (460 ug/l); PCE (87 ug/L); 1,1,2-TCA (42 ug/L); and 1,2-DCA (13 ug/L. Other VOCs were 

relatively rare, with only benzene (58 ug/L) exceeding screening levels. 

The concentrations of VOCs in the shallow groundwater zone rapidly decrease downgradient from 

05MW01 (Figure 4-11). The total VOC concentration is 54 ug/L at monitoring well location 05MW09, 

including screening level exceedances of 1, i-DCE (20 ug/L); TCE (8.2 ug/L); PCE (1.6 ug/L); and 

benzene (1.2 ug/l). The total VOC concentration is 18 ug/l at monitoring well location 05MW10, 

including a screening level exceedance of 1,1-DCE (7.3 ug/l). VOCs were not detected in any other 

downgradient shallow monitoring wells. 

Intermediate Groundwater Zone 

The intermediate groundwater zone is represented by the monitoring wells that are screened within the 

elevation interval of approximately 237 to 298 feet amsl. The VOCs within the intermediate groundwater 

zone have a wider horizontal or lateral distribution than the VOCs at the water table (Fig. 4-12). The 

highest concentrations of VOCs in the intermediate groundwater zone occur at cluster 05MW 1 0, where 

the total VOC concentration is 401 ug/L. Screening level exceedances at this location include 1, i-DCE 

(120 ug/L); 1, i-DCA (52 ug/L); carbon tetrachloride (19 ug/l); 1,1,2-TCA (2.5 ug/l); and 1,2-DCA (2 

ug/L). The monitoring well in the most distal portion (furthest downgradient) portion of the VOC plume 

within the intermediate zone (05MW04) contains a total VOC concentration of 129 ug/L, including 

screening level exceedances of 1,1-DCA (29 ug/L);l,1-DCE (25 ug/L); PCE (2.2 ug/L); and TCE (18 

ug/l). 

Deep Groundwater Zone 

The deep groundwater zone is represented by the monitoring wells that are screened within the elevation 

interval of approximately 169 to 256 feet amsl, or about 96 to 209.5 feet below ground surface. The 

highest concentrations of VOCs in the deep groundwater zone occur at cluster 05MW09, where the total 

VOC concentration is 41.5 ugll. Screening level exceedances at 05MW09 include 1, 1-DCE (13 ug/L) 

and TCE (5.5 ug/L). Other screening level exceedances within the deep groundwater zone occur at 
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05MW05, with 1, i-DCE (9.2 ug/L) and TCE (2.9 ll~I/L), anci at 05MWl O. with 1, i-DCE (7.6 ug!L) and TCE 

(2.5 ug/L). 

Discussion 

The distribution of the VOCs in grollnclwater and the geometry of the groundwater plume are consistent 

with the groundwater flow directions as interpreted by the 3-dimeng1onal distribution of hydraulic head, 

indicating that the VOCg are principally migrating via advection as a dissolved phase within the 

groundwater. Two hydrogeologic cross-sections (Figs. 4-4 and 4-5) were constructed to investigat€;) Ule 

3-dimensionai distribution and migration of the groundwater and VOCs. 

The cross-sections indicate that the highest concentrations 0'1 VOCg at Site 5 occur at the water table in 

the vicinity of monitoring well cluster 05MW01. This observation is consistent with the detections of VOCs 

in thlO) soils at this location, and indicates that the source of the vac plume is in this area. The vertical 

distribution of hydraulic tload (Fig. 4-4) indicates that the vertical hydraulic ~Iradient is oriented downward 

and is steeper than the horizontal gradient. Therefore, as the plume migrates laterally in a generaliy 

southward direction away from the source area at 05MW01, it also is migrating downward within the 

aquifer at a relatively rapid rate. This interpretation is consistent with the observation (discussed above) 

that the lateral extent of the vac plume at the water table is largely restricted to the immediate vicinity of 

the source area. 

The lateral extent of the vacs increases across the site within the intermediate groundwater zone (Figs 

4-5 and 4-12). Overall, the concentrations of the VOCs are lower than the concentrations detected within 

the shallow groundwater zone, which is consistent with the interpretation of an advective plume migrating 

laterally away and vertically downward from a shallow source area located in the vicinity of 05MW01 

(Figs. 4-4 anel 4-5). The groundwater plume within the intermediate groundwater zone chiefly migrates to 

the northwest, which is consistent with tile interpreted directions of groundwater flow throughout the site 

and the location of the source area relative to the position of the groundwater divide. NeittH'lr the lateral 

extent of the plume beyond monitoring well cluster 05MW04 (Fig. 4-12) nor the vertical extent 01 tile 

plume beneath 05f,,1W04 are currently defined. 

The lateral extent of the VOCs within the deep groundwater zone is generally similar to their extent within 

the intermediate zone, although there are less monitoring points within the deep zone. The 

concentrations of the VOCs within the deep groundwater zone are lower than the concentrations detected 

within the intermediate zone, which again is consistent with the interpretation of an advective plume 

migrating laterally away and vertically downward from a shallow source area located in the vicinity of 

05MW01. The vertical extent of contamination in the vicinity of tile source area appears to be wel!-
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defined, as the deep well at 05MWOl did not contain VQCs, and the deep wells immediately 

downgradient from the source area (05MW09 and 05MW10) contained VCCs at generally low 

concentrations that were significantly lower than the concentrations detected in the intermediate wells at 

those locations. 

Potential Effect of Geological Structure on Plume Migration 

Monitoring wells 05MW031 and 05MWl21 were installed to address regulatory concern regarding the 

potential effects of the geologic structure on the groundwater flow and plume migration. Specifically, EPA 

questioned if the dip of the bedrock to the northwest could cause a solvent DNAPL to migrate from the 

source area to the northwest. To investigate this hypothesis, the screens for monitoring wells 05MW031 

and 05MWl21 were installed just above a very fine-grained claystone unit that occurs beneath the source 

area near 05MWOl and dips to the northwest. The claystone was interpreted to have the highest 

potential of all the geologic units encountered during this investigation to function as a semi-confining to 

confining unit. 

The results of this investigation indicate that DNAPL is not migrating downdip along bedding planes from 

the source area. In addition, there are no indications that DNAPL exists either at, or downdip from, the 

source area. The hydrogeological and chemical data and observations used to reach these conclusions 

include: 

l Monitoring wells screened below the potential aquitards contain chlorinated solvents (Figs. 4-4 and 4- 

5), indicating that the geologic layers are not effectively retarding the migration of these chemicals. 

The gradational changes in chemical concentrations with depth appear to reflect typical attenuation 

and dilution processes rather than sharp changes across lithologic and hydrogeologic boundaries. 

l The concentrations of the solvents at the source area and in the downdip monitoring wells do not 

suggest the presence of a DNAPL. An examination of the analytical data from the September 2000 

sampling round and all of the historical data reveal that no compound approaches even one percent 

of its solubility in groundwater; the highest recorded concentration is for 1 ,I ,I-TCA (2,800 ugJL in 

1991). Even if the fine-grained units functioned as effective aquitards, the presence of a DNAPL 

would be required for the solvents to migrate as a separate phase along lithologic boundaries, rather 

than in a dissolved-phase plume migrating advectively with the groundwater. 

l There are no indications of potential DNAPL observed by the rig geologist during the drilling of the 

boreholes (e.g., elevated PID readings, sheen on discharge water), indicating that DNAPL was not 

migrating downdip along any lithologic surfaces other than those ultimately monitored. 
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defined, as the deep well at 05MW01 did not contain VOCs, and the deep wells immediately 

downgradient from the source area (05MW09 and 05MW10) contained VOCs at generally low 

concentrations that were significantly lower than the concentrations detected in the intermediate wells at 

those locations. 

Potential Effect of Geological Structure on Plume Migration 

Monitoring wells 05MW031 and 05MW121 were installed to address regulatory concern regarding the 

potential effects of the geologic structure on the groundwater flow and plume migration. Specifically, EPA 

questioned if the dip of the bedrock to the northwest could cause a solvent ONAPL to migrate from the 

source area to the northwest. To investigate this hypothesis, the screens for monitoring wells 05MW031 

and 05MW121 were installed just above a very fine-grained claystone unit that occurs beneath the source 

area near 05MW01 and dips to the northwest. The claystone was interpreted to have the highest 

potential of all the geologic units encountered during this investigation to function as a semi-confining to 

confining unit. 

The results of this investigation indicate that ONAPL is not migrating downdip along bedding planes from 

the source area. In addition, there are no indications that ONAPL exists either at, or downdip from, the 

source area. The hydrogeological and chemical data and observations used to reach these conclusions 

include: 

• Monitoring wells screened below the potential aquitards contain chlorinated solvents (Figs. 4-4 and 4-

5), indicating that the geologic layers are not effectively retarding the migration of these chemicals. 

The gradational changes in chemical concentrations with depth appear to reflect typical at~enuation 

and dilution processes rather than sharp changes across lithologic and hydrogeologic boundaries. 

• The concentrations of the solvents at the source area and in the downdip monitoring wells do not 

suggest the presence of a ONAPL. An examination of the analytical data from the September 2000 

sampling round and all of the historical data reveal that no compound approaches even one percent 

of its solubility in groundwater; the highest recorded concentration is for 1,1,1-TCA (2,800 ug/L in 

1991 ). Even if the fine-grained units functioned as effective aquitards, the presence of a ONAPL 

would be required for the solvents to migrate as a separate phase along lithologic boundaries, rather 

than in a dissolved-phase plume migrating advectively with the groundwater. 

• There are no indications of potential ONAPL observed by the rig geologist during the drilling of the 

boreholes (e.g., elevated PIO readings, sheen on discharge water), indicating that ONAPL was not 

migrating downdip along any lithologic surfaces other than those ultimately monitored . 
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Public: Supply Well: Horsham Township Municipal Authority No. 26 

Horsham Township Municipal Authority (HTMA) Well No. 26 lies approximately 1,800 feet southwest of 

the Site 5 source area near 05MW01. This well is reportedly 400 feet deep, and pumps at 11 rate of 

approximately 275 gpm. The well does not pump continuously; pumping cycles are triggered by demand 

and are controlled by the water levels in holding and storage tanks. The previous interpretations of the 

plume geometry at Site 5 indicated that the groundwater plume was generally migrating to the southwest, 

or toward the HTMA weH No. 26. although no chlorinated solvents had ever been reported from this wei!. 

Therefore, monitoring well cluster 05MW11 was installed downgradient of tl1e mapped plume, between 

the source area and the well, and as close to the base boundary as possible (the presence of subsurface 

utilities at the fence line prevented the installation of monitoring wells there). 

The subsurface conditions between the source area and cluster 05MW'11 are illustrated in the 

hydrogeologic cross-section (Fig. 4-4). Although the groundwater plume is presently interpreted to 

migrate principally to the northwest at depth (see Fig. 4-12), this hydrogeologic cross-section suggests 

that there is also a southwestward component of groundwater flow and plume migration. No VOCs were 

detected at cluster 05fli1W 11 in May 1998. shortly after the wells were instalied. During the September 

2000 sampling round, however, several VOCs were detected at low levels in the deep well at that cluster, 

including TCE (1.2 ug/L); xylene (1.4 ug/l); toluene (1.2 ug/L); benzene (1.2 ug/l); and chlorobenzene 

(1.3 ug/L). It cannot be stated for certain that the compounds detected at 05MW11 are from the source 

area at Site 5, although the compounds are similar (constituents of gasoline and solvents) to those found 

within the mapped groundwater plume. Also, if plume related, it is not known whether this southwestward 

component of plume migration is always present, or if it is a result of the temporary migration or 

movement of the groundwater divide in the intermediate groundwater zone relative to the position of the 

source area. The horizontal gradients within the intermediate zone are very low (Fi~!. 4-8), and relatively 

small changes in head at one or more locations could substantially alter the groundwater flow pattern. 

The hydraulic head within the deep aquifer zone in the vicinity of the source area is lower than the head 

within the intermediate zone, but ·the vertical gradient is relatively small. South of monitoring weI! cluster 

05MW10, however, the vertical gradient between the intermediate and deep zone increases markedly 

(Fig. 4-4). Originally, this increasing gradient was hypothesized to potentially represent a lowering of 

hydraulic head in response to the pumping of HTMA No. 26. To investigate this hypothesis. the Navy and 

the USGS conducted a 10n~j-terl11 water-level study at Site 5. HTMA No. 26 was shut down for a period of 

approximately two weeks. and water levels were monitored throughout Site 5, Site 2 (Antenna Field 

Landfill). and Site 3 (9"" Street Landfill), as well as selected off-base localities. Results reported by USGS 

(Appendix 0) indicate that the pumping of HTMA No. 26 does not influence the hydraulic head at Site 5. 
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That is, the pumping of HTMA No. 26 is not influencing the migration of the Site 5 groundwater plume, 

and is not pulling the plume toward the HTMA No. 26 well. This does not mean, however (as discussed 

above), that the plume may not be migrating towards the well at times under ambient hydraulic 

conditions, although the geometry of the plume (especially in the intermediate zone) would suggest that a 

northwestward migration of the plume is more typical. 

4.56 Conclusions 

Soil borings in the vicinity of well cluster 05MWOl and groundwater samples from this cluster show the 

highest levels of contamination at Site 5, with VOCs and other organic compounds present. These 

locations are near the former drum storage area and indicate that the site is a likely the historical source 

of BTEX, VOC, and PAH contamination. The VOCs in groundwater form a generally predictable pattern 

that is consistent with the conceptual model of a dissolved groundwater plume that is migrating 

advectively with the groundwater flow. In the shallow groundwater zone, the plume is concentrated in the 

vicinity of the source area near 05MWOl. In response to the downward vertical gradient in hydraulic 

head, the plume migrates relatively quickly into the intermediate groundwater zone, where it subsequently 

migrates chiefly to the northwest. There does appear to be a component of groundwater flow (and plume 

migration) to the southwest, or toward off-site supply well HTMA No. 26, although it is not known if this 

component of flow is constant or due to temporary variations in the groundwater flow patterns within the 

intermediate and deep groundwater zone. 

4.6 CONTAMINANT FATE AND TRANSPORT 

The principal contaminants associated with Site 5 are VOCs in groundwater, PAHs in soils and 

sediments, and PCBs in soils. Pesticides were detected in sediment samples but do not appear to be site 

related. 

4.6.1 Transport and Transformation of Detected Contaminants 

VOCs, such as the chlorinated aliphatics and monocyclic aromatics, released to soils quickly vaporize to 

the atmosphere or readily leach to groundwater. Adsorption to sediments and bioaccumulation in aquatic 

organisms are not important environmental fate processes. Hydrolysis and direct photodegradation are 

not significant degradation processes for most compounds of this class. 

Due to their large octanol-water partition coefficients, PAHs in the environment will partition primarily to 

soils and sediments. Leaching to groundwater is not an important transport pathway for PAHs. The 

principal mode of transport of PAH-contaminated soils is via overland transport of eroded soil particles 

NAVY/5466iSiteSRIISect4 4-112 

• 

• 

• 

That is, the pumping of HTMA No. 26 is not influencing the migration of the Site 5 groundwater plume, 

and is not pulling the plume toward the HTMA No. 26 well. This does not mean, however (as discussed 

above), that the plume may not be migrating towards the well at times under ambient hydraulic 

conditions, although the geometry of the plume (especially in the intermediate zone) would suggest that a 

northwestward migration of the plume is more typical. 
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highest levels of contamination at Site 5, with VOCs and other organic compounds present. These 

locations are near the former drum storage area and indicate that the site is a likely the historical source 

of BTEX, VOC, and PAH contamination. The VOCs in groundwater form a generally predictable pattern 

that is consistent with the conceptual model of a dissolved groundwater plume that is migrating 

advectively with the groundwater flow. In the shallow groundwater zone, the plume is concentrated in the 

vicinity of the source area near 05MW01. In response to the downward vertical gradient in hydraulic 

head, the plume migrates relatively quickly into the intermediate groundwater zone, where it subsequently 

migrates chiefly to the northwest. There does appear to be a component of groundwater flow (and plume 

migration) to the southwest, or toward off-site supply well HTMA No. 26, although it is not known if this 

component of flow is constant or due to temporary variations in the groundwater flow patterns within the 

intermediate and deep groundwater zone . 

4.6 CONTAMINANT FATE AND TRANSPORT 

The principal contaminants associated with Site 5 are VOCs in groundwater, PAHs in soils and 

sediments, and PCBs in soils. Pesticides were detected in sediment samples but do not appear to be site 

related. 

4.6.1 Transport and Transformation of Detected Contaminants 

VOCs, such as the chlorinated aliphatics and monocyclic aromatics, released to soils quickly vaporize to 

the atmosphere or readily leach to groundwater. Adsorption to sediments and bioaccumulation in aquatic 

organisms are not important environmental fate processes. Hydrolysis and direct photodegradation are 

not significant degradation processes for most compounds of this class. 

Due to their large octanol-water partition coefficients, PAHs in the environment will partition primarily to 

soils and sediments. Leaching to groundwater is not an important transport pathway for PAHs. The 

principal mode of transport of PAH-contaminated soils is via overland transport of eroded soil particles 

NAVY 15466/Site5RI/Sect4 4-112 



4-113 

during runoff. Microbia! degradation is the primary degradation mechanism affectinG! PAHs in soils. 

PCBs are extremely persistent in the environment. Due to such characteristics as thermal stabtlity, 

resistance to acids. bases, oxidants and hydrolysis, low aqueous solubility, and low vapor pressure, 

PCBs were widely used in many industria! applications. These same properties serve to make PCBs very 

stable in the environment. PCBs bind strongly to the organic fraction of so Us and sediments and are 

relatively immobile in soils. 

4.6.2 Review of Natural Attenuation Parameters 

The USEPA and many state agencies accept natural attenuation (NA} as a viable remedial alternative for 

appropriate sites. Consequently it is being considered as a remediation approach for many Navy sites, 

particularly where chlorinated solvents and/or petroleum hydrocarbons are present in groundwater 

s}lstems. Natural attenuation of chlorinated hydrocarbons in groundwater is a combination of the natural 

effects of d!lution, absorption and biodegradation by the natural flow of water throUgtl tile aquifer zone. 

Natural attenuation of chlorinated hydrocarbons in groundwater, such as are found at Site 5, is generally 

promoted in anaerobic conditions, and would be characterized by the presence of high concentrations of 

hydrogen and daughter transformation products from the solvents of concern. The natural processes 

consist of a variety of physical, chemical or biological processes that act to reduce the mass, toxicity, 

mobility, volume or concentration of contaminants in soil or groundwater. These processes include 

volatilization, dilution, sorption, biodegradation, dispersion, chemical or biological stabilization, 

transformation, or destruction of contaminants. Some natural attenuation processes may result in the 

creation of transformation products that are more toxic than the original parent compound. For example, 

although reductive dehalogenation transforms TeE to 1 ,2-dich!oroethene, an intermediate compound that 

in turn degrades to vinyl chloride (which is more toxic than TeE), the overa!! result is elimination of the 

contaminant from tile groundwater system. 

NA parameters were measured in the laboratory for groundwater samples collected at Site 5 in 

September 2001. Table 4-17A summarizes these results and provides a comparison to EPA typical NA 

indicator parameters. In general, hydrogen concentrations were high and oxygen concentrations were 

low. indicating that anaerobic conditions prevail at many of the sample locations. Haiocarbons, such as 

TCE and PCE that predominate in Site 5 groundwater, are typically effectively treated naturaHy in 

anaerobic conditions. laboratory analytical results of other indicator parameters such as the presence 

of chlorinated hydrocarbon degradation products (ethene, ethane and methane) indicate that NA of 

chlorinated hydrocarbon compounds would be favored in this matrix, and in fact is occurring in 

groundwater at Site 5. 
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4.6.3 Conclusions 

VOCs detected in site soils at low levels, below reference criteria and EPA SSL’s, historically have 

impacted the groundwater. However, residual soil contamination does not appear to be a significant 

continuing source of VOCs to groundwater. 

PAHs appear to have transported via erosion and runoff of sediments of nearby surface waters. This 

transport mechanism is probably minimal at present due to the heavy vegetation and flat topography of 

the site. 

The findings of the NA investigation indicate that natural degradation of chlorinated hydrocarbons is 

supported in the groundwater matrix at Site 5, resulting in ongoing natural remediation of the chlorinated 

hydrocarbons in the groundwater. 

4.7 BASELINE HUMAN HEALTH RISK ASSESSMENT - SITE 5 (FIRE TRAINING AREA} 

This section presents the baseline human health risk assessment for Site 5 at NASJRB Willow Grove. It 

describes a qualitative and quantitative assessment of actual or potential estimated risks for Site 5. It 

also includes the data evaluation, toxicity assessment, exposure assessment, risk characterization, and 

uncertainties in the risk assessment for Site 5. The methodologies and techniques used in the 

assessment are outlined in Section 3.1. Conclusions about the baseline human health risk assessment 

are presented in Section 4.7.6. 

4.7.1 Data Evaluation 

A list of the COPCs was developed for each environmental medium, as necessary. The COPCs were 

selected in accordance with the protocol established in Section 3.1. Only those chemicals found to be of 

potential concern were considered for evaluation in the quantitative risk assessment. A discussion of 

those chemicals identified as COPCs for each medium is provided in this section. 

Surface Soils 

Several 2,3,7,8-substituted-dioxinsifurans, OCDD, OCDF, PAHs, phthalates, acetone, toluene, and 

metals were detected in Site 5 surface soil samples. The occurrence and distribution, COPC selection 

results, background comparisons, and representative concentrations for chemicals detected in Site 5 

surface soils are presented in Table 4-18. Results of background comparison tests are presented in Table 

4-4. 
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4.6.3 Conclusions 

VOCs detected in site soils at low levels, below reference criteria and EPA SSL's, historically have 

impacted the groundwater. However, residual soil contamination does not appear to be a significant 

continuing source of VOCs to groundwater. 

PAHs appear to have transported via erosion and runoff of sediments of nearby surface waters. This 

transport mechanism is probably minimal at present due to the heavy vegetation and flat topography of 

the site. 

The findings of the NA investigation indicate that natural degradation of chlorinated hydrocarbons is 

supported in the groundwater matrix at Site 5, resulting in ongoing natural remediation of the chlorinated 

hydrocarbons in the groundwater. 

4.7 BASELINE HUMAN HEALTH RISK ASSESSMENT - SITE 5 (FIRE TRAINING AREA) 

This section presents the baseline human health risk assessment for Site 5 at NASJRB Willow Grove. It 

describes a qualitative and quantitative assessment of actual or potential estimated risks for Site 5. It 

also includes the data evaluation, toxicity assessment, exposure assessment, risk characterization, and 

uncertainties in the risk assessment for Site 5. The methodologies and techniques used in the 

assessment are outlined in Section 3.1. Conclusions about the baseline human health risk assessment 

are presented in Section 4.7.6. 

4.7.1 Data Evaluation 

A list of the COPCs was developed for each environmental medium, as necessary. The COPCs were 

selected in accordance with the protocol established in Section 3.1. Only those chemicals found to be of 

potential concern were considered for evaluation in the quantitative risk assessment. A discussion of 

those chemicals identified as COPCs for each medium is provided in this section. 

Surface Soils 

Several 2,3,7,8-substituted-dioxins/furans, OCDD, OCDF, PAHs, phthalates, acetone, toluene, and 

metals were detected in Site 5 surface soil samples. The occurrence and distribution, COPC selection 

results, background comparisons, and representative concentrations for chemicals detected in Site 5 

surface soils are presented in Table 4-18. Results of background comparison tests are presented in Table 

4-4. 
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Table 4M18 
Selection of Chemicals of Potential Concern in Surface Soils, Site 5 

NASJRB Willow Grove, Pennsylvania 

'l;i;;,;;,H~.~m!RfI 
,;,'; ;Y:Selected 
as(iGOPC? 

1,2,3.4,6,7,8-HPCDD Y 
.~~~ ~- ~- ---

1,2,3,4,6,7,8-HPCDF 0.19 0.41 Y 
- .. ~ ... - •. -----.. ---~~ ~---C--C--- I-~.,.---:-:-- ------.- - - -- ..... . 
1,2,3.4,7,8,9-HPCDF 0.0128 0.41 Y 

-.--... - ... - -. -'--'-- ---_.1------1-- ._--. -. 
1,2,3.4,7,8-HXCDD 2/2 0.0271 0.0271 0.041 Y 
_" __ ._ < ___ < ___ ._.~~~~ _ ._~_. _____________ "___ ._ •••• __ • __ r"~ ___ ~~~._ _ __ ~~_~ __ 

1,2,3,4.7,8-HXCDF 2/2 0.0109 - 0.0116 NA 0.0116 0.041 Y 
-~ ----~------- ---- -~~~-

1,2,3,6,7,8-HXCDD 2/2 0.0224 - 0.124 NA 0.124 0.041 Y 
___ ~ ____ ~ _.~.~__ _ __ ._"'~_~, __ . ___ ~~~_'_T_" __ .< ___ ._.·,_.____ _.~ ________ • __ _ 

1,2,3,6,7,8-HXCDF 2/2 0.0031 - 0.006 NA 0.006 0.041 Y 
~-'--,--,-:C-:-::C=='-"'-'-.-- --~-- ----.•. --.-.-•.•.....•.••• -.---.-.• -~---

1,2,3,7,8,9-HXCDD 2/2 0.0123 - 0.0508 NA 0.0508 0.041 Y .- - .---------.------ - - ~.~ ._'" .-~- ~-

1,2,3,7.8,9-HXCDF 2/2 0.002 - 0.0059 NA 0.0059 0.041 Y -=-===-= . __ .... _- -- . __ .. __ .. -....... __ ...... _ ............ _-- ---_ .. 
1,2,3,7,8-PECDD __ 2/2 ___ _ .. ...Q:0054 - 0.0146 0.' .~~. ___ •••• ~.Q.:146 0.0082 __ ~_. 
1,2,~.'?~~f>~CDF 2/2Q.0016..:..0.0019 ._ J"IA __ .. _O.OO~g 0.082.~ ... Y 
2,3.4,6.7.8-HXQr;>~_. ____ ?f2 _... 0.0044 - 0.016 NA 0.016 p.Q~1.__ .. _ J ___ _ 
2,3,4,7,8-PECDF ___ . ~ 0.0021._- 0.00?~. ____ NA 0.0029 0.0082 __ ._. Y_. 
2,3..?,.~-tetrachlorodibenzo-p~~.i . __ 2/2 0.0035 - 0.0451 __ .. __ ~ _____ 0.0451 0.0041 _...:!. ...... . 
2,3,7,8-tetracl·l-'()E~~ibe_~zofuran __ ?!2 ... _ 0.0026 - 0.0026 NA 0.09~~. ___ ~_~0~_1~ _____ Y __ . 
~~!achlorodibenzo-p-dioxin 2/2 ____ ~_~:.!§._=_~~.08_ NA 45.1 ... ~ 1. ... __ ____Y __ 
octachlorodibenzofuran 2/2 0.0763 - 0.0843 NA 0.0843 4.1 Y 

._- .--~--~--- -- ,~-.- .. -~~--
aluminum 15/15 7890 - 12400 N 10600 7800 N 

--~-- .-- .. ---...... - .-.- -_· .. -----1----- ..... - ....... -.. - - ... _--.-
antimony... ____ . ___ . 214 .. __ . __ .--:-8.-::-2_-_9.2 _o_~ _____ .. __ 9.2 __ ~ _. __ 3.1 __ .. N 
arsenic 15/15 1.3 - 10_5 N 6.04 0.43 N 

___ ._._ •• _ ...... ___ ._ •• _ __ •• _' •• ·0 ••• _____ • ____ ._ 

barium 15/15 33.1 - 108 N 93.5 550 N 
--.y.-----~~-~-~~---~-~- - ~-~ --- -- ~~-. 

... ------ ~-

b~l}'lIium. ______ ._ _1?~1.5_. __ . ...Ql-=-_1_.1~~ _ __ ~_ .. o 0.894 ____ 0.15 ____ _N_._. 
cadmium 3/15 2.8 - 4.7 N 1.73 3.9 N - _.-. -~~~-B-0----- _.-

15/15 1150 - 69400 Y 32500 N 
---... - -.-.- .. - ...... ---~I '--.'--"''''''' .. - .. - --:-:--11----

15/15 B.B - 56 .. 5 Y 23.8 39 Y 
-·-.. -I--~--I---· .. · .. ·- ........ - .--.-.. . 

15115 4.3 - 13 Y 8.42 470 N 

calcium 
-~--' 

chromium 
----~------

cobalt -------

15/15 6.5 - 28.4 Y 21.1 310 N -- ... --.-.. ---.. ~~~~-.-.-

• • • 
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Table 4-18 

Selection of Chemicals of Potential Concern in Surface Soils, Site 5 
NASJRB Willow Grove, Pennsylvania 

'ij"'"" 
'(':i:;~iI'1jfl1urn:':: ~:CQ',:" 

• 

iron 
lead 

--------
9320 y 16700 2300 Y 

--- I .. -------~··- .... ~---- -----.~- ----«--

7.4 - 412 Y 217 400 Y 
mag~esium 1410 - 42700 -y-- 15100 -"--'- --"'-N--" 
manganese_=-.. _-._-_~-.. -=-·_" _ .. __ ·_ .. -====:·-I-·==-... ~_20_2_-~ 873 - =_.-_-_N-=-·-='-_. ==._5_82 ___ -_. __ 18_0-=--=--. __ ·-_-._-«_N_._·-_ 
nickel 15/15 5.2 - 23.6 Y 11.5 160 N -------'--- -.--_. ---_.-

12/15 447 - 2050 N 1290 N 
9/15 113 - 448 .. --- · .. -Y------2~---- «--N--' 

potaSSium __ ~ ___ .. __ .. __ 
sodium 

7/15 --024--=-0.39 ---'-N-- 0.256 ----0.51 ---'N--' ---------------
thallium 

--.--_. --«'--' ---'''---' .. --_. --_._- .. _----- -'--' «-
vanadium 15/15 14.3 - 36.3 Y 27.7 55 N 

-----~. -_._-_._---- ~--- , .. - -~'--~---~ 

zinc 15/15 17 - 137 Y 87.6 2300 N 
~-m~thylnaphth~lene . __ -=-_ ~-.~--- -.. =-__ .50 - !6000 __ ~ =--N ___ - 1270 ___ ~~~ ==-t(-=~ 
acenaphthene 13/16 47 - 36000 Y 4370 470000 N 
acenaphthylene------ --12/16 ---~- 73 --= 2300-- ---y-- ----e43-- -------- ---N---
anthracene --~ -- 14/16 -'~----::-s4600- '--y--' 11800- 2300000 -'. ---N--" 

'---'--- ------- --- ----. ~.- --. - --.---~ ... --.. ---~ .. -
~enz(a)anthracene 14/16 580 - 48000 Y 45400 ~ .. __ ~._. __ 
benzo(a)pyrene ____ ... _ _.14116__ 750 _-=- 3600_0 _ __ :i. __ .~ .. 2670_0__ ~ _______ Y_ . __ _ 
benzo(b)fluoran.thene __ ~ __ ~_6_ .. __ 3~~~ _____ ._Y __ . 35000_~Q __ . ___ Y __ 
benzo(g,h,i)perylene. __ ~ 14/16 __ . 400 - 13000 _____ .. _Y____ 5910. ____ ~ .. _ N __ .. 
benzo(k)fI,:,oranthe~~.__ . 13/16 _ .. ~_: 290~0 .... __ Y ___ . 22800 _ 8800 __ . _____ Y......_ 
bis(2-ethylhexyl)phthalate 3/3 210 - 1200 NA 1200 46000 N 
carbazole 13/16 160-:-19000--- ----Y--" --32~~ - 32000- -----f\J"'--

'--'---.<--- .--_._-- . __ .. ._-- .~ -.-... -- .. _---" .. _-
chry~ene 14/16 __ _ ... ~~_ - 450~_. Y.. ____ . 37500 88000 __ '{ __ .. 
di-n-butylp~thalate. __ .... _ 2/1_6 _ .. 85 - __ ~_._ N 120 _ _ 7800QQ__ .. !'J_ 
diben~~,h)anthrC3cene _. _ __ 13/16 __ __ 110_:.. 4800. Y 1710 ..... _~ .. ~ _ .. ....Y. ... .. 
dibenzofuran 13/16 71 - 34000 Y 3120 31000 Y ---------.-- ~---- "--"~--

fluoranthene 14/16 2400 - 140000 Y 140000 310000 N ._------,---- -----_._-_." ---- ----
fluorene 13/16 81 - 56000 Y 5560 310000 N 



Notes: 

Table 4M18 
Selection of Chemicals of Potential Concern in Surface Soils, Site 5 

NASJRB Willow Grove, Pennsylvania 

14/16 
14/16 

1/5 17-17 
1110 

N 
N 
N 
N 

-.-~.- --- ~~--

N 

.j:;. 
~ Units are mg/kg for inorganics, ug/kg for organics. 
~ Metals are selected as copes if maximum va]ues exceed risk-based screening levels (RBCs) and site results are either above background 

or background comparison tests are indeterminate (NA). 
Minerals that are essential nutrients (calcium, magnesium, sodium, potassium) are not included as COPCs. 
The determination of site results exceeding background is based on an overall evaluation of statistical tests presented in a separate table. 
Because most organics are not naturally occuring, selection of organic COPCs is based solely on exceedance of RBCs. 
RBCs represent concentrations associated with a 10.6 cancer risk level or a non-cancer hazard index of 0.1. 
Residential RBCs originate from EPA Region 3 RBCs for residential exposure, incidental soil ingestion, with non-cancer risk adjusted to 0.1 hazard in de 
An RBC for lead based on cancer risk or hazard index is not available. The 400 mg/kg OSWER residential soil guideline is used 

as an RBG for soil ingestion. 

L.~· _________ • _________ • __ 



The following chemicals were selected as COPCs in surface soils: 

lnoraanics 

Chromium 

Iron 

Lead 

Oraanics 

152,3,7,8-substituted-Dioxin/Furan Isomers 

OCDD 

OCDF 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Chrysene 

Dibenz(a,h)anthracene 

Indeno(l,2,3-cd)pyrene 

The metals selected as COPCs, chromium, iron, and lead, were all detected in all surface soil samples, 

with both maximum and the representative concentrations for iron exceeding residential RBC values and 

the maximum concentrations of chromium and lead exceeding residential RBC values. Dioxinlfuran 

congeners were detected in two out of two samples collected in surface soils. The concentrations of 

1,2,3,4,6,7,8-HpCDD, 1,2,3,6,7,8-HxCDD, 1,2,3,7,8-PeCDD, 2,3,7,8-TCDD, and OCDD exceeded 

residential RBC values. Carcinogenic PAHs were generally detected in more than 80 percent of the 

surface soil samples collected at Site 5 with the maximum concentrations of benzo(a)pyrene, 

benz(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, dibenz(a,h)anthracene, and 

indeno(l,2,&cd)pyrene exceeding residential RBC values. Dibenzofuran was detected at a frequency of 

13 out of 16 samples with maximum concentrations exceeding residential RBC values. 

