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EXECUTIVE SUMMARY 

INTRODUCTION 

On behalf of the Naval Facilities Engineering Command, Northern Division, Tetra Tech NUS Incorporated 

(TtNUS) is submitting this remedial investigation (RI) report for Operable Unit 5 (OU-5) at the former Naval 

Air Warfare Center (NAWC) in Warminster, Pennsylvania. OU-5 addresses soil, surface water, and 

sediment associated with Site 8. Groundwater in the vicinity of Site 8 is being addressed under (Operable 

Unit 3 (OU-3). 

SCOPE AND OBJECTlVES 

i- 

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

grouped into four general areas (Areas A, B, C, and D) for investigative purposes. Site 8 is part of Area C, 

which lies north of the inactive main runway at the base. Based on preliminary RI results, a removal action 

was conducted at Site 8 in February 1999. The objectives of the final RI were to describe the nature and 

extent of contamination at Site 8 after performing this removal action and to provide a baseline risk 

assessment based on this information. The results of the risk assessment were used to determine whether 

additional response actions are necessary for the site. 

To date, environmental investigations at the base have been addressed in several long-term remedial 

phases. Three separate investigations, Phases I, II, and Ill, were conducted at Site 8 between October 1989 

and March 1999. This report addresses Site 8 only. It includes the results of additional surface and 

subsurface investigations performed at Site 8 since the removal action for Site 8 surface soils was perfoned. 

FACILITY HISTORY AND DESCRIPTION 

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

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

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

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

area, mowed fields, and a small wooded area. 

,-“J---. , 

Commissioned in 1944, NAWC Warminster’s main mission prior to closing was research, development, 

testing, and evaluation for naval aircraft systems, NAWC Warminster also conducted studies in anti- 

submarine warfare systems and software development. Historically, wastes were generated during aircraft 
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maintenance and repair, pest control, fire-fighting training, machine and plating shop operations, spray 

painting, and various materials research and testing activities in laboratories. These wastes included paints, 

solvents, sludges from industrial wastewater treatment, and waste oils. 

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

NAWC Warminster. The realignment was completed in September 1996. The base is now closed and is 

being redeveloped for non-military use by the Bucks County Federal Lands Reuse Authority (FLRA). The 

FLRA is currently coordinating reuse planning for the base property, and most Navy activities have been 

eliminated. 

The former base property currently has about 300 workers employed in a full-time status, and 1,000 people 

reside at the facility year round. The residents living at the facility are the nearest population center, but most 

work at a nearby Navy base in Willow Grove, Pennsylvania. The closest off-base home is about 200 feet 

away. 

SITE 8 BACKGROUND INFORMATION 

Site 8 is found at the northeast end of an abandoned runway. The site included two areas on the runway 

which were used for fire training exercises from 1961 to 1986. Typically, flammable materials (such as 

contaminated aviation jet fuels) were poured on the runway, ignited, and extinguished to simulate fire-fighting 

procedures, These two areas on the runway were contained by berms. 

An estimated 3,000 gallons of aviation fuel were burned annually at the site. Historical aerial photos and 

background information indicate that fire training exercises were initially conducted about 240 feet from the 

end of the runway and were conducted near the end of runway in later years. Aerial photos indicate runoff 

from the runway in these areas often bypassed the berms and drained west of the runway. In response to 

the findings of an inspection by the Pennsylvania Department of Environmental Resources, the Navy ceased 

fire training activities at Site 8 by December 1986. Based on the results of testing performed at the time, a 

remaining berm was reportedly graded around the end of the runway. 

Between 1965 and 1967, flight suit testing activities were initiated about 300 feet from the end of the runway 

(Structure Sl). This structure was a corrugated metal building that was used to test the durability of aviation 

flight suits in fire as part of research and development (R&D) activities. The floor of the structure contained 

water on top of which was placed a small quantity of unknown flammable liquid. Once ignited, a flight suit, 

attached to a mechanical arm, was passed through the flames in order to test the suit’s ability to withstand 

fire. The structure was dismantled and the materials removed by the Navy in 1997. 
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Based on the results of soil testing in both the fire-training and flight suit testing areas, about 675 tons of 

surface soil were excavated, transported, and disposed in an off-base landfill as part of the 1999 removal 

work. Soils were excavated along the western edge of the runway extension near the former location of 

structure Sl. The excavation measured about 130 feet in length, 20 feet in width, and up to 2.5 feet in depth. 

The purpose of this action was to address surface soils primarily contaminated with levels of lead that 

presented an unacceptable human health risk. The action also lowered the carcinogenic risk associated 

with arsenic concentrations in surface soils. 

Since 1991, various construction materials (e.g., lumber, piping, concrete vaults) have been stored on the 

surface of the runway extension. With the exception of a soil pile remaining at the end of the runway, no 

structures or other significant debris are currently present at the site. This soil was excavated during the 

installation of transfer piping that runs adjacent to the western perimeter of the runway. The Navy plans to 

remove this soil pile in the near future. 

SITE 8 CHARACTERISTICS 

Surface soils in the vicinity of the Site 8 consist of the Urban land Lansdale Complex, 0 to 8 percent slopes. 

As determined by soil borings, the soil thickness at Site 8 ranged from approximately 7 to 13 feet. The soils 

encountered in these borings were brown to reddish-brown silty clay to clayey silt. 

Site 8 is drained by a concrete swale that discharges directly to an intermittent stream through a culvert 

beneath Kirk Road north of the site. The intermittent stream flows off base to the north approximately 750 

feet until it joins with an unnamed tributary of Little Neshaminy Creek near Werner Park. The intermittent 

stream is periodically dry during base flow conditions, however, pools of standing water are sometimes 

evident within the channel. There are no wetlands along the drainage path or nearby intermittent stream. 

Farther downstream, near Jacksonville Road, the unnamed tributary was 2 feet wide and 3 inches deep and 

characterized by a sandy, mud bottom. The banks were 2 feet high. This stream flows through small 

woodlots and an older subdivision with mature silver maple and green ash shading the banks. 

There are no known critical habitats of endangered species located within 1 mile of the site. 

RI FIELD ACTIVITIES FOR SITE 8 

RI field activities were performed at Site 8 between 1989 and 1999. The field work focused on characterizing 

known and potential sources of contamination in the vicinity of the site. These sources were identified by the 

results of previous investigations and by analyzing historical aerial photographs. Field work included soil gas 
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sampling, geophysical surveys, surface soil sampling and analysis, subsurface soil sampling and analysis, 

and a wetlands assessment. The subsurface studies consisted of drilling soil borings and excavating test 

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

sediment sampling and analysis program was conducted to evaluate the impacts of Site 8 on the nearby 

stream (an unnamed tributary of Little Neshaminy Creek). 

-- 

The geophysical survey was used to delineate the approximate boundaries of known and suspected sites 

where the wastes potentially disposed may produce electromagnetic signatures that could potentially be 

identified through this type of survey. Soil gas surveys were employed in areas of suspected subsurt%e 

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

into consideration those potential sources identified from aerial photos, the geophysical survey, the results of 

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

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

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

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

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

materials encountered. _I. 

Surface soil sampling and analysis were conducted in areas where surface disposal of wastes was a 

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

background database for various environmental media. Three rounds of surface water and sediment 

sampling and analysis were conducted to determine the nature and extent of contamination in the nearby 

stream. A wetlands assessment was also performed to provide a qualitative appraisal of the plants and 

animals associated with any wetlands downstream of Site 8. 

NATURE AND EXTENT OF CONTAMINATION FOR SITE 8 

The western edge next to Site 8 was noted as being visibly stained during the Phase I RI, and historical aerial 

.photos also indicated stained soils in this area. Part of the soils in this area have since been disturbed or 

excavated during the installation of groundwater transfer piping for the OU-3 groundwater remedy. 

During the Phase I RI, one geophysical (electromagnetic) anomaly was detected north of Site 8. Test pit 

excavations at this location revealed a deactivated, lead-encased electric line. The soil borings and test pits 

advanced or dug in the vicinity of Site 8 failed to reveal the presence of waste materials. ^- 
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During Phase I, elevated VOC levels were detected in soil gas samples west of the Site 8 runway, near the 

mock-up airplane used for fire-fighting training exercises. A few scattered soil gas detections, ranging from 

1.2 to 4.6 ug/l, were also reported for benzene/toluene/ethyI benzeneixylene (BTEX) compounds during 

Phase III RI work. 

Prior to the Site 8 soil removal action, VOCs, semivolatile organics, pesticides, polychlorinated biphenyls 

(PCBs), dioxins, and furans were found in the Site 8 surface soil samples. Several metals were also 

detected at levels above background soil concentrations. The presence of these compounds may be related 

to storage activities, the burning of flammable waste materials, or the application of pesticides or fertilizers in 

the vicinity of the site. Contaminant concentrations for benzo(a)pyrene, benzo(b)fluoranthene, arsenic, and 

lead exc&ded soil screening levels for surface soils in two or more samples. The screening levels were 

based on state and federal risk-based concentrations for residential soil and federal screening criteria for the 

leaching of soil contaminantsto groundwater. 

Following the removal action, concentrations for benzo(a)pyrene, OCDD, and lead exceeded soil screening 

levels for surface soils in two or more samples. Only one sample contained a lead concentration greater than 

the removal action clean-up goals of 500 mg/kg. This sample consisted of a mixture of soil, crushed asphalt, 

gravel, and stone and was not considered to be representativeof actual surface soil conditions. None of the 

surface soil samples contain contaminant levels greater than screening levels for soil under an industrial land 

use scenario. 

Low levels of semivolatile organics, pesticides, dioxins, and furans were found in the Site 8 subsurface soil 

samples. Only two organic compounds [OCDD and benzo(a)pyrene] were found in samples at 

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

metals (e.g., antimony, copper, manganese, nickel, thallium) were also detected at levels above 

representative background soil concentrations; however, only beryllium and thallium exceeded applicable soil 

screening criteria. 

Only metals were detected in the Site 8 surface water samples. For barium and manganese, stream 

concentrations near Site 8 were slightly higher than background surface water concentrations for bot:h total 

and dissolved analyses 

Among the sediment sample results, only semivolatile organics [polycyclic aromatic hydrocarbons (PAHs) 

and phthalates] and metals were detected. However, the detected levels were only slightly higher than the 

background sediment concentrations. The presence of semivolatile organics in stream sediment may be 

related to runoff from the nearby road or other urban features (e.g., roofs). 
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Carcinogenic risks related to Site 8 surface soil were approximately 2.58 X lo5 (via ingestion), 3.48 X IO4 

(via dermai contact), and 2.59 X IO-’ (via inhalation) for future residential users. For current industrial 

employees, the estimated cancer risks were 7.35 X 10s (via ingestion), 2.48 X IO” (via dermal contact), and 

3.36 X 10” (via inhalation). These risks are driven by arsenic and 1,2,3,4,6,7,8-HpCDD. The total cancer 

risk for these receptors are within the target risk range of IO4 to IO*. 

Carcinogenic risks related to Site 8 subsurface soil were 7.77 X IO-’ (via ingestion), 8.40 Y ‘^ ’ Ma dermal 

contact), and 1.55 X lO‘1o (via inhalation) for ?:?:.:r? -,. .,,:ze r&dential users. FQP f;rf;ure ~c~us~;‘~~~~ a~mp@ees, 

the estimated cancer risks were 2.22 X IO” (via ingestion), 5.99 X IO8 (via dermal contact), and 2.02 X lo-” 

(via inhalation). The total cancer risk for these receptors are below the target risk range. 

Blood-lead levels in residential children (age I-6) were evaluated using the average lead concentration (119 

mg/kg) in surface soil. The estimated percentage of children with a blood-lead level above IO ug/db was 

0.35%, below the protective level of 5%. Thus, average effects to children are not expected from surface soil 

lead concentrations. 
.--. 

Noncarcinogenic risks for Site 8 surface and subsurface soils did not exceed unity for any receptors. 

Estimated cancer and noncancer risks for human receptors under a recreational scenario were not found to 

be significant for nearby surface water and sediments. 

The ecological risk assessment did not reveal that the stream north of Site 8 is threatened by contamination 

related to NAWC Warminster. No apparent stress on aquatic species was observed during the RI work. 

CONCLUSIONS 

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

Site 8 include the following: 

l Site 8 does not show the presence of VOC-contaminated soils, and therefore does not appear to be 

the source of tetrachloroethene (PCE) contamination in Area C groundwater. 

l The removal action has reduced the lead, arsenic, and PAH levels in surface soils west of the runway ‘- 

extension near structure Sl. 
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l Subsurface soils in the vicinity of the site are not significantly impacted. 

l Surface water and sediment samples collected from the tributary near Site 8 show contaminant 

concentrationsonly slightly higher than respective background levels. 

The total carcinogenic risks posed by surface soil to the residential child and lifetime resident were 2.26 X IO6 

and 2.94 X105, respectively. These are the highest carcinogenic risks identified under the reasonably 

anticipated potential land use scenarios for Site 8, based on available RI information. These risks fall within 

the range identified in the National Oil and Hazardous Substances Pollution Contingency Act (NCF’) and the 

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

therefore may be considered safe to human health. Noncarcinogenic risks are also considered acceptable 

under similar land use scenarios. 

Based on the nature and extent of contamination remaining at Site 8 and the risk assessment results, and in 

accordance with CERCLA and the NCP and its related laws and regulations, it appears that no further 

response action is warranted at Site 8 to protect human health and the surrounding environment from unsafe 

soils. In addition, surface water and sediment sampling and analysis downgradient of Site 8 indicates that 

the site has not adversely impacted the nearby surface water body or streambed. 

/ :-. 
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Carbon Tetrachlonde 

Cadmium 

Comprehensive Environmental Response, Compensation, and Liability Act of 1980 

Community EnvironmentalResponse Facilitation Act 

Cis-1,2-Dichloroethene 

Contract Laboratory Program 

Chemical of concern 

Chromium 

Hexavalent Chromium 

UDOCUMENTS~NAW/1412/SITE8/049002/GLOSS GL-1 



GLOSSARY (continued) 

CRDL 

CRQL 

CSF 

CT0 

cu 

D 

DAF 

WV-W 

l,l-DCA 

1,4-DCB 

4,4’-DDD 

4$-DDE 

4,4’-DDT 

DEHP 

DG 

DNAPL 

DOD 

EBS 

ECD 

EEKA 

EEI 

EEQ 

EIS 

EM 

EPA 

EPIC 

Contact required detection level 

Contract required quantitation level 

Cancer Slope Factor 

Contract Task Order 

Copper 

Dump 

Dilution and attenuation factor 

Dibenz (a,h) anthracene 

I,1 -Dichloroethane 

1,4-Dichlorobenzene 

1 ,I bis(4-Chlorophenyl)2,2-Dichloroethene 

1 ,I bis(4-Chlorophenyl)l ,I -Dichloroethylene 

1 ,I bis(4-Chlorophenyl)Trichloroethene 

Bis(2-EthylhexyI)phthalate 

Disturbed ground 

Dense non-aqueous phase liquid 

Departmentof Defense 

Environmental Baseline Survey 

Electron Capture Detector 

Engineering EvaluationlCostAnalysis 

Environmental Effects Index 

Environmental Effects Quotient 

Environmental Impact Statement 

Electromagnetic 

United States Environmental Protection Agency 

Environmental Photographic Interpretation Center 
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GLOSSARY (continued) 

ERA 

ER-L 

EX 

FE 

FID 

FLRA-BC 

FOC 

FS 

GC 

GPM 

GPS 

GS 

HNUS 

HI 

HPCDD 

HPCDF 

HRS 

HQ 

IEUBK 

IM 

I(1 23CD)P 

IRP 

KD 

Ecological risk assessment 

Effects range-low 

Excavation 

Iron 

Flame Ionization Detector 

Federal Land Re-Use Authority - Bucks County 

Fractional Organic Carbon 

Feasibility Study 

Gas chromatograph 

Gallons per minute 

Global positioning system 

Ground scar 

Halliburton NUS 

Hazard Index 

Heptachlorinateddibenzo-p-dioxin 

Heptachlorinateddibenzofuran 

Hazard Ranking System 

Hazard Quotient 

Integrated Exposure and Update Biokinetic Model 

Impoundment 

Indeno( 1,2,3cd)pyrene 

Installation Restoration Program 

Par-boning coefficient 

Organic carbon/chemical partitioning coefficient 

Octanol/waterpartitioningcoefFicient 
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GLOSSARY (continued) 

LOAEL 

LQ 

MCLs 

mgM 

mg/l 

MM 

MN 

MSC 

MSL 

MW 

NADC 

NAWC 

NBCMA 

NCP 

NEESA 

NFESC 

NOAEL 

NOEL 

NPL 
/ 

NWl 

OCDD 

OCDF 

OF 

OS 

ou 

P 

Lowest observed adverse effect level 

Liquid 

Maximum contaminant level 

Milligrams per kilogram 

Milligrams per liter 

Mounded material 

Manganese 

Medium-specificconcentration 

Mean sea level 

Monitoring well 

Naval Air Development Center 

Naval Air Warfare Center 

Northampton, Bucks County Municipal Authority 

National Oil and Hazardous Substances Pollution Contingency Act 

Navy Energy and EnvironmentalSupport Activity 

Navy Facilities Engineering Service Center 

No observed adverse effect level 

No observed effect level 

National Priorities List 

National Wetlands Inventory 

Octachlorinateddibenzo-pdioxin 

Octachlorinateddibenzofuran 

Outfall 

Open storage 

Operable Unit 

Pit 
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GLOSSARY (continued) 

PA 

PADEP 

PAH 

PB 

PCBs 

PCE 

PE 

PECDD 

PECDF 

PEMSC 

PFOlA 
P--. 

PID 

PQL 

QAiQC 

RAB 

RBC 

RCRA 

RfD 

RI 

ROD 

R20Wl-l 

R20WHx 

S 

,- 
SARA 

SB 

Preliminary Assessment 

Pennsylvania Department of Environmental Protection 

Polycyclicaromatic hydrocarbon 

Lead 

Polychlorinated biphenyls 

Tetrachoroethene 

Polyethylene 

Pentachlorinateddibenzo-p-dioxin 

Pentachlorinateddibenzofuran 

Palustrine, energent, narrow-leaved persistent, seasonal 

Palustrine, forested, broad-leaved deciduous, temporary 

Photoionization detector 

Practical Quantitation Limit 

Quality Assurance/QualityControl 

Restoration Advisory Board 

Risk-based concentration 

Resource Conservation and Recovery Act 

Risk reference dose 

Remedial Investigation 

Record of Decision 

Riverine, lower perennial, open water, permanent 

Riverine, lower perennial, open water, permanent excavated 

Structure 

Super-fund Amendments and Authorization Act 

Antimony 
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GLOSSARY (continued) 

SB 

scs 

SD 

SDA 

SI 

SMC 

sow 

ss 

SSLS 

SW 

TAL 

TBC 

l,l,l-TCA 

1,1,2-TCA 

TCE 

TCDD 

TCDF 

TCL 

TCLP 

TEFs 

TEQs 

TIC 

TOC 

TP 

TPH 

TR 

Soil boring 

Soil Conservation Science 

Sediment 

Surface disposal area 

Site Inspection 

Science Management Corporation 

Statement of work 

Surface soil 

Soil screening levels 

Surface water 

Target analyte list 

To be considered 

1 ,I ,I -Trichloroethane 

1 ,I ,2-Trichloroethane 

Trichloroethane 

Tetrachlorinateddibenzo-p-dioxin 

Tetrachlorinateddibenzofuran 

Target compound list 

Toxicity characteristicleaching procedure 

Toxicity Equivalent Factors 

Toxic Equivalents 

Tentatively identified compound 

Total organic carbon 

Test pit 

Total petroleum hydrocarbon 

Trench 
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GLOSSARY (continued) 

UCL 

U.S.G.S. 

UST 

ug/kg 

ugll 

vocs 

WMA 

ZN 

Upper confidence limit 

United States Geological Survey 

Underground storage tank 

Micrograms per kilogram 

Micrograms per liter 

Volatile organic compounds 

WarminsterMunicipaIAuthority 

Zinc 
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1 .O INTRODUCTION 

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

Incorporated (TtNUS) is submitting this remedial investigation (RI) report for Operable Unit 5 (OU-5) (Site 8 

media other than groundwater) at the former Naval Air Warfare Center (NAWC) (formerly the INaval Air 

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

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

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

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

assessment (PA). Phase II involves a site inspection (SI). The third phase is an RI/FS, which is intended to 

characterize physical and chemical parameters and risks associated with the facility. The last phase 

consists of remedial actions designed to control and mitigate contamination. This report is prepared under 

Phase Ill IRP activities. 

1.1 PURPOSE OF REPORT 

The purpose of this report is to describe investigation results for Site 8 soils and the stream north of the site, 

draw conclusions based on these results, and recommend any additional actions. Data from these 

investigations support the baseline risk assessment, which is used to help identify disposal locations 

warranting possible remediation. The risk assessment is included as part of this report (Section 6.0).. 

This report addresses surface soils, subsurface soils, and wastes at Site 8. This report also addresses 

surface waters and sediments potentially impacted by the site. Groundwater impacts associated with this 

area have previously been reported and are currently being addressed as Operable Unit 3 (OU-3) 

(Halliburton NUS, 1994b and 1994c). Therefore, groundwater at Site 8 is not addressed by this report. 

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

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

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

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

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

identified to facilitate these objectives. OU-5 includes media other than groundwater associated with Site 8. 
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Based on preliminary RI results, a removal action was conducted at OU-5 in February 1999. This report 

describes the nature and extent of contamination at OU-5 after this response action was performed. The 

report also discusses the results of RI work accomplished before the removal action took place. 

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

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

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

Site 8. 

1.2 FACILITY BACKGROUND AND HISTORY 

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

history. More detailed discussion is provided in the RI work plans. 

1.2.1 Facility Description 

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

be found on the United States Geological Survey (U.S.G.S.) Hatboro 7.5minute topographic quadrangle 

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

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

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

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

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

northwestern property boundary to 377 feet at the eastern boundary. Slopes are gentle and average 3 to 5 

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

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

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

acres (Figure 1-2). All sites are located within the NAWC Wanninster property and include the following: 

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

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

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

l One fire training area (Site 8) 

l A series of eight unlined impoundments (Impoundment Area) 
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,,,-a”^,, These sites, along with other suspected sources at the base, have been grouped into four general areas 

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

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

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

general areas are 

l Area A, which is located in the northwestern corner of the base 

l Area B, which is located south of the main runway 

l Area C, which is located north of the main runway 

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

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

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

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

waste oils. None of the sites are currently used for waste disposal. A description of Site 8 can be found in 

Section 1.4 of this report. 

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

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

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

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

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

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

population center, but most work at a nearby Navy base in Willow Grove, Pennsylvania. The closest off- 

base home is about 200 feet away. 

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

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

1.2.2 Facilitv Histotv 

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

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

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

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

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

systems, was established. NAWC Warminster also conducted studies in anti-submarine warfare systems 
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and software development. The facility name was changed from NADC to NAWC, Aircraft Division, on 

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

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

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

relocation of NAWC Warminster activities to Naval Air Station (NAS) Patuxent River, Maryland. The base is 

now closed and is being redeveloped for non-military use by the Federal Lands Reuse Authority (FLRA). 

,,_, 

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

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

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

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

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

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

probably was not affecting off-site water supply wells. 

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

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

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

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

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

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

.-. 

contamination at the sites. 

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

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

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

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

1.2.3 Environmental Investigations 

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

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

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

nearby townships have been sampled for VOCs, and contamination by VOCs has made some 

groundwater unsuitable for potable use. 

Since 1989, several remedial investigations and feasibility studies have been conducted at NAWC 

Warminster for the various areas of concern (i.e., Area A, Area B, Area C, and Area D). The Phase I RI 

was performed between October 1989 and April 1991 by SMC Environmental Services Group (SMC 
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Martin, 1991). Phase II was performed between May 1992 and April 1993 (HNUS, 1992, 1993a). In 

October 1993, focused RI/FS work for groundwater contamination attributable to the base began and is 

continuing (HNUS, 1994a). Phase 111, which addresses potential source areas and their impacts to soils, 

surface waters, and sediments, began in January 1995 and is ongoing (Brown & Root Environmental, 

1996a). The Phase III RI field work for OU-5 was completed in March 1999. 

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

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

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

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

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

Southampton Township, assisted in the planning and review of these activities 

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

four areas of concern. 

1.2.3.1 Area A Investigations and Response Actions 

lnvestiaations 

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

and conductive anomalies through electromagnetic surveys. Approximate site boundaries were 

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

new overburden and shallow bedrock monitoring wells, and groundwater sampling and 

analysis. Other media (surface water and sediment) were also sampled and tested. Test pits 

were excavated, local wells were inventoried, and a fracture-trace analysis was conducted. A 

biological characterization of a nearby stream was also done (SMC Martin, 1991). 

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

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

ascertain possible remedial alternatives. Activities included installing additional overburden and 

shallow bedrock monitoring wells, sampling and analyzing groundwater, surface water, 

sediment, and soils, and evaluating aquifer characteristics through water-level monitoring1 and a 

pumping test. Groundwater-related RI and FS reports for OU-1 were released in April 1993 

(HNUS, 1992, 1993a, and 1993b). 

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

downgradient of Area A, as well as in other areas of the base. Monitoring wells were installed 
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and water samples collected for analysis. A water-level study and a more comprehensive 

aquifer pump test were also performed (HNUS, 1995e). 

--h 

o Phase Ill (1995 - ): The primary RI objective was to characterize sources of contamination, 

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

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

waste sampling and analysis. A surface water and sediment sampling and analysis program 

was performed to evaluate the impacts of Area A on a nearby stream. An assessment of 

wetlands near Area A was also conducted (HNUS, 1994d; B&R Environmental, 1996a). 

Response Actions 

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

remedy for contaminated shallow groundwater attributable to Area A at the base, referred to 

as OU-I. The OU-1 Record of Decision (ROD) was signed in September 1993. The interim 

remedy included installing extraction wells and building a treatment system, was constructed 

by July 1999. 

“- l During the construction of the OU-1 remedy, the Navy excavated and disposed of contaminated 

soils in an off-base landfill that were beneath the footprint of the treatment plant building or 

along the route of groundwater transfer piping near Area A. This work was performed in 1996. 

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

Warminster Municipal Authority system in the summer of 1995. This property was located north 

of Area A, specifically Site 2. 

l OU-6: Based on the Phase Ill RI, including the results of several supplemental investigations, 

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

within Sites 1, 2, and 3 between August 1998 and January 1999. An Action Memorandum for 

the Area A soil removal action was signed by the Navy in June 1998. 
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1.2.3.2 Area B Investigations and Response Actions 

lnvestinations 

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

also performed to evaluate the potential for atmospheric contamination in nearby residences 

(SMC Martin, 1991). 

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

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

April 1993 (HNUS, 1992,1993a, and 1993b). 

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

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

A. Based on this work, a draft hydrogeologic study for Area B was released in April 1995 

(HNUS, 1995b) 

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

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

what was conducted for Area A. Additional investigations for Sites 6 and 7 were performed in 

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

actions, RI and FS reports for Sites 6 and 7 were prepared and are currently under review. A 

supplemental study for Site 5 is also being planned at this time (B&R Environmental, 1996a). 

ResDonse Actions 

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

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

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

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

reevaluated. 

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

vicinity of NAWC Warminster. Results from well water samples collected during the testing 

indicated that at several residences, the groundwater had levels of VOCs greater than EPA’s 

Maximum Contaminant Levels (MCLs). Beginning in April 1993, the Navy installed water 

treatment systems at these residences despite the lack of clear evidence that the Navy was 

responsible for all of the elevated contaminant levels of concern. In the summer of 1994, EPA 

and the Navy connected homes in the Casey Village Area (located south of Sites 5, 6, and 7) to 
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the Warminster Municipal Authority and Upper Southampton Water and Sewer Authority 

systems. 

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

investigations, the Navy excavated and disposed of contaminated soils and wastes from 

several locations within Sites 6 and 7 in 1997. 

1.2.3.3 Area C Investigations and Response Actions 

lnvestiqations 

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

l Phase II (1992 - 1993): RVFS work was similar to Areas A and B. One off-base well sample 

was tested (HNUS, 1992). 

l Focused RI for Groundwater (1993 - 1994): Investigated groundwater conditions within and 

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

and B. Based on this work, separate RI and FS were submitted for Area C groundwater in 

August 1994 reports (HNUS, 1994b and 1994c). A schematic design for shallow groundwater 

remediation was completed in July 1994. 

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

conducted for’Areas A and B. A maintenance area and septic drain field, both located between 

Site 4 and Site 8, were also investigated within Area C (B&R Environmental, 1996a). An 

engineering evaluation/cost analysis (EEICA) report was prepared to help support a removal 

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

between July 1998 and March 1999 to complete RI work for this site. 

Response Actions 

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

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

Warminster Municipal Authority system. 

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

volume of contaminated groundwater associated with OU3. The ROD for OU-3, was signed in 

March 1995. Construction of the groundwater treatment plant was completed in May 1996. Six 
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extraction wells were installed in Area C, and piping and electrical wiring were run between 

these wells and the treatment plant. The system began full operation in July 1996. 

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

Phase Ill RI and EE/CA findings, the Navy excavated and disposed of contaminated soils and 

wastes from eight buried trenches at Site 4 in the fall of 1996. All work was completed in July 

1997. 

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

investigations, the Navy excavated and disposed of contaminated surface soils along the 

western edge of the Site 8 runway extension in February 1999. The Action Memorandum for 

the Site 8 removal action was also signed in February 1999 (U.S. Navy, 1999). 

I .2.3.4 Area D Investigations and Response Actions 

Investigations 

l Focused RI for Groundwater (1993 - 1996): Investigated groundwater conditions within and 

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

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

submitted for Area D groundwater in October 1996 (B&R Environmental, 1996c and 1996d). 

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

contamination, primarily soils and wastes at potential waste disposal sites within the main 

building complex at the base, including the hangar area east of Jacksonville Road. RI work 

included a soil gas survey, soil borings, and soil sampling and analysis. The RI report for Area 

D media other than groundwater was released in September 1998 (TtNUS, 1998). Based on 

the Area D RI results for media other than groundwater, an FS report was not warranted. 

Response Actions 

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

OU-4 was released in September 1997. The interim remedy included installing extraction 

wells and connecting these wells to the existing groundwater treatment system and was 

completed by July 1999. 

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

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

storage tanks (USTs) within Area D and other areas at the base. 
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The results and findings of all previous investigations are maintained in two local information repositories 

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

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

1.3 SITE 8 DESCRIPTION AND HISTORY 

Site 8, a former fire-fighting training area, is part of Area C. Area C includes Sites 4 and 8 and nearby 

locations where releases may have resulted in groundwater contamination, which has been identified 

both on and off base in this area. These locations include, but are not limited to, a maintenance area and 

septic system tile field associated with Quarters A, the former residence of the base commander. Details 

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

for OU-3 at NAWC Warminster (HNUS, 1994b). 

1.3.1 Site Description 

Site 8 is located north of the main airstrip at the northeastern end of an abandoned runway and is about 250 

feet from the base boundary and 600 feet from the former base commander’s residence (Figure l-3). 

Historically, most surface runoff from the site has drained to a concrete swale about 100 feet north of the 

northwestern comer of the runway extension. A second concrete swale about 120 feet east of the 

northeastern comer of the runway extension has also received some runoff from the site. A small park 

(Werner Park) is located across Kirk Road to the north and northeast of Site 8. Scattered single-family 

houses are located southeast and northeast of Werner Park. 

1.3.2 Site History 

The Navy initially reported Site 8 as a disposal site in the Navy Shore Activity Disposal Fact Form (U.S. 

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

of a 75 by 75-foot portion of the runway surrounded on three sides by a double berm. 

site included two areas on the runway which were used for fire training 

Typically, flammable materials were poured on the runway, ignited, and 

extinguished to simula e-fighting procedures. The Fact Form reported that about 3,000 gallons of 

contaminated aviation uels from the fuel farm storage area near Area A were burned at this location 

per year from 1961 th h at least 1980, the date the Fact Form was compiled. In the past, surface water 

(about 6 to 12 inches)/vas observed to temporarily collect within this area after rainfall events. 
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While site-specific information is not available, typical contaminants associated with aviation jet fuels 

include hydrocarbons similar to kerosene. Both aliphatic and aromatic hydrocarbons are present in jet 

fuels. Aromatic hydrocarbons comprise about 10 to 20 percent of this fuel. Benzene, toluene, 

ethylbenzene, xylenes, and PAHs are commonly chemicals associated with jet fuels. PAHs typically 

include pyrene, benzo(a)pyrene, anthracene, and phenanthrene (ASTM E 1739, 1995). 

Significant additional site background and historical information were provided by an aerial photographic site 

analysis report for the base (EPA, 1994). This report evaluated aerial photographs from March 1938 

through March 1990 and identified several features within Site 8 that suggested possible or probable 

disposal pits and other miscellaneous features. These features are displayed on Figure l-3. The following 

information regarding the site analysis report is pertinent to this report. 

The historical aerial photos and background information indicate that at least two areas on the abandoned 

runway were used as burn areas. The use of the runway extension for fire-fighting training appears to have 

begun after 1958. Aerial photographs taken through 1958 did not show the presence of any significant 

features. Initially, fire-training exercises were conducted about 240 feet from the end of the runway (POSS 

P5). In a photograph from March 1965, two berms were evident on the runway - one berm along the 

perimeter of the end of the runway and a second V-shaped berm within the runway (Figure l-4). Dark 

staining and an aircraft were apparent within the V-shaped berm. Ponding of a dark liquid was apparent 

along the western perimeter of the runway adjacent to this berm. Similar ponding of liquid and/or soil 

staining was also apparent along the western perimeter of the runway in other photos compiled by EPA (see 

Figures 1-5, l-6, and l-7). These same photos also indicated liquids bypassing the berm at the runway 

perimeter and draining from the northwest corner of the runway toward the western concrete swale. 

Photography from October 1967 showed similar features, as noted in March 1965. Flight suit testing 

activities were initiated about 300 feet from the end of runway in a new structure (structure Sl) between 

1965 and 1967. According to the Navy, structure Sl was a conugated metal building located south of the 

Site 8 fire-fighting training area that was used to test the durability of aviation flight suits. The floor of the 

structure contained water, on top of which was place a small quantity of flammable liquid. Once ignited, a 

flight suit, attached to a mechanical arm, was passed through the flames in order to test the suits ability 

to withstand fire. The structure was enlarged before August 1971 (Figure l-5). The structure was 

dismantled and the materials removed by the Navy in 1997 to an off-site landfill. 

In a photograph from March 1973, up to three smaller depressions or pits (P2, P3, and P4) were identified 

on the runway immediately north-northeast of structure Sl (Figure I-6). A smaller fire training area was 

noted about 100 feet northeast of the older fire training area near the end of the runway. In addition, 

standing liquid was observed at the northern end of the runway (LQI). Drainage from POSS P5 was 

observed extending into the grassy area immediately north of the older fire training area. 

UDOCUMENTS/NAW/14l2/SITE8/049002/SEC1 I-14 



FIGURE l-4 
SITE 8 AERIAL PHOTOGRAPH 

NAWC WARMINSTER, PA 
MARCH 31,1965 

Source: Aerial Photographic Site Analysis, Naval Air Development Center, Warminster, 
Pennsylvania. Environmental Monitoring Systems Laboratory, U.S. Environmental Protection 
Agency, Las Vegas, NV. TS-PIC-93053, May 1994 (not to scale). 
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FIGURE I-5 
SITE 8 AERIAL PHOTOGRAPH 

NAWC WARMINSTER, PA 
APRIL 13,197O 

Source: Aerial Photographic Site Analysis, Naval Air Development Center, Warminster, 
Pennsylvania. Environmental Monitoring Systems Laboratory, U.S. Environmental Protection 
Agency, Las Vegas, NV. TS-PIC-93053, May 1994 (not to scale). 
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FIGURE l-6 
SITE 8 AERIAL PHOTOGRAPH 

NAWC WARMINSTER, PA 
MARCH 24,1973 

Source: Aerial Photographic Site Analysis, Naval Air Development Center, Warminster 
Pennsylvania. Environmental Monitoring Systems Laboratory, U.S. Environmental Protectio; 
Agency, Las Vegas, NV. TS-PIC-93053, May 1994 (not to scale). 
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Other recognizable features (e.g., berms, ash, and drainage patterns) in the March 1973 photograph were 

similar to preceding photographs. 

By 1977, analysis of aerial photographs indicated that pits P2, P3, P4, and P5 were no longer evident at 

Site 8, although fire-fighting training still appeared to be conducted at the site. Photographs from 1977 

through 1988 revealed no significant change from these observations. In a photograph from 1988, the 

analysis revealed that almost all ash residues and containment berms were no longer evident. A 

photograph from March 1990 indicated that the Site 8 runway extension had been further cleaned and that 

all fire-fighting training had ceased (Figure l-7). Since 1988, Site 8 has been used on occasion to store 

construction materials, such as lumber, piping, concrete vaults, and steel girders. 

1.3.3 Previous Response Actions 

In November 1986, PADEP conducted an inspection of the fire-fighting training area. The inspection 

revealed oil soaked soils and stressed vegetation along a drainageway leading from the open burning area. 

PADEP had previously observed oily and contaminated water leaking from the ground and running on the 

surface. A notice of violation was issued on November 18,1986 (PADER, 1986) (Appendix K). 

- In response, the Navy suspended all activities at the site (U.S. Navy, 1986) (Appendix K). Soil samples 

were collected in December 1987 to evaluate the nature and extent of contamination. A total of five soil 

samples were reportedly taken from eroded areas near the site, berm soil, and a background alrea. The 

liquid within the bermed area was also analyzed along with a sample from the nearby stream. Petroleum 

hydrocarbons were detected at 580 mg/kg in the berm soil. Other petroleum hydrocarbon concentrations 

contained in the soil samples from eroded areas ranged from 28 to 180 mg/kg. No metals or PAHs were 

detected in the site-related soil samples at levels significantly above background. The two aqueous 

samples were analyzed for semivolatile organic compounds; only bis(2-ethylhexyl)phthalate was detected 

at levels of 20 ug/i in the bermed area liquid and 30 ug/l in the stream sample (QC, 1998). Appendix K 

includes the analytical results from this sampling. The Navy then removed the berms surrounding the 

runway extension and disposed of these soils in the vicinity of the site. The exact locations where berm 

materials were disposed could not be precisely determined, however, a photograph from 1988 revealed 

several unvegetated areas around the perimeter of the extension that may be the approximate locations 

where the berm materials were deposited (Figure l-8). 

In 1996, the Navy constructed the OU-3 groundwater treatment system for Area C groundwater. 

Groundwater conveyance piping from the Area C extraction wells was installed north and west of the Site 8 

runway extension (Figure l-3). As part of this work, ‘the Navy excavated a trench adjacent o the we tern 
br\ et&ewe s-icii of 

edge of the runway, approximately 5 feet i yidth and 6 feet in depth. Surface soils oved@!@tede+est 

the trench were also removed; A! 
1s 
shallower excavation was about 15 feet in width and 2 feet in 

depth as centered on the piping 
f 

In the immediate vicinity of Site 8, no odors, stained soils, or elevated field co WWQ 
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FIGURE l-7 
SITE 8 AERIAL PHOTOGRAPH 

NAWC WARMINSTER, PA 
MARCH 8,199O 

Source: Aerial Photographic Site Analysis, Naval Air Development Center, Warminster, 
Pennsylvania. Environmental Monitoring Systems Laboratory, US. Environmental Protection 
Agency, Las Vegas, NV. TS-PIC-93053, May 1994 (not to scale). 



FIGURE l-8 
SITE 8 AERIAL PHOTOGRAPH 

NAWC WARMINSTER, PA 
JUNE 25,1988 

Source: Aerial Photographic Site Analysis, Naval Air Development Center, Warminstier 
Pennsylvania. Environmental Monitoring Systems Laboratory, U.S. Environmental Protectioi 
Agency, Las Vegas, NV. TS-PIC-93053, May 1994 (not to scale). 
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instrument readings were reportedly encountered during excavation activities (OHM, 1999). The excavated 

soils were used to backfill the length of the piping, and any excess materials were piled to the north of the 

runway extension. The Navy plans to remove this soil pile in the near future. 

Based on preliminary RI results (including the results of supplemental investigations conducted in 1998 

and 1999 at Site 8) the Navy signed an Action Memorandum (Appendix H) for a removal action at Site 8 

on February 4, 1999. The purpose of this action was to address soils contaminated with lead and arsenic 

along the western edge of the runway extension, near the former location of structure Sl. The soil 

removal action was performed in February 1999. The objectives of the removal action were to 

l Prevent actual or potential exposures to contaminated surface soils presenting unacceptable 

risks. 

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

of concern. 

l Prevent the release of hazardous substances at Site 8 to nearby surface water and sensitive 

ecosystems. 

Approximately 675 tons of surface soils were excavated, transported to, and disposed of in the GROWS 

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

Soils were excavated to a depth of 2 feet below the ground surface. Verification samples were analyzed to 

confirm that no remaining surface soils exceeded the clean-up goal. A clean-up goal for lead of s-c38 

mglkg was established to verify the completeness of the removal action. pet 
. . twtcmww ‘s-e 

The verification sample results are included in the analytical 

database for Site 8 surface soils as part of this report (Appendix I). Section 4.4.2 provides more detailed 

information regarding the removal action at the site, including the location of the soils removed and the 

results of the verification sampling. 

1.4 SUMMARY OF PREVIOUS INVESTIGATIONS AT SITE 8 

During 1981, JRB personnel noted an apparent drum storage area adjacent to the bermed fire training area 

(JRB, 1981). Materials reportedly kept within this drum storage area were lubricants, waste oils, and 

transformer coolant oils. In the past, residents along the unnamed tributary north of the site complained 

about a white, foamy material floating on the stream surface after fire-fighting training exercises were held. 
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In July 1982, a monitoring well was installed adjacent to Site 8 (JRB Associates, 1983). The well has been 

sampled several times, with minimal impacts noted. In 1983, a surface water sample adjacent to Site 8 was 

analyzed; this sample did not detect any priority pollutant list (PPL) contaminants. 

-- 

In 1988, base personnel reported that the soil berms and associated residues, soils from several eroded 

areas near the berms, and trapped liquids within the berms had been analyzed before being removed from 

the runway extension (QC, 1988). These materials were reportedly deposited in areas downhill from the 

site along all three sides of the runway extension (SMC Martin, 1991). The extent of the berm soils and 

residues that were spread adjacent to the site was not confirmed. The area surrounding the site was 

regraded after the removal. 

During an October 1988 site visit (SMC Martin, 1989), a white, foamy material was observed to be floating in 

puddles of water that had collected on the runway extension. This material was suspected to be aqueous 

film-forming foam (AFFF), a common substance used during fire-fighting training exercises. Several empty 

drums, a stripped automobile, and a scrapped aircraft frame were present on a portion of the runway 

extension. These types of items were reportedly used during exercises. No drum storage area was 

observed during the October 1988 site visit, as was the case in 1981. 

--. An EM conductivity survey and soil gas survey were performed at Site 8 during Phase I RI work. The EM 

survey consisted of six profile lines running parallel to the runway and two profiles running perpendicular to 

the runway, Thirty-five soil gas readings were taken around the edges of the Site 8 runway. Based on the 

locations of the pits from the aerial photos, the soil gas survey may not have extended to the southern 

(upgradientlupslope) edge of Site 8. 

During the Phase I RI, surficial contamination in the form of soil staining was found at this site immediately 

west of the runway extension, the V-shaped berm, and adjacent to the former location of the mock-up plane 

used for fire-fighting training exercises (SMC Martin, 1991). During subsequent Rls, several empty drums 

and at least one small, storage tank were observed along the eastern side of the runway. However, no 

visibly stained soils were observed. 

Surficial and subsurface soil samples were obtained from three locations at Site 8 during the Phase II RI. 

Two locations were near the runway to correspond to areas of high soil gas readings found during Phase 1. 

The remaining location was chosen to determine background soil levels. No borings were extended through 

the runway to sample soils beneath the fire-fighting training area. 

Both surface water and sediment samples were collected from the stream downgradient of Site 8 during 

Phase I and Phase II. A biological characterization of the area north of Site 8 (as well as Area C) was also 

performed as part of Phase I. 
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Site visits conducted between 1991 and 1998 revealed the presence of construction materials (e.g., lumber, 

concrete vaults, and piping) on the surface of the runway extension. Soils excavated along the route of the 

OU-3 groundwater conveyance piping were piled north of the runway extension in 1996, where they still 

remain. At the present time, no structures or other significant debris are present near the site. The runway 

extension asphalt surface contains cracks and holes but is relatively intact. Several of the holes appear to 

be associated with the removal of structure Sl. Some debris has collected in these cracks and holes, but it 

is not known if the debris contains potentially hazardous waste residues. 