Subsurface Soil 

PAHs, phthalates, N-nitrosodiphenylamine, 1 ,I ,I -TCA, 1 ,I ,2-TCA, 1 ,I -DCA, 1 ,I -DCE, 2-butanone, 2- 

hexanone, 4-methyl-2-pentanone, acetone, benzene, carbon disulfide, chloroform, chloromethane, 

ethylbenzene, methylene chloride, PCE, and metals were detected in Site 5 subsurface soil samples. 

The occurrence and distribution, COPC selection results, background comparisons, and representative 

concentrations for chemicals detected in Site 5 subsurface soils are presented in Table 4-19. Results of 

background comparison tests are presented in Table 4-7. 
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The following chemicals were selected as COPCs in surface soils: 

Inorganics 

Chromium 

Iron 

Lead 

OrganiQ_$ 

15-2,3,7,8-substituted-Dioxin/Furan Isomers 

OCDD 

OCDF 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Chrysene 

Dibenz(a,h)anthracene 

Indeno(1,2,3-cd)pyrene 

The metals selected as COPCs, chromium, iron, and lead, were all detected in all surface soil samples, 

with both maximum and the representative concentrations for iron exceeding residential RBC values and 

the maximum concentrations of chromium and lead exceeding residential RBC values. Dioxin/furan 

congeners were detected in two out of two samples collected in surface soils. The concentrations of 

1,2,3,4,6,7,8-HpCDD, 1,2,3,6,7,8-HxCDD, 1,2,3,7,8-PeCDD, 2,3,7,8-TCDD, and OCDD exceeded 

residential RBC values. Carcinogenic PAHs were generally detected in more than 80 percent of the 

surface soil samples collected at Site 5 with the maximum concentrations of benzo(a)pyrene, 

benz(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, dibenz(a,h)anthracene, and 

indeno(1 ,2,3-cd)pyrene exceeding residential RBC values. Dibenzofuran was detected at a frequency of 

13 out of 16 samples with maximum concentrations exceeding residential RBC values. 

Subsurface Soil 

PAHs, phthalates, N-nitrosodiphenylamine, 1,1,1-TCA, 1,1,2-TCA, 1,1-DCA, 1,1-DCE, 2-butanone, 2-

hexanone, 4-methyl-2-pentanone, acetone, benzene, carbon disulfide, chloroform, chloromethane, 

ethylbenzene, methylene chloride, PCE, and metals were detected in Site 5 subsurface soil samples. 

The occurrence and distribution, COPC selection results, background comparisons, and representative 

concentrations for chemicals detected in Site 5 subsurface soils are presented in Table 4-19. Results of 

background comparison tests are presented in Table 4-7. 
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Table 4-19 
Selection of Chemicals of Potential Concern in Subsurface Soils, Site 5 

NASJRB Willow Grove, Pennsylvania 

N 
9/9 6.1 ~ N 
9/9 

""--:----~I~---~~--f-~"--"---"_,__:_::_-~I~-__,_:_:~~-I~~-- -~~"---

5.9 N 
8/9 

--""---~-----"~I---"- -,~---"-"---I------I__-------

7.1 - N 
9/9 N 

-~~----

9/9 N 
,- - - .~ 

9/9 N 
~----I----~~-+- -------"-

4700 N 
1--=--------I-~-------1I------"----"---"O:--~-t_ 

9/9 134 - 1550 
9/9 6.7 - 17.4 

__ll--~_:_c_~-f----,-c-_=c-----"--.-"-----"--"------"- - --- --- --- -
4100 N 

9/9 101 - 341 
--"" -.--- ~ -~~-----------"----II_-___:_:-__lt_______:c~c:__-I-~-_:_:c-

3/9 0.24 - O. 16 
1---:-:---------1J--~-:9::-c/9=- -----1-2.-4------I~-~-,---I---32~2-"----"·f4-0-0-- ----- N ~ " 

9/9 12,4 - 57,4 
____ I ____ ~ --~--~~~- 0-

N 1000 N 
-"---- -- -~-_,____:c-___=_~--I__ 

120 - 5500 7/14 Y N 
"---" ~~""., 

2/14 
--------. - ~ --dn:;;;n-I--;;ru:v;n;~~~t-~ - ~~ - - "~ 

N 1090 N 
- ".- -------~ ~·I~---"~ .. -"-

-~ .-~~~-.. --'~-"-'~.--
1400 - 5700 

~---'---

2/14 160 - 890 N ~1 N 
--"-~-~~.-- --- ._------.-- .- - ----
N 2860 1 000000 N 

-- --II-
36 - 11000 3/14 

- - -- ---.-
--~--

7800 Y 
~-~==--I~- 780 

4/14 55 - 13000 
4/14 y 

- - --- ----~---.-

4/14 
3/14 

1-----= -C-C"-=-~--'I-"-~ -~---- "-
7800 y 

--- - ---
N 

64 -
--"-~--"-""---g---.. -"" 

250 - 4400 
---1--------

,.--,~~---

2/14 Y 
------::-:-:-=-. ---------"---

2000 - 6900 N 1380 78000 
.~---II---~""--- "--

~------~-- ----~.---
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Table 4-19 

Selection of Chemicals of Potential Concern in Subsurface Soils, Site 5 
NASJRB Willow Grove, Pennsylvania 

• 

u !~nIM,.D\ .~!i~ 
bis(2-ethylhexyl)phthala~ _____ ~__ 160 ___ _ _410009_ ~ ___ N ___________ " __ 
carbazole 2/14 1600 - 5300 290000 N 

-~-~---- ---- -"------- ---~.--- -----,.,- ------"-- --'-----"-
chryse~.e. __ " _____ "__ __ 5/14____ "~ __ - 12002_ N ~7~9000 ______ ~ ___ _ 
dib~_~z(a,h)a!.!thracen~ ________ 2~!4__ ___ 510 - 149_0 ______ N __ " 426 ___ 780 ~ ____ " __ \( __ ~_ 
dibenzofuran 4/14 120 - 5200 N 1070 820000 N ---,-._-----""-- - ------ --------~- ----- -
fluoranthene 5/14 84 - 34000 N 10700 8200000 N ---_._-_._- ----~--------- -------._--_.. -----"---------"'------
fluorene 4/14 93 - 10000 N 1950 8200000 N 

""---~ -------- -_._- ------ --~--. ----_ .. - ._----- -------,--_.-
indenoJ1~2,3-cd)pyrene _______ _ ~/14 _____ _ __ 170 -__ 5700 ____ N_"__ 1220 __ " __ "_ 7800 ______ y_"_ 
N-~l_trosodiphenylamine _(~) _____ ~~ ______ ~~~ _ _=_~__ _ ___ ~____ 75 ___ _!~OO~"" __ ~ _____ " 
naphthalene ___________ 6~4 __ " ____ 99 - 2300 __ !'J___ _~~ __ 82~~~ __ N __ _ 
phena~!!lLene __________ __ 5/14 ~~_~ __ "~ _ 46 ~_"43000 ___ N _~~~" ____ ______~ ____ _ 
pyren~~____ __ 5/14 _________ 76~_~ 30000 _~ ___ N___ 8690 §!OOOOO __ ""~ ___ _ 
1,1,1-trichloroethane 1/56 140 - 140 NA 9.01 7200000 N 

--1"------- """ ---~ ------""- --"------- ------- -"------
1,1,2-trichloroethane 2/61 5 - 15 NA 6.53 100000 N 
---.- ,-.---""- -------- ~-- -------- ---_._---
1,1-dichloroethane 3/61 8 - 160 NA 9.92 20000000 N --------- -.--- ---.------- ~--- -~.---- --- -_._--
1,1-dichloroethene 1/59 5 - 5 NA 5 9500 N 

---t-""".--~-- """ ----. - . --- ---' ----- -- - .... --.. -.--
2-butanone 3/61 9 - 54 NA 11.3 1000000 N 

-- --_ .. ----"- ------ -- ._- ~.- ------ - ---~ ---
2-hexanone 1/61 1 - 1 NA 1 N 
--------~-----. -----".------.~---~------ ----------.---- ~-.-----

~_-_'!1ethyl-2-pentanone ____ 1/_61_ . ___ 2_-_2_____ _. ____ N_A____ _2 ______ 1~0_0_0_00_0 _ N __ 
acetone 6/24 14 - 140 NA 62.8 20000000 N 

-~------.--~--.-. ----- -"------" ,----------.---------.------------~ ----
benzene 5/61 1 - 20 NA 6.83 200000 N 
__ ~_~~ ____ •• __ ~_. ____ • __ ~_. ___ ~_.~ _________ .. _~ __ "_." " ____ 00 ___ - ___ ~~ _________ •• _" 

carbon disulfide 1/61 2 - 2 NA 2 20000000 N -'--- - ---._-------- ------~----------- .~- ---~--~-- ------- -" -----""-

chloroform 1/61 8 - 8 NA 6.4 940000 N 

----·---~---oo-----".-.- __ ._~_~~ __ .oo _____ . ___ . . __ ,, __ ~ _____ . ---

chloromethane 2/61 3 - 6 NA 6 440000 N 
--.------.--~----- ---- _oo_-"'- ___ ~ _____ ._ _ ___ ~_ - ._._. - - ____ _ 

ethylbenzene . .. __ 5/61 5 - 34~0 ___ ~ ______ .3400 _____ ~_QOOOO~ .oo __ N __ _ 
!"1_~~hylene chlorid~__ ___ 1/35 00 ___ oo>_ 10 - 10_!,!A __ ~~ ____ 760000__ _ __ N __ 00 

tetrach loroethene 1/61 10 - 1 0 NA 6.45 11 0000 N . __ ._ .. __ 1 __ ... __ ._- _ 
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Notes: 

Table 4-19 
Selection of Chemicals of Potential Concern in Subsurface SOils, Site 5 

NASJRB Willow Grove, Pennsylvania 

22 100000000 

Units are mg/kg for inorganics, ug/kg for organics. 
Metals are selected as COPCs if maximum values exceed risk-based screening levels (RBCs) and site results are either above background 

or background comparison tests are indeterminate (NA). 
Minerals that are essential nutrients (calcium, magnesium, sodium, potassium) are not included as COPCs. 
The determination of site results exceeding background is based on an overall evaluation of statistical tests presented in a separate table. 
Because most organics are not naturally occuring. selection of organic COPCs is based solely on exceedance of RBCs. 
RBCs represent concentrations associated with a 10-6 cancer risk level or a non-cancer hazard index of 0.1. 
Industrial RBCs originate from EPA Region 3 RBCs for industrial exposure, incidental soil ingestion, with non-cancer risk adjusted to 0.1 hazard index. 
An RBC for lead based on cancer risk or hazard index is not available .. The 400 mg/kg OSWER residential soil guideline is used 

as an RBC for soil ingestion. 

• • • 
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The following chemicals were selected as COPCs in subsurface soils: 

lnoraanics 

None Selected 

Oraanics 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(k)ffuoranthene 

Chrysene 

Dibenz(a,h)anthracene 

Indeno(l,2,3-cd)pyrene 

No metals were selected as COPCs because they were detected in subsurface soils at concentrations 

not above background or industrial RBC values. Carcinogenic PAHs were generally detected in 

approximately 20 percent of the subsurface soil samples collected at Site 5, with maximum 

concentrations of benzo(a)pyrene, benz(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

dibenz(a,h)anthracene and Indeno(l,2,3-cdjpyrene exceeding residential RBC values. 

Sediment 

PAHs, aldrin, dieldrin, phthalates, 2-butanone, toluene, and metals were detected in Site 5 sediment 

samples. The occurrence and distribution, COPC selection results, background comparisons, and 

representative concentrations for chemicals detected in Site 5 sediments are presented in Table 4-20. 

Results of background comparison tests are presented in Table 4-l 3. 

The following chemicals were selected as COPCs in sediments: 

lnoraanics 

None Selected 

Oraanics 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Chrysene 

Dibenz(a,h)anthracene 

Indeno(l,2,3-cd)pyrene 

No metals were selected as COPCs because they were detected in sediment samples at concentrations 

that were not above background or RBC values. Carcinogenic PAHs were detected in two out of two 

sediment samples collected at Site 5, with the maximum concentration of benzo(a)pyrene (910 mg/kg) 

4B NAVY/5466/SiteSRlfSect4 4-122 
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The following chemicals were selected as COPCs in subsurface soils: 

Inorganics 

None Selected 

Organics 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b )fluoranthene 

Benzo(k)fluoranthene 

Chrysene 

Dibenz(a,h)anthracene 

Indeno(1.2.3-cd)pyrene 

No metals were selected as COPCs because they were detected in subsurface soils at concentrations 

not above background or industrial RBC values. Carcinogenic PAHs were generally detected in 

approximately 20 percent of the subsurface soil samples collected at Site 5, with maximum 

concentrations of benzo(a)pyrene, benz(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

dibenz(a,h)anthracene and Indeno(1 ,2,3-cd)pyrene exceeding residential RBC values. 

Sediment 

PAHs, aldrin, dieldrin, phthalates, 2-butanone, toluene, and metals were detected in Site 5 sediment 

samples. The occurrence and distribution, COPC selection results, background comparisons, and 

representative concentrations for chemicals detected in Site 5 sediments are presented in Table 4-20. 

Results of background comparison tests are presented in Table 4-13. 

The following chemicals were selected as COPCs in sediments: 

Inorganics 

None Selected 

Organics 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Chrysene 

Dibenz(a,h)anthracene 

Indeno(1,2,3-cd)pyrene 

No metals were selected as COPCs because they were detected in sediment samples at concentrations 

that were not above background or RBC values. Carcinogenic PAHs were detected in two out of two 

sediment samples collected at Site 5, with the maximum concentration of benzo(a)pyrene (910 mglkg) 

NAVY!54661Site5RI/Sect4 4-122 
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Table 4-20 
Selection of Chemicals of Potential Concern in Sediments, Site 5 

NASJRB Willow Grove, Pennsylvania 

1~~~~======t=~~~1t=~~~i[C====tl--~-~I-~~'--"-:-::-----l---.---- .. ~ _~N_ 550 N 

1/2 
2/2 

14.8 - 40.1 
11 - 11 

-I~·------·--il--·-·"··-·"··· - ... ----:~--
17 - 220 Y 

23000 N 
380 N 
400 

il·-----··· -----1--· .. · ... -------~--- '-'-·'-'-:2=3000000 
N 
N 

• 

2/2 160 - 160 Y 
2/2 

~=_::__~·~~·,__=:_"--f·-·" ...... --.-- ... 
650 - 850 Y 
............... -- .... ~. ·--I-~~"-

520 - 910 Y 
720 - 1400 
200 - 4·0'--,0:----~--~N-·-II--.. ·c·==-· 

---I .~ ... - -. ---... '--:--::~-I-

430 - 700 Y 

._-_. 

Y 
Y 
Y 
N 

88000 Y 
.. ti~--···· - - ~ ·-.. --···-----li·---·-B--· -_.- ----~ ----" ~" 

2/2 720 - 1200 Y 880000 Y 
-~-".-.- .. - .. ~- --- .---,~-. 

1/2 120 - 120 N 880 Y 

• • 
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Table 4-20 

Selection of Chemicals of Potential Concern in Sediments, Site 5 
NASJRB Willow Grove, Pennsylvania 

fiuoranthene 1300 - 1800 Y 1800 3100000 N ~-~---------. ~--'- ----------~-~ --_.- ---_. 290 - 560 Y 560 8800 Y --- ~ -2i-2 - -. (520:-880-- -.. - Y ----880 -- .~-~---- ---N~- --
---~-~- ---~---------- ------- ------~ 

~,--."--~-.--

inden~ 1,2, 3-cd)pyrene 
.e.henan~~rene ________ _ 
pyref!e ___ . __ .. __ 2/2 1500 - 1900 Y 1900 2300000 N 2-butanone -- ------1/2-- ----n--=2-2--- N --~-- - 47000000- ----N--

-1/2 -- 4 - 4 ----y- 4 ---WOOOOOO -t~r-----
-----------

toluene 

Notes: 

Units are mglkg for inorganics, uglkg for organics. 
Metals are selected as COPCs if maximum values exceed risk-based screening levels (RBCs) and site results are either above background or background comparison tests are indeterminate (NA). 
Minerals that are essential nutrients (calcium, magnesium, sodium, potassium) are not included as COPCs. The determination of site results exceeding background is based on an overall evaluation of statistical tests presented in a separate table. Because most organics are not naturally occuring, selection of organiC COPCs is based solely on exceedance of RBCs. RBCs represent concentrations associated with a 10-6 cancer risk level or a non-cancer hazard index of 0.1. Sediment RBCs are adapted using residential soil RBC X 10, due to less frequent exposure with recreational receptor activities. An RBC for lead based on cancer risk or hazard index is not available. The 400 mg/kg OSWER residential soil guideline is used as an RBC for soil ingestion. 
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exceeding RBC values. 

Surface Water 

Dieldrin and metals were detected in Site 5 surface water samples. The occurrence ane! distribution, 

COPC selection results, background comparisons, and representative concentrations for chemicals 

cletected in Site 5 surface water are presented in Table 4-21. Results of the individual background 

comparison test are presented in Table 4-10. 

The following chemicals were selected as COPCs in surface water: 

Inorganics 

None Selected 

Organics 

Dieldrin 

No metals were selected as COPCs because they were detected in surface water samples at 

concentrations that were not above background or RBC values. Dieldrin was detected at a frequency of 

one out of two samples. with the single detection (0.06 ug/l) exceeding RBC values. 

Groundwater 

Dieldrin, 1,1,1-TCA, 1,1,2-TCA, 1, i-DCA. 1,1-DCE, 1,2-DCA, benzene, PCE, TeE, aric! metals were 

detected in Site 5 groundwater samples. The occurrence and distribution. COPC selection results, 

background comparisons, MCl comparisons, and representative concentrations for chemicals detected in 

Site 5 groundwater are presented in Table 4-22. Results of background comparison tests are presented 

in Table 4-16. The following chemicals were selected as COPCs in groundwater: 

Inorqanics Organics 

Aluminum Dieldrin 

Arsenic 1,1,1-TCA 

Barium 1,1,2-TCA 

Beryllium 1,1-DCA 

Chromium 1.1-DCE 

Iron 1,2-DCA 

Lead TCE 

Manganese PCE 

Nickel Benzene 

NAVY/5466/Site5RliSect4 4-125 
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Table 4-21 

Selection of Chemicals of Potential Concern in Surface Water, Site 5 
NASJRB Willow Grove, Pennsylvania 

-------I-------,-c------____ -----I----------+----,----I-------I-------
N 
N 

• 

--=--:-::--:-----=--=--:-::-----I-------::~-----I--__::-__o__:_::___-----I___--------- .. ---------- -
N 

-,..---f ----:.--:---__:_------1---- ------+----,---_,__---11------------1___- --- - ----m N 
------------------ -~---- --1-------------------11-------------11------ ---------1------ --- ----

2/2 N 
1~T.~~--------------------r_----1J.,_--~-----~-~~c~~-----I---~~----.. -----~~~---I---~~~---+----y 

Notes: 

Units are ug/L. 
Metals are selected as COPCs if maximum values exceed risk-based screening levels (RBCs) and site results are either above background 

or background comparison tests are indeterminate (NA). 
Minerals that are essential nutrients (calcium, magnesium, sodium, potassium) are not included as COPCs. 
The determination of site results exceeding background is based on an overall evaluation of statistical tests presented in a separate table. 
Because most organics are not naturally occuring, selection of organic COPCs is based solely on exceedance of RBCs. 
RBCs represent concentrations associated with a 10-6 cancer risk level or a non-cancer hazard index of 0.1. 
Surface water RBCs are adapted using tap water RBC X 10, due to smaller and less frequent ingestion exposures with recreational activities. 
An RBC for lead based on cancer risk or hazard index is not available. The 15 ug/l EPA MCl is used as an applicable RBC for tap water ingestion. 
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Table 4-22 
Selection of Chemicals of Potential Concern in Groundwater, Site 5 

NASJRB Willow Grove, Pennsylvania 

N 3700 - ~,~- ---~~ ~,~~,~~~-,~ ~ -~-~ ~-~---, 

2 - 2 N 0.633 50 N 0.045 
.~---------------- ---.. .. .. ------ ,---- ----11-----1-----
barium 21/21 43.8 - 1430 Y 575 2000 N 260 

Chetn1cal 
imi!i:!'s~~ed::"; . 
ssaCOPC? 

Y -- --,.. --, ,.-.-------,_ ... -._ .. - .. _-'<._--- -------~~~I--......,---II--~-

~el)'lIium 1121 2.8 - 2.8 N 0.683 4 N 0.016 N 
calcium --21121 --- -574(f-~-39000'- -- N ---33100-'--~-~·-·------ --~----~-N-

---'- - --~----- .. _-_ .. _o. .-.. ___ ... _______ .. ______ ... ~ __ ,._I-----. -- - - - ____ __ 
chromium 7121 6 - 40.8 N 7.32 100 N - ____ • __ -=- __ ._. ____ ...... __ . __ ., ______ ·_·· .. , ____ ~I~~---·I~-___:__:c-----I--____=_=~--·- ----,--
cobalt 3121 5.1 - 18.8 N 4.31 N ---.---.--------1-------1----..... ---- - .. --- --.. --.,.-------.------t----::-=-::----+--------I------cc---i---:--:--::-::---
iron 18/21 61.4 - 7440 N 858 N 

-- -'-'- ... _- -- .. ------ .. ' .. _._o.--- _~~_I_----+___----.. I--_-_ 
lead 118 18.1 - 18.1 N 12.6 N 

t---------c:-:-:-=-,-. - .-- .- ... -~ -. '--- .------ =-c---I--~-.-----

mag~sium __ ., _____ ---I ___ 2_1c_::/2-1 1820 - 12000 N 7430 ___ N , ___ 
~ manganese,_ ___ 19/21 ______ 5 ~~~!_._ ... ,_ ---::-N-::----1------:30"::5:-=-6--If------_-.... -. -+-_-_ .. -~ ... _______ N _ . __ 
r;:; nickel 1121 74.3 - 74.3 N 14.6 100 N 
'J potassium 9/21 - 1630 -~'··26066~--- -~~~ N 5400 N N 

sOdiUri1-------~----~- --21/21 - - .. 7680 - 29'100'-- - Y 17200·---'·--- -----r;r----- --,- --- -- N 

vanadium 
--_ .. --_.-- ... - ... --.---.------~~ ----- ·--.. ------I-~-----

1121 5 - 5 N 2.77 N 26 N 
-~---I----.... - --~. ..----.... -. -.--

zinc 
dieldrin 

5/9 27.7 - 457 Y 457 N 1100 N 
------1--2121---- ------o.og~-- '---N .-~.---- -------=0c-:.O=7=2-=--3--I------I--~N-----·- - - --0])042---- -- y 

. - -.~~~~.--. --. - -,---~ .,..-"-~~-~ -~-~-.-- ,,-.-. -~-~~. -- -- --"-- ---
1,1,1-trichloroethane __ 1Of~~,__ 2 - 960 ___ Y___ _ 114 __ ?!l~_ _ __ f'-!_. __ . ___ ..?~__ y 
!...1,2-trichloroe!_ha_n_e ____ 

I 
____ JI?1 10 - 10 .... ____ ~N~ __ ~_ 5.55 .5. ___ .. _'1 ___ ,_0..:.1~ ____ Y_ 

1,1-dichloroethane 9121 4 - 350 Y 45.9 N 81 Y 
....... ---- ... ---~---.---...... '-- -_ .... ----_.. --- ....... - --_ ..• -- ..... -- ... _------ .-- .. --- - -- -_. ----

1,1-dichloroethene 9/21 6 - 300 Y 52.9 7 Y 0.044 Y --' ._------ ~-.-.. _ ... -- .-._---_.--------. ._- -----.• --
1,2-dichloroethane 2121 3 - 4 N 4 5 N 0.12 Y 
---.. ·---.. ·----·I--_=_ --.-.--------- .. --- .. ----~-- -' -.-- --------- .... 
benzene 2121 3 - 28 N 6.79 5 Y 0.36 Y 
tetrachloroe-th-e-ne-·----I 8/21 ----. -·'1'-'35' --.. .- ... ' N -'9048 5 N' ----1:1 Y 

9/21-- .. ·5'~'300--- -- Y 33 .. 9 5 N -1.6 - - -- Y' .. -- .. --.-- ---'---1 
trichloroethene 

Notes: 

Units are ugfL. 
Metals are selected as COPCs if maximum values exceed risk-based screening levels (RBCs) and site results are either above background 

or background comparison tests are indeterminate (NA). 
Minerals that are essential nutrients (calcium, magnesium, sodium, potassium) are not included as copes. 

• • • 
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Table 4-22 

Selection of Chemicals of Potential Concern in Groundwater, Site 5 
NASJRB Willow Grove, Pennsylvania 

The determination of site results exceeding background is based on an overall evaluation of statistical tests presented in a separate table. 
Because most organics are not naturally occuring, selection of organic COPCs is based solely on exceedance of RBCs. 
RBCs represent concentrations associated with a 1 O~ cancer risk level or a non-cancer hazard index of 0.1. 
Tap water RBCs Originate from EPA Region 3 RBCs for residential exposure, tap water ingestion, with non-cancer risk adjusted to 0.1 hazard index. 
An RBC for lead based on cancer risk or hazard index is not available. The 15 ug/l EPA MCl is used as an applicable RBC for tap water ingestion. 

• 



Aluminum was detected at a froquoncy of seven out of 16 samples, with the maximum detocted 

concentration (6.970 ug/I) exceeding the tap water RBC value. Arsenic was detected at a frequency of 

one out of 21 samples, with tile detected concentration of 2 ug/I exceeclin£l the tap water RBC value. 

Barium was detected at a frequency of 21 out of 21 samples, with the maximum concentration (1,430 

ug/I) and the representative concentration (575 ug/l) exceeding the tap water RBC va!ue. Beryllium was 

detected at a frequency of one out of 21 samples. with the detected concentration of 2.8 ug/! exceeding 

the tap water RBC value. Chromium was detected at a frequency of seven out of 2'1 samples. with the 

maximum concentration (40.8 ug/I) exceedinfl the tap water RBC value. Iron was detected at a frequency 

of 18 out of 21 samples, with the maximum concentration (7,440 ug/I) exceeding tap water RBC value, 

Lead was detected at a frequency of one out of eight samples, with the detected concentration of 18.1 

ug/l exceeding the tap water RBC value. Manganese was detected at a frequency of 19 out of 21 

samples, with the maximum concentration (397 ug/l) and representative concentratton (356 ug/l) 

exceeding the tap water RBC value. Nickel was detected at a frequency of 1 out of 21 samples, with thEl 

detected concentration of 74.3 ug/l exceeding the tap water RBC value. 

Dieldrin was detected at a frequency of two out of 21 samples with both the maximum and representative 

concentration exceeding the tap water RBC value. 1,1,1-TCA was detected at a frequency of 10 out of 21 

samples, with both tile maximum and representative concentration exceeding tile tap water RBC value. 

1,1,2-TCA was detected at a frequency of one out of 21 samples, with the detected concentration 

exceeding tile tap water RBC value. 1, i-DCA and l.i-DCE were detected at frequencies of nine out of 21 

samples with both the maximum and representative concentrations of 1, 1-0CE and the maximum 

concentration of 1.1-DCA exceeding the tap water RBC value. 1,2-DCA was detected at a frequency of 

two out of 21 samples with botil the maximum and representative concentration exceeding the tap water 

RBC value. Benzene was detected at a irequency of two out of 21 samples. with both the maximum and 

representative concentration exceeding the tap water RBC value. PCE was detected at a frequency of 

eight out of 21 samples, with both the maximum and representative concentration e>:ceeding the tap 

water RBC value. TCE was detected at a frequency of nine out of 21 samples, with both the maximum 

and representative concentration exceeding the tap water RBC value. 

4.7.2 Toxicity Assessment 

The toxicological profHes tor selected COPCs at Site 5 are presented in Appendix J. All relevant 

quantitative and qua!itative toxicity assessment information and methods are presented in Section 3.1 . 

4.7.3 Exposure Assessment 

The COPCs that were selected for each environmental medium sampled at Site 5 are presented in 

NI\ VY !54l'lfiSito5RliSect4 4-129 
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Section 7.5. The potential receptors identified in Section 3.1 include current occupational workers, 

current adolescent and adult trespassers, future excavation workers, future recreational children, and 

future residents. Consequently, the potential receptors and exposure pathways presented in Section 3.1 

were evaluated quantitatively. Exposure parameters, exposure routes, intakes, and other relevant 

exposure assessment information are presented in Section 3.1. Example calculations for estimated 

intakes are presented in Appendix J. 

4.7.4 Risk Characterization 

This section presents the results of the quantitative risk assessment evaluated under a reasonable 

maximum exposure (RME) and a central tendency exposure (CTE). CTE will only be included if the total 

carcinogenic risk for an exposure pathway exceeds 1 E-04 or if a HI (noncarcinogenic risk) for an 

exposure pathway exceeds 1 .O. This section discusses the human health risk in four parts: 

. Carcinogenic Risks 

. Noncarcinogenic Risk 

. Lead Risks 

. A Discussion of the Impact of Subsurface Soil Exposure Risks to Future Residential 

Receptors 

a Carcinogenic Risks 

Table 4-23 lists the estimated cumulative RME carcinogenic risks at Site 5 for current occupational 

workers, current trespassers, future recreational children, future excavation workers, and future residents. 

Table 4-24 lists the estimated cumulative CTE carcinogenic risks at Site 5 for current occupational 

workers, current trespassers, future recreational children, future excavation workers, and future residents. 

EPA’s Target Cancer Risk Range of lE=04 to 1 E-06 is often used to determine the need for 

environmental remediation. Chemical-specific risks for COPCs are presented in Appendix J. 

RME Risks 

Estimated Cancer Risks Eaual to or Exceedina EPA’s Taraet Risk Ranae of 1 E-04 to 1 E-06 

The estimated carcinogenic risk for the future resident is 1 E-03, which exceeds the upper end of the EPA 

target cancer risk range of IE-04 to lE=06. Incidental ingestion of surface soil and ingestion of, dermal 

contact with, and inhalation of vapors in groundwater contribute the most to the cumulative carcinogenic 

risks for the future resident. The principal COPCs contributing to this cancer risk are dioxins/furan 

I) 
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Section 7.5. The potential receptors identified in Section 3.1 include current occupational workers, 

current adolescent and adult trespassers, future excavation workers, future recreational children, and 

future residents. Consequently, the potential receptors and exposure pathways presented in Section 3.1 

were evaluated quantitatively. Exposure parameters, exposure routes, intakes, and other relevant 

exposure assessment information are presented in Section 3.1. Example calculations for estimated 

intakes are presented in Appendix J. 

4.7.4 Risk Characterization 

This section presents the results of the quantitative risk assessment evaluated under a reasonable 

maximum exposure (RME) and a central tendency exposure (CTE). CTE will only be included if the total 

carcinogenic risk for an exposure pathway exceeds 1 E-04 or if a HI (noncarcinogenic risk) for an 

exposure pathway exceeds 1.0. This section discusses the human health risk in four parts: 

• Carcinogenic Risks 

• Noncarcinogenic Risk 

• Lead Risks 

• A Discussion of the Impact of Subsurface Soil Exposure Risks to Future Residential 

Receptors 

Carcinogenic Risks 

Table 4-23 lists the estimated cumulative RME carcinogenic risks at Site 5 for current occupational 

workers, current trespassers, future recreational children, future excavation workers, and future residents. 

Table 4-24 lists the estimated cumulative CTE carcinogenic risks at Site 5 for current occupational 

workers, current trespassers, future recreational children, future excavation workers, and future residents. 

EPA's Target Cancer Risk Range of 1 E-04 to 1 E-06 is often used to determine the need for 

environmental remediation. Chemical-specific risks for COPCs are presented in Appendix J. 

RME Risks 

Estimated Cancer Risks Equal to or Exceeding EPA's Target Risk Range of 1 E-04 to 1 E-06 

The estimated carcinogenic risk for the future resident is 1 E-03, which exceeds the upper end of the EPA 

target cancer risk range of 1 E-04 to 1 E-06. Incidental ingestion of surface soil and ingestion of, dermal 

contact with, and inhalation of vapors in groundwater contribute the most to the cumulative carcinogenic 

risks for the future resident. The principal COPCs contributing to this cancer risk are dioxlns/furan 
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Noles: 

NA .- Not Applicable 
NT -- No toxicity ractor 
NC - No copes selected 
RME -- Reasonable Maximum Exposure 

• 

Table 4·23 
Summary of Exposure Pathway Risks by Site - Estimated RME Cancer Risks for Site 05 

NASJRB Willow Grove 

5,29E-05 
NA 
NA 
NA 
NA 

2,44E-06 
2.39E-07 

NA 
NA 
NA 

, 'i:68E:OS' 

2"03E,,j)5 
NA 
NA 
NA 
NA 

1.75E-05 2.21E-OO 
NA Nfl. 

5.56E-07 NT 
5.55E-10 1,48E-06 

NA NA 

• • 
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Notes: 

NA -- Not Applicable 
NT -- No toxicity factor 
NC - No COPCs selected 
CTE -- Central Tendency Exposure 

• 
Table 4-24 

Summary of Exposure Pathway Risks by Site - Estimated CTE Cancer Risks for Site 05 
NASJRB Willow Grove 

1,90E-05 7,31E-06 2,OSE-OS 2,64E-05 1,16E-06 2,07E-07 6,30E-10 1,36E-06 7.79E-07 
NA NA NA NA NA NA NA NA NA 
NA NA NA NA 3,67E-OS NT NA 3,67E-OS 2.4SE-OS 
NA NA NA 7,33E-11 2.02E-07 NA 2,02E-07 1,61E-09 

NA NA NA NA NA NA 

• 

1,11 E-07 2.12E-10 S_90E-07 
NA NA NA 
NT 2.48E-OS 

3,91E-OS 4,07E-OS 
NA NA 
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-congeners (especially 1,2,3,6,7,8-HPCDD, 2,3,7,S-TCDD, OCDD), benz(a)anthracene, benzo(a)pyrone, 

benzo(b}fluoranthene, dibenzo(a,h)anlhracene, and indeno(1 ,2,3-cd)pyrene in surface soils and 1, i-DeE 

in groundwater. The estimated contribution to the carcinogenic risk for the future residents from 

groundwater exposure is SE-04. 