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

January 1994, the Navy began focused RI activities for groundwater contamination associated with Area C. 

Groundwater data suggest that releases from Site 8 may not be the source of PCE in groundwater in this 

area (HNUS, 1994b and 1994c). 

The Phase Ill RI work for Site 8 begin in January 1995 and was completed in March 1999. The scope of 

this work is further discussed in Section 2.2. 

1.5 CURRENT STATUS 

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

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

calls for an office/business park campus in the vicinity of Site 8 (Ernst and Young, 1998; FLRA, 1999). 

Surrounding residential land use for lvyland Borough is planned west of Site 8, and other adjacent property 

is targeted for open-space recreational land use on the part of Warminster Township. 

The FLRA has submitted an economic development conveyance (EDC) application for base property east 

and west of Jacksonville Road. The FLRA and the Navy will soon negotiate the sale and transfer of this 

property, including the Site 8 area. 

1.6 REPORT ORGANIZATION 

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

Site 8: 

. Electromagnetic surveys 

. Soil gas surveys 

. Test pit excavations 

. Surface water and sediment sampling and analysis 

. Surface soil sampling and analysis 

. Subsurface soil sampling and analysis 

UDOCUMENTS/NAWll412/SITE8/049002/SEC1 1-23 



. Wetlands assessment 

. Surveying 

. Performance of response actions 

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

summary for Site 8. Section 2.0 details the field activities and other tasks performed (with an emphasis on 

Phase Ill RI work) and describes the objectives and methods of each investigative task conducted at the 

site. Section 3.0 presents the physical characteristics of the site based on existing literature, previous 

investigations, and recently developed information. 

Section 4.0 describes the nature and extent of contamination discovered at Site 8 during field investigation 

tasks. Section 5.0 summarizes the routes of migration and persistence of contaminants found at the site. 

These two factors are used to determine the possibility of contamination reaching areas of public or 

environmental concern. Section 6.0 presents the potential risks posed by the site to human health and the 

environment given the limiting factors of contaminant fate and transport. 

Several appendices have been enclosed as part of the RI report; these present specific results of the field 

investigations (e.g., analytical data) and other reference information. 
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2.0 SITE 8 REMEDIAL INVESTIGATIONS 

2.1 INTRODUCTION 

This section summarizes the nature of RI work performed at Site 8. Specific findings regalrding the 

physical characteristics of the site and the nature and extent of contamination are presented in Sections 

3.0 and 4.0. 

RI work addressing soils, surface water, and sediment in the vicinity of Site 8 has been conducted in 

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

geophysical surveys, as well as surface water and sediment sample analysis. The Phase II RI (HNUS, 

1992) was limited to sampling of soils, surface water, and sediment from several locations near Site 8. 

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

comprehensive Phase III RI was performed beginning in 1995. 

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

3‘+---. 1995 (HNUS, 1995a). The work plan incorporated comments received from Restoration Advisory Board 

(RAB) members. The plan described RI activities that were to be implemented to help characterize the 

potential sources of contamination within Areas A, B, and C, including Site 8. 

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

surface waters, and sediments potentially impacted by suspected sources at Site 8. The results from the 

Phase Ill RI for Site 8 were reported in a draft Phase III RI report, which was issued in November 1996 

(Brown & Root Environmental, 1996a). 

‘Following the review of the draft Phase III RI report, the Navy conducted several supplemental soil 

investigations at Site 8 to address remaining concerns regarding the nature and extent of contamination 

related to the site. The supplemental field work was performed between July 1998 and March 1999. 

Based on the RI work, a removal action was performed at Site 8 in February 1999. The results of post- 

removal soil sampling, which characterize the Site 8 soils present at this time, are included in the 

analytical database for Site 8 surface soils. 
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This section primarily discusses the field investigation procedures that were performed at Site 8 during the 

Phase III RI. Field work activities conducted as part of the Phase I RI (SMC Martin, 1991 j and as part of 

the Phase II RI (HNUS, 1992) are discussed in the Phase I and II RI reports and are not presented in this 

section. However, the collective results of all RI work at Site 8 are summarized in Section 4.0. Table 2-l 

summarizes the RI field work and supporting activities performed at Site 8 during all three RI phases. 

2.2 GENERAL FIELD INVESTIGATION PROCEDURES 

The Phase III RI field work at Site 8 was performed between January 1995 and March 1999. Tasks 

included 

0 Soil gas surveys 

l Soil borings 

l Test pit excavations 

l Surface water and sediment sampling and analysis 

l Surface and subsurface soil sampling and analysis 

l Wetlands assessment 

l Surveying 

2.2.1 Scope of Work 

The Phase III RI work for Site 8 focused on characterizing the potential sources of contamination, 

particularly with regard to soils and wastes. In addition, a surface water and sediment sampling program 

was conducted to evaluate the impacts of Site 8 on the nearby stream. 

The primary tools of investigation included a soil gas survey, test pits and soil borings (with subsurface 

soil/wastes sampling), and surface soil/waste sampling. These methods were applied, as appropriate, in 

an integrated manner to characterize the potential source areas of contamination targeted for 

investigation. 

A soil gas survey was employed in areas of suspected disposal of wastes containing volatile organics. 

One objective of the soil gas survey was to identify potential sources of the chlorinated VOCs detected in 

local groundwater. The locations of the soil gas survey took into consideration identified potential sources 

from aerial photos, the Phase I RI geophysical survey, past investigation data, field observations, and 

historic information regarding the locations of subsurface disposal sites. 
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TABLE 2-I 
SUMMARY OF RI FIELD WORK AND OTHER ACTIVITIES AT SITE 8 

NAWC WARMINSTER, PENNSYLVANIA 

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

1 Electromagnetic (EM) Survey 

Soil Gas Survey 

Surface Soil Sampling and Analysis 

X 

X X 

X X 

Subsurface Soil Sampling and Analysis using Soil Borings I I x I x I 

Subsurface Soil Sampling and Analysis using Test Pits 

Confirmation Soil Borings and Test Pit Excavations 

Surface Water and Sediment Sampling and Analysis 

Horizontal Survey 

X 

X 

X X X 

X X 

Biological Characterization I x I I I 
Wetlands Assessment 

Aerial Photograph Interpretation 

Verification Sampling and Analysis 

X 

X 

X Post-Removal 
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Test pits and/or test borings were used to characterize actual subsurface conditions in potential 

subsurface disposal sites. The decision regarding which of these investigative methods was proposed 

was based on expected site characteristics and cultural features. The locations of the test pits/borings 

were selected based on the results of the Phase III RI soil gas and Phase I RI geophysical surveys, as 

well as on aerial photo records, field observations, and previous field work findings. Subsurface soil/waste 

samples were obtained from the test pits/borings to characterize the materials encountered. 

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

concern. In areas of obvious waste disposal on the ground surface (i.e., waste piles or stained soils), the 

samples were taken directly from the affected materials. In areas of suspected surface disposal where no 

visible sign of wastes was evident, samples were obtained at various points within the suspected area of 

disposal. In addition, a basewide background surface soil sampling program was performed to provide a 

background database with which to compare potentially impacted soil results. 

In addition, several supplemental investigations were conducted after the draft Phase III RI report was 

submitted in order to further characterize the surface and subsurface soil contamination at Site 8: 

l On July 20, 1998, four surface soil samples were collected on the western edge of the 

existing runway and three surface soil samples (including one duplicate) were collected from 

the drainage area and ditch northwest of the, runway. The samples from along the runway 

were analyzed for lead and arsenic only; the drainage ditch samples were analyzed for Target 

Analyte List (TAL) metals. 

l On September 29, 1998, five surface soil samples and one subsurface sample were collected 

on the western side of the existing runway. These samples were analyzed for lead only. 

l On February 15, 1999, 17 verification samples (including one duplicate) were collected along 

the western side of the existing runway following a soil removal action. These samples were 

analyzed for lead and arsenic. 

l On March 9, 1999, nine surface soil samples (including one duplicate) and four subsurface 

samples were collected from the eastern side of the existing runway. Four of the surface 

samples (including the one duplicate) were collected near the location of a previously 

collected sample that had shown the presence of dioxin. These samples were analyzed for ,-. 
dioxin only. The remaining surface and the subsurface samples were analyzed for arsenic, 

lead, vanadium, and PAHs. 
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Sampling plans were prepared for each of the supplemental investigations. Following each1 of these 

investigations, separate letters were submitted summarizing the significant findings. 

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

2.2.2 Soil Gas Survey 

The soil gas survey objective was to measure the concentrations of VOCs in soil gas around suspected 

source locations. Elevated VOC levels in soil gas could indicate soil and/or groundwater contaminated 

with VOCs. Information obtained from the soil gas survey was combined with data from the Phase I RI 

EM survey to better locate subsurface soil borings and test pits. 

Soil gas survey lines were laid out along the edges of the runway extension within Site 8 and igenerally 

matched the profile lines used during the EM survey. Figure 2-1 shows the soil gas survey area. The 

Phase I EM survey results, the EPIC aerial photograph analysis, and the findings from previous 

investigations (e.g., Phase I RI, Phase II RI) were used to focus the soil gas survey on the most likely 

suspected source locations, The soil gas survey line spacing was 50 feet. The samples were analyzed 

for both halogenated and aromatic volatile organic contamination. 

Soil gas sampling was performed using the hollow probe method. The probe and probe tip were driven 

into the ground to a specified depth using an electric hammer drill (Bosch hammer) or a power auger. The 

sampling depths ranged between 3 and 5 feet. After reaching the target sampling depth, the hollow probe 

was lifted to retract the probe adapter and expose the lowest 2 to 4 inches of soil at the bottom of the hole. 

Polyethylene (PE) tubing with a threaded endpiece was tightened to the expendable point adapter at the 

bottom and connected at the surface to silicon tubing attached to a peristaltic pump. The peristaltic pump 

was used to purge the assembly before sampling and to extract air from the interstitial soil pore space. At 

some locations, at least two soil gas samples were extracted and analyzed. A Tedlar bag was connected 

to the sampling pump, filled with soil vapor, and sealed until analysis. The hollow probe and adapter 

assembly were removed and decontaminated between samples following standard protocol. A fresh 

length of PE tubing was used for each hole. 

Soil gas analysis was performed in the on-base field trailer using a Hewlett Packard gas chromatograph 

(GC) equipped with a 30-meter, 0.25 mm inner-diameter (ID). capillary column that was coupled to a 

photoionization detector (PID) in-series with an electron capture detector (ECD). The GC was optimized 

for rapid (less than 7.5 minutes per run) analysis for acetone, 2-butanone, benzene, toluene, 

ethylbenzene, total xylenes, styrene, PCE, TCE, 1,l ,I-trichloroethane, carbon tetrachloride, chloroform, 

1 ,I -dichloroethene, 1,2-dichloroethene, 1,2-dichloroethane, and I,1 -dichloroethane, 
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Calibration standards were diluted from certified methanolic standards into water using 40 ml VOC vials, 

leaving a 10 ml headspace. 400 ~1 vapor aliquots were injected after standards were heated to 70°C for 5 

minutes and shaken for 30 seconds. An initial 3-point calibration was performed and the practical 

quantitation limit (PQL) for each compound was established as one-half of the lowest concentration 

standard. The method achieved PQLs in the range of 0.03 to 0.3 ugll for trichlorinated and 

tetrachlorinated compounds, followed by PQLs between 2 and 6 ug/l for compounds with carbon double 

bonds or aromatic rings, and PQLs between 15 and 50 ug/l for dichlorinated alkanes, acetone, and Z- 

butanone. 

A continuing calibration standard was analyzed at the beginning of each day and repeated after every 15 

injections. Subsequent continuing calibrations were assessed to verity stable system response; if 

response decreased by -60 percent or increased by +I00 percent for more than one compound, then new 

calibration factors were required for all compounds. In the event of calibration error caused by systematic 

problems (e.g., syringe or detector malfunction), corrective action was taken and followed by a new 

standard injection and calibration factor update. 

Analytical quality control procedures were followed for field blanks, field duplicates, syringe blanks, holding 

times, and decontamination. Duplicate samples and Tedlar bag blanks were collected at a frequency of 

one per 20 soil vapor samples. Syringe blanks were run for every 20 injections and after highly 

contaminated samples. High-level samples were followed by syringe cleaning and bake-out. Tedlar bags 

were flushed with three volumes of air between each use and were discarded if leaks were found. Syringe 

performance (plunger resistance, methanol dispensing, and injection spike size) was monitored to ensure 

the absence of leaks or blockage. 

Syringes were repaired/replaced at the first symptom of malfunction. Analyses were required to be 

performed within 8 hours of sample collection. 

Results were reported in units of aqueous ug/l, equivalent to the corresponding calibrated healdspace 

concentration. For compounds quantifiable on both detectors, the detector having lower detection limits 

was consistently reported except when sample levels were above the linear range. A screening-level data 

validation was performed via electronic linking of sample and associated blank data files, afteir which 

results were incorporated into a database. 

The Site 8 soil gas survey results (including analytical data) were evaluated and plotted on color contour 

maps. The data were color contoured such that shades of orange, red, and purple represent high soil 

vapor data values. Shades of blue were used to represent background conditions as based upon this 

data set. Site surface features and suspected disposal location boundaries were used to make final 
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interpretations regarding possible soil gas anomalies. An interpretation of the soil gas survey results is 
‘--” 

provided in Section 4.3 of this report. 

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

2.2.3 Soil Borings 

Soil borings were drilled and sampled to gather data about the extent, nature, and depth of contamination. 

The locations of the borings were determined after data gathered during the soil gas survey were 

reviewed. Most borings were completed by using a drilling rig with cleaned, decontaminated, hollow-stem 

augers. The cuttings were inspected for any waste material or VOCs as the auger brought them to the 

surface. Each boring was drilled until a significant amount of waste was encountered or to about 10 feet 

below ground surface, unless bedrock or some other impenetrable surface was encountered above 10 

feet. The actual depth of each boring was specific to the suspected source being investigated. Upon 

completion, all boreholes were backfilled with the cuttings. 

A PID was primarily utilized at each boring to detect any VOCs that may have been present. The PID has 

a detection limit of approximately 1 ppm. A majority of the soil borings were sampled continuously using a 

split-spoon sampler from the ground surface to the top of bedrock. Samples selected for laboratory 

analysis were based on elevated PID readings, evidence of wastes or buried materials (e.g., odors or 

staining), and other observations suggesting potential contamination if they were recorded. If no evidence 

of contamination was found, samples from just above the weathered bedrock interface were selected for 

analysis. Samples were analyzed for various analytes in accordance with the Phase III RI work plan and 

any addenda to the work plan. 

Each boring was logged by a geologist. Information recorded by the geologist included lithology, waste 

materials encountered, PID concentrations, the depth at which waste was found, and any other pertinent 

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

determined in relation to a fixed point so that the exact location of the boring could be determined in the 

future should the need arise. The locations of all soil boring samples are displayed in Figure 2-4. 

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

2.2.4 Test Pit Excavations 

Two test pits were excavated at Site 8 during Phase III (Figure 2-4). The objectives of the test pits were to 

visually identify the extent and nature of waste material thought to be present in this area and to obtain 
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soil/waste samples for chemical analysis. The test pit locations were selected after the Phase III soil gas 

survey and Phase I geophysical survey results were reviewed. 

The test pits were completed by the use of a backhoe to dig a trench approximately 5 feet wide. The 

lengths of the pits were about 20 feet. The target depth of each pit was approximately 8 feet or until 

bedrock or groundwater was encountered or to the maximum of depth of wastes or fill material 

encountered. 

A PID was utilized at each test pit to detect any VOCs that may have been present. Each test pit was 

logged by a geologist. Information recorded by the geologist included lithology, waste encountered, 

volatile organic concentrations, the depth at which waste was found, and any other pertinent observations. 

Copies of test pit logs have been included in Appendix C. 

Upon completion, each test pit was backfilled with the excavated soil. The location of each test pit was 

confirmed in relation to a fixed point so that the location of the test pit could be determined exactly in the 

future should the need arise. 

2.2.5 Surface Water/Sediment Sampling and Analvsis 

Surface water and sediment samples downstream from Site 8 were collected during all three RI phases. 

The purpose of this sampling program was to determine if surface water bodies adjacent to the base were 

impacted by Area C and Site 8. Sampling occurred within the unnamed tributary of Little Neshaminy 

Creek downgradient of Site 8 and at the stormwater outfall at the base perimeter that discharges to this 

stream. Sample locations are shown in Figure 2-2. Hydrologic characteristics for Area C are presented in 

Section 3.2. 

During Phase I, only one surface water sample (CIO) was collected because the stream was dry. Two 

sediment samples (Cl0 and Cl 1) were obtained from the stream north of Area C and downstream of Site 

8. These samples were analyzed for Target Compound List (TCL) organics and Target Analyte List (TAL) 

metals. The surface water sample analyzed for metals was not filtered. 

During Phase II, two surface water and two sediment samples (Cl2 and C13) were collected. Sample 

locations generally corresponded to Phase I locations. These samples were tested for TCL organ&, TAL 

inorganics, and cyanide. The surface water samples were analyzed for both filtered and unfiltered rmetals. 

During Phase III, one surface water sample (C8) and two sediment samples (C6 and C8) were taken. 

Sediment sample C6 was collected from the outfall just north of Kirk Road, which is northwest of Site 8. 
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The samples were analyzed for TCL organics, TAL inorganics, and cyanide. The surface water sample 

was analyzed for both filtered and unfiltered metals. 

Surface water and sediment analytical results are discussed in Sections 4.6 and 4.7, respectively. 

Surface water samples were collected by directly filling a sample bottle. All surface water samples were 

transferred with a minimum amount of agitation into sample bottles specially prepared by the laboratory. 

Vials for volatile organic analyses were kept free of any air bubbles. Volatile organic vials were filled 

before the remaining water sample bottles. Each sample was screened with a PID. Field measurements 

of temperature, pH, and specific conductivity were obtained for all surface water samples. 

After a surface water sample was collected, the associated sediment sample was obtained slightly 

upstream of the surface water sampling point. The sediment was collected using a stainless-steel shovel 

or trowel. The volatile organic vial was filled first, leaving as little air space as possible. The remaining 

sediment sample bottles were then filled. Downstream samples were collected first, and samples from 

locations farthest upstream were collected last. 

The surface water and sediment samples were preserved in coolers containing ice, following sampling. 

Sample logsheets including sample identification, date and time of collection, field measurements, 

analysis parameters, and other pertinent information were completed for each sample. 

2.2.6 Surface Soil Sampling and Analvsis 

Surface soil sampling was performed at Site 8 during Phase II and Phase III. The surface soil sample 

locations are shown in Figure 2-3. 

During Phase II, surficial soil samples were obtained from two locations near the western side of the , 
runway (samples SS-08-17 and SS-08-18). These sample locations were chosen to correspond to an 

area of high soil gas readings found during Phase I. 

During Phase Ill, II additional surface soil samples (including one duplicate) were taken along the 

western edge of the existing runway (samples SS-08-01 through SS-08-06 and SS-08-12 through SS-08- 

16) three samples were taken along the northern edge (samples SS-08-07 through SS-08-09) and one 

sample (and duplicate) was collected along the eastern edge (sample SS-08-IO/II). The intent of 

collecting these samples was to determine whether any releases of hazardous substances had occurred 

on any side of the Site 8 runway extension, including the portion of Site 8 near structure Sl. Several 

samples (e.g., SS-08-0.5 through SS-08-09) were collected at locations where the former berm soils may 

have been placed. 
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Most surface soil samples at Site 8 were analyzed for TAL metals. Samples were also analyzed for TCL 

volatile and semivolatile organics, pesticides/PCBs, and dioxins/furans, as needed. 

Based on the analytical results of the above surface soil samples, further investigation of Site 8 surface 

soils was conducted. On July 20, 1998, four surface soil samples (SS-OS-19 through SS-08-22) were 

collected on the western edge of the existing runway and three surface soil samples (SS-08-28/29 and 

SS-08-30) were collected from the drainage area and ditch northwest of the runway. The purpose of 

these samples was to delineate the extent of an area of elevated lead and arsenic concentrations at the 

western edge of the runway and to determine if surface water runoff had carried contaminated soil to the 

nearby drainage ditch. The samples from along the runway were analyzed for lead and arsenic only; the 

drainage ditch samples were analyzed for TAL metals. 

On September 29, 1998, five surface soil samples (samples SS-08-23 through SS-08-27) were collected 

on the western side of the existing runway. These samples were analyzed for lead only. The purpose of 

these samples was to further characterize the extent of lead contamination in this area. 

On February 15, 1999, 17 verification samples (samples SS-08-31 through SS-08-47) were collected 

along the western side of the existing runway following a soil removal action. These samples were 

analyzed for lead and arsenic. 

On March 9, 1999, nine surface soil samples (samples SS-08-48 through SS-08-56) were collected from 

the eastern side of the existing runway. Four of the surface samples (including the one duplicate) were 

collected near the location of a previously collected sample (SS-08-I O/l 1) that had a detection of dioxin. 

These samples were analyzed for dioxin. The remaining samples were analyzed for arsenic, lead, 

vanadium, and PAHs. 

Surface soil samples were taken from the uppermost soil horizon encountered after the overlying grass or 

sod layer was removed at each location with a shovel. Based on RI field notes, none of the Site 8 surface 

soil samples exhibited signs of potential contamination, including odors, stains, or elevated field instrument 

readings. The range in depth of these samples was between 6 and 30 inches. All soil samples were 

placed directly into sample containers supplied by the laboratory using a stainless-steel sample trowel. 

2.2.7 Subsurface Soil Sampling 

Subsurface soil sampling was performed at Site 8 during Phase II and Phase III. Figure 2-4 shows the 

subsurface soil sample locations. The primary objective of this sampling was to assess whether ,the site 

might be the source of potential groundwater contamination related to VOCs. 

UDOCUMENTSINAWII 412/SITE8/0490026EC2 2-13 





/- 
X

R
E

F 
W

A
R

M
B

A
S

E
.D

W
G

 



During Phase II, two subsurface soil samples @B-08-18 and SB-08-19) were obtained from two locations 

near the western side of the runway. These samples were chosen to correspond to an area of high soil 

gas readings found during Phase I and were analyzed for full-scan TCLfTAL parameters. 

During Phase III, seven subsurface soil samples (SB-08-07 through SB-08-13) were taken along the 

western edge of the Site 8 runway, four samples (SB-O8-14 through SB-O8-17) were collected along the 

northern edge, one sample (SB-08-01) was collected along the eastern edge, and five samples (SB-08-02 

through SB-08-06) were collected beneath the existing runway. All of these samples were analyzed for 

TCL semivolatile organics and TAL metals, and some samples were also tested for TCL volatile organics, 

pesticides, PCBs, and dioxinlfurans. These samples were collected to further investigate soil gas 

anomalies, EPIC features, and the nature and extent of subsurface soil contamination. Several soil 

boring samples were collected at locations where the former berm soils may have been placed, including 

samples SB-08-15, SB-08-16, and SB-08-23. The range in depth of the subsurface soil samples was 

between 6 and 9 feet below the ground surface, except for samples SB-08-21 through SB-08-24, where 

the range was between 3.0 and 3.5 feet. 

In addition, two test pits were excavated north of the Site 8 runway. Four subsurface samples (TPOl-08- 

01, TPOI-08-02, TP02-08-03/04, and TP02-08-05) were collected from these test pits. All test pit samples 

were analyzed for TAL metals and TCL volatile organics. 

Several subsurface soil samples were also collected during the supplemental investigations at Site 8. On 

September 29, 1998, one subsurface soil sample (SB-08-20) was collected from along the western side of 

the existing runway and analyzed for lead. The purpose of this sample was to determine if the lead 

contamination that had been observed in the surface soils in this area extended to the subsurface soils. 

On March 9, 1999, four subsurface soil samples (SB-08-21 through 88-08-24) were collected from the 

eastern side of the runway and analyzed for arsenic, lead, vanadium, and PAHs. 

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

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

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

using a hand auger. The physical characteristics of the soils were described and recorded based on visual 

observation and were screened for VOCs using PIDIFID equipment. None of the Site 8 subsurface soil 

borings or samples showed evidence of potential contamination (e.g., odors, stains, discolorations, or 

elevated field instrument readings). Boring logs are included in Appendix D of this report. 

UDOCUMENTS/NAW/I412/SITE8/O49002/SEC2 2-15 



All soil samples were preserved in coolers containing ice following sampling. Sample logsheets including 

sample identification, date and time of collection, analysis parameters, and other pertinent information 

were completed for each sample. 

2.2.8 Backnround Samplin!a 

2.2.8.1 Background Soil Sampling 

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

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

Figure 2-5. These samples were analyzed for TCL pesticides, PCBs, and TAL metals. Samples were not 

tested for TCL volatile organics or semivolatile organics because these substances were not considered to 

be naturally occurring or used for pest control/lawn maintenance purposes. 

As part of this report, analytical results have also been included for the eight background subsurface soil 

samples that were taken during the Area B hydrogeologic investigation (HNUS, 1995b). These samples 

were collected from the soil/bedrock interface during the drilling of monitoring wells in this area. Only those 

subsurface soil samples from background monitoring well locations or from locations clearly outside 

suspected source boundaries within Area B were included in the analytical database for background soils. At 

most locations, hollow-stem augers fitted with a center plug were advanced to near the soil/bedrock interface 

(as determined during the installation of well casings). The plug was withdrawn, and the samples were 

obtained with a standard 2-inch by 24-inch, stainless-steel, split-spoon sampler. One sample was obtained 

with a hand auger. All samples were tested for TCL volatile organics and TAL metals. Samples were 

collected at depths ranging from 2.5 to 9 feet. 

Analytical results were also incorporated for the background soil samples collected during the Site 4 (EUCA) 

field investigation (HNUS, 1995d) and the Site 6 removal action investigation (B&R Environmental, 1996b). 

Background soil samples obtained during the Phase Ii RI (HNUS, 1992) and the associated results have also 

been included in the analytical database for background soil concentrations. 

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

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

purposes and to compare background soil levels to site-related soil concentrations. 
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TABLE 2-2 
OCCURRENCE AND DISTRIBUTION OF ORGANICS AND INORGANICS IN BACKGRlOUND SOIL 

NAWC WARMINS’TER, PENNSYLWANIA 
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Arsenic 
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Cobalt 
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Mangmese 
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BG-23-D 

BG-24 

BG-25 

BG-23-D 

BG-12 
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14 
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43 
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51 
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51 
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12 

2 

Units are mgikg for morganlcs, ugikg for organlcs 

Number of sample results excludes rejected data or blank-quailfled data. Duplicates are consolidated Into one result 

The determlnabon of representabve concentrations IS based on comparison of maxlmum to the 95 % UCL. which IS presented in a separ 

Frequency of detectton refers to number of times compound was detected among all samoies versus total number of samples 

r.i-ii-ber of samples may vary based on the number of usable results 
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2.2.8.2 Background Stream Sampling 

For Site 8, surface water and sediment samples were collected in off-base locations (north of Area C) that 

were considered unaffected by past site-related activities These locations were used as the background 

sample set for Site 8 surface water and sediment data sets. 

The background stream sample locations included C8, CIO, and C13. These were collected farther 

downstream from Site 8 along a tributary of Little Neshaminy Creek. The three samples were in the same 

watershed as Site 8 and Area C. Also, these samples were taken in a relatively non-urban setting around 

Area C and were considered to be more representative of undisturbed surface water and sediment 

conditions. All other stream samples near Site 8 were considered to be potentially impacted by the site. 

No “true” upstream samples could be collected for Site 8. 

The background occurrence and distribution tables for surface water are shown in Table 2-3 (total 

inorganics) and Table 2-4 (dissolved inorganics). No organic contaminants were detected in background 

surface water for Site 8. Similar tables for sediment are displayed in Table 2-5 (inorganics) and Table 2-6 

(organics). 

2.2.9 Wetlands Assessment 

To supplement the Phase III RI, a wetlands assessment was performed in June 1994 to provide a 

qualitative appraisal of the plants and animals that could potentially be harmed by the inadvertent release 

of hazardous substances attributable to NAWC Warminster. As part of this assessment, the approximate 

wetland boundaries along the unnamed tributary of Little Neshaminy Creek downgradient from Site 8 were 

identified on United States Geologic Survey (USGS) maps. Plants and animals associated with these 

wetlands were identified and used to characterize the wetlands according to procedures found in the 

Classification of Wetlands and Deepwater Habitats of the United States (Cowardin, 1979). Wetlands were 

identified using the routine determination on-site inspection method (United States Army Corps of 

Engineers, 1987) including swamps, marshes, bogs, and similar areas. This method involves the use of 

USGS topographic maps, Soil Conservation Service soil surveys, aerial photographs, United States Fish 

and Wildlife Service National Wetlands Inventory (NWI) maps, and site-specific vegetation, soils, and 

hydrological information. 

The results of the wetlands assessment are provided in Section 3.6 of this report. These results were 

used, along with the Phase I RI biological characterization and the analytical results from surface water 

and sediment sampling, to help complete the ecological risk assessment for NAWC Warminster. The 

biological characterization was completed on a qualitative, descriptive level, and it did not involve sampling 

procedures for area biota. 
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OCCURRENCE AND DISTRIBUTION OF TOTAL INORGANICS IN SURFACE WATER IN BACKGROUND. SITE 6 

WARMINSTER, PENNSYLVANIA 

bm-) 

SUBSTANCE 

BARIUM 

MEAN 

155 

STATISTICAL 

DISTRIBUTION 

NONPARAMETRIC DIST 

IAL OVER LOGNORMAL 

NPARAMETRIC DIST 

CALCIUM II I 17100 1 NORN 

IRON 630 I NO 

BACKGROUND 

FREQUENCY OF 

DETECTION 

II 2 

21 2 

II I 

RANGE OF 

POSITIVE DETECTION’ 

60 

15900 - 18300 

630 

REPRESENTATIVE 

CONCENTRATlON 

60 

16300 

630 
1 

MAGNESIUM 6915 NONPARAMETRIC DIST 21 2 I 6590 - 7240 I 7240 

MANGANESE 67 NONPARAMETRIC DIST II 2 63 63 

POTASSIUM 1415 Np”lDIh*CT”IC IWCT .., .T I ,rm _ ,7no I 1700 

SODIUM 9470 NON~AWMC I WI, UK, I I 2, z I u-u” - 11w I 9960 

* = QUALIFIERS FOR DATA ARE PRESENTED IN DATA PRESENTATION TABLES 

Swsdoccbxls 4122199 254 PM 
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TABLE 2.4 

OCCURRENCE AND DISTRIBUTION OF DISSOLVED INORGANICS IN SURFACE WATER IN BACKGROUND -SITE 6 

WARMINSTER, PENNSYLVANIA 

W~L) 

STATISTICAL 

SUBSTANCE MEAN DISTRIBUTION 

BARIUM 56.2 NONPARAMETRIC DIST 

CALCIUM 17150 NONPARAMETRIC DIST 

MAGNESIUM 6920 NONPARAMETRIC DIST 

MANGANESE 49 NONPARAMETRIC DIST 

POTASSIUM 1300 NONPARAMETRIC DIST 

SODIUM 9465 NONPARAMETRIC DIST 

* = QUALIFIERS FOR DATA ARE PRESENTED IN DATA PRESENTATION TABLES 

BACKGROUND 

FREQUENCYOF 

DETECTION 

21 2 

21 2 

21 2 

21 2 

21 2 

21 2 

RANGE OF REPRESENTATIVE 

POSlTlVE DETECTION’ CONCENTRATION 

53 - 59.4 59.40 

15200 - 19100 19100 

6230 - 7610 7610.00 

25 - 73 73 

1290 - 1310 1310 

9440 - 9530 9530 
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OCCURRENCE AND DISTRIBUTION OF INORGANICS IN SEDIMENT IN BACKGROUND -SITE 8 

WARMINSTER, PENNSYLVANIA 

WwlW 

I BACKGROUND 

I STATISTICAL I FREQUENCY OF I RANGE OF 1 REPRESENTATIVE 
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2.2.10 Survevinq 

Surveying was conducted as part of the Phase Ill RI in order to determine the exact location of the grids 

used for the soil gas survey and to better locate soil sample locations. At least two corners of each survey 

grid were surveyed for horizontal location or tied into existing site structures (including existing surveyed 

monitoring well locations) to provide reference points for locating the entire grid. 

The horizontal survey utilized survey traverse control established in 1985, 1986, and 1987 during aerial 

mapping of the entire base and field survey location of all utilities. All coordinates are based on the 

Pennsylvania State Plane Coordinate System (South Zone, 1927 Datum). The error of closure of all 

horizontal survey work is better than 1 part in 10,000. All elevations are based on the North American 

Vertical Datum of 1929. 

To determine the survey locations, three horizontal traverses, which began and ended on property corner 

monuments, were conducted. At least three corner monuments were tied on each traverse. All three 

traverses closed relative to the Survey Map entitled “Survey Map, U.S. Naval Air Development Center, 

Warminster Township, Bucks County, Pennsylvania” with a tolerance better than the proposed standard of 

1 part in 10,000. Tabulated survey data from Phase III are provided in Appendix E. 

2.3 ANALYTICAL PROCEDURES AND DATA VALIDATION 

2.3.1 Analytical Procedures 

During Phase I, samples were analyzed as specified by EPA’s Test Methods for Evaluating Solid Waste, 

Physical/Chemical Methods, SW-846, Third Edition, Samples were analyzed for TCL VOCs, TCL SVOCs, 

TCL pesticides/PCBs, and TAL metals. Samples analyzed for TAL metals were not filtered. Data 

packages were submitted under Naval Energy and Environmental Support Activity (NEESA) Level C 

requirements. 

For Phase II, a subcontracted NEESA-approved laboratory analyzed aqueous and solid matrix samples 

collected at NAWC Warminster for full TCL organics, TAL inorganics, cyanide, total petroleum 

hydrocarbons (TPH), benzene, toluene, ethylbenzene, and xylenes (BTEX), and a variety of physical- 

chemical parameters (e.g., hardness, alkalinity, total suspended solids, chlorides, grain size). Data 

packages were submitted under NEESA Level D requirements. 
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During Phase Ill, several laboratories analyzed aqueous and solid matrix samples for full TCL organics, 

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

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

Engineering Service Center (NFESC) Level D requirements. 

For the supplemental Site 8 investigations, some data packages were submitted under reduced 

requirements for laboratory deliverables, particularly for quick-turnaround metal results associated with the 

post-removal verification sampling. 

Section 2.4 summarizes the number of samples collected during the Site 8 investigations and provides 

information regarding the laboratory analyses performed on these samples. The complete analytical 

database is presented in Appendix A to this report. 

2.3.2 Data Validation 

Most of the Site 8 analytical data were fully validated as part of the scope of RI work. Some data were 

only reviewed for false positives and false negatives. The data validation process served three basic 

functions: 

. An independent quality assurance check of the truthfulness of laboratory results. 

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

noncompliances to the data. 

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

and limitations of the data. 

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

to applicable and relevant quality control criteria, including 

. EPA’s National Functional Guidelines for Evaluating Laboratory Analyses 

. Method-specific quality control criteria 

. Navy-specified technical guidelines 

. TtNUS data validation formats and standard operating procedures 

2-25 



TABLE 2-7. 
SUMMARY OF ANALYTICAL PARAMETERS 

PHASE III RI 

MEDIA 

Surface Water 

Soil, Sediment, and 
Waste 

ANALYSIS 

TCL volatile organics 

TCL semivolatile organics 

TAL metals 

Cyanide 

TCL pesticides/PCBs 

TCL volatile organics 

TCL semivolatile organics 

Cyanide 

TCL pesticides/PCBs 

TAL metals 

Dioxins/Furans 

Hexavalent Chromium 

Total Organic Carbon 

Total Solids 

Grain Size 

METHOD CRQUCRDL 

CLP SOW OLMO I .8 and OLMO 1.9 IO ugll 

CLP SOW OLMO 1.8 and OLMO 1.9 10 to 25 ug/l 

CLP SOW ILMO 2.1 0.2 to 5000 ugll 

CLP SOW ILMO 2.1 IO ugll 

CLP SOW OLMO 1.8 and OLMO 1.9 0.05 to 5.0 ugll 

CLP SOW OLMO 1.8 and OLMO 10 uglkg . 
1.9 ! 

CLP SOW OLMO 1.8 and OLMO 330 to 830 uglkg 
1.9 

CLP SOW ILMO 2.1 2 mglkg 

CLP SOW OLMO 1.8 and OLMO 1.7 to 170 uglkg 
1.9 

CLP SOW ILMO 2.1 0.1 to 1000 mg/kg 

CLP SOW DFLMO 1.1 1 .O - 5.0 ug/kg 

SW-846 - 306017197 1 .O mglkg 

SW-846 - 9060A and EPA 5 mglkg 
Method 415.1 

EPA Method 160.3 NA 

ASTM 421-85/D422-63 NA 
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Organic data were evaluated based on 
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Matrix spike/matrix spike duplicate results 

Field duplicate precision (when applicable) 

Compound detection limits 

Compound identification 

Compound quantitation 

Tentatively Identified Compound (TIC) evaluation (when applicable) 

Inorganic data were evaluated on the basis of 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Data completeness 

Holding times 

Initial and continuing calibrations 

Contract-required detection limit (CRDL) standard analyses 

Laboratory and field blank analyses (when applicable) 

Matrix spike results 

Laboratory control sample results and duplicate analyses 

Field duplicate precision (when applicable) 

Inductively Coupled Plasma (ICP) interference check sample results 

ICP serial dilution analyses 

Furnace atomic absorption results 

Analyte detection limits 

Analyte quantitation 

Data validation reports were generated from these results and conclusions drawn from the validation 

process described above. The specific format of the data validation report varies with the applicable 

protocol, but all reports address the following: 
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. Explanation of the findings of the data evaluation process, giving interpretations of actions 

taken on the data and limits of data usability. 

. Presentation of the qualified analytical results. 

. A validation worksheet and/or support documentation section depicting the problem areas 

and noncompliances addressed in the data validation memoranda and supporting the 

validation actions taken. 

The formal data validation process and the supporting documentation is essential for the ifollowing 

reasons: 

. To ensure the accuracy and integrity of the analytical data 

. To ensure the defensibility of the data 

0 To provide a platform from which remediation/risk assessment issues can be addressed 

2.4 SAMPLE COLLECTION AND ANALYTICAL TESTING PROGRAM 

This section summarizes the number of samples collected at Site 8 during the Phase III RI (or to support 

the Phase Ill RI report) and provides information regarding the types of laboratory analyses performed on 

these samples. These numbers do not reflect field Quality Assurance/Quality Control (QNQC) samples 

and laboratory QNQC samples such as matrix spikes, matrix spike duplicates, and sample duplicates. 

Table 2-8 summarizes the number of surface soil samples taken during RI work at Site 8. A total of 49 

site-related surface soil samples and 13 background surface soil samples were collected. A majority of 

these samples were collected during the Phase III RI. Table 2-8 also displays similar information for 

subsurface soil samples, including those obtained through soil borings and test pits. A total of 29 site- 

related subsurface soil samples and 16 background subsurface soil samples were obtained. 

Tables 2-9 summarizes the number of surface water and sediment samples obtained during RI work. Most 

of these samples were taken as part of Phase III RI field activities. Background surface water and 

sediment samples are reflected in these tables. 
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TABLE 2-8 
SOIL ANALYTICAL TESTING SUMMARY FOR SITE 8 

NAWC WARMINSTER, PENNSYLVANIA 

PARAMETER 
SITE 8 SITE 8 BACKGROUND 

SURFACE SOIL SUBSURFACE SOIL SURFACE SOIL2 SUBSURFACE SOIL4 

Total Samples1 493 283 133 I63 

TCL Volatile Organics 15 14 13 16 

TCL Semivolatile Organics 19 23 13 8 

TCL Pesticides/PCBs 16 7 13 8 

TAL Metals 46 28 13 16 

Cyanide 11 2 13 10 

Dioxin 13 4 0 0 

Hexavalent Chromium 0 0 0 0 

7 Number of samples does not include QAIQC samples (e.g., duplicates). 

2 Background samples were collected within 2 feet of the ground surface. 

3 Includes samples collected during previous RI phases. 

4 Background samples were collected at depths greater than 3 feet from the ground surface. 



TABLE 2-9 
SURFACE WATER AND SEDIMENT ANALYTICAL TESTING SUMMARY FOR SITE 8 

NAWC WARMINSTER, PENNSYLVANIA 

PARAMETER SITE 8 SITE 8 BACKGROUND 
SURFACE WATER SEDIMENT SURFACE SEDIMENT 

WATER 

Total Samples1 1 3 3 3 

TCL Volatile Organics 1 3 3 3 

TCL Semivolatile Organics 1 3 3 3 

TCL PCBs/Pesticides 1 3 3 3 

TAL Metals and Cyanide - Total2 12 3 3 3 

TAL Metals and Cyanide - Dissolved2 0 3 

’ Number of samples does not include QAlQC samples (e.g., duplicates). 

’ Samples were not analyzed for cyanide during Phase I and Phase II. 
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3.0 PHYSICAL CHARACTERISTICS 

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

years. A number of these studies, including JRB Associates (1981 and 1983) Slot0 and Davis (1983) 

Satterthwaite (1984) and Earth Technology Corporation (1985) have provided information on local surface 

features, soils, meteorology, surface water hydrology, demography and land use, and hydrogeology. 

A description of the physical characteristics of NAWC Warminster has been prepared on the basis of 

published information, reports of previous site studies, and information obtained and interpreted during the 

course of the RI. Section 3.0 provides a brief, general overview of the overall physical characteristics of the 

facility and specific physical characteristics for both Area C and Site 8. 

3.1 METEOROLOGY 

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

between an average of 76’F (24.&C) in July and 32’F (O’C) in January. The average daily temperature for 

the NAWC location is 53.3’F (11.8’C). Precipitation averages 42.5 inches per year (106.25 cm per year), 

and snowfall averages 22 inches per year (55 cm per year). The distribution of precipitation is fairly even 

throughout the year. The relative humidity for the site averages 70 percent. The mean wind speed for this 

area is 9.6 mph with a prevailing direction of west-southwest (NAWC Warminster Emergency Response 

Plan, August 13, 1990). 

3.2 SURFACE WATER HYDROLOGY AND TOPOGRAPHY 

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

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

percent of the facility (including Areas A and C) drains toward the north through several swales and storm 

sewers into small unnamed tributaries of Little Neshaminy Creek. The southern 35 percent of the facility 

(including Area B) drains toward the south to the headwaters of Southampton Creek, a tributary of 

Pennypack Creek. Both local drainage basins lie within the regional drainage basin of the Delaware River. 

Various studies conducted on the site have revealed that no areas within NAWC Warminster are included in 

the loo-year or 500-year floodplain. 

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

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

slopes away from the main runway to the north, precluding surface water flow onto Area C from surrounding 

properties. Slopes range from nearly level to eight percent and average three to five percent. ‘The slope 
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across Site 8 is approximately two percent. The surface elevation of Site 8 ranges from a high of 

approximately 335 feet mean sea level (msl) to low of approximately 310 feet (msl). 

--- 

Site 8 is drained primarily by a concrete swale located about 100 feet northwest of the runway extension. 

The swale discharges directly to an intermittent stream through a culvert beneath Kirk Road north of the site 

(Figure 1-3). The intermittent stream is channelized and flows to the north approximately 750 feet until it 

joins with an unnamed tributary of Little Neshaminy Creek. The intermittent stream was dry during base flow 

conditions observed during Phase I sampling. During Phases II and III, there was no surface water flow 

within the intermittent stream; however, pools of standing water were evident within the channel. This 

indicates that most surface water flow in this stream takes place during and shortly after precipitation. 

The unnamed tributary of Little Neshaminy Creek begins in Munro Park north of Area C, flows north under 

Jacksonville Road, through lvyland Borough, and under Bristol Road, where it joins a smaller tributary that 

begins near Jacksonville Road on the northwestern side of the base (i.e., Area A). This tributary is about 2 

feet wide and 2 to 3 inches deep, with sand and gravel bottom sediments. A fringe of trees up to 100 feet 

wide is often found along the stream as it flows toward the north. 

3.3 SOILS 

According to the Soil Survev of Bucks and Philadelphia Counties, Pennsvlvania (United States Department 

of Agriculture, Soil Conservation Service, 1975), Site 8 is underlain by Urban land Lansdale Complex soils, 

0 to 8 percent slopes. 

Urban land occurs in highly developed areas where urban structures and works cover so much of the land 

type that identification of the soils is not practical. Most areas have been graded, and the original soil 

material has been disturbed, filled over, or otherwise altered prior to construction. As a consequence of 

these activities, the soil and foundation materials may be highly variable. Urban land Lansdale complex 

consists of approximately 60 percent urban land, 35 percent Lansdale soils, and five percent other soils. 