Cancer Risks Within EPA's Target Risk Range of "I E-04 to 1 E-06 

The estimated carcinogenic risk for the current occupational worker is 7E-05, which is within the EPA 

target cancer risk range of 1 E-04 to 1 E-OS. The estimated carcinogenic risk for the current trespasser is 

2E-05, which is within the EPA target cancer risk range of 1 E-04 to 1 E-06. The estimated carcinogenic 

risk for the future recreational child is 5E-06. which is within the EPA target cancor risk range of 1 E-04 to 

1 E-06. The estimated carcinogenic risk for the future excavation worker is 3E-06, whiet'l is at the lower 

end of EPA target cancer risk range of 1 E-04 to 1 E-06. Incidental ingestion of surface soil contributes the 

most to the cumulative carcinogenic risks for the current occupational worker, the current trespasser, 

future recreational Clli1d and future excavation worker. The principal COPCs contributing to this cancer 

fisk are dioxin/furan-congeners (especially 1,2,3,6,7,8-HPCDD, 2,3,7,8-TCOD, and 0000), 

benz(a)anthracene, benzo(a)pyrene, benzo(b)fluorantl1ene, dibenz(a,h)anthracene, and indeno(1,2,3-

cd)pyrene (surface soHs). 

CTE Risks 

Estimated Cancer Risks Egual to or Exceeding EPA's Target Risk Range of 1 E-04 to 1 E-06 

The estimated carcinogenic risk for the future resident is 3E-04, which exceeds the upper end of the EPA 

target cancer risk range of 1 E-04 to 1 E-OB. Incidental ingestion of surface soil and ingestion of, dermal 

contact with, and inhalation of vapors in groundwater contribute the most to the cumulative carcinogenic 

risks for the future resident. The principal copes contributing to this canGer risk are cfioxln/furan

congeners (especially 1,:Z,3,6,7,8-HPCDD, 2,3,7,8-TCOO, OCOD), benz(a)anthracene, benzo(a)pyrene, 

benzo(b)fluoranthent?, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene in surface sons and 1, l-DOE 

in groundwater. The estimated contribution to the carcinogenic risk for the future residents from 

groundwater exposure is 2E-04. 

Cancer Risks Within EPA's Target Risk Range of 1 E-04 to 1 E-Of;2 

The estimated carcinogenic risk for the current occupational worker is 3E-05, which is within the EPA 

target cancer risk range of 1 E-04 to 1 E-OB. The estimated carcinogE!nic risk for the current trespassors is 

2E-06, which is within the EPA target cancer risk range of 1 E-04 to 1 E-06. The estimated carcinogenic 
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risk for the future recreational child is 1 E-06. which is within the EPA target cancer risk range of 1 E-04 to 

1 E-06. The estimated carcinogenic risk for the future excavation worker is 1 E-06, which is at the lower 

end of EPA target cancer risk range of 1 E-04 to 1 E-06. Incidental ingestion of surface soil contributes the 

most to the cumulative carcinogenic risks for the current occupational worker, current trespasser, future 

recreational child, and future excavation worker. The principal COPCs contributing to this cancer risk are 

dioxins/furan-congeners (especially 1,2,3,6,7,8-I-iPCDD, 2,3,7,8-TCDD, and OCDD), benz(a)anthracene, 

benzo(a)pyrene, benzo(b)fluoranthene, dibenzo(a,h)anthracene, and indeno( f ,2,3-cd)pyrene (surface 

soils). 

Noncarcinogenic Risks 

Table 4-25 lists the estimated cumulative RtvlE noncarcinogenic risks at Site 5 for current occupational 

workers, current trespassers, future recreational children, future excavation workers, and future residents. 

Table 4-26 lists the estimated cumulative CTE noncarcinogenic risks at Site 5 for current occupational 

workers, current trespassers, future recreational children, future excavation workers, and future residents. 

EPA’s cumulative HI of 1 .O is often used to determine the need for environmental remediation. EPA’s HI 

of 1.0 is a benchmark below which adverse noncarcinogenic health effects are not anticipated under 

conditions established in the exposure assessment. Chemical-specific risks for CQPCs are presented in 

Appendix J. 

RME Risks 

Noncarcinoaenic Hazard Indices Above 1 .O 

The cumulative HIS for the future residential child (5.1) and the future residential adult (2.2) exceed 1.0. 

Incidental ingestion of and dermal contact with surface soil and ingestion of groundwater are the main 

contributors to the HIS exceeding 1 .O. The principal COP& contributing to the noncarcinogenic risk are 

chromium and iron in surface soil and barium manganese, dieldrin, 1 ,I ,I-TCA, 1 ,I-DCE, and TCE in 

groundwater. The chemicals affect the following target organs: chromium (kidney); iron (pancreas, liver, 

and GI tract), barium (heart and GI tract), manganese (CNS), dieldrin (liver), 1 ,l ,I-TCA (kidney, liver, and 

CNS), 1 ,l-DCE (kidney, liver, and CNS), and TCE (kidney, liver, and CNS). The HI based on the kidney 

as the target affected organ of exceeds 1.0 for the residential child. The HI based on the liver as the 

target affected organ exceeds 1.0 for the residential child. The HI based on the CNS as the target 

affected organ exceeds 1 .O for the residential child. The HI based on the GI tract as the target affected 

organ exceeds 1.0 for the residential child. Iron and chromium were detected at elevated levels in all 

collected surface soil samples and were present at concentrations elevated above background 

concentrations. Barium was detected in groundwater at a frequency of 21 out of 21 samples, with the 
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risk for the future recreational child is 1 E-06, which is within the EPA target cancer risk range of 1 E-04 to 

1 E-06. The estimated carcinogenic risk for the future excavation worker is 1 E-06, which is at the lower 

end of EPA target cancer risk range of 1 E-04 to 1 E-06. Incidental ingestion of surface soil contributes the 

most to the cumulative carcinogenic risks for the current occupational worker, current trespasser, future 

recreational child, and future excavation worker. The principal COPCs contributing to this cancer risk are 

dioxins/furan-congeners (especially 1,2,3,6,7,8-HPCDD, 2,3,7,8-TCDD, and OCDD), benz(a)anthracene, 

benzo(a)pyrene, benzo(b)fluoranthene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene (surface 

soils). 

Noncarcinogenic Risks 

Table 4-25 lists the estimated cumulative RME noncarcinogenic risks at Site 5 for current occupational 

workers, current trespassers, future recreational children, future excavation workers, and future residents. 

Table 4-26 lists the estimated cumulative CTE noncarcinogenic risks at Site 5 for current occupational 

workers, current trespassers, future recreational children, future excavation workers, and future residents. 

EPA's cumulative HI of 1.0 is often used to determine the need for environmental remediation. EPA's HI 

of 1.0 is a benchmark below which adverse noncarcinogenic health effects are not anticipated under 

conditions established in the exposure assessment. Chemical-specific risks for COPCs are presented in 

Appendix J . 

RME Risks 

Noncarcinogenic Hazard Indices Above 1 .0 

The cumulative His for the future residential child (5.1) and the future residential adult (2.2) exceed 1.0. 

Incidental ingestion of and dermal contact with surface soil and ingestion of groundwater are the main 

contributors to the His exceeding 1.0. The principal COPCs contributing to the noncarcinogenic risk are 

chromium and iron in surface soil and barium manganese, dieldrin, 1,1, 1-TCA, 1, 1-DCE, and TCE in 

groundwater. The chemicals affect the following target organs: chromium (kidney); iron (pancreas, liver, 

and GI tract), barium (heart and GI tract), manganese (CNS), dieldrin (liver), 1,1,1-TCA (kidney, liver, and 

CNS), 1, 1-DCE (kidney, liver, and CNS), and TCE (kidney, liver, and CNS). The HI based on the kidney 

as the target affected organ of exceeds 1.0 for the residential child. The HI based on the liver as the 

target affected organ exceeds 1.0 for the residential child. The HI based on the CNS as the target 

affected organ exceeds 1.0 for the residential child. The HI based on the GI tract as the target affected 

organ exceeds 1.0 for the residential child. Iron and chromium were detected at elevated levels in all 

collected surface soil samples and were present at concentrations elevated above background 

concentrations. Barium was detected in groundwater at a frequency of 21 out of 21 samples, with the 
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Table 4·25 
Summary of Exposure Pathway Risks by Site· Estimated RME Hazard Indices for Site 05 

NASJRB Willow Grove 

Surface Soil. TOTAl RISK 7.83E-01 665E-iJ1 NT 1.45E+OO 
Subsurface SoH. TOTAL RISK: NA NA NA NA 
Sediment. TOTAL RISK: NA NA NA NA 
Surface Water, TOTAL RISK: NA NA NA NA 
Groundwater. TOTAL RISK 335E+IJO '3.20E-1J1 NA 367E+OO GROiIp'TOTAL:" .......... <0 ....................................... 4:13E .. oif.. .. .. 9'.'i3"5E:or ...... · .. · .... N·,;;;· .. ·· .... "ii:'12E+OO" 

Nates 

NA -- Not Applicable 
NT - No !oxicitll faclor 
He .. - No copes selected 
RME - Reasonable Maximum Exposure 

• • • 

5,87E~02 

NA 
NT 

SHE-03 
NA 

'S:48E:02 
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Table 4-26 

Summary of Exposure Pathway Risks by Site - Estimated eTE Hazard Indices for Site 05 
NASJRB Willow Grove 

• 

u: ;,n :.Es.tll113tecJ ~rd Index 
.' .: Future ResidentiafAdult 

: .•... 109.· &$ ... tkI.. .n..... '.' Dermal Inhlila.tlon 
':::conta~( . 

Surface Soil. TOTAL RISK: 5.51E-03 NT 8.76E-07 5.S1E-03 1.72E-02 1.12E-02 NT 2.84E-02 4.19E-02 2.61E-Ol NT 3.03E-Ol 
Subsurface Soil. TOTAL RISK: NA NA NA NA NT NT NT NT NA NA NA NA 
Sediment. TOTAL RISK: NT NT NA NT NA NA NA NA NA NA NA NA 
Surface Water, TOTAL RISK: 7.02E-05 1.71E-03 NA U8E-03 NA NA NA NA NA NA NA NA 
Groundwater. TOTAL RISK: NA NA NA NA NA NA 6.20E+01 6.20E+Ol 101E+OO 1.57E-Ol 2.93E-Ol 1.46E+OO 
G·ROi)P'fOTAC .. ·· .... • .... · .. · .... · .. · .. · .. ···· ...... · .... · .. · .. · · .... ·S:5'8E:ci3 .... · ...... U1·e::Qf ........ ·S:76E::Q·j" .... · .. · .. :i:i9·E:ci3· .... · .. · .. ii2E:cii· .... · .. · .. {12e::Q2' .. · .. · .. ·S-:2'OE+Or .... · .... S:i1·E+of .. · ...... io5E+oo· .. · ...... ·{18E:ci1· .. · ...... ·i:93E::Q1·....· .. ")SE+OO .. 

Notes, 

NA -- Not Applicable 
NT -- No toxicity factor 
NC -- No COPCs selected 
CTE -- Central Tendency Exposure 

1.05E+OO 
NA 
NA 
NA 

3.31E+OO 
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maximum concentration (1,430 ug/I) and the representative concentration (575 ugil) exceeding the tap 

water RBC value. Manganese was detected in groundwater at a frequency of 19 out of 2'1 samples, with 

the maximum concentration (397 ug/I) and representative concentration (356 ug/l) exceeding the tap 

water RBC value. 1,1 , I-TeA, 1, I-DGE, and TCE were detected in groundwater in approximately an(Ol-half 

of the collected samples. Dieldrin was detected in two out of 21 samples in groundwater at 

concentrations of 0.09 ug/l and 0.3 ug/L No other combination of hazard quotients that effect the same 

target organ for the future residential chHd would result in an HI of greater than 1.0. The His based on the 

same target organ for the residential adult would ail be less than 1.0. 

Noncarcinogenic Haz..ru:.Q Indices Less Than 1.0 

The His for current occupational workers, current trespassers, future recreational children, and futLlre 

excavation workers at Site 5 are less than 1.0. 

CTE Risks 

Noncarcjnogenic Hazard Indices Above 1.0 

The cumulative His for the future residential child (4.4) and the future residential adult (1.8) exceed 1.0. 

Incidental ingestion of and dermal contact with surface soil and ingestion of groundwater are tlie main 

contributors to the His exceeding 1.0. The prinCipal COPCs contributing to the noncarcinogenic risk are 

chromium and iron in surface soil and barium, manganese, dieldrin, 1,1,1-TCA, i,i-DCE, and TCE in 

groundwater. The chemicals affect the following target organs: chromium (kidney); iron (pancreas, liver, 

and GI tract), barium (heart and GI tract), manganese (CNS), dieldrin (liver}, 1,1, i-TeA (kidney, liver, and 

CNS), 1, I-DCE (kidney, liver, and CNS), and TCE (kidney, liver, and eNS). The HI based on the kidney 

as the target organ exceeds 1.0 for the residential child. The H! based on liver as the target organ 

exceeds 1.0 for the residential child. The HI based on the CNS as the target affected organ exceeds 1.0 

for the residential child. Iron and chromium were detected in all surface s01l samples coilocted and at 

concentrations elevated above background concentrations. Manganeso was detected in groundwater at 

a froquency of 19 alIt of 21 samples, with the maximum concentration (397 ug/I) and representative 

concentration (356 ugll) exceeding the tap water RBC value. 1,1,1-TCA, 1, 1-0CE, and TCE were 

detected in groundwater at elevated levels in approximately one-half of the samples collected at elovated 

levels. Dieldrin was detected in groundwater in two out of 21 samples at concentrations of 0.09 Uf1!! ane! 

0.3 ug/L No other combination of hazard quotients that effect the same target organ for the future 

residential child would result in an HI of greater than 1.0. The His based on the same target organ for the 

residential adult would all be less than 1.0. 
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Noncarcinoaenic Hazard Indices Less Than 1 .O 

The HIS for current occupational workers, current trespassers, future recreational children, and future 

excavation workers at Site 5 are less than 1 .O. 

Lead Risks 

The IEUBK Lead Model (v. 0.99) was used to characterize risks from lead in soil, dust, and water for the 

hypothetical future residential children (ages 0 through 6) who are considered the most sensitive receptor 

group at Site 5. The simulated range of blood-lead values that might occur in a population as a result of 

exposures to lead was compared to a guideline level of 10 micrograms per deciliter &g/dL). 

Based on model results under an RME (using the maximum lead concentration in surface soil and 

groundwater), 18.6 percent of residential children exposed under similar conditions might have blood-lead 

levels exceeding 10 PgJdL. This exceeds a protective guideline of 5 percent for the maximum proportion of 

individuals with blood-lead levels exceeding 10 pg/dL (EPA, 1994). The model inputs were default 

parameter values and a site soil lead concentration of 412 mg/kg and a groundwater concentration of 18.1 

ug/l. The IEUBK population histograms for Site 5 (based on RME exposure) exposures are presented in 

Appendix J. 

Based on model results under CTE (using the average lead concentration in surface soil and groundwater), 

4.1 percent of residential children exposed under similar conditions might have blood-lead levels exceeding 

10 pg/dL. This is below a protective guideline of 5 percent for the maximum proportion of individuals with 

blood levels exceeding 10 pg/dL (EPA, 1994). The model inputs were default parameter values and a site 

soil lead concentration of 217 mg/kg lead and a groundwater concentration of 12.6 ug/I. The IEUBK 

population histograms for Site 5 (based on CTE exposure) exposures are presented in Appendix J. 

Noncarcinogenic risks for occupational workers from exposures to lead in soil were estimated using the 

Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil (EPA, 1996). The 

model estimates the upper 95 percentile of fetal blood-lead concentrations at birth that would be 

associated with maternal exposure to lead in soil in an occupational environment. Based on the model, 

5.4 ug/dl is the estimated upper 95 percentile of fetal blood-lead concentrations, assuming exposure to 

soil containing the maximum detected concentration (89.7 mg/kg) would result in a fetal blood-level of no 

greater than 5.4 ug/dl in 95 percent of an exposured population. Both values are below the 10 ug/dl 

benchmark value, which is the protection level most often considered during initial baseline risk 

evaluation. 
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Noncarcinogenic Hazard Indices Less Than 1.0 

The His for current occupational workers, current trespassers, future recreational children, and future 

excavation workers at Site 5 are less than 1.0. 

Lead Risks 

The IEUBK Lead Model (v. 0.99) was used to characterize risks from lead in soil, dust, and water for the 

hypothetical future residential children (ages 0 through 6), who are considered the most sensitive receptor 

group at Site 5. The simulated range of blood-lead values that might occur in a population as a result of 

exposures to lead was compared to a guideline level of 10 micrograms per deciliter (jJg!dL). 

Based on model results under an RME (using the maximum lead concentration in surface soil and 

groundwater), 18.6 percent of residential children exposed under similar conditions might have blood-lead 

levels exceeding 10 pg/dL. This exceeds a protective guideline of 5 percent for the maximum proportion of 

individuals with blood-lead levels exceeding 10 pg/dL (EPA, 1994). The model inputs were default 

parameter values and a site soil lead concentration of 412 mg/kg and a groundwater concentration of 18.1 

ug/l. The IEUBK population histograms for Site 5 (based on RME exposure) exposures are presented in 

AppendixJ. 

Based on model results under CTE (using the average lead concentration in surface soil and groundwater), 

4.1 percent of residential children exposed under similar conditions might have blood-lead levels exceeding 

10 pg/dL. This is below a protective guideline of 5 percent for the maximum proportion of individuals with 

blood levels exceeding 10 pg/dL (EPA, 1994). The model inputs were default parameter values and a site 

soil lead concentration of 217 mg/kg lead and a groundwater concentration of 12.6 ug/1. The IEUBK 

population histograms for Site 5 (based on CTE exposure) exposures are presented in Appendix J. 

Noncarcinogenic risks for occupational workers from exposures to lead in soil were estimated using the 

Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil (EPA, 1996). The 

model estimates the upper 95 percentile of fetal blood-lead concentrations at birth that would be 

associated with maternal exposure to lead in soil in an occupational environment. Based on the model, 

5.4 ug/dl is the estimated upper 95 percentile of fetal blood-lead concentrations, assuming exposure to 

soil containing the maximum detected concentration (89.7 mg/kg) would result in a fetal blood-level of no 

greater than 5.4 ug/dl in 95 percent of an exposured population. Both values are below the 10 ug/dl 

benchmark value, which is the protection level most often considered during initial baseline risk 

evaluation. 
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A Discussion of the Impact of Subsurface Soil Exposure Risks to Future Residential Receptors 

Subsurface soil exposure to future residential receptors can be evaluated using the copes that are the 

drivers for the risks in surface soil, carcinogenic PAHs (carCinogenic risks), iron (noncarc!nogE,mic risks), 

and chromium (noncarcinogenic risks). Dioxin/furan congeners that were carcinogenic risk drivers in 

surface soils were not detected in subsurface soil. 8enzo(a)pyrene and other PAHs are the main drivers 

to the carcinogenic risks to the excavation worker in subsurface soils. Ttu';;se chemicals are similar to 

those selected as copes for the future resident in surface soil with the exc!usfOIl of the carcinogenic risk 

drivers dioxins/fLlrans and the noncarcinogenic driver iron. PAHs have representative concentrations 

approximately an order of magnitude less than those of carcinogenic PAHs in surface soil. Subsurface 

soil would be assumed to be surface soH for the future residential receptors. Assuming a standard 

residential RME exposure scenario for exposure to subsurface soils, the estimated carcinogenic risk to 

the future residential receptor would be within EPA's target cancer risk range of 1 E-04 to 1 E-06 for Site 3. 

The carcinogenic risks from carcinogenic PAHs would be estimated at greater than 1 E-05. but still within 

EPA's target cancer risk range. Tile noncarcinogenic risks to the future residential child would exceed an 

HI of "1.0. 

4.7.5 Uncertainties 

Beyond the uncertainties associated with the human health risk assessment process discussed in Section 

3.1. the follOWing uncertainties should be considered in allY evaluation of Site 5 risk assessment results: 

• The uncertainty associated with the dermal exposure is high because of the derivation of 

the dermal slope factor and reference dose (see Section 3.1). The dermal toxicity factors 

are based on default oral absorption factors. This can result in an overestimation of the 

toxicity factors. It eventually causes derma! exposure to be a primary contributor to the 

cumulative cancer risk and HI (via surface soils) for the future residential receptors and 

current occupational workers. The uncertainty associated with the dEmnal exposure route 

may overestimate the risk at Site 5. 

• iron is tile main contributor to the noncarcinogenic risks for the future residential child 

(surface soH exposure). There is uncertainty associated with the oral Rm for iron. Risks 

at Site 3 from iron exposure may be overestimated. 

• Three chemicals, 2-hexanone (subsurface soil), benzo(g,h,i)perylene (surface soil, 

subsurface soil, and sediment), and phenanthrene (surface soil, subsurface soil, and 

sediment), did not have listed toxicity values for use in the quantitative risk assessment; 
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therefore, no risks were estimated for exposure to the COPCs. These chemicals 

4B generally had low or similar frequencies of detection as chemicals within the same class 

(i.e., PAHs). This uncertainty could possibly underestimate the carcinogenic and 

noncarcinogenic risk at Site 5, but, without additional toxicity information, this remains 

unknown. 

4.7.6 Conclusions 

The total cumulative carcinogenic risk for the current occupational worker is within EPA’s target cancer 

risk range at Site 5 for RME and CTE scenarios. The total cumulative carcinogenic risk for the future 

residential receptor exceeds EPA’s target cancer risk range at Site 5 for RME and CTE scenarios. 

DioxinIfuran congeners, carcinogenic PAHs in surface soil, and 1 ,l -DCE in groundwater at Site 5 are the 

main contributors the cancer risk for the potential receptors. The RME and CTE risk for groundwater 

consumption (untreated groundwater) for a future residential receptor is 8E-04 and 2E-04, respectively, 

both of which are at or exceed the EPA target cancer risk range of 1 E-04 to 1 E-06. Iron and chromium in 

surface soil and manganese, barium, dieldrin and several VOCs in groundwater are the main contributors 

to the RME and CTE noncarcinogenic risk at Site 5 for the future residential child receptor. AI! other 

noncarcinogenic HIS for the other potential receptors at Site 5 are less than 1 .O. Dioxins and furans and 

carcinogenic PAHs are the main COPCs selected for Site 5 soils. These contaminants are consistent 

aD 

with past practices at Site 5, which was a fuel burning area (solvents, paint chemicals, xylenes, toluenes, 

and petroleum compounds). VOCs are the main COP& in groundwater and these contaminants are 

also consistent with past practices of the site. 

4.8 ECOLOGICAL RISK ASSESSMENT 

This section presents the results of the ecological risk assessment performed at Site 5, the Fire Training 

Area. 

4.8.1 Preliminarv Problem Formulation 

This section includes a discussion of available habitats, ecological receptors, contaminant sources, 

release mechanisms, migration pathways, exposure routes, selection of analytes to be investigated, 

assessment and measurement endpoints, and the conceptual site model. 

4.8.1 .l Habitat Types and Ecological Receptors 

Site 5 consists of disturbed areas of grass, weeds, and shrubs (Figure 4-l 3). The northern portion of the 
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therefore, no risks were estimated for exposure to the COPCs. These chemicals 

generally had low or similar frequencies of detection as chemicals within the same class 

(Le., PAHs). This uncertainty could possibly underestimate the carcinogenic and 

noncarcinogenic risk at Site 5, but, without additional toxicity information, this remains 

unknown. 

4.7.6 Conclusions 

The total cumulative carcinogenic risk for the current occupational worker is within EPA's target cancer 

risk range at Site 5 for RME and CTE scenarios. The total cumulative carcinogenic risk for the future 

residential receptor exceeds EPA's target cancer risk range at Site 5 for RME and CTE scenarios. 

Dioxin/furan congeners, carcinogenic PAHs in surface soil, and 1, 1-DCE in groundwater at Site 5 are the 

main contributors the cancer risk for the potential receptors. The RME and CTE risk for groundwater 

consumption (untreated groundwater) for a future residential receptor is 8E-04 and 2E-04, respectively, 

both of which are at or exceed the EPA target cancer risk range of 1 E-04 to 1 E-OS. Iron and chromium in 

surface soil and manganese, barium, dieldrin and several VOCs in groundwater are the main contributors 

to the RME and CTE noncarcinogenic risk at Site 5 for the future residential child receptor. All other 

noncarcinogenic His for the other potential receptors at Site 5 are less than 1.0. Dioxins and furans and 

carcinogenic PAHs are the main COPCs selected for Site 5 soils. These contaminants are consistent 

with past practices at Site 5, which was a fuel burning area (solvents, paint chemicals, xylenes, toluenes, 

and petroleum compounds). VOCs are the main COPCs in groundwater and these contaminants are 

also consistent with past practices of the site. 

4.8 ECOLOGICAL RISK ASSESSMENT 

This section presents the results of the ecological risk assessment performed at Site 5, the Fire Training 

Area. 

4.8.1 Preliminary Problem Formulation 

This section includes a discussion of available habitats, ecological receptors, contaminant sources, 

release mechanisms, migration pathways, exposure routes, selection of analytes to be investigated, 

assessment and measurement endpoints, and the conceptual site model. 

4.8.1.1 Habitat Types and Ecological Receptors 

Site 5 consists of disturbed areas of grass, weeds, and shrubs (Figure 4-13). The northern portion of the 
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site is a regularly mowed grassy area adjacent to aircraft taxiway Juliet. A shrub thicket is located west of 

the paved access road into the site. An area of weeds and shrubs exists east of the access road in the 

vicinity of the former burn area. Sumac (Thus spp.) and box-elder (Acer negundo) are abundant in that 

area. A shallow drainage ditch east of the access road separates the weedy area from the grassy area 

near the taxiway. The area surrounding the ditch is thickly vegetated with common reed (Phragmites 

australis) and cattail (Typha spp.). Two small, shallow excavated ponds (approximately 80 ft by 20 ft) are 

located approximately 100 feet south of the site. These ponds are not shown on the National Wetlands 

Inventory Map of the area (U.S. Department of the Interior, undated), but marsh vegetation has become 

established in the area surrounding the two ponds. The western pond was completely covered with a 

dense layer of cattail during a site visit in March 1995. 

The site is adjacent to an open taxiway to the north, the Marine Corps Compound to the south and 

southeast, and a paved access road to the west. Thus, to a large extent, wildlife species at the site 

consist of those that have become accustomed to human disturbance. These include rabbits, raccoons, 

smaller mammals such as mice, reptiles and amphibians, and various birds. A woodchuck burrow was 

observed near the former burn area during the March 1999 site visit. During periods of relative human 

inactivity, deer and red foxes are known to occasionally utilize the site. Avian raptors are expected to forage 

in the grassy area adjacent to the taxiway. The two small ponds are inhabited by minnows, aquatic 

invertebrates, reptiles and amphibians, and are occasionally utilized by various receptors that forage on 

aquatic organisms (e.g., wading birds, waterfowl, raccoons, etc.). There are no known animals or plants 

state- or federally-listed as threatened, endangered, or candidates for listing, at the site. 

4.8.1.2 Contaminant Sources, Release Mechanisms, and Migration Pathways 

The contaminant source at Site 5 consists of the former Fire Training Area. Petroleum and related 

wastes were burned at the site for fire training exercises. Potential contaminant release pathways at the 

site include volatilization, wind erosion, overland runoff, and infiltration of contaminants. Combustion was 

probably a major transport mechanism during the period when the fire training area was in use. However, 

combustion is not a current transport mechanism at Site 5 since open burning activities have ceased. 

Constituents in soil could volatilize from surficial material or become airborne via wind erosion. 

Contaminated fugitive dust can be generated during ground-disturbing activities, such as construction or 

excavation. The contaminants could then be dispersed in the surrounding environment and transported 

to downwind locations where they could repartition to surface soil, surface water, or sediment through 

gravitational settling, precipitation, and deposition. However, most of the site is heavily vegetated, 

minimizing the airborne contaminant transport pathway. The absence of vegetation in the immediate 

area of the burn ring could contribute to fugitive emissions of fine-grained soil particles, but since this area 
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site is a regularly mowed grassy area adjacent to aircraft taxiway Juliet. A shrub thicket is located west of 

the paved access road into the site. An area of weeds and shrubs exists east of the access road in the 

vicinity of the former burn area. Sumac (Rhus spp.) and box-elder (Acer negundo) are abundant in that 

area. A shallow drainage ditch east of the access road separates the weedy area from the grassy area 

near the taxiway. The area surrounding the ditch is thickly vegetated with common reed (Phragmites 

australis) and cattail (Typha spp.). Two small, shallow excavated ponds (approximately 80 ft by 20 ft) are 

located approximately 100 feet south of the site. These ponds are not shown on the National Wetlands 

Inventory Map of the area (U.S. Department of the Interior, undated), but marsh vegetation has become 

established in the area surrounding the two ponds. The western pond was completely covered with a 

dense layer of cattail during a site visit in March 1999. 

The site is adjacent to an open taxiway to the north, the Marine Corps Compound to the south and 

southeast, and a paved access road to the west. Thus, to a large extent, wildlife species at the site 

consist of those that have become accustomed to human disturbance. These include rabbits, raccoons, 

smaller mammals such as mice, reptiles and amphibians, and various birds. A woodchuck burrow was 

observed near the former burn area during the March 1999 site visit. During periods of relative human 

inactivity, deer and red foxes are known to occasionally utilize the site. Avian raptors are expected to forage 

in the grassy area adjacent to the taxiway. The two small ponds are inhabited by minnows, aquatic 

invertebrates, reptiles and amphibians, and are occasionally utilized by various receptors that forage on 

aquatic organisms (e.g., wading birds, waterfowl, raccoons, etc.). There are no known animals or plants 

state- or federally-listed as threatened, endangered, or candidates for listing, at the site. 

4.8.1.2 Contaminant Sources, Release Mechanisms, and Migration Pathways 

The contaminant source at Site 5 consists of the former Fire Training Area. Petroleum and related 

wastes were burned at the site for fire training exercises. Potential contaminant release pathways at the 

site include volatilization, wind erosion, overland runoff, and infiltration of contaminants. Combustion was 

probably a major transport mechanism during the period when the fire training area was in use. However, 

combustion is not a current transport mechanism at Site 5 since open burning activities have ceased. 

Constituents in soil could volatilize from surficial material or become airborne via wind erosion. 

Contaminated fugitive dust can be generated during ground-disturbing activities, such as construction or 

excavation. The contaminants could then be dispersed in the surrounding environment and transported 

to downwind locations where they could repartition to surface soil, surface water, or sediment through 

gravitational settling, precipitation, and deposition. However. most of the site is heavily vegetated. 

minimizing the airborne contaminant transport pathway. The absence of vegetation in the immediate 

area of the burn ring could contribute to fugitive emissions of fine-grained soil particles, but since this area 
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is small, f~g~t~~~~ smissions are probably insignificant. is small, fugitive emissions are probably' insignificant. 

The flat topography in the vicinity of the site decreases the degree of precipitation runoff. However, two 

small ponds are approximately 100 feet from the site in a slight downslope direction. In addition, some 

runoff could eventually drain into ditches that exit the base approximately 2,000 ft south of the site. This 

drainage eventually flows into Pennypack Creek approximately 3,000 south of the air statton. 

Infiltrating precipitation can cause the contamination of subsurface soil and groundwater. After reaching 

the water table, contaminants can be carried with the flow of groundwater to downgradient rocations. 

Contaminants transported in groundwater to surface water can be deposited subsequently in sediment or 

surface water, and can potentially accumUlate in the tissues of aquatic organisms in the ponds. 

Groundwater beneath Site 5 flows southeast or southwest, depending on location and depth. The 

nearest surface water (other than the two nearby ponds) into which site groundwater couid discharge is 

P4;:nnypack Creek, approximately 4,500 feet south of the site. There is no evidence from tile RI indicating 

that groundwater discharges into Pennypack CreE:lk. 

4.8.1.3 Exposure Routes 

Terrestrial animals at Site 5 can be exposed to soil contaminants through the ingestion of contaminated 

food items. In addition, animals can incidentally ingest soil while grooming fur, preening feathers, cHggin~j, 

grazing olose to the soil, or feeding on items that are oovered with soil (such as roots and tubers). 

Terrestrial vegetation can be exposed to contaminants through direct aerial deposition and root 

translocation. Aerial deposition could have been a significant exposure route during historical landfill 

activities. However, aerial deposition is presently minima! since most of the site is vegetated. Terrestrial 

receptors can also come into contact with contaminants in surface water by using it for drinking. although 

this exposure route generally represents a negligible portion of total exposure for most receptors. 

Aquatic and semi-aquatic organisms in the ponds near Site 5 can be exposed to contaminants through 

direct contact with surface water and sediments, incidental ingestion of surface water and sediments, and 

consumption of contaminated food items. Exposure to contaminants in the soil via dermal contact can 

occur but is unHkely to represent a major exposure pathway because fur, feathers. and chitinous 

exoskeletons minimize the transfer of contaminants across derma! tissue. 

Volatile constituents could be present in some site soils and soil-bound contaminant airborne suspension 

could occur at Site 5. However, inhalation does not represent a significant exposure pathway because 

this investigation assumes that air contaminant concentrations are quite low, even for burrowing wildlife. 
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Further more, inhalation ecotoxicity data for chronic exposure are lacking. Hence, the air pathway was 

not considered for ecological receptors. 

4.8.1.4 Selection of Analytes to be Investigated 

As discussed in Section 3.2.1.1, calcium, magnesium, potassium, and sodium were excluded as COP& 

in all media because they are essential nutrients that are toxic only in extremely high concentrations. 

Otherwise, analytes selected for evaluation consisted of all analytes detected during current and previous 

sampling of surface water, sediment, and surface soil at Site 5. 

4.8.1.5 Assessment and Measurement Endpoints 

A description of assessment and measurement endpoints for this investigation is presented in Section 

3.2.1 .l. 

4.8.1.6 Conceptual Site Model 

Figure 4-14 shows the conceptual model for Site 5. The figure shows a complete exposure route for the 

wind erosion pathway. However, since most of the site is heavily vegetated, the wind erosion pathway is 

assumed to be minimal. In addition, the dermal (direct contact) exposure route is included in the 

conceptual model since it is theoretically possible, but as mentioned earlier, it represents a minor 

exposure route and was not investigated. 