Also included are some areas of various types of fill material. This complex has good drainage and is nearly 

level to gently sloping. 

The soil thickness at Site 8 ranged from 7 to IO feet. These values were obtained from soil borings installed 

at Site 8. The soils encountered in these borings were generally described as brown to reddish-brown silty 

clay to clayey silt. 

_- 
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/---- 3.4 GEOLOGY 

3.4.1 Regional Geology 

NAWC Warminster is located in the Piedmont physiographic province, and Triassic Lowlands section of 

southeastern Pennsylvania. The province is extensive and gently undulating and generally slopes to the 

southeast. The land forms have been modified by erosion to form moderate slopes and gently rounded hills 

with a dendritic drainage pattern. 

The bedrock underlying NAWC Warminster belongs to the late Triassic age Stockton Formation. The 

Stockton Formation is unconformably underlain by basement rocks of Ordovician to Precambrian age that 

crop out approximately 2 miles south of the facility. The Stockton Formation is conformably overlain by the 

shale- and argillite-rich Lockatong Formation, also of late Triassic age, that outcrops approximately 2.5 

miles north of the facility. 

.- 

Within the general area surrounding NAWC Warminster, the beds of the Stockton are reported to strike to 

the northeast and dip from 7 to 16 degrees to the northwest, with an average regional dip of about 12 

degrees (Rima, et al., 1962). Based on its outcrop width and this regional dip, the Stockton Formation is 

estimated to be approximately 2,200 feet thick beneath NAWC Warminster. 

The Stockton Formation is extensively faulted by small displacement normal faults and is cut by well- 

developed joint systems. The joint sets occur in a discernible and predictable pattern. The most frequently 

occurring joint sets trend perpendicular and parallel to the strike of the bedding. Another commonly 

occurring joint set trends to the northwest at an angle of about 50 degrees from strike (Rima, et al., 1962). 

The Stockton Formation is composed of fine- to coarse-grained arkosic sandstone and conglomerate 

interbedded with shale and siltstone. These rocks are interpreted to have been deposited by coalescing 

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

Throughout the Stockton Formation, units of varying lithology are irregularly interbedded, with coarse- 

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

with overlying or underlying beds over lateral distances greater than several hundred feet (Rima, et al., 

1962). 

The Stockton Formation is divided into the lower arkose, middle arkose, and upper shale members. 

Detailed geologic mapping of these three members is not available within Bucks County. However, 

projections from geologic maps for the area 1 mile west of the NAWC Warminster indicate that the facility is 

underlain by the middle arkose member of the Stockton Formation (Rima, et al., 1962). 
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The middle arkose member of the Stockton Formation consists of beds of fine- and medium-grained arkosic 

sandstone with interbedded red shale, siltstone, and very fine-grained red sandstone and a few beds of 

coarse-grained arkose. Beds of shale and siltstone are more common in the upper portion of the member, 

and coarser-grained units are more common in the lower portion. Many of the beds in the middle arkose 

member are well sorted and weakly cemented, which creates a relatively high porosity compared to the 

lower and upper members (Rima, et al., 1962). The thickness of the middle arkose member beneath 

NAWC Warminster is unknown but is estimated to range from approximately 500 feet thick near the 

southeastern boundary of the facility to about 1,500 to 2,000 feet thick near the northwestern boundary. 

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

to outcrop approximately 2,000 feet or more southeast of the base. The lower arkose member is dominated 

by coarse-grained arkosic sandstone and conglomerate. Beds of medium-grained arkosic sandstone are 

common, though less abundant than the coarser-grained units. The lower arkose member is estimated to 

be approximately 1,700 to 1,800 feet thick in the vicinity of NAWC Warminster (Rima, et al., 1962). 

The upper shale member of the Stockton Formation is not present in the vicinity of the base, but it overlies 

the middle arkose member several miles northwest of the facility. The upper shale member consists of 

shale, siltstone, and fine-grained arkosic sandstone. The sandstone is most common in the lower portion of 

this member. 

3.4.2 Geolonv of Site 8 

The geology within Site 8 consists of a thin veneer of residual soils overlying the sedimentary bedrock of the 

Stockton Formation. The soils primarily consist of silt and clay with some rock fragments and extend to an 

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

competent bedrock is gradational due to the effects of weathering on the bedrock surface. 

The bedrock beneath Site 8 consists of alternating sequences of predominantly gray and brown, fine- 

grained arkosic sandstone and red-brown siltstone and mudstone. Individual beds or defined sequences of 

rock units of predominantly one lithologic type range in thickness from a few feet to approximately 50 feet 

across the area. Major lithologic sequences can be traced over significant portions of this area, although 

the thinner beds are often difficult to correlate and may pinch out over distances of several hundred feet. 

Within Area C, a bedrock strike of north 70 degrees east and a dip of 9 degrees to the northwest were 

measured based on correlations between geophysical logs from selected well borings. The dip of the rock 

units is similar to the overall topographic slope of the ground surface within Area C. Fractures were 
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encountered at various depths in each well boring. Both the coarser-grained sandstone units and the fine- 

grained siltstones and mudstones were fractured to varying degrees. No generalizations regarding the 

frequency of fracturing relative to rock type were identified. Both cross-cutting fractures and bedding-plane 

fractures were identified through the interpretation of drilling and geophysical logs and borehole camera 

tapes. 

More detailed information on the geology and hydrogeology of Area C is presented in the RI report for OU3 

(HNUS, 1994b). 

3.5 HYDROGEOLOGY 

3.51 Renionai Hvdroweolonv 

The fractured bedrock of the Stockton Formation is the major source of groundwater in the vicinity of NAWC 

Warminster. The middle arkose member of the Stockton Formation is considered to be the most productive 

bedrock aquifer in Bucks County. 

Within the water-bearing zones in the fine- and medium-grained sandstones of the Stockton Formation, 

groundwater is transmitted chiefly through fractures, joints, and bedding planes (secondary permeability and 

porosity). Primary porosity is generally minimal in these rock units. The shale and siltstone beds are 

commonly too fine grained to transmit large amounts of groundwater through primary porosity, and the 

fractures are typically not as well developed compared to the coarser-grained units. Consequently, the 

shale and siltstone beds often act as confining layers to groundwater. The bulk of the groundwater is 

transmitted through the fractures and, to a lesser extent, the primary porosity of the sandstones. 

The Stockton Formation in the vicinity of NAWC Warminster forms a complex, multi-aquifer system. The 

individual water-bearing zones of the Stockton Formation may belong to one of three different aquifer types 

which, in descending subsurface order, include 

. Overburden (weathered bedrock) aquifer 

. Shallow bedrock aquifer 

. Deeper bedrock aquifer 

The overburden aquifer consists of soil and saprolite (weathered bedrock) derived from the erosion of the 

truncated edges of the inclined bedrock layers. The overburden aquifer (where present) generally extends 

to an average depth of about 20 feet. 
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The shallow bedrock aquifer may extend to depths of about 75 to 120 feet below the gco~~d surface. The 

shallow bedrock aquifer is recharged by vertical percolation through the overburden and is the primary 

reservoir for groundwater storage in the Stockton Formation. The shallow bedrock aquifer occurs within the 

weathered and unweathered shallow bedrock and is generally under water-table or unconfined conditions. 

The shallow bedrock aquifer may consist of numerous discrete water-bearing fracture zones. Horizontal 

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

pumping) is significant in the shallow bedrock aquifer. 

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

about 75 to 120 feet below the ground surface. Water within the deeper bedrock oglers under semi- 

confined or confined conditions. Leakage from one water-bearing unit to another occurs when there is a 

difference in the hydraulic head between the units. Groundwater flow is from the unit with a higher hydraulic 

head to the unit with a lower hydraulic head and can be either upward or downward. Pumping effects may 

either amplify or reduce the leakage rate, depending on whether the pumping increases or decreases the 

difference in hydraulic head. 

Groundwater flow directions within the Stockton Formation are variable and are controlled by topography, 

bedrock structure, and the locations of groundwater discharge points such as streams and wells. 

Hvdroweoloclv of Site 8 

Groundwater within Site 8 is primarily encountered within the bedrock of the Stockton Formation. Saturated 

conditions have generally not been encountered in the overlying residual soils at Site 8. The groundwater 

occurrence and movement within the bedrock are primarily through the secondary porosity created by the 

extensive fracture network. Some minor primary porosity also contributes to the system, especially in the 

sandstone units. In general, the coarser-grained units yield more water than the finer-grained units, 

although significant water-yielding fractures were encountered in all lithologies. 

The groundwater flow direction in the shallow bedrock (to a depth of approximately 100 feet) across Area C 

and Site 8 is slightly west of due north, with an average horizontal gradient of 0.03. The flow direction and 

gradient are similar to the slope of the ground surface. The groundwater flow direction is subparallel to the 

bedrock dip direction and is in the direction of overall surface water drainage towards an unnamed tributary 

of Neshaminy Creek. 

Deeper groundwater flow directions (below about 120 feet) across the study area generally trend to the 

north-northeast. There is a marked upward vertical gradient between the deeper and shallower portions of 

the bedrock aquifer. Hydraulic head differences of more than 15 feet have been measured at some well 
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cluster locations. Some of the deep wells are flowing artesian wells. The confined conditions are 

apparently created by the presence of a thick, predominantly fine-grained, inter-bedded mudstone and 

sandstone unit. Wells installed directly below this rock unit exhibit much higher hydraulic heads than 

adjacent shallower wells installed above the rock unit. 

3.6 ECOLOGY 

Openland, woodland, and wetland habitats are all found within or near the facility. These include mowed 

fields and lawns, nonforested overgrown land, wooded areas, forested wetlands, scrub/shrub wetlands, and 

streams and their adjacent riparian areas. There are no known critical habitats of endangered species 

located within 1 mile of the facility (NUS, 1985). 

A relatively large forested area borders the perennial stream north of Area C. This undisturbed forested 

area extends back along the stream to Kirk Road near Site 4, and this contiguous wooded area offers the 

most secluded and physically diverse habitat observed during the Phase I biological characterization (SMC 

Martin, 1991). Snails, earthworms, and amphipods are common in sediments and leaf packs from 

downstream portions of Area C, as are small numbers of mayfly larvae. In addition to sightings of various 

songbirds, signs of rabbits, raccoons, and white-tailed deer are also found in the downstream portion of this 

area. 

The wetlands assessment conducted during Phase III (HNUS, 1994c) classified a wetland along the 

unnamed tributary to little Neshaminy Creek near Munro Park as primarily palustrine, forested, broad-leaved 

deciduous, temporary (PFOIA) (Figure 3-l). The stream was 2 feet wide and 3 inches deep and was 

characterized by a sandy mud bottom. The banks were 4 to 6 feet high. Mature green ash, silver maple, 

box elder, black cherry, and black walnut shade the banks. A dense sub-canopy is dominated by black 

cherry and green ash saplings and spicebush. The herbaceous layer was very lush and dominated by 

jewelweed, poison ivy, and jack-in-the-pulpit. 

The soil at the bottom of the bank near this stream was hydric, with saturated conditions located at the 

surface and standing water 8 inches in depth. The wetlands did not extend into the floodplain. 

The stream begins and flows through Munro Park parallel to and approximately 200 to 300 feet from the 

base property boundary. The upland forest associated with the stream provides excellent habitat for a large 

variety of wildlife. Birds were observed throughout this area, including wood thrush, tufted titmouse, black- 

capped chickadee, European starling, common crow, house sparrow, gray catbird, common yellowthroat, 
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American robin, chimney swift, common grackle, turkey vulture, blue jay, and downy woodpecker. 

Unidentified fish up to 3 inches long were observed in the stream north of Area C. Crawfish and aquatic 

insect larvae were also seen in this stream. 

This portion of the stream is one of two points that are the closest surface water to the base and is Iprobably 

fed by a combination of rainfall (watershed runoff), stormwater runoff from roads, and groundwater. Urban 

impacts from residential septic tanks, lawn runoff (pesticides and fertilizers), and industrial runloff from 

parking lots and storage facilities are minimal upstream of this point. No fish kills, stressed vegetation, or 

other evidence of pollution or contaminated water were observed anywhere along this stream. 

Farther downstream, the tributary was 2 feet wide and 3 inches deep and characterized by a sandy, mud 

bottom (Point 8). The banks were 2 feet high. The (NWl) map indicated that the streambed and banks 

were classified as PFOIA. The stream flows through small woodlots and an old subdivision with mature 

silver maple and green ash shading the banks. The wetlands did not extend into the floodplain. Aerial 

photographs indicated that the fringe of trees bordering the stream was established before 1942 (EPA, 

1994). 

3.7 GROUNDWATER USE 
.F- 

Residents near Site 8 rely entirely on groundwater sources for their water supply. Approximately 15 

domestic wells are located within 1,000 feet of Area C and one municipal well (WMA No. 13) for the 

Warminster Municipal Authority (WMA) is within 1,500 feet north of Site 8. The majority of these people are 

served by municipal water authorities, and the remainder utilize private domestic wells. 

Well No. 13 is a lo-inch-diameter well that is 601 feet deep. It is cased to a depth of 80 feet below the 

ground surface and pumps at an average rate of 85 gallons per minute (gpm). The average daily 

withdrawal rate is 68,000 gallons. The intermittent, unnamed tributary of Little Neshaminy Creek is located 

between Site 8 and Well No. 13. This creek is not expected to act as a buffer between the base and this 

well, given the stream’s small size and the well’s depth and pumping rate. 

Most of the domestic wells immediately north of Site 8 were decommissioned when public water 

connections were made along Kirk Road and Newtown Road as part of the OU-2 removal action. There are 

approximately 35 domestic wells and one municipal well within 3,200 feet of Area C at this time. The 

nearest well currently providing domestic well water is about 1,900 feet north of Site 8. 
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The wetlands assessment concluded that the stream and wetlands near Site 8 appear to be fairly healthy. 

No evidence of pollution, fish kills, or stressed vegetation was observed. Urban trash and litter (tires, 

boards, bottles, cans, paper, plastic) were common. 
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4.0 NATURE AND EXTENT OF CONTAMINATION 

4.1 INTRODUCTION 

The nature and extent of environmental contamination at Site 8 are discussed in this section. The 

discussion summarizes the distribution and concentration of contaminants detected in site soils before and 

after the February 1999 removal action, as well as in nearby surface water and sediment. The validated 

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

complete analytical database is included within Appendix A. 

4.2 GEOPHYSICAL SURVEY RESULTS 

An electromagnetic (EM) geophysical survey of the Site 8 area was conducted during the Phase I RI. The 

survey revealed a large positive anomaly, 60 umho/m above background (Figure 4-l). There were no 

indications of large buried metallic objects in the Site 8 survey area. The magnitude of the positive anomaly 

found at this site was unusual in the absence of metallic objects. This area was originally suspected to 

contain either disseminated metal, which would probably be highly oxidized, or a bedrock pinnacle. 

The station spacing and profile line spacing used during the Phase I RI EM survey of Site 8 were too large 

to resolve anomalies on a scale of approximately 25 to 50 feet or less. However, the nature of the problem 

at the site did not warrant the use of a smaller scale 

4.3 SOIL GAS SURVEY RESULTS 

Soil gas surveys were performed as part of Phase I and Phase III RI work. The Phase I soil gas survey 

results for Site 8 are shown on Figure 4-l. The soil gas survey indicated VOC concentrations of 52 and 162 

mg/l or ppm at two survey points immediately adjacent to the mock-up airplane used for fire-fighting training. 

Slightly elevated VOC levels (2 ppm) were detected in the soil gas along the routes of surface drainage 

leading from the training area to the stormwater culvert located north of the abandoned runway. 

The Phase I soil gas survey indicated that VOCs were present at levels less than 1 ppm along all three 

sides of the abandoned runway. The source of these VOCs may have been the former berm soils that were 

regraded around the edges of the runway or runoff containing residual fuel. 

During the Phase III soil gas survey (Figures 4-2, 4-3, and 4-4) no clear pattern of sulbsutface 

contamination was identified based on the soil gas results. The Phase III soil gas survey results are 

presented in Appendix B. Most soil gas samples contained non-detects. A few scattered positive soil gas 
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detections were found, including BTEX (benzene, toluene, ethyl benzene, and xylene) compounds and 2- 

butanone, which were found at three soil gas locations at concentrations ranging from 1.2 to 4.6 ug/l or ppb. 

Two of these locations were located east of the former runway area. No samples showed the presence of 

PCE, which is the primary chemical found in Area C groundwater. 

4.4 SURFACE SOIL RESULTS 

Following the majority of Phase III RI work at Site 8, additional surface and subsurface soil sampling and 

analysis were conducted west and east of the runway extension to better delineate an area of elevated lead 

concentrations. This sampling led to a removal action for the site. The nature and extent of sunface soil 

contamination at Site 8 are discussed in two parts. Surface soils were defined as those generally within 2 

feet of the ground surface. The average depth of the Site 8 surface soil samples was between 6 and 30 

inches, after accounting for the topsoil layer. The pm-removal results describe the occurrence and 

distribution of contaminants before the removal action was conducted; the post-removal results reflect the 

current nature and extent of contamination at the site. Appendix A-2 displays the Site 8 surface soil results 

for organics and inorganics. 

4.4.1 Pre-Removal Results 
rpr, i 

A total of 30 surface soil samples (including four duplicate samples) were collected in the vicinity of Site 8 

during Phases II and III of the RI (Figure 2-3). Twenty-six additional surface soil samples (including three 

duplicates) were collected during subsequent investigations. Three VOCs, methylene chloride, PCE, and 

toluene, were detected in these samples. Methylene chloride was detected at 7J ug/kg in two samples on 

the western side of the runway adjacent to EPIC features P2, P3, and P4. Toluene was founfd in five 

samples at low levels (2 to 3 ug/kg). Four of these samples were adjacent to or downgradient of P2 through 

P5 on the western side of the runway, and the other sample was collected in the northeastern comer of the 

runway. PCE was detected at 35 ug/kg in the sample collected at the northeastern corner of the runway. 

VOC levels at this sample location could be attributable to past contamination from the standing liquid area 

located at the end of the runway or to past fuel spills located in this area. 

,r,- 

Several semivolatile organics, including, PAHs, phthalates, 1,4-dichlorobenzene, and pentachlorophenol 

(PCP), were detected in surface soil samples collected at Site 8. The PAHs were detected in a majority of 

the samples on the western side of the runway in a line beginning adjacent to structure Sl and running 

north along the abandoned runway to samples collected downgradient of EPIC feature P5. PAHs were also 

found at all the sampling locations on the eastern side of the runway at equal or lower levels than samples 

collected on the western. PAHs are generally associated with incomplete combustion of materials or runoff 

from asphalt. PAHs present in surface soil samples at Site 8 are generally downgradient of the historic burn 

pits and may have migrated to these locations via overland flow. 
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Phthalates, including bis(2-ethylhexyl)-, butyl benzyl-, and di-n-butyl-, were detected in a sample adjacent to 

EPIC features P2, P3, and P4 on the western side of the runway and di-n-butyl phthalate was detected in 

the sample adjacent to P2, P3, and P4 on the eastern side. The phthalate concentrations ranged from 50 to 

1,750 ug/kg. 1,4-Dichlorobenzene was detected once on the western side of the runway downgradient from 

P2 through P5. PCP was detected in one surface soil sample collected on the eastern side of the runway. 

These semivolatile organics may be present due to combustion of materials in the historic bum pits or from 

the leakage of materials from the building structure (S’l). 

Aroclor 1254 was detected in five samples at Site 8, four on the western side of runway and one on the 

eastern side. The four samples on the. western side had concentrations ranging from 13 J to 120 us/kg. 

The higher concentrations were more than two times the background concentration of Aroclor 1254. 

Several pesticides, including aldrin, alpha-chlordane, dieldrin, endrin, endrin ketone, and gamma-chlordane, 

were detected on the western and eastern sides of the runway but not in background samples. PCBs may 

be present downgradient of the building and burn pits as a result of historical storage or burning practices at 

the site. Pesticides may be present via past applications of pesticides around Site 8 or historical practices of 

storage or burning at Site 8. 

Two dioxins and three furans were detected in surface soil samples collected in the vicinity of the site. At 

least one dioxin or furan was detected in all 13 samples analyzed. OCDD and 1,2,3,4,6,7,8-HPCDD were 

the congeners detected at the highest concentrations, 22J and 3.4J ug/kg, respectively (samples SS-O8- 

lO/SS-08-11) located on the eastern side of the runway. Other dioxins and furans were detected at 

locations downgradient of the building structure and at EPIC features PI through P5. Dioxins and furans 

may be related to impurities associated with pesticides or PCBs, which were also detected in the vicinity of 

Site 8. 

Among the surface soil inorganic results, arsenic, beryllium, cadmium, copper, lead, manganese, mercury, 

selenium, and zinc results were elevated above background levels. The highest inorganic results were 

collected at sample locations SS-08-12 and SS-08-18, which are on the western side of the runway, and at 

sample location SS-08-I 0111, which is on the eastern side. The highest lead concentrations were detected 

in samples SS-08-I 2 (I 000 ug/kg), SS-08-I 3 (759 ug/kg), SS-08-21 (3130 ug/kg), SS-08-22 (1560 ug/kg), 

and SS-08-23/27 (2020 ug/kg). These sample locations are all in a narrow strip on the western side of the 

runway. These samples also contained the highest arsenic concentrations, up to 33.4 ug/kg (SS-08-12). 

The source of the elevated metals is unknown; however, they may be associated with the past storage, 

handling, or burning of materials in this area. 

Two surface soil samples were analyzed for total petroleum hydrocarbons (TPHs) during Phase II. 

Concentrations of 60 and 200 mg/kg were found in these samples. 

UDOCUMENTS/NAWI1412/SITE8/049002/SEC4 
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Two surface soil samples, SS-08-28/29 and SS-08-30, were collected from the drainage pathway tlhat starts 

approximately 100 feet north of the end of the abandoned runway and leads off-base. These samples were 

analyzed for TAL metals. No metals were detected at concentrations exceeding background 

concentrations. 

,a---. I, 

Figure 4-5 shows those contaminant concentrations that exceeded both the highest background 

concentration for that contaminant and any one of the screening criteria shown in Table 4-l. Table 4-2 

summarizes the occurrence and distribution of Site 8 contaminants before the removal actjon was 

performed. Lead concentrations exceeded screening criteria in six samples. These samples were all 

collected from a narrow strip off the western edge of the runway. Two other metals, arsenic and vanadium, 

exceeded screening criteria. Arsenic exceeded the criteria in samples SS-08-12, SS-08-16, and SS-08-21; 

vanadium exceeded the criteria in sample SS-08-12. These samples were collected off the western edge 

of the runway. Low levels of dioxinsWans exceeding screening criteria were detected on the eastern side 

of Site 8 (sample SS-08-lO/SS-08-I 1). The only other organic compounds found at concentrations above 

screening levels were benzo(a)pyrene, benz(a)anthracene, benzo(b)fluoranthene,, and 

dibenz(a,h)anthracene. The highest PAH concentrations were along the drainage pathway on the western 

side of the site and near structure Sl. 

Based on the use of petroleum-related products at the site, tentatively identified compounds (TICS) 

associated with both volatile and semivolatile organic compounds were reported during laboratory analyses. 

The TIC data for surface soils are included in Appendix F. These data demonstrate the presence of 

aliphatic hydrocarbons and alkenes in surface soils, primarily in the SVOC fraction. However, the Uevels of 

TICS detected are not indicative of significant contamination by petroleum-derived products. 

. 

4.4.2 Post-Removal Results 

In February 1999, approximately 675 tons of contaminated surface soils were removed from an area along 

the western side of the runway extension in which lead and arsenic concentrations were encountered above 

screening criteria. The excavation measured 131 feet in length, 20 feet in width, and 2 to 2.5 feet in depth. 

This area encompassed sample locations SS-08-12, SS-08-13, SS-08-21, SS-08-22, and SS-013-23/27. 

The lead concentrations in these samples ranged from 759 mg/kg to 3139 mg/kg; the arsenic 

concentrations ranged from 10.6 mg/kg to 33.4 mg/kg. 

Seventeen verification samples (including two duplicates) were collected from the bottoms and sides of the 

removal excavation and analyzed for lead and arsenic. Lead was the only contaminant for which a clean-up 
Ppq 
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TABLE 4-2 

OCCURRENCE AND DISTRIBUTION OF ORGANICS AND INORGANICS IN SITE 8 SURFACE SOIL (PRE-REMOVAL) 
NAWC WARMINSTER, PENNSYLVANIA 

OCOD 
OCDF 

Aluminum 

Arse"lC 

Banum 

Chromium 

Cobalt 

copper 

IPD" 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selewm 

S&urn 

Vanadium 

zmc 

4.4.DOD 

~&r-1254 

,ldnn 

Endnn 

Endnn Ketone 

GammaChlordane 

I 1.4.D,chlombenze"e 

2.Methvlnaohthalene 

Anthracene 

Benz/a)anthracene 

Benzo(a)pyrene 
Benzo(b)fluoranthene 

Benzo(g.h ~,peryle"e 

Eenzo(k)fluaranthene 

Bls(Z-ethylhexyl)phthala 

Butylbenzylphthalate 

CMXSW 

Chrysene 

Owbutylphthalate 

Dlbenz(a.h)anlhracene 

Fluwanthene 

Fluorene 

Indeno(1 2.3cd)pyrene 

Pentachlorophenol 

Phenanthrene 

Pywm 

Methylene Chlonde 

Tetrachloroethene 

Toiuene 

27129 36 K - 306 

29R9 6980 410500 

29R9 16 J -965 J 

25iZQ 518 4960 

29RQ 1 309 - 2010 

25127 ] 9 60 

16 JP 

620 

IMOJP 

OR0 

lR0 51 

OR0 
-OR0 

OR0 

OR0 

1111 43 J 

OH 1 

0111 

011 1 

011 1 

1111 56 J 

011 1 

l/l 1 46 J 

010 

010 1 

51 J 

1111 92 J 

0111 

0111 

011 1 

BG-12 

BG-11 

BG-28 

BG-23-D 

BG-24 

BG-12 

BG-23-D 

86-29 

BG-30 

BG-13 

BG-24 

80-28 

BG-23 

BG-23-D 

BG-24 

80-25 

EG-12 

BG-13 

BG-12 

BG-12 

BG-12 

BG-13 

BG-11 

BG-13 

EG-13 

BG-13 

BG-13 

BG-13 

BG-13 

BG-17 

7113 

2r7 

3/l 3 

13/13 

115 

18116 

42142 

;iW?. 

14/14 

10117 

17117 

18/18 

16/16 

18118 

lS/lS 

46146 

17117 

16116 

4116 

13113 

17117 

4118 

7r7 

22f22 

18118 

3/16 

2116 

5116 

1116 

2114 

5116 

Z/l6 

3116 

1116 

2116 

1115 

1119 

l/19 

11119 

11119 

11119 

8119 

10119 

1110 

1R 

l/19 

11/19 

z/6 

3119 

11119 

l/19 

7119 

2119 

1115 

11119 

11119 

Z/6 

1115 

5/l 5 

OW73 J - 36 J 

0.1731 J - 01755 J 

00046 J 0007 J 

0067 J 22 J 

0 0379 J 

9000 16303 

2 334 

423 124 

054 1.1 

053 L 129 

776 45500 

11.3 L 461 

54 -123 

43 92.6 J 

13ccO 25600 

94 3130 N 

1640 26400 

247 722 J 

006 L 015 L 

91 - 259 

436 1640 

07 K - 1 K 

61 1 1110 J 

193 714 

249 1790 

47 P 27 J 

12 J 25 J 

5 J 120 J 

32J 

09 J-4 J 

13 J 120 J 

35 J 76 J 

67 P 16 J 

153 

14 J-37 J 

43 

130J 

590 

80 J 980 

79 J 930 

120 J 1600 

61 J 410 

56 J 470 J 

17OOJ 

400 J 

310J 

77 J 980 

50 J 54 J 

45 J 120 J 

150 J 2OW 

540 

59 J 410 

46 J-56 . 

43 J 

72 J 2100 

230 J 1600 

7 J-7 

33 
.I 3 

0.365 

0236 

10231 

;;7 

0 491 

1lQoc 

72 

71 3 

0 757 

2 62 

9440 

21 2 

633 

24 2 

173w 

290 

7140 

426 

3 0503 

124 

602 

0 466 

330 

32 4 

229 

447 

4 01 

166 

0 979 

121 

35 3 

2 39 

365 

1 63 

12 

307 

254 

326 

225 

246 

344 

217 

173 

350 

350 

313 

264 

297 

2.87 

363 

325 

233 

243 

592 

264 

347 

625 

5 93 

5 

* MinImum and maxjmum detected site-related concentrat!ons are based on duplicate samples. 
Units are mg/kg for inorgan!cs ug/kg for organlcs. 
“umber of sample results excludes rejected data or blank-qualified data. Duplicates are consolidated into one result 

>an of all data Includes posltlve detectlons and non-detected results. DetectIon limits are dwded by two 
,e determlnabon of representabve concentrations IS based on comparison of maxlmum 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. 
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goal (500 mg/kg) was established. One sample, SS-08-38, contained a lead concentration (733 mg/kg) 

greater than the clean-up goal. This sample was collected from the eastern wall of the excavation, adjacent 

to the runway, and consisted of a mixture of soil, crushed asphalt, gravel, and stone. Difficulty was 

encountered obtaining representative soil samples from the eastern wall of the excavation because this wall 

largely consisted of the exposed under bedding of the runway. 

,,-- 

Seven additional surface soil samples were collected east of the runway to better characterize the extent of 

contamination in this area. Three of the samples, SS-08-48151, SS-0849, and SS-O8-50, were collected at 

locations surrounding sample SS-O8-1 O/l 1, in which dioxin had been detected. These three samples 

contained concentrations of OCDD ranging from 0.656 ug/kg to 7.942 ug/kg and concentrations of 

1,2,3,4,6,7,8 - HPCDD ranging from ND to 0.925 ug/kg. Samples SS-08-52156, SS-08-53, and SS-O8-54 

were collected off the eastern edge of the runway and were analyzed for arsenic, lead, vanadium, and 

PAHs. Low levels of several PAHs, including benzo(a)pyrene, were detected in these samples. Lead was 

the only inorganic detected above background levels. This occurred in samples SS-08-52/56 (157 mglkg) 

and $S-08-53 (128 mg/kg). Sample SS-08-55 was collected at the start of the drainage pathway located 

approximately 120 feet east of the end of the runway. This sample contained low concentrations of several 

PAHs. No metals were detected above background levels. 

Figure 4-6 shows the contaminant concentrations exceeding screening criteria that remained following the 

removal action. Table 4-3 provides the occurrence and distribution of organics and inorganics in 

background and site-related surface soils following the removal action. Two verification samples, SS-08-38 

and SS-08-44, contained lead concentrations above the screening criteria. These concentrations were 733 

mglkg and 475 mg/kg, respectively. Sample SS-08-24, located outside the southern boundary of the 

excavation area, also contained lead slightly above the screening criteria. The excavation was backfilled 

with clean fill. 

,- 

Benzo(a)pyrene was detected above screening criteria in four of the samples collected east of the runway 

(SS-08-52/56, SS-08-53, SS-08-54, and SS-08-55). Sample SS-08-53 also contained vanadium above 

screening criteria. OCDD was detected at a concentration (7.42 ug/kg) above screening criteria. OCDD 

was detected at a concentration (7.42 ug/kg) above screening criteria in sample SS-08-48151. 

4.5 SUBSURFACE SOIL RESULTS 

The nature and extent of subsurface soil contamination at Site 8 are discussed in this section. Subsurface 

soils were defined as those at depths generally greater than 2 feet from the ground surface. All subsurface 

soil samples were collected at depths between 5.5 and 9 feet below the ground surface. Additional 
_-- 
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TABLE 4-3 

OCCURRENCE AND DISTRIBUTION OF ORGANICS AND INORGANICS IN SITE 8 SURFACE SOIL (POST-REMOVAL) 
NAWC WARMINSTER. PENNSYLVANIA 

zmc 

4 ~-000 

4.4-DOT 

I Aldnn 

I Arocior-1254 

Endnn 

?,*lorobe”ze”e BG-11 

- 
703 

-in 

3113 

13113 

115 

16116 

38138 

16116 

1202 

tl/15 

15115 

16/16 

14/14 

16116 

16H6 

41/41 

15/15 

16/16 

2ll4 

II/II 

15115 

2116 

515 

ZORO 

16116 

,114 

3114 

l/14 

3114 

1114 

1114 

l/l8 

1118 

IO/18 

lo/la 

10116 

8116 

9118 

l/IO 

IR 

1118 

IO/18 

215 

3116 

IOllf 

IIll3 

7116 

2116 

,114 

IO/12 

lo/If 

z/6 

1113 

5113 

,lhylnaphthalene 

nnthracene 

Benz(a)anlhraCme 

Benzo~a)pyrene 

Benzo(b)fluoranthene BG-13 

Benro(g h.l)perylene 

Benzo(k)fluoranthene BG-13 

B,s(Zs,hyih~xy,Iphlhalats’ 

Rutyibenzylphthalate' 

Carbazole 

Chrysene BG-13 

0,.n-b"tyiphthal-3l-2 010 

i),be"z(a hianthratene Oil 1 

F,"cJra"thene l/l1 92 J EG-13 

Fl"'X*"e OH 1 

indeno,, 2.3.cd)pyrene 0111 

Naphlhalene 0111 

Pentachlorophenol 011 1 

Phenanthlene Ill 1 51 J BG-13 

Pyrene lill IDOJ BG-13 

Mefhylene Chlonde 0113 

Tetrachloroethene 0119 

TOlW?W BG~l7 

Notes 
- MInImum and maximum dletected site-related concentrations are based on duplicate Samples 

EG-12 

BG-11 

BG-28 

BG-23-O 

80.24 

BG-12 

BG-23-O 

BG-29 

EG-30 

BG-13 

BG-24 

BG-28 

80-23 

BG-23-O 

BG-24 

EG-25 

BG-12 

BG-13 

BG-12 

BG-12 

EG-13 

00073 J 36 .I 

0,731 J 0 1755 -:-- 

OW48 J 0007 J 

0067 J 22 J 

00379J 

9940 16300 

2 139 

423 124 

062 11 

053 L 63 

776 19500 

118 L 461 

54 123 

43 928 J 

13cal 25800 

94 732 K 

1840 12100 

247 722 J 

006 L -01 

91 157 

436 1640 

07 K 072 K 

61 1 1110 J 

193 458 J 

249 455 

47P 

5 J -23 J 

32J 

13 J 83 

67P 

43 

1303 

590 

80 J 980 

79 J 930 

120 J 1600 

61 J 410 

33 J 270 J 

1700 J is00 J 

400 J 600 

310J 

7: J 980 

50 J 54 J 

45 J 120 J 

150 J 2000 

540 

59 J 410 

46 J 56 J 

43J 

72 J 2100 

130 J 1600 

7 J-7 J 

3J 

J 

- 
0365 

0236 

10231 

2 77 

0491 

123M) 

605 

73 

0768 

165 

4770 

197 

864 

226 

177w 

119 

4390 

433 

00425 

II 

846 

0417 

416 

29 9 

92 3 

203 

392 

108 

246 

2 11 

251 

207 

285 

215 

228 

311 

167 

156 

350 

350 

270 

250 

137 

242 

336 

262 

185 

195 

442 

275 

314 

625 

577 

c 69 

SSd8-02 0176 

SS-08-03 0007 

SSdE-IO 139 

SSXl806 0 0379 

SS-OE-28-O 13coO 

SSJ2&16 67 

ss-o8-17 649 

SSd8-07 0858 

SSXIE-10 459 

SS-OE-14 10500 

SS-OE-14 231 

SSOE-28-O 966 

SS.08.10 405 

S&08-28-O 19300 

SS-OE-38 214 

SSaE-14 6100 

SS-o8-18 508 

SSd806 00552 

SSdE-28-O 12 

ssa-17 1060 

SS-08-14-D 0463 

SSOE-18 867 

ss-0553 328 

SS-OE-14 165 

SS-OE-10 22 

SS-08.14-O 571 

SS-08-14-D 119 

SS-08.10 31 

ss-08.10 2 35 

ss-oa-18 43 

ss-oa-10 130 

SSO8-17 346 

SS-08.17 271 

SSd6-17 287 

SSd8-17 402 

SSaE-17 218 

SSOE-14 193 

SSE-14-O 554 

ss-09.14 600 

ss-08.17 310 

ss-08.17 331 

ss-oa-10 54 

ss-08.17 120 

ss-08.17 426 

ss-08.17 342 

ss-06.17 245 

ss-08.10 56 

ss-08.10 43 

ss-08.17 351 

ss-06.17 397 

SS-08-14-D 68 

SSCIE-06 3 

ss-08-05 I 3 

Units are mg/kg for Inorganlts. uglkg for organlcs 

Number of sample results er:cludes rejected data or blank-quallfied data Duplicates are consolidated Into one result 

Mean of all data Includes positwe detectlons and non-detected results DetectIon llmlts are dwded by two 

The determination of representabve concentrations IS based on comparison of maxlmum to the 95 % UCL, wh!ch IS presentea 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 
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subsurface soil sampling was conducted north, west, and east of the runway extension to better delineate 

the nature and extent of contamination. Since the removal action for the site was limited to surface soils 

only, the analytical results for Site 8 subsurface soils did not change as a result of the removal action. 

.f-- 

A total of 24 soil borings and two test pits were drilled or excavated at Site 8 during Phase III. No waste 

materials were encountered and no PID readings were recorded above background. The test pit 

excavations north of the runway, however, revealed a deactivated, lead-encased electric line 1 foot below 

the ground surface. These excavations were dug to investigate the Phase I EM anomaly. 

During construction of the OU-3 groundwater remedy, soils west and north of the Site 8 runway extension 

were excavated to emplace groundwater conveyance piping. The trench excavation was approximately 4 

feet wide by 5 feet deep. Samples were not collected along the length of this excavation. While the 

excavation plan called for stained soils, soils with a fuel type odor, or soils with elevated field screening 

measurements to be segregated and disposed off-base, no such soils were encountered near Site 8. 

The excavated soils were either used as trench backfill or relocated and graded north of the runway 

extension. 

Appendices C and D provide test pit and soil boring logs for work done at Site 8. 

4.5.1 Pre- and Post-Removal Results 

A total of 29 subsurface soil samples (including one duplicate sample) were collected in the vicinity of Site 8 

during RI work. The subsurface soil samples were collected at depths between 5.5 feet and 9 feet. 

Appendix A-3 displays the subsurface soil sample results for this site. 

No VOCs were detected in subsurface soil samples collected at Site 8. A pesticide, endosulfan I, was 

detected in sample SB-08-08, which was just west of the Sl building. y-Chlordane, another pesticide, was 

also detected along the western side of the runway. These pesticides were detected at low levels and may 

be present at Site 8 as a result of past application or storage practices. One dioxin, OCDD, was detected in 

the burn pit areas P2, P3, and P4 in sample SB-08-04. Dioxins may be present as impurities in PCBs or 

pesticides that have also been detected in samples collected at Site 8. PAHs were detected at relatively low 

concentrations (94 to 320 ug/kg) in one sample, SB-08-18, which was located in the same area as sample 

SS-08-03 and downgradient of Sl and P2 through P5. In P5, three semivolatile organics, 2-nitrophenol, 4- 

nitrophenol, and phenol, were detected at sample location SB-08-02. The nature of these phenols is 

unknown; they may be present as products of combustion or materials burned in the pits. No PAHs were 

detected in the four additional samples collected east of the runway (SS-08-21, SS-08-22, 88-08-23, and 
,.- 

SS-08-24). 
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Antimony, beryllium, cobalt, copper, manganese, thallium, and vanadium results were elevated above 

background levels. However, antimony (14.9 mg/kg) and thallium (9.1 mg/kg) were only detected once in 

sample SB-08-19, which was located on the western side of the runway. Copper was detected at a 

concentration of 354J mg/kg in the same sample. The highest manganese and cobalt concentrations were 

detected in Test Pit No. 1 and the highest beryllium concentration was detected in Test Pit No. 2. Vanadium 

concentrations above background were detected at three locations east of the runway: SS-08-21, SS-O8-22, 

and SS-08-23. The highest metal concentrations did not follow any apparent spatial pattern, and the nature 

of these metals at Site 8 is unknown. 

During Phase II, toxicity characteristics leachate procedure (TCLP) and water leachate tests were 

conducted on one subsurface soil sample from Site 8. These tests are designed to determine the amount of 

leachable contaminants in solid material. The TCLP is used under RCRA to determine whether waste is 

characterized as “toxic” (and therefore “hazardous”) by comparison with regulatory limits. Only leachable 

barium and lead were found for the Site 8 sample; these results exceeded background levels but fell well 

below the RCRA levels. No organic compounds were positively detected in this sample. 

Leachable aluminum, beryllium, cadmium, calcium, chromium, copper, iron, lead, magnesium, manganese, 

potassium, sodium, vanadium, and zinc were detected in the water leachate test sample from Site 8; these 

concentrations exceeded the concentrations found in background test sample. No organic compounds 

were detected. 

Also during Phase II, two subsurface samples were analyzed for BTEX and TPH. Among the BTEX and 

TPH results, no positive detections were noted. These results agreed with the TCL organic analysis results, 

which found no BTEX compounds. 

Table 4-4 presents the occurrence and distribution of inorganic compounds and organics in background and 

site-related subsurface soil samples for Site 8. This table also includes a comparison of site-related 

concentrations to applicable soil criteria. Figure 4-7 shows those chemical concentrations that exceeded 

soil screening criteria. Thallium exceeded screening criteria at sample SB-08-19. Beryllium was greater 

than screening criteria from a test pit sample collected north of Site 8. Vanadium exceeded screening 

criteria in samples SS-08-21, SS-08-22, and SS-08-23. The concentrations of these metals were only 

slightly higher than corresponding background concentrations. 

Two organic compounds [OCDD and benzo(a)pyrene (BAP)] exceeded screening levels in two separate 

samples. The OCDD concentration was from the boring sample near EPIC feature P3, and the BAP 

concentration was from a boring sample taken along the western side of Site 8. The remaining boring 

UDOCUMENTSINAVYI1412lSITE8/049002/SEC4 
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TABLE 4-4 

OCCURRENCE AND DISTRIBUTION OF ORGANICS AND INORGANICS IN SITE 8 SUBSURFACE SOIL (POST-REMOVAL) 
NAWC WARMINSTER, PENNSYLVANIA 

Notes: 

Units are mg/kg for inorganics, uglkg for organics. 
Number of sample results excludes rejected data or blank-qualified data. Duplicates are consolidated into one result. 
Mean of all data includes positive detections and non-detected results. Detection limits are divided by two. 
The determination of representative concentrations is based on comparison of maximum to the 95 % UCL. which is presented in a separate table. 
Frequency of detection refers to 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. 

nawc site 8 subsurface soil occ-dist.xls 4-18 
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samples drilled beneath the runway did not contain contaminants at concentrations that were greater than 

screening criteria. In general, the Site 8 subsurface soil samples revealed that soil contamination at this 

site was limited to surface soils. 

The highest jevels of petroleum hydrocarbons potentially indicative of jet fuel constituents were conitained in 

sample SB-08-17 at a depth of 6 feet. This boring sample was taken adjacent to the concrete swale which 

collected runoff from the western edge of the runway extension. The total concentration of TIC aliphatic 

hydrocarbons was about 8 mg/kg, which is below PADEP action levels. 

TICS associated with both organic and semivolatile organic compounds were reported during laboratory 

analyses. The TIC data for subsurface soils are included in Appendix F. These data demonstrate trace 

levels of aliphatic hydrocarbons and alkenes in Site 8 subsurface soils, primarily in the SVOC fraction. 

However, the levels of TICS detected are not indicative of significant contamination by petroleumderived 

products. 

4.6 SURFACE WATER RESULTS 

Surface water samples were collected for analysis during all three RI phases. The Site 8 surface water 

sample locations are shown on Figure 2-2. During Phase I, one surface water sample (CIO) was collected, 

and two surface water samples (Cl2 and C13) were obtained during Phase II. During Phase Ill, one 

surface water sample (C8) was taken. The designated background surface water samples (C8, CIO, and 

C13) were collected farther downstream from Site 8 along a tributary of Little Neshaminy Creek.. These 

three background samples were in the same watershed as Area C and showed lower chemical 

concentrations than other Area C samples. Also, these samples were collected in a non-urban area around 

Area C and were considered to be more representative of undisturbed surface water and sediment 

conditions. All other samples collected near Area C were considered to be potentially impacted by NAWC 

Warminster. Samples Cl 1 and Cl2 are considered the farthest downstream samples. No “true” ulpstream 

samples could be collected in the vicinity of Site 8. 

Appendix A-4 provides the Site 8 surface water sample results. Tables 4-5 and 4-6 present the occurrence 

and distribution of total and dissolved inorganics in the Site 8 surface water samples, respectively. 

Generally, low levels of both total and dissolved metals were detected in the background samples, including 

barium and manganese. The background total barium concentrations ranged from 53 to 60 ug/l, and total 

manganese concentrations ranged from 25 to 83 ug/l. In both cases, total metal concentrations were lower 

than dissolved concentrations. Higher concentrations of these metals were detected in the surface water 

sample (C12) collected closer to Area C and downgradient of Site 8. Concentrations of total barium (93 
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TABLE 4-5 

OCCURRENCE AND DlSTRlBUTlON OF TOTAL INORGANICS IN SURFACE WATER AT SITE 8 

WARMINSTER, PENNSYLVANIA 

@-Kw 

*= REPRESENTATIVE CONCENTRATION FOR BACKGROUND IS PRESENTED IN TABLE 2-3 

* = QUALIFIERS FOR DATA ARE PRESENTED IN DATA PRESENTATION TABLES 

Swsdoccb.xls 4123199 II:23 AM 
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OCCURRENCE AND DISTRIBUTION OF DISSOLVED INORGANICS IN SURFACE WATERATSITE 8 

WARMINSTER, PENNSYLVANIA 

om-) 

BACKGROUND 1 SITE-RELATED 

REPRESENTATIVE 1 FREQUENCY OF I RANGE OF I STAIISTlCAL i REPRESENTATIVE 

SUBSTANCE CONCENTRATION’ DETECTlON POSITIVE DETECTION” DlSTRlBUTlON CONCENTRATlON 

BARIUM 59.4 II 1 122 NONPARAMETRIC DIST 122 

CALCIUM 19100 II 1 46loa NONPARAMETRIC DIST 481oa 

MAGNESIUM 7610 II 1 15Qoc NONPARAMETRIC DIST 15Qoo 

MANGANESE 73 11 1 162 NONPARAMETRIC DIST 162 

POTASSIUM 1310 II 1 2320 NONPARAMETRIC DIST 2320 

SODIUM 9530 II 1 45500 NONPARAMETRIC DIST 45600 

* = REPRESENTATIVE CONCENTRATION FOR BACKGROUND IS PRESENTED IN TABLE 2-4 

.. = QUALIFIERS FOR DATA ARE PRESENTED IN DATA PRESENTATION TABLES 

Swsdoccb.xls 4123199 1 I:24 AM 4-22 : 



ug/l) and manganese (159 ug/l) were detected at this location; the dissolved concentrations were 122 ug/l 

and 162 ugll, respectively. For other metals, the dissolved concentrations were generally higher than total 

concentrations. No organic compounds were detected in the surface water samples. 

_,_ 

In summary, only metals were detected in surface water samples collected downstream of Site 8. For both 

barium and manganese, the surface water concentrations near Site 8 were slightly greater than background 

levels for both total and dissolved samples. 

4.7 SEDIMENT RESULTS 

Sediment samples were taken for analysis during all three RI phases. Sediment sample locations near Site 

8 are shown on Figure 2-2. During Phase I, two sediment samples (Cl0 and Cl 1) were collected near 

Area A, and two samples (Cl2 and C13) were taken from these same locations during Phase II. During 

Phase III, two sediment samples (C6 and C8) were also obtained. The designated background sediment 

samples (C8, CIO, and C13) were collected farther downstream from Site 8 along a tributary of Little 

Neshaminy Creek. The background samples showed lower chemical concentrations than other Site 8 

samples. All other samples (C6, Cl 1, and C12) were considered to be potentially impacted by Site 8. 

Appendix A-5 summarizes the Site 8 sediment analytical results. Tables 4-7 and 4-8 present the 

occurrence and distribution of inorganics and organics in Site 8 sediment results, respectively. No VOCs, 

pesticides, or PCBs were detected in these samples. Several semivolatile organics, including PAHs and 

phthalates, were detected in both background and other Site 8 samples during Phases I and II. No 

phthalates were detected in the background Phase III RI Site 8 sediment samples. 

.--. 

In summary, only semivolatile organics and metals were detected in Site 8 sediment samples. The 

semivolatile organics may be related to runoff from Kirk Road. For metals, no analyte exceeded 

background levels by a factor of 3. Metal concentrations were found in most sediment samples, including all 

background samples. 

4.8 SUMMARY AND CONCLUSIONS 

Significant conclusions regarding the nature and extent of contamination at Site 8 include the following: 

l The surface and subsurface soil data suggest that the site is not a source of PCE or other VOC 

groundwater contamination. 

-- l The removal action has reduced the lead, arsenic, and PAH levels in surface soils west of the 

runway extension. 
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OCCURRENCE AND DISTRIBUTION OF INORGANICS IN SEDIMENT AT SITE 5 

WARMINSTER, PENNSYLVANIA 

(WW 

*= REPRESENTATIVE CONCENTRATION FOR BACKGROUND IS PRESENTED IN TABLE 2-5 

* = QUALIFIERS FOR DATA ARE PRESENTED IN DATA PRESENTATION TABLES 
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TABLE 4-8 

OCCURRENCE AND DISTRIBUTION OF ORGANICS IN SEMMENT AT SITE 8 

WARMINSTER, PENNSYLVANIA 

WW 

BACKGROUND SITE-RELATED 

II REPRESENTATIVE 1 FREQUENCY OF RANGE OF I STATISTICAL REPRESENTATIVE 11 

l = REPRESENTATIVE CONCENTRATION FOR BACKGROUND IS PRESENTED IN TABLE 2-6 

* = QUALIFIERS FOR DATA ARE PRESENTED IN DATA PRESENTATION TABLES 

Swsdocrkxls 4123199 II:25 AM 4-25 



l Subsurface soils in the vicinity of the site are not significantly impacted. 

l Surface water and sediment samples collected from the tributary near Site 8 show contaminant 

concentrations only slightly higher than the respective background levels. 

LlDOCUMENTSINAVYI1412lSITE8/049002lSEC4 
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5.0 CONTAMINANT FATE AND TRANSPORT 

Various aspects of contaminant fate and transport at Site 8 are discussed in this section. Chemical and 

physical properties affecting contaminant migration are discussed in Section 5.1. Potential contaminant 

migration routes are identified and discussed in Section 5.2. Section 5.3 presents a brief discussion of 

contaminant persistence. 

5.1 PHYSICAL AND CHEMICAL PROPERTIES 

This section discusses the physical and chemical properties of the contaminants found at Site 8. These 

properties, to the extent available, are presented in Table 5-1. These parameters may be used to assess 

the behavior of a contaminant in the environment. 

Empirically determined literature values of water solubility, octanol-water partitioning coefficient (Kow), 

organic carbon/chemical partitioning coefficient (Koc), vapor pressure, Henry’s Law constant, 

bioconcentration factor (BCF), and specific gravity are presented for organic chemicals, as available. Many 

of these parameters are not applicable to inorganic chemicals. For inorganics, specific gravity and BCFs 

have been presented, along with qualitative descriptions of important environmental fate properties. 

Calculated values, which were obtained using approximation methods, are presented when literature values 

are unavailable. A discussion of the environmental significance of each of these parameters follows. 

The rate at which a chemical is leached from a waste deposit by infiltrating precipitation is a function of its 

water solubility. More soluble chemicals are expected to enter water much more readily and rapidly than 

less soluble chemicals. The water solubilities presented in Table 5-l indicate that the VOCs are several 

orders of magnitude more water soluble than SVOCs (including phthalates and PAHs) or pesticides. This 

conclusion is reinforced by the fact that VOCs are typically discovered more frequently and at greater 

concentrations in groundwater than less soluble chemicals. (Volatilization of VOCs from surface media is 

also an important factor in the observed distribution of these chemicals.) 

Although PAHs were detected in soil, such compounds have not been detected in groundwater. This is a 

manifestation of their limited water solubility and tendency to adsorb onto soil/sediment particles. 

The Kow is a measure of the equilibrium partitioning of a chemical between octanol and water. The Kow is 

also used to estimate BCFs in aquatic organisms. A linear relationship between the Kow and the uptake of 

chemicals by fatty tissues of animal and human receptors has been determined (Lyman et al., 1990). 
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SUMMARY OF PHYSICAL AND CHEMICAL DATA FOR CHEMICALS 

SITEWIDE - SURFACE WATER, SEDIMENT, SURFACE SOIL, AND SUBSURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

8ENZD(G,H,I)PERYLENE 27, I .-- I .1-- . - .---, I .- 

BENZO(K)FLUORANTHENE 252.3 1 0.0043 (25C) 1 6.84 I 5.00E-07 I 3.87E-05 I 1.40E + 05 5.50E t 06 

BIS(2-ETHYLHEXYLtPHTHALATE 390.62 I 0.4 (25C) I 5.3 2.00E-07 3.00E-07 2.30E +08 0.99 2.00E +OS 

BUTYLBENZYLPHTHALATE II 312 I-~ 2.9 I 4.78 I 6.00E-05 

I I 
! 8.30E-06 ! 4.7f 3E+O4 1.1 (2x1 1.70E+05 

CARBAZOLE 167.21 3.29 400 (323C) I I 1.; 1.20Et03 

CHRYSENE 228.3 0.0018 (25Cl 1 5.61 6.3E-9 125C) l.O5E-06 5.30E+O4 1.274 2.00E +06 

DI-N-RLITYI PHTHALATF 278.35 4.00E+02 1 E’m=~.nn 1 I rlAF.nl I 3 m-c=-07 I 8.90E + 01 1 5.23E+OO . I.&“.. 1 “W . ...“.. .,a I -.--- -. I _._-- ~. 
I ” ,L”“, I 9.2 I 1.4OE-04 I 1.70E-05 I 3.90E + 08 I 0.99 1 3.60E+OS Ii 

1.4 I 0.005 125CI I 5.97 l.OOE-10 7.3OE-08 6.90E+05 1 3.30E+06 

-. . --. ._........ -..- 
DI-N-OCTYLPHTHALATE II 39’ I 2 ,‘)*I-, 

DIBENZ(A,H)ANTHRACENE 27E. 

. = Physical or chemical properties not available for this chemical in this classification 

7 
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TABLE 5-l (PAGE 2 OF 3) 

SUMMARY OF PHYSICAL AND CHEMICAL DATA FOR CHEMICALS 

SITEWIDE - SURFACE WATER. SEDIMENT. SURFACE SOIL, AND SUBSURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

CHEMICAL OF CONCERN 

SEMIVOLATILES (CONTINUEDI 

DIBENZOFURAN 

DIETHYLPk ITHALATE 

FLUORANTHENE 

FLUORENE 

HEXACHLDROETHANE 

MOLECULAR SOLUBILITY Log Kow VAPOR PRESSURE HENRY’S LAW BIOCONCENTRATION SPECIFIC Koc 
WEIGHT (mg/Ll (mmHg. 2OCl CONSTANT (atm cu. mlmdl FACTOR Iug/kg/ug/Ll GRAVITY 

II 168.2 I 10 I 4.12 I I I I 8.13E+03 

222.2 210 2.47 3.5E-3 (25CJ 1.20E-06 1.07E + 02 I 1.12 1.42E+02 

202.3 0.26 (25C) 5.33 5E-6 (25C) 6.50E-06 1.: 10E+O4 1.252 3.80E+D4 I 
116.2 1.69 1250 4.18 7.1 OE-04 ri dm-08 -. . - - - - 3.80E + 03 1.203 7.30E+03 

236.76 

76.: 3 - 

202.3 

I 4.lOE+Ol 6.20E-04 3.60E-03 2.19E+03 

1 0.00053 (25C) 7.66 1 .OOE-1 0 6.95G08 3.50E+05 1.60E+06 

3.50E+Ol 2.79E+oo 1 .OOE-01 3.1oE+oo 1.40E + 02 2.81E+OO 

3.0113.45 8.7E-3 (25CJ 4.60E-04 4.20E+02 1.152 9.40E + 02 

I 1.30E+Ol 7.10E-07 1.40E-05 2.00E + 04 

I 0 1317Wl c; 1R 3 *F.cils*r\ c ,nE.nP 1.20E+04 3 RnFind I NAPHTHALENE 

PENTACHLOROPHENOL 

PYRENr 

,,--1.7 (25C, 1 

1r PESTICwesw~ss 

4,4’-ODD 

4,4,-DDE 

4.4’-DDT 
ALDRIN 

ALPHA-CHLORDANE 

320.1 

318 

354.5 

364.91 
dn9 R 

0.09 (25C) 

0.04 (2OCI 

0.0055 1250 

1.70E-02 

1.60E + 06 

4.28 

6.19 12OC) 

5.11E+OO 

1.2E-7 (25C) 

6.50E-06 

1.9E-7 (250 

2.30E-06 

2.20E-08 

6.80E-05 

1.58E-05 

5.OOE-04 

80E+05 I 1 7.70E+05 

OOE+06 1 4.40E+06 II 

1. 

8. 

8.00E+06 

4.70E + 03 

I 1 3.90E+06 

1.7 1 4.98E+OO 
13, I * Ic.FsAn 

AROCLOR-1242 

AROCLOR-1246 

AR01 

ARO( 

BETA-BHC 

FI TA-RHC 

5.60E-02 1 2.78E+OO 1 1 .OOE-05 I 3.70%05 I 1.40E + 03 

! 

I 

I 8.00E-02 1 .OOE-07 4.1 OE-04 1 4.7 

.60E-03 I 
IOE+04 

DE+05 

--,-. 
2.50E+05 

5.72E+OO 

6.70E + 06 

2.29E+03 

:LOR-1254 

3LOR-1260 

EN-. IDOSULFAN II II- ENDC 
ISULFAN SULFATE 

IlENoF 
ItEN,:::: ALDEHYDE 

5.75 I 4.9G4 (25Cj 1 3 

325.1 

375.7 

290.85 

290.65 

380.91 

406.95 

406.95 422.9 

380.92 

mn 03 

3.10E-02 6.04E + 00 7.70E-05 2.606-03 3.1 

0.08 (24Cl 7.15 4E-5 (25Cl 0.74 1.c 

0.54 - 6.50E-10 3.508-07 

2.10E+Ol 4.14E+OO 2.00E-02 2.!jnF-n7 

1.90E-01 4.09E + 00 1.80E-07 5.E 

3.20E-01 1.30E-08 1 .‘ivc-vo I 
3.30E-01 3.62E+OO 1 .OOE-05 1.9lE-05 2.70E+02 1 

I 2.60E 

.-- -. 1.30E + 02 1.9 3.58E+OO 

IOE-05 I 4.70E+03 1.8 3.23E+OO 
,nr nc 2.04E+03 

‘I 7 nnnnr, 
I .“,S”.,, c 

I -__.__ I 

ENDRIN KETONE 380. 

GAMMA-CHLORDANE 409.8 I 
GAMMA-8HC 290.8r 

HEPTACHLOR 373.35 2.70E-01 

HEPTACHLOR EPOXIDE 389.2 2.70E-01 I 5.70E-09 I 8.30E-06 

METHOXYCHLOR 
I 

345.65 4.00E.02 4.68E+OO 1 
I 1 Z.O9E+04 

3.00E-05 B.30E + 03 1.4 

DIOXINSIFURANS 
1 4.90E+OO 

2 ! 2.20E-01 3.66E +00 NA 2.60E-05 1.62E+OO 

i-o 1 5.60E + 00 2.00E-07 4.00E-07 4.00E+03 1.7 3.23E+OO 

2.60E.01 5.60E + 00 2.00E-07 3.90E-07 4.00E + 03 2.83E+OO 

.92 I 4.00E-07 7.lOE-02 

5.60E-02 2.78E + 00 1 .OOE-05 3.7OC05 1.40E + 03 1.11 5.15E+OO 

5 I 4.20E + 00 4.90E-08 3.40E-06 1.38E+03 

4.30E-07 5.80E-04 6.76E+03 
, 

2.3.7.6.TCDD” II 322 I 0.000019 I I 9.70E-13 I 9.20E-06 I 
- = Physical or chemical properties not available for this chemical in this classification 

l l 2.3.7.6.TCDD was not detected at NAWC Warminstcr, but the physical/chemical properties listed here are presented as an indication of the properties of other dioxinlfuran cangeners 

I 1 4.27E+06 
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TABLE 5-1 (PAGE 3 OF 3) 

SUMMARY OF PHYSICAL AND CHEMICAL DATA FOR CHEMICALS 

SITEWIDE - SURFACE WATER, SEDIMENT, SURFACE SOIL, AND SUBSURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

- = Physical or chemical properties not available for this chemical in this classification 
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PAHs, phthalates, and chlorinated pesticides are several orders of magnitude more likely to partition to fatty 

tissues than the more water-soluble VOCs. The Kow is also useful in characterizing the sorption of 

compounds by organic soils when experimental values are not available. 

The Koc is related to the water solubility and the Kow. This parameter indicates the tendency of a chemical 

to bind to soil particles containing organic carbon. Chemicals with high Koc generally have low water 

solubilities and vice versa. Chemicals such as phthalates, PAHs, and pesticides are relatively imrnobile in 

the subsurface environment and are preferentially bound to the soil phase. These compounds are not 

subject to groundwater transport to the same extent as compounds with high water solubilities. 

Koc may be used to infer the relative rates at which the more mobile chemicals are transported in the 

groundwater. The Koc and the fractional organic carbon content of the soil (FOC) may be used to estimate 

an equilibrium distribution coefficient (Kd) for the solid and aqueous matrices using the following 

relationship: 

Kd = Koc X FOC 

where: Kd = Distribution coefficient 

FOC = Soil organic carbon content 

Koc = Organic carbon partition coefficient 

Total organic carbon (TOC) results may be used to calculate FOC for soils. One subsurface soil taken at 

Site 8 was analyzed for TOC, and the result was 3,700 mg/kg. Thus 

FOC = (3,700 mg/kg) (1 E-8 kg/mg) 

= 0.0037 kg organic carbon/kg soil 

Vapor pressure provides an indication of the rate at which a chemical volatilizes from both soil and water. It 

is of primary significance in instances where environmental interfaces such as surface soil/air and surface 

water/air are important, rather than in evaluation of groundwater and subsurface soils. Vapor pressures for 

VOCs are generally many times higher than vapor pressures for phthalate esters and PAHs. Chemicals 

with higher vapor pressures are expected to enter the atmosphere much more readily than chemicals with 

lower vapor pressures. 

Both vapor pressure and water solubility are of use in determining volatilization rates from surface water 

bodies. The Henry’s Law constant is the equilibrium vapor pressure of a chemical above a solution divided 

by its concentration in the solution (for dilute systems). The Henry’s Law constant may also be used to 

calculate the equilibrium contaminant concentrations in the vapor versus liquid phases for dilute solutions 
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commonly encountered in environmental settings. The Henry’s Law constant is also useful for mass 

transfer applications for air-stripping column design. 

BCFs represent the ratio of aquatic-organism tissue concentration to water concentration. The ratio is both 

contaminant and species specific, as well as tissue specific. When site-specific values are not measured, 

literature values may be used or the BCF may be derived from the Kow. Phthalate esters, PAHs, and 

pesticides will bioconcentrate at orders of magnitude greater than those concentrations found in the water 

where the exposed species reside. 

Specific gravity is the ratio of the mass of a given volume of pure chemical at a specified temperature to the 

mass of the same volume of water at a given temperature. It primary use is to determine whether 

immiscible compounds or very high concentrations of a pure contaminant will float or sink in water. As 

shown in Table 5-1, most of the chemicals detected in this study area were denser than water. 

According to EPA’s Soil Screening Guidance (EPA, 1996a), most of the inorganic chemicals have a strong 

tendency to adsorb onto sediment particles, a factor that greatly reduces their mobility. For some metals, 

such as lead, bioaccumulation also plays an important role in environmental fate. While the metals 

themselves are insoluble in water, soluble species of some metals, such as chromium and antimony, can 

increase contaminant mobility. 

5.2 POTENTIAL MIGRATION ROUTES 

In general, numerous potential migration routes exist in areas contaminated with hazardous materials. Such 

migration routes include, but are not limited to, atmospheric migration via particulates or volatile/semivolatile 

emissions, overland migration of dissolved or adsorbed contaminants, surface water transport, and 

groundwater transport. 

The first possible route for contaminant migration from Site 8 through the air is the volatilization of 

compounds from surface soil, surface water, or subsurface soil (especially if exposed through excavation, 

erosion, etc.). This can be effectively ruled out, because no VOCs were detected in surface soil, subsurface 

soil, or surface water at or downgradient of Site 8. 

Another possible scenario for contaminant migration is the generation of contaminant dusts from the 

subsurface soil (sediments are covered by water). This would be potentially important for metals and would 

depend upon the subsurface material being exposed in some way. Potential future risks to estimated dust 

emissions are assessed in Section 6.0. 
.- 

Chemicals found in soil, especially subsurface soil, can leach into groundwater. This is especially likely to 
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- happen with soluble, low-Koc compounds such as the VOCs. Leaching of organic compounds was not 

estimated in this report, due to the absence of VOCs in subsurface soil samples. 

One possible migration route is from groundwater at Site 8 into the downgradient stream located north of 

Werner Park. Surface water and sediment were sampled downstream of this study area, and the results 

were presented in Sections 4.6 and 4.7. 

Another possible route of groundwater migration is from the areas immediately beneath Site 8 into the 

deeper portions of the bedrock aquifer. The third possible route of groundwater migration is from the site to 

off-site areas including those across the unnamed tributary in Werner Park. These groundwater migration 

routes were not addressed as part of this report. 

The primary migration route for stream contaminants in the surface water and sediment is via downstream 

flow. Contaminants may, to some degree, migrate from sediment to surface water and vice versa. 

However, chemicals, such as metals, and compounds with high organic carbon partition coefficient (Koc), 

such as PAHs and phthalates, tend to bind strongly to sediment and migrate slowly (Versar, 1979). 

5.3 CONTAMINANT PERSISTENCE 
>r”az. 

Several transformation processes are believed to affect the persistence of organic chemicals in the 

environment. The primary processes affecting contaminant fate in the environment include microbial, 

photolytic, and chemical degradation. 

Photolytic degradation is considered to be insignificant for phthalates and of unknown significance for PAHs 

(Versar, 1979). Generally, organic molecules are subject to several chemical reactions under environmental 

conditions. Such reaction mechanisms include acid/base reaction, addition, elimination, and hydrolysis. 

However, monocyclic aromatics are not particularly amenable to the majority of these degradation 

mechanisms. Hydrolysis is considered to be negligible for PAHs and halogenated hydrocarbon pesticides. 

Phthalates can be more susceptible (Versar, 1979; EPA, 1982; Lyman et al., 1990). Hydrolysis reactions 

can occur under acidic, basic, or neutral conditions. Bacterial degradation is a potential environmental fate 

mechanism. Biodegradation is not significant for the chemicals detected at Site 8 (EPA, 1982; Verschueren, 

1983). 

r”“-. 
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6.0 BASELINE RISK ASSESSMENT 

This section provides a description of the risk assessment methods employed for Site 8, as well as a 

summary of the risk assessment results. The general objectives of the risk assessment were to estimate 

the actual or potential risks to human health and the environment resulting from the presence of 

contamination in surface soil, subsurface soil, surface water, and sediment and to provide the basis for 

determining appropriate remedial measures for these media as part of the FS report (Section 7.0). 

Sections 6.1 through 6.7 discuss the human health risk assessment (HHRA). Section 6.8 addresses the 

ecological risk assessment (ERA). The risk assessment was based on the nature and extent of 

contamination present at OU-5 after the surface soil removal action was taken into consideration. 

6.1 HUMAN HEALTH RISK ASSESSMENT 

The specific objectives of the HHRA were as follows: 

l To estimate the actual or potential risks to human health resulting from the presence of 

contamination in surface and subsurface soils after remedial actions. 

l To estimate the actual or potential risks to human health resulting from the presence of 

contamination in off-site surface water and sediment. 

l To provide a basis for attainment of concentrations that are protective of potential1 human 

receptors under industrial, casual user, and hypothetical residential exposure scenarios. 

l To determine the need for remedial measures (if applicable) for any unacceptable humatn health 

risks. 

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

(1) contaminants with toxic characteristics must be found in environmental media and must be ireleased 

by either natural processes or by human action; (2) potential exposure points must exist either at the 

source or via migration pathways if exposure occurs at a remote location other than the source; and (3) 

human or environmental receptors must be present at the point of exposure. Risk is a function of both 

toxicity and exposure; without any one of the three factors listed above, there is no risk. 

In order to estimate the potential for human health risk attributable to post remediation surface and 

subsurface soil, information regarding the toxicity of the compounds detected in the various media, the 

distribution of contamination, potential migration pathways, and a site-specific estimate of chemical intake 
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via assumed exposure routes were combined. The risk assessment processes were performed in 

accordance with current EPA risk assessment guidance. 

The future anticipated land use at Site 8 is expected to be light industrial. Likely potential receptors 

include light industrial workers and casual use visitors from surrounding neighborhoods. Residential land 

use is not anticipated for this site. Risks estimated assuming residential land use provide a baseline to 

which all receptor risks can be compared, however, residential risks are purely hypothetical in nature. If 

the land use designation were to change in the future, quantitative risks estimated in this section should 

be reevaluated. 

The post-remedial HHRA for Site 8 was divided into Data Evaluation, Exposure Assessment, Toxicity 

Assessment, Risk Characterization, Uncertainty Analysis, and Conclusions. Each section is briefly 

discussed below. 

Data Evaluation (Section 6.2) is primarily concerned with data quality assessment, background 

comparison tests, identification of chemicals of potential concern (COPCs), distributional analysis of the 

data, and calculation of exposure point concentrations. The site-specific background and site data are 

analyzed and COPCs are selected that are representative of the environmental contaminants present at 

the site. Distributional analysis of the data is the basis for calculating an exposure point concentration, 

which provides the chemical input into each of the exposure pathways. 

Exposure Assessment (Section 6.3) identifies potential human 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 methodology used to evaluate lead concentrations in environmental media. This section identifies 

potential pathways of COPC migration, selected potential receptors, and the estimated intakes of COPCs 

for the identified receptors. 

Toxicitv Assessment (Section 6.4) presents available reference doses, cancer slope factors, EPA weight 

of evidence, adjustment of the dose-response parameters, relative potencies for polycyclic aromatic 

hydrocarbons (PAHs), and toxicity criteria for chromium. Quantitative toxicity indices, where available, 

are presented in this section, including any applicable regulatory standards and criteria. 

Risk Characterization (Section 6.5) presents the approaches for determining carcinogenic risks, 

noncarcinogenic risks, and risks associated with exposure to lead concentrations in environmental media. 

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. 

.^^ 

,a--” 
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Uncertaintv Analysis (Section 6.6) is a discussion of the general and site-specific uncertainties associated 

with the HHRA. 

Conclusions (Section 6.7) presents major conclusions of the HHRA. 

6.2 DATA EVALUATION 

This section presents the approaches for data quality assessment, background comparison tests, 

identification of contaminants of potential concern (COPCs), distributional analysis of the data, and the 

calculation of exposure point concentrations. Four environmental media were sampled at Site 8: on-site 

surface soil, on-site subsurface soil, off-site sediment, and off-site surface water. Surface water was 

sampled for both total and dissolved inorganics and organics, however, no organic chemicals were 

positively detected in surface water samples. 

Data Qualitv Assessment 

Data quality was assessed using Data Useability Worksheets that are consistent with Risk Assessment 

Guidance for Supetfunds (RAGS) - Part A (EPA, 1989a) and Data Quality Assessment guidance (EPA, 

1996a). These data useability worksheets act as a summary of important data quality issues and 

potential impacts of the issues on the quantitative HHRA. The data useability worksheets were divided 

into four main sections: (1) Field Sampling, (2) Analytical Techniques, (3) Data Quality Objectives, and 

(4) Data Validation and Interpretation; and are provided for surface soil, subsurface soil, sediment, 

surface water (total inorganics), and surface water (dissolved inorganics) in Appendix G, Part I. The 

results of the data useability worksheets for surface soil, subsurface soil, sediment, and surface water 

(both total and dissolved inorganics) show that no major data quality assessment issues were present for 

Site 8, therefore, no impact on the quantitative HHRA was expected. 

6.2.2 Background Comaarison Tests 

An array of statistical tests were performed to determine if results of samples from surface soil and 

subsurface soil were elevated relative to background sample results. Sediment and surface water (both total 

and dissolved inorganics) data sets were not compared to background sediment and surface water data 

because of the low number of data sampling locations in both background and site-related data sets. The 

name of each test, the statistical question answered by the test, the assumptions required to run the test, 

and the criterion used by each test to judge whether site data are greater than background are delineated in 

the headings and footnotes to background comparison tables for surface and subsurface soil presented in 

Appendix G, Part II. These statistical procedures include three quantitative tests that evaluate 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 
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(proportion of detected versus non-detected values in site versus background) but not the magnitude of 

values. 

Each statistical test was performed using a decision-making probability level (P-level) of 0.05, which means 

that, in situations where the test conclusion states that site-related results are greater than background, the 

chance of the test yielding a false conclusion caused by random variations in the data set is five percent or 

less. The overall conclusion (whether site results are greater than background) was assumed to be “yes” if 

any one of the quantitative tests concluded that site data are elevated above background. If no conclusion 

could be 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: 

0 The means of the two data sets were compared if the same type of distribution (normal or 

lognormal) was determined for both site and background data set. If the site and 

background data exhibited equal standard deviations (based upon Bartlett’s test for equal 

variances), then the students t-test was applied; otherwise, Satterthwaite’s t-test was 

performed to determine if the site mean is greater than the background mean. The t-test is 

valid only if at least 85 percent of site data and 85 percent of background data are positive 

detects, there are at least three sampling points in each data set, and the pooled standard - 

deviation is not zero. 

l Nonparametric statistical tests, which do not require underlying assumptions regarding 

equal data distributions, were also applied in each case. The Mann-Whitney U-test was 

used to determine whether the site and background data are from populations with identical 

medians and rank distributions. The Mann-Whitney test involves combining the two data 

sets, ranking results from smallest to largest, and evaluating whether the two sites have a 

similar distribution of data within the range of low to high ranks. If more than 40 percent 

nondetected results are present in either the site or the background data set or when 

multiple levels of detection limits are present, a different statistically valid test, Gehan’s 

test, was substituted because recent guidance (EPA, 1992b) indicates that the Mann- 

Whitney test is not valid in the aforementioned situations. (Gehan’s test is statistically 

equivalent to the Mann-Whitney Test if all results are positive.) For either of these tests 

to work, not all data points can be tied and there must be at least two background data 

points. The Mann-Whitney U test and the Gehan’s test statistics were computed using 

appropriate score adjustments for tied values and a normal approximation when sufficient 

data points were available; whereas, an exact computation of probabilities was used in 

the situations where there were very few (for example, less than eight) data points. 
/. 
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. 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. 

l A substitute procedure for the 95 percent UTL, called the 95 percent quantile test, was 

employed to test for hot spots if the background data were not determined to be normally or 

log-normally distributed. For the quantile test to be valid, at least 19 background data 

points were required, no detection limit could be greater than the UTL, and at least 10 

percent of the data points must be detects in the background data set. 

The upper ranks test (EPA, 1992b, 1996a) is another hot spot test. This test combines 

the site and background data into one set and determines whether the major portion of a 

subset of the largest detected results is comprised chiefly of site data rather than an 

equal mixture of site and background. In this procedure, the probability is calculated that 

k or more samples from the largest r data points in the combined data set are comprised 

of site data, assuming that the site and background populations are equal. In the event 

that there is less than a five percent chance that this could happen if the populations are 

indeed the same, then the test concludes that there is a hot spot comprised of k samples 

from the area of interest. 

In the event that none of the above quantitative statistical tests yielded a definite “yes” or 

“no” decision, a test of proportions was used to determine if the percentage of positively 

detected results was greater in the site data versus the background data. When only a 

very small portion of results are positive detections (less than 10 percent), this test is 

recommended (EPA, 1996a, 1989b). The test is routinely applied using a normal 

distribution approximation to the probability that site is above background but is not 

considered valid when fewer than five positive detections are reported in either site or 

background. This limitation for the routine test of proportions precluded any comparison 

of site to background for nearly all volatile organic compounds (VOCs) in surface water, 

although most were not detected at all in background. To reach a confident decision 

regarding VOCs in surface water, a generalized version of the test of proportions, called 

the Fisher Exact Test, was required (Brownlee, 1965). This test can be applied to all 
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6.2.3 Identification of COPCs 

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, 1996a, 1992a, 1989b), quantitative statistical tests were 

preceded by data analysis to evaluate the distributional shape for both positive and 

nondetected data, of which quantile plots or tables are one recommended (and efficient) 

approach. This data analysis is required because multiple detection limits bias or 

invalidate the conclusions of common statistical tests. For each chemical in each risk 

group, a quantile (percentile) range evaluation was required to compare the number and 

magnitude of site and background nondetects. In particular, some of the above tests do 

not tolerate any non-detects above a certain magnitude or portion of the total. In the 

case of the Mann-Whitney test, careful quantitative evaluation was used to determine if 

the site and background populations exhibited the same distributional spread of non- 

detected results and to determine if the Gehan’s test, a more robust test, should be used. 

The selection of COPCs was based on various aspects of chemical concentration, occurrence, 

distribution, and toxicity. COPCs were selected to represent site contamination and to provide the 

framework for the quantitative HHRA. The COPC selection protocols are defined in Table 6-l. 

.--i 

Four media (surface soil, subsurface soil, off-site sediment, and off-site surface water) were evaluated for 

Site 8 human health risks. The results of the analysis of Site 8 samples are summarized in the 

occurrence and distribution tables for (1) background soil [Section 2.0 - soils that were collected from 

various locations at NAWC Warminster (Figure 2-6) that are considered unaffected by ‘past site-related 

activities; all surface and subsurface background samples were pooled together and used as background 

for any site-specific surface or subsurface data set]; (2) background sediment and surface water (3) 

surface soil (4) subsurface soil; (5) off-site sediment; and (6) off-site surface water. These tables contain 

statistics including frequency of detection, range of positive detection, and location of maximum detection. 

Subsets of the surface soil, subsurface soil, sediment, and surface water (both total and dissolved 

inorganics) databases were evaluated in this HHRA by including only those chemicals detected at least 

once in each media at a suspected source concern. Concentrations of inorganic and/or organic 

constituents detected in surface soil, subsurface soil, sediment, surface water (total inorganics), and 

surface water (dissolved inorganics) and results of background analysis are presented in Tables 6-2 

through 6-6, respectively 
.-. 
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1, ‘4-l 

SUMMARY OF COPC SELECTlON CRITERIA, SITE 8 SURFACE SOIL, SUBSURFACE SOIL, SEDIMENT, AND SURFACE WATER 
NAWC WARMINSTER, PENNSYLVANlA 

Essential Nutrients Eliminate essential nutrients (calcium, chloride, magnesium, potassium, 

and sodium) as COPCs. 
Eliminate essential nutrients as COPCs. Eliminate essential nutrients as COPCs. 

N&S 

Essential Mients that are present at elevated 
concentrations will be noted in the qualitative HHRA. 

Background Scraanlng Compare inorganic contaminants in surface and subsurface soil If a surface and/or subsurface soil inorganic If statistical tests show surface and/or subsurface Background screening is only applicable for surface 
(Applicable for Surface to background data set. contaminant is within the range of inorganic contaminant levels exceed background and subsurface soil inorganic contaminants. Organic 
and Subsurface Soil Only) background, eliminate the chemical as COPC. check Frequency of Detection. contaminants are subject to a chedc for Frequency 

Frequency of Detection Compare frequency of positive detections relative to total number of 

usable results to determine if a substance was detected 

in greater than 5 percent of samples [Appticabte only if the number of 
samples collected in eachmedia of consideration was >= 20). 

If frequency of detection is less than 5 percent 

and the number of samples collected was .=20. 

eliminate me chemical as a COPC. 

If frequency of detection is greater than 5 percent Frequency of detection scraening applies to all organic 

do a Toxicky Screen. and inorganic contaminants. Contaminants detected 

in less than 5 percent of samples are eliminated from 

considarattcn. This screen could miss potential “Hot 

Spots”, however, any potential “Hot Spots” were 
eliminated during me removat actions at the site. 

Toxicity Screen vs. RBC Compare maximum concentrations of inoqanic substances If maximum concentration of contaminant If the maximum concentration of a contaminant Chemicals that are selected as a COPCs wilt be 
(only those that exceed bar&ground) and oqantc contaminants in is less man the applicable REC; eliminate exceeds the applicabte RBC. the contaminant evaluated quantitatively in mis HHRA. NOTE: The RBC 
surface and subsurface soil to Risk Based Screening Levels (RBCs): me contaminat as a COPC. is selected as a COPC for hexavalent chromium (Cr VI) is used in this HHRA 
Compare maximum cmcmtrations of inorganic and organic substances because Spedatton data (Cr VI vs. Cr Ill) ware not 
substances in sediment end surface water to Risk Based Screening availebte for soil samples collected at Site 8. 
Levels (RECs).” 

Lead Compare maximum concentrations of lead in surface and subsurface 

soil and sediment to a value of400 mgArg (EPA, 1994)“’ 

Compare maximum concentrations of lead in surface water 
to a value of 15 ugA. (EPA, 199&i):*** 

If mtimum concentration of lead in soil or 

sediment is less than 409 mg/kg and/or lead in 

surface water is less than 15 ug/L eliminate lead 
as a COPC. 

If maximum cmcantratton of lead in soil or 

sediment exceeds 400 mglkg and/or lead in 

surface water excaeds 15 ug/L select lead 
as a COPC. 

If lead is selected as a COPC. then risks are evaluated 

using the Integrated Exposure Uptake Biokinetic model 

to assess potential blood lead levels in exposed children 

Risk-Based Concentrations (RBCs: EPA 1999b) are chemical-spedtic benchmark criteria. prepared by EPA Region III. which represent the concentration ofa substance that is estimated to yield a lifetime cancer risk of l&C5 or a noncarcinogenic hazard quotient (HQ) of 1. 

RECs are calculated assuming default exposure assumptions for soil ingestion for a lifetime resident (child plus adult exposure). Those RBCs which are based on non-cancer toxtdty are first divided by 10 before being used for screening. 

(This step adds a safety factor in case more than one contaminant is present that might cause an additive risk of adverse effects.) 

Risk-Based Concentrations (RBCs; EPA 1999b) are chemical-speck% benchmark mterta. prepared by EPA Region 111, which represent the concentration of a substance that is estimated to yield a lifetime cancer risk of lE-05 or a noncarcinogenic hazard quotient (HQ) of 1 

RBCs are calwlatad assuming default exposure assumptions for soil ingestion (for sediment screening) and drinking water ingestion (for surface water ingestion) for a lime resident (child plus adult exposure). Those RBCs which are based on noncancer todcfty 
toxicity are first divided by 10 before being used for screening. (This step adds a safety factor in case more than one contaminant is present that might cause an additive risk of adverse effects.) 

+.* The lead screening value wes developed by the EPA (1994a) Oftice of Solid Waste and Emergency Response (OSWER). It is not an automatic cleanup goal but rather a level above which there is suf5ctent concern to merit additional site-specific evaluation of risks 

‘*** The lead screening value was developed by the EPA (1995d). It is not an automatic cleanup goal but rather a drinking water action level above which there is suf9cient concern to merit additional site-spa&w evaluation of risks 
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6.2.3.1 Surface Soil COPC Selection 

Section 4.4 discusses the results of sampling surface soils at Site 8. COPCs in surface soil for all 

potential receptors (using the protocols established in Table 6-1) are shown on Table 6-2 and listed 

below: 

1,2,3,4,6,7,8-HpCDD 

OCDD 

Arsenic 

Chromium 

Lead 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Dibenz(a,h)anthracene 

For lead, the Integrated Exposure and Uptake Biokinetic (IEUBK) Model (Version 0.99) was used to 

evaluate this contaminant as a COPC. 
,-- 

The maximum detections, arithmetic means, and exposure point concentrations (EPCs) (discussed in 

Section 6.2.5) for OCDD, arsenic, benzo(a)pyrene, and dibenz(a,h)anthracene exceeded their respective 

RBCs. Notable trends for each of these COPCs were as follows: 

l OCDD was evenly distributed across the site at concentrations less than 2 ug/kg (12 detects). A 

maximum concentration of 22 J ug/kg was detected at sample location SS-08-10. The maximum 

detected concentration, arithmetic mean, and EPC reported for OCDD exceeded the RBC 

presented in Table 6-2. 

l Arsenic was detected in all 38 surface soil samples analyzed and concentrations were evenly 

distributed across the site. 