4.8.2 Preliminarv Ecoloqical Effects Evaluation 

Ecologically-based screening values (e.g., ESVs, concentrations of contaminants in various media 

considered protective of ecological receptors) were compared to exposure point concentrations of 

detected analytes in surface water, sediment, and surface soil to determine if the analytes qualify as 

ecological COPCs at Site 5. The selection of ESVs was discussed in section 3.2.1.2. 

4.8.3 Preliminary Exposure Estimate 

The maximum detected contaminant concentrations in surface water, sediment, and surface soil were 

used as exposure point concentrations for comparison to ecological screening levels. Mean contaminant 

concentrations and 95% UCL of the mean contaminant concentrations (when available) were also 

compared to alternate guidelines in Step 3a of the assessment. 
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Further more, inhalation ecotoxicity data for chronic exposure are lacking. Hence, the air pathway was 

not considered for ecological receptors. 

4.8.1.4 Selection of Analytes to be Investigated 

As discussed in Section 3.2.1.1, calcium, magnesium, potassium, and sodium were excluded as COPCs 

in all media because they are essential nutrients that are toxic only in extremely high concentrations. 

Otherwise, analytes selected for evaluation consisted of all analytes detected during current and previous 

sampling of surface water, sediment, and surface soil at Site 5. 

4.8.1.5 Assessment and Measurement Endpoints 

A description of assessment and measurement endpOints for this investigation is presented in Section 

3.2.1.1. 

4.8.1.6 Conceptual Site Model 

Figure 4-14 shows the conceptual model for Site 5. The figure shows a complete exposure route for the 

wind erosion pathway. However, since most of the site is heavily vegetated, the wind erosion pathway is 

assumed to be minimal. In addition, the dermal (direct contact) exposure route is included in the 

conceptual model since it is theoretically possible, but as mentioned earlier, it represents a minor 

exposure route and was not investigated. 

4.8.2 Preliminary Ecological Effects Evaluation 

Ecologically-based screening values (e.g., ESVs, concentrations of contaminants in various media 

considered protective of ecological receptors) were compared to exposure point concentrations of 

detected analytes in surface water, sediment, and surface soil to determine if the analytes qualify as 

ecological COPCs at Site 5. The selection of ESVs was discussed in section 3.2.1 .2. 

4.8.3 Preliminary Exposure Estimate 

The maximum detected contaminant concentrations in surface water, sediment, and surface soil were 

used as exposure point concentrations for comparison to ecological screening levels. Mean contaminant 

concentrations and 95% UCL of the mean contaminant concentrations (when available) were also 

compared to alternate guidelines in Step 3a of the assessment. 
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4.8.4 Preliminarv Risk Calculation 

- 

The maximum detected concentrations of aluminum, barium, iron, lead, and dieldrin in surface water 

exceeded screening levels and thus, they were retained as COPCs (Table 4-27). 

No inorganic sediment analytes exceeded screening levels (Table 4-28). Aluminum, barium, beryllium, 

cobalt, iron, manganese, and vanadium were retained as sediment COP& since no screening levels 

were available. Several organics in sediments were retained as COPCs since their maximum 

concentrations exceeded screening levels; these consisted of anthracene, benzo(a)anthracene, 

benzo(a)pyrene, chrysene, dibenz(a,h)anthracene, fluoranthene, phenanthrene, and pyrene. Al&in, 

dieldrin, benzo(k)fluoranthene, 2-butanone, and toluene were retained as sediment COPCs since no 

screening levels were available. 

Aluminum, antimony, arsenic, cadmium, chromium, iron, lead, manganese, thallium, vanadium, and zinc 

were retained as inorganic COP& in surface soil since their maximum concentrations exceeded 

screening levels (Table 4-29). Several SVOCs (primarily PAHs) were retained as organic COPCs in 

surface soils because their maximum concentrations exceeded screening levels. Acetone and a few 

SVOCs were retained as COPCs because no screening levels were available. 

4.8.5 Step 3a: Discussion 

Step 3a considerations are discussed below on a COPC-specific basis. 

4.851 Metals 

Aluminum 

Aluminum was a COPC in sediment because no initial screening level was available, and was a COPC in 

surface water and soil because its HQ exceeded 1.0. Its concentration in surface water was twice the 

ORNL lowest chronic value (Table 4-30). Aluminum concentrations in sediment were well below the only 

available alternate guideline (Table 4-311, which was a probable effects concentration (PEG) from the 

USEPA Assessment and Remediation of Contaminated Sediments Program (ARCS). The maximum 

concentration of aluminum in sediments was less than twice the average background concentration. 

Concentrations of aluminum in all surface soil samples were within the range of background 

concentrations. 

Aluminum is not readily absorbed through the skin and gastrointestinal absorption of ingested aluminum 

is poor due to the transformation of aluminum salts into insoluble aluminum phosphate (Venugopal and 
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4.8.4 Preliminary Risk Calculation 

The maximum detected concentrations of aluminum, barium, iron, lead, and dieldrin in surface water 

exceeded screening levels and thus, they were retained as COPCs (Table 4-27). 

No inorganic sediment analytes exceeded screening levels (Table 4-28). Aluminum, barium, beryllium, 

cobalt, iron. manganese, and vanadium were retained as sediment COPCs since no screening levels 

were available. Several organics in sediments were retained as COPCs since their maximum 

concentrations exceeded screening levels; these consisted of anthracene, benzo(a)anthracene, 

benzo(a)pyrene. chrysene, dibenz(a,h)anthracene, fluoranthene, phenanthrene, and pyrene. Aldrin, 

dieldrin, benzo(k)fluoranthene, 2-butanone, and toluene were retained as sediment COPCs since no 

screening levels were available. 

Aluminum, antimony, arsenic, cadmium, chromium, iron, lead, manganese, thallium, vanadium, and zinc 

were retained as inorganic COPCs in surface soil since their maximum concentrations exceeded 

screening levels (Table 4-29). Several SVOCs (primarily PAHs) were retained as organic COPCs in 

surface soils because their maximum concentrations exceeded screening levels. Acetone and a few 

SVOCs were retained as COPCs because no screening levels were available . 

4.8.5 Step 38: Discussion 

Step 3a considerations are discussed below on a CO PC-specific basis. 

4.8.5.1 Metals 

Aluminum 

Aluminum was a CO PC in sediment because no initial screening level was available, and was a COPC in 

surface water and soil because its HQ exceeded 1.0. Its concentration in surface water was twice the 

ORNL lowest chronic value (Table 4-30). Aluminum concentrations in sediment were well below the only 

available alternate guideline (Table 4-31), which was a probable effects concentration (PEC) from the 

USEPA Assessment and Remediation of Contaminated Sediments Program (ARCS). The maximum 

concentration of aluminum in sediments was less than twice the average background concentration. 

Concentrations of aluminum in all surface soil samples were within the range of background 

concentrations. 

Aluminum is not readily absorbed through the skin and gastrointestinal absorption of ingested aluminum 

is poor due to the transformation of aluminum salts into insoluble aluminum phosphate (Venugopal and 
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TABLE 4-27 
SELECTION OF PRELIMINARY CONTAMINANTS OF CONCERN IN SURFACE WATER 

SITE 5 - FIRE TRAINING AREA 
NASJRB WILLOW GROVE 

Range of Detections 
""-I""" 

Location of Screening 
Frequency (ug/l) Level Hazard Selecteci 

Contaminant of Detection Minimum I Maximum Maximum (ugli) Quotient as 
PCOC? 

Inorganics 
---

Aluminum 111 926.0 926.0 05SW02 251 37.04 Yes ._-
Arsenic 1/2 1.4 1.4 05SW02 1902 0.00 No 
Barium 2/2 23.3 44.8 05SW02 3.93 11.5 Ves 

Iron 2/2 261 1170.0 05SW02 1,0002 1.2 Yes -
lead 2/2 1.3 3.0 05SW02 2.52 1.2 Yes 
Manganese 2/2 12.6 55.9 05SW02 aOa 0.7 No 
Zinc 2/2 19 32.1 05SW02 1002 0.3 No 
Pesticides/PCBs 

1-1 D_ie_ld.....;.rin-=---__ --'--_..;.;..1/2;;.;..' =_-'-~O;..:...06-=-----L-_O.:..;...O:....:6_::=_I: 05SW02 31.58 Yes 

1. Region III STAG screening level (EPA, 1995) 
2. AWQC or FCV (EPA, 1996) 
3. Tier II value (EPA, 1996) 
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TABLE 4-28 
SELECTION OF PRELIMINARY CONTAMINANTS OF CONCERN IN SEDIMENT 

SITE 5 - FIRE TRAINING AREA 
NASJRB WILLOW GROVE 
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TABLE 4-28 
SELECTION OF PRELIMINARY CONTAMINANTS OF CONCERN IN SEDIMENT 

SITE 5 - FIRE TRAINING AREA 
NASJRB WILLOW GROVE 

Range of Detected 
Frequency of Concentrations Location of Screening Hazard 

Contaminant Detection Minimum I Maximum Maximum Level Quotient 

Inorganics (mg/kg) 

Aluminum 2/2 11200.00 12000.00 058001 NA NA 
Antimony 2/2 5.60 6.10 05S002 1501 0.04 
Arsenic 2/2 4.00 4.50 05S002 8.22 0.5 
Barium 2/2 69.80 74.30 058002 NA NA 
Beryllium 212 0.58 0.77 058002 NA NA 
Chromium 2/2 8.80 12.90 05SD02 81 2 0.2 
Cobalt 212 7.10 7.10 058002 NA NA 
Copper 2/2 12.30 13.50 05S001 342 0.40 
Iron 2/2 11000.00 11900.00 058002 NA NA 
Lead 2/2 7.90 31.70 05S002 472 0.7 
Manganese 2/2 107.00 222.00 058002 NA NA 
Nickel 2/2 9.40 11.00 058002 212 0.5 
Vanadium 2/2 15.60 21.20 058002 NA NA 
Zinc 2/2 14.80 40.10 058002 1502 0.27 
Pesticides/PCBs (ug/kg) 

Aldrin 1/2 11.00 11.00 058002 NA NA 
Oieldrin 2/2 17.00 220.00 058002 NA NA 
SVOCs (ug/kg) 

Anthracene 2/2 160.00 160.00 058002 85.32 1.88 
Benz(a)anthracene 212 650.00 850.00 05S002 261 2 3.26 
Benzo(a)pyrene 2/2 520.00 910.00 05S002 4302 2.12 
Benzo(b)fluoranthene 212 720.00 1400.00 05S002 32001 0.44 
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TABLE 4-28 
SELECTION OF PRELIMINARY CONTAMINANTS OF CONCERN iN SE 
SITE 5 - FIRE TRAINING AREA 
NASJRB WILLOW GROVE 
PAGE20F2 

Frequency of 
Contaminant Detection 

Pesticides/PCBs (ug/kg) (continued) 

E?enzo(g,h,ijperylene 2/2 
Benzo(k)f!uorantneno 2/2 

Chrysene 2/2 

Dibenz( a,M }anth raceme 1/2 
Fluoranthene 2/2 
Indeno(1,2,3-cd)pyrene 2/2 
Phenanthrene 2/2 
Pyrene 2/2 
Total PAHs 2/2 
veeG (ug/kg) 

2-butanone 1/2 

Toluene 112 

Range of Detected 
Concentrations 

Minimum Maximum 

200.00 400,00 

430.00 700.00 

720.00 1200.00 
120.00 120.00 

1300.00 1800.00 

290.00 560.00 
620.00 880.00 
1500.00 1900.00 
6,060 10,900 

Location 0 

Maximum 

058002 
058D02 

058002 

058002 

058002 

058002 

058002 
058002 

058002 

058002 

058D02 

1 Region III STAG screening level (EPA 1995) 
2 ERL (Long at al 1995) 
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DlMENT • 
Screening H."';J Se'ec'ed 

Level Quotient as peOe? 

670 1 0.60 No 

NA Nfo, Yes 

3842 3.13 Yes 

63.42 1.89 Yes 

6002 3.00 Yes 

6001 0.93 No 
2402 3.67 Yes 

6602 2.9 Yes 

4,0002 2.72 Yes 

NA Yes 

NA Yes 
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TABLE 4-29 
SELECTION OF PRELIMINARY CONTAMINANTS OF CONCERN IN SURFACE SOIL 

SITE 5 - FIRE TRAINING AREA 
NASJRB WILLOW GROVE • 

• 
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TABLE 4-29 
SELECTION OF PRELIMINARY CONTAMINANTS OF CONCERN IN SURFACE SOIL 

SITE 5 - FIRE TRAINING AREA 
NASJRB WILLOW GROVE 

Frequency Range of Detections Location of Screening Hazard 
Contaminant of Detection Minimum Maximum Maximum Level Quotient 

Inorganics (mglkg) 

Aluminum 15/15 7890.00 12400.00 05S825 1.0' 12400 

Antimony 214 8.20 9.20 058820 52 1.8 
Arsenic 15/15 1.30 10.50 058819 102 1.1 
Barium 15/15 33.10 108.00 058817 412.53 0.3 

Beryllium 15/15 0.30 1.10 058817 102 1.1 

Cadmium 3/15 2.80 4.70 058828 32 1.6 
Chromium 15115 8.80 56.50 058827 104 5.6 
Cobalt 15/15 4.30 13.00 058819 1303 0.1 
Copper 15/15 6.50 28.4 058829 1002 0.3 
Iron 15/15 9320.00 21600.00 058829 12' 1800 
Lead 15/15 7.40 412.00 058822 504 8.2 
Manganese 15/15 202.00 873.00 058819 330' 2.65 

Nickel 15/15 5.20 23.60 058819 302 0.8 
Thallium 7/15 0.24 0.39 058829 0.001' 390 
Vanadium 15/15 14.30 36.3 058829 204 1.8 
Zinc 15/15 17.00 137.00 058829 504 2.7 
SVOCs (uglkg) 

2-methylnaphthalene 7/16 50.0 16000.0 058830 NA NA 
Acenaphthene 13/16 47.0 36000.0 058830 100' 360.00 
Acenaphthylene 12/16 73.0 2300.0 058830 NA NA 
Anthracene 14/16 140.0 54000.0 058830 20503 26.3 
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TABLE 4-29 
SELECTION OF PRELIMINARY CONTAMINANTS OF CONCERN IN SURFACE SOIL 
SITE 5 - FIRE TRAINING AREA 
NASJRB WILLOW GROVE 
PAGE20F2~ ________ ~ ______ ~ ______________ ~ ______ ~ ______ -r ______ ~ __ 

Frequency Range of Detections Location of Screening 
of Detection F-M-in-j-'m"'-u-m""""'-M-a-xl-m-u-m-l Maximum Level Contaminant 

SVOCs (ug/kg) (continued) _. -~ ..... 
Benz(a)anthracene 14/16 580.0 48000.0 
Benzo(a)pyrene 14116 750.0 36000.0 
Benzo(b )ffuoranthene 14/16 1200.0 35000.0 -
Benzo(g,h,i)pery(en~ 14/16 400.0 13000.0 

Benzo(k)fluorantheI1E1 13/16 750.0 29000.0 

Bis(2-et~yll1exyl}phtl1a!ate 3/3 210.0 1200.0 

Carbazole 
1--

13/16 160.0 19000.0 

Chrysene 14/16 1100.0 45000.0 
Di-n-butylphthalate 2i16 85.0 120.0 
Dibenz(a,h)anthracene 13/16 110.0 4800.0 
Dibenzofuran 13/16 71.0 34000.0 
FluOI'anthene 14/16 2400.0 140000.0 

.. -
Fluorene 13116 81.0 56000.0 

Indeno(1,2?3-cd)pyrene 14/16 550.0 18000.0 
Naphthalene 5/16 52.0 22000.0 
Phenanthrene 14/16 1100.0 200000.0 
Pyrene 14/16 1800.0 120000.0 
Tota! PAHs 14/16 11,900 928.000 
VOCs (ug/kg) 

Acetone 1/5 17.0 17.0 
Toluene 1/10 1.0 1.0 

Frequency Range of Detections 

Contaminant of Detection Minimum Maximum 
Dioxins!Furans (ug/kg} 

[Iqpo Toxicity Equivalents 2/2 I :~.p§gg I ~ 0.177 

1 Region IIi BTAG screening level (EPA, 1995) 
2 Will and Suter (1995b) 
3 Netherlands (1994) 
4 ORNL (1996) 
5 ERl for sediment (Long et ai, 1995) 

4-151 

058830 20503 

058830 2050:3 

058830 """--20503 

058830 20503 

058830 20503 

058827 3005:1 

058830 NA 
058830 20503 

058822 3005:; 

058830 2050~' 

058830 NA 
058830 2050" 

058830 20503 

058830 2050" 

058830 20503 

058830 2050~' 

058830 20503 

058830 4,0005 

058B25 NA 

058815 1001 

Location of Screening 
Maximum Level 

058814 101 

Hazard Selected 
Quotient as peoe? 

23.4 Yes 

17.6 Yes 
17.1 Yes 
6.3 Yes 
14.1 Yes 

0.4 No 
NA Yes 

21.9 Yes 

0.04 No 
2.3 Yes 
NA Yes 

68.3 Yes 

27.3 Yes 
B.B Yes 

10.7 Yes 
97.6 Yes 
58.5 Yes 
232.0 Yes 

NA Yes 
0.01 No 

Hazard Selected 
Quotient as PCOC"? 

0.02 No 

• 

• 

• 
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TABLE 4-30 

STEP 3A: REFINEMENT OF CONTAMINANTS OF POTENTIAL CONCERN - SURFACE WATER 
SITE 5 - FIRE TRAINING AREA 

NASJRB WILLOW GROVE 

Initial 
Maximum Mean Screening 

COPC Concentration Concentration Level 
Metals (ug/L) 
Aluminum 926.0 926 25 

Barium 44.8 34.1 3.9 

Iron 1170.0 716 1,000 

Lead 3.0 2.2 2.5 

Pesticides (ug/L) 
Dieldrin 0.06 0.055 0.0019 

a AWQC (USEPA, 1995) 
b ORNL Lowest Chronic Value (Suter and Tsao. 1996) 
c Secondary Chronic Value (Suter and Tsao, 1996) 
d Final Chronic Value (USEPA, 1996b) 

BTAG 
Screening 

Level 

25 

10,000 

320 

3.2 

0.0019 

e Aluminum was analyzed in only one background surface water sample. 
ND = not detected. 

Alternate 
Screening 

Level 

87a/460b 

4.0c 

158b 

1.328/12.3b 

0.062d 

Mean/Max Retained as 
Background Final COC? 

561 e No 

101/112 No 

321/635 No 

0.538/0.8 No 

ND No 

• 



TABLE 4-31 
STEP 3A: REFINEMENT OF CONTAMINANTS OF POTENTIAL CONCERN - SEDIMENT 

SITE 5 - FIRE TRAINING AREA 
NASJRB WillOW GROVE 

Initial BTAG 
Maximum Mean Scr1llening Screening 

CO PC Concentration Concentration level level ER-M" PElb ARCS PEC" 
, Metals (mg/kg) 

Aluminum 1200000 11600 NA I NA NA NA 58030 
Barium 74.30 72.1 NA NA NA NA NA 
Beryllium 0.77 0.675 NA NA NA NA NA 
Cobalt 7.10 7.1 NA NA NA NA NA 
Iron 11900.00 11500 NA NA NA NA NA 

'Manganese 222.00 165 NA NA NA NA 1081 
Vanadium 21.20 1M NA NA NA NA NA 
Pesticides/PCBs (ug/kg) 
Aldrin 11.00 6.05 NA j NA NA NA NA 
Dieldrin 220.00 119 NA NA NA 4.3 NA 
SVOCS (ug/kg) 
Anthracene 160.00 160 85.3 85.3 1100 245 547.7 
Benz(a)anthracene 850.00 750 261 261 1600 693 4200 
Benzo{a)pyrene 910.00 715 430 430 1600 763 393.7 
Benzo(k)fluoranthene 700.00 565 NA NA NA NA NA 
Chrysene 1200.00 960 384 384 2800 846 5200 
Dibenz(a,h)anthracene 120.00 170 63.4 63.4 260 135 28.2 

Fluoranthene 1800.00 1550 600 600 5100 1494 834.27 
Phenanthrene 880 .. 00 750 240 240 1500 544 NA 
Pyrene 1900.00 1700 660 665 2600 1398 3225 

Total PAHs 10,900 8480 4,000 NA 44792 16,770 13660 
VOCS (ug/kg) 
2-8utanone 22.00 14.3 NA NA NA NA NA 
Toluene 4.00 5.25 NA NA NA NA NA 

a. Effects Range - Median (Long et ai, 1995). 
b. PrObable Effects Levels (FDEP. 1994). 
c. Assessment and Remediation of Contaminated Sediments Program; Probable Effects Concentration (USEPA 1996c). 
d. OntariO Ministry of the Environment: LEl '" lowest effect level f BEL'" severe effect level (Jones et ai, 1997). 
e.· EPA Sediment Quality Criteria (USEPA, 19960) 
f. EPA Sediment Quality Benchmark (USEPA, 1996b) 
g. EPA Region 5 guideline indicating modemte pollution (Giesy &. Hoeke, 1990). 
h. Open water disposal guideline. Ontario Ministry of the Environment (Giesy & Hooke, 1990) 
NA ,., not available or not applicable. 
ND = not detected. 

• • 

Other 
Screening 

Ontario MOEd Level 

NA NA 
NA 20-60' 
NA NA 
NA 50h 

20,000/40,000 NA 
46011110 300-500Q 

NA NA 

2180 NA 
2/910 I 52· 

220/3700 NA 
320/14800 NA 
370/14400 NA 
240113400 NA 
34014600 NA 
60/1300 NA 

750110200 29{)0· 

560/9500 850· 

49018500 NA 
40001100,000 NA 

NA NA 
NA 670' 

Retained 
MeanfMal(. as Final 

Background COC? 

6620/8950 No 
98 .. 21160.5 No 
0.878/1.2 No 
7.21112.4 No 

16500135400 No 
514nS9 No 
22.6/52.6 No 

ND No 
2.26/3.1 No 

ND No I 

275/580 No 
2681530 No 
240/300 No ! 

2381640 No 
ND No 

2211510 No 
235/260 No 

31511300 No 
834/4790 No 

ND No I 
ND No 

• 



Luckey, 1978). Another factor in the lack of accumulation of aluminum in animals with age or the 

absence of any increase in tissue levels of aluminum following fairly high dietary intake may be that 

certain organisms possess a homeostatic mechanism for this element. Aluminum compounds are 

generally not harmful to most terrestrial organisms and are considered to be toxicologically inert, except 

in cases of high experimental doses or prolonged inhalation (Venugopal and Luckey, 1978). Data on the 

toxicity of aluminum to aquatic organisms is somewhat limited. Freshwater organisms usually are not 

adversely affected when pH is between 6.5 and 9.0 (EPA, 1988). The pH in the surface water sample 

collected from the western small pond south of the site was within this range (pH=6.77, Appendix C). The 

pH in the surface water sample collected from the eastern small pond south of the site was slightly lower, 

at pH=6.35. Overall, however, the aluminum concentrations in Site 5 media are similar to background 

values. For these reasons, aluminum should be dropped from further consideration at Site 5. 

Antimony 

Antimony was a COPC in surface soil, but was not detected in surface water and was not a COPC in 

sediment. Antimony was not detected in background surface soil samples but its HQ was relatively low 

(HQz1.8). Few alternate ESVs are available for antimony in surface soil (Table 4-32). Because of its 

absence in surface water and low concentrations in sediment, and its and relatively low concentrations in 

surface soil, antimony should be dropped from further consideration at Site 5. 

Arsenic 

Arsenic was not a COPC in surface water or sediment. Arsenic concentrations in surface soil exceeded 

the initial screening level in only one sample, and its HQ was low (HQ=l .I ). The concentration in this 

sample was less than the BTAG screening level, less than all alternate ESVs, and was within the range of 

background values (Table 4-32). For these reasons, arsenic should be dropped from further 

consideration at Site 5. 

Barium 

Barium was a COPC in surface water and sediment, but an initial sediment ESV was not available. The 

maximum surface water concentration was much less than the BTAG ESV (Table 4-30). Barium was 

detected in both surface water and sediment samples from each of the two ponds, but all values were 

within the range of background concentrations (Tables 4-30 and 4-31). Barium is a common element in 

sediments and it is not generally associated with significant toxicity (ATSDR, 1997). For these reasons, 

barium should be dropped from further consideration at Site 5, 

Beryllium 

Beryllium was a COPC in sediment since an ESV was not available. Beryllium was not detected in 

surface water and was not a COPC in surface soil. Although no sediment ESVs were available for 
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Luckey, 1978). Another factor in the lack of accumulation of aluminum in animals with age or the 

absence of any increase in tissue levels of aluminum following fairly high dietary intake may be that 

certain organisms possess a homeostatic mechanism for this element. Aluminum compounds are 

generally not harmful to most terrestrial organisms and are considered to be toxicologically inert. except 

in cases of high experimental doses or prolonged inhalation (Venugopal and Luckey, 1978). Data on the 

toxicity of aluminum to aquatic organisms is somewhat limited. Freshwater organisms usually are not 

adversely affected when pH is between 6.5 and 9.0 (EPA, 1988). The pH in the surface water sample 

collected from the western small pond south of the site was within this range (pH=6.77, Appendix C). The 

pH in the surface water sample collected from the eastern small pond south of the site was slightly lower, 

at pH=6.35. Overall, however, the aluminum concentrations in Site 5 media are similar to background 

values. For these reasons, aluminum should be dropped from further consideration at Site 5. 

Antimony 

Antimony was a COPC in surface soil, but was not detected in surface water and was not a COPC in 

sediment. Antimony was not detected in background surface soil samples but its HQ was relatively low 

(HQ=:1.8). Few alternate ESVs are available for antimony in surface soil (Table 4-32). Because of its 

absence in surface water and low concentrations in sediment, and its and relatively low concentrations in 

surface soil, antimony should be dropped from further consideration at Site 5. 

Arsenic 

Arsenic was not a COPC in surface water or sediment. Arsenic concentrations in surface soil exceeded 

the initial screening level in only one sample, and its HQ was low (HQ=1.1). The concentration in this 

sample was less than the BT AG screening level. less than all alternate ESVs, and was within the range of 

background values (Table 4-32). For these reasons, arsenic should be dropped from further 

consideration at Site 5. 

Barium 

Barium was a COPC in surface water and sediment, but an initial sediment ESV was not available. The 

maximum surface water concentration was much less than the BT AG ESV (Table 4-30). Barium was 

detected in both surface water and sediment samples from each of the two ponds, but all values were 

within the range of background concentrations (Tables 4-30 and 4-31). Barium is a common element in 

sediments and it is not generally associated with significant toxicity (ATSDR, 1997). For these reasons, 

barium should be dropped from further consideration at Site 5. 

Beryllium 

Beryllium was a COPC in sediment since an ESV was not available. Beryllium was not detected in 

surface water and was not a COPC in surface soil. Although no sediment ESVs were available for 

NAVY /54661Site5RI/Sect4 4-154 



4-l 55 

Contaminant 

Metals (mglkgj 

Aluminum 

Antimony 

Arsenic 

Cadmium 

Chromium 

Iron 

Lead 

Manganese 

Thallium 

Vanadium 

Zinc 

SVOCs (uglkg) 

2-methylnaphthalene 

Acenaphthene 

Acenaphthylene 

Anthracene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(g,h,i)peryiene 

Benzo(k)fluoranthene 

Carbazole 

Chrysene 

Dibenz(a,h)antniacene 

Oibenzofuran 

Fluoranthene 

Fluorene 

• 

TABLE4 e 32 
STEP 3A: REFINEMENT OF CONTAMINANTS OF POTENTIAL CONCERN - SURFACE SOil 

SITE 5 ~ FIRE TRAINING AREA 
NASJRB WilLOW GROVE 

I Initial I BTAG 
Maximum Mean Screening Screening Mean/Max. 

Concentration 95% UCL Concentration I Level i level ORNL"'b Dutch Be CCMEd Background 

12400.00 10000 9840 1 .. 0 1.0 SOO' I NA NA 11300115000 

920 9.89 4.82 5 OA8 5b NA NA NO 

10.5 6.04 4.87 10 328 60"f10" 30 19 6.6/10.6 

4 .. 70 1.73 117 3 2.5 20"/4" 5.0 3.8 NO 

56.50 23.8 18.6 10 0.0075 OAa/1.0b 250 64 15.3/20.8 

21600.00 16700 14400 12 12 200' NA NA 14800/17600 

412.00 217 90 50 0.01 500· 150 70 30.6/64.7 

snao 5S2 494 330 330 100"/500" NA NA 642/1190 

0.39 0.26 0.202 0.001 0.001 1.0b NA NA 0.226/0.34 

36.3 27.7 24.3 20 0.5 20"!2b NA 130 24.9/28.2 

137.00 87.6 59.6 50 10 i00"/50b 200 NA go. 1 1597 

16000.0 1270 1170 NA NA NA NA NA ND 

36000.0 4370 2560 100 100 20,000" NA NA 178/64 

2300.0 643 356 NA NA NA NA NA 177162 

54000.0 11800 4290 2050 100 NA i 10,000 NA 1541160 

48000.0 45400 711 2050 100 NA NA NA 306/940 

36000.0 26700 5760 2050 i 100 NA 1,000 750 39411100 

35000.0 39100 7260 2050 100 NA NA NA 507/1500 

13000 .. 0 S9W 2290 2050 100 HI'. NA NA 225f490 

29000,0 ; 22800 4630 2050 100 NA NA NA 370/920 

19000.0 3200 1780 NA NA NA NA NA 2131310 

45000.0 37500 7290 2050 100 NA NA NA 420i1200 

4800.0 1710 843 2050 100 NA NA NA 1611160 

34000,() 3120 2380 NA NA NA ~ NA NA 172/120 

140000.0 151000 HEOD 2050 i 100 NA iO,OOO NA 90212600 

56DOO.O 5560 3890 2050 100 30,000' 400,000 NA 184/160 

• 

Retained as 
Final COC? 

No 

No 

No 

No 

No 

No 

Yes 
No 

No 

No 

No 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

No 

Yes 

Yes 

• 
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Initial BTAG 

Maximum Mean Screening Screening Mean/Max. 
Contaminant Concentration 95% UCL Concentration Level Level ORNLl.b Dutch Be CCMEd Background 

Indeno(1,2,3-cd)pyrene 18000.0 9700 3180 2050 100 NA NA NA 251/640 

Naphthalene 22000.0 1610 1540 2050 100 NA 5,000 600 ND 

Phenanthrene 200000.0 106000 18100 2050 100 NA 5,000 NA 66711700 

Pyrene 120000.0 135000 15800 2050 100 NA 10,000 NA 72312100 

Total PAHs 928.000 5,410,000 107,000 4.000 NA NA 20,000 NA 4,450/14.100 

VOCs (ug/kg) 

Acetone 17.0 16.8 7.7 NA NA NA NA NA NO 

a. Oak Ridge National Laboratory (ORNL) screening levels; a:: lowest valve for earthworms and soil micro-organisms (Efroymson et ai, 1997a). 
b. ORNL screening levels; b:: soil phytotoxicity (Efroymson et ai, 1997b). 
c. Dutch "B" soil valve: moderate soil contamination that requires further study (Beyer, 1990). 
d. Canadian Council of Ministers of the Environment Soil Quality Guidelines (CCME. 1997). 
NA = not available or not applicable. 
ND = not detected. 

• 
Retained as 

Final COC? 

Yes 

Yes 

Yes 

Yes 

Yes 

No 
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beryllium. its concentrations in sediment samples from both ponds were within the range of background 

concentrations (Table 4-31). Therefore, beryllium should be dropped from further consicieration at Site 5. 

Cadmium 

Cadmium was a COPC in surface soil, but was not detected in surface water or sediment It was detected 

in 3 of 15 surface soil samples, and it exceeded the initial ESV in only one sample (Appendix A, Table A-

18). with an HQ of 1.6. Its concentration in this single sample (4.7 mgikg) was less than, or only slightly 

gH:later than the alternate ESVs shown in Table 4-32. Because of its absence in surface water and 

sediment, and its relatively low concentrations in surface soil, cadmium should be dropped from further 

consideration at Site 5. 

Chromium 

Chromium was a COPC in surface soil, but was not detected in surface water and was not a COPC in 

sediment. Chromium concentrations in surface soil exceeded twice the average background 

concentration in only one sample (05SS27) at 56.5 mglkg (Appendix A, Table A-18). 

There is a wide range among available surface soil ESVs for chromium (Table 4-32). The ORNL values 

in table 4-32 are for hexavalent chromium, the most toxic form of this metal (Efroymson at ai, 1997a; 

1997b). All chromium concentrations at Site 5 are total chromium. The CCME value of 64 mg/kg is for 

total chromium (CCME, 1997). The Dutch B value of 250 mg/kg is also for total chromium (Seyer, 1990). 

Although not shown in Table 4-32, the Dutch "A" value representative of background values (Beyer, 

1990), as well as the Dutch "Target Value" that represents the "soil quality required for the full restoration 

of the soWs functionaHty for human, animal and plant life" is 100 mg/kg (NMHSP&E. 1994). Since 

chromium concentrations exceeded twice the average background concentration in only one of 15 

samples, and the concentration in this sample was less than most ESVs for total chromium. potential 

ecological risk.s (if any) appear to be limited to a small area. Therefore, chromium should be dropped 

from further consicieration at Site 5. 

Cobalt 

Cobalt was a cope in sediment because no initial ESV was available. it was not detected in surface 

water and was not a COPC in surface soil. Cobalt was detected at the same concentration (7.1 mg/kg) in 

both sediment samples. This value was within the range of background sediment concentrations, and 

was considerably less than the only available ESV of 50 mg/krJ (Table 4-31). Cobalt is present in all 

natural media, and is a component of certain 8 vitamins, which are essential for birds and mammals. 

(ATSDR, 1997). For these reasons, cobalt should be dropped from further consideration at Site 5. 
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Iron 

Iron was a COPC in surface water and surface soil because it exceeded the initial ESVs for these media 

and was a COPC in sediment since an initial ESV was not available. The maximum concentration of iron 

in surface water only slightly exceeded the ESV (HQ = 1.2). The maximum sediment concentration was 

within the range of background sediment concentrations, and was considerably less than the lowest 

available ESV, which is a “lowest effect level” established by the Ontario Ministry of the Environment 

(Table 4-31). All surface soil concentrations of iron were less than twice the average background 

concentration (Table 4-32). Because its concentration in surface water only slightly exceeded the ESV, 

and since its presence in surface soil and sediment was similar to background concentrations, iron should 

be dropped from further consideration at Site 5. 