. Benzo(a)pyrene was detected in 10 of 18 samples with seven of the 10 positive detections 

reported at concentrations of less than 400 ug/kg and three of the positive detects reported at 

concentrations equal to or exceeding 400 ug/kg [sample locations SS-08-14 (480 ug/kg), SS-08- 

15 (400 J ug/kg), and SS-08-17 (930 J ug/kg)]. 
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TABLE 6-2 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN, SITE 6 SURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 

Medium: Surface Soil 

Exposure Medium: Surface Soil 

Exposure Point: Contact (Ing. & Der.) with Surfafece Soil. Industrial Adulr 

CAS Chemical 

Number 

35822469 1,2,3,4,6,7.~HpCDD 

37562-39-4 1,2,3,4,6,7.&HpCDF 

1064828-9 1.2.3.4.7.8-HxCDF 

3268-87-9 OCDD 

39001-02-o OCDF 

7429-90-5 Aluminum 

7440-38-2 Arsenic 

7440-39-3 Barium 

7440-4%7 Beryllium 

744M3-9 Cadmium 

7440-70-2 Calcium 

744047-3 Chromium 

744048-4 Cobalt 

744050-6 Copper 

743969-6 Iron 

7439-92-l Lead 

7439-954 Magnesium 

7439-98-5 Manganese 

7439-97-6 Mercury 

7440-02-o Nickel 

7440-09-7 Potassium 

776249-2 Selenium 

7440-23-5 Sodium 

7440-62-2 Vanadium 

744066-6 Zinc 

72-54-8 4,4’-DDD 

50-29-3 4.4’-DDT 

309-00-2 Atdrin 

I1097-69-I Arodor-1254 

72-20-6 Endtin 

108467 1 .CDichlorobenzene 

91-57-6 P-Methylnaphthalene 

120-12-7 Anthrecene 

56-55-3 Benz(a)anthracene 

50-32-6 Eenzo(a)pyrene 

205992 Benzo(b)tluoranthene 

191-24-2 Benzo(g.h.i)peryiene 

207-OS-9 Benzo(i;cjRioianGiena 

I 117-61-7 Bisf2-ethvlhexvl)Dhthala 

Minlmum (1 

Concentratior 

- 
0.0073 

0.1731 

0.0046 

0.087 

0.0379 

9940 

2 

42.3 

0.62 

0.53 

776 

11.6 

5.4 

4.3 

13000 

9.4 

1640 

247 

0.06 

9.1 

436 

0.7 

61.1 

19.3 

24.9 

4.7 

5 

3.2 

13 

6.7 

43 

130 

590 

60 

79 

120 

61 

58 
1700 

Qualifier 

- 
J 

J 

J 

J 

J 

L 

L 

L 

K 

J 

Ylaximum (1 

Concentratior 

3.6 

0.1755 

0.007 

22 

0.0379 

16300 

13.9 

124 

1.1 

6.3 

19500 

46.1 

12.3 

92.6 

25600 

732 

12100 

722 

0.1 

15.7 

1840 

0.72 

1110 

45.8 

455 

4.7 

23 

3.2 

83 

6.7 

43 

130 

590 

980 

930 

1800 

410 

Z/U 
1800 

Maximum Units -L Qualifier 

J urna 
J u9k9 

J u9k9 

J u9&9 

J u9&9 

m9k9 

m9h 

mg/ke 

msnca 

m9k9 

m9k9 

m9lk9 

m9fi9 

J m9&9 

m9k9 
K mm9 

m9fi9 

J m9k9 

m9/k9 

m9k9 

m9k9 

K m9k9 

J m9k9 

m9/k9 

m9k9 

P u9&9 

J u9k9 

J u9k9 

u9fk9 
P U9k9 

u9k9 

J u9k9 

W~9 

U9&9. 

u9k9 

u9&9 

u9k9 

1:::; J” 

LocBUOtl 
of Maximum 

:oncenbaticw 

- 
SS-oa10.D 

SW&02 

ss-O8-03 

ssoa10 
ss-oaoe 

ss-oa2aD 
SS-o&16 
saoai7 
saoao7 
ss-0810 
ss-oai 4 

ss-oai4 
ss-oa2aD 

ss-oaio 
ss-082aD 

ss-0838 
ss-oai4 
swa18 
SS-08-M 

SS-O&P&D 
ss-oai7 

SS-0&14-D 
ss-oa18 
ss-0853 
ss-oai4 
ss-oat0 

SS-0814-D 
SS-oa14-D 

ss-0840 
ss-0810 
ss-OS18 
ss-oai 0 
ss-08-17 

SS-08-17 

ss-oai 7 

SS-08-I 7 

saoai7 
SS-06-14 

SS-0814-D 

D&ctlm 
Frequency 

1/13 

2n 

303 

13113 

l/5 

1608 

38l38 

18116 

12l12 

8/l 5 

WI5 

1606 

14114 

1606 

16116 

41141 

15115 

16116 

2l14 

11111 

15115 

2/%6 

515 

20/20 

16116 

il14 

3114 

1114 

3114 

1114 

1114 

1118 

l/18 

IO/l8 

IO/16 

10118 

8/18 

9118 
l/l0 

- 

Range of 

Limits 

).oo24-0.19: 

0.01582.2 

O.OQO9-0.28 

21-21 

0.3214 

N/A 
WA 
N/A 
N/A 

0.51-0.98 

N/A 

NIA 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

0.05-0.11 

N/A 

N/A 

0.63-l .2 

N/A 

N/A 

N/A 

3.54.1 

3.54 

1.82.2 

3540 

3.54.1 

380.41 W 

3804100 

3704100 

3704100 

3704100 

3704100 

3704100 

3804100 
370400 

:oncentratlon 
used for 

Screening 

9;6 

0.1755 

0.007 

22 

0.0379 

16300 

13.9 

124 

1.1 

6.3 

19500 

48.1 

12.3 

92.8 

25800 

732 

12100 

722 

0.1 

15.7 

1840 

0.72 

1110 

45.8 

455 

4.7 

23 

3.2 

83 

8.7 

43 

130 

590 

980 

930 

1600 

410 

270 
1800 

Site 

Greater Than 

NA 
NA 
NA 
NA 

NA 

N 

Y 

Y 

N 

N 

Y 

Y 

N 

Y 

N 

Y 

Y 

N 

N 

N 

Y 

NA 

Y 

Y 

Y 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Smenlng (3) 

Toxicity Value 

0.43 c 

0.43 c 

0.043 c 

4.3 c 

4.3 c 

7800 N 

0.43 c 

550 N 

18 N 

7.8 N 

0 N 

23 ‘N 

470 N 

310 N 

2300 N 

400 c 

0 N 

160 N 

0.78 N 

160 N 

0 N 

39 N 

0 N 

55 N 

2300 N 

2700 C 

1900 c 

36C 

320 C 

2300 N 

27000 C 

160000 N 

23OOWON 

870 C 

87 c 

870 C 

0 N 

8700 C 

46000 c 

:0FY 
Flag 

Y 

N 

N 

Y 

N 

N 

Y 

N 

N 

N 

N 

Y 

N 

N 

N 

Y 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

Y 

Y 

Y 

N 

N 

N 
- 

Rationale for (4 

Ccntaminant 

Deletion 

w se.lectlon 

ASL 

BSL 

BSL 

ASL 

BSL 

BKG 

ASL 

BKG 

BKG 

BKG 

NUT 

ASL 

BKG 

BKG 

BKG 

ASL 

NUT 

BKG 

BKG 

BKG 

NUT 

BKG 

NUT 

BKG 

BKG 

BSL 

BSL 

BSL 

BSL 

BSL 

BSL 

BSL 

BSL 

ASL 

ASL 

ASL 

NTX 

BSL 
BSL 

- 

429199 
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TABLE 6-2 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN, SITE 6 SURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 

Medium: Surfsce Soil 

Exposure Medium: Surface Soil 

Exposure Point: Contact (Ins. 8 Der.) with Surface Soil, lndustrtal Adult* 

--j 

85-657 IButytbenzylphthalate 

86-74-6 Carbazole 

218-01-Q Chrysene 

84-74-2 Di-n-butylphthalate 

53-70-3 Dibenz(a,h)anthracene 

20644-O Fluoranthene 

86737 Fluorene 

193-39-5 Indeno(l,2,3-@pyrene 

91-20-3 Naphthalene 

87-865 Pentachlorophenol 

8501-8 Phenanthrene 

129-00-O Fyrene 

75-042 Methylem Chloride 

127-W-4 Tetrachloroathene 

108&?-3 (Toluene 

This screening is also valid for Curm 

Minimum (1) 

COllWlltEltlO~ 

400 

310 

77 

50 

45 

150 

540 

59 

48 

43 

72 

130 

7 

3 

2 

3,lture/surfao 

7 Minimum Maximum (1) Maximun nun 
Dualiger Concentration Qualifier Dualiger Concentration Qualifier 

J 600 

J 310 J 

J 980 

J 54 J 

J 120 J 

J 2000 

540 

J 410 

J 56 J 

J 43 J 

J 2100 

J 1600 

J 7 J 

J 600 

,:,I :lh: 
Soil/Parttculates/Contact (In alathj 

Units 

- 

t 

m 

LoCatiOn 

of Maximum 

2oncentratlor 

- 
ss-oai4 
soai7 
ss-OS17 

ss-oai 0 

ss-oai7 
ssoe-17 

soa 
ss-oai 7 

ss-oaio 
ss-oa10 

ss-0817 

ss-08-17 

SS-CB-14-D 
ss-0808 
ss-oaos 

ceSoil 

Detection 
Frequency 

=Tr= 

1118 

IO/l8 

2l5 

3/i 0 

10118 

1110 

7116 

2ll8 

f/14 

10118 

IO/18 

270 

l/l3 

s/13 

IAdult. 

Range of 

Detectiorl 

Limits 

4oMoo 

3704109 

3704106 

3604100 

3704lOQ 

3704100 

37041OQ 

3704100 

370-4lOQ 

880-loo00 

370-4106 

3704106 

II-12 

11-13 

11-13 

‘This screening is also valid for CurentrFuture/Surfac Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Casual User Child (Age l-6). 

‘This screening is also valid for Current/Future/Surface Soil/Particulates/Contact (Inhalation) with Surface Soil Casual User Child (Age l-6). 

*This screening is also valid for CurentrFuturelSurface Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Casual User Pre-AdolescenUAddescant (Age 7-18). 

*This screening is also valid for Current/Future/Surface Soil/Partiwlates/Contact (Inhalation) with Surface Soil Casual User Pre-Adolescent/Adolescent (Age 7-16). 

*This screening Is also valid for CurenUFuture/Surface Soil/Surface Soil/Contact (lng. & Der.) with Surface Soil Casual User Adult. 

‘This screening is also valid for Current/Future/Surface Soil/ParQwlates/Contact (Inhalation) with Surface Soil Casual User Adult. 

‘This screening is also valid for Future/Surface Soil/Surface Soil/Contact (Ins. & Der.) with Surface Soil Residential Child. 

*This screening is also valid for Future/Surface Soil/Par%culates/Contact (Inhalation) with Surface Soil Residential Child. 

l This screening is also valid for FuturelSulface Soil/Surface Soil/Contact (Ins. & Der.) with Surface Soil Residential Adult. 

l This screening is also valid for Future/Surface Soil/Parttculates/Contad (Inhalation) with Surface Soil Residential Adult. 

(1) Minimum/maximum detected conCentmtion. 

(2) Refer to supporting information for background discussion. 

Y -Site (>) Background; N -Site (not >) Background: NA - Not Applicable (inorganic5 -insufficient site or back info; organic+ 

(3) EPA Region III Risk Based Concentration Screening Values (Residential Land Use] (EPA, 199Qb). DfQze of Solid Waste and Emergency Response (OSWER) [for lead only] (EPA, 1994e). 

(4) Rationale Codes Selection Reason: Infrequent Detection but Associated Historically (HIST) 

Frequent Detection (FD) 

Deletion Reason: 

Toxicity Information Available (TX) 

Above Screening Levels (ASL) 

Infrequent Detection (IFD) 

FJaOkQrOUnd Levels (EKG) 

No Toxicity Information, Uiscussed in uncertainty section of HHRA (NTX) 

Essential Nutrfent (NUT) 

Below Screening Level (BSL) 

Screenirg (3; 

Toxicity Value 

COPC 
i Flag 

MOOOWN N 
32OW C N 

87096 C N 

78OOOQN N 

07c Y 

310000N N 

310000 N N 

670 C N 

16OOOON N 

530012 N 

ON N 

230000N N 

BWOC N 

12000C N 

1609CQQN N 

- 

Rationale for (4) 

Contaminant 

Deletion 

M Selection 

BSL 

ESL 

BSL 

BSL 

ASL 

BSL 

BSL 

BSL 

BSL 

BSL 

NTX 

BSL 

BSL 

ESL 

BSL 

Definitions: 

N/A = Not Applicabte 

SQL = Sample Quantitation Limit 

COPC = Chemical of Potential Conoem 

ARAR = Applicable or Relevant and Appropriate Reguke 

TBC - To Be ConsIdered. 

J = Estimated Value 

C = Caroinogenlc 

N = Non-Car&ogenio 

429199 



l Dibenz(a,h)anthracene was detected in three of 18 samples with a maximum concentration of 120 J 

ug/kg (sample SS-08-I 7). The maximum detected concentration, arithmetic mean, and EPC. reported 

for this contaminant exceeded the RBC. 

The maximum detections and EPCs for 1,2,3,4,6,7,8-HpCDD and chromium exceeded their respective 

RBCs, however, the arithmetic means calculated for these contaminants did not. Notable trends for these 

COPCs are as follows: 

l 1,2,3,4,6,7,8-HpCDD was evenly distributed across the site at concentrations less than 0.03 

ug/kg (5 detects). Maximum concentrations of 1,2,3,4,6,7,8-HpCDD were 3.2 J ug/kg (sample 

SS-08-10) and 3.6 J ug/kg (sample SS-08-I 1). 

l Chromium was detected in all 16 surface soil samples analyzed and concentrations were evenly 

distributed across the site. 

The maximum detects of lead, benz(a)anthracene, and benzo(b)fluoranthene exceeded their respective 

RBCs, however, the arithmetic means and EPCs calculated for these contaminants did not. Notable 

trends for these COPCs were as follows: 

l Lead was detected in 38 surface soil samples at concentrations less than 341 mg/kg. 

Concentrations exceeding 341 mg/kg included 475 mg/kg (sample SS-08-44), 487 mg/kg (sample 

SS-08-24) and 732 mg/kg (sample 88-08-38). 

l Benz(a)anthracene was detected in 10 of 18 samples with most detections occurring at 

concentrations of less than 300 ug/kg. An exception was reported for sample SS-08-17 (980 

w/kg). 

l Benzo(b)fluoranthene was detected in 10 of 18 samples with most detections occurring at 

concentrations of less than 350 ug/kg. An exception was reported for samples SS-08-14 (820 

ug/kg) and SS-08-17 (1,600 ug/kg). 

6.2.3.2 Subsurface Soil COPC Selection 

Section 4.5 discusses the results of sampling subsurface soils at Site 8. COPCs in subsurface soil for all 

potential receptors (using residential soil RBC screening criteria set at cancer risk levels of 1 x lo-” and 

HQs of 0.1) are shown on Table 6-3 and listed below: 

UDOCUMENTS/NAVY/1412/SITE6/04900USEC6 
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TABLE 6-3 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN, SITE 8 SUBSURFACE SOIL 

NAWC WARMINSTER. PENNSYLVANIA 

Scenario Timeframe: CurrentlFulure 

Medium: Subsurface Soil 

Exposure Medium: Subsurface Soil 

Exposure Point: Contact (Ing. & Der.) with Subsurface Soil, industrial Adulr 

CAS I Chemical 

Number 

I 

326887-9 OCDD 

7429905 Aluminum 

7440-380 Antimony 

7440-38-2 Arsenic 

7440393 Barium 

7440-H-7 Beryllium 

7440.702 Calcium 

744047-3 Chromium 

7440484 Cobalt 

7440598 Copper 

74392896 Iron 

743992-I Lead 

7439-954 Magnesium 

7439965 Manganese 

7439-97-6 Mercury 

7440-02-o Nickel 

7440697 Potassium 

7762492 Selenium 

7440-23-5 Sodium 

7440280 Thallium 

7440-62-2 Vanadium 

744066-6 Zinc 

959-98-6 Endosulfan I 

5103-74-2 Gamma-Chlordane 

88755 2-Nitrophenol 

100-02-7 4-Nitrophenol 

56553 Benz(a)anthracene 

50-32-6 Benzo(a)pyrene 

205-99-2 Benzo(b)fluoranthene 

191-24-2 Eenzo(g,h.i)petylene 

207-06-g Benzo(k)fluoranthene 
216-01-9 Chrysene 

Minimum (1: 

:oncentration 

4.4 

6020 

14.9 

0.61 

16.1 

0.29 

492 

7.1 

4.6 

5.6 

7060 

1.9 

632 

143 

0.1 

5.6 

145 

0.63 

71.5 

0.43 

9.6 

5.1 

0.71 

2 

42 

36 

120 

140 

190 

80 

110 

170 
- 

Minimum 

Qualifier 

- 
J 

J 

L 

L 

K 

J 

J 

J 

J 

J 

J 

J 

J 

laxtmum (1 

~oncentratton 

- 
4.4 

18O.lO 

14.9 

6.6 

113 

2.2 

10110 

26.1 

22.6 

353.65 

27450 

26.7 

6975 

1230 

0.1 

17.1 

2270 

0.63 

1470 

9.1 

52.5 

47.6 

0.71 

2 

42 

36 

120 

140 

190 

60 

110 
170 

- 

aaximum Units 

Qualifier 

J UQM 

mencs 
J mwh3 

mgk9 

wkg 

mww 

mwkg 
J mwka 

w/k9 
J mgkg 

mgkg 
J msnca 

meh3 

mafia 
L mglkg 

mgkkg 

msRs 
K mglkg 

with 
J mgk2 

mw@ 

mgW 
J UQRQ 

UQkQ 
J UQkQ 
J UQkQ 
J UQfkQ 
J US&S 
J UQkQ 
J U9kQ 
J UQkQ 
J UQkQ 

- 
I 

1 

- 

Location 

of Maximum 

Concenkatior 

- 
88-0804 

TPOI-OS02 

SB-08-19 

88-0822 
TPOI-0802 

TPOZ-08-03 

SB-oa19 

SB-06-10 

TPOI-0802 

SB-oa19 

SB-06-19 

SE-O&l 6 

saoai9 
TP01-0802 

SB-08-02 

rPO2-06-03-l 

TP02-08-03 

SB-OE10 

SBOB-19 

SB-0.319 

88-06-23 

SB-08-18 

SB-08-08 

SB-0816 

88-08-02 

SB-08-02 

SB-08-18 

SB-08-16 

SB-08-18 

SB-0816 

SB-08-18 

SB-08-18 
- 

Detectkxl 
Frequency 

==7r= 

23723 

1117 

22l22 

23123 

2f/21 

22l22 

23123 

23123 

22l22 

22l23 

28128 

22722 

23l23 

1123 

10110 

21122 

1123 

14114 

2i22 

27727 

22l22 

lff 

Ii-7 

1119 

1119 

1123 

1123 

II23 

II23 

1123 

1123 

Range of 

oetecilon 

Limits 

- 
2.552 

N/A 

7.1-10.4 

N/A 

N/A 

NIA 

NIA 

NIA 

N/A 

N/A 

20200202Ot 

N/A 

N/A 

N/A 

0.04-0.1 

N/A 

877-877 

0.51-I .I 

N/A 

0.51-0.65 

NIA 

N/A 

0.492 

0.492 

350410 

85omo 

350420 

350420 

350420 

350420 

350420 
350420 

z,xlcantratton Site 

Usedfor Greater Than 

Screening Background (2) 

4.4 

18ooa 

14.9 

6.6 

113 

2.2 

10110 

26.1 

22.6 

353.65 

27450 

26.7 

6975 

1230 

0.1 

17.1 

2270 

0.63 

1470 

9.1 

52.5 

47.6 

0.71 

2 

42 

38 

120 

140 

190 

80 

110 

170 

NA 

N 

N 

N 

N 

Y 

Y 

N 

Y 

Y 

N 

N 

Y 

N 

N 

N 

Y 

NA 

Y 

N 

Y 

N 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
w- 

Screening (3: mc 
Toxicity Value Flag 

4.3 c 

7806 N 

3.1 N 

0.43 c 

550 N 

16 N 

0 N 

23 N 

470 N 

310 N 

2300 N 

400 c 

0 N 

160 N 

0.78 N 

166 N 

0 N 

39 N 

0 N 

0.55 N 

55 N 

2300 N 

47oM) N 

1800 C 

0 x 

63000 N 

870 c 

87 C 

670 C 

0 N 

8700 C 

87000 C 

T= 
N 

N 

N 

N 

N 

N 

N 

N 

Y 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 
N 

- 

Rationale for (4) 

Contaminant 

Detetloft 

or Selection 

ABL 

BKG 

BKG 

BKG 

BKG 

BKG 

NUT 

BKG 

BUG 

ASL 

BKG 

BUG 

NUT 

BKG 

IFD 

BKG 

NUT 

IFD 

NUT 

BKG 

BUG 

BKG 

BSL 

BSL 

NTX 

BSL 

IFD 

IFD 

IFD 

IFD 

IFD 
IFD 

- 
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TABLE 6-3 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN, SITE 6 SUBSURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

Medium: Subsurface Soil 

Exposure Medium: Subsurface Soil 

Exposure Point: Contact (Ing. 8 Dar.) wtth Subsurface Soil. industrial Adult’ 

CAS 

Numbar 

Chemical Minimum (1) Minimum Maximum (1) Maximum Units 

Concentration Qualifier Concentration Qualifier 

206-44-O ]Fluoranthene I 320 1 J I 320 1 J ]ua/lra - - 

193-39-5 Indeno(1,2,3cd)pyrene 94 J 94 J wg 

8501-8 Phenanthrene 180 J 180 J wg 

10595-2 Phenol 920 920 WQ 

129090 Pyrene 290 J 290 J wkl 

’ This screening is also valid for CutrahtiFulure/Subaut Soil/Parfidulates/Contact (Inhalation) with 

LoCatiOn 

of Maximum 

Concantmtion 

se-OS18 

SBOB-18 

SE08-18 

sB-oao2 

S&08-18 

;ubsurface 

Detecuon 

Fre&ency 

Ranga of 

Datecuan 

Limits 

359420 

350-420 

350-410 

350.420 

l This screening is also valid for Future/Subsurface Soil/Subsurface Soil/Contact (Ins. 8 Der.) with Subsurface Soil Residential Child. 

l This screening is also valid for FuturelSubsurfaca SoilrParticulates/Contad (Inhalation) with Subsurfaca Soil Residential Child. 

l This screening is also valid for Future/Subsurface Soil/Subsurface Soil/Contact (Ing. & Der.) with Subsurface Soil Residential Adult. 

l This screening is also valid for Future/Subsurface Soil/Parttculates/Contadt (Inhalation) with Subsurfaca Soil Residential Adult. 

(1) MinimunVmaximum detected concentration. 

(2) Refer to supparting information for background discussion. 

Y -Site (>) Backgmund; N _ Site (not >) Background; NA -Not Applicable (inorganics - insuffrdent site or back info; organics). 

(3) EPA Region Ill Risk Basd Concentration Screening Values [Residential Land Use] (EPA, 1999b), office of Solid Waste and Emergency Response (OSWER) [for lead only] (EPA, 1994a) 

(4) Rationale Codes Selection Reason: Infrequent Detection but Associated Historically (MST) 

Frequent Detection (FD) 

Toxicity lnfonnation Available (TX) 

Above Screening Levels (ASL) 

Deletion Reason: Infrequent Detection (IFD) 

Background Levels (BKG) 

No Toxicity Information, discussed in uncertainty section of HHRA (NTX) 

Essential Nutrient (NUT) 

Below Screening Level (BSL) 

Definitions: 

N/A = Not Appricabte 

SQL = Sample Quantitation Limit 

COPC = Chemical of Potanttal Concern 

ARAR = Applicable or Relevant and Appmprtate Require 

TBC -To Ba Considered. 

J = Estimated Value 

C = Carcinogenic 

N = Non-Cardtnagantc 

4129199 
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. OCDD 

0 Copper 

The maximum detects of OCDD and copper exceeded their respective RBCs, however, their arithmetic 

means and EPCs were less than their respective RBCs. Notable trends for these COPCs included: 

l OCDD was detected in 1 of 4 subsurface soil samples at a concentration of 4.4 J ug/kg (sample 

SB-08-04). 

l Copper was detected in all 22 subsurface soil samples with all concentrations detected at levels 

less than 31 mg/kg with the exception of the maximum concentration of 353.65 J mg/kg (sample 

SB-08-I 9). 

6.2.3.3 Sediment Soil COPC Selection 

Section 4.7 discusses the results of sampling sediment at Site 8. COPCs in sediment for all potential 

receptors (using residential soil RBC screening criteria set at cancer risk levels of 1 x 1 Om6 and HQs of 0.1) 

are shown on Table 6-4 and listed below: 

l Arsenic 

0 Iron 

l Manganese 

l Benzo(a)pyrene 

l Dibenz(a,h)anthracene 

Notable trends for these COPCs included: 

l Arsenic was detected in 2 of 3 sediment samples with a maximum concentration of 4.2 mg/kg 

(sample C6). Both positively detected concentrations of arsenic exceeded the RBC. 

l Iron was detected in 3 of 3 sediment samples with a maximum concentration of 25,400 mg/kg 

(sample C12). All 3 positively detected concentrations of iron exceeded the RBC. 

l Manganese was detected in 3 of 3 sediment samples with a maximum concentration of 848 J 

mg/kg (sample C12). All 3 positively detected concentrations of manganese exceeded the RBC. 

L/DOCUMENTS/NAVY/l412/SITE8/049002/SEC6 
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TABLE 6-4 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN, SITE 8 SEDIMENT 

NAWC WARMINSTER, PENNSYLVANIA 

CAS 

Number 

Chemical Minimum (1) Minimum Maximum (1) Maximum Units LMatiOfl DetectIon Range of conc8nfratlon Sile Sueming (3) corn Rationale for (4) 

Concentration Qualler Concentration Qualifier of Makimum FWqUanCy Detection used for Greater Than Toxicity Value FM Contaminant 

Concentration Limits Sawnicg -!J~~ (2) Deletion 

or SelacUon 

Deletion Reason: 

Toxicity Information Available (TX) 

Above Screening Levels (ASL) 

Infrequent Detection (IFD) 

Background Levels (EKG) 

No Toxicity Information, discussed in uncertainty s&ion of HHRA (NTX) 

Essential Nutrient (NUT) 

Below Screening Level (BSL) 

COPC = Chemical of Potential Cot-cam 

ARAR = Applicable or Relevant and Approptiate Raquire 

TBC -To Be Considered. 

J = Estimated Value 

C = Carcinogenic 

N = Non-Carcinogenic 

429199 
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TABLE 6-6 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN 

SITE 8 SURFACE WATER (DISSOLVED INORGANICS) 

NAWC WARMINSTER, PENNSYLVANIA 

Medium: Surface Water (Dissolved Inorganics) 

Exposure Medium: Surface Water (Dissolved Inorganics) 

Exposure Point: Contact (Ing. 8 Der.) with Surface Water (Dissolved Inorganic@. CM-Site Recreational Pre-Adolescent (Age 7-12) 

7439954 Magnesium 15900 15900 UQk Cl2 111 N/A 15QOO NA ON N NUT 

7434965 Manganese 162 162 W- ct2 111 N/A 162 NA 73N Y ASL 

7440-09-7 Potassium 2320 2320 UN- Cl2 111 NIA 2320 NA ON N NUT 
7440235 Sodium 45600 45600 UN Cl2 ill N/A 456ou NA ON N NUT 

(1) Minimum/maximum detected concentration 

(2) Refer to supporting information for background discussion. 

Y. Sile (5) Background; N - Site (not >) BackgrOUnd; NA - Not Applicable (inorganica - insufkcient site or back info; organics). 

(3) EPA Region Ill Risk Based Concentration Screening Values [Residentlel Land Use] (EPA, 1999b), ClffTce of Solid Waste and Emergency Response (DSWER) [for lead only] (EPA, 1994a). Deknitfons: 

(4) Rationale Codes Selection Reason: Infrequent Detection but Associated Historically (HIST) N/A = Not Applicable 

Frequent Detection (FD) SQL = Sample Quantitation Limit 

Toxicity Information Available (TX) COPC = Chemical of Potential Concern 

Deletion Reason: 

Above Screening Levels (ASL) 

Infrequent Detection (IFD) 

Background Levels (BKG) 

No Toxicity Information. discussed in uncertainty section of HHRA (NTX) 

Essential Nutrient (NUT) 

Below Screening Level (BSL) 

ARAR = Applicable or Relevant and Appmpdate Require 

TBC -To Be Considered. 

J = Estimated Value 

C = Carcinogenic 

N = NonCardnogenic 

4129199 

6-19 



to the guidance referenced in several EPA and related publications (EPA, 1989a, 1989b, 1992a, 199213, and 

1996a). Before EPCs were estimated for each COPC, the underlying statistical distribution of data was 

determined. The Shapiro-Wilk W test or the Shapiro-Francis Test (EPA, 1992a) were performed to 

determine if the data set of chemical concentrations matched the shape of a normal or lognormal 

distribution. [The latter test is required if there are greater than 50 samples (EPA, 1992a, 1996a).] Normally 

distributed data exhibit a characteristic “bell-shape” curve that is symmetrical, whereas lognormal data have 

a skewed shape (a longer tail at the high-concentration tail). For each COPC, the W test was performed 

once using the original data and once after data were converted to their logarithms. A 5% level of 

significance was used to determine if the data deviated from either hypothesized distribution. If the W test 

indicated a normal distribution, then the estimation of the reasonable maximum exposure point 

concentration (using the upper 95th percentile confidence limit on the mean, as discussed in the next 

section) was based upon a normal distribution and standard deviation. If taking the logarithms of the data 

provided a better match than a normal distribution, a lognormal transformation of data was performed before 

the upper 95th percentile confidence limit on the mean concentrations was computed. If neither distribution 

matched the data set of interest, the default assumption of an underlying lognormal distribution was followed 

(EPA, 1989a). 

_. 

The distributional analysis results for COPCs in surface soil, subsurface soil, sediment, surface water (total 

inorganics), and surface water (dissolved inorganic@ are shown in Tables 6-7 through 6-l 1, respectively. 

As shown on Table 6-7, the COPCs in surface soil generally exhibited a lognormal or nonparametric 

(assumed lognormal) distribution better than a normal distribution, especially 1,2,3,4,6,7,8-HpCDD, OCDD, 

arsenic, and chromium. As shown on Table 6-8, OCDD exhibited a normal distribution, however, because 

of the low number of sampling locations, there is less confidence in the shape of the distribution. Copper 

exhibited a nonparametric (assumed lognormal) distribution. As shown on Tables 6-9, 6-10, and 6-l 1, the 

COPCs in sediment and surface water were associated with a particular distribution (normal, lognormal, 

nonparametric [assumed lognormal], or unknown [assumed lognormal]), however, because only three 

samples were collected in sediment and one sample was collected in surface water, there is very little 

confidence in the shapes of these distributions. 

_--. 

6.2.5 Exposure Point Concentrations 

An EPC was calculated for each COPC selected for the various environmental media data sets. Post- 

remedial concentrations of detected chemicals at each medium were evaluated. Usability of results is 

discussed below. The EPC was calculated using the latest risk assessment guidance from EPA (1985, 

1989a, 199la, 1991b, 1998a) and Gilbert (1987). 
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REPRESENTATIVE CONCENTRATION AND STATISTICAL DISTRIBUTION - SITE 8 SURFACE SOIL (POST-REMOVAL) 
NAWC WARMINSTER, PENNSYLVANIA 

Bold Text indicates selected COPC for this media 
Units PE m(gRg Foi inoiganics, i&.9 For organi-. 
Number OF Sample rssults excludes rejected data or blankqualified data. Duplicates are consolidated into one rerult. 
Statistical distribution OF data is determined using Shsp&Wllk test For n <= 50. ShaplwFrands test for n a 50. 

Non&tected resuh$ SW mated 81 pcemt at mehalf mm d&e&n ttmjt tn a~ afalatfons 

Stanstical rQnmcPncr level IS 0.05. 
A normal distribution iS assumed if the test statistic W-norm. is 9= than the reference value IW-table). and Wnomx a W-laanarm I. 
A lognormal distribution is assumed r the test statistic W-lognon. is >= the reference value (W-table), and W-lognorm. >ii W-norm. A lognormal disbibutim Is allo the delautt arrumption if neither distdbutton passes 
H-values and standard deviations of log-transformed data are used to calculate the UCL if data are assumed to be ~nonnally distributed. 
Arithmetic mean includes positive detections and non-detected results (detection limits are divided by two). 

Student% T-valor and standard deviations am used for nomwlly dfstdbuted 

The representative concentration is selected as the lower of the 95 % UCL on the mean and the maximum positive site concentration. 

nawc site 9 surface soil distributional informationxls Page 1 
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TABLE 6-6 
REPRESENTATIVE CONCENTRATION AND STATISTICAL DISTRIBUTION -SITE 6 SUBSURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

Notes: 
Bold Text indicates selected COPC for this media. 
Units are mg/kg for inorganics. ugikg for organics. 
Number of sample results excludes rejected data or blank-qualified data. Duplicates are cOnSolidated into one result. Non-detected results are treated as present St one-half th+ detection limit in all cdlculation5. 

Statistical distribution of data is determined using Shapiro-Walk test for n <= 50, Shapiro-Franda test for n > 50. Statistical slgnifieanw level iS 0.05. 

A normal distribution is assumed if the test statisuc W-norm. is >= than the reference value (Wtable). and W-norm. > W-lognorm. 
A lognormal distribution is assumed if the test statistic W-lognorm is >= the reference value w-table). and W-lognorm. >= W-non. A fognormal distribution is also the default assumption if neither distribution passes Shap 
H-values and standard devistions of log-transformed data are used to calculate the UCL if data are assumed to be lognormally distributed. Student’s T-values and standard deviations Me used for normally disbibuted datp 

Arithmetic mean includes positive detections and nondetected results (detection limits are divided by two). 
The representative concentration is selected as the lower of the 95 % UCL on the mean and the maximum positive site concentration. 

nawc site 8 subwrfaaca soil distributional inFormaUan.xls page 1 
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REPRESENTATIVE CONCENTRATION AND STATISTICAL DISTRIBUTION -SITE 6 SEDIMENT 

NAWC WARMINSTER, PENNSYLVANIA 

Notes: 
Bold Text indicates selected COPC For this media. 
Units are mg/kg for inorganiw. ug/kg for organics. 
. . 

tonparametric (assumed I - 

-t&nom (assumed lognolm.) I 1 

- . - - - -  _.__I. 

unknown (assumedlognorm.) 1 I 
unknown (assumed, 

l~no”nal 
log”0”n.) 1 IJZ 732 

is3 0.9837 0.767 4.349 0.324 25.1 69.1 34.2 

lognormal 1 0.6407 0.6524 0.767 3.0162 0.155 66.3 
f 

92.6 78.5 
unknown (assumed lo”nnnn I 2.15 1310 120 
unknown (assumed lo -unknown lo 0.777 120 60 

(assumed 0.965 181 290 
##nhn”m ,*..,,,“a4 h ““RR znn 7Ir-l 

unknown (assumed lo-. , 

unknown (assumed fognorm.) 
unknown (assumed logn--- ’ 
unknown (assumed logn- . . . . . . , 
unknown (assumed I ogn*fm I-- l 
unknown (assumed lognorm.) 1 m-T 
unknown (ar ” ’ __-.-.- 
llnrnnm I-8 

SK---- 740 
2.32 13w I I I 94 
2.04 1320 140 

I I “C. 1290 72 
a35 ,w!rl -. . .- . . I_. .___- ___ ._“” 

unknown ~unknown (assumed lognorm.) logno&.) 1 I I I I 2.04 1 

(assumed 1 1 
‘320-.- 140 

0.692 770 1 1200 unknown (assumed lognon.) I I I 1 1 -~ 
0.674 970 1400 

Numoer or sampfe resuss excludes reJectad data or blank-qualified data. Duplicates are consolidated into one result. 

Statistical distribution OF data is determined using ShapiwWlk test for n c= 50, Shapiro-Franda test for n > 50. 

No”-dete&d results are treated as present at one-half the detdo” limit in all ml&abo”s. 

Statistical significaw.leval is 0.05. 
A nOmal distdbution is assumed if the test statistic W-non. is z= than the reference value (W-table), and W-norm. > W-lognorm. 
A lognormal distribution iS assumed if the test statistic W-lognorm. is >= the reference value w-table). and W-lognorm. 5= W-norm. A lognormal distdbutjo” is also the default assump&” if “either dist&+&” passes Shapim test. 

H-values and standard deviations of log-transformed data are used to calculate the UCL if data are assumed to be lognormally distributed. 
Arithmetic mea” includes positive detections and non-detected results (detection limits are divided by two). 

Student’s T-values and standard daviatfcms am used for normally distributed data. 

The representative concentration is selected as the lower of the 95 % UCL on the mea” and the maximum positive site concentration. 

nawc site 6 sediment dMributionsl informationxls Page 1 
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TABLE B-10 

REPRESENTATIVE CONCENTRATION AND STATISTICAL DISTRIBUTION -SITE 8 SURFACE WATER (TOTAL INORGANICS) 

NAWC WARMINSTER, PENNSYLVANIA 

Notes: 
Bold Text indicates selected COPC for this media. 
Units are ug/L. 
Number of sample resuits excludes rejected data or blank-qualified data. Duplicates are consolidated into one resuR Nowdetected results are treated as present at one-half the detection limit in all calculations. 
Statistical distribution of data is determined using ShapiraJMlk test for n <= 50. Shapiro-Fnnda test for n > 50. Statistical signiticanca level is 0.05. 
A normal disbibution is assumed if the test statistic W-norm. is >= than the reference value (W-table), and W-non. a W-lognorm. 
A lognormal distribution is assumed if the test statistic W-lognonn. is a= the reference value &‘&table). and W-tognonn. >= W-norm. A lognomlal distribution is also the default assumption if neither diattibulion pass.85 Shapiro test. 
H-values and standard deviations of tog-transfoned data are used to calculate the UCL if data are assumed to be lognonnally distributed. Student’s T-values and standard deviations am used for normally disbibuted data. 
Arithmetic mean includes positive detections and non-detected results (detection limits are divided by two). 
The representative concentration is selected as the lower of the 95 % UCL on the mean and the maximum positive site concentration. 

nawc site 5 surface water total distributional infonnation.xlr Page 1 
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TAL-, b-11 

REPRESENTATIVE CONCENTRATION AND STATISTICAL DISTRIBUTION -SITE 8 SURFACE WATER (DISSOLVED INORGANICS) 

NAWC WARMINSTER, PENNSYLVANIA 

Notes: 
Bold Texi indicates selected COPC for this media. 
Units are ue/L. 
Number of sample results excludes rejected data or blank-qualified data. Duplicates are consolidated into one resuk. Non-detected result8 are treated as present at onohatf the Median limit in all calculations. 
Statistical distribution of data is determined using Shapim-Walk test for n (= 50, ShapirPFrancia test fw n a 50. StatisticsI significance level Is 0.05. 
A normal distdbution is assumed if the test statistic W-norm is a= than the reference value (W-table), and W-norm. a W-fagnoqn. 
A lognormal distribution is assumed if the test statistic W-lognorm. is a= the reference value (Wtable). and W-lognonn. ,= W-norm. A lognormal distribution is also the default assumption if neither distribution passer Shapiro test 
H-values and standard deviations of log-transformed data are used to calculate the UCL if data are assumed to be lcgnonally distributed. Studenrs T-valuer and standard deviations are used for norm9lly distdbuted data. 
Arithmetic mean includes positive detections and non-d&e&d results (detection limits are divided by two). 
The representative concentration is selected 8s the lower of the 95 % UCL on the mean and the maximum positive site concentration. 

nawc site 9 surface water dissolved disbibutional informationxls Page 1 
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6.2.5.1 Calculation of Exposure Point Concentrations I. 

Where available, validated data were used to calculate EPCs. The validated data for Site 8 were 

generated between 1991 and 1999 as part of RI fieldwork. For purposes of calculating the EPC, a value 

of one-half the sample quantitation limit was assumed for non-detect (U, UJ, and UL qualified) results. 

Estimated values (J qualified), biased values (L and K qualified), other qualified values (N and P qualified) 

were used as the reported value. Rejected (R and UR qualified) and Blank-Contamination (B and BJ 

qualified) values were eliminated from further consideration. 

Duplicate samples were averaged together and considered as one result. For duplicates, where one 

result was positive and the other result was a non-detect, the problem of calculating an average result 

arose whenever half the detection limit exceeded the positive result. In these situations, the positive 

result was used to represent the duplicate pair. 

The calculation of an EPC involves two steps. First, the distribution of the data was determined as 

discussed in the preceding section. Then, based on the distribution of the data, an EPC was either 

calculated or selected. 

Several important assumptions were used to evaluate the distribution of the data (Section 6.2.4): 

. The distribution of a data set was determined using a Shapiro-Wilk test. 

. The distributions were classified as lognormal, normal, or unknown. 

. By default, environmental data are generally determined to be lognormally distributed. 

. If the data were not determined to be either a lognormal or normal distribution, they were 

classified as an unknown distribution and a lognormal distribution was assumed. 

If the data were considered to be lognormally distributed, then the standard deviation of the log- 

transformed sample set was determined, as follows: 

where: 

s = Standard deviation of the log-transformed data 
UDOCUMENTS/NAVY/1412/SITE8/049002/SEC6 
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Xi = Individual sample value (log-transformed using the natural logarithm function) 

P = Arithmetic mean of the log-transformed n samples 

n = Number of samples 

The one-sided upper 95 percent confidence limit (UCL,,,) was then calculated as follows: 

ucL [~+o~s~2+kki)] 
LOG = e 

where: 

e = constant (base of the natural log, equal to 2.718) 

P = Arithmetic mean of the log-transformed data 

H = H-statistic (e.g., from table published in Gilbert, 1987) 

s = Standard deviation of the log-transformed data 

n = Number of samples 

The EPC. was then selected as the lesser value of the one-sided 95 percent UCL and the maximum 

positive value in the data set. 

If the data were determined to be normally distributed, then the standard deviation of the sample set was 

used to calculate the one-sided 95 percent UCL, as follows: 

First, the standard deviation of the sample set was determined: 

where: 

s = Standard deviation of the data 

Xi = Individual sample value 

P = Arithmetic mean of the n samples 

n = Number of samples 

The one-sided upper 95 percent confidence limit (UCL,,,) was calculated as follows: 

UDOCUMENTSlNAVYll412/SITE8/049002/SEC6 
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where: 

s = Standard deviation of the data 

t = One-sided t distribution factor 

P = Arithmetic mean of the n samples 

n = Number of samples 

The EPC was then selected as the lesser value of the one-sided 95 percent UCL and the maximum 

positive value in the data set. 

For small sample sets or sample sets in which all positive results equal less than one-half the detection limit, 

the UCL can sometimes exceed the maximum detected concentration. In these cases, the maximum 

concentration was selected as the EPC. 

6.2.5.2 Reasonable Maximum Exposure EPCs 

Reasonable maximum exposure (RME) EPCs were considered for use in this HHRA. RME is the 

exposure that is expected to represent an upper-bound exposure in a given medium of interest. RME 

EPCs are selected from the maximum value, 95% upper confidence limit on the mean of normally 

distributed data (95% UCL-N), or the upper 95% upper confidence limit on log transformed data (95% 

UCL-T). As explained in Section 6.251, the RME EPC is the lower of the maximum value and the 95% 

UCL-N or 95% UCL-T (selected based on distribution of the data). 

6.2.5.3 EPCs for Current/Future and Future Surface Soil Exposure Pathways 

Surface soil EPCs for the current/future industrial adult, current/future casual user child (age 1 - 6) 

current/future casual user pre-adolescent/adolescent (age 7 - 16) current/future casual user adult, future 

residential child, and future residential adult are shown on Table 6-12. The maximum detected 

concentration was less than the calculated UCL-statistic for 1,2,3,4,6,7,8-HpCDD and 

dibenz(a,h)anthracene in surface soil therefore, the maximum detected concentrations were selected as 

the RME EPCs. The calculated UCL-statistic was less than the reported maximum for each of the 

remaining surface soil COPCs (OCDD, arsenic, chromium, lead, benz(a)anthracene, benzo(a)pyrene, 

benzo(b)fluoranthene, and dibenz(a,h)anthracene), therefore, RME EPCs for each of these contaminants 

was the 95% UCL-T statistic. The rationale for each 95% UCL-statistic was based on determination of the 

UDOCUMENTSINAVY11412/SITEEJ/049002/SEC6 
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TABLE 6-l 2 
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY SITE 6 SURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

Medium: Surface Soil 

Exposure Medium: Surface Soil 

Exoosure Point: Contact ilno. B Der.) with Surface Soil. Industrial Adult* II 

Chemical 

Of 

Potential 

Units 

I I 

Admmetic 

Mean 

ax 
13.9 95%UCL-T 

6.73 95%UCL-T 

23.1 BB%UCL-T 

7-l 

214 95%UCL-T 

271 95%UCL-T 

207 95%UCL-T 

402 95%UCL-T 

120 MN Max < L&log 

7 2 3.4,6,7.6-HPCDD I , ‘JO/k0 0.317 J uoko 
OCDD uofko 2.04 J uofio 
Arsenic moko 6.06 moko 
Chromium moko 19.7 make 
Lead moko 119 K moko 
Benz(a)anthracene ‘JOfig 215 uofio 
Benzo(a)pyrene uofio 226 uoJ,ko 
Benzo(b)fluoranthene UO~O 311 uonco 
Dibenz(a,h)anthracene uo~o 242 335 120 J uofio 
* This screening is also valid for CurrenbFuturelSurface Soil/Part :ulates/Contact (Inhalation) witl ?iutface Soil lndustnr Adult. 

l This screening is also valid for CurenbFuturelSurfac Soil/Surface Soil/Contact (kg. & Der.) with Surface Soil Casual User Child (Age l-6). 

* This screening is also valid for CurrenWFuturelSurface Soil/Partiurlates/Contact (Inhalation) with Surface Soil Casual User Child (Age l-6). 

l This screening is also valid for CurenbFuturelSurface Soil/Surface Soil/Contact (Ins. 3 Der.) with Surface Soil Casual User Pm-Adolescent/Adolescent (Age 7-16). 

‘This screening is also valid for Current/Future/Surface Soil/Particulates/Contact (Inhalation) with Surface Soil Casual User Pro-AdolescenVAddest (Age 7-16). 

l This screening is also valid for CurentfFuturelSurface Soil/Surface Soil/Contact (Ing. & Der.) with Surface Soil Casual User Adult. 

l This screening is also valid for CurrentIFuture/Surface SoillParttculateslContact (Inhalation) with Surface Soil Casual User Adult. 

l This screening is also valid for Future/Surface Soil/Surface Soil/Contact (Ing. 8 Der.) with Surface Soil Residential Child. 

‘This screening is also valid for Future/Surface Soil/Particulates/Contact (Inhalation) wim Surface Soil Residential Child. 

l This screening is also valid for Future/Surface Soil/Surface Soil/Contact (lng. 6, Der.) with Surface Soil Residential Adult. 

l This screening is also valid for Future/Surface Soil/Particulates/Contact (Inhalation) with Surface Soil Residential Adult, 

Maximum EPC 

Qualifier Units 

Reasonable Maximum Exposure 

Medium 

EPC 

Rationale 

Max < u9-0 

wig=-=wt& wno 

buQ=hl& wno 

wg>=vm who 

W<wt;log def 

WGA:log def 

W+itjog def 

WcWljog def 

(1) Represents the 95% UCL of normal data for normal distributtons; Represents the log-transfmed 95% UCL for lognom\al distrtbuttons. 

Statistics: Maximum Detected Value (Max): 95% UCL of Normal Data (95% UCL-N); 95% UCL of Log-transformed Data (95% UCL-T); Mean of Log-transformed Data (Mean-T); 

Mean of Normal Data (Mean-N). 

J-Estimated Value. 

K - Biased High Value. 

4129199 
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data distributional shape (normal, lognormal, nonparametric [assumed lognormal) and statistical scores 

that were presented on Table 6-7. 

_^__ 

6.2.5.4 EPCs for Current/Future and Future Subsurface Soil Exposure Pathways 

Subsurface soil EPCs for the current/future industrial adult, future residential child, and future residential 

adult are shown on Table 6-13. The calculated UCL-statistic was less than the reported maximum for 

OCDD, therefore, the RME EPC was based on the 95% UCL-N statistic. The calculated UCL-statistic was 

less than the reported maximum for copper, therefore, the RME EPC was based on the 95% UCL-T 

statistic. The rationale for each 95% UCL-statistic was based on determination of the data distributional 

shape (normal, lognormal, nonparametric [assumed lognormal], and statistical scores that were 

presented on Table 6-8. 