Lead 

Lead was a COPC in surface water and surface soil but not in sediment. The surface water HQ was low 

(HQ=l.2) and the maximum concentration in surface water (3.0 yg/L) was less than the BTAG ESV and 

the ORNL lowest chronic value (Table 4-30). In addition, the concentrations in each of the two surface 

water samples were flagged with a “K” qualifier (Appendix A, Table A-20), indicating that the values are 

“biased high due to exceedance of technical quality control criteria”. Lead concentrations in five of 15 

surface soil samples exceeded twice the average background concentration. Lead concentrations in all 

five of these samples exceeded the CCME guideline, and the Dutch “B” value was exceeded in two 

samples (Table 4-32). All soil lead concentrations were less than the ORNL ESV of 500 mg/kg. The 

maximum concentration of 412 mgJkg was in sample 05SS22 at the southern portion of the former burn 

area. Lead in this sample might pose potential risks to ecological receptors. 

Mangtinese 

Manganese was a COPC in sediment because an initial ESV was not available, and was a COPC in 

surface soil with an HQ of 2.65. Its maximum concentration in sediment was within the range of 

background sediment concentrations, and was considerably less than all available screening levels 

(Table 4-31). Most surface soil concentrations exceeded the few available ESVs (Table 4-32), but the 

HQ of 2.65 was relatively low (Table 4-29). All surface soil concentrations were within the range of 

background soil concentrations. Manganese is a common element in the earth’s crust and an essential 

nutrient. Because of its relatively low HQ and its presence at concentrations within the range of 

background concentrations, manganese should be dropped from further consideration at Site 5. 

Thallium 

Thallium was a COPC in surface soil but was not detected in surface water or sediment. Thallium was 

detected in 7 of 15 surface soil samples and all surface soil concentrations were less than twice the 
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Iron 

Iron was a COPC in surface water and surface soil because it exceeded the initial ESVs for these media 

and was a COPC in sediment since an initial ESV was not available. The maximum concentration of iron 

in surface water only slightly exceeded the ESV (HQ == 1.2). The maximum sediment concentration was 

within the range of background sediment concentrations, and was considerably less than the lowest 

available ESV, which is a "lowest effect level" established by the Ontario Ministry of the Environment 

(Table 4-31). All surface soil concentrations of iron were less than twice the average background 

concentration (Table 4-32). Because its concentration in surface water only slightly exceeded the ESV, 

and since its presence in surface soil and sediment was similar to background concentrations, iron should 

be dropped from further consideration at Site 5. 

Lead 

Lead was a CO PC in surface water and surface soil but not in sediment. The surface water HQ was low 

(HQ:1.2) and the maximum concentration in surface water (3.0 ).tg/L) was less than the BT AG ESV and 

the ORNL lowest chronic value (Table 4-30). In addition, the concentrations in each of the two surface 

water samples were flagged with a "K" qualifier (Appendix A, Table A-20), indicating that the values are 

"biased high due to exceedance of technical quality control criteria". Lead concentrations in five of 15 

surface soil samples exceeded twice the average background concentration. Lead concentrations in all 

five of these samples exceeded the CCME guideline, and the Dutch "B" value was exceeded in two 

samples (Table 4-32). All soil lead concentrations were less than the ORNL ESV of 500 mg/kg. The 

maximum concentration of 412 mg/kg was in sample 05SS22 at the southern portion of the former burn 

area. Lead in this sample might pose potential risks to ecological receptors. 

Manganese 

Manganese was a CO PC in sediment because an initial ESV was not available, and was a CO PC in 

surface soil with an HQ of 2.65. Its maximum concentration in sediment was within the range of 

background sediment concentrations, and was considerably less than all available screening levels 

(Table 4-31). Most surface soil concentrations exceeded the few available ESVs (Table 4-32), but the 

HQ of 2.65 was relatively low (Table 4-29). All surface soil concentrations were within the range of 

background soil concentrations. Manganese is a common element in the earth's crust and an essential 

nutrient. Because of its relatively low HQ and its presence at concentrations within the range of 

background concentrations, manganese should be dropped from further consideration at Site 5. 

Thallium 

Thallium was a COPC in surface soil but was not detected in surface water or sediment. Thallium was 

detected in 7 of 15 surface soil samples and all surface soil concentrations were less than twice the 
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average background value (Table 4-32). Only two ESVs were available for thalHum in surface soH, and 

these differed by a factor of 1,000 (Table 4-32), so its potential toxicity is difficult to assess. However, all 

soil concentrations were less than the ORNL screening level of 1.0 mg/kg, a value established for soil 

phytotoxicity (Efroymson et ai., 1997b). Because of this, and since thallium in surface soil was similar to 

background soil concentrations, thallium should be dropped from further consideration at Site 5. 

Vanadium 

Vanadium was a COPC in sediment because an initial ESV was not available, and was a cope in 

surface soil with an HQ of 1.8. Vanadium was not detected in surface water. No sedlment ESVs were 

available for vanadium, but all sediment concentrations at Site 5 were within the ranrje of background 

sediment concentrations (Table 4-31). Surface soil concentrations were generally within tile range of 

background soil concentrations, and all surface soU concentrations were less than twice the average 

background soil concentration (Table 4-32). Available ESVs cover a wide range of values (Table 4-32), 

so the potential toxicity is difficult to assess, but vanadium is not generally considered to be toxic in the 

environment (Mailman, 1980). Because of this, and since concentrations at Site 5 were similar to 

background concentrations, vanadium should be dropped from further consideration at Site 6. 

Zinc 

Zinc was a COPC in surface soil with an HQ of 2.7, and was not a cope in surface water or sediment. 

AU surface soil concentrations were within the range of background soil concentrations (Table 4- 32). Soil 

concentrations were greater than the lowest available ESV of 10 rng/kg, but less than the Dutch "8" value. 

Because zinc was not a COPC in surface water or sediment, and its concentrations in Site 5 soH samples 

were weH within the range of background soil concentrations, zinc should be dropped from further 

consideration at Site 5. 

4.8.5.2 Pesticides 

Aldrin 

Aldrin was a seciiment COPC since an initial ESV was not available. It was not detected in surface water or 

surface soil. The single detected value of aldrin in sediment was considerably less than the Ontario 

severe effects leve! (SEL) for aldrin (Table 4-31). The SEL values are based on actual observed field 

effects. Although aldrin was not detected in background sediments, it was probably used base-wide in 

the past for pest control and is unrelated to Site 5. For these reasons, aldrin should be dropped from 

further consideration at Site 5. 

Dieldrin 

Dieldrin was a sediment COPC since an initial ESV was not available, and was a COPC in surface water 
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(HQ-31.6). It was not detected in surface soil. The single detected value of dieldrin in surface water was 

less than the alternate guideline for dieldrin. Sediment concentrations were considerably less than the 

SEL value (Table 4-31). As with aldrin, it is probable that dieldrin was used base-wide in the past for pest 

control and is unrelated to Site 5. For these reasons, dieldrin should be dropped from further 

consideration at Site 5. 

4.853 Semivolatile Organic Conipounds 

Several SVOCs were retained as COPCs in sediment and surface soil; none were detected in surface 

water. Carbazole and dibenzofuran were detected in most surface soil samples but in no sediment 

samples. There were no soil ESVs for carbazole or dibenzofuran, but their concentrations were elevated 

only in a single sample (05SS30, Appendix A, Table A-18). Because ESVs were not available for these 

two compounds, and since they were elevated in only one sample, carbazole and dibenzofuran should be 

dropped from further consideration at Site 5. 

PAH Compounds 

All other SVOCs at Site 5 consisted of PAH compounds. Eight PAHs, as well as total PAHs, were 

retained as sediment COPCs since their maximum concentrations exceeded ESVs. The HQ values for 

these compounds were relatively low, and none of the maximum concentrations of those compounds 

exceeded ER-M values or SEL values (Table 4-31). In addition, although not naturally-occurring, the 

concentrations of most of those compounds in Site 5 sediments were not markedly greater than the 

concentrations in background sediments. PAHs are common in media from industrialized areas, 

especially areas that experience vehicular traffic. One PAH compound (benzo(k)fluoranthene) was 

retained as a sediment COPC since no ESV was available, but its maximum concentration was 

comparable to the maximum concentrations of similar PAHs which did not exceed their alternate 

guidelines. Concentrations of total PAHs in all sediment samples were less than the ER-M, PEL, PEC, 

and SEL values shown in table 7-31. For the reasons discussed above, no PAH compounds were 

retained as final sediment COCs, and PAH compounds in sediments should be dropped from further 

consideration at Site 5. 

Several PAHs were retained as surface soil COPCs since their maximum concentrations exceeded ESVs 

or because ESVs were not available. Concentrations of most PAHs in surface soil samples located west 

of the access road and furthest from the burn area (samples 05SS26, 05SS27, and 05SS28; Figure 4-9A) 

were not significantly elevated. These samples were located in close proximity to the aircraft taxiway, and 

PAH concentrations in these samples may be the result of runoff. 
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(HQ:::::31.6). It was not detected in surface soil. The single detected value of dieldrin in surface water was 

less than the alternate guideline for dieldrin. Sediment concentrations were considerably less than the 

SEL value (Table 4-31). As with aldrin, it is probable that dieldrin was used base-wide in the past for pest 

control and is unrelated to Site 5. For these reasons, dieldrin should be dropped from further 

consideration at Site 5. 

4.8.5.3 Semivolatile Organic Compounds 

Several SVOCs were retained as COPCs in sediment and surface soil; none were detected in surface 

water. Carbazole and dibenzofuran were detected in most surface soil samples but in no sediment 

samples. There were no soil ESVs for carbazole or dibenzofuran, but their concentrations were elevated 

only in a single sample (05SS30, Appendix A, Table A-18). Because ESVs were not available for these 

two compounds, and since they were elevated in only one sample, carbazole and dibenzofuran should be 

dropped from further consideration at Site 5. 

PAH Compounds 

All other SVOCs at Site 5 consisted of PAH compounds. Eight PAHs, as well as total PAHs, were 

retained as sediment COPCs since their maximum concentrations exceeded ESVs. The HQ values for 

these compounds were relatively low, and none of the maximum concentrations of those compounds 

exceeded ER-M values or SEL values (Table 4-31). In addition, although not naturally-occurring, the 

concentrations of most of those compounds in Site 5 sediments were not markedly greater than the 

concentrations in background sediments. PAHs are common in media from industrialized areas, 

especially areas that experience vehicular traffic. One PAH compound (benzo(k)fluoranthene) was 

retained as a sediment COPC since no ESV was available, but its maximum concentration was 

comparable to the maximum concentrations of similar PAHs which did not exceed their alternate 

guidelines. Concentrations of total PAHs in all sediment samples were less than the ER-M, PEL, PEC, 

and SEL values shown in table 7-31. For the reasons discussed above, no PAH compounds were 

retained as final sediment COCs, and PAH compounds in sediments should be dropped from further 

consideration at Site 5. 

Several PAHs were retained as surface soil COPCs since their maximum concentrations exceeded ESVs 

or because ESVs were not available. Concentrations of most PAHs in surface soil samples located west 

of the access road and furthest from the burn area (samples 05SS26, 058S27, and 05SS28; Figure 4-9A) 

were not significantly elevated. These samples were located in close proximity to the aircraft taxiway, and 

PAH concentrations in these samples may be the result of runoff . 
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Concentrations of several PAHs in samples collected closer to the burn pit were significantly elevated 

over initial ESVs and alternate guidelines. Specifically, concentrations of several PAl-Is in samples 

collected along the western edge of the burn area (058S17, 058818. 05SS21, and 058822), the 

southern edge of the burn area (05S823, 058S24, and 058825), and the eastern edge of the burn area 

(058829 and 058830) were considerably elevated. Concentrations of aU PAHs were highest in sample 

05SS30, reaching a maximum of 200,000 ~lg/kg (for phenanthrene). 

An examination of complete exposure pathways for PAHs at 8ite 5 is required to assess the potential 

risks posed by the elevated concentrations of these compounds. Contaminants generally fall into one of 

two categories: 1) chemicals for which the exposure route of concern is direct contact, and 2) chemloals 

for which the exposure route of concern is the food web. PAH compounds show liWe tendency to 

biomagnify in the food web (Eisler, 1987). and thus, PAHs fall in the first category: toxicity through direct 

oontact is the applicable exposure route for PAHs at the site. This exposure route woule! pose potential 

risks for soil invertebrates, especially those that ingest soil, (i.e., earthworms). Burrowing animals such as 

woodchucks could also be directly exposed to elevated PAHs in soil. Plants can absorb PAI··ls from soil 

through their roots, but PAH-induced toxicity to plants is rare (Eisler, 1987). Many aquatic species 

(especially mollusks and crustaceans) are sensitive to PAHs (Eisler, 19S7). As mentioned in Sections 4.2 

and 4.8.1.1, a shallow drainage ditch originates slightly northeast of the former burn pit. This ditch would 

be expected to carry surface runoff to the southeast, where it eventually empties into Pennypack Creek 

approximately one mile from Site 5. However, the ditch in the vicinity of Site 5 does not consist of aquatic 

habitat. It only rarely. if ever, contains surface water. and does not contain wetland vegetation or wetland 

soils. The flat character of the site and abundant vegetation in the ditch and surrounding vicinity probably 

result in minimal surface water runoff into the ditch; subsequently, oUsite migration of PAHs via the ditch 

is probably negligible. Sediment data from the two ponds south of the burn pit indicate that southward 

migration of PAHs into the ponds is also negligible. In summary, potential PAH-related risks are Umited 

primarily to soil invertebrates and burrowing animals. Several individual PAHs and total PAHs east of the 

access road near the burn area appear to pose potential risks to these terrestrial receptors at Site 5, and 

therefore, PAHs are selectee! as surface soil COCs Crable 4-32). 

4.8.5.4 Volatile Organic Compounds 

Acetone 

Acetone was a COPC in surface soil since an ESV was not available. Acetone was not detected in 

surface water or sediment. Because acetone is a common laboratory contaminant, and since it was 

detected in only one soil sample and in no surface water or sediment samples, it should be dropped from 

further consideration at Site 5. 
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P-Butanone 

2-butanone was detected in one sediment sample and was a COPC since an ESV was not available. 

Acetone was not detected in surface water or surface soil. Because of its relatively low concentration in one 

sediment sample (22 ug/kg), and the absence of detections in other media at Site 5, 2-butanone should be 

dropped from further consideration at Site 5. 

Toluene 

Toluene was detected in one sediment sample and was a COPC since an ESV was not available. It was 

not a COPC in surface soil and was not detected in surface water. The only detection of toluene in 

sediment (4 pg/kg) was much less than its alternate guideline (670 ug/kg), an EPA sediment quality 

benchmark (Table 4-31). Because of its relatively low concentration in one sediment sample and its 

absence as a COPC in other media at Site 5, toluene should be dropped from further consideration at Site 

5. 

4.8.6 Screenina Level and Step 3a Uncertaintv Analysis 

Uncertainty is associated with all aspects of the ERA process. A detailed discussion of the general 

uncertainties involved in this ERA, and how the uncertainties may affect the final risk values and 

conclusions, was presented in Section 3.2.5. This section discusses how site-specific uncertainties may 

affect the results and conclusions of the ERA for Site 5. 

. 

Site 5 has probably received contaminant inputs from sources other than former activities at the Fire 

Training Area. For example, at least some portions of Site 5 probably receive contaminant inputs from 

the adjacent aircraft taxiway north of the site. The extent that other sources are responsible for the 

presence of COCs at Site 5 is uncertain. However, the high concentrations of PAHs in the vicinity of the 

former burn area suggest that the former fire-fighting activities are responsible for the PAH “hot spot” in 

this area. 

Few data are available for investigating risks to reptiles and amphibians. As a result, direct conclusions 

about the potential risks to reptiles and amphibians cannot be made. However, contaminants do not 

appear to have migrated to the two nearby ponds from the Fire Training Area. Thus, potential risks to 

amphibians and aquatic reptiles in the vicinity of the ponds appear to be low. 

The maximum detected chemical concentrations were initially used to represent the chemical 

concentrations to which ecological receptors might be exposed. If the maximum concentration of a 

chemical in a given medium was collected in a “hot spot” of contamination and was much higher than the 

remaining values in the data set, potential risks may be grossly over-estimated. Conversely, if samples 
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4.8.6 Screening Level and Step 3a Uncertainty Analysis 

Uncertainty is associated with all aspects of the ERA process. A detailed discussion of the general 

uncertainties involved in this ERA, and how the uncertainties may affect the final risk values and 

conclusions, was presented in Section 3.2.5. This section discusses how site-specific uncertainties may 

affect the results and conclusions of the ERA for Site 5. 

Site 5 has probably received contaminant inputs from sources other than former activities at the Fire 

Training Area. For example, at least some portions of Site 5 probably receive contaminant inputs from 

the adjacent aircraft taxiway north of the site. The extent that other sources are responsible for the 

presence of COCs at Site 5 is uncertain. However, the high concentrations of PAHs in the vicinity of the 

former burn area suggest that the former fire-fighting activities are responsible for the PAH "hot spot" in 

this area. 

Few data are available for investigating risks to reptiles and amphibians. As a result, direct conclusions 

about the potential risks to reptiles and amphibians cannot be made. However, contaminants do not 

appear to have migrated to the two nearby ponds from the Fire Training Area. Thus, potential risks to 

amphibians and aquatic reptiles in the vicinity of the ponds appear to be low. 

The maximum detected chemical concentrations were initially used to represent the chemical 

concentrations to which ecological receptors might be exposed. If the maximum concentration of a 

chemical in a given medium was collected in a "hot spot" of contamination and was much higher than the 

remaining values in the data set, potential risks may be grossly over-estimated. Conversely, if samples 
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were not collected from the Site area of highest contamination, then potential risks could be under

estimated. Undiscovered areas of higtl contaminant concentration could result from inadequate remedial 

investigation where insufficient numbers of samples are obtained, or portions of the site are not representGd 

by the data set. However, uncertainties related to the location of samples were reduced in this ERA by the 

large number of surface soH samples collected. Fifteen soil samples were collected at a relatively small site. 

Thus, the soil concentrations probably present a relatively accurate characterization of soil contamination at 

the site. 

4.8.7 Ecological Risk Summary 

Several inorganic and organic contaminants were present in Site 5 surface water, sediment, and surface 

soH samples in concentrations in exceedance of ecological screening !evels and were, therefore. retained 

as COPCs. Several other contaminants in all media assessed in this ERA were retained as COPCs since 

screening levels were not available. Most of these contaminants were eliminated as COCs in Step 3a of 

the risk assessment process for one or more reasons, such as low frequency at detection, concentrations 

comparable to background values (primarily inorganics) or alternative screening levels. and spatial 

analysis of detections. 

Contaminants do not appear to have migrated to the two nearby ponds from the Fire Training Area. 

Potential risks to aquatic receptors that inhabit the ponds appear to be low. Therefore, no COCs were 

selected for surface water and sediment. 

The number and location of surface soil samples appear to be sufficient to delineate the nature and 

extent of surface soH contamination at Site 5. OrganiC compounds that could pose potential risks to 

terrestrial receptors on and near Site 5 are limited to PAH compounds. Concentrations of PAHs in 

surface soil samples collected west of the access road that borders the burn area were only slightly 

elevated, and that area may receive PAH inputs from the taxiway to the north. Conversely, 

concentrations of several PAHs in samples collected around the burn pit greatly exceeded screening 

levels for individual and total PAHs. Therefore, these PAHs are selected as COGs in Site 5 surface soils 

around the bum area. The high concentrations of PAHs in the vicinity of the tormer burn area suggest 

that the former fire-fighting activities are responsible for the PAH "hot spot" in this area. Lead was the 

only inorganic coe in Site 5 surface soil, and appears to pose potentia! ecological risks only in the area 

that is also the hot spot for PAH compounds. 

4.9 EVALUATION SUMMARY AND RISK MANAGEMENT RECOMMENDATiONS 

Consistent with EPA guidelines, the "reasonable antiCipated future land use" exposure scenario is 

NAVY J5466!Site5R!/Sect4 4-163 

• 

• 

• 



Occupational Worker. Under the current occupational worker exposure scenario, the human health risk 

assessment estimated that carcinogenic risks are within the EPA”s acceptable range for all media. Also, 

there is no estimated human health noncarcinogenic risk [Hazard Index (HI)] greater than 1 for this 

exposure scenario. The result of the human health risk assessment found that the site does not pose a 

threat to current or reasonably anticipated future human receptors. However, ecological risk screening 

concluded that risks from surface soils may be a concern, and other issues or guidelines in law must be 

considered, as discussed by medium below. 

No specific action is recommended or deemed necessary to further evaluate or remove soils for limited 

lead and PAH hot spots found at Site 5. 

Lead and PAHs found in soils (mostly in the area of the former burning ring, but also at other 

discrete areas) may present potential exposure risk to organisms eating soil (e.g., worms) and 

some burrowing animals. However, the site-specific ecological risk assessment performed for 

Site 5 concluded that potential ecological risks to these receptors is minimal, not warranting 

further actions. 

Sediments and Surface Water 

No further action is recommended. 

Potential ecological risk to aquatic or semi-aquatic receptors in or near the two (sometimes dry) 

ponds appears to be low. It does not appear that contaminants from the burn area have migrated 

to the ponds. 

Groundwater 

Based on data obtained to date, an FS is recommended to evaluate options for Site 5 groundwater. 

Chlorinated VOC compounds were found in groundwater at concentrations above MCLs. A 

feasibility study is recommended to evaluate remedial alternatives for groundwater. 
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exposure scenario. The result of the human health risk assessment found that the site does not pose a 

threat to current or reasonably anticipated future human receptors. However, ecological risk screening 

concluded that risks from surface soils may be a concern, and other issues or guidelines in law must be 

considered, as discussed by medium below. 

No specific action is recommended or deemed necessary to further evaluate or remove soils for limited 

lead and PAH hot spots found at Site 5. 

Lead and PAHs found in soils (mostly in the area of the former burning ring, but also at other 

discrete areas) may present potential exposure risk to organisms eating soil (e.g., worms) and 

some burrowing animals. However, the site-specific ecological risk assessment performed for 

Site 5 concluded that potential ecological risks to these receptors is minimal, not warranting 

further actions . 

Sediments and Surface Water 

No further action is recommended. 

Potential ecological risk to aquatic or semi-aquatic receptors in or near the two (sometimes dry) 

ponds appears to be low. It does not appear that contaminants from the burn area have migrated 

to the ponds. 

Groundwater 

Based on data obtained to date, an FS is recommended to evaluate options for Site 5 groundwater. 

Chlorinated VOC compounds were found in groundwater at concentrations above MCLs. A 

feasibility study is recommended to evaluate remedial alternatives for groundwater. 
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ANALYTICAL RESULTS 

For analytical results prior to 1997 see Phase II Remedial Investigation Report 
Appendices (TtNUS, April 1998) 
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APPENDIX B 

SOIL GAS SURVEY REPORT 

For soil gas survey reporting prior to 1997 see Phase II Remedial Investigation Report 
Appendices (TtNUS, April 1998) 
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APPENDIX C 

SOIL BORING AND MONITORING WELL INSTALLATION LOGS 

For soil boring and monitoring well installation logs prior to 1997 
see Phase II Remedial Investigation Report 

Appendices (TtNlJS, April 1998) 
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NO. w.1 6” OF Re,xwry 

and or RQD I 
‘ypeOF Run W) Sample Remarks 
RQV No, Length 

pun 0 : i. :,- 

/ I 
10 1°IQ10 

etra Tech NUS, Inc. BORING LOG Page / of 2-_ 

* Include monitor reading in 6 foot intervals @ b~rahola. increase reading frequency if hv-ated reponse read. Drilling Area 
Remarks: 34 -ikw r.0. c/sn- p 23% tT ,qy tmg mkri* ~34 p: w y&w Background (ppm):wl 

onverted to Well: Yes No (/ Well I.D. #: - ,qy?,- 

C-l 8 



I 

: 

E: 



MONITORING WELL SHEET 

FiELU GEOLOCiST 

ELEVATION OF TOP OF ?ERM. C4SING : 
ELEVATiON OF TOP OF RISER PIPE: 

TYPE OF SURFACE SEAL: 

80REHOtE DIAMETER: 

PERM. CASING 1.0, 

EIXVATION I DEPTH TOP OF SEAL: 
TYPE Of SEAL: 

OEPTH TOP OF SAND PACK: 

TYPE OF SCREEN: 

BOREHOLE DIA. BELOW CASING: 

ELEVATION I DEPTH BD7TOM OF SCREEN: 2 $ ’ 

ELEVATION I OEPTH 8bTTOM OF SAN0 PACK: i? q ’ * 
TYPE OF 8ACKFti.L 0ELOW OBSERVATtON 



E 

TYPE OF SAN 

- 



3ROWN % ROOT ENVIRON MENTAL 

MONiTORlNGWELLSHEET 

@ 
Em j&J T??!B w‘: //b-’ CVQV~? LOCATION -r;+e s I QRILLER ++J+=fced 6 

’ DRILLING 
P JECTNO. 54 6A BORING Q$fi\nJll* METHOD air hQmLrrer 
ELEVATION DATE r-‘,l-=??f 
FIELD GEOLOGIST v. bAw+?n 

DEVELOPMENT 
METHOD Jubmwbf@ PJWP 

4 

. 

GROUND 
ELEVATlON 

- ELEVATION OF TOP Of r’ERM. CASING : 
- ELEVATION OF TOP OF RISER PIPE: 

, TYPE OF SURfACE SEAL: c ebvdn+ 

/ I.D. OF PERM. CASING: 6” 

TYPE OF SURFACE CASING: s+ec) 

- RISER PIPE I.D. 
TYPE OF RISER PIPE: 

- BOREHOLE DIAMETER: I 0” 

- PERM. CASING I.D. 4 Ir 

TYPE OF CASING & BACKFILL: 

dbkent/benh+e qrm + 

- EtEVATlON / DEPTH TOP 
_ TYPE OF SEAL: 

- OEPTH TOP OF SAND PACK: 

/ ELEVATION/DEPTH TOP OF SCREEN: 136 
~YPEOFSCREEN: &2X? if, &+ S;Ye 

rcXecPvlP Yo’ p+c 

- TYPE OF SAND PACK: MO. a 

- BOREHOLE OIA. BEtOW CASING: 6 ” 

, ELEVATION / DEPTH BOTTOM OF SCREEN: PM/ 

, ELEVATION / OEPTH E&O&l OF SAND PACK: * 150’ 

TYPE OF BACKFILL BELOW OBSERVATION 
WELL: +& 

- ELEVATION / DEPTH OF HOLE: In?’ 

c-22 
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Tetra Tech NUS, Inc. WELL No.: US-hiWO5Z 

MONITORING WELL SHEET 

PROJECT: ittEE%hrS DRILLING Co.: pt.43 DRlUflG BORING No.: bs;c(WO~ 

PROJECT No.: ~346 //o 7 DRILLER: &- b&&de- DATE COMPLETED: 2i?ihiL 
SITE: nM , SIZE s- DRILLING METHOD: &4 )Ept(L* YOM NORTHING: 

GEOLOGIST: plmr do09 DEV. METHOD: &@a/,~ pzhp EASTING: 

Elevation / Depth of Top of Riser: 

Elevation / Height of Top of 
Surface Casing: I +/.s’ 

I.D. of Surface Casing: B- Z@C# 

Ground Elevation = 

Borehole Diameter: 6-3i.w 

Elevation / Depth Top of Rock: I /2’ 

Elevation / Depth of Seal: 

Elevation / Depth of Top of Filter Pack: 

Elevation / Depth of Top of Screen: 

SLrrvzso pc 

Slot Size x Length: d&b * &cN 

I.D. of Screen: 2 -z&H 

Type of Filter Pack: A& 2 &%tT~ s&s/a 

Elevation / Depth of Bottom of Screen: 

Elevation / Depth of Bottom of 
Filter Pack: 

C-24 
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APPENDIX D 

SAMPLE COLLECTION LOGS 

For sample collection logs prior to 1997 see Phase II Remedial Investigation Report 
Appendices (TtNUS, April 1998) 





SAMPLELOG SHEET 

z Monrrorrng Well Data 
G Oomesnc Well Oata 
a Other 

?age I 3i / 

Case d 

0y p. ~UeYd 

rotai Well c&am: 50’ cccr: 1 Puree Oata 
@Jell Casing Size & Depth: Zfl PW Volume I OH ! S.C. I Temn. PC11 Color & furbtdttv 

69 Yd 6-r. ; .scR&-d pa so1 l&c I I I I I 
Statrc Water Level: 8137 t /SC6 LLL ?zaJ i2fPGA m s&&P I 
One Casrna Volume: #,A. I 1 i I ’ 
Start Puree Ms.): /3yo I I I I 
End Purge (hrr.): /y/S I I I I 
Total Purae Time (mtn. 1~ 35 I I I I 
Total Amaunt Pvraeo Ieai.).Z/, 2 L 1 I 

/ 

I I 

blonttor Reaamg: Jr0 /)pu7 I I I 
I I I 

Purse Mcthoa: SuC tb*P. I I 
/ / 

/ 
jamale Method: tis. &r-p I I 
C)eotn Samofed: - 
Samole Oate & Time: Samofe Oata 

on I S.C. I Temo. (OCI I Color & Turblaltb 

Sfqnature(sf: 1 Obrervauons / Notes: 

a Low Concentration 
a High Concenrranon 
m Grab 
a Comoostte 
a Grab -Composite 

Vowne 

D-2 





SAMPLEFOGSHEET 
si 

s Mon~tormg Well Oata 
a Oomesuc Well Oata 
a Other 

Case # 

p duos , 

Grae Method : 346. Pt.++= 
jamate Method: Sulk. Pu-,P 
3eutn Samoted: - /YS’ 62 

Sampte Oate & Time: 5/&Y 

Sampled By: U/P/CE Skt~&-o&f 

s’gnaKu’y*Fi -‘-- 

CTB Low Con centrauon 
a zig: Concenttatton 

fa 
U Comoost te 
IJ Crab - Compostte 

Samore Oata 

OH I S.C. I Temu. lo+3 I Color & Turttralr~ 

I 4wef+ I 
CLEffA 

VOlume 

D-4 
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. 
Tetra Tech NUS, Inc. 

I 
GROUNDWATER SAMPLE LOG SHEET 

Page- of - 

Project Site Name: ‘NASJRB Willow Grove 
Project No.: CT0 277 

Sample ID No.: OSP‘fbd 9 IL? o%w 
Sample Location: OJi’m47/8 
Sampled By: 

fl Domestic Well Data C.O.C. No.: 
M Monitoring Well Data Type of Sample: 
0 Other Well Type: [xl Low Concentration 
fl QA Sample Type: 0 High Concentration 

,A~pr.lN,~gA~~‘li:::~~~~~~~~~:!.~, ,;I; : ,, ~ili;~i;~~;.;;,;l;,;;:’ ~j:jij;:;;; :jj/ ;:,:;! ,! .‘:j +/#;~ .!; / iliit:/j;:j i$::,,; .j/ :ii; j:, ij ,,; ‘, ,ji:+; : :;: ;;j :;: ,j. ;,i’;i,:‘ii;.: i,:‘.‘“’ :, / ,j -;;;1’., :,‘;: c;,j I: .:/$,‘:j:; ;$:i:: :‘, :’ .):i($,: ;:‘.;t:, ,‘. ;.?“: /j’ 
.:i. .: ,.) 

late: ?/ / 

Rr ~ 

Color pH S.C. Temp. Turbidity DO TBD TBD 

‘ime: roll ViSUal Standard mS/cm @C NTU mid o/L? cw# tr 

bthxi: w&dt PI/M L/CUf .G go OlZZP /U.d 0 /I t 153 Lft,a”l 
,. ,, .,. ,, .v ,,:. 

?lU: To Be Determmed D-9 



3 
Tj- 

CTO 277 



Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

Page- of - 

I 
Project Site Name: ‘NASJRB Willow Grove Sample ID No.: &Jo .t 0 
Project No.: CT0 277 Sample Location: -r?Zk&,x?@ 

Sampled By: 
0 Domestic Well Data C.O.C. No.: 
[Xj Monitoring Well Data Type of Sample: 
[I Other Well Type: [X] Low Concentration 
n CIA Sample Type: 0 High Concentration 



T&a T52ch NUS, Inc. 

a 



Tetra Tech NM, Inc. GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: ‘NASJRB Willow Grove Sample ID No.: LSQWBZS aam 
CT0 277 

0 Domestic Well Data C.O.C. No.: 
[X] Monitoring Well Data Type of Sample: 
fl Other Well Type: [X] Low Concentration 

0 High Concentration 

Well Casing Diameter & Material 

I 

: To Be Uetermlned 
D13 I 





GROUNDWATER SAMPLE LOG SHEET 
\ / 

I KdYd,4& FU/. tf,‘yC/f”OSd” Page- of - 
m Tetra Tech NUS, Inc. 

Project Site Name: ‘NASJRB Willow Grove Sample ID No.: Q§*L7&m3.=09m 
Project No.: CT0 277 Sample Location: OS-N&w3 6 

Sampled By: 
n Domestic Well Data C.O.C. No.: 
[X] Monitoring Well Data Type of Sample: 
u Other Well Type: [X] Low Concentration 
fl QA Sample Type: [I High Concentration 

I. :a .C/‘i SAMP~ING’DAT~~~;:~J~~~,~~,~~:,‘~~:~::..:~.~,, jj ,, ,, ,A:/,; :,., :::/,, ;,, .., ,;,&;;‘i’ :;,.Y ,.,:. ;/i;/;;j:$+ />:; i;;>‘:i;.::(.I’:;,i,i ‘.i:j ./., i,~.j://~.~,,,iii!:,.~~ij~‘.:/~j,:://’,I:: +::;,;‘<;:” ;;::;;,;:: ‘,‘?:,,:,i::, ., ,ii.,:; !, .<..;>:y,~( ‘:, ,/;; /.: jl: ,,..:.:p ..,~ :.::,. ,j I/, a..,::,, . ..>. 