6.2.5.5 EPCs for Current/Future Sediment Exposure Pathways 

Sediment EPCs for the current/future recreational pre-adolescent (age 7 - 12) are shown on Table 6-14. 

The maximum detected concentration was less than the calculated UCL-statistic for arsenic, iron, and 

manganese, therefore, the RME EPC in sediment for these COPCs were based on the maximum 

detected concentration. The UCL-statistic could not be calculated for benzo(a)pyrene and 

dibenz(a,h)anthracene because of the low number of data points, therefore, the RME EPC in sediment for 

these COPCs were based on the maximum detected concentration. 

- 

6.2.5.6 EPCs for Current/Future Surface Water (Total Inorganics) Exposure Pathways 

Surface Water (total inorganics and organics) EPCs for the current/future recreational pre-adolescent 

(age 7 - 12) are shown on Table 6-15. The UCL-statistic could not be calculated for manganese because 

of the low number of data points, therefore, the RME EPC in surface water for total manganese was 

based on the maximum detected concentration. 

6.2.5.7 EPCs for Current/Future Surface Water (Dissolved Inorganics) Exposure Pathways 

Surface Water (dissolved inorganics and organics) EPCs for the current/future recreational pre- 

adolescent (age 7 - 12) are shown on Table 6-16. The UCL-statistic could not be calculated for 

manganese because of the low number of data points, therefore, the RME EPC in surface water for 

dissolved manganese was based on the maximum detected concentration. 

6-30 



TABLE 6-I 3 
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY SITE 8 SUBSURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 

Medium: Subsurface Soil 

Exposure Medium: Subsurface Soil 

Exposure Point: Contact (Ing. 8. Der.) with Subsurface Soil, tndustdat Adult* 

uence 

mgncg 

usttial Adult. 

UQkQ 2.71 4.23 4.4 J 

mQ&Q 30.6 34.6 353.65 J 

*This screening is also valid for CurrenbFuture/Subsurfaface Soil/f EculateslContact (Inhalation) with Subsurface Soil It 

l This screening is also valid for Future/Subsurface Soil/Subsurface Soil/Contact (Ins. & Der.) with Subsurface Soil Residential Child. 

l This screening is also valid for Future/Subsurface Soil/Particulates/Contact (Inhalation) with Subsurface Soil Residential Child. 

* This screening is also valid for Future/Subsurface Soil/Subsurface Soil/Contact (Ing. h Der.) with Subsurface Soil Residential Adult. 

*This screening is also valid for Future/Subsurface SoillParttculateslContact (Inhalation) with Subsurface Soil Residential Adult. 

EPC 

Units 

II 4.23 QS%UCL-N WtlO>=wt&v’,,Q 

34.6 95%UCL-T W-dog def 

(1) Represents the 95% UCL of normal data for normal distributions; Represents the log-transfOimed 95% UCL for lognormal distributions. 

Statistics: Maximum Detected Value (Max); 95% UCL of Normal Data (95% UCL-N); 95% UCL of Log-transformad Data (95% UCL-T); Mean of Log-transformed Data (Mean-T); 

Mean of Normal Data (Mean-N). 

J-Estimated Value. 
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TABLE 6-14 
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY SITE 6 SEDIMENT 

NAWC WARMINSTER, PENNSYLVANIA 

?Gcenano Timeframe: CurrenWFuture 

Medium: Sediment 

Exposure Medium: Sediment 

Exposure Point: Contact (Ing. 5 Der.) with Sediment, Off-Site Recreational Pm-Adolescent (Age 7-12) 

Chemical 

of 

Potential 

Units Arithmetic 95% UCLof Maximum 

Mean Normal Detected 

Data (1) Concentration 

I I I 

Maximum 

Qualifier 

EPC 

Units 

Reasonable Maximum Exposure 

Medium Medium 

EPC EPC 

Value Statistic 

4.2 Max 

25400 Max 

646 Max 

650 MM 

140 Max 

Medium 

EPC 

Rationale 

Maw < U95nor 

Max < U95log 

Max < U95log 

US5 undefined 

US5 undefined 

Arsenic 

Iron 

Manganese 

Benzo(a)pyrene 

Dibenz(a.h)anthracene 

me/kg 3.05 5.34 4.2 

WW 19300 36500 26400 

mwkg 552 6180 646 

wkl 460 (2) 650 

um 1320 (2) 140 J I wh 

(1) Represents the 95% UCL of normal data for normal distributions; Represents the log-transformed 95% UCL for lognonal distributions. 

Statistics: Maximum Detected Value (Max); 95% UCL of Normal Data (95% UCL-N); 95% UCL of Log-transfonad Data (95% UCL-T); Mean of Log-transformed Data (Mean-T); 

Mean of Normal Data (Mean-N). 

(2) Not estimated for a data set of 2 sampling locations, 

J - Estimated Value. 
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TABLE 6-15 
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY SITE 8 SURFACE WATER (TOTAL INORGANICS) 

NAWC WARMINSTER, PENNSYLVANIA 

// 

Scenario Timeframe: Current/Future 

Medium: Surface Water (Total Inorganics) 

Exposure Medium: Surface Water (Total Inorganics) 

Exoosure Point: Contact (Ino. (L Der.) with Surface Water fTotal Inoroanics). Off-Site Recreational Pre-Adolescent (Aoe 7-12) H 

Chemical 

of 

Potential 

Concern 

Units Arithmetic 95% UCLof Maximum 

Mean Normal Detectad 

Data (I) Concentration 

Manganese U&w lb9 (2) 159 IQ/L 1 159 1 Max 1 u95unaennad 1 

(1) Represents the 95% UCL of normal data for normal distributions: Represents the tog-transfomled 95% UCL for lognormal distributions. 

Statistics: Maximum Detected Value (Max); 95% UCL of Normal Data (95% UCL-N); 95% UCL of Log-transfoned Data (95% UCL-T); Mean of Log-transformed Data (Mean-T); 

Mean of Normal Data (Mean-N). 

(2) Not estimated for a data set of 1 sampling location. 
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TABLE 6-16 
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY SITE 8 SURFACE WATER (DISSOLVED INORGANICS) 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: CurrenbFuture 

Medium: Surface Water (Dissolved Inorganics) 

Exposure Medium: Surface Water (Dissolved Inorganic4 

7 

Exposure Point: Contact (Ing. 8 Der.) with Surface Water (Dissolved Inorganics). Off-Site Recreational Pm-Addlescant (Age 7-12) 

Maximum Maximum EPC Reasonable Maximum Exposure 

Concern 

Manganese 

(1) Represents the 95% UCL of normal data for normal distributions; Represents the log-transformed 95% UCL for lognormal distributions. 

Statistics: Maximum Detected Value (Max): 95% UCL of Normal Data (95% UCL-N); 95% UCL of Log-transformed Data (95% UCL-T); Mean of Log-transformed Data (Mean-T): 

Mean of Normal Data (Mean-N). 

(2) Not estimated for a data set of 1 sampling location. 

‘4 
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EXPOSURE ASSESSMENT 

The exposure assessment evaluates the potential for human exposure to the chemicals detected in the 

environmental media at Site 8. This section presents a characterization of the exposure setting, 

characterizes the exposed populations, identifies actual or potential exposure routes, and summarizes the 

methods used to generate exposure estimates. Figure 6-l displays the conceptual site model for human 

health risks related to Site 8. The nature and extent of contamination for each media of interest for which 

exposures were based are presented in Section 4.0. 

Characterization of the Exposure Setting 

A characterization of the site setting (e.g. land use, hydrology, and soil characteristics) is presented in 

Section 3.0. The Site 8 area is comprised of media of interest at or surrounding the site including surface 

soil, subsurface soil, sediment, and surface water. Any media contamination occurring within the study 

area that was attributable to Site 8 would generally be present as the result of migration of contaminants 

away from the site via spills, infiltration, overland runoff, or fugitive dust emissions. Contaminant migration 

and accompanying receptor exposures within the study area would have to be associated with primary, 

secondary and tertiary release mechanisms and transport processes. Section 5.0 provides a more 

thorough discussion of these mechanisms and processes. 

Potential Receptors 

The potential receptors chosen for Site 8 are discussed in detail in this section. The on/off-base receptors 

were selected based on several criteria (i.e., current and anticipated future land use, accessibility to the 

site, and media of interest sampled) and are listed as follows: 

Surface Soil Exposure 

The surface soil exposure scenarios are presented below (a more detailed explanation of each exposure 

parameter selected for each potential receptor is provided in Section 6.3.3): 

l Current/Future Industrial Adult - This receptor is an adult who uses Site 8 for work-related 

industrial purposes 250 days/year. This receptor is potentially exposed via ingestion of, dermal 

contact with, and inhalation of COPCs in surface soil. 

L/D0CUMENTS/NAVY/1412/SITE8/049002/SEC6 
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Current/Future Casual User Child - This receptor is a child (age 1 - 6) who uses Site 8 for 

recreational purposes 24 days/year. This receptor is potentially exposed via ingestion of, dermal 

contact with, and inhalation of COPCs in surface soil. 

Current/Future Casual User Pre-Adolescent/Adolescent - This receptor is a pre- 

adolescent/adolescent (age 7 - 16) who uses Site 8 for recreational purposes 24 days/year. This 

receptor is potentially exposed via ingestion of, dermal contact with, and inhalation of COPCs in 

surface soil. 

Current/Future Casual User Adult - This receptor is an adult who accompanies the current/future 

casual user child (age 1 - 6) who uses Site 8 for recreational purposes 24 days/year. This 

receptor is potentially exposed via ingestion of, dermal contact with, and inhalation of COPCs in 

surface soil. 

Current/Future Lifetime Casual User - This receptor uses the area for recreational purposes (24 

days per year) throughout a lifetime [casual user child (age 1 - 6) casual user pre- 

adolescent/adolescent (age 7 - 16) and a casual user adult]. This receptor is potentially exposed 

via ingestion of, dermal contact with, and inhalation of COPCs in surface soil. [This additive 

casual user exposure scenario is included to estimate the lifetime cancer risk under a casual 

visitor land use scenario]. 

Future Residential Child - This receptor is an child (age 1 - 6) who resides at or near Site 8 for 

350 days/year. This receptor is potentially exposed via ingestion of, dermal contact with, and 

inhalation of COPCs in surface soil. 

Future Residential Adult - This receptor is an adult who resides at or near Site 8 for 350 

days/year. This receptor is potentially exposed via ingestion of, dermal contact with, and 

inhalation of COPCs in surface soil. 

Future Lifetime Resident - This receptor is exposed (350 days per year) as an adult and as a 

child [residential child (age 1 - 6) and residential adult]. This receptor is potentially exposed via 

ingestion of, dermal contact with, and inhalation of COPCs in surface soil. [This additive 

residential exposure scenario is included to estimate the lifetime cancer risk under a residential 

land use scenario]. 
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6.3.2.2 Subsurface Soil Exposure 
,-” 

The subsurface soil exposure scenarios are presented below. A more detailed explanation of each 

exposure parameter selected for each potential receptor is provided in Section 6.3.3. The exposure 

scenarios for subsurface soils included: 

0 Current/Future Industrial Adult - This receptor is an adult who uses Site 8 for work-related 

industrial purposes 250 days/year. This receptor is potentially exposed via ingestion of, dermal 

contact with, and inhalation of COPCs in subsurface soil. 

. Future Residential Child - This receptor is an child (age 1 - 6) who resides at or near Site 8 for 

350 days/year. This receptor is potentially exposed via ingestion of, dermal contact with, and 

inhalation of COPCs in subsurface soil. 

l Future Residential Adult - This receptor is an adult who resides at or near Site 8 for 350 

days/year. This receptor is potentially exposed via ingestion of, dermal contact with, and 

inhalation of COPCs in subsurface soil. 

l Future Lifetime Resident - This receptor is exposed as a residential child (age 1 - 6) and as a 

residential adult who resides at or near Site 8 for 350 days/year. This receptor is potentially __ 

exposed via ingestion of, dermal contact with, and inhalation of COPCs in subsurface soil. [This 

additive residential exposure scenario is included to estimate the lifetime cancer risk under a 

residential land use scenario]. 

6.3.2.3 Sediment Exposure 

The sediment exposure scenario is presented below. A more detailed explanation of each exposure 

parameter selected for the potential receptor is provided in Section 6.3.3. The exposure scenario for 

sediment included: 

. Current/Future Recreational Pre-Adolescent - This receptor is an pre-adolescent (age 7 - 12) who 

use off-site areas near Site 8 for recreational purposes 7 days/year. This receptor is potentially 

exposed via ingestion of and dermal contact with COPCs in sediment. 
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6.3.2.4 Surface Water (Total Inorganics) Exposure 

.,-. 

The surface water (total inorganics) exposure scenario is presented below. A more detailed explanation 

of each exposure parameter selected for the potential receptor is provided in Section 6.3.3. The 

exposure scenario for surface water (total inorganics) included: 

l Current/Future Recreational Pre-Adolescent - This receptor is an pre-adolescent (age 7 -. 12) who 

use off-site areas near Site 8 for recreational purposes 7 days/year. This receptor is potentially 

exposed via ingestion of and dermal contact with COPCs in surface water (total inorganics). 

6.3.2.5 Surface Water (Dissolved Inorganics) Exposure 

The surface water (dissolved inorganics) exposure scenario is presented below. A more detailed 

explanation of each exposure parameter selected for the potential receptor is provided in Section 6.3.3. 

The exposure scenario for surface water (dissolved inorganics) included: 

l Current/Future Recreational Pre-Adolescent - This receptor is an pre-adolescent (age 7 - 12) who 

use off-site areas near Site 8 for recreational purposes 7 days/year. This receptor is potentially 

exposed via ingestion of and dermal contact with COPCs in surface water (dissolved inorganics). 

6.3.3 Exposure Estimates 

The exposure routes, methods, and models presented in this section are consistent with current EPA risk 

assessment guidance (EPA, 1989a, 1991c, 199613, and 199813). Exposure estimates associated with 

each exposure route are presented below. All exposure scenarios incorporate RME EPCs in the 

estimation of intakes. There are four environmental media for Site 8 through which potential receptors 

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

subsurface soil, sediment, and surface water. 

Exposure doses for the evaluation of noncarcinogenic risks were estimated using the concept of an 

average annual exposure. The intake incorporates terms describing the exposure time and/or frequency 

that represent the number of hours per day and the number of days per year that exposure occurs. This 

is used along with the “averaging time,” which converts the daily exposure frequency and duration to an 

annual exposure by dividing by 365 days per year of exposure. Noncarcinogenic risks for some exposure 

routes (e.g., soil) are generally greater for children than for adults because of differences in body weight 

and intake. Carcinogeni& risks, on the other hand, were calculated as an incremental lifetime Irisk and, 

therefore, the exposure dose for the evaluation of cancer risk incorporates terms to represent the 

exposure duration (years) over the course of a lifetime (70 years). 
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6.3.3.1 Surface and Subsurface Soil Exposure Estimates 

Three potential exposure routes were associated with direct exposure to surface and subsurface soil at 

Site 8, including: 

0 Ingestion 

l Dermal absorption 

l Inhalation of fugitive dust 

For surface soil, all three exposure routes were evaluated using the current/future industrial adult 

receptor, current/future casual user child (age 1 - 6) receptor, current/future casual user pre- 

adolescent/adolescent (age 7 - 16) receptor, current/future casual user adult receptor, current/future 

lifetime casual user receptor [cancer risks only], future residential child receptor, future residential adult 

receptor, and future lifetime residential receptor [cancer risks only]. These receptors were chosen 

because they are expected to be representative of typical industrial, recreational, or residential exposures 

at Site 8. 

For subsurface soil, all three exposure routes were evaluated using the current/future industrial adult 

receptor, future residential child receptor, future residential adult receptor, and future lifetime residential 

receptor [cancer risks only]. These receptors were chosen because they are expected to be 

representative of typical industrial or residential exposures at Site 8. 

Ingestion of and dermal contact with soil are expected to contribute to the majority of the risk under the 

soil exposure scenarios, whereas risks based on exposure to fugitive dust are expected to be low. For 

fugitive dust emissions under industrial, recreational, and residential exposure, the fraction of vegetative 

surface cover was assumed to be 50% of the surface area. Derivation of the soil particle emission factor 

is presented in EPA’s Soil Screening Guidance (EPA, 1996c). Concentrations of VOCs in surface soil 

and subsurface soil did not exceed soil screening levels developed by EPA for the inhalation route of 

exposure (SSLs; EPA, 1996c), therefore, the “inhalation of volatiles” exposure pathway was not 

quantitatively evaluated in this HHRA. 

Table 6-17 and Table 6-18 present the RME input parameters selected for the surface and subsurface 

exposure pathways for the current/future industrial adult. Table 6-19 and Table 6-20 present the RME 

input parameters selected for the surface soil exposure pathway for the current/future casual user child 

(age 1 - 6). Table 6-21 and Table 6-22 present the RME input parameters selected for the surface soil 

exposure pathway for the current/future casual user pre-adolescent/adolescent (age 6 - 17). Table 6-23 

and Table 6-24 present the RME input parameters selected for surface soil exposure pathway for the 

current/future casual user adult. Table 6-25 and Table 6-26 present the RME input parameters selected 
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for the surface and subsurface exposure pathways for the current/future residential child. Table 6-27 and 

Table 6-28 present the RME input parameters selected for surface and subsurface exposure pathways 

for the future residential adult. 

Rationale for each exposure surface and subsurface soil input parameter was presented in Tables 6-17 

through 6-28. The only input values not shown on the exposure input tables are the chemical specific 

absorption factors for the dermal pathway. These values are provided by EPA Region Ill. For surface 

and subsurface soil COPCs, absorption factors are as follows (EPA, 1995a): 1,2,3,4,6,7,8-HpCDD (3%), 

OCDD (3%) arsenic (3%) chromium (I%), copper (I%), and lead (1%). Note: EPA (1989a) states that it 

is inappropriate to estimate the risks associated with dermal exposure to PAHs, which cause cancer 

through a direct action at the point of application. Derivation of the surface areas (used in all dermal 

exposure equations in this risk assessment) for e&h of the potential receptors was based upon the sum 

of the values for contributing body parts. These were derived from several sources (EPA, 1997b and 

EPA, 1985) and are shown in detail in a table in Appendix G, Part 3. This table also shows the input 

values used to derive the average body weights for the age-range categories including the casual user 

child (age 1 - 6), casual user pre-adolescent/adolescent (age 5 - 12), and residential adult (age 1 - 6). 

Sample calculations for ingestion, dermal absorption, and inhalation of fugitive dust of COPCs in surface 

and subsurface soil are provided in Appendix G, Part 4. 

6.3.3.2 Sediment Soil Exposure Estimates 

Two potential exposure routes (ingestion and dermal absorption) were associated with direct exposure to 

sediment at off-site areas near Site 8. 

For sediment, both exposure routes were evaluated using the current/future recreational pre-adolescent 

(age 7 - 12) receptor. This receptor was chosen because it is expected to be representative of typical 

recreational exposures at off-site areas near Site 8. 

Table 6-29 presents the RME input parameters (and rationale) selected for the sediment exposure 

pathways for the current/future recreational pre-adolescent. A soil-to-skin adherence factolr of 0.2 

mg/cm’/event was used for sediment, since the nearby stream is often void of water and more closely 

resembles dry soil. The only input values not shown on the exposure input tables are the chemical 

specific absorption factors for the dermal pathway. These values are provided by EPA Region Ill. For 

sediment COPCs, absorption factors are as follows (EPA, 1995a): arsenic (3%) iron (I%), and 

manganese (1%). Note: EPA (1989a) states that it is inappropriate to estimate the risks associated with 

dermal exposure to PAHs, which cause cancer through a direct action at the point of application. 

Deviation of the surface areas (used in all dermal exposure equations in this 
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TABLE 647 

VALUES USED FOR DAILY INTAKE CALCULATlONS - INDUSTRIAL ADULT CONTACT WlTtl SITE 6 SURFACE (POST-REMOVAL) AND SUBSURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANtA 

Medium: Surface 8 Subsurface Soil 

Exposure Medium: Surface 8 Subsurface Soil 

tact (Ing. 6 Dar.) with Surface (L Subsurface Soil 

Ingestion Rate of Soil 

Fraction Ingested From Contaminated Source 

Exposure Frequency 

Exposure Duration 

Conversion Factor 3 

CS x IR-S x FI x EF x ED x CF3 Y l/(BW x AT) 

Averaging Time (Cancer) 

Skin Surface Area Available for Contact 

Soil-to-Skin Adherence Factor 

Dennal Absorption Factor (Solid) 

CS x SA x SSAF x DABS x EV x EF x ED x CF3 x lI(BW Y AT) 

Averaging Time (Cancer) 

sourws: 
(2). EPA, 1965. Development of Statistical Distributions or Ranges of Standard Exposure Factors Used in Exposure Assessments. EPA1600/8-65iOlO. Ofilce of Research and Development. 

(2~). EPA, 1997b. Exposure Factors Handbook. Update to Exposure Factors Handbook. EPA/6W/6-69/043 - May 1969. office of Research and Development. 

(2). Surface Area adjusted represents hands, lower legs and feet. 

EPA, 1969a. Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation Manual (Part A). EPA 540/l-69/002. office of Emergency and Remedial Response. Washington, DC. 

EPA, 1991c. Exposure Factors Handbook. EPAM0/6-89/043 - May 1969. office of Research and Development 

EPA, lB95a. Assessing Dermal Exposure from Soil, EPA Region III Technical Guidance Manual, EPAM3-K-95403. December. 

EPA, 1997b. Exposure Factors Handbook. Update to Exposure Factors Handbook. EPAIM)01849/043 - May 1969. Oftica of Research and Development 

EPA, 1996b. Risk Assessment Guidance for Superfund. Volume I: Human Health Evaluation Manual. Supplemental Guidance. Darmal Risk Assessment (Interim Guidance). 
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TABLE 618 

VALUES USED FOR DAILY INTAKE CALCULATlONS - INDUSTRlAL ADULT CONTACT WITH SITE 8 SURFACE (POST-REMOVAL) AND SUBSURFACE SOIL 

NAWC WARYINSTER, PENNSYLVANlA 

Exposure Medium: Paticulates 

Exposure Point. Contact (Inhalation) wim Parliculales 

MC&I Name 

AT-C 

AT-N 

Parliwlale Emission Factor from Soil 

Inhalation Rate 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

days 

days 

EPA, 1989a 

EPA, 19SQa 

(CSIPEF) x IR-A x ET x EF x ED x l/(BWx AT) 

Sources: 

(lb). Professional Judgment. 8 hours/day exposure based on an average workday. 

EPA, 1989a. Risk Assessment Guidance for Superfund. Volume I, Human Health Evaluation Manual (Part A). EPA 540/1-89/GOZ. OfiIce of Emergency and Remedial Response. Washington, CC. 

EPA, 195%. Soil Saeening Guidance, Users Guide. OftIce of Emergency and Remedial Response. U.S. Environmental Pmlection Agency. Washington. April 1996. EPA/M/R-S6Ul.3 

EPA, 1997b. Exposure Factors Handbook. update lo Exposure Factors Handbook. EPA1600/8-89/043 - May 1989. OfTice of Research and Development. 
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TABLE 6.19 

VALUES USED FOR DAILY INTAKE CALCULATlONS - CASUAL USER CHILD (AGE l-5) CONTACTWlTH SITE 5 SURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER PENNSYLVANlA 

Scenario Timeframe: CurrenVFuture 

Medrum: Surface Soil 

Exposure Medium: Surface Soil 

Exposure Point Contact (Ing. 8 Dar.) with Surface Soil 

Receptor Population: Other 

Receptor Age: Casual User Child Age l-5 

Ingestion Rate of Soil 

Fraction Ingested From Conlaminated SOurce 

Exposure Frequency 

Exposure Duratron 

Conversion Factor 3 

Body Weight 

Averaging Time (Cancer) 

x ED x CF3 x f/(BW x AT) 

Age-Adjusted Skin Surface AreaiBody Wt. Ratio 

Soil-to-Skin Adherence Factor 

Denal Absorption Factor (Solid) 

Event Frequency 

Exposure Frequency 

Exposure Duration 

Conversion Factor 3 

Averaging Time (Cancer) 

Chemical-Specific 

CS x SA-ADJ x SSAF x DABS x EV x EF x CF3 x l/AT 

Sources: 

(la). Professional Judgment. 50% Fraction Ingested from Contaminated Source. 

(1~). Professional Judgment. 24 days&ear = (2 days/week’ 12 weekslyear; Months of June, July, and August). 

(2b). EPA, 19.95. Development of Statisbcal Distributions or Ranges of Standard Exposure Factors Used in Exposure Assessmenls. EPA6QCrB-B5DiO. office of Research and Development. 

(Zb) EPA, 1997b. Exposure Factors Handbook. Update to Exposure Factors Handbook. EPA600/&BQ/tl43 - May ISBQ. Gffice of Research and Development. 

(26). Surface Area adjusted represents hands, forearms, lower legs, feet, and face 

EPA, 1999a. Risk Assessment Guidance for Superfund. Volume I, Human Health Evaluation Manual (Pert A). EPA 540/l-891032. Dftice of Emergency and Remedial Response. Washington. DC. 

EPA, 1995a Assessing Dermal Exposure from Soil, EPA Region Ill Technical Guidance Manuel, EPAIQQ3-K-95-003. December. 

EPA, lQQ7b. Exposure Factors Handbook. Update lo Exposure Factors Handbook. EPA/8001859/943-May 1959. Once of Research and Development 

EPA, 199Bb. Risk Assessment Guidance for Super-fund. Volume I: Human Health Evaluation Manual. Supplemental Guidance. Denal Risk Assessment (Interim Guidance). 
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Exposure Point: Contact (Inhalation) with Particulates 

Receptor Age: Casual User Child Age l-5 

TABLE 6-20 

VALUES USED FOR DAILY INTAKE CALCULATlONS -CASUAL USER CHILD (AGE 1.6) CONTACT WITH SITE (I SURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTBR, PENNSYLVANtA 

Parameter 

Code 

cs 
PEF 

IR-A 

ET 

EF 

ED 

BW 

AT-C 

AT-N 
- 

Parameter Definition 

Chemical Concentration in Soil 

Particulate Emission Factor from Soil 

Inhalation Rate 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaglng Time (Non-Cancer) 

mglkg 
m3kg 

m3hr 

hours/day 

days&ear 

YWt-6 

ks 

days 

days 

RME 

Value 

See Table 3 

1.32E+9 

1.2 

4 

24 

6 

16.6 

25550 

2190 

RME 

Rationale/ 

Reference 

Intake Equation/ 

Model Name 

See Table 3 

EPA, 1996~ 

EPA, 1997b 

(Idi 

(IQ 

EPA, 1997b 

EPA, 1997b 

EPA, 1989a 

EPA, 1999a 

Intake (mgrkgday) = 

(CSIPEF) x IR-A x ET x EF x ED x t/(BW x AT) 

Sources: 

(1~). Professional Judgment. 24 days/year = (2 daysAveek’ 12 weeks/year; Months of June, July, and August). 

(Id). Professional Judgment. 4 hours/day exposure time, 50% of expected time spent outdoors. 

EPA, 1989a. Risk Assessment Guidance for Superfund. Volume I, Human Health Evaluation Manual (Part A). EPA 540/189B92. Gftice of Emergency and Remedial Response. Washington, DC 

EPA, 1995~. Soil Screening Guidance. Users Guide. office of Emergency and Remedial Response. U.S. Environmental Protection Agency. Washington. April 1996 EPAE40/R-96U19 

EPA, 1997b. Exposure Factors Handbook. Update to Exposure Factors Handbook. EPA1WJ0/8-99/943 - May 1999. GftTce of Research and Development. 
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TABLE 6-21 

VALUES USED FOR DAILY INTAKE CALCULATIONS-CASUAL USER PRE-ADOLESCENT/ADOLESCENT(AGE 7.18) CONTACT WITH SITE 8 SURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

e&urn: Surface Soil 

xposure Medium: Surface Soil 

g. 8 Oer.) with Surface Soil 

Model Name 

Ingestion Rate of Soil 

Fraction Ingested From Contaminated Source 

Exposure Frequency 

Exposure Duration 

Conversion Factor 3 

CSxlRSxFIxEFxEOxCF3x1@WxAT) 

ED 

CF3 

AT-C 

AT-N 

Age-Adjusted Skin Surface AreaBody ‘&t. Ratio 

Soil-to-Skin Adherenca Factor 

Dermal Absorption Factor (Solid) 

Event Frequency 

Exposure Frequency 

Exposure Duration 

Conversion Factor 3 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

years 

kg/m9 

days 

days 

ChemicalSpedfic 

10 

lE-06 

25550 

3650 

EPA, lQ97b 

EPA, 1989a 

EPA, 198Qa 

CS x SAADJ x SSAF x DABS x EV x EF x CF3 x l/AT 

Sources: 

(la). Professional Judgment. 50% Fraction Ingested from Contaminated Source 

(1~). Professional Judgment. 24 days/year = (2 dayslweek’ 12 weeks&ear, Months of June. July. and August). 

(Zb). EPA, 1985. Development of Statistical Distributions or Ranges of Standard Exposure Factors Used In Exposure Assessments. EPAMW8-851010. Ofiice of Research and DeVeiOpment 

(Zb). EPA, 1997b. Exposure Factors Handbook. Update to Exposure Factors Handbook. EPA160018-89/043 - May 1989. Dft?~ of Reseamh and Development. 

(Zb). Surface Area adjusted represents hands, forearms, lower legs, feet, and face. 

(3b). EPA, 1997b (100 mglday) + Additional Exposure Based on Pmfessional Judgment. 

EPA, 1989a. Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation Manual (Part A). EPA 540/l-891002. Oftica of Ernargwoy and Remedial Response. Washington, CC 

EPA, 1995a. Assessing Dermal Exposure from Soil, EPA Region Ill Technical Guidance Manual, EPAIQO3-K-95-003. December. 

EPA, 1997h Exposure Factors Handbmk. Update to Exposure Factors HandM. EPAJEW8-89/043 - May 1989. DfiWa of Research and Development. 

EPA, 1998b. Risk Assessment Guidance for Superfund. Volume I: Human Health Evaluation Manual. Supplemental Guidance. Dennal Risk Assessment (Interim Guidanca). 
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TABLE 6-22 

VALUES USED FOR DAILY INTAKE CALCUlATlONS -CASUAL USER PRE-ADOLESCENTlADOLESCENT (AGE 7-16) CONTACT WITH SITE 6 SURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe Current/Future 

Exposure Point: Contact (Inhalation) with Partiwlates 

Receptor Age: Casual User Pre-AdolescenUAdolescent Age 7-16 

Parameter 

Coda 

cs 
PEF 

IR-A 

ET 

EF 

ED 

BW 

AT-C 

AT-N 
- 

Parameter Definition 

Chemical Concentration in Soil 

Particulate Emission Factor from Soil 

Inhalation Rate 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

wW 
m3kg 

m3hr 

hours/day 

days&ear 

YMfS 

k9 

days 

days 

RME 

Value 

RME 

Rationale/ 

Reference 

Intake Equal&4 

Model Name 

See Table 3 

1.32E+Q 

1.2 

4 

24 

10 

43.4 

25550 

3650 

Sea Table 3 

EPA, 19% 

EPA, 1997b 

(Id) 

(W 

EPA, 1997b 

EPA, 1997b 

EPA, 1989a 

EPA, 1999a 

Intake (mgkgday) = 

(CSIPEF) x IR-A x ET x EF x ED x l/(BW x AT) 

sources: 
(1~). Professional Judgment. 24 days+aar = (2 daystweek * 12 weeks/year; Months of June, July, and August). 

(Id). Professional Judgment. 4 hours/day exposure time, 50% of expected time spent outdoors. 

EPA, 1959a. Risk Assessment Guidance for Superfund. Volume I, Human Health Evaluation Manual (Part A). EPA 540/l-59/002. Cftice of Emergency and Remedial Response. Washington. DC. 

EPA, lQQ5c. Soil Screening Guidance, Users Guide. Dfkce of Emergency and Remedial Response. U.S. Environmental Pmtedion Agenoy. Washington. April 1996. EPAMO/R-96X)l9 

EPA, 1997b. Exposure Factors Handbook. Update to Exposure Factors Handbook. EPABOO/S99rQ43 - May 1999. oflca of Reseati and Development. 
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TABLE 6-23 

VALUES USED FOR DAILY INTAKE CALCULATlONS -CASUAL USER ADULT CONTACT MTH SITE 8 SURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

Medum: Surface Soil 

Expwxe Medium: Surface Soil 

Exposure Point: Contact (Ing. B Oer.) with Surface Soil 

Receptor Population: Other 

Exposure Route Parameter 

Code 

Parameter Definition Units RME 

Value 

RME 

Rationale/ 

Reference 

Intake Equattoti 

Model Name 

Ingestion 

Dennal 

cs Chemical Concentration in Soil wvw See Table 3 SW Table 3 Intake (mglkgday) = 

IR-S Ingestion Rate of Soil mi#W 50 EPA, 1997b CSxIR-SxFIxEFxEDxCF3xl/(BWxAT) 

FI Fraction Ingested From Contaminated Source 0.5 (la) 

EF Exposure Frequency days&ear 24 W) 

ED Exposure Duration years 14 EPA, 1997b 

CF3 Conversion Factor 3 Wu IE-OS 

BW Body Weight kg 70 EPA, 1997b 

AT-C Averaging Time (Cancer) days 25550 EPA, 1999a 

AT-N Averaging Time (Non-Cancer) days 5110 EPA, I999a 
-i--p- 

cs Chemical Concentration in Soil mww Sea Table 3 Sea Table 3 Dermal Absorbed Dose (mflgday) = 

SA Skin Surface Area Available for Contact ml2 5411 (2’4 CS x SA x SSAF x DABS x EV Y EF x ED x CF3 x lI(BW x AT) 

SSAF Soil-to-Skin Adherence Factor mglcm2levent 0.07 EPA, 1999b 

DABS Dermal Absorption Factor (Solid) Chemical-Specific EPA, 1995a 

EV Event Frequency events/day 1 Pmf Judge 

EF Exposure Frequency days&ear 24 UC) 

ED Exposure Duration years 14 EPA, 1997b 

CF3 Conversion Factor 3 Ww IE-OS 

BW Body Weight kg 70 EPA, 1997b 

AT-C Averaging Time (Cancer) days 25550 EPA, 1989a 

AT-N Averaging Time (Non-Cancer) days 5110 EPA, 1999a 

sources: 

(la). Professional Judgment. 50% Fraction Ingested from Contaminated Source. 

(IQ. Professional Judgment. 24 days/year = (2 dayshveek * 12 weeks/year; Months of June, July, and August). 

(2b). EPA, 1995. Development of Statistical Distributions or Ranges of Standard Exposure Factors Used in Exposure Assessments. EPA6OO/985M10. CIffiw of Research and Development. 

(2b). EPA, 1997b. Exposure Factors Handbook. Update to Exposure Factors Handbook. EPA600/9-99/043 -May 1989. Dffus of Research and Development 

(2b). Surface Area adjusted represents hands, forearms. lower legs, feet, and face. 

EPA, 1999a. Risk Assessment Guidance for Superfund. Volume I, Human Health Evaluation Manual (Part A). EPA 540/1-99DO2. Office of Emergency and Remedial Response. Washington, DC. 

EPA, 1995a. Assessing Dermal Exposure from Soil, EPA Region Ill Technical Guidanu, Manual, EPAI903-K-95-003. December. 

EPA, 1997b. Exposure Factors Handbook. Update to Exposure Factors Handbook. EPA/600/9-99/043 - May 1999. Ofiice of Research and Development. 

EPA, 1999b. Risk Assessment Guidance for Superfund. Volume I: Human Health Evaluation Manual. Supplemental Guidance. Dafmal Risk Assessment (Interim Guidanoe). 
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TABLE 6-24 

VALUES USED FOR DAILY INTAKE CALCULATIONS-CASUAL USER ADULT CONTACT WITH SITE 6 SURFACE SOIL (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

Medium: Surface Soil 

Exposure Medium: Particulates 

Exposure Point: Contact (Inhalation) with Patttculates 

Receptor Population: Other 

Parameter 

Code 

cs 
PEF 

IR-A 

ET 

EF 

ED 

BW 

AT-C 

AT-N 

Parameter Deffnition Units 

Chemical Concentration in Soil 

Particulate Emission Factor from Soil 

Inhalation Rata 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

wvw 
m3tkg 

m37hr 

hours/day 

days/year 

years 

kg 

days 

RME 

Value 

RME 

Rationale/ 

Reference 

Intake EquatiorV 

Model Name 

SW Table 3 

1.32E+9 

1.6 

4 

24 

14 

70 

25550 

Intake (mglkgday) = 

(CSIPEF) x IR-A x ET x EF x ED x l/(BWx AT) 

(1~). Professional Judgment. 24 days/year = (2 dayslweek * 12 weeks&ear; Months of June, July, and August). 

(Id). Professional Judgment. 4 hours/day exposure time, 56% of expected time spent outdoors. 

EPA, 1969a. Risk Assessment Guidance for Superfund. Volume I, Human Health Evaluation Manual (Part A). EPA 640/l-89/002. office of Emergency and Remedial Response. Washington, DC 

EPA, 19% Soil Screening Guidance, Users Guide. Dfiice of Emergency and Remedial Response. U.S. Environmental Protection Agency. Washington. April 1966. EPA1540/R-93.016 

EPA, 1997b. Exposure Factors Handbook. Update to Exposure Factors Handbook. EPA1666/6-69/043 - May 1969. office of Research and Development 

NAWC Warm Site 8 Table 4-Surface Soil-lnhAdult(=asual User.xls 4126199 
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TABLE 6-25 

VALUES USED FOR DAILY INTAKE CALCULATIONS - RESlDENTlAL CHILD CONTACT WITH SITE 6 SURFACE (POST-REMOVAL) AND SUBSURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

Medium: Surface 6 Subsurface Soil 

Exposure Medium: Surface 6 Subsurface Soil 

Exposure Point: Contact (Ing. 8 Der.) with Surface 6 Subsurface Soil 

Receptor Population: Resident 

Parameter 

Code 

CS 

IR-S 

FI 

EF 

ED 

CF3 

BW 

AT-C 

AT-N 
- 

cs 

SA-ADJ 

SSAF 

DABS 

EV 

EF 

ED 

CF3 

AT-C 

AT-N 
- 

Parameter Definition 

Chemical Concentration in Soil 

Ingestion Rate of Soil 

Fraction Ingested From Contaminated Source 

Exposure Frequency 

Exposure Duration 

Conversion Factor 3 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Chemical Concentration in Soil 

Age-Adjusted Skin Surface Area/Body VIR. Ratio 

Soil-to-Skin Adfwence Factor 

Dermal Absorption Factor (Solid) 

Event Frequency 

Exposure Frequency 

Exposure Duration 

Conversion Factor 3 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

Units 

wh 
mg/W 

days/year 

YKAB 

kglmg 

kg 

days 

days 

mm3 
cm2-yearshg 

mg/cnx?/event 

days&ear 

years 

Wms 

days 

days 

RME 

Value 

See Table 3 

200 

1 

350 

6 

lE-06 

16.6 

25550 

2190 

See Table 3 

642 

0.2 

:hemicalSpe&ic 

1 

350 

6 

1EOB 

25550 

2190 

xEDxCF3xlI(BWxAT) 

CS x SAADJ x SSAF x xEVxEFxCF3xllAT 

(Zb). EPA. 1965. Development of Statistical Distributions or Ranges of Standard Exposure Factors Used in Exposure Assessments. EPI%W/6-65/010. Ofrice of Research and Development. 

(Zb). EPA, 1997b. Exposure Factors Handbook. Update to Exposure Factors Handbook. EP~OO/B-69/043 _ May 1969. Offkx of Research and Development. 

(Zb). Surface Area adjusted represents hands, forearms, lower legs, feet. and face 

EPA, 1969% Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation Manual (Part A). EPA 540/l-69/002. Dffice of Emergency and Remedial Response. Washington, DC. 

EPA, 1995a. Assessing Dermal Exposure from Soil, EPA Region ill Technical Guidance Manual, EPA@O3-K-95-003. December. 

EPA, 1997b. Exposure Factors Handbook. Update to Exposure Factors Handbook EPA1600/6-69/043 _ May 1969. Dffice of Resew& and Development. 

EPA, 1996b. Risk Assessment Guidance for Superfund. Volume I: Human Health Evaluation Manual. Supplemental Guidance. Dermal Risk Assessment (Interim Guidance) Region I EPA. 

NAWC Warm Site 8 Table 4-Surface Soil-Subsurface-Soil-lng and Der~Child~Residerkxls 
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TABLE 6-26 

VALUES USED FOR DAILY INTAKE CALCULATfONS - RESlDENTfAL CHILD CONTACTWlTR SITE 0 SURFACE (POST-REMOVAL) AND SUBSURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANfA 

cenafio Timeframe: Future 

Model Name 

Inhalation Rate 

Exposure Time 

Exposure Frequency 

Exposure Duration 

-AxETxEFxEDxl/(BWxAT) 

AT-C 

AT-N 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

days 

days 

25559 EPA, 1969a 

2196 EPA, 1969a 

(le). Professional Judgment. 24 hour/day exposure time based on an entire day et residence, 

EPA, 1969a. Risk Assessment GuidanceforSuperfund, Volume I, Human Health Evaluation Manual (Part A). EPA 64C&69xx)2. Otlice of Emergency and Remedial Response, Washington, DC. 

EPA. 199% Soil Screening Guidance. Users Guide. Cffice of Emergency and Remedial Response. U.S. Environmental Protection Agency. Washington. April 1996. EPA15401R-961616. 

EPA, 1997b. Exposure Factors Handbook. Update to Exposure Factors Handbook. EPM300/6-69!643 -May 1969. office of Research and Development. 

NAWC Warm Site 8 Table 4-Surface Soil~Subsutface~Soil_Inh_Child~Resident.xls 4126199 
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TABLE 6-27 

VALUES USED FOR DAILY INTAKE CALCULATtONS - RESIDENTIAL ADULT CONTACT WITH SITE 8 SURFACE (POST-REMOVAL) AND SUBSURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANtA 

Exposure Medium: Surface 8 Subsurface Soil 

Exposure Point: Contact (lng. 6 Der.) with Surface 6 Subsurface Soil 

Receptor Age: Adult 

Ingestion Rate of Soil 

Fraction Ingested From Contaminated Source 

Exposure Frequency 

Exposure Duration 

Conversion Factor 3 

xEDxCFBxl/(BWxAT) 

Skin Surface Area Available for Contact 

Soil-to-Skin Adherence Factor 

Dermal Absorption Factor (Solid) 

Event Frequency 

Exposure Frequency 

Exposure Duration 

Conversion Factor 3 

Body Weight 

Averaging Time (Cancer) 

CSxSAxSSAFxDABSxEVxEFxEDxCF3x1I(BWxAT) 

sourws: 

(Zb). EPA, 1965. Development of Statistical Distributions or Ranges of Standard Exposure Factors Used in Exposure Assessments EPA1600/8-85/010. Dftice of Research and Development. 

(2b) EPA, 1997b. Exposure Factors Handbook. Update to Exposure Factors Handbook. EPA/600/8-89/043 - May 1969. office of Research and Development. 

(Zb). Surface Area adjusted represents hands, forearms. lower legs, feet, and face 

EPA, 1969a. Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation Manual (Part A). EPA 640/l-89/692. ORice of Emergency and Remedial Response. Washington, DC 

EPA, 199%. Assessing Denal Exposure from Soil, EPA Region Ill Technical Guidance Manual, EPAJ993-K-95003. December. 

EPA, 1997b. Exposure Factors Handbook. Update to Exposure Factors Handbook. EPA160018897043 _ May 1989. Oftice of Research and Development. 

EPA, 1998b. Risk Assessment Guidance for Superfund. Volume I: Human Health Evaluation Manual. Supplemental Guidance. Dermal Risk Assessment (Interim Guidance). 
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TABLE 6-26 

VALUES USED FOR DAILY INTAKE CALCULATIONS - RESIDENTIAL ADULT CONTACT WITH SITE 6 SURFACE (POST-REMOVAL) AND SUBSURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 

Medium: Surface &Subsurface Soil 

Exposure Medium: Partiwlatas 

Exposure Point: Contact (Inhalation) with Particulates 

Receptor Population: Resident 

Recentor Aow Adult 

Model Name 

AT-N 1 

Particulate Emission Factor from Soil 

Inhalation Rate 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (Cancer) 

Averaging Time (Non-Cancer) 

(CM’EF) x IRA x ET x EF x ED x l/(BW x AT) 

I days I 8760 EPA, 1999a 

soUrces: 

(le). Pmfessional Judgment. 24 hour/day exposure time based on an entire day at residence. 

EPA, 1989a. Risk Assessment Guidance for Superfund, Votume I, Human Health Evaluation Manual (Pad A). EPA 540/l 89/w2. Office of Emergency and Remedial Response Washington, DC 

EPA, 19%~. Soil Screening Guidance. Users Guide. office of Emergency and Remedial Response. U.S. Environmental Prote&n Agency. Washington. April 1998. EPA&IO/R-961018. 

EPA, 1997b. Exposure Factors Handbook. Update to Exposure Factors Handbook. EPA600/8-B9iU43 -May 1989. Ofrice of Research and Development, 

NAWC Warm Site 8 Table 4-Surface Soil~Subsurface~SoilJh~Adult~Residential.xls 4126199 
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TABLE 6-29 

VALUES USED FOR DAILY INTAKE CALCULATIONS - RECREATIONAL PRE-ADOLESCENT (AGE 7.12) CONTACT WITH SITE 6 SEMMENT 

NAWC WARMINSTER, PENNSYLVANfA 

x ED x CF3 Y l/(BW Y AT) 

Exposure Frequency 

Exposure Duration 

Conversion Factor 3 

Body Weight 

Averaging Time (Cancer) 

x EF x CF3 x l/AT 

Dermal Absorption Factor (Solid) 

Event Frequency 

Exposure Frequency 

Exposure Duration 

Conversion Factor 3 

Averaging Time (Cancer) 

Chemical-Specific 

sources: 

(1~). Professional Judgemenl. 7 daystyear = Matches national average for swimming (as listed in RAG for Superfund - EPA, 196ga). 

(2b). Development of Statistical Distdbutkms or Ranges of Standard Exposure Factors Used in Exposure Assessments. EPABW/645/Ct10. Dfiice of Research and Development. 

(Zb). EPA, 1997a. Exposure Factors Handbook. Update to Exposure Factors Handbook. EPABGJi669M43 - May 1989. Cfflca of Research and Development. 

(2b). Surface Area adjusted represents hands end feet (wading scenario). 

EPA, 1969e. Risk Assessment Guidance for Superfund. Volume I, Human Health Evaluation Manual (Part A). EPA 540/1-69Mo2. Offme of Emergency and Remedial Response. Washington, DC. 

EPA, 199% Assessing Dermal Exposure from Soil, EPA Region III Technical Guidance Manual, EPAM3-K-95M13. December 

EPA, 1997a. Exposure Factors Handbook. Update to Exposure Factors Handbook. EPA1600/6-69/043 - May 1969. Cfftca of Research and Development. 

EPA, 1997b Risk Assessment Guidance for Superfund. Volume I: Human Health Evaluation Manual. Supplemental Guidance. Dennel Rlsk Assessment (Intatim Guidance) Region I EPA. 

NAWC \nrarrn Site 8 Table 4-Sediment-lng and Der-Adolescent-RecreationaLxls . 
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risk assessment) for the potential receptor was based upon the sum of the values for contributing body 

parts. These were derived from several sources (EPA, 199713 and EPA, 1985) and are shown in detail in 

a table in Appendix G, Part 3. This table also shows the input values used to derive the average body 

weight for the recreational pre-adolescent (age 7 - 12). Sample calculations for ingestion and dermal 

absorption of COPCs in sediment are provided in Appendix G, Part 4. 

6.3.3.3 Surface Water (Both Total and Dissolved Inorganic@ Exposure Estimates 

Two potential exposure routes were associated with direct exposure to surface water (for both total and 

dissolved inorganic exposure) at off-site areas near Site 8, including: 

0 Ingestion 

l Dermal absorption 

For surface water, both exposure routes were evaluated using the current/future recreational pre- 

adolescent (age 7 - 12) receptor. This receptor was chosen because it is expected to be representative 

of typical recreational exposures at off-site areas near Site 8. 

Table 6-30 presents the RME input parameters (and rationale) selected for the surface water I(for both 

total and dissolved inorganics) exposure pathways for the current/future recreational pre-adolescent. The 

only input values not shown on the exposure input tables are the chemical specific permeability constants 

for the dermal pathway. For the surface water COPC, manganese, the permeability constant is lE-03 

cm/hr (EPA, 1992e). Derivation of the surface areas (used in all dermal exposure equations in this risk 

assessment) for the potential receptor was based upon the sum of the values for contributing body parts. 

These were derived from several sources (EPA, 1997b and EPA, 1985) and are shown in detail in a table 

in Appendix G, Part 3. This table also shows the input values used to derive the average body weight for 

the recreational pre-adolescent (age 7 - 12). Sample calculations for ingestion and dermal absolrption of 

COPCs in surface water are provided in Appendix G, Part 4. 

6.3.4 Blood-Lead Modeling 

As outlined in OSWER Directive 9355.4-12, EPA (1994a) has developed an approach to evaluating lead 

risks that recognizes the multimedia nature of lead exposures, incorporating absorption and 

pharmacokinetic information. Research has been conducted concerning lead intake and resultant blood- 

lead levels. Determinations of lead uptake from several sources (including soil and drinking water) were 

considered. Potential blood-lead level increases are estimated and are discussed, along with the potential 

implications of blood-lead results for residential children. The following discussion presents information that 

is useful in estimating lead exposure for surface soil exposure. 

L/DOCUMENTSINAVY/1412/SITE8/049002/SEC6 
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TABLE 6-30 

VALUES USED FOR DAILY INTAKE CALCULATlONS - RECREATlONAL PRE-ADOLESCENT (AGE 7-12) CONTACTWlTH SITE 6 SURFACE WATER (TOTAL AND DISSOLVED INORGANICS) 

NAWC WARMINSTER, PENNSYLVANtA 

meframe: CurrenVFuture 

urface Water (Total and Dissolved Inorganics) 

Exposure Medium: Surface Water (Total and Dissolved Inorganics) 

Exposure Point: Contact (Ins. 8 Der.) with Surface Water (Total and Dissolved Inorganics) 

Receptor Population: Other 

Receptor Age: off-site Recreational Pre-Adolescent Age 7-12 

Model Name 

Ingestion Rate of Surface Water 

Fraction Ingested from Contaminated Source 

Exposure Frequency 

Exposure Duration 

Conversion Factor 1 

CWS x IR-W x FI x EF x ED x CFl x lI(BW x AT) 

Age-Adjusted Skin Surface Area/Body \M. Ratio 

Permeability Constant (Dermal for Liquids) 

Exposure Time 

Event Frequency 

Exposure Frequency 

Exposure Duration 

Conversion Factor 1 

Conversion Factor 2 

Averaging Time (Cancer) 

CW x SA-ADJ x KP x Function( xEVxEFxCFlx 

mere: Function(ET) = ET for inorganic% or 

(24 x Tau x ET I PI)‘05 for organic5 where ET < r, or 

[ET/(l+B)) + Tau x (2+68)1(1+8) for organic% ET > T*. 

See EPA, 1992e for chemical-specific constants Tau. B. T’ 

sources: 
(1~). Professional Judgement. 7 days&ear = Matches national average for swimming (as listed in RAG for Superfund - EPA, 1969a) 

(2b). Development of Statistical Distributions or Ranges of Standard Exposure Factors Used in Exposure Assessments. EPA!600/8-86iUlO. Dfiice of Research and DevelOpIIIenL 

(2b). EPA, 1997a. Exposure Factors Handbook. Update to Exposure Factors Handbook. EPA1600/8-89/043 -May 1989. Mflce of Research and Development. 

(2b). Surface Area adjusted represents hands, lower legs, and feet. 

EPA, 1989a. Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation Manual (Part A). EPA 640/1891M)2. offce of Emergency and Remedial Response. Washington, DC. 

EPA, 1992e. Dental Exposure Assessment: Principles and Applications. Interim Report. EPA 600/8-SIDIIB. Dfliw of Health and Environmental Assessment. Washington, DC. January. 

EPA, 19978. Exposure Factors Handbook. Update to Exposure Factors Handbook. EPABOOB-89/043 - May 1989. Office of Research and Development 

NAWC Warm Site 8 Table 4-Surface Water-lng and Der_Adolescent-Recreat~iot?al.yls 
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No threshold has been defined for effects related to blood-lead increases. Effects below blood-lead 

levels of 10 ug/dL are difficult to define. Inhibition of certain enzymes involved in red blood cell 

metabolism has been reported to occur at 10 to 15 ug/dL and possibly lower. Small increases in blood 

pressure have been observed in adults with blood-lead levels down to 7 ug/dL (EPA, 19946). The most 

sensitive subpopulation to effects below 7 ug/dL, would be infants, whose early neurological development 

can be affected by blood-lead concentrations reportedly down to 5 ug/dL (EPA, 1994b). Lead iis also a 

fairly common environmental contaminant and, for this reason, typical blood-lead levels in the population 

at large may already exceed the concentrations discussed here. 

For drinking water exposure, children 0 through 6 months old are expected to experience blood lead 

increases at the rate of 0.26 ug/dL per ug/L lead in water up to 15 ug/L and at the rate of 0.04 ug/dL for 

every ug/L lead in water above 15 ug/L (EPA, 1994b). For older children, the ratio is 0.12 ug/dL blood lead 

per ug/L lead in water up to 15 ug/L and 0.06 ug/dL for every ug/L lead in water above 15 ugiL (EPA, 

1994b). For adults, the ratio is approximately 0.06 ug/dL blood lead per ug/L in water (EPA, 1994b). 

Dietary intake of lead is assumed to produce increases of 0.02 to 0.04 ug/dL blood lead per ug/day ingested 

by adults and 0.16 ug/dL blood lead per ug/day ingested by infants (EPA, 1986a). Blood-lead levels are 

estimated to increase by 0.6 to 6.8 ug/dL per 1,000 mg/kg lead in soil (EPA, 1986a). 

Blood-lead levels in residential children (age 1 - 6) were estimated using the Integrated Exposure and 

Uptake Biokinetic (IEUBK) Model (version 0.99) developed by EPA (EPA, 1994b). The model is applied 

using the average surface soil concentration at Site 8. As discussed in Section 6.1.3.1, lead was selected 

as a COPC in surface soil [the maximum detection of lead (732 mg/kg) in surface soil exceeds the 400 

mg/kg OSWER Directive benchmark criterion]. Blood-lead levels in industrial or commercial workers were 

not estimated as part of the human health risk assessment since children were considered to be ithe most 

sensitive receptor to the effects related to blood-level increases. 

For the assessment of ingestion of lead in surface soil by residential children, default values in the model 

are used to represent background lead concentrations in air, house dust, water, and the level of material 

contribution. Additionally, the model’s default values are used to represent respiratory rate, soil alnd water 

ingestion rates, and the percent of lead absorption by the various exposure routes. The only site-specific 

factor entered into the IEUBK Model is the average lead concentration (119 mg/kg) in surface soil. 

The output of the IEUBK Model is a histogram that presents the estimated percentage of residential children 

(age 0 through 6 years) with a blood-lead level above IO ug/dL (considered to be the threshold siglnificance 

level above which adverse effects cannot be ruled out). When the percentage of the population estimated 

to have blood-levels above 10 ug/dL is greater than five percent, then EPA considers the potential for 

adverse effects to be significant (EPA, 1994a). This histogram, along with input information particular to 

each run of the IEUBK model, is presented in Appendix G, Part 5. The estimated percentage of residential 
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children (age 0 through 6 years) with a blood-lead level above 10 ug/dL is also presented in Section 6.5.6. 

Uncertainties associated with the IEUBK model are discussed in Section 6.6.4. 

“-. 

6.4 DOSE-RESPONSE ASSESSMENT 

Dose-Response Assessment identifies the potential health hazards associated with exposure to each of 

the COPCs. A toxicological evaluation characterizes the inherent toxicity of a compound. The literature 

indicates that the COPCs have the potential to cause carcinogenic and/or noncarcinogenic health effects 

in humans. Although the COPCs may cause adverse health effects, dose-response relationships and the 

potential for exposure must be evaluated before the risks to receptors can be determined. Dose- 

response relationships correlate the magnitude of the intake with the probability of toxic effects, as 

discussed below. Toxicity information for the COPCs in surface soil, subsurface soil, sediment, and 

surface water at Site 8 are presented in this section and Appendix G, Part 6 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. 

_--.. 

Dose-response values [reference doses (RfDs) and slope factors (SFs)] have been developed by EPA 

and other sources for many organics and inorganics. This section provides a brief description of these 

parameters. 

Reference Doses 

The RfD is developed by EPA for chronic and/or subchronic human exposure to hazardous chemicals 

and is based solely on the noncarcinogenic effects of chemical substances. Subchronic RfDs are 

specifically developed to be protective for a portion of a lifetime exposure to a compound (as a Superfund 

program guideline, 2 weeks to 7 years). Chronic RfDs are specifically developed to be protective for 

tong-term exposure to a compound (as a Super-fund program guideline, 7 years to lifetime). The RfD is 

usually expressed as a dose (mg) per unit body weight (kg) per unit time (day). It is generally derived by 

dividing a No-Observed-(Adverse)-Effect-Level (NOAEL or NOEL) or a Lowest-Observed-Adverse-Effect- 

Level (LOAEL) by an appropriate uncertainty factor, NOAELs, etc. are determined from laboratory or 
- 

epidemiological toxicity studies. The uncertainty factor is based on the availability of toxicity data. 
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Uncertainty factors are generally applied as multiples of 10 to represent specific areas of uncertainty in 

the available data. A factor of 10 is used to account for variations in the general population (to protect 

sensitive subpopulations), when test results from animals are extrapolated to humans (to account for 

interspecies variability), when a NOAEL derived from a subchronic study (instead of a chronic study) is 

used to develop the RfD, and when a LOAEL is used instead of a NOAEL. In addition, EPA reserves the 

use of a modifying factor of up to 10 for professional judgment of uncertainties in the data base not 

already accounted for. The default value of the modifying factor is 1. 

The RfD incorporates the surety of the evidence for chronic human health effects. Even if applicable 

human data exist, the RfD (as diminished by the uncertainty factor) still maintains a margin of safety so 

that chronic human health effects are not underestimated. Thus, the RfD is an acceptable guideline for 

evaluation of noncarcinogenic risk, although the associated uncertainties preclude its use for precise risk 

quantitation. Oral and dermal RfDs, primary target organs, uncertainty/modifying factors, and sources for 

selected COPCs in surface soil, subsurface soil, sediment, and surface water are provided in Table 6-31. 

Inhalation RfDs, primary target organs, uncertainty/modifying factors, and sources for selected COPCs in 

surface soil and subsurface soil are provided in Table 6-32. 

Target organ data have been extracted from the Integrated Risk Information System (IRIS; EPA, 1999a), 

Health Effect Assessment Summary Tables (HEAST; EPA, 1997a), or other applicable sources. Only the 

target organs that are affected in the applicable study in which the RfD was derived have been included in 

Tables 6-31 and 6-32. When multiple target organs are cited in the applicable RfD-derivation study, only 

the primary target organ will be selected and used in this HHRA. 

Noncarcinogenic risks for lead were. not quantified and compared to RfDs, because EPA has 

implemented an approach to evaluating lead risks that does not provide a single-point estimate output. 

Instead, potential lead exposures are evaluated using a biokinetic model to estimate expected blood-lead 

increases. The blood-lead model is discussed in Section 6.3.4. A discussion of the results of the blood- 

lead model estimates is presented in Section 6.5.6. 

6.4.2 Cancer Slope Factors (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 I/(mglkglday) and is derived through an assumed low-dosage linear relationship of 

extrapolation from high to low dose responses determined from animal studies. The value used in 

reporting the slope factor is the upper 95 percent confidence limit. 
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Chemical 

of Potential 

Concern 

Lead 

Manganese 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b)Ruoranthene 

Dibenz(a.h)anthracene 

TABLE 631 

NON-CANCER TOXICITY DATA -- ORAUDERMAL EXPOSURE ROUTES, SITE 6 SURFACE SOIL, SUBSURFACE SOIL, SEDIMENT, AND SURFACE WATER COPCS 

NAWC WARMINSTER, PENNSYLVANIA 

N/A 

N/A 

Chronic 

Chronic 

NIA 

Chronic 

NIA 

N/A 

N/A 

N/A 

Oral RfD 

Value 

NIA 

NIA 

3.00~~04 

3.OOE-03 

4.OOE-02 

3.00E-01 

N/A 

2.40E-02 

NIA 

NIA 

NIA 

NIA 
- 

NIA = Not Applicable 

(1) Refer to EPA (1989a: 1965) 

(2) Equation used for derivation provided in Section 6.3.4. 

IRIS _ Integrated Risk Information System (EPA, 1999a) 

HEAST - Health Effects Assessment Summary Tables (EPA, 1997a) 

Oral Rrn 

Units 

NIA 

NIA 

mglkg-day 

mgikg-day 

mg/kg-day 

mg/kg-day 

NIA 

mgikg-day 

N/A 

NIA 

N/A 

NIA 

Oral to Dermal 

Adjustment Factor (1) 

NlA 

NIA 

9.50E-01 

2.50G02 

6.00E-01 

1 .OOE+OO 

N/A 

1 .OOE+OO 

N/A 

NIA 

NIA 

NIA 

Adjusted 

Dermal 

RfD (2) 

N/A 

NIA 

2.65G04 

7SOE-05 

2.40E-02 

3.OOE-01 

N/A 

2.4OE-02 

N/A 

NIA 

NIA 

N/A 

Units 

N/A 

N/A 

mg/kg-day 

mglkg-day 

mglkg-day 

mg/kg-day 

NlA 

wM-day 

NlA 

NIA 

NlA 

NIA 

Primary 

Target 

Organ 

N/A 

N/A 

Skin 

Ktdney 

GI Tract 

Liver/Pancreas 

NIA 

CNS 

NIA 

NIA 

N/A 

N/A 

Uncertaintylhlodifying 

Factors 

NIA 

NIA 

3 

900 

N/A 

1 

N/A 

NIA 

NIA 

NIA 

Sources of RR) 

Target Organ 

N/A 

NIA 

IRIS 

IRIS 

HEAST 

EPA-NCEA 

N/A 

IRIS 

N/A 

N/A 

NIA 

NIA 

Dates of RtD 

Target Organ 

N/A 

N/A 

WI St99 

04/15/99 

1997 

0411 iv99 

NIA 

04l15l99 

NIA 

N/A 

N/A 

N/A 



Chemical 

of Potential 

Concern 

1.2,3,4.6,7.8-HpcDD 

OCDD 

Arsenic 

Chromium 

Copper 

Lead 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

TABLE 6-32 

NON-CANCER TOXICITY DATA -- INHALATION EXPOSURE ROUTES, SITE 8 (SURFACE AND SUBSURFACE SOIL COPCS ONLY) 

NAWC WARMINSTER, PENNSYLVANIA 

Chronic.! 

Subchronic 

NIA 

N/A 

N/A 

Subchronic 

N/A 

N/A 

N/A 

N/A 

NIA 

NIA 

N/A = Not Applicable 

IRIS - Integrated Risk Information System (EPA, 1999a) 

Value 

Inhalation 

RE 

-- 
-_- 

-_ 
___ 
--_ 
--- 
--- 
--_ 
--- 
--- 

Site 8 Table Sb-Inhalation Noncancer Values.xls 

Units 

--- 
___ 

- 
- 
_- 
- 
- 
- 

Adjusted 

Inhalation 

RfD 

N/A 

N/A 

NIA 

2.86E-05 

N/A 

N/A 

NIA 

NIA 

N/A 

NIA 

Units 

N/A 

N/A 

N/A 

mglkgday 

NIA 

N/A 

NIA 

NIA 

N/A 

N/A 

Primary 

Target 

Organ 

NIA 

N/A 

NIA 

Lung 

N/A 

NIA 

NIA 

N/A 

NIA 

NIA 

Combined 

UncertaintyiMxiifying 

Factors 

NIA 

NIA 

300 

NIA 

NIA 

NIA 

NIA 

NIA 

NIA 

Sources of 

RfClRfD 

Target Organ 

NIA 

NIA 

N/A 

IRIS 

NIA 

NIA 

NIA 

NIA 

NIA 

N/A 

Dates 

of RfClRfD 

N/A 

NIA 

NIA 

04/l 5199 

NIA 

NIA 

NIA 

NIA 

N/A 

NIA 

4126199 
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-_ 

Oral and dermal SFs, weight of evidence, and sources for selected COPCs in surface soil, subsurface 

soil, sediment, and surface water are provided in Table 6-33. Inhalation SFs, weight of evidence, and 

sources for selected COPCs in surface soil and subsurface soil are provided in Table 6-34. 

Carcinogenic risks for lead were not quantified, because EPA has not published a SF for inorganic lead. 

Instead, potential lead exposures were evaluated using a biokinetic model to estimate expected blood- 

lead increases. A discussion of these results is presented in Section 6.5.6. 

6.4.3 EPA Weiaht of Evidence 

The weight-of-evidence designations indicate the preponderance of evidence regarding carcinogenic 

effects in humans and animals. The categories are defined as follows (EPA, 1992c): 

WEIGHT OF EVIDENCE CATEGORY DEFINTION 
A Known human carcinogen 
Bl Probably human carcinogen, limited human data are available 
82 Probable human carcinogen, sufficient animal data are 

available but inadequate human data are available 
C Possible human carcinogen 
D Not classifiable as to human carcinogenicity 

.--.- 

E Evidence of noncarcinogenicity in humans 

6.4.4 Adiustment of Dose-Response Parameters for Dermal Exposure 

Risks associated with dermal exposures were evaluated using toxicity values that are specific to 

absorbed dermal doses. Most oral toxicity values are based on administered doses rather than absorbed 

doses (TCE being an important exception). Therefore, in accordance with EPA Region III (1995a) and 

EPA (1989a, Appendix A) guidance, the toxicity values based on administered doses were adjusted 

before they were used for evaluating absorbed doses. 

Dermal RfDs and SFs were obtained from oral RfDs and SFs via the following relationships: 

L/DOCUMENTSlNAVYll412/SITE6/049002lSEC6 
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TABLE 8-33 

CANCER TOXICITY DATA - ORAUDERMAL EXPOSURE ROUTES, SITE 8 SURFACE SOIL, SUBSURFACE SOIL, SEDIMENT, AND SURFACE WATER COPCS 

NAWC WARMINSTER, PENNSYLVANIA 

Chemical 

of Potential 

Concern 

1.2,3,4,6.7,8-HpCDD 

OCDD 

Arsenic 

Chromium 

Copper 

Iron 

Lead 

Manganese 

IlBenz(a)anthracene 

]lBenzo(b)fluoranthene 

Dibenz(a,h)anthracene 

Oral Cancer Slope Factor 

1.50E+03 

1.50E+02 

150E+OO 

NIA 

NIA 

NIA 

N/A 

N/A 

7.30E-01 

7.30E+OO 

7.30E-01 

7.30E+OO 

NIA = Not Applicable 
(I) Refer to EPA (1989a; 1985) 
(2) Equation used for derivation provided in Section 6.3.4. 
IRIS - Integrated Risk Information System (EPA, 1999a) 
HEAST - Health Effects Assessment Summary Tables (EPA, 1997a) 

Oral to Dermal 

Adjustment 

Factor (1) 

1 .OOE+OO 

1 .OOE+OO 

9.50E-01 

NIA 

N/A 

NIA 

NIA 

N/A 

1 .OOE+OO 

1 .OOE+OO 

1 .OOE+OO 

Adjusted Dermal 

Cancer Slope Factor (2) 

- 
I 

Units Weight of Evidence/ 

Cancer Guideline 

Description 

Source 

Target Organ 

1 .OOE+OO 

I .50E+03 1WWkNw) 82 

1.50E+02 ll(mglkgday) 82 

1.50E+OO WWkg-W A 

NIA N/A N/A 

NIA N/A NIA 

NIA NIA NIA 

N/A N/A N/A 

NIA NIA NIA 

NIA Wf’w~wW) 82 

N/A WWWw) 82 

N/A ll(mglkgday) 82 

NIA ll(mglkgday) 82 

EPA Group: 
A - Human carcinogen 
Bl - Probable human carcinogen - indicates that limited human data are available 
82 - Probable human carcinogen - indicates sufficient evidence in animals and 

inadequate or no evidence in humans 
C - Possible human carcinogen 
D - Not classifiable as a human carcinogen 
E - Evidence of noncarcinogenicity 

HEAST 

HEAST 

IRIS 

N/A 

NIA 

N/A 

N/A 

NIA 

EPA-NCEA 

IRIS 

EPA-NCEA 

EPA-NCEA 

Date (2) 

(MMIDD/-YY) 

1997 

1997 

04115199 

NIA 

N/A 

NIA 

NIA 

NIA 

04llSl99 

04llSl99 

WI 5199 

04115l99 

Site 8 Table 6a-Oral Cancer Values.xls 4129199 
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TABLE 6-34 

CANCER TOXICITY DATA -- INHALATION EXPOSURE ROUTES, SITE 6 SURFACE AND SUBSURFACE COPCS ONLY 

NAWC WARMINSTER, PENNSYLVANIA 

j 

--- 1,2,3,4,6,7,8-HpCDD 

OCDD 

Arsenic 

Chromium 

Copper 

Lead 

Benz(a)anthracene 

Benzo(a)pyrene 

Benro(b)fluoranthene 

Dibenz(a,h)anthracene 

_-- 

Units Adjustment 

___ 
___ 
-- 
--- 
__- 
-_ 
-_ 
-_ 
___ 
___ 

N/A = Not Applicable 

IRIS - Integrated Risk Information System (EPA, 1999a) 

HEAST - Health Effects Assessment Summary Tables (EPA, 1997a) 

_- 
-_- 
- 
-- 
_- 
--- 
-- 
- 
___ 
-_ 

Inhalation Cancer 

Slope Factor 

1.50E+03 

1.50E+02 

lSlE+Ol 

4.10E+Ol 

N/A 

N/A 

N/A 

3.10E+OO 

N/A 

N/A 

Units 

14~glkg-daY) 

W~dWW 

Ww~g-day) 

Il(mglkg-day) 

NIA 

N/A 

N/A 

Wmg~gday) 

N/A 

N/A 

Weight of Evidence/ 

Cancer Guideline 

Description 

82 

82 

A 

A 

N/A 

N/A 

N/A 

NIA 

HEAST 

HEAST 

IRIS 

IRIS 

N/A 

N/A 

N/A 

EPA-NCEA 

N/A 

N/A I N/A 

EPA Group: 

A - Human carcinogen 

Bl - Probable human carcinogen - indicates that limited human data are available 

82 - Probable human carcinogen - indicates sufficient evidence in animals and 

inadequate or no evidence in humans 

C - Possible human carcinogen 

D - Not classifiable as a human carcinogen 

E - Evidence of noncarcinogenicity 

Date 

1997 

1997 

04/l 5199 

04/l 5/99 

NIA 

N/A 

N/A 

04/l 5199 

N/A 

N/A 

4126199 



where: 

Glorar = Gastrointestinal (GI) Absorption Efficiency (EPA, 1995a) 

R&al = Oral Reference Dose (EPA, 1999a; EPA, 1997a; or EPA-NCEA) 

SFore~ = Oral Slope Factor (EPA, 1999a; EPA, 1997a; or EPA-NCEA) 

Dermally adjusted RfDs and SFs for COPCs are presented in Tables 6-31 and 6-33, respectively. 

6.4.5 Carcinonenicitv of PAHs 

Carcinogenic PAHs. are related by chemical structure. Only benzo(a)pyrene has an EPA published SF 

(EPA, 1999a). All other carcinogenic PAHs except carbazole have SFs based on their potency relative to 

benzo(a)pyrene. The relative potency factors (RPF) for carcinogenic PAH COPCs at Site 8 were as 

follows: (EPA, 1999b): 

l Benzo(a)pyrene (RPF = 1 .O) 

l Benz(a)anthracene (RPF = 0.1) 

l Benzo(b)fluoranthene (RPF = 0.1) 

l Dibenz(a,h)anthracene (RPF = 1 .O) 

Relative Toxicitv Factors for Dioxins and Furans 

The dose-response assessment for chlorinated dioxin and furan congeners was performed by using 

toxicity equivalence factors (TEFs). The TEFs for dioxin/furan COPCs were as follows (EPA, 1992d): 

. 1,2,3,4,6,7,8-HpCDD (TEF = 0.01) 

. OCDD (TEF = 0.001) 

Toxicitv Criteria for Chromium 

The toxicity criteria for hexavalent chromium (C?) were used in this HHRA evaluation because 

speciation data (i.e., trivalent versus hexavalent) were not available for samples collected in Site 8 

media.. Hexavalent chromium was considered to be more toxic than trivalent chromium, therefore, this 

assumption is conservative in nature. 



6.5 RISK CHARACTERIZATION 

Potential human health risks resulting from the exposures outlined in the preceding sections are 

characterized on a quantitative and qualitative basis in this section. Quantitative risk estimates were 

generated based on risk assessment methods outlined in current EPA guidance (EPA, 1989a). 

Noncarcinogenic risk estimates were presented in the form of HQs and HIS that are determined through 

comparison of estimated intakes with published RfDs. Incremental cancer risk estimates were provided in 

the form of dimensionless probabilities based on SFs. 

Estimated human intakes were developed for each of the specific exposure routes discussed in the 

preceding sections. Both noncarcinogenic and carcinogenic risks were summarized for each exposure 

route on a series of tables in this section. 

6.5.1 Noncarcinogenic Risks 

Noncarcinogenic risk was assessed using the concept of HQs and HIS. The HQ is defined as the ratio of 

the estimated intake and the RfD for a selected chemical of concern, as follows: - 

Intake 
HQ=- 

RJD 

HIS were generated by summing the individual HQs for the COPCs. If the value of the HI exceeds unity 

(1.0) the potential for noncarcinogenic health risks associated with exposure to that particular chemical 

mixture cannot be ruled out (EPA, 1986b). In that case, particular attention should be paid to the target 

organ(s) affected by each chemical because these are generally’ the organ(s) associated with RfD- 

derived effects, and results (HIS) for different organs are not truly additive. The HI is not defined as a 

mathematical prediction of the severity of toxic effects; it is simply a numerical indicator of the possibility 

of the occurrence of noncarcinogenic (threshold) effects. 

6.5.2 Carcinogenic Risks 

Incremental cancer risk estimates were generated for each of the exposure pathways using the estimated 

intakes and published SFs, as follows: 

Risk = Intake * SF 
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Fm”-. If the above equation results in a risk greater than 0.01, the following equation was used: 

The risk determined using these equations is defined as a unitless expression of an individual’s increased 

likelihood of developing cancer as a result of exposure to carcinogenic chemicals. An incremental1 cancer 

risk of IE-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 defined as the upper 95 percent confidence limit 

of a dose-response curve generally derived from animal studies. Actual human risk, while not identifiable, 

is not expected to exceed the upper limit based on the SFs and may, in fact, be lower. 

EPA has generally defined risks in the range of lOa to IO” as being acceptable for most hazardous waste 

facilities addressed under CERCLA. For CERCLA activities, residual risks on the order of lOa are the 

primary goal but are often modified by such regulatory requirements as MCLs or chemical-specific clean- 

up goals. 

.-, 6.5.3 Comparison of Quantitative Risk Estimates to Benchmark Criteria 

In order to interpret the quantitative risks and to aid risk managers in determining the need for 

remediation at a site, quantitative risk estimates are compared to typical benchmarks. 

An HI exceeding unity (1 .O) indicates that there may be potential noncarcinogenic health risks associated 

with exposure. If an HI exceeds unity, target organ effects from individual COPCs contributing to the risk 

are considered. Only those chemicals that impact the same target organ(s) or exhibit similar critical 

effect(s) will be regarded as truly additive. Thus, COPCs contributing to an HI greater than 1.0 on the 

basis of a single target organ/effect are considered to be COCs. 

EPA has defined the range of 10s4 to 1U6 as the incremental cancer risk (ICR) “target range” for most 

hazardous waste facilities evaluated. Cumulative ICRs greater than 10m4 generally will indicate that some 

degree of remediation is required, and ICRs below IO” normally will not result in remedial efforts. 

Whenever ICRs fall between lOA to 10m6, decisions for remediation will be made on a case-specific basis. 

Individual chemicals contributing significantly to risks above the target range are considereld to be 

chemicals of concern (COCs) 

Potential RME hazard indices and RME cancer risks were estimated for current and future potential 

receptors using the methodologies presented in Sections 6.2 through 6.4. The following sections present 

a summary of the results of the estimation of risk at Site 8. 
L/D0CUMENTS/NAVY/1412SlTE8/049002/SEC6 

6-67 



Receptor risks are presented for each area of interest in the form of tables and summary text. Each of 

these sections includes summaries of risks estimated by the exposure scenarios. It should be noted 

that, in each risk summary table where HQs are reported as “N/A”, the HQs were not calculable because 

no RfD has been established. Usually in such cases, carcinogenicity is considered to be more important, 

since carcinogenicity will generally be seen at lower doses than noncarcinogenic effects. Cancer risks 

that are reported as “N/A” generally indicate that the chemical is not carcinogenic or that an SF has not 

yet been developed. 

Site-Specific Noncarcinonenic Risks 

Noncarcinogenic risks estimated for potential receptors are discussed below and presented in the 

appropriate tables.. 

6.5.4.1 Surface Soil 

The estimated RME hazard index for an industrial adult exposed to surface soil at Site 8 was 0.1 (Table 

6-35, contribution from ingestionidermal absorption and Table 6-36, contribution from inhalation of fugitive 

dust), which was below the acceptable level of 1 .O. 

The estimated RME hazard index for a casual user child (age 1 - 6) exposed to surface soil at Site 8 was 

0.03 (Table 6-37, contribution from ingestion/dermal absorption and Table 6-38, contribution from 

inhalation of fugitive dust), which was below the acceptable level of 1 .O. 

The estimated RME hazard index for a casual user pre-adolescent/adolescent (age 7 - 16) exposed to 

surface soil at Site 8 was 0.01 (Table 6-39, contribution from ingestionldermal absorption and Table 6-40, 

contribution from inhalation of fugitive dust), which was below the acceptable level of I .O. 

The estimated RME hazard index for a casual user adult exposed to surface soil at Site 8 was 0.004 

(Table 6-41, contribution from ingestionldermal absorption and Table 6-42, contribution from inhalation of 

fugitive dust), which was below the acceptable level of 1.0. 

The estimated RME hazard index for a residential child exposed to surface soil at Site 8 was 0.6 (Table 6- 

43, contribution from ingestion/dermal absorption and Table 6-44, contribution from inhalation of fugitive 

dust), which was below the acceptable level of 1 .O. 

_-. 
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TABLE 6-35 
ESTIMATION OF NON-CANCER HAZARDS - INDUSTRIAL ADULT CONTACT WlTH SURFACE SOIL SITE 8 (POST-REMOVAL) 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: CurrentFuture 

Medium: Surface Soil 

Exposure Medium: Surface Soil 

Exposure Point: Contact with Site 6 Surface Soil 

Receptor Population: Industrial 

Receptor Age: Adult 

Medium 

EPC 

Value 

Medium 

EPC 

Units 

Route 

EPC 

Value 

Route 

EPC 

Units 

Intake 

(Non-Cancer) 

Intake 

(Non-Cancer) 

Units 

Reference 

Dose 

Reference Reference 

Dose Units Conwntratior 

Hazard 

Quotient 

Exposure 

Route 

Chemical 

of Potential 

Concern 

EPC 

Selected 

for Hazard 

Calculation (1) 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

N/A 

N/A 

NIA 

NIA 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

NIA 

NIA 

N/A 

N/A 

NIA 

N/A 

N/A 

N/A 

:oncenbattor 

Units 

NIA 

NIA 

NIA 

N/A 

N/A 

NIA 

NIA 

N/A 

N/A 

2.20E-02 

7.53E-03 

Ingestion 1,2,3,4,6,7,SHpCDD 

OCDD 

Arsenic 

Chromium 

Lead 

Benz(a)anthracene 

Eenzo(a)pyrene 

Benzo(b)Ruoranthene 

Dibenz(a,h)anthracene 

(Total) 

Dermal 1.2.3.4.6.7.BHpCDD 

OCDD 

Arsenic 

Chromium 

Lead 

Benz(a)anthracene 

Benzo(a)pyrane 

Benzo(b)fluoranthene 

Dibenz(a,h)anthracene 

(Total) 

36OE+OO 

1.39E+Ol 

6.73E+OO 

2.3lE+Ol 

2.14E+02 

2.7lE+02 

267E+OZ 

4.02E+02 

1.20E+02 

3.60E+OO 

1.39E+Ol 

6.73E+OO 

2.31E+Ol 

2.14E+02 

2.7lE+02 

2.67E+02 

4.02Et02 

1.20E+02 

3.60E+OO 

1.39E+Ol 

673E+OO 

2.3lE+Ol 

2.14E+02 

2.71 E+02 

267E+02 

4.02E+02 

1.20E+02 

3.60E+OO 

1.39E+Ol 

6.73E+OO 

2.3lE+Ol 

2.14E+02 

2.71 E+02 

2.67E+02 

4.02E+02 

1.20E+02 

3.52E-09 

6.66G09 

6.59E-06 

2.26E-05 

2.09E-04 

2.65E-07 

2.6lE-07 

3.93E-07 

1 .I 7E-07 

msncadw 
wW-day 
w@-dw 
Wg-W 
mwWdw 
wvW-dw 
mgrkgday ’ 

mgrkg-day 

mghWw 

mskadw 
wkNw 
nwM-day 
nW9-W 
mgkt-day 
m9A9-W 

wQ-W 

mgfig-day 

m9lk9-W 

urn9 

u9fi9 

mek9 

msk9 

m9k9 

u9&9 

us&e 

u9fi9 

U9&9 

3.OOE-04 

3.OOE-03 

.- 

2.95E-02 

2.65E-04 

3.OOE-05 

6.65E-03 

6.76E-02 

N/A 

NIA 

NIA 

NIA 

NIA 

N/A 

NIA 

N/A 

NIA 

9.5lE-IO 

1.6OE-09 

1 BOE-06 

2.03E-06 

1.66E-05 

2.39G07 

2.53E-07 

3.54E-07 

l.O6E-07 

wtkday 
wWW 
mglkg-day 

wWW 

mtm-dw 

mglkg-day 

mg/kg-day 

mwwdw 

mwWdw 

U9k9 
u9kl 
m9k9 

m9k9 

m9k9 

u9k9 

U9k9 

U9k9 

u9fi9 

uglk9 

uefi9 

m9k9 

m9k9 

m9k9 

u9fi9 

U9k9 

U9k9 

U9k9 

m9fi9-W 
fwW@v 
mg&g-day 

w%-W 

mglkg-day 

mgkg-day 

mgkg-day 

mtm-day 

mgtkg-day 

7.44E-02 
- 
1 ME-01 

- 
Total of poute! 

(1) Specify Medium-Specific(M) or Route-Specific (R) EPC selected for hazard calculation. 
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TABLE 6-36 
ESTIMATION OF NON-CANCER HAZARDS - INDUSTRIAL ADULT CONTACT WITH SURFACE SOIL SITE 6 (POST-REMOVAL) 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: CurrentFulure 

Exposure Medium: Particulates 

91 

Exposure Point: Contact with Site 8 Particulates 

Receptw Population: tndustdal 

Exposure Chemical 

Route of Potential 

Concern 

Inhalation 1,2,3,4,6,7,EHpCDD 

OCDD 

Arsenic 

Chromium 

Lead 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Dibenz(a.h)anthracene 

(Total) 

Medium Medium 

EPC EPC 

Value Units 

36Ofz+OO wxl 

1.39E+Ol u9k3 

8.73E+OO m&t 

2.31E+Ol mgb 

2.14E+02 mgh 

2.71 E+02 wm 

2.87E+02 wh 

4.02E+02 m&l 

1.20E+02 wml 

: ;; c~,)~ 

366E+O6 Km M 3.2OE-13 mekg-day - mghgday - 

1.39E+Ol w&l M 6.08E-13 mgkgday - mg/kwW 

6.73E+OO w/kg M 5.99E-10 mwIuHay - mgkgday _ 

2.31E+Ol make M 2.05E-09 mgkgday - 2.86E-05 mglkg-day 7.18E-05 

2.14E+02 w/kg M 1.9OE-08 mgikgday - mgkgday - 

2.71 E+02 ww M 2.41&11 mm’kg-dw 
_- mgkg-day - 

2.87E+02 WMt M 255E-11 w&kg-W mglkg-day _ 

4.02E+02 wm M 3.58E-11 w/kg-W mgkg-day - 

1.20E+02 wfig M 1.07E-11 mglkg-day - mglk-a-day 

7.18E-05 

(1) Specify Medium-Spectfic (M) or Route-Specific(R) EPC selected for hazard calculation. 

Site 8 Surface Soil Inh NonCancer Risk Ind-Adult.xls 
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TABLE 6-37 
ESTIMATION OF NON-CANCER HAZARDS - CASUAL USER CHILD (AGE l-6) CONTACT WlTH SURFACE SOIL SITE 8 (POST-REMOVAL) 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 

Medium: Surface Soil 

Exposure Medium: Surface Soil 

Exposure Point: Contact with Site 8 Surface Soil 

Receptor Population: Other 

Receptor Age: Casual User Child Age 1-6 

Exposure 

Route 

Chemical Medium 

of Potential EPC 

Concern Value 

Medium 

EPC 

Units 

Ingestion 1.2.3.4.6.7.EHpCDD 

OCOD 

Arsenic 

Chromium 

Lead 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Dibenz(a.h)anthracene 

(Total) 

Demtal 1,2,3,4.8,7.8-HpCDD 

OCDD 

Arsenic 

Chromium 

Lead 

Benz(a)anthracene 

Benzo(a)pyrane 

Benro(b)fluoranthene 

Dibenz(a,h)anthracene 

(Total) 

36OE+OO 

1.39E+Ol 

6.73E+OO 

2.31E+Ol 

2.14E+02 

2.71E+02 

287E+02 

4.02Et02 

1.20E+02 

3.60E+OO 

1.39E+Ol 

6.73E+OO 

2.31E+Ol 

2.14E+02 

2.71E+02 

2.87E+02 

4.02E+02 

1.20E+02 

B.WE+OO 

1.39E+Ol 

8.73E+OO 

2.31 E+Ol 

2.14E+02 

2.71E+02 

2.87E+02 

4.02E+02 

1.20E+02 

3.60E+OO 

1.39E+Ol 

6.73E+W 

2.31E+Ol 

2.14E+02 

2.71E+02 

2.87E+02 

4.02E+02 

1.20E+02 

M 1.43E-69 me/kg-dw - w%daY 
N/A NIA 

M 2.71E-09 mglkgday - w%tdaY N/A N/A 

M 2.67E-06 nWgdw 3.OOE-04 m!#wW N/A N/A 8.89E-03 

M 9.15E-06 mwN-day 3.OOE-03 mctkm-h N/A N/A 3.05E-03 

M 8.48E-05 mgkg-day - mtY%Mv N/A N/A 

M 1.07E-07 mgrkg-day - mglkg-day N/A N/A 

M l.l4E-07 mglkgday - wk3-W N/A N/A 

M 1.59E-07 mglkgday - mN@w N/A N/A 

M 4.75E-08 mg~g-day - mw%-day NIA N/A 

1 1.19E-02 

M 199E-10 mglkgday - wb-dw N/A N/A 

M 3.78E-10 mghday - wWJw N/A N/A 

M 3.97E-07 mwWW 2.85E-04 mgkg-day NIA N/A 1.39E-03 

M 4.26E-07 me~aday 3.OOE-05 mgkg-day N/A N/A 1.42E-02 

M 3.95E-06 mwWdw - mgikg-day NIA N/A 

M 5.00E-08 mgkgday - mgkg-day NIA NIA 

M 5.30E-08 mgikg-day wW@w N/A NIA 

M 7.42E-08 mgkg-day - mgikg-day N/A N/A 

M 2.21 E-06 mg/kg-day - mg/kg-day N/A NIA 

1 1.56E-02 

T.-.cll n‘Pm.,ss II *ICE-n3 

(1) Specify Medium-Specific(M) or Route-Specific (R) EPC selected for hazard calculation. 

Site 8 Surface Soil Ing and Der NonCancer Risk CasUse-Child.xls 43Ol99 
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TABLE 6-36 
ESTIMATION OF NON-CANCER HAZARDS - CASUAL USER CHILD (AGE 1-6) CONTACT WITH SURFACE SOIL SITE 8 (POST-REMOVAL) 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scanario Timeframe: CurrentlPutura 

Medium: Surface Soil 

Exposure Medium: Particulates 

Exposure Point: Contact with Site 8 Particulates 

Receptor Population: Other 

Receptor Age: Casual User Child Aae l-6 

Exposure Chemical 

ozen; Route 1 

Inhalation 1.2.3.4.6.7.8-HpCDD 

OCDD 

Arsenic 

Chromium 

Lead 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Dibenz(a.h)anthracene 

rrotal) 

3.60E+OO UMQ 36OE+OO UQkQ 

I .39E+Ol UQMI 1.39E+Ol UQfiQ 

6.73E+OO mgk2 t3.73tz+oo mgkg 

2.31E+Ol msh 2.31E+Ol w/kg 

2.14E+02 mgh 2.14E+02 mgfm 

271E+02 UQJW 2.71E+02 UQkQ 

2.87E+02 UQfiQ 2.87E+02 ww 

4.02E+02 XmQ 4.02E+02 UQkl 

1 1.20E+02 UieQ 1 1.20Et02 1 ume 

I I I I 

(1) Specify Medium-Specific(M) or Route-Specific (R) EPC selected for hazard calculation. 