Date: q/z//o o Color PH S.C. Temp. Turbidity DO TBD TBD 

Time: // 3.5 ViiUal Standard mS/cm OC NTU mgfl 0/2p i4J. L.-a 

Method: &L, t, &, iL /r,, M p z. /tw / 5: v5- oro.?w /c I s /d> 4, / 2 5-v 23,4ro 
‘, . . ..‘.“../:ii.. :/ ,;:/. :,;,,, : ii ,,,, ., ;..: ;,. / /,:.: /. ;.j/:: ,,:. i.,i:.,:i.::,/:i,, ,j ,: .: “,,.,:’ .,. ::. i ,, : : :;; : . ../ ‘.,:., ,.. .I. i! ,,, ,, ,i:l::,.~jl:%:‘(i~!~~~~.~ ;; g, I$yp/j,j~,::l i$%~~: “i /.?.:!i/iii/.- ../i . ../.. i,l ,,,,: ,, ,,,,, /, p ,‘.“.w:;::-, 

Well Casing Diameter & Material 

I 
‘BU: To Be Determlned 

D-15 I 
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Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

Paae 

30: To Se Determined 



I 

ta 



, .I ., I’ *o Ilt Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 
Page- of - 

‘NASJRB Willow Grove 
CT0 277 

[I Domestic Well Data 
[x] Monitoring Well Data 
fl Other Well Type: 
[] QA Sample Type: [I High Concentration 

I 
: To Be Petermrned 



SampEe ID No.: 
CT0 277 



Tetra Tech NW, inc. GROUNDWATER SAMPLE LOG SHEET 
Page- of - 

I Project Site Name: ‘NASJRB Willow Grove Sample ID No.: LY5pcpwaa-~~~ 
Project No.: CT0 277 sample Location: Qs&V&J &‘;I 

Sampled By: 
fl Domestic Well Data 
fl] Monitoring Well Data 
0 Other Well Type: 
i] QA Sample Type: 

Type of Sample: 
[X] LOW Concentration 
1 High Concentration 

MSIhiSD Duplicate ID No.: 



GR T 



Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

Page- of - 

I Project Site Name: NASJRB Willow Grove Sample ID No.: O~-HUCY 6~ OQY 
Project No.: CT0 277 Sample Location: 0sPfu,JoL. t 

Sampled By: 
[I Domestic Well Data 
[x] Monitoring Well Data Type of Sample: 
0 Other Well Type: [Xj Low Concentration 
[I QA Sample Type: 0 High Concentration 

I MSlMSD 
I 

Duplicate ID No.: 
I 

I 
u: TO Be Determined 

D-23 H 



T&a Tech NWS, Inc. G TE 

- 
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m Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 
L / 

Paqe of- 

Project Site Name: NASJRB Willow Grove Sample ID No.: 05 M& B~~&DO 
Project No.: CT0 277 Sample Location: ~~~~~~~ 

Sampled By: 
1 Domestic Well Data C.O.C. No.: 
[Xj Monitoring Well Data Type of Sample: 
[ Other Well Type: [X] Low Concentration 
1 QA Sample Type: [I High Concentration 

,J#,PJ,JO ,,fi~~~ ;:, I..; i::i$ jil;: p !’ .,;, : ;:j. j;: :,,iy Xi ljijiiljlililil ;l;l;;l!&i(. ,,:.Fj:, ;+;jlijjj:, ;<;;;i@ ;I,;, ,i:,j/i~~,l~,,:~~~~;.iijl ‘pi;., :ji:,jij;i;, ;y+ji;. ‘?ijl ///ii :jj:, /I ~~,!?//,/ii:ij;jjiii::;l//::~j;jj ;: : :liji’,i;l:::iji:iif ;,:: ,::+;:ii(jijij: ,, 

late: y//ri//aO Color pH S.C. TCttTlp. Turbidity DO TBD ’ TBD 

‘ime: IYQL visual Standard iuS/au ‘C NTU ulgn O/Z/’ WI Lr 

wmt ized,~,ziw PU.-+P c’/ce/ 1, r’y Q, 307 / 4.3 62 / /5z 2Y,5l 
,: .,,::..:.:i./:., . ,, ,’ ,:i,/i/i 

;as Fraction 
Jitrogen, Oxygen, Carbon Dioxide 4c 40 ML Glass Vial 2 

Aethane, Ethane, Ethene 4c 40 ML Glass Vial 2 
iydrogen None 40 ML Glass Vial 1 



* 

a 



In;1 Tetre Tech NUS, inc. GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: NASJRB Willow Grove Sample ID No.: 
Project No.: CT0 277 Sample Location: 

Sampled By: 
1 Domestic Well Data C.O.C. No.: 
[Xj Monitoring Well Data Type of Sample: 

I b -Other Well Type: D<] Low Concentration 
0 QA Sample Type: 1 High Concentration 

Gas Fraction 
Nitrogen, 4c 
Methane, Ethane, Ethene 4c 
Hydrogen None 

40 ML Glass Vial 
40 ML Glass Vial 
40 ML Glass Vial 



-- 



? 
,O R Tetra Tech PUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

Page- of - 

I Project Site Name: ‘NASJRB Willow Grove Sample ID NO.: gs~~&oqS 042% 
Project No.: CT0 277 Sample Location: o.s-P&,Q7~.s 

Sampled By: 
0 Domestic Well Data 
[x] Monitoring Well Data 
0 Other Well Type: 
1 QA Sample Type: 

C.O.C. No.: - 
Type of Sample: 

[xj Low Concentration 
u High Concentration 

I 
Jo Be L)etermmed 

D-29 



CTO 277 
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.O R Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 
Page- of - 

Project Site Name: ‘NASJRB Willow Grove Sample ID No.: 0.5efioc79L-c34d 
Project No.: CT0 277 Sample Location: os~ti0 9.T 

Sampled By: 
fl Domestic Well Data C.O.C. No.: 
[Xj Monitoring Well Data Type of Sample: 
u Other Well Type: [Xl Low Concentration 
[I QA Sample Type: u High Concentration 

MSIMSD Duplicate ID NO.: 

&- Hlfd~+* fAq 1”tP-Q /74@ 

m: Jo Be Determined D-31 
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0 R Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 
Page- of - 

Project Site Name: NASJRB Willow Grove Sample ID No.: 05~~ 1~ S.r& %+ 
Project No.: CT0 277 Sample Location: 05fi~c’ I 0s.r 

Sampled By: 
[I Domestic Well Data C.O.C. No.: 
IX] Monitoring Well Data Type of Sample: 
[] Other Well Type: [x] Low Concentration 
1 QA Sample Type: fl High Concentration 

~ 

Nell Casing Diameter & Material 

Total Well Depth (TD): 2 3,77 1 ,q 

SAMPLE COl-tECTlONi.INFORMnTIOM?’ j .“.i:i:‘.>,, 

Analvsis 

TCL VOA 
Ferrous Iron / Alkalinity 
Chloride, Sulfide, Nitrate, Nitrite 
TOG 

Sulffide 

Gas Fraction 
Nitrogen, Oxygen, Carbon Dioxide 
Methane, Ethane, Ethene 
Hydrogen 

(ii. ,,;/i::,. ,,: .,. /j:/:j,/.‘i” Iid ::,: .,., .,., :,: :. ‘: ,, :... 
‘/ ; ,,.$/ii:i/j>+/ ,:I! ;. 1.j;:: Ilji, ,,,,i ., :‘.. ..i ..: . . . . :i.,::“:,,. 

.: ‘,I : : : is:: .‘.)1 ..:,.* .! ::i;.yjl I .:,, :‘I:: z j//, ,:,‘. ii/#:, .,.. i, 
:~;,::~l,‘,i1,‘~.;.‘,,‘,:” .,,;, ‘.&if,,:‘: ,.,! )I;, ,I,:‘/;, I I,:.: 

,:: : .$!i’c; :/I! ;; i,: ,,; T:, ..:. i :,,,/i /.i ,, ,/ 

pH S.C. Temp. Turbidity DO TBD TBD 

Standard mSkm 

L.SO oi3i3 r34y D ifl t / 2.6 2s,cJP 
/ _~,:...;, . . ,/i/x 1, :.::/& ::p:,:/: ::/:/;,,,:i / ,: ::.i. .;/i :,:,:;j .:/ ,.:: i/i? ,.,;,I: ,:, ::,j/ .,,. ,:::,. i&:i,‘i.’ j:.. :// ‘i/ f/!/:.:.. .; .: ,..a ..,., j, /: I.‘-.~~+ ,.,. .+:::i,: ,:... :.: 

,L 2 
I I I I I I 

4c 40 ML Glass Vial 2 

4C 40 ML Glass Vial 2 
None 40 ML Glass Vial 1 

1 





Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

NASJRB Willow Grove 
CT0 277 

0 Domestic Well Data 
[Xl Monitoring Well Data 
0 Other Well Type: 
n QA Sample Type: 

Sample ID No.: &%pfLJ Irs 0400 
Sample Location: b5fiw i/S 
Sampled By: L ,+, .i ~rlu 
C.O.C. No.: 
Type of Sample: 

[x] Low Concentration 
1 High Concentration 

Gas Fraction 
Nitrogen, Oxygen, Carbon Dioxide 4c 40 ML Glass Vial 2 

Methane, Ethane, Ethene 4c 40 ML Glass Vial 2 
Hydrogen None 40 ML Glass Vial 1 



NA 
CT0 277 

e 



0 IFt Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

Page- of - 

Project Site Name: NASJRB Willow Grove Sample ID No.: d~tv#rt~o4cPo 
Project No.: CT0 277 Sample Location: eaYmf/JZ 

Sampled By: 
[ Domestic Well Data C.O.C. No.: 
[X] Monitoring Well Data Type of Sample: 
[J Other Well Type: [XJ Low Concentration 
[] QA Sample Type: n High Concentration 

I Analvsis I Preservative 

TCL VOA 
Ferrous Iron / Alkalinity 
Chloride, Sulfide, Nitrate, Nitrite 
TOC 
Sulfide 

HCI 
4c 
4c 
HCI 

NaOH/ Zn AC 

y’,/:q .,y : .,! ,,,,: /;//:y,:. :::,:.::I ,,: r, I::‘: j:: ., 
.,’ 

i ,>/ /V, 
/: .: ../:,vy,., ..:: /i/i;;: “ji,?,. : 1.’ ,,;, :. : /1 :,,, /i/: 

“.jP, ,:’ ‘::.I :.::;v::: !,: > i ::;i,,:i~:;j:iJ..: ..L i.. .I/ . $ 
,,::!.: i ,:i:i ,/ii! ‘:. ..:l:,‘:!::i/,~://...//~i 

Temp. 1 Turbidity 1 DO 1 T&D 1 TBD 

I I I I 

i’,# : ,/;,: ; /:rI :i’.,” ;;,ii:/ : :,:,: : ::.: 
..i ,, ,/,i,, ,: 
:/>I, :,//i ;:..: ;i/,l,. ,:;+;: :. :. jjij$,’ :, : j .,/:/’ :, /j$: ii;/:. : .,. 

Container Requirements 1 Collected 

40 ML Glass Vial 3 

I 
tIU: To Be Uetermlned 



-- 

D-38 
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a 

etra Tech NUS, Inc. GROUNDWATER LEVJZL MEASUREMENT SHEET 

Project Name: 

Location: 

Weather Conditions: 

Tidally Influenced: 

NAS.RB Willow Gmve 

Willow Grove , PA 

Yes- No- 

Personnel: 

Remarks: 

’ All measurements to the nearest 0.01 foot 
Page of 



etra Tech NUS, Inc. GROUNDWATER LEVEL MEASUREMENT SHEET 

Location: 

Weather Conditions: 

Tidally Influenced: 

Willow Grove , PA 

Yes - No-X- 

Measuring Device: 

Remarks: 

Herron Water Lijvel In&cat 

411 measurements to the neatsst 0.01 foot 

D-42 

Page of 



etm Tech NUS, Inc. GROUNDWATER LEVEL MEASUREMENT SHEET 

Project Name: NASJRB Willow Grove 

Location: Willow Grove , PA 

Weather Conditions: 

All measurmsnts lo the nsarast 0.01 foot Page of 

D-43 
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APPENDIX E 

TEST PIT DOCUMENTATION 

For test pit documentation prior to 1997 see Phase II Remedial Investigation Report 
Appendices (TtNUS, April 1998) 



APPENDIX F 

SURVEY DATA 

For survey data prior to 1997 see Phase II Remedial Investigation Report 
Appendices (TtNUS, April 1998) 



. 

GTS Technologies, Inc. Date: ?/9/98 

0 

File: NAS-WL3.XLS 

Willow Grove - Monitoring Wells - Fire Training Area 

F-l 



‘ 
L 

Jr**** 4043-l ***** 

DATE: QCT 18, 2000 
TIME: 14:06:28 

***** Distances, Coordinates and Elevations are in Feet ***** 

NORTHERN Limit 323r801.885 
SOUTHERN Limit 323,380.946 
EASTHERN Limit 2,695,537.616 
WESTERN Limit 2,695,053.265 

TRAV NORTH EAST GROUND PT 
PT # COORD co0R.D ELEV CODE 

---------------_----____________________--------------------- 
105 323,722.324 2,695,537.610 363.748 105 
106 323,490.274 2,695,465.393 360.288 106 
115 323‘801.885 2,695,221.241 365.118 115 

Instrument @ Pt No 106 106 
0 0 lonPtNo105 105 

Height of Instrument = 4.9 Feet 
Ground Elev P 360.288 Feet 
Elevation Adjustment Factor = 0 F/F 

PT HOR HOR VERT ROD NORTH EAST PT PT 
NO AN0 DIST AND HT COORD CQORD ELEV CODE 

------------------_--------------------------------------~------------------- 

10 
5 o o 1 243.035 89 10 42 a.940 323,722.331 2,695,537.612 363.734 bs105 

Closure : .007 Beet Rorir 
-.014 Beat Vert (-.000058 R/F) 

1000 232 57 55 323.563 90 23 2 4.900 323,380.946 2,695,160.860 358.120 gs 

1001 232 58 0 323.563 90 23 23 

1002 232 58 10 323.417 90 14 47 

Note: INNER 
1003 232 58 15 323.407 90 15 5 

1004 233 2 10 323.259 90 7 20 

Note: OUTER 
1005 233 1 40 323.259 90 7 43 

1006 359 44 33 113.198 88 52 12 

Note: 05RCOl 
1007 359 44 58 113.198 88 52 40 

**105 0 0 2 243.035 89 10 38 

4.900 323,380.954 2,695,160.858 358.087 gs 
4.900 323,381.018 2,695,160.989 358.897 mwc?5bfh’05I 

4.900 323‘381.029 2,695,160.996 358.869 mwc?5hff?O5I 
4.900 323,381.425 2,695,161.011 359.598 rnwo5MW05I 

4.900 323,381.381 2,695,161.027 359.562 mw0z%W&?f 
4.900 323,598.509 2,695,498.544 362.521 gs 

4.900 

4.940 

323,598.505 2,695,498.557 362.505 gs 
323,722.331 2,695,537.613 363.738 bs105 

Closure: .008 Feet Roriz 

-.Ol Raet Vert (-.000041 F/F) 

----- WARNING --s-w 
ts marked with leading *Is are APPROXIMATE and for checking purposes only!! 

F-2 





CODE DESCRIPTION 
----------------__-_------------------------------------------------------------ 

Ez 
bd 

Qi 
bs 

El 

:,w 
ccnn.n 

2 
cm 
co 
=I? 
cr 

Fi: 
dtXYZ 

EEXYZ 
er 

Bottom of Bank 
Bottom of Curb 
Bottom of Ditch 
Bore Hole 
Breakline 
Baseline 
Bench Mark 
Back Si ht 
Buried ank s 
Bush/Shrub 
Bottom of Wall 
Corner of Building 
Center of Circle c Radius = nn.n z 
Corner of Inlet 
Center Line of Road 
Concrete Monument 
Clean Out 
E:;;z; of Pipe 
rG.m..L LULU 
Depressed Curb 
Deciduous Tree < XYZ 
Edge of Concrete 

= Size & Type > 

Edge of Paved Drive 
Edge of Gravel 
Electric Line a Buried > 
Edge of Macadam 
Electric Pole c XYZ = Pole Name & No. 
Edge of Road 
Edge of Stream 
Edge of Trees 
Edge of Walk 

Fire Fence H :iF Ii 
Gas Line 
Guide Rail 
Gas Valve 
Ground Shot 
Guy Wire 
Iron Pin 
;JgEion Box 

Loo Detector 
Lig t/Lamp R Post 

iElkoEx 

> UTILITY CO. POLE ONLY 

roperty Corner 

; Meter 
--T-’ - de < XYZ = Label > 
?aint Stripe c Lane Line > 

LESe 
< XYZ = Size & Type > 

i Sian < XYZ = Label> 

Aldinu 
atroller 

Bottom of Stream/Lake 

--;I-*- - = Label z- 
Sanitar 

Y 
Sewer 

;:;"t? B% 
Top of curb Top of Ditch 
Tank c Above Ground ? 
Telephone Line = ;3;ied > 
Telephone Pole = Pole Name TOD of Wall 

/Pond etc. > 

& No. , > UTILITY co POLE ONLY 

Utility Marker 
Utility Pole c Pole > 
veJe;/FLller Pipe 

Pr:v;g Utilit 
=Labe > 1 

Wet Land c XYZ = Label > 
Water Meter 
Water Valve 
Water Well 
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October 18, 2000 

To Whom It May Concern: 

The attached file “WL4” contains coordinates and elevations for three monitoring 
wells and one rock core sample located at the fire training area of the Willow Grove 
N.A.S.J.R.B. The coordinates are based as The Pennsylvania State Plane Coordinate 
System South Zone NAD 83. The elevations are based on NAVD 88. 

Thomas Warner Kimmel 
PA. P.L.S. #22855-E 

GTS Technologies, Inc., is a divisiczn of GE@Technical Services, Inc. 
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APPENDIX G 

CHAIN-OF-CUSTODY FORMS 

For chain-of-custody forms prior to 1997 see Phase II Remedial Investigation Report 
Appendices (TtNUS, April 1998) 



-- 

-- 

L ‘. C
 - - - - II - _.” 

- - - ); - .i 7 - Y
 

- B
 

- 4 
s x 
v - - it : Z2 

- 

J 4. 

J - t-l , 
: 

: 

- - - .- - - .- - - < L - 1 \ : - P 
- . c 
:: 

- w 

4 

E - : 3 

- - 

- - - - - - - - - 2 - ‘. ‘4 
c - Y

 
- d : 2 - . i )I 
h” 
- - 8 
Y

 
- - 

: a : 7 : : . : . > : 



-..““.^.-.--_- 
L -.-l_-_l_ 

-- 

I . ; ; i h . . . 1 > 

- 



t 



- - - - - - ___ 

- - - ~ ~ - - - ___ 

- - - - - 

- - - - - - - - ~ - - - - - ~ - - ___ 

- - - - - 

- - - - - - ~ ~ - - - ~ ~ - - - ~ ~ ~ - - - - - 





- - - 



- - 

- 

- - - - 

- - 

- 

- 

. . . 7 

. 

. 

- . J 

- . 

i 





. . s z - . . 2 g fi : 

. . nh 

f uy 
%

 

. . 3 N
 

- . . Y
 

5 - ? i : i - 







- ___ 

~ - - - - ~ - - ~ - - - - ~ ~ 



- - - - - 

’ 
, 

- - - - - - 



- . . Y
 

B
 

7 



- . ! ! * -..- 

! ; - . ? i : s > - . 2 ! : : t ‘ 4 - . ! i - . ? i 6 ! - . ? i 3 f : c - 





i 

: 

I i 

i 
' 

r- 5 



- - - 
- - 

- - - - 

w :, 
- - 



- - - - - - - - - - - - - - - - - - - - - - - - - - - 

- - - - - - - - - - - - - - - - - - - - - - - - - 

- - - - - - - - - - - - - - - - - - - - - - - - - - 

- - - - - - - - - - - - - - - - - - - 

- 

- - - - - - - - - - - - - - - - - - - - - - - - 

- - - - - - - - - - - - - - - - - - - - - - - - - 

- - - - - - - - - - - - - - - - - - - - - - - - 

- - - - - - - - - - - - - - - - - - - - - - - - - 

- - - - - - - - - - - - - - - - - - - - - - - 



- - - - - - - ~ 

~ - - ~ - ~ ___ 

- ~ 

- - - - - - - ~ - - - - ~ 

~ - ~ - - ___ 

- ~ ~ - 

- ___ 

___ 

- - - - - ___ 

- - - - ~ 

___ 

- ~ ~ ___ 

- 



2 : - 0 s - 
- - - - - - - - - I 
- - - - - - i 
- - T - - - ; 
- - 

: 5 
- j ‘. t . ~. 

- 

s i 1 * 1 

i c 

- - - - - - - - - - - - - - r - - : 
- - - - \ 2 - 2 
3 . 3 e: 
. b: 

- c : FJ 
‘S

 
F 4 
L < 

- - - - - - - - - - - - - - - - - - - - - - - - - 

- - - - - - - - - - - - - - - - - - - - - - - - - - - 

- - - - - - - - - - - - - - - - - - - - - - - - - - 

- - - - - - - - - - - - - - - - - - - - 

- - - - - - - - - - - - - - - - - - - - - - - - - - - 



- ~ - - - ~ ~ - - - ~ - - - - - - ___ 

- - ___ 

- - 

- ~ - - - - - ~ - - - ~ ~ - - - - 

- - - - ~ - - - ~ - - - - ___ 

- - - - ~ - - 



w
 

1. 



c 
: 



APPENDIX H 

SLUG TEST RESULTS 

For slug test results prior to 1997 see Phase II Remedial Investigation Report 
Appendices (TtNUS, April 1998) 



APPENDIX I 

RISK ASSESSMENT DOCUMENTATION 

For risk assessment documentation prior to 1997 see Phase II Remedial Investigation Report 
Appendices (TtNUS, April 1998) 



APPENDIX J 

GROUNDWATER SAMPLING ENDPOINT TURBIDITY VALUES 

For groundwater sampling endpoint turbidity values prior to 1997 
see Phase II Remedial Investigation Report 

Appendices (TtNUS, April 1998) 



APPENDIX K 

DEDICATED LOW FLOW PUMP SPECIFICATIONS 

For dedicated low Row pump specifications prior to 1997 
see Phase II Remedial Investigation Report 

Appendices (TtNUS, April 1998) 



APPENDIX L 

WASTE DISPOSAL RECORDS 

For waste disposal records prior to 1997 see Phase II Remedial Investigation Report 
Appendices (TtNUS, April 1998) 



APPENDIX M 

ECOLOGICAL RISK ASSESSMENT TOXICITY PROFILES 

For ecological risk assessment toxicity profiles prior to 1997 
see Phase II Remedial Investigation Report 

Appendices (TtNUS, April 1998) 



APPENDIX N 

RESPONSE TO U.S. EPA REGION Ill COMMENTS 
ON DRAFT PHASE II REMEDIAL INVESTIGATION REPORT 



DEPARTMENT OF THE NAVY 

NORTHERN OIVISION 

NAVAL FACILITIES ENOINEERING COMMAND 

10 INDUSTRIAL HIOHWAY 

IMIlL STOP, 632 

LESTER, PA lSllS-SOS0 HREFtYRfFEklTO 

5090 
Code 09TB/JC 

Ms. Lisa Bradford 
U.S. Environmental Protection Agency, Region III 
Federal Facilities Section 
1650 Arch Street 
Philadelphia, PA 19103-2029 

Dear Ms. Bradford: 

SUBJ: NAVY'S RESPONSES TO USEPA REGION III COMMENTS ON DRAFT PHASE II 
REMEDIAL INVESTIGATION (RI) REPORT DATED APRIL 1998; NAVAL AIR 
STATION JOINT RESERVE BASE (NASJRB) WILLOW GROVE, PA 

The Navy had issued a Draft Phase II RI Report in April 1998 for which 
comments were requested. At a technical meeting held at Northern Division, 
NAVFAC offices in Lester, PA in April 1999, representatives from the USEPA 
Region III office and Pennsylvania Department of Environmental Protection 
(PADEP) offered several comments and recommendations that the Navy took as 

Action Items. 

Since that meeting, the Navy has been addressing each of the Action 
Items and is now forwarding enclosures (1) and (2) that basically serve as 
the Navy's responses to regulator comments on the Draft Phase II RI Report. 
Enclosure (1) contains nine attachments that address specific Action Items. 
Enclosure (2) is being re-issued and are the Navy's responses to comments 
submitted by the USEPA Region III's toxicologist that was assigned to this 
project at that time. 

If found to be acceptable, the Navy will incorporate the information 
contained in enclosures (1) and (2) into Final versions of the Phase II RI 
Report. As explained at our last meeting held at the USEPA Region III 
offices on December 5, 2000, the Navy will finalize a separate Phase II RI 
Report for each individual site rather than a four-site package as was done 
for the Draft Report. 

The Navy would like to request that enclosures (1) and (2) be reviewed 
and that the regulators be prepared to discuss each of the Action Items at 
our next technical meeting that has been scheduled for Wednesday, February 
7, 2001 at Building 1 located at NASJRB Willow Grove. 
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a. 

STATUS OF N&Y ACTION ITEMS 
FROM TECHNICAL MEETING 

HELD ON 14 APRIL 1999 

13 October 1999 
4 January 2001 (Revision 1) 

SITE 5 REMEDIAL INVES’i-IGATION: 

ITEM I: The Navy will generate a map that shows IR Sites 2,3, and 5 and the surrounding area. The map should include 
building numbers, location of wells and water level readings. 

RESPONSE: See Attachment (1) that includes three figures. Figure 1 shows the locations of all monitoring wells installed 
at Sites 2,3 and 5 on a USGS Quadrangle. Figure 2 shows the same monitoring well locations on arj aerial 
photo background. Figure 3 shows the potential locations for additional monitoring wells at Site 5. 

ITEM 2: What are the effects of the geologic structure on the groundwater flow patterns at SITE 5? How are the dip and 
bedding planes influencing contaminant movement? 

RESPONSE: See Attachment (2). Upon acceptance, this information will be made part of the Final RI for Site 5. 

ITEM 3: The Navy will propose a plan to further characterize the groundwater in the area west of well cluster 1 I at Site 5. 

RESPONSE: Attachment (3) is the Navy’s Remedial Investigation Workplan Addendum for Site Investigations at Site 5. 
This letter workplan was submitted for review on 26 May 2000 and no adverse comments were received. 

Implementation of the workplan was completed in the Fall 2000. Attachment (4) is being submitted that is a 
compilation of the recently collected analytical data. The Navy is currently evaluating this data. The Navy’s 
evaluation consists of using a GIS-based software program (EVS) that analyzes and portrays the data in a 
three-dimensional view. This effort is not yet completed but should be in the next couple of weeks. The 
Navy is expecting to be able to present this analysis at the upcoming technical meeting scheduled for 
February 7,200l. At this meeting, the Navy will also discuss it’s recommendations and conclusions for Site 
5. If accepted, these recommendations and conclusions will be made part of the Navy’s Final RI for Site 5. 

ITEM 4: Navy is to approach Horsham Township Water District about conducting a Pump Test on municipal well #26 in 
order to assess the impacts, if any, that this well may have on groundwater near Site 5. 

RESPONSE: Ralph McQuaid (Horsham Township Water District) was contacted on 7 June 1999. Water demand over the 
summer was high and other maintenance activities on other wells made running Well #26 more imperative. 
Fore these reasons, the District was reluctant to shut down the well. Mr. McQuaid suggested that a pump test 
on Well #26 may be possible in the Fall when demand is typically lower, the other maintenance work would 
be completed and construction of a new well (Well #40) in the same vicinity as Well #26 would also be 
completed and could be used to supplement water when #26 is shut down. 

Russ Turner will follow up with Mr. McQuaid regarding the status of the above and the possibility of 
performing the pump test on Well #26 in the near future. This follow up was conducted on 13 October 1999 
and it was suggested that the shutdown for Well #26 could take place after the first ofthe year when the water 
demand has been historically at its lowest. 

The actual shutdown, and subsequent pump test for Horsham Well #26 was conducted during the week 
beginning 17 January 2000 and was concluded during the week of 22 Febmary 2000. The collected data has 
been evaluated by the USGS and was presented to the members of Willow Grove’s FLAB on 7 June 2000. A 
copy of that presentation is enclosed and discussions regarding Well #26 begins on Page 5 of Attachment (5). 
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From: Kevin C. Kilmartin 
To: Russ Turner 

Date: July?, 1999 

Re: NASJRB WILLOW GROVE: Analysis of Screened Intervals and Fracture Zones for 
Monitoring Wells Installed During the Phase II RI 

TtNUS was tasked to determine whether any of the screened monitoring wells installed during the 
Phase II RI were completed in such a manner that the vertical position of the well pump could 
affect the analytical results when sampling the well under low-flow sampling procedures. In order 
for the vertical position of the pump to influence the sampling results, the groundwater for that 
well must be migrating or flowing from multiple, hydraulically isolated fractures that are spaced 
widely enough that the groundwater from one fracture could be preferentially sampled over the 
groundwater from the other fracture(s). 

A top priority of the borehole retrofitting program was to construct the monitoring wells to obtain 
groundwater from only one groundwater zone and to not interconnect different groundwater 
zones. To reach this goal, all boreholes were geophysically logged (including borehole 
flowmeters), and the potential construction plans were reviewed and discussed with the USGS. 
The resultant individual well plans were then presented to EPA prior to the construction of the 
wells. I have reviewed the borehole geophysical logs and the well construction details to 
reconfirm that the monitoring wells were properly constructed as originally scoped and are 
obtaining groundwater from only one zone. Therefore, the exact vertical position of the pump 
within the well screen should not matter, because water can only enter the well through the 
screen, and all the water entering the screen is from the same zone. Some of my observations 
that led to this conclusion include: 

l The vast majority of wells are screened across only one fracture. Therefore, the 
groundwater can only be entering the screen through that fracture. 

l Some wells are screened across a fracture zone, or a series of smaller fractures rather 
than one distinct larger fracture. These fractures (typically two or three fractures within a 
five-foot interval) are very closely spaced vertically (generally on the order of one or two 
feet), and there was no lithologic indications of confining layers between these fractures. 
Fractures that are spaced so closely vertically are almost certainly hydraulically 
interconnected; it would be very unusual for these fractures to be hydraulically isolated 
from each other. In fact, due to the presence of high-angle vertical fractures (from the 
television survey), some of these “fracture zones” may be the same fracture intercepted 
on opposite sides of the borehole walls. 

l The flowmeter was carefully considered for each well construction. Screens were 
extended across multiple fractures only if there was no evidence of intraborehole flow 
between the respective fractures. In fact, some screens were constructed specifically to 
monitor one fracture(s) but not the other(s) because of evidence of intraborehole flow. 
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DRAFT 

(1) An Evaluation of thb Effects of Geologic Structure 
on Groundwater Plume Migration at Site 5 

and 

(2) A Recommendation for a New Monitoring Well Location 
To Address the Hydrogeological Data Gap in the 

Southwestern Portion of the Site 

NASJRB Willow Grove 

1.0 An Evaluation of the Effects of Geologic Structure on Groundwater Plume Migration at Site 5 

1.1 Backaround 

TtNUS was tasked to investigate the effects of the geologic structure on the groundwater flow and plume 
migration at Site 5, the Fire Training Area. Specifically, EPA asked if the dip of the sedimentary bedrock 
units (to the northwest) caused either the dissolved-phase groundwater plume or a separate-phase DNAPL 
to migrate from the source area located near monitoring well cluster location OSMWOl to the northwest 
toward monitoring well cluster 05MW03, where approximately 50 ug/L of various chlorinated solvents were 
detected in the intermediate well but none were detected in the shallow (water table) well. The intermediate 
well (05MW031) is screened just above a very fine-grained claystone unit. TtNUS had earlier concluded that 
the solvents detected in 05MW031 were not part of the main plume that has been delineated at Site 5. 

1.2 Discussion 

e 
The hydrogeologic cross-section (Figure 1) indicates that monitoring well cluster location 05MW03 is 
hydraulically upgradient from the source area for chlorinated solvents that is located near monitoring Well 
cluster location 05MWOl. Figure 1 also indicates that the shallow groundwater at 05MWO3 does not contain 
any chlorinated solvents, which indicates that this well cluster is not located within the source area of the 
solvents. Therefore, the occurrence of the solvents in monitoring well 05MW031 may be due to either. 

l An unknown source located hydraulically upgradient from 05MW03, with the solvents migrating as a 
dissolved phase with the groundwater along the hydraulic gradient, and to deeper depths due to the 
downward-oriented vertical gradient; or 

l The known source (the VOCs in the soils) located near 05MW01, with the solvents migrating to 
deeper depths down the geologic dip of the bedrock (but against the hydraulically gradient) to 
05MWO3. 

TtNUS believes the data indicate that the source of the solvents in 05MWO31 is an unknown source located 
hydraulically upgradient from that monitoring well location. The following discussions are presented in 
support of this hypothesis: 

l The silt&ones and claystone encountered in the subsurface near the source area (at 05MWO7) do 
not appear to function as effective semi-confining layers to the depths at which they are 
encountered. Investigations at other base sites (Site 1 and Site 3) where confining conditions were 
encountered suggest that it is the cumulative effect of multiple finegrained units that ultimately 
create the confining conditions at greater depths rather than any particular bed creating the confining 

. conditions at any (including shallow) particular depth. This hypothesis is supported at Site 5 by the 
obsenration that upward groundwater flow was noted on the thermal-pulse flow log from the bottom 
of the 05MWO31 borehole (from below the bottom claystone unit) prior the retrofitting of the open 
borehole with the monitoring well. 

N-9 



D 

N-10 



4 . 
, 
.* . L- 

DRAFT 

solvents detected at Site 5 well 05MW031 because of the chemical dissimilarity of the detections (only PCE 

e 

was detected at Site 3 while many different solvents were detected at Site 5). It is still possible, however, 
that two different sources could be located on the Army Reserve complex, with the sources located on 
opposite sides of the groundwater divide. 

2.0 A Recommendation for a New Monitoring Well Location to Address the Hydrogeological Data 
Gap in the Southwestern Portion of the Site 

2.1 jBackaround I 

TtNUS was tasked to recommend a drilling location for an additional monitoring well cluster in the 
southwestern portion of the site designed to fill a data gap noted by EPA The available data indicate that 
there is a component of groundwater Row in that direction and that the groundwater quality has been 
impacted immediately to the southwest of the source area (at monitoring well cluster 05MW1 O), but there are 
limited monitoring wells downgradient of 05MWO7 from which to obtain water quality data. The only existing 
monitoring wells in that quadrant are the shallow wells 05MWO5S (40 feet deep) and 05MWO4S (30 feet 
deep). 

2.2 Potential Well Locations 

An intermediate monitoring well clustered with existing well 05MWO5S would close the data gap to the 
southwest. A well in this location would provide additional hydraulic head and water quality data in a 
direction potentially downgradient from the source area near 05MWOl and downgradient from the impacted 
groundwater at 05MWlO. Monitoring well 05MWO5S has been sampled during both phases of the RI and 
has never had a positive detection of any VOC, but it is possible that the groundwater plume could be 
migrated through this area at some depth below the total depth of the shallow well. Due to the rather steep 
vertical hydraulic gradient at Site 5 (Figure l), the new monitoring well should be installed at a depth of 
approximately 250 feet. 

A second potential well location would involve the installation of an, intermediate monitoring well clustered 
with existing well 05MWO4S. Although this location is actually slightly northwest (rather than southwest) of 
the source area, the hydraulic head data collected during the Phase II RI did indicate a wmponent of 
groundwater flow in this direction in the intermediate groundwater zone (because of a lower hydraulic head in 
monitoring well 05MWO31). Alternatively, the lower hydraulic heads could have resulted from the southward 
migration of the water level divide to a position just south of the 05MWO3 location. Subsequent water level 
measurement rounds conducted after the RI have not found this same pattern. In these later rounds, the 
hydraulic head measured in 05MW031 is consistently higher than the head measured in the other 
intermediate wells, creating the south-to-southwest pattern of groundwater Row. An intermediate well 
installed to approximately the same depth as 05MW031 (128 feet) would provide useful hydraulic head data 
and possibly provide information helpful to the evaluation of the potential for an additional source area in this 
vicinity, as discussed above in Section 1. 
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Distribution: 

U.S. EPA Region III, Lisa Bradford (3 copies) 
PADEP, April Flipse/Pam Reigh (2 copies) 
NASJRB Willow Grove, Jim Edmond (3 copies) 
Community Co-Chair, Liz Gemmill (3 copies) 
Restoration Advisory Board, Community Members Mailing List (1 COPY each) 
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groundwater recovery test resulting from~ a planned shutdown of the nearest municipal 

0 
groundwater supply well (Number 26), owned by the Horsham Township Water Authority. 

Horsham production well No. 26 (H-26) is located approximately 1,500 feet southwest Of 

monitoring wells 05MWll (Figure 2). Water levels in wells both on and off of the Air Station were 

monitored for one week before the H-26 pump shutdown, the week of the H-26 pump shutdown, 

and for one week after the H-26 pump shutdown. 

The results of the water level monitoring tests indicate that H-26 does have some influence On 

movement of groundwater in the vicinity of the known solvent plume at Site 5. Although 

groundwater originating at or flowing through Site 5 ultimately will reach the vicinity of H-26, the 

analytical data indicate that the plume may have reached steady-state conditions and does not 

leave the base property due to dilution and dispersion processes. 

BACKGROUND 

Tt NUS was assigned to address several perceived data gaps resulting from the regulatory review 
of the draft Phase II RI. These tasks include the following: 

l Tt NUS was assigned to investigate the effects of the geologic structure on the groundwater 

flow and plume migration at Site 5. EPA questioned if the dip of the sedimentary bedrock 

units (to the northwest) caused either the dissolved-phase groundwater plume or a separate- 

phase DNAPL to migrate from the source area located near monitoring well cluster location 

05MWOl to the northwest toward monitoring well cluster 05MWO3, where approximately 50 

ug/L of various chlorinated solvents were detected in the intermediate well but none were 

detected in the shallow (water table) well. The intermediate well (05MWO3t) is screened just 

above a very fine-grained claystone unit. Tt NWS had earlier concluded that the solvents 

detected in 05MWO31 were not part of the main plume that has been delineated at Site 5. An 

additional monitoring well is considered necessary to address EPA queries. 

l Tt NUS was also assigned to recommend drilling locations for additional monitoring wells in 

the southwestern portion of the site to fill a gap noted by EPA in the existing solvent plume 

delineation. The available data indicate that there is a component of groundwater flow to the 

southwest and that the groundwater quality has been impacted immediately to the southwest 

of the source area (at monitoring well cluster OSMWlO). EPA stated that there are insufficient 

monitoring wells downgradient of 05MW67 from which to obtain water quality data to 

accurately map the full extent of the plume. The only existing monitoring wells in that 
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Monitoring Well Installation 

Figure 1 shows the proposed locations for additional monitoring wells. Actual iocations will be 

marked in the field before drilling activities begin. After boreholes are installed, USGS will 

perform geophysical analyses on the open borehole. The Tetra Tech NUS lead geologist and the 

USGS geophysicist will confer to make recommendations for monitoring well construction in each 

borehole based on known features. 

To investigate the effects of the geologic structure on the groundwater flow and potential plume 

migration against groundwater flow gradient at Site 5, a borehole (05MW12) will be installed 

downdip (north of) 05MWO1 near the runway (see Figure 1). Based on a rate of dip of 7’. the top 

of the finer-grained units encountered in 05MWOl at subsurface depths of 0 feet, 82 feet, and 106 

feet (which is the unit that 05MWO31 is screened above) would be encountered at the new location 

at subsurface depths of 32 feet, 114 feet, and 138 feet, respectively. 

A new intermediate monitoring well (05MWO51) clustered with existing well 05MWO5S Will be 

installed to close the data gap in the measured plume extent to the southwest. A welt in this 

location will provide additional hydraulic head and water quality data in a direction potentially 

downgradient from the source area near 05MWO-l and downgradient from the impacted 

groundwater at 05MWlO. Monitoring well 05MWO5S has been sampled during both phases Of 

the RI and has never had a positive detection of any VOC, but it is possible that the groundwater 

plume could have migrated through this area at some depth below the total depth of the shallow 

well. Due to the rather steep vertical hydraulic gradient at Site 5 the new monitoring well should 

be installed at a depth of approximately 250 feet. 

A third new monitoring well (05MWO41) will be installed clustered with existing well 05MWO4S. 

Although this location is actually slightly northwest (rather than southwest) of the source area, the 

hydraulic head data collected during the Phase II RI did indicate a component of groundwater flow 

in this direction in the intermediate groundwater zone (because of a lower hydraulic head in 

monitoring well 05MWO31). Alternatively, the lower hydraulic heads could have resulted from the 

southward migration of the water level divide to a position just south of the 05MWO3 location. 

Subsequent water level measurement rounds conducted after the RI have not found this same 

pattern. An intermediate well installed to approximately the same depth as 05MWO31 (128 feet) 

would provide useful hydraulic head data and possibly provide information helpful to the 

evaluation of the potential for an additional source area in this vicinity. 
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S/24/00 DRAFT 

The sampling equipment used for collecting samples will be decontaminated before field sampling 

and between samples (a full discussion of sampling requirements are provided in the Phase II Rl 

Work Plan (Brown & Root Environmental, May 1997). The following decontamination steps will 

be followed: 

l Alconox or liquinox detergent solution wash. 

l Potable water rinse. 

l Deionized water rinse. 

l Air dry. 

Field analytical equipment such as pH, conductivity, temperature, and turbidity instrument probes 

will be first rinsed with Deionized water and then with a portion of the sample liquid. 

Investigative Derived Waste 

Investigative derived wastes including drill cuttings, development water, purge water, and 

decontamination fluids will be handled and disposed in accordance with procedures described in 

a 
the Phase 2 RI Work Plan. 

Drill Cuttings 

Drill cuttings generated during the rock coring and well installation program will be field screened 

with a PID. If no elevated organic vapor readings are generated at the rock coring location, the 

drilling cuttings will be backfilled and the wring hole will be filled with grout. If the drill cuttings from 

the new well boring locations do not indicate any significant PID readings, the cuttings will be spread 

around the immediate area of the well. 

Development Water 

Development water from the newly installed monitoring wells will be directed away from the wellhead 

and discharged to the ground surface and allowed to infiltrate the soil. If PID readings elevated 

(above background) are noted at any monitoring well, development water from that well will be 

containerized, sampled and stored on site pending test results for disposal. 
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0 beds of siltstone and claystone. Estimated hydrarulic conductivities ofthis formation range from 
1.5 x 1 Us to 8.5 x 10” * cm/s aqd matrix porositics range from 5 to 16% based on measurements 
on 11 core samples. The two corehole locations were selected where existing monitoring wells 
installed within the upper 100-A of the formation yielded groundwater concentrations of TCE in 
CXCeSS Of 10 mg/L. Continuous cores were collected f!rom top of rock (at or near groundsurface) 

to a depth of 360 ft into rock. Using a field protocol developed specifically for this project, 
small subsamples (15-l 80 grams wet-weight) were taken km the core for immediate 
presentation in 120 ml $ass VOA bottles containing a pre-weighted amount of high purity 
methanol. Three hundred and fifty-nine subsamples were collected and preserved in methanol in 
the field, of which 271 samples were analyzed. The vertical spacing between discrete-depth 
subsamples generally ranged between 5 and lo-ft, with 0.5 to 1-R spacing near many appaent 
fixtures identified during core inspection. The methanol-extract analysis provides total 
concentrations for TCE per unit-weight of water-saturated rock These data for the two 

10cdions are presented in Figures 1 and 2. Calculations using parameter values for matrix 
porosity and sorption convert these concentrations to e+ivalent groundwater concentrations in 
the matrix pore Water. 

The rock core concentrations with depth shown in Figures 1 and 2 exhibit large contrasts in TCE 
distribution. At the location in Figure 1, which is closest to a historical TCE release location, the 
highest TCE concentrations pccur in the vadose zone between 30 and 70-A depths. At this 
location, the water typically fluctuates between 70 and 80A below ground su&ace (hgs). Almost 
no TCE wss found greater than 130-A bgs. However, at the second location (Figure 2), no 
detectable concentrations were obtained in the vadose zone, but high concentrations are observed 
to a maximum depth of 250~fi bgs. The detection limit for rock oore analyses, expressed as 
equivalent groundwater concentration, varies from sample to sample and ranges from lOO- 
500 ug/L. The highest concentration measured in the matrix pore water was 40 mgL using a 
representatjve retardation factor of 3.75 and matrix porosity of 12%. There is considerable 
v=iability in meaSuTed concentrations over short distance inten&, indicating the location of 
contaminant pathways. The profiles of TCE concentration vs. depth show thick zones of TCl5 
at relatively high concentration. Therefore, because the matrix porosity is very large relative to 
the fracture porosity and because sorption occurs primarily in the matrix, it is apparent that 
n=iy all of the ??CE mass at the two locations exists in the rock matrix where g-roundwater flow 
has mi.rhal influence. This TCE mass in the matrix serves as a reservoir causing long-term 
groundwater contzm&&on. 
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Navy Production Wells 

l Geophysical togging 
l Monitoring during Aquifer Tests 

-Testing by TetraTechNUS 

- Continuous water leveis 

l Packer Testing 
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Water Table Mapping 

l Monitoring indicator wells 
l Regional levels and flow directions 
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Quantitative interpretation 
Ground-Water Flow Model 

. Match simulated and measured water 
levels 

l Steady state, pm-shutdown 
. Transient response to shutdown 
l Simulate contributing areas to streams 

and wells, average steady-state. 
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1) NAVY REVIEW OF EPIC PHOTOS 

FORWARDED BY USEPA REGION Ill 

IR SITE 5 - FIRE TRAINING AREA 

INTRODUCTION 

In April 1999, the USEPA Region Ill forwarded a Microsoft Powerpoint file showing a series of anomalies 
for each of the Navy’s Jnstallation Restoration (JR) Sites. These anomalies were identified as a result of the 
EPA’s review of a series of aerial photos known as an EPIC Study. The Navy was requested to review the 
anomalies at each of the IR Sites and show that soil sampling was conducted in the area of an anomaly or 
provide rationale for why they are not an environmental concern. Although anomalies were identified for 
each of the Navy’s four main IR sites, the information below will only focus on those anomalies associated 
with IR Site 5 - Fire Training Area. As each Remedial Investigation (RT) is fmalized for each of the JR 
Sites, a separate rationale, similar to what is provided below, will be provided for each separate IR site and 
included into the Final RI for that particular site. 

ANALYSIS OF EPIC PHOTOS 

The fust step in the Navy’s review of the EPA’s EPIC Photos was to independently review each EPIC 
feature to determine when the feature was fust identified. This enabled the Navy to collect background 
information regarding the potential cause of the feature. A site visit was then conducted and environmental 
personnel interviewed to try and determine what the anomaly actually might have been. The site visit for 
IR Site 5 was conducted on October 24,200O. 

The features identified by the USEPA as being of potential concern at IR Site 5 were divided into three 
categories; (1) those features that are actually within the site boundaries of IR Site 5, (2) those features that 
are to the south of IR Site 5 and fall within the boundaries of IR Site 6, and (3) those features that are 
within the boundary of the former Marine Corps Reserve Training Compound. 

FEATURES WITHIN IR SITE 5 

These features are limited to those on the northern half of the powerpoint slide for Site 5. By overlaying 
the locations of soil sampling that was conducted as part of the Navy’s Phase I and II RI’s, it has been 
determined that each of these anomalies has been subjected to soil sampling and for those areas where the 
sample result is above a soil cleanup standard, it will be dealt with accordingly. Please note that soil 
cleanup standards have not yet been established for this site. 

26GS appears present in August 17,197l as areas of high reflectivity. They appear similar in nature to the 
sand traps at the golf course, and may represent sand piles. One alternate explanation is the three light 
colored objects could be aircraft fuselages that were staged in this area and used as part of the fie fighting 
training effort. 

TR6A may exist in the May 5,1964 photo, but appears to be a part of a longer linear feature, most likely a 
road. No other evidence of this feature was found during the site visit. 

TR6 (there are two, this is the eastern one) is most visible in May 5, 1964. It appears to be a linear trench 
or drainage ditch filled with water. There are other similar features (water filled ditches) evident on the 
photo. The photo was likely taken during a wetter period. The feature is visible in the June 1978 photo but 
appears as an area of different color. The most likely explanation for this could be a lack of vegetation. Jt 
is not discemable in the August 1971 photo. According to Jim Edmond, NASJRB Willow Grove 
Environmental department, this feature was a drainage ditch that was necessary to divert surface runoff 
during the time that regrading was underway to raise the runway. This ditch bends south and directed flow 
towards the fence at the Marine Training Area. A lighter colored feature can be seen in the 1977 photo that 
looks like an drainage outlet from this surface water runoff system. 
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FEATURES WJTHING FORMER MARINEI CORPS RESERVE TRAINING CENTER 

The third area is the former Marine Corps Reserve Training Compound, a fenced area where no disposal 
activities were reported to have taken place. In gene&, the features are discussed in a north to south 
direction. 

ST6 appears in June 1,197s as three large objects stored south of the fue fighter area. This area was 
describes as containing a number of small storage buildings of different sizes and construction methods 
built over a period of time and nicknamed the Marine Shanty-town, The construction of Buildings 638 and 
639 eliminated the need for the shanty-town and the structures were removed. No disposal is reported to 
have taken place within the Marine compound. 

OS3/OS5,lOOS appear to be within the Marine reserve area within the fence, where no disposal has been 
reported. 

CONCLUSION 

It has been concluded that all of the anomalies identified at IR Site 5 during the EPA’s EPIC Study have 
had some level of soil sampling associated with it. It is further concluded that the other anomalies that are 
not directly associated with IR Site 5 are features that are not associated with disposal activities and are, 
therefore, not of any environmental concern. 
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June 17,1999 DRAFT 

Site f - Privet Road Comoound Area 

VOCs - The highest historical value for PCE in monitoring well OlMWO2S (110 ugll in 1989) 

exceeds the 1997 RI result (ND) and the risk-based concentration (RBC [1.6 ugn]). However, the 

1991 RI result (non. detect [ND]) and the 1998 Air Force result (ND) agree well with the 1997 RI 

resutt. 

Although in this case the site conceptual model would be changed by imputing the highest 

historical value, the 1997 RI result agrees well with other samples obtained in this decade, 80 no 

changes to the RI conclusions or human health risk assessment are recommended. 

Metals - No metals analyses were performed on groundwater samples in the 1997 RI. 

Site 2 -Antenna Field Landfill 

VOCs - The highest historical value for TCE in monitoring well 02MW02S (35 ug!l in 1989) 

exceeds the 1997 RI result (ND) and the RBC (1.6 ugll). However, four consecutive samples 

(including the 1997 RI result), obtained after the 3J value, are all ND. 

Although in this case the site conceptual model would be changed by imputing the highest 

historical value, the 1997 RI result agrees well with three other samples obtained after the 1989 

35 value, so no changes to the RI conclusions or human health risk assessment are 

recommended. 

Metals - No metals results from the 1997 RI were significantly lower than available historical 

results. Metals were generally in the range of available historical results for each location. 

Site 3 - Ninth Street Landfill 

VOCs - The 1997 RI tetrachloroethene (PCE) analytical results obtained from 03MWO3S (5J 

ugll), 03MW03Sl (18 ug/i), 03MWO4S (21 ug/l), 03MWO6S (29 ug/l), and 03MWO61 (39 ugIl) all 

exceed the RBC (1.1 ug/l) and four of five exceed the MCL (5 ugfl). The corresponding historical 
. high concentration found in existing monitoring wells 03MWQ3S (13 uglf), 03MW03Sf (37 ug/f), 

and 03MWO4S (84 ug/l) is higher than the corresponding 1997 RI concentration and also 

exceeds reference criteria. Two times the concentration found in new monitoring wells would be 
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June 17,1999 DRAFT 

RECOMMENDATION: Monitoring well 03MW061 should be sampled using low-flow techniques 

and analyzed for metals during the next sampling activity in the vicinity of the Amry Reserve 

Complex. 

Site 5 - Fire Trainina Area 

VOCs - The 1986 l,l,l-trichloroethane (l,l,l-TCA) analytical result obtained from 05MWOll 

(260 ug!l), exceeds the 1997 RI result (84 ugll) as well as the lowest drinking water advisory 

reference criterion (200 ugll) and the MCL (200 ugll). However, three other historical samples 

from 05MWOlI were all ND. In this case the highest historical concentration does not exceed the 

RBC (790 ug/l). 

In the (new) monitoring well samples where no historical results are available, application of the 

imputed 2 times the 1997 RI concentrations would result in some ‘hits” being higher for the 

human health risk assessment estimation, but no new “hits” would result. 

In this case, the site conceptual model would change by imputing the highest historical value for 

1 ,l ,l-TCA. However, the 1997 RI result agrees well with three other historical samples obtained 

from 05MWOl I. The conceptual model change would only be the addition of another exceedence 

in 05MWOll, where a more significant exceedence of PCE has already been noted. Therefore, 

no changes to the RI conclusions, which recommend an FS to evaluate options for Site 5 

groundwater, or to the human health risk assessment are recommended. 

Metals - No change to the site conceptual model woufd result from applying the highest historical 

concentration or two times the 1997 Rf value (in the case where no historical value is available). 
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JuIy 2, 1999 
NASJRB WILLOW GROVE 

REPLY TO EPA TO~XICOLOGICAL COMMENTS 
DRAFT PHASE II REMEDIAL IhlrESTIGATION REPORT 

GENERAL COMMENTS 

1. The decision criteria employed for determination whether a compound is above background 
and PCOC and CPOC selection should be further explained. As written, the most useful 
information concerning the selection of a compound as a CPOC, PCOC or significance above 
background is shown on individual tables which summarize the results of statistical testing. 
The footnotes should be expanded upon in Section 2.3 of the report and a logic flowchart 
presented to identify the yes/no result of each test. 

Reply: Concur. Selection criteria for chemicals of potential concern will be presented in 
more detail in Section 2.3. A logic flowchart and/or table will accompany the updated text 
to further clarify the selection process. 

2. Section 3.1.1.4 indicates that representative concentrations were calculated based on both 
1997 and 199 1 IU data. Data from these two sampling events were pooled, but there is no 
indication whether sampling populations from each event were comparable. The text should 
be revised and an analysis presented to ensure that pooling of data for each contaminant was 
appropriate. 

Reply: Concur. The text in Section 3.1 1.4 will be revised to better reflect what was done. 
Generally (for all media except groundwater) the data sets from 1991 and 1997 were 
combined because the Work Plan was formulated to obtain samples to further define extent 
of contamination (i.e., fill data gaps). At each site, the contamination of concern resulted 
from past practices ending 20 or more years ago, no new contamination has been deposited 
in the period of the investigation, and the sampling plan was predicated on filling data gaps 
in contiguous media within the area of concern. 

In the case of groundwater, all existing monitoring wells were sampled and risk assessment 
was calculated based on the most recent (1997) data only. However, at Site 1, there was no 
metals data from the 1997 sampling round. Therefore, for Site 1, the two data sets were 
combined (inorganics and organics) to permit human health risk calculations to proceed. 
In the case of Site 1, the two groundwater data sets will be compared as suggested. 

3. Tables are included in the document that present the results of a comparison of surface water 
analytical data to applicable or relevant and appropriate requirements (ARARs) and to be 
considered (TBC) values. There are no freshwater chronic ambient water quality criteria 
(AWQC) provided for aluminum, beryllium or iron (see, for example, Table 4-12). This is 
incorrect. The ahuninum criterion is pH dependent and may be calculated based on site- 
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July 2, 1999 
7. In order to avoid potentially unnecessary institutional controls to limit excavation, 

subsurface soil risk evaluations to potential receptors, including future residents should 
be performed. Similarly, residential rather than industrial RBCs should be used to screen for 
COPCs. Otherwise, an institutional control may be necessary to ensure that the property 
remains industrial/commercial and is not used for residential development at any time in the 
future. 

Reply: Future land use at the base is known. The land use will remain as industrialBight 
industrial and NASJRR Willow will remain as an active military base. Residential and 
recreational land uses presented in each site-specific human health risk assessment are 
hypothetical in nature. No change is required to the risk assessment RDCs. Appropriate 
caveats will be inserted in the text to indicate that if the land use designation were to 
change in the future, the human health risk assessment selection criteria may need to be 
revised. 

SPECIFIC COMMENTS 

1. Executive Summary, Site 1 - The Privet Road Compound, Page ES-l, Paragraph 2. 
This paragraph states that “Consistent with United States Environmental Protection 
Agency (EPA) guidelines, the ‘reasonable anticipated future land use’ exposure scenario 
is Occupational Worker.” It is unclear what these guidelines are and how this land use . 
was determined. The human health risk assessment analyses for Site 1, as detailed in 
Tables 4-24,4-25,4-26, and 4-27, indicate that the following scenarios have acceptable 
carcinogenic and noncarcinogenic risks associated with them: adult/child trespasser, 
recreational child, and excavation worker. Risks to the occupational worker just slightly 
exceed EPA’s acceptable carcinogenic risk criteria. Cancer and noncancer risks to 
residents exceed EPA’s risk criteria. The paragraph shouid be revised to accurately 
reflect the results of all human health and ecological risk assessment analyses. This 
comment also applies to Section 4.9. 

Reply: The subject EPA guidelines referred to, OSWER Directive No. 93555.7-4 (Land 
Use in the CERCLA Remedy Selection Process), and OSWER 9355.049 (Rules of Thumb 
for Superfund Remedy Selection) will be referenced in the text. 

The current and future land use of this property is controlled by the United States Navy. 
The anticipated land use is described in the Master Plan for NASJRB Willow Grove. The 
anticipated future land use could change from the current military-type use if there were 
an Air Station property transfer. There are generally only two methods of transferring this 
type of Navy property, through BRAC (which would take an act of Congress) or through 
the GSA, (in the event that parcels were to be declared excess). Under BRAC, action would 
be taken in accordance with the legislation. Excess property transfers handled by GSA 

l 
could be conveyed with deed restrictions as determined at the time of property transfer. In 
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July 2, 1999 
The objective of the Executive Summary and the Evaluation Summary sections is to 
summarize the pertinent information for a reviewer who may not be interested in studying 
the entire voluminous RI document. Therefore some information, available elsewhere in 
the RI/l% record, is not repeated in the summary sections. 

3. Executive Summary, Site 2 - The Antenna Field Landfill, Page ES-3, Paragraph 1. 
This paragraph states that “human health risk assessment found that the site does not pose 
a threat to current or reasonably anticipated future human receptors.” However, the 
human health risk assessment analyses indicate that EPA’s acceptable carcinogenic and 
noncarcinogenic risk criteria are exceeded for adult/child residents. This paragraph 
should be revised to clearly state the conclusions from the human health risk assessment. 
This comment also applies to Section 5.9. 

Reply: This paragraph appears correct as it is written. 

4. Executive Summary, Site 3 - Ninth Street Landfill, Page ES-3, Paragraph 2. 
This paragraph states that “Consistent with EPA guidelines, the ‘reasonable anticipated 
future land use’ exposure scenario is Occupational Worker and Recreational Child.” It is 
unclear what these guidelines are and how these land uses were determined. The human 
health risk assessment analyses for Site 3, as detailed in Tables 6-23,6-24,6-25, and 6- 
26, indicate that the following scenarios have acceptable carcinogenic and 
noncarcinogenic risks associated with them: occupational worker, adult/child trespasser, 
recreational child, and excavation worker. However, the human health risk assessment 
analysis indicates that EPA’s acceptable noncancer criteria is exceeded for adult/child 
residents. The paragraph should be revised to accurately reflect the results of all human 
health and ecological risk assessment analyses. This comment also applies to Section 
6.9. 

Reply: The subject EPA guidelines referred to, OSWER Directive No. 93555.7-4 (Land 
Use in the CERCLA Remedy Selection Process), and OSWER 9355.0-69 (Rules of Thumb 
for Super-fund Remedy Selection) will be referenced in the text. 

The current and future land use of this property is controlled by the United States Navy. 
The anticipated land use is described in the Master Plan for NASJRB Willow Grove. The 
anticipated fntnre land use could change from the current military-type use if there were 
an Air Station property transfer. There are generally only two methods of transferring this 
type of Navy property, through BRAC (which would take an act of Congress) or through 
the GSA, (in the event that parcels were to be declared excess). Under BRAC, action would 
be taken in accordance with the legislation. Excess property transfers handled by GSA 
could be conveyed with deed restrictions as determined at the time of property transfer. In 
any event, CERCLA 120(h) requirements would apply. 

N49 





July 2,1999 
time of property transfer. In any event, CERCLA 120(h) requirements would apply. 

The objective of the Executive Summary and the Evaluation Summary sections is to 
summarize the pertinent information for a reviewer who may not be interested in studying 
the entire voluminous RI document. Therefore some information, available elsewhere in 
the RIM record, is not repeated in the summary sections. 

7. Executive Summary, Site 5 - The Fire Training Area, Page ES-5, Paragraph 1. 
This paragraph states that “human health risk assessment found that the site does not pose 
a threat to current or reasonably anticipated future human. receptors.‘” However, the 
human health risk assessment analyses indicated that EPA’s acceptable carcinogenic and 
noncarcinogenic risk criteria are exceeded for adult/child residents. This paragraph 
should be revised to clearly state the conclusions from the human health risk assessment. 
This comment also applies to Section 7.9. 

Reply: This paragraph appears to be correct as written. 

8. Executive Summary, Human Health Risk Assessment, Site 1 - The Privet Road 
Compound, Page ES-19, Paragraph 5. 
This paragraph states that “the total cumulative carcinogenic risk for the current 
occupational worker is equal to EPA’s target carcinogenic risk range at Site 1 for the 
RME scenario.” However, Table 4-24 indicates that the calculated total risk is 1.2QE-4 
which marginally exceeds the EPA target carcinogenic risk range of l.QE-4 to 1 BE-6. 
Consideration of site-specific conditions, as well as risk management factors, should 
dictate the need for action (or not) in this instance. In addition, the results for human 
health risk assessment analyses for all receptors should be included in this paragraph. 

Reply: The text will be corrected to reflect that the occupational worker scenario just 
slightly exceeds EPA’s acceptable carcinogenic risk value. 

9, Executive Summary, Human Health Risk Assessment, Site 2 - The Antenna Field 
Landfill, Page ES-21, Paragraph 5. 
This paragraph states that “noncarcinogenic HIS for the potential receptors at Site 2 are 
less than 1.0”. However, Tables 5-27 and 5-28 indicate that the total cumulative RME 
and CTE noncarcinogenic risk for adult/child residents exceed the EPA’s 
noncarcinogenic HI value. The text should be revised so that it is consistent with the 
summary data tables. In addition, the results for human health risk assessment analyses 
for all receptors should be included in this paragraph. 

Reply: This section appears to be correct as written. The objective of the Executive 
Summary and the Evaluation Summary sections is to summarize the pertinent information 
for a reviewer who may not be interested in studying the entire voluminous RI document. 

a 

Therefore some information, available elsewhere in the RI/J?4 record, is not repeated in the 
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a July 2, 1999 
12. Section 2.3, Establishment of Background Concentrations, Page 2-31. 

The limitations of using surface soil as a surrogate for subsurface background conditions 
should be discussed. - 

Reply: Concur. The limitations of using background surface soil as a surrogate data set 
for background subsurface soil will be discussed in the human health risk assessment 
uncertainty section. 

13. Section 2.3, Establishment of Background Concentrations, Page 2-31, Paragraph 2. 
This paragraph states that background sample analytical statistics for groundwater were 
not attempted. However, background sample analytical statistics for groundwater are 
presented for each site. The text and tables should be revised to correct this 
inconsistency. Also, note that in the specific comments for each site, as discussed below, 
that the groundwater background sample analytical statistic tables appear to be incorrect. 

Reply: Concur. Text and tables concerning background analytical statistics related to 
groundwater data sets will be removed from each site-specific human health risk 
assessment. . 

14. Table 2-13 
Many of the calculated means are the same as 95th percent UTLs. Please explain. 
Also, when the 95th percent UTL for background exceeds the maximum detection for a 
given compound, was the maximum detect used as the default comparison value? 

Reply: Disagree. In Table 2-13,95% UTLs were not calculated. Only the background 
means were listed. The text “95 % Upper Tolerance Limit (UTL)” is present as a divider 
section with only the very last column of the table actually showing the UTL value. 

15. Section 3.1.1.3, Page 3-4 
Contrary to the text on this page, it seems that background concentrations were 
considered for the screening of organics. 

Reply: Disagree. Background concentrations were not considered for the screening of 
organic compounds. Information regarding background concentrations and organics were 
presented in the report for informational purposes only. Text and tables will be revised as 
appropriate to clarify that background comparison analysis was not used to eliminate 
organic chemicals as COPCs. 

16. Section 3.1.13, Identification of Chemicals of Potential Concern (COPC), Page 3-6, 
Paragraph 5. 
This paragraph explains the exceptions to the COPC selection for each medium described 
on Pages 3-4 to 3-6. However, due to the formatting of the text, it appears that these 
exceptions are only relevant to groundwater COPC selection. These exceptions should be 
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2E-03 for beryllium. 

C. Dermal RfD and SFs 
See following comment on Section 3.1.2.4., Page 3-14 

D. Inhalation RfD 
1.4E-03 for 1 &dichloroethane 
1.4E-01 for tetrachloroethene 
5.7E-06 for beryllium 

E. Inhalation SFs 
1.4E-02 for Bis(2-ethylhexyl)phthalate 
2.OE+00 for PCBs 

Reply: The values for Oral RfD (Comment B), Inhalation RfD (Comment D), and 
Inhalation SF (Comment E) were all taken from Region 3 ‘RDC Tables dated 3-14-97, 
which was the latest update at the time the risks were estimated. For Fraction of COPC 
Absorbed in GI Tract (Comment A), Table 3-1 lists the values as provided from ATSDR, 
which at the time the risks were estimated were considered to be representative of fraction 

I of COPC absorbed in the GI Tract. 

18. Section 3.1.2 Toxicity Assessment, Adjustment of Dose-Response Parameters, 
Paragraph 5, Page 3-14 and Table 3-1, Page 3-12. 
The equations for deriving dermal MDs and SFs from oral RfDs and SFs are correct in 
the text. However, the dermal RfDs and SFs are calculated incorrectly as shown in Table 
3-1. It appears that in the table, the oral RfDs were incorrectly divided by the ABSEFF,,, 
to derive the dermal RfDs, and the oral SFs were incorrectly multiplied by the 
ABSEFF,, to derive the dermal SFs. However, a spot check of the calculations in 
Appendix J indicates that the correct dermal RfDs and SFs were used. 

Reply: Concur. Table 3-1 will be revised as appropriate for numeric inconsistencies. 

19. Table 3-3, Page 3-17. 
The absorption factors presented in Table 3-3 represent chemical-specific values to adjust 
site doses, not toxicity values. These factors apply only to soil and sediment and 
represent the “ABS” parameter for dermal pathway (e.g., in Table 3-12). 

Reply: Concur. Table 3-3 will be revised as appropriate for numeric inconsistencies. 

20. Section 3.1.3.2, Potential Receptors, Page 3-20, Paragraph 4. 
This paragraph indicates that cancer and noncancer risks will be estimated separately for 
adolescent and adult trespassers. However, the summary tables for each individual site 
present the cancer risk results for adult/child trespassers combined. The text and tables 
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24. Table 3-14, Page 3-36 

According to this table, the RNIE exposure frequency for an excavation worker is 30 days 
per year. The default value for this receptor is generally 250 days per year. Either the 
exposure frequency for this receptor should be replaced by a more realistic estimate, or 
strong justification should be provided. 

Reply: Excavation workers are generally not going to be subjected to the same exposure 
frequency as the standard industrial worker (i.e. 250 day/year exposure). Excavation 
activities were assumed to last for approximately 1 month per year. Major excavation 
activities at Willow Grove (i.e., those lasting more than 1 month) are not anticipated. 

25. Section 3.1.3.6, Page 3-61, Paragraph 2 
According to this paragraph, an exposure frequency of 219 days per year was assumed 
in the adult lead model. Why wasn’t the default of 250 days per year used? 

Reply: Average exposure values should be input into the adult lead model. An exposure 
frequency of 219 days per year represents and average value for an industrial worker. 

26. Section 4-5, Nature and Extent of Contamination, Page 4-10. 
Revise the text to correctly refer to Figures 4-21A through C. 

* 
Reply: Concur. Text will be corrected. 

27. Table 4-5, Page T-4-4. 
A footnote should be included for the qualifier B. This comment pertains to similar tables 
in the report. 

Reply: Concur. The qualifier B and its meaning (compound also found in blank sample) 
will be added to each table as appropriate. 

28. Section 4.6.1, Transport and Transformation of Detected Contaminants, Page 4-20. 
Revise text from “reference center” to “reference criteria”. 

Reply: Concur- Text will be corrected. 

29. Section 4.6.2, Conclusions, Page 4-22. A discussion should be presented on the 
compound arsenic in this section. Arsenic was identified as COPC in soils, subsurface 
soils, sediments, and groundwater. It’s presence in these media and elevated 
concentrations indicate that it is site related and future migration could occur. 

Reply: Conclusions based on the discussion of arsenic in Section 4.6.1 will be added. 
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33. Table 4-23, page T-4-l 12. 

This table presents the selection of sediment GOPCs for Site 1. However, Table 4-21 on 
page T-4-109 presents the same information. In addition, there is a second Table 4-23 on 
page T-4- 113 that presents groundwater COPCs for Site I m Table 4-23 on page T-4-l 12 
should be removed from the report. 

Reply: Tables 4-23 and 4-21 will be checked for content and accuracy and changes to the 
tables and or text that presents them will be made as appropriate. 

34. Table 4-23, page T-4-113. 
This table presents the selection of COP& in groundwater at Site 1. However, some the 
data listed for the organic contaminants appear to be incorrect. The representative 
concentration listed for I ,2-dichloroethene (total) is 5. However, Table 4-16 lists the 
representative concentration as 4.35. The representative concentration listed for 
tetrachloroethene is 7.49. However, Table 4-16 lists the representative concentration as 
9.2. The representative concentration listed for trichloroethene is 11. However, Table 4- 
16 lists the representative concentration as 12. In addition, Table 4- 16 includes 1 ,1 , l- 
trichloroethane, 1,l -dichloroethane, carbon tetrachloroethene, and toluene. However, 
these pollutants are not included in Table 4-23. The tables should be revised so that 
they are consistent. 

Reply: Concur. The numbers will be checked concerning risks shown in Tables 4-16 and 
4-23 and the numbers referred to in the text. Changes will be made as appropriate. 

35. Section 5.6.2 Condusions, Page 5-12. 
A discussion should be presented on the potential for arsenic and dieldrin to migrate from 
the site. Arsenic and die&in were selected as a COPC in soils, subsurface soils, surface 
water, sediment, and groundwater and detected in seep samples. Erosion of soils was 
identified as a significant process at the site. 

Reply: These issues will be further discussed, as requested. 

36. Section 57.6, Conclusions, Page 5-22, Paragraph 1. 
The section states that other than a future residential child receptor, the noncarcinogenic 
HIS for the other potential receptors at Site 2 are less than 1.0 However, Tables 5-27 and 
5-28 indicate that the RME and CTE noncarcinogenic HIS for a ‘future residential adult 
receptor are 1.56 and 1.27, which exceed the EPA’s target HI. The text should be revised 
to reflect the results presented in Table 5-27 and 5-28. In addition an HI of 1.56 would 
round to a value of 2. This discrepancy should be corrected. 

Reply: Text will be modified to discuss valuesfound in the tables. 

Risks will be presented in the text that are consistent in terms of significant digits. 
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potential dioxin contamination should, at a minimum, be evaluated as part of the site- 
specific uncertainty analysis. 

Reply: Concur. The dioxin analysis and explanation will be updated in the human health 
risk assessment. 

41. Section 6.5, Nature and Extent of Contamination. 
Revise the text to correctly reference Figure 6-11 A through E. 

Reply: Concur. These figures should be called Figures 6-12 A through E. 

42. Section 6.5, Nature and Extent of Contamination. 
According to the text, detections in surface and sediment at this site were determined to 
be statistically unrelated to the site. The methodology and tests employed to reach this 
conclusion should be discussed. 

Reply: Concur. This issue will be further clarified. 

43. Table 6-16, Page T-6-68. 
This table presents background comparison test results for groundwater data for Site 3. 
The footnotes indicate that the overall decision for each groundwater pollutant is NA, if 
all individual background tests are NA. While the table indicates that individual 
background tests are NA for each groundwater pollutant, the overall conclusion for each 
pollutant is not NA. This table should be revised so that either the correct overall 
conclusion for each pollutant is shown or the correct result for each individual 
background test is shown. 

Reply: Concur. Table 6-16 will be changed as appropriate. 

44. Tables 6-18 to 6-22, page T-6-81 to T-6-92. 
These tables present the COPC selection for each contaminant in each medium at Site 3. 
A final column should be added to the table which describes the reason the contaminant 
was included as a COPC (i.e., exceeded RBC and background, exceeded RE3C, chemical 
is break-down product of a COPC, etc.), so that it is clear why the chemical was selected 
as a COPC. 

Reply: Concur. A column will be added to each table stating the reason for inclusion or 
exclusion of each chemical. 

Tables 6-18 to 6-21 include the background results. However, Table 6-22 does not 
include background results. The format of Tables 6-1s to 6-22 should be consistent and 
background results should be added to Table 6-22. 

N-61 



e 

re and Extent of 

49. 

e 

N-62 



July 2, 1999 
48. Section 7.7.1, Data Evaluation, Surface Soils, Page 7-11, Paragraph 3. 

This section lists the organic and inorganic COPCs as presented in Table 7-I 8. However, 
dibenzofuran is listed as a COPC in Table 7-l 8, but is not included on the list. The text 
should be revised so that it is consistent with the results in Table 7-l&. 

Reply: Concur. The text will be revised to be consistent with the data tables. 

49. Section 7.7.6,‘Conclusions, Page 7-21, Paragraph 1. 
The section states that other than a future residential child receptor, the noncarcinogenic 
HIS for the other potential receptors at Site 5 are less than 1 .O. However, Table 7-25 
indicates that the RME noncarcinogenic HI for a future adult receptor is 2.24 and Table 
7-26 indicates that the CTE noncarcinogenic HI for a future adult receptor is 1.76 and for 
a future excavation worker is 62. I. The text should be revised to reflect the results 
presented in Tables 7-25 and 7-26. 

Reply: Text will be modified to discuss values found in the tables. 

50. Table 7-16, Page T-7-62. 
This table presents background comparison test results for groundwater data for Site 5. 
The footnotes indicate that the overall decision for each groundwater pollutant is NA if 
all individual background tests are NA but evaluated as yes or no. While the table 
indicates that individual background tests are NA for each groundwater pollutant, the 
overall conclusion for each pollutant is not NA. This table should be revised so that 
either the correct overall conclusion for each pollutant is shown or the correct results for 
each individual background test is shown. 

Reply: Concur. Table 7-16 will be changed as appropriate. 

51. Tables 7-18 to 7-22, page T-7-73 to T-7-83. 
These tables present the COPC selection for each contaminant in each medium at Site 5. 
A final column should be added to the table which describes the reason the contaminant 
was included as a COPC (i.e., exceeded RBC and background, exceeded REX, chemical 
is break-down product of a COPC, etc.) so that it is clear why the chemical was selected 
as a COPC. 

Reply: Concur. A column will be added to each table stating the reason for inclusion or 
exclusion of each chemical. 

Tables 7-l S to 7-21 include the background results. However, Table 7-22 does not 
include background results. The format of Tables 7-l 8 to 7-22 should be consistent and 
background results should be added to Table 7-22. 
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a 
consistent nomenclature should be used throughout the RI report and should be consistent 
with those equations found in EPA reference documents. 

Reply: Concur. Consistency regarding terminology will be provided throughout the 
revised HHRA. 
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The second tier is a baseline ERA (BERA), which is conducted if the results of the screening-level ERA 
indicate that additional study is warranted. The BERA comprises Steps 3 through 7 of the $-step ERA 
process, and is a more focused study of the initial COPCs. The beginning of the BERA also presents a more 
balanced evaluation of the conservativeness inherent in the first two steps of the ERA process (DON, 1999). 

3.2.1 Preliminaw Problem Formulation and Ecological Effects Evaluation 

Section 3.2.1.1 discusses the components of problem formulation and Section 3.2.2.2 discusses the 
components of ecological effects evaluation. 

3.2.1 .l 
. 

Preliminary Problem Formulation 

Ecolonical Setting 

The preliminary problem formulation contains a description of the background of the site and a general 

description of the ecological setting at NASJRB willow Grove. These topics are presented in Section 1.4. 

The main areas of interest at NASJRB Willow Grove for this ERA are Sites 1,2,3, and 5. These sites are 

described in detail in site-specific sections. 

Habitat Types and Ecological Receptors 

Descriptions of habitat types and ecological receptors were composed for Sites 1,2,3, and 5, and are 
presented in site-specific sections of this report. Data regarding habitats and ecological receptors were 

a 

obtained from previous reports and from biological characterizations conducted at the installation during this 
investigation. Information on the occurrence of threatened and endangered species on and near the four 
sites was obtained from the U.S. Fish and Wildlife Service, the Pennsylvania Game Commission, the 
Pennsylvania Fish and Boat Commission, the Pennsylvania Department of Environmental Protection, and the 
Natural Resources Manager at NASJRB Willow Grove. 

Contaminant Sources, Release Mechanisms, and Migration Pathways 

Site-speciik contaminant sources, release mechanisms, and migration pathways are discussed in site- 
specific sections of this report. The general transport mechanisms that were investigated include 
combustion, volatilization, wind erosion, overland runoff, and infiltration of contaminants. Constituents in soil 
could volatilize from surficial material or become airborne through wind erosion. Contaminated fugitive dust 
could be generated during ground-disturbing activities such as construction or excavation. Contaminants 
could then be dispersed in the surrounding environment and transported to downwind locations, where they 
could become deposited in surface soil, surface water, or sediment. Combustion was probably a major 
transport mechanism during the period when the landfills and fire training area were in use. However, 
combustion is assumed to currently represent a negligible transport mechanism at NASJRB Willow Grove 
since open burning activities have ceased. 

Precipitation runoff could carry constituents to nearby surface water and sediment. Infiltrating precipitation 
could cause the contamination of subsurface soil and groundwater. Upon infiltrating the soil column and 
reaching the water table, a contaminant may be carried with the flow of groundwater to downgradient 
locations. Groundwater from the site may eventually discharge to surface water; contaminants could be 
subsequently deposited in sediment or accumulate in the tissues of aquatic organisms. 

Eqnxure Routes 

a 0!%03/99 11:lZAM NewERA methods 
N-67 



aks kr assess 

I 

I 



three components: a source of contaminants that &an be released to the environment; a route of contaminant 
transport through an environmental medium; and an exposure or contact point for an ecologicat receptor. 
The conceptual model for each site is presented in site-specific sections of this report. 

3.2.1.2 Preliminary Ecological Effects Evaluation 

For this ERA, exposure-point concentrations of detected analytes in surface water, sediment, and surface 
soil were compared to ecologically based guidelines to determine if the analytes should be selected as 
COPCs. Although groundwater-to-surface-water migration of groundwater contaminants is possible at 
NASJRB willow Grove, &ological receptors are not directly exposed to groundwater. Additionally, no 
groundwater thresholds have been developed based on ecological concerns. Potential ecological risks 
associated with groundwater contaminants are reflected in the evaluation of the potential risks associated 
with surface water and sediment, since the sources of contamination at the sites under investigation have 
been in place long enough for groundwater plumes to discharge into nearby surface water and sediment. 
Thus, groundwater contaminants were not screened against surface water contaminants in the ecological 
risk assessment. It is noted that an artesian flowing well formerly existed downstream from the pond near 
Site 3. However, this well has been capped so that flow from this monitoring well is nonexistent. There are 
no other flowing artesian wells near any other site investigated in this report. The Navy corrected the 
problem of flowing artesian monitoring wells during RI field investigations in the spring of 1997 by repairing 
the leaking sample assemblies. Long-term annual inspection and maintenance of these artesian monitoring 
wells will ensure no flow of groundwater to surface water. 

Methods used for the selection of medium-specific benchmarks used in this ERA are provided below. 

Surface Water Screening Levels 

Actual exposures of aquatic receptors to surface water contaminants at NASJRB Willow Grove were 
assumed to be primarily chronic (long-term) exposures, usually at sublethal concentrations. Initial screening 
levels for this ERA were chronic screening values obtained from USEPA Region Ill BTAG (EPA, 1995), EPA 
chronic ambient water quality criteria (AWQC), EPA final chronic values (FCVs), and Tier II values (EPA, 
1995b). 

Sediment Screening Levels 

Initial contaminant screening levels for benthic organisms were preferentially EPA Region Ill BTAG screening 
levels (EPA, 1995). These values are primarily Effects Range-Low (ER-L) values from Long and Morgan 
(1990) and Long et al. (1995), and Apparent Effects Thresholds (AETs). 

Surface soil Screening Levels 

Initial screening levels for soil organisms consisted primarily of USEPA Region Ill BTAG screening levels 
(EPA, 1995), Oak Ridge National Laboratory (ORNL) surface soil screening levels, and Dutch “B” levels that 
represent ecological toxicity endpoints (Netherlands, 1994). 

3.2.2 Preliminaw Exposure Estimate and Risk Calculation 

Section 3.221 describes the components of preliminary exposure estimate and Section 32.22 describes 
the components of preliminary risk calculation. 

3.2.2.1 Preliminary Exposure Estimate 
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per discussions with Region Ill BTAG, a portion of Step 3 of the 8-step ERA process was included in this 

0 assessment. 

- 
Step 3 of the 8-step ERA process is BERA problem formulation (EPA, 1997). This step consists of several 
sub-steps designed to develop the goals, breadth, and focus of the BERA. The initial sub-step within Step 3 
is refinement of contaminants of potential concern, and is referred to as “Step 3a - Refinement of 
Conservative Exposure Assumptions” in the Navy’s ERA guidance (DON, 1999). 

The use of conservative guidelines and maximum detected wncentrations in the screening-level asseSSment 
is necessary to ensure that potential risks are not underestimated. However, if the hazard quotients derived 
from comparisons of maximum concentrations to conservative screening levels are used as the single factor 
for including a COPC in a baseline ERA without consideration of other relevant information, additional 
ecological studies such as toxicity testing or tissue analyses could be undertaken for COPCs that do not 
actually pose significant risks. For this reason, refinement of COPCs, the first sub-step within Step 3, was 
incorporated into the ERA. Step 3a involves the consideration of factors such as background data (mainly for 
inorganic@, toxiwlogical evaluation of COPCs, frequency of detection, and comparisons of COPCs to 
alternate guidelines (EPA, 1997; DON, 1999). 

3.2.3.1 Alternate Guidelines 

Less conservative guidelines are presented in Step 3a of this ERA to provide balance to the conservative 
screening-level assessment. For example, some sediment screening values in Steps 1 and 2 consisted of 
ER-L values obtained from Long et al. (1995) However, an ER-L is defined as the concentration below which 
adverse ewlogicaf effects “would rarely be observed”, and the effects range-medium (ER-M) is the 
concentration below which adverse effects “would occasionally occur” (Long et al., 1995). Therefore, 
ascribing risk to a sediment contaminant detected in a concentration that exceeds the ER-L but is below the 
ER-M can be misleading. Recent studies have indicated that ER-MS are much better indicators of potential 
adverse effects than ER-Ls (Long et al., 1998) and thus, ER-MS are included in Step 3a. 

Less conservative sediment guidelines also include Probable Effects Levels (PELs) developed by the Florida 
Department of Environmental Protection (FDEP, 1994). The PELs are loosely analogous to ER-Ms. The 
data set used by Long et al. (1995) to develop ER-Ls and ER-Ms was used also by FDEP. However, unlike 
the ER-Ls and ER-MS, PELs also incorporate chemical concentrations observed or predicted to be 
associated with no adverse biological effects (no effects data). The PEL is the geometric mean of the 50* 
percentile in the effects data set and 85’ percentile in the no effects data set. The PEL represents the lower 
limit of the range of contaminant concentrations that are usually, or always, associated with adverse 
biological effects (FDEP, 1994). 

Other less conservative sediment guidelines such as Severe Effects Levels (SE&) developed by the Ontario 
Ministry of the Environment (MOE) are also presented in Step 3a. MOE guidelines are based exclusively on 
observed effects in the field (absence of certain species). The SEL represents the contaminant level that 
could potentially eliminate most of the benthic organisms. Unlike National Oceanic and Atmospheric 
Administration (NOAA) and FDEP guidelines, MOE guidelines are based on freshwater sediments. Probable 
Effects Concentrations (PECs) developed as part of EPA’s Assessment and Remediation of Contaminated 
Sediments Program (EPA, 1998c), and other guidelines are also presented in Step 3a. 

Alternate guidelines for surface water are not as plentiful as for sediments. Therefore, a broad range of 
alternate guidelines for surface water could not be developed. However, alternate guidelines are presented, 
when available, for surface water COPCs in Step 3a for each site investigated herein. 

Alternate surface soil guidelines for some COPCs were available from ORNL (Efroymson et al., 1997a; 
1997b) and are presented in Step 3a. These data were derived to be used as screening values for 
investigating the potential effects of contaminants on soil litter invertebrates (i.e. earthworms), soil microbes, 
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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. Informational uncertainty stems from the 
limited availability of necessary information. There is often a significant gap between what is needed and 
what is available. Information regarding the effects of certain contaminants on ecological 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 problem formulation can result from limited information regarding contaminant sources, 
release mechanisms, and exposure routes. 

l Uncertainty in the ecological effects evaluation arises t?om the quality of the existing screening values 
and toxicity data to support a determination of potential adverse impacts to ecological receptors 

l Uncertainty associated with the exposure estimate includes the methods used and the assumptions 
made to determine exposure point concentrations. 

l Uncertainty in risk calculation includes that associated with the potential effects of exposure to multiple 
contaminants and the cumulative uncertainty from combining conservative assumptions made in earlier 
activities. 

3.2.5.1 Uncertainty in the Preliminary Problem Formulation 

The sites investigated in this ERA receive contaminant inputs from more than one source, although initially, 
contaminants are conservatively assumed to stem directly from site-related activities. Since contaminant 
concentrations may reflect inputs from many sources, uncertainties exist regarding whether risk 
characterized at a discrete site stems from site-related contaminants. 

3.2.5.2 Uncertainty in the Ecological Effects Evaluation 

Uncertainty in this risk assessment results from the nature and quality of the available toxicity data used to 
derive toxicity screening values. This uncertainty is reduced when similar effects are observed across 
species, strain, sex, and exposure route; when the magnitude of the response is clearly dose related; and 
when postulated mechanisms of toxicity are similar for laboratory and wildlife species, Most screening values 
are based on the most conservative assumptions possible. Thus, although an inherent level of conservatism 
is needed in an ecological risk assessment to ensure that the most sensitive receptors are protected, 
wnsenrative screening values may heavily overestimate potential risks and the resulting HQ values may be 
misleading. AWQC and some sediment screening values used in this assessment are based on laboratory 
studies that do not take into account mitigating or ameliorating physical and chemical conditions in the 
environment. For example, the most bioavailable (i.e., toxic) form of the contaminant is usually applied to the 
exposure medium. In reality, bioavailabilii is rarely, if ever, 100 percent. Several of these uncertainties were 
addressed as part of Step 3A, but uncertainties still remain. 

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, 
wnservative screening values protective of a wide range of ecological receptors were sought The 
underlying assumption associated with the use of these screening values is that contaminant concentrations 
in excess of these values 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 wntaminant are seldom 
known. Also, contaminants were present in some media for which no suitable benchmarks were available, 
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ECOLOGICAL RISK ASSESSMENT * a This section presents the results of the ecological risk assessment performed at Site 5, the Fire Training 

Area. 

7.8.1 Preliminarv Problem Formulation 

This section includes a discussion of available habitats, ecological receptors, contaminant sources, 
release mechanisms, migration pathways, exposure routes, selection of analytes to be investigated, 
assessment and measurement endpoints, and the conceptual site model. 

7.8.1 .l Habitat Types and Ecological Receptors 

Site 5 consists of disturbed areas of grass, weeds, and shrubs (Figure 7-19). The northern portion of the 
site is a regularly mowed grassy area adjacent to aircraft taxiway Juliet. A shrub thicket is located West Of 
the paved access road into the site. An area of weeds and shrubs exists east of the access road in the 
vicinity of the former bum area. Sumac (R&s spp.) and box-alder (Acernegundo) are abundant in that 
area. A shallow drainage ditch east of the access road separates the weedy area from the grassy area 
near the taxiway. The area surrounding the ditch is thickly vegetated with common reed (Phragmifes 
eustre/is) and cattail (Typha spp.). Two small, shallow excavated ponds (approximately 80 ft by 20 ft) are 
located approximately 100 feet south of the site. These ponds are not shown on the National Wetlands 
Inventory Map of the area (U.S. Department of the Interior, undated), but marsh vegetation has become 
established in the area surrounding the two ponds. The western pond was completely covered with a 
dense layer of cattail during a site visit in March 1999. 

The site is adjacent to an open taxiway to the north, the Marine Corps Compound to the south and 
southeast, and a paved access road to the west. Thus, to a large extent, wildlife species at the site 
consist of those that have become accustomed to human disturbance These include rabbits, raccooRS, 

smaller mammals such as mice, reptiles and amphibians, and various birds. A woodchuck burrow was 
observed near the former bum area during the March 1999 site visit. During periods of relative human 
inactivity, deer and red foxes are known to occasionally utilize the site. Avian raptors are expected to forage 
in the grassy area adjacent to the taxiway. The two small ponds are inhabited by minnows, aquatic 
invertebrates, reptiles and amphibians, and are occasionally utitiied by various receptors that forage on 
aquatic organisms (e.g., wading birds, waterfowl, raccoons, etc.). There are no known animals or plants 
state- or federally-listed as threatened, endangered, or candidates for listing, at the site. 

7.8.1.2 Contaminant Sources, Release Mechanisms, and Migration Pathways 

The contaminant source at Site 5 consists of the former Fire Training Area. Petroleum and related wastes 
were burned at the site for fire training exercises. Potential contaminant release pathways at the site 
include volatilization, wind erosion, overland runoff, and infiltration of contaminants. Combustion was 
probably a major transport mechanism during the period when the fire training area was in use. However, 
combustion is not a current transport mechanism at Site 5 since open burning activities have ceased. 

Constituents in soil could volatilize from surficial material or become airborne via wind erosion. 
Contaminated fugitive dust can be generated during ground-disturbing activities, such as construction or 
excavation. The contaminants could then be dispersed in the surrounding environment and transported to 
downwind locations where they could repartition to surface soil, surface water, or sediment through 
gravitational settling, precipitation, and deposition. However, most of the site is heavily vegetated, 
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7.8.1.5 Assessment and Measurement Endpointa 

-* A description of assessment and measurement endpoints for this investigation is presented in Section 
3.2.1.1. 

7.8.1.8 Conceptual Site Model 

Figure 7-l 1 shows the conceptual model for Site 5. The figure shows a complete exposure route for the 
wind erosion pathway. However, since most of the site is heavily vegetated, the wind erosion pathway is 
assumed to be minimal. In addition, the dermal (direct contact) exposure route is included in the 
conceptual model since it is theoretically possible, but as mehtioned earlier, it represents a minor 
exposure route and was not investigated. 

7.8.2 Preliminarv Ecoloaical Effects Evaluation 

Ecologically-based screening values (ESVs), concentrations of contaminants in various media considered 
protective of ecological receptors, were compared to exposure point concentrations of detected analytes 
in surface water, sediment, and surface soil to detenine if the analytes qualify as ecological COPCs at 
Site 5. The selection of ESVs was discussed in section 3.2.1.2. 

7.8.3 PrelOmlnatv Exposure Estimate 

The maximum detected contaminant concentrations in surface water, sediment, and surface soil were 

used as exposure point concentrations for comparison to ecological screening levels. Mean contaminant 
concentrations and 95% UCL of the mean contaminant concentrations (when available) were also 
compared to alternate guidelines in Step 3a of the assessment. 

7.8.4 Preliminarv Risk Calculation 

The maximum detected concentrations of aluminum, barium, iron, lead, and dieldrin in surface water 
exceeded screening levels and thus, they were retained as COPCs (Table 7-27). 

No inorganic sediment analytes exceeded screening levels (Table 7-28). Aluminum, barium, beryllium, 
cobalt, iron, manganese, and vanadium were retained as sediment COPCs since no screening levels 
were available. Several organ& in sediments were retained as COPCs since their maximum 
concentrations exceeded screening levels; these consisted of anthracene, benzo(a)anthracane, 
benzo(a)pyrene, chrysene, dibenzo(a,h)anthracane, fluoranthene, phenanthrene, and pyrene. Aldrin, 
dieldrin, benzo(k)fluoranthene, 2-b&none, and toluene were retained as sediment COPCs since no 
screening levels were available. 

Aluminum, antimony, arsenic, cadmium, chromium, iron, lead, manganese, thallium, vanadium, and zinc 
were retained as inorganic COPCs in surface soil since their maximum concentrations exceeded 
screening levels (Table 7-29). Several SVOCs (primarily PAHs) were retained as organic COPCs in 
surface soils because their maximum concentrations exceeded screening levels. Acetone and a few 
SVOCs were retained as COPCs because no screening levels were available. 

7.8.5 Step 3a: Discussion 

Step 3a considerations are discussed below on a COPC-specific basis. 
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Beryllium was a COPC in sediment since an ESV was not available. Beryllium was not detected in 
surface water and was not a COPC in surface soil, Although no sediment ESVs were available for 
beryllium, its concentrations in sediment samples from both ponds were less than the average background 
concentration (Table 7-31). Therefore, beryllium should be dropped from further wnsideration at Site 5. 

Cadmium 

Cadmium was a COPC in surface soil, but was not detected in surface water or sediment. It was detected 
in 3 of 15 surface soil samples, and it exceeded the initial ESV in only one sample (Appendix A, Table A- 
18), with an HQ of 1.6. Its concentration in this single sample (4.7 mglkg) was less than, or only slightly 
greater than the alternate ESVs shown in Table 7-32. Because of its absence in surface water and 
sediment, and its relatively low concentrations in surface soil, cadmium should be dropped from further 
consideration at Site 5. 

Chromium 

Chromium was a COPC in surface soil, but was not detected in surface water and was not a COPC in 
sediment. Chromium concentrations in surface soil exceeded the maximum background concentration in 
three samples (Appendix A, Table A-18) but were greater than twice the average background 
concentration in only one sample (05SS27), with a value of 56.5 mglkg. 

There is a wide range among available surface soil ESVs for chromium (Table 7-32). The ORNL values in 
table 7-32 are for hexavalent chromium, the most toxic form of this metal (Efroymson et al, 1997a; 1997b). 
All chromium concentrations at Site 5 are total chromium. The CCME value of 64 mg/kg is for total 
chromium (CCME, 1997). The Dutch B value of 250 mglkg is also for total chromium (Beyer, 1990). 
Although not shown in Table 7-32, the Dutch ‘A” value representative of background values (Beyer, 1990) 
as well as the Dutch “Target Value” that represents the “soil quality required for the full restoration of the 
soil’s functionality for human, animal and plant life” is 100 mgikg (NMHSP&E, 1994). Since chromium 
concentrations exceeded twice the average background concentration in only one of 15 samples, and the 
concentration in this sample was less than most ESVs for total chromium, potential ecological risks (if any) 
appear to be limited to a small area. Therefore, chromium should be dropped from further consideration at 
Site 5. 

Cobalt 

Cobalt was a COPC in sediment because no initial ESV was available. It was not detected in surface 
water and was not a COPC in surface soil. Cobalt was detected at the same concentration (7.1 mglkg) in 
both sediment samples. This value was less than the average concentration in background sediments, 
and was considerably less than the only available ESV of 50 mglkg (Table 7-31). Cobalt is present in all 
natural media, and is a component of certain B vitamins, which are essential for birds and mammals. 
(ATSDR, 1997). For these reasons, cobalt should be dropped from further wnsideration at Site 5. 

Iron 

Iron was a COPC in surface water and surface soil because it exceeded the initial ESVs for these media, 
and was a COPC in sediment since an initial ESV was not available. The maximum concentration of iron 
in surface water only slightly exceeded the ESV (HQ = 1.2). The maximum sediment concentration was 
less than the average background sediment concentration, and was considerably less than the lowest 
available ESV, which is a “lowest effect level” established by the Ontarlo Ministry of the Environment 
(Table 7-31). Surface soil concentrations of iron exceeded the maximum background concentration in 
only three samples (Appendix A, Table Al6), but concentrations in all samples were considerably less 
than twice the average background concentration (Table 7-32). Because its concentration in surface 
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Zinc 

Zinc was a COPC in surface soil with an HQ of 2.7, and was not a COPC in surface water or sediment. 
Surface soil concentrations were generally less than the average background soil concentration, and the 
maximum soil concentration was less than one-fourth of the maximum background soil concentration 
(Table 7-32). Soil concentrations were greater than the lowest available ESV of 10 mglkg, but less than 
the Dutch “B” value. Because zinc was not a COPC in surface water or sediment, and its concentrations 
in Site 5 soil samples were well within the range of background soil concentrations, zinc should be 
dropped from further consideration at Site 5. 

7.8.5.2 Pesticides 

Aldrin 

Aldrin was a sediment COPC since an initial ESV was not available. It was not detected in surfaca water or 
surface soil. The single detected value of aldrin in sediment was considerably less than the Ontario 
severe effects level (SEL) for aldrin (Table 7-31). The SEL values are based on actual observed field 
effects. Although aldrin was not detected in background sediments, it was probably used base-wide in the 
past for pest control and is unrelated to Site 5. For these reasons, afdrin should be dropped from further 
consideration at Site 5. 

Dieldrin 

Dieldrin was a sediment COPC since an initial ESV was not available, and was a COPC in surface water 
(HQ=31.6). It was not detected in surface soil, The single detected value of dieldrin in surface water was 

a 

less than the alternate guideline for dieldrin. Sediment concentrations were considerably less than the 
SEL value (Table 7-31). As with aldrin, it is probable that dieldrin was used base-wide in the past for pest 
control and is unrelated to Site 5. For these reasons, dieldrin should be dropped from further 
consideration at Site 5. 

7.8.5.3 Semivolatile Organic Compounds 

Several SVOCs were retained as COPCs in sediment and surface soil; none were detected in surface 
water. Carbazole and dibenzofuran were detected in most surface soil samples but in no sediment 
samples. There were no soil ESVs for carbazole or dibenzofuran, but their concentrations were elevated 
only in a single sample (05SS30, Appendix A, Table A-18). Because ESVs were not available for these 
two compounds, and since they were elevated in only one sample, carbazole and dibenzofuran should be 
dropped from further consideration at Site 5. 

PAH Compounds 

All other SVOCs at Site 5 consisted of PAH compounds. Eight PAHs, as well as total PAHs, ware 
retained as sediment COPCs sediment since their maximum concentrations exceeded ESVs. The HQ 
values for these compounds were relatively low, and none of the maximum concentrations of those 
compounds exceeded ER-M values or SEL values (Table 731). in addition, although not naturally- 
occurring, the concentrations of most of those compounds in Site 5 sediments were not markedly greater 
than the concentrations in background sediments. PAHs are wmmon in media from industrialized areas, 
especially areas that experience vehicular traffic. One PAH wmpound (benzo(k)fluoranthene) was 
retained as a sediment COPC since no ESV was available, but its maximum concentration was 
comparable to the maximum concentrations of similar PAHs which did not exceed their alternate 
guidelines. Concentrations of total PAHs in all sediment samples were less than the ER-M, PEL, PEC, 
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conclusions, was presented in Section 3.25. This section discusses how site-specific uncertainties may 
affect the results and conclusions of the EPA for Site 5. 

Site 5 has probably received contaminant inputs from sources other than former activities at the Fire 
Training Area. For example, at least some portions of Site 5 probably receive contaminant inputs from the 
adjacent aircraft taxiway north of the site. The extent that other sources are responsible for the presence 
of COCs at Site 5 is uncertain. However, the high concentrations of PAHs in the vicinity of the former burn 
area suggest that the former fire-fighting activities are responsible for the PAH “hot spot” in this area. 

Few data are available for investigating risks to reptiles and amphibians. As a result, direct conclusions 
about the potential risks to reptiles and amphibians cannot be made. However, contaminants do not appear 
to have migrated to the two nearby ponds from the Fire Training Area. Thus, potential risks to amphibians 
and aquatic reptiles in the vicinity of the ponds appear to be low. 

The maximum detected chemical concentrations were initially used to represent the chemical concentrations 
to which ecological receptors might be exposed. If the maximum concentration of a chemical in a given 
medium was collected in a “hot spar’ of contamination and was much higher than the remaining values in the 
data set, potential risks may be grossly over-estimated. However, the uncertainties related to the location Of 
samples were reduced in this ERA by the large number of surface soil samples collected. Fifteen soil 
samples were collected at a relatively small site. Thus, the soil concentrations probably present a relatively 
accurate estimate of soil contamination at the site. 

7.8.7 Ecological Risk Summary 

Several inorganic and organic contaminants were present in Site 5 surface water, sediment, and surface 
soil samples in concentrations in exceedance of ecological screening levels and were, therefore, retained 
as COPCs. Several other contaminants in all media assessed in this ERA were retained as COPCs since 
screening levels were not available. Most of these contaminants were eliminated as COCs in Step 3a of 
the risk assessment process for one or more reasons, such as low frequency of detection, concentrations 
comparable to background values (primarily inorganic@ or alternative screening levels, and spatial 
analysis of detections. 

Contaminants do not appear to have migrated to the two nearby ponds from the Fire Training Area. 
Potential risks to aquatic receptors that inhabit the ponds appear to be low, Therefore, no COCs were 
selected for surface water and sediment. 

The number and location of surface soil samples appear to be sufficient to delineate the nature and extent 
of surface soil contamination at Site 5. Organic compounds that could pose potential risks to terrestrial 
receptors on and near Site 5 are limited to PAH compounds. Concentrations of PAHs in surface sail 
samples collected west of the access road that borders the bum area were only slightly elevated, and that 
area may receive PAH inputs from the taxiway to the north. Conversely, concentrations of several PAHs 
in samples collected around the bum pit greatly exceeded screening levels for individual and total PAHs. 
Therefore, these PAHs are selected as COCs in Site 5 surface soils around the bum area. The high 
concentrations of PAHs in the vicinity of the former bum area suggest that the former fire-fighting activities 
are responsible for the PAH “hot spot” in this area. Lead was the only inorganic COC in Site 5 surface 
soil, and appears to pose potential ecological risks only in the area that is also the hot spot for PAl-l 
compounds. Although terrestrial habitat in this area is marginal, it is utilized by ecological receptors such 
as mammals and birds. Since the area of highest lead and PAH contamination is relatively discrete and 
does not contain mature trees, wetlands, or other aquatic habitats, remediation of contaminated soils 
appears to be possible with minimal damage to the existing ecology of the site. 
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