EPC 

Selected 

for Hazard 

Calculation (1) 

intake 

I I 

Intake Reference 

(Non-Cancer) (Non-Cancer) Dose 

9.64E-14 mg/kg-day 

9.69G1 I mglkg-day 

3.33E-IO mglkg-day 

3.08G09 mg/kg-day - 

3.9X-12 mgikgday - 

4.13E-12 mglkg-day - 

5.79E-12 mglkg-day - 

1.73E-12 mglkg-day - 

I I 

Reference 

Dose Units 

Reference 

Concentration 

2.86E-05 

Reference 

Concentration 

Units 

mgncgdav 
mgikg-day 

wMwW 

m&?W 

mg/kg-day 

m&f-day 

mwW-W 

wWW 

mQkQ-day 

Hazard 

Quotient 

1.16E-05 

1.18E-05 
- 

Site 8 Surface Soil Inh NonCancer Risk CasUse-Child.xls 4130199 
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TABLE 640 
ESTIMATION OF NON-CANCER HAZARDS - CASUAL USER PREADOLESCENT/ADOLESCENT (AGE 7-16) CONTACT WITH SURFACE SOIL SITE 8 (POST-REMOVAL) 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: CurrentFuture 

Exposure Point: Contact with Site 6 Parttculates 

Receptor Age: Casual User Pm-AdolescenVAdolescent Age 7-16 

Exposure 

Route 

Chemical Medium 

of Potential EPC 

Concern Value 

Medium 

EPC 

Units 

Route 

EPC 

Value 

Route 

EPC 

Units 

EPC Intake Intake Reference Reference Reference Reference Hazard 

Selected (Non-Cancer) (Non-Cancer) Dose Dose Units Concentration Concentration Quotient 

for Hazard Units Units 

Calculation (I) 

Inhalation 1,2,3,4,6,7.&HpCDD 

OCDD 

Arsenic 

Chromium 

Lead 

Senz(a)anthracene 

Benzo(a)pyrene 

Eenzo(b)Ruoanthene 

Dibenz(a.h)anthracene 

(Total) 

360E+O6 

1.39tz+01 

6.73E+W 

2.3lE+Oi 

2.14E+02 

2.7lE+02 

2.67E+O2 

4.02E+02 

1.20E+02 

uako 

usm 

mo/ko 

moko 

mo/ko 

UB~B 

UB~B 

UB~B 

uo~o 

3.60E+OO 

1.39E+Ol 

673E+OO 

2.31E+Ol 

2.14E+02 

2.7lEt02 

2.67E+02 

4.02E+02 

1.20Et02 

us&g 
USfiB 

msk9 

moko 

msko 

USfiB 

UB~B 

uoncs 

UB~B 

M 1.96814 mglkgday - mglko-day _ 

M 3.76G14 molkoday mgko-dw - 

M 3.7fE-11 mgikg-day - mflg-day - 

M 1.27E-IO mglkgday - 2.66E-05 mg/ko-day 4.45E-06 

M 1.16E-09 mofio-dw - mg/ko-W - 

M 1.49E-12 mo~o-dw - mokoday 

M 1.56E-12 mo~0-W - mg/kg-day 

M 2.2lE-12 mglkgday - mplko-day 

M 6.6lE-13 moko-dw - mglkg-day 

4.45E-06 

(1) Specify Medium-Specific(M) or Route-Specific(R) EPC selected for hazard calculation. 

Site 8 Surface Soil Inh NonCancer Risk CasUse-PreAdoI-Adol.xls 
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TABLE 642 
ESTIMATION OF NON-CANCER HAZARDS - CASUAL USER ADULT CONTACT WITH SURFACE SOIL SITE 8 (POST-REMOVAL) 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Exposure Point: Contact with Site 6 Partlculates 

Exposure 

Route 

Chemical Medium 

of Potential EPC 

Concern Value 

Medium 

EPC 

Units 

Route 

EPC 

Value 

Route 

EPC 

Units 

EPC Intake Intake Reference Reference Reference Reference Hazard 

Selected (Non-Cancer) (Non-Cancer) Dose Dose Units Concentration Concentration Quotient 

for Hazard Units Units 

Calculation (1) 

Inhalation 1.2.3.4.6,7.6-HpCDD 

OCDD 

Arsenic 

Chromium 

Lead 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Dibenz(a.h)anthracene 

(Total) 

3.60E+OO 

1.38E+Ol 

6.73E+W 

2.31E+OI 

2,14E+02 

2.71 E+02 

2.67E+02 

4.02E+02 

1.20rz+02 

3.6OEtOO 

I .39iz+01 

6.73E+OO 

2.31E+Ol 

2.14E+02 

2.7IE+02 

2.67E+02 

4.02E+02 

i .mE+02 

M 1.64814 mg/kgdw - mgM-day - 

M 3.11E-I4 mglkg-day mgrkgday - 

M 3.07E-1 I mgtkg-day - mgrkg-day _ 

M l.O5E-10 mg/kgday - 2.66E-05 mglkg-day 3.66E-06 

M 9.75E-10 mg/kg-day - mgW’Jay - 

M I .23E-12 mg/kg-day - mg/kg-day _ 

M 1.31 E-l 2 mglkg-day - mgJw@ - 

M I .63E-12 mg/kgday - mgikgday _ 

M 5.47&13 mgh?-W mg/kgday _ 

3.66E-06 

(I) Specify Medium-Specific(M) or Route-Specific(R) EPC selected for hazard calculation 

Site 8 Surface Soil Inh NonCancer Risk CasUse-Adult.xls 
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TABLE 6-44 
ESTIMATION OF NON-CANCER HAZARDS - RESIDENTIAL CHILD CONTACT WITH SURFACE SOIL SITE 8 (POST-REMOVAL) 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Exposure Point: Conlad with Site 6 Parliculates 

Receptor Population: Resident 

Exposure 

Route 

Chemical Medium 

of Potential EPC 

Concern Value 

Medium 

EPC 

Units 

Inhalation 1,2,3,4,6,7&HpCDD 

OCDD 

Arsenic 

Chromium 

Lead 

Benz(a)ardhracene 

Benro(a)pyrene 

Benro(b)Ruoranthene 

Dibenz(a.h)anlhracene 

(Total) 

3.60E+OO 

1.38E+Ol 

673E+OO 

2.31E+Ol 

2.14E+02 

2.7lE+02 

2.67E+02 

4.02E+02 

1.20E+02 

UQkQ 

UQkQ 

m8’k8 

mQ&Q 

mQ&Q 

US&Q 

UQfiQ 

UQkQ 

UQkQ 

360E+OO 

1.39E+Ol 

6.73E+OO 

2.3lE+Ol 

2.14E+02 

2.7lE+02 

2.67E+02 

4.02E+02 

1.20E+02 

M 454E-12 mgka-dw - fWIwW _ 

M 6.61G12 nw/kg-day mgkg-day - 

M 6.48E-09 mgkgday -- mgikgday _ 

M 2.81 E-06 mQ/kg-daY 2.86E-05 w/kg-day 1.02E-03 

M 2.70E-07 mQlkQday - mglkgday _ 

h4 3.42E-IO mgkgday - mQkQ-day - 

M 3.62&10 mgkgday - wJwJw 

M 5.07E-10 IllQkQday - mglkg-day - 

M 151E-10 mQk8daY -_ mgkg-day _ 

1.02E-03 

(1) Spedfy Medium-Specific (M) or Route-Specific (R) EPC selected for hazard calculation. 

Site 8 Surface Soil Inh NonCancer Risk Res-ChilcLxls 4130199 
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The estimated RME hazard index for a residential adult exposed to surface soil at Site 8 was 0.07 (Table 

6-45, contribution from ingestion/dermal absorption and Table 6-46, contribution from inhalation of fugitive 

dust), which was below the acceptable level of 1 .O. 

6.5.4.2 Subsurface Soil 

The estimated RME hazard index for an industrial adult exposed to subsurface soil at Site 8 was 0.001 

(Table 6-47, contribution from ingestion/dermal absorption and Table 6-48, contribution from inhalation of 

fugitive dust), which was below the acceptable level of 1 .O. 

The estimated RME hazard index for a residential child exposed to subsurface soil at Site 8 was 0.01 

(Table 6-49, contribution from ingestion/dermal absorption and Table 6-50, contribution from inhalation of 

fugitive dust), which was below the acceptable level of 1 .O. 

The estimated RME hazard index for a residential adult exposed to subsurface soil at Site 8 was 0.001 

(Table 6-51, contribution from ingestion/dermal absorption and Table 6-52, contribution from inhalation of 

fugitive dust), which was below the acceptable level of 1 .O. 

6.5.4.3 Sediment 

The estimated RME hazard index for a recreational pre-adolescent (age 7 - 12) exposed to sediment at 

off-site areas near Site 8 was 0.02 (Table 6-53, contribution from ingestion/dermal absorption), wlhich was 

below the acceptable level of 1 .O. 

6.5.4.4 Surface Water (Total Inorganics) 

The estimated RME hazard index for a recreational pre-adolescent (age 7 - 12) exposed to surface water 

(total inorganics) at off-site areas near Site 8 was 0.0008 (Table 6-54, contribution from ingestion/dermal 

absorption), which was below the acceptable level of 1 .O. 

6.5.4.5 Surface Water (Dissolved lnorganics) 

The estimated RME hazard index for a recreational pre-adolescent (age 7 - 12) exposed to surface water 

(dissolved inorganics) at off-site areas near Site 8 was 0.0008 (Table 6-55, contribution from 

ingestion/dermal absorption), which was below the acceptable level of 1 .O. 

L/DOCUMENTS/NAW/1412/SITE6/049002/SEC6 
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TABLE 6-45 
ESTIMATION OF NON-CANCER HAZARDS - RESIDENTIAL ADULT CONTACT WlTH SURFACE SOIL SITE 6 (POST-REMOVAL) 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 

Medium: Surface Soil 

Exposure Medium: Surface Soil 

Exposura Point: Contact with Site 8 Surface Soil 

Receptor Population: Resident 

Receptor Age: Adult 
II 

Hazard 

Quotient 

1 .!%E-02 

5.27E-03 

2.06E-02 

4.65E-93 

4.73E-02 

5.2gE-02 
--- -- 

7.26E-02 
- 

Medium 

EPC 

Value 

Route 

EPC 

Value 

Route 

EPC 

Units 

Intake 

(Non-Cancer) 

Intake 

(Non-Cancer) 

Units 

Reference 

Dose 

Reference 

Dose Units 

Reference 

:oncentratior 

Medium 

EPC 

Units 

Reference 

:OllC%lltrati0ll 

Units 

N/A 

N/A 

N/A 

N/A 

N/A 

NIA 

N/A 

N/A 

N/A 

Exposure 

Route 

Chemical 

of Potential 

EPC 

Selected 

for Hazard 

Calculation (1: 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

Concern 

- 
N/A 

N/A 

NIA 

NIA 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

NIA 

N/A 

N/A 

N/A 

NIA 

NIA 

N/A 

3.60E+OO 

1.39E+Ol 

6.73E+OO 

2.31E+Ol 

2.14E+02 

2.71E+02 

2.87E+02 

4.02E+02 

1.20E+02 

36OE+OO 

1.39E+Ol 

6.73E+OO 

2.31 E+Ol 

2.14E+02 

2.71E+02 

2.87E+02 

4.02E+02 

1.20E+02 

2.47E-09 wWday 
4.66E-09 mglkg-day 

4.6lE-08 mgikg-day 

1.56E-05 mglkg-day 

1.47E-04 m~~gday 

1.86G07 mgikg-day 

1.97807 wWJw 

2.75.G07 mglkg-day 

6.22Ee06 mglkg-day 

m(lM-W 
mgikg-day 

wW-day 

w&!-W 

mg/kgdaY 

mgikg-day 

mw’kg-day 

wvkgdw 

mglkg-day 

Ingestion 1,2,3,4,6,7,&HpCDD 

OCDD 

Arsenic 

Chromium 

Lead 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Dibenz(a,h)anthracene 

(Total) 

Dermal 1,2,3,4,6,7,6-HpCDD 

OCDD 

Arsenic 

Chromium 

Lead 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Dibenz(a.h)anthracene 

664E-10 

1.26E-09 

1.32E-06 

1.42E-06 

1.32E-05 

1.67E-07 

1.76G07 

2.47E-07 

7.38E-08 

3.OOE-04 

3.OOE-03 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

NIA 

N/A 

wm-day 
mg/kg-day 
m&t-day 
mglkg-day 

mukaday 

mg/kg-day 

mgikg-day 

mgikg-day 

mg/kg-day 

3.60E+OO 

1.39E+Ol 

6.73E+OO 

2.31E+Ol 

2.14E+02 

2.71E+02 

2.87E+02 

4.02E+02 

1.20E+02 

mgIkg-day 

mg/kg-day 

mglkg-day 

mVMday 

mg/kg-day 

mgtkg-day 

mg/kg-day 

mglkg-day 

mglkg-day 

3.60E+OO 

1.39E+Ol 

6.73E+OO 

2.31E+Ol 

2.14E+02 

2.71 E+02 

2.67E+02 

4.02E+02 

1.20E+02 

2.85G04 

3.OOE-05 

Total of Route 

(1) Specify Medium-Specific(M) or Route-Specific(R) EPC selected for hazard calculation 

Site 8 Surface Soil Ing and Der NonCancer Risk Res_Adult.xls 4130199 





TABLE 6-47 
ESTIMATION OF NON-CANCER HAZARDS - INDUSTRIAL ADULT CONTACT WITH SUBSURFACE SOIL SITE 6 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 

Exposure Medium: Subsurface Soil 

Exposure Point: Conlacl with Site 8 Subsurface Soil 

Receptor Population: Industrial 

Exposure 

Route 

Chemical 

of Potential 

Concern 

Ingestion OCDD 4.23E+OO wml 4.23E+OO uence M 4.14E-09 mgkgday - mwMdaY N/A N/A 

Copper 3.48E+Ol msh 3.48E+Ol mm9 M 3.41 E-05 WWW 4.OOE-02 mgWW NIA N/A 8.51E-04 

(Total) 8.51 E-W 

Dermal OCDD 4.23E+OO w% 4.23E+OO UmJ M 1.12E-09 mgikgday - mglkg-day NIA NIA 

Copper 3.4w+01 m@g 3.48E+Oi msks M 3.08E-03 m&wW 2.4OE-02 mglkg-day N/A N/A 1.28E-04 

(Total) 1.28E-04 

TotalofRoutes 

(1) Specify Medium-Specigc (M) or Route-Specific(R) EPC selected for hazard calculation 

Site 8 Subsurface Soil Ing and Der NonCancer Risk Ind-Adult.xls 4126199 



TABLE 646 
ESTIMATION OF NON-CANCER HAZARDS - INDUSTRIAL ADULT CONTACT WITH SUBSURFACE SOIL SITE 6 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: CurrenWulure 

Exposure Medium: Parkwlates 

Exposure Point: Contact with Site 8 Particulates 

Receptor Population: Industrial 

Exposure 

Route 

Chemical Medium 

of Potential EPC 

Concern Value 

Medium 

EPC 

Units 

Route 

EPC 

Value 

Route 

EPC 

Units 

EPC Intake Intake Reference Reference Reference Reference Hazard 

Selected (Non-Cancer) (Non-Cancer) Dose Dose Units Concentration Concentralion Quotient 

for Hazard Units Units 

Calculation (1) 

Inhalation OCDD 

Copper 

(Total) 

4.23E+OO 

3.48E+Ol 

wkl 

mmg 

4.23E+W 

3.43E+Ol 

wm 

mgh 

M 3.76E-13 mg/kgday - maWdaY 

M 3.10E-09 mglkg-day - mglkg-day - 

(1) Specify Medium-Specific(M) or Route-Specific(R) EPC selected for hazard calculation. 

Site 8 Subsurface Soil Inh NonCancer Risk Ind-Adult.xls 
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TABLE 6-49 
ESTIMATION OF NON-CANCER HAZARDS - RESIDENTIAL CHILD CONTACT WlTH SUBSURFACE SOIL SITE 8 

Chemical 

of Potential 

Concern 

Medium Medium 

EPC EPC 

Value Units 

4.23E+OO 

3.48E+Oi 

Exposure Medium: Subsurface Soil 

Exposure Point: Contact with Site 8 Subsurface Soil 

Receptor Population: Resident 

- 

Route 

EPC 

Value 

- 
4.23E+OO 

3.48E+Ol 

4.23E+OO 

3.48E+Ol 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

ww 
mww 

4.23E+OO 

3.49E+Ol 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for hazard calculation 

Site 8 Subsurface Soil Ing and Der NonCancer Risk Res-Child.xls 

Route 

EPC 

Units 

EPC 

Selected 

for Hazard 

Calculation (1) 

Intake 

(Non-Cancer) 

4.89E-09 

4.02E-04 

3.42E-09 

9.37G06 

Intake 

(Non-Cancer) 

Units 

mg/kgday 
mgikg-day 

Reference 

Concentration 

N/A 

N/A 

N/A 

WA 

Reference 

Concentration 

Units 

N/A 

N/A 

N/A 

N/A 

Total of Router 

Hazard 

Quotient 

1 .OlE-02 

l.OlE-02 

3.WE-04 

3.9OE-04 
- 

l.O4E-02 

4126199 

t 



TABLE 6-50 
ESTIMATION OF NON-CANCER HAZARDS - RESIDENTIAL CHILD CONTACT WlTH SUBSURFACE SOIL SITE 8 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 

Medium: Subsurface Soil 

Exposure Medium: Padiculales 

Exposure Point: Contact with Site 8 Pamculates 

Receptor Population: Resident 

Exposure 

Route 

Chemical 

of Potential 

Concern 

Medium 

EPC 

Value 

Medium 

EPC 

Units 

Route 

EPC 

Value 

Route 

EPC 

Units 

EPC 

Seleded 

for Hazard 

Calculation (I) 

Inhalation OCDD 

Copper 

(Total) 

4.23E+OO wm 4.23E+OO Km M 

3.43E+Ol mm3 3.49E+Ol mgh M 

(I) Specify Medium-Specific (M) or Route-Specific(R) EPC selected for hazard calculation. 

Site 8 Subsurface Soil Inh NonCancer Risk Res-Child.xls 

6-85 

Dose Units Concentration Concentration (No;;;;=, 1 (N,,;i;e, 1 Re;:;= ( Referenca 1 Refemnce 1 Re;;; 1 ;;;:t 

5.33E-12 mgkgday - mg/kgdaY _ 

4.39E-08 mgkgday - mgkgday - 

4126199 



TABLE 6-51 

ESTIMATION OF NON-CANCER HAZARDS - RESIDENTIAL ADULT CONTACT WlTH SUBSURFACE SOIL SITE 6 
REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Medium: Subsurface Soil 

Exposure Medium: Subsurface Soil 

Exposure Point: Contact with Site 8 Subsurface Soil 

Receptor Population: Resident 

Exposure Chemical Medium Medium 

Route of Potential EPC EPC 

Concern Value Units 

;; cg;,) ~ 

Ingestion OCDD 4.23E+OO um 4.23E+OO ugm M 2.9OE-09 mgkg-day - wM-W N/A 
N/A 

Copper 3.48E+Oi mm 3.48E+Ol wik2 M 2.38E-05 mg/kg-day 4.OOE-02 mgkg-day N/A 5.96E-04 

(Total) 5.96EXt4 

Dermal OCDD 4.23E+OO wkl 4.23E+OO WM M 7.80E-10 mglkgday - w&t-day N/A NIA 

Copper 3.48E+Oi mwW 3.48E+Ol mcC-4 M 2.14E-06 mgkg-day 2.4OE-02 wW-day N/A N/A 8.91E-05 

CTW 
8.91 E-05 

Total of Routes I= 

(1) Specify Medium-Specific (M) or Route-Specific(R) EPC selected for hazard calculation. 

Site 8 Subsurface Soil Ing and Der NonCancer Risk Res_Adult.xls 4126199 

\ 



TABLE 6-52 
ESTIMATION OF NON-CANCER HAZARDS - RESIDENTIAL ADULT CONTACT WlTH SUBSURFACE SOIL SITE 6 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Exposure Medium: Particulates 

Exposure Point: Contact with Site 8 Parliculates 

Receptor Population: Resident 

Exposure 

Route 

Chemical Medium 

of Potential EPC 

Concern Value 

Medium 

EPC 

Units 

Inhalation OCDD 

copper 

(Total) 

4.23E+OO 

3.49E+Ol 

ucm 

wb 

4.23E+OO 

3.49iI+01 

M 1.69E-12 w&vJay WWday 

M 1.39E-08 mg/kg-day .- mgkg-day _ 

(1) Specify Medium-Specific(M) or Route-Specific (R) EPC selected for hazard calculation. 

Site 8 Subsurface Soil Inh NonCancer Risk Res-Adult.xls 4126199 
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TABLE 6-53 
ESTIMATION OF NON-CANCER HAZARDS - RECREATIONAL PREADOLESCENT (AGE 7-12) CONTACT WlTH SEDIMENT SITE 6 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: CurrenthWure 

Medium: Sediment 

Exposure Medium: Sediment 

Exposure Point: Contact with Site 8 Sediment 

Receptor Population: Other 

Receptor Age: OR-Site Recreational Pre-Adolescent Age 7-12 Ii 

Total or Routes 1 1 .a1 t-w 

(1) Specify Medium-Specific (M) or Route-SpeciRc (R) EPC selected for hazard calculation 

Site 8 Sediment Ing and Der NonCancer Risk Retreat-PreAdol.xls 4126199 



TABLE 6-64 
ESTIMATION OF NON-CANCER HAZARDS - RECREATIONAL PREADOLESCENT (AGE 7-12) CONTACT WITH SURFACE WATER (TOTAL INORGANICS) 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Exposure Chemical 

Route of Potential 

Concern 

Ingestion Manganese 

(Total) 

Demral Manganese 

(Total) 

Medium Medium 

EPC EPC 

Value Units 

159E+02 wkit 

1.59E+02 mmg 

Route 

EPC 

Value 

1.5QE+02 

159E+02 

Route EPC Intake 

EPC Selected (Non-Cancer) 

Units for Hazard 

Calculation (1) 

c 

mek3 M 

mg*g M 

(1) Specify Medium-Specific(M) or Route-Specific(R) EPC selected for hazard calculation. 

Intake Reference Reference Reference Reference Hazard 

(Non-Cancer) Dose Dose Units Concentration ConcentraUon Quotient 

Units ) 1 ) 1 Units ) 

wWW 2.40E-02 mg/kg-W N/A N/A 7.82E-04 

7.82E-04 

WWW 2.40E-02 mWWW N/A N/A 2.SSE-05 

Z.SSE-05 

TotalofRoutesl8.08E-04 

Site 8 Surface Water Total Ing and Der NonCancer Risk Retreat-PreAdol.xls .____ 4126199 
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TABLE 6-55 
ESTIMATION OF NON-CANCER HAZARDS - RECREATIONAL PRE-ADOLESCENT (AGE 7-12) CONTACT WlTH SURFACE WATER (DISSOLVED INORGANICS) 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Exposure 

Route 

Ingestion 

Dermal 

Scenario Timeframe: Current/Future 

Medium: Surface Water (Dissolved Inorganics) 

ExpOSUre Point: Contact with Site 8 Surface Water (Dissolved Inorganics) 

Receptor Age: Off-Site Recreational Pre-Adolescent Age 7-12 

Medium 

EPC 

Units 

mww 

mgkg 
I I II I I I I 

1.62E+02 w/kg M 8.50E-07 mgikg-day 1 2.40E-02 1 mglkg-day 1 NIA 

I I Ii I I I I 

(1) Specify Medium-Specific(M) or Route-Specific(R) EPC selected for hazard calculation. 

Site 8 Surface Water Dissolved Ing and Der NonCancer Risk Retreat-PreAdol.xls , .<- ,.. 
‘1 

. . 

t ,! 

Reference 

I 

Hazard 

Concantration Quotient 

Units 

Total of Routes11 8.24E-04 

4126199 



Site-Specific Carcinosrenic Risks 

Carcinogenic risks estimated for potential receptors are discussed below and in the appropriate tables. 

6.551 Surface Soil 

The RME cancer risk for an industrial adult exposed to surface soil at Site 8 was estimated at !3.26~10~ 

which is within EPA’s target risk range of lo4 to 1U6 (Table 6-56, contribution from ingestionldermal 

absorption and Table 6-57, contribution from inhalation of fugitive dust). Arsenic (via ingestion and 

dermal contact) and 1,2,3,4,6,7,8-HpCDD (via ingestion) were the primary contributors to the estimated 

cancer risks. Cancer risks estimated for arsenic and 1,2,3,4,6,7,8-HpCDD exceeded 1x10”. 

The RME cancer risk for a casual user child (age 1 - 6) exposed to surface soil at Site 8 was estimated at 

8.40~10~~ which is below EPA’s target risk range of IO” to IO+ (Table 6-58, contribution from 

ingestionldermal absorption and Table 6-59, contribution from inhalation of fugitive dust). 

The RME cancer risk for a casual user pre-adolescent/adolescent (age 7 - 16) exposed to surface soil at 

Site 8 was estimated at 4.96x10e7 which is below EPA’s target risk range of lOA to A06 (Table 6-60, 

contribution from ingestion/dermal absorption and Table 6-61, contribution from inhalation of fugitive 

dust). 

The RME cancer risk for a casual user adult exposed to surface soil at Site 8 was estimated at 3 .66x10e7 

which is below EPA’s target risk range of IO4 to IO” (Table 6-62, contribution from ingestion/dermal 

absorption and Table 6-63, contribution from inhalation of fugitive dust). 

The RME cancer risk for a lifetime casual user receptor [child (age 1 - 6), pre-adolescent/adolescent (age 

7 -16), and adult combined exposure] exposed to surface soil at Site 8 was estimated at 1.50x10~6 which 

is within EPA’s target risk range of lOA to IO-’ (Table 6-64, contribution from ingestion/dermal absorption 

and Table 6-65, contribution from inhalation of fugitive dust). Arsenic (via ingestion and dermal contact) 

and 1,2,3,4,6,7,8-HpCDD (via ingestion) were the primary contributors to the estimated cancer risks. No 

individual COPCs have cancer risks that exceeded 1~10~~. 

The RME cancer risk for a residential child exposed to surface soil at Site 8 was estimated at i!.26x10e5 

which is within EPA’s target risk range of IO” to IO-’ (Table 6-66, contribution from ingestion/dermal 

absorption and Table 6-67, contribution from inhalation of fugitive dust). Arsenic (via ingestion), and 

1,2,3,4,6,7,8-HpCDD (vial ingestion) were the primary contributors to the estimated cancer risks. Cancer 

risks estimated for arsenic, 1,2,3,4,6,7,8-HpCDD, benzo(a)pyrene, and OCDD exceeded 1~10~~. 

L/DOCUMENTS/NAVY/l 412/SITE8/049002/SEC6 
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TABLE 6-66 
ESTIMATION OF CANCER RISKS - INDUSTRtAL ADULT CONTACT WITH SURFACE SOIL SITE 6 (POST-REMOVAL) 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 
Medium: Surface Soil 
Exposure Medium: Surface Soil 
Exposure Point: Contact with Site 8 Surface Soil 

Receptor Population: Industrial 
Receptor Age: Adult 

Exposure Chemical Medium Medium 

Route of Potential EPC EPC 

Concern Value Units 

Ingestion 1,2.3,4.8,7,8-HpCDD 3.60E+OO @kg 3.60E+OO 
OCDD 1.39E+Ol w/kg 1.39E+Ol 
Arsenic 6.73E+OO mglkg 6.73E+OO 
Chromium 2.31E+Ol mdkg 2.31 E+Ol 
Lead 2.14E+02 mglkg 2.14E+02 
Benz(a)anthracene 2.71E+02 @kg 2.71 E+02 

Benzo(a)pyrene 2.87E+02 Wkg 2.87E+02 
Benzo(b)fluoranthene 4.02E+02 Wkg 4.02E+02 
Dibenz(a,h)anthracene 1.20E+02 w&.! 1.20E+02 

(Total) 

Dermal 1,2,3,4,6,7,8-HpCDD 3.60E+OO wM 3.60E+OO 
OCDD 1.39E+01 w/kg 1.39E+Ol 

Arsenic 6.73E+OO mglkg 6.73E+OO 

Chromium 2.31 E+Ol mglkg 2.31 E+Ol 

Lead 2.14E+O2 mglkg 2.l,4E+02 

Benz(a)anthracene 2.71 E+O2 ‘-Mb 2.71E+02 

Benzo(a)pyrene 2.87E+02 Wkg 2.87E+02 
Benzo(b)fluoranthene 4.02E+O2 wh 4.02E+02 
Dibenz(a,h)anthracene 1.2OE+OZ w/kg 1.20E+02 

(Total) 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 

Wkg M 1.26E-09 wM-dw 150E+03 l/(mg/kgday) 1.89E-06 

@kg M 4.86E-09 mglkg-day 1.5OE+O2 ll(mg/kgday) 7.29B07 

Wkg M 2.35E-06 w~g-day 156E+OO l/(mg/kg-day) 3.53E-06 

m@kg M 8.07E-06 mglkg-day ll(mg/kgday) - 

mdkg M 7.48E-05 mglkgday - l/(mg/kgday) - 

w/kg M 9.47E-08 mglkg-day 7.3OE-01 ll(mglkgday) 6.91 E-08 

wM M 1 .OOE-07 mglkg-day 7.30E+OO l/(mg/kgday) 7.32E-07 

Wkg M 1.40E-07 mglkgday 7.30E-01 l/(mglkgday) l.O3E-07 

@kg M 4.19E-08 mglkgday 7.3OE+OO l/(mglkgday) 3.06E-07 
7.35E-06 

w/kg M 3.4OE-10 mglkg-day 3.00E+03 l/(mglkgday) l.O2E-06 

w/kg M 1.31E-09 mglkg-day 3.00E+02 Ww~g-dw) 3.93E-07 

mgh M 6.77B07 mglkg-day 158E+00 ll(mglkgday) l.O7E-06 

@kg M 7.26E-07 mglkgday - ll(mg/kgday) -- 

mdb M 6.73E-06 mglkg-day l/(mglkgday) - 

@kg M 8.52E-08 mglkg-day -e l/(mglkgday) - 

‘-@kg M 9.02E-08 mglkg-day - l/(mglkgday) - 

w/kg M 1.26E-07 mglkg-day - ll(mglkgday) - 

wfkg M 3.77E-08 mg/kg-day - ll(mgtkgday) -- 
2.48E-06 

T[9.83”o” Total of Routes 



TABLE 6-67 

ESTIMATION OF CANCER RISKS - INDUSTRIAL ADULT CONTACT WtTH SURFACE SOIL SITE 6 (POST-REMOVAL) 
REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

&enario Timeframe: Current/Future 
Medium: Surface Soil 
Exposure Medium: Particulates 

Exposure Point: Contact with Site 8 Particulates 
Receptor Population: Industrial 
Receptor Age: Adult 

Exposure 
Route 

Chemical Medium 

of Potential EPC 

Concern Value 

Medium 

EPC 

Units 

Inhalation 1,2,3,4,6,7,8-HpCDD 
OCDD 
Arsenic 

Chromium 

Lead 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Dibenz(a,h)anthracene 
(Total) 

3.60E+OO 
1.39E+Ol 

6.73E+OO 

2.32E+Ol 
2.14E+02 
2.71 E+02 
2.87E+02 
4.02E+02 
1.20E+02 

Wkg 

WNJ 
mgfig 

w#kg 
Wkg 
Wkg 
Wkg 
@kg 
@kg 

3.60E+OO 
1.39E+Ol 

6.73E+OO 

2.3lE+Ol 
2.14E+02 
2.71E+02 
2.87E+02 
4.02E+02 
1.20E+02 

M l.l4E-13 WWW 1.50E+03 Wm~~-dav) 1.72E-10 

M 4.42E-13 mglkg-day 150E+02 MWWW 6.82E-11 
M 2.14E-10 mglkgday 151E+Ol l/(mglkgday) 3.23E-09 
M 7.34E-10 WQ-W 4.1OE+Ol 1 I(mglkgday) 3.01 E-08 
M 6.80E-09 mglkgday - l/(mg/kgday) - 

M 8.61 E-12 mglkgday - ll(mglkgday) - 
M 9.12E-12 w&vJfaY 3.10E+OO ll(mglkgday) 2.83E-11 
M 1.28E-11 mglkgday - ll(mglkg-day) - 
M 3.81E-12 WWW l/(mglkgday) - 

3.36E-08 

(1) Specify Medium-Specific(M) or Route-Specific (R) EPC selected for risk calculation. 
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TABLE 6-56 
ESTIMATION OF CANCER RISKS - CASUAL USER CHILD (AGE l-8) CONTACT WITH SURFACE SOIL SITE 8 (POST-REMOVAL) 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 
Medium: Surface Soil 
Exposure Medium: Surface Soil 
Exposure Point: Contact with Site 8 Surface Soil 
Receptor Population: Other 
Receptor Age: Casual User Child Age 1-6 

Exposure 
Route 

Chemical Medium 
of Potential EPC 

Concern Value 

Medium 
EPC 

Units 

Jngestion 1,2,3,4,6,7.8-HpCDD 3.60E+OO Wkg 3.60E+OO 
OCDD 1.39E+Ol wm.l 1.39E+Ol 

Arsenic 6.73E+OO mglkg 6.73E+OO 

Chromium 2.31 E+Ol mg/kg 2.31E+Ol 

Lead 2.14E+02 mg/kg 2.14E+02 
Benz(a)anthracene 2.71 E+02 @kg 2.71E+02 

Benzo(a)pyrene 2.87E+02 ug’kg 2.87E+02 
Benzo(b)fluoranthene 4.02E+02 Wkg 4.02E+02 
Dibenz(a,h)anthracene 1.20E+02 Wkg 1.20E+02 
(Total) 

Dermal 1,2,3,4,6,7,8-HpCDD 3.60E+OO w’kg 3.60E+OO 
OCDD 1.39E+“l w’kg 1.39E+Ol 
Arsenic 6.73E+52 [ wSkg 6.73E+OO 
Chromium 2.31E+O? r mg/kg 2.31E+Ol 
Lead 2.14E+62 3 mglkg 2.14E+02 

Benz(a)anthracene 2.71 E+02 wm 2.71 E+02 

Benzo(a)pyrene 2.87E+02 @kg 2.87E+02 
Benzo(b)fluoranthene 4.02E+02 w’kg 4.02E+02 

Dibenz(a,h)anthracene 1.20E+02 Wkg 1.20E+02 
(Total) 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 

w/kg 
w’kg 

wSQ 
ms@ 
mg/kg 

@kg 
@kg 
@kg 
Wkg 

w’kg 
@kg 
mgk3 
w+g 
w/b 
‘-@kg 
w’kg 
w/kg 
w’kg 

M 1.22E-10 mg&wW 150E+03 l/(mg/kgday) 1.83E-07 

M 4.72E-10 WWW 1.50E+02 l/(mg/kgday) 7.08E-08 

M 2.28E-07 NWW 1.50E+OO WWhWw) 3.43G07 

M 7.84E-07 mg/kgday - l/(mg/kgday) - 

M 7.27E-06 mglkgday - l/(mg/kgday) - 

M 9.20E-09 WWW 7.30E-01 l/(mg/kgday) 6.72E-09 

M 9.74E-09 mcUkwfay 7.30E+OO l/(mg/kgday) 7.llE-08 

M 1.36E-08 mglkgday 7.30E-01 Ww~g-day) 996E-09 

M 4.07E-09 mglkgday 7.30E+OO Ww~wW 2.97G08 
7.14E-07 

M 1.71E-11 mglkgday 3.00E+03 l/(mg/kgday) 5.13E-08 

M 6.60E-11 w!lkg-W 3.00E+02 l/(mg/kgday) 1.98E-08 

M 3.41 E-08 mglkgday 158E+oo Ww~wW) 5.38E-08 

M 3.65E-08 mglkgday - l/(mg/kgday) - 
M 3.39E-07 mglkgday - l/(mg/kgday) - 

M 4.29E-09 mglkgday - l/(mg/kgday) - 
M 4.54E-09 mglkgday - l/(mg/kgday) - 

M 8.36E-09 mglkgday - l/(mg/kgday) - 

M 1.90E-09 mglkgdq l/(mg/kgday) - 
i .25E-67 

Total of Routes (8.39E-07 



TABLE 6-69 
ESTIMATION OF CANCER RISKS - CASUAL USER CHILD (AGE I-8) CONTACT WfTH SURFACE SOIL SITE 8 (POST-REMOVAL) 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: CurrentIFuture 
Medium: Surface Soil 

Exposure Medium: Particulates 
Exposure Point: Contact with Site 8 Particulates 

Receptor Population: Other 
Receptor Age: Casual User Child Age l-6 

Exposure 
Route 

Chemical Medium 
of Potential EPC 

Concern Value 

Medium 

EPC 

Units 

Inhalation 1,2,3.4,6,7,8-HpCDD 
OCDD 
Arsenic 

Chromium 

Lead 
Benz(a)anthracene 

Benzo(a)pyrene 
Benzo(b)fluoranthene 

Dibenz(a,h)anthracene 
(Total) 

3.60E+OO 
1.39E+Ol 
6.73E+OO 
2.31 E+Ol 

2.14E+02 
2.71E+02 

2.87E+02 

4.02E+02 
1.20E+02 

W’Q 
w&l 
mgM 

mg/kg 
w/kg 
w’kg 

w’kg 

w’kg 

w’kg 

3.60E+OO 
1.39E+Ol 
6.73E+OO 
2.31E+Ol 
2.14E+02 

2.71E+02 

2.87E+02 

4.02E+02 
1.20E+02 

wkl 

@kg 
mglkg 
mgM 

w/kg 
w’kg 

w’hl 

wm 

w’kg 

M 4.44E-15 m@WW 1.50E*03 WwWday) 6.67E-12 
M 1.72E-14 wWW 1.50E+02 l/(mglkgday) 287E-12 
M 8.31E-12 WWW 1.51E+Ol ll(mg/kgday) 1.25E-10 
M 2.85E-11 mglkg-day 4.10E+Ol WwNwW) l.l7E-09 
M 2.64E-10 wNwW ll(mg/kgday) - 
M 3.35E-13 mglkgday l/(mg/kgday) - 
M 3.54E-13 wdwW 3.10E+OO WWwW l.lOE-12 
M 4.96E-13 mglkgday - ll(mglkgday) - 
M 1.48E-13 w&W ll(mglkgday) - 

1.31 E-09 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 
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TABLE 660 
ESTIMATION OF CANCER RISKS - CASUAL USER PREADOLESCENT/ADOLESCENT (AGE 7-16) CONTACT WlTH SURFACE SOIL SITE 8 (POST-REMOVAL) 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 
Medium: Surface Soil 
Exposure Medium: Surface Soil 
Exposure Point: Contact with Site 8 Surface Soil 
Receptor Population: Other 
Receptor Age: Casual User Pre-Adolescent/Adolescent Age 7-16 

Exposure 
Route 

Chemical Medium 
of Potential EPC 

Concern Value 

Medium 
EPC 

Units 

Ingestion 1,2,3.4,6,7,8-HpCDD 3.60E+OO w’kg 3.60E+OO ‘-@kg M 584E-11 mglkgday 150E+03 l/(mg/kgday) 8.77E-08 

OCDD 1.39E+Ol @kg 1.39E+Ol w’kg M 2.26E-10 mglkgday 1.50E+02 ll(mg/kg-day) 3.38E-08 

Arsenic 6.73E+OO w/kg 6.73E+OO w/kg M l.O9E-07 mglkgday 1.50E+OO l/(mg/kg-day) 164E-07 

Chromium 2.31 E+Ol w/kg 2.31E+Ol wdkg M 3.75E-07 mglkgday - l/(mg/kg-day) - 
Lead 2.14E+02 w/kg 2.14E+02 w/kg M 3.47E-06 mg/kgday - l/(mg/kgday) - 
Benz(a)anthracene 2.71 E+02 ‘-@kg 2.71E+02 @kg M 4.40E-09 mglkgday 7.30E-01 l/(mglkgday) 3.2lE-09 

Benzo(a)pyrene 2.87E+02 Wkg 2.87E+02 w’kg M 4.66E-09 mglkgday 7.30E+OO l/(mglkgday) 3.40E-68 

Benzo(b)fluoranthene 4.02E+02 w’kg 4.02E+02 w/kg M 6.53E-09 mglkgday 7.30E-01 l/(mg/kgday) 4.76G09 

Dibenz(a,h)anthracene 1.20E+02 ‘-@kg 1.20E+02 w’kg M 1.95E-09 mglkgday 7.30E+OO l/(mg/kgday) 1.42E-08 

(Total) 3.42E-07 

Dermal 1,2,3,4,6,7,8-HpCDD 3.60E+OO ug’kg 3.60E+OO w’kg M 2.10E-11 mglkg-day 3.00E+03 l/(mg/kg-day) 6.3OE-08 

OCDD 1.39E+Ol w’kg 1.39E+Ol @kg M 8.11E-11 mglkgday 3.00E+02 l/(mg/kg-day) 2.43E-08 

Arsenic 6.73E+OO mdkg 6.73E+OO w/kg M 4.19E-06 mglkgday 1.58E+OO l/(mg/kgday) 6.61 E-08 

Chromium 2.31E+Ol w/kg 2.31 E+Ol w/kg M 4.49E-08 mglkgday -- I/(mg/kgday) - 

Lead 2.14E+02 w/kg 2.14E+02 w/hi! M 4.16E-07 mglkg-day - ll(mglkgday) - 

Benz(a)anthracene 2.71 E+02 w’kg 2.71E+02 @kg M 5.27E-09 mglkgday - l/(mg/kgday) - 

Benzo(a)pyrene 2.87E+02 w/kg 2.87E+02 w’kg M 5.58E-09 mglkgday - l/(mglkgday) - 

Benzo(b)fluoranthene 4.02E+02 w’kg 4.02E+02 @kg M 7.82E-09 mglkgday -” Il(mg/kg-day) -’ 
Dibenz(a,h)anthracene 1.20E+02 ‘Mb 1.20E+02 Wkg M 2.33E-09 mglkgday -- l/(mg/kgday) - 
(Total) 1.53E-07 

4p55EzT Total of Routes 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 
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TABLE 6-61 

ESTIMATION OF CANCER RISKS - CASUAL USER PREADOLESCENT/ADOLESCENT (AGE 7-16) CONTACT WlTH SURFACE SOIL SITE 8 (POST-REMOVAL) 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 
Medium: Surface Soil 
Exposure Medium: Particulates 
Exposure Point: Contact with Site 8 Particulates 
Receptor Population: Other 
Receotor Aae: Casual User Pre-Adolescent/Adolescent Aae 7-16 

Exposure 

Route 

Chemical Medium 

of Potential EPC 

Concern Value 

Medium 

EPC 

Units 

Inhalation 1,2,3,4,6,7,8-HpCDD 
OCDD 
Arsenic 

Chromium 
Lead 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Dibenz(a,h)anthracene 
(Total) 

3.60E+OO 
1.39E+Ol 

6.73E+OO 

2.31 E+Ol 
2.14E+02 
2.7lE+02 
2.87E+02 
4.02E+02 
1.20E+02 

w/kg 

Wkg 
mglkg 

w/kg 
w/kg 
Wkg 
Wkg 
Wkg 
wi’kg 

3.60E+OO 
1.39E+Ol 
6.73E+OO 

2.31 E+Ol 
2.14E+02 
2.71 E+02 
2.87E+02 
4.02E+02 
1.20E+02 

Wkg 

w&l 

mglkg 
w&g 
mgM 

w&l 
Wkg 
w’kg 
Wg 

M 2.83G15 WWW 1.50E+03 TWWW 4.25E-12 
M l.O9E-14 mg/kg-day 1.50E+02 ll(mglkgday) 1.64E-12 
M 5.30E-12 mg/kg-day 1.51 E+Ol ll(mglkgday) 8.00E-11 
M 1.82E-11 m@wW 4.10E+Ol Ww~g-day) 7.45E-10 
M 1.68E-10 mg/kg-day l/(mglkgday) - 
M 2.13E-13 mg/kgday - ll(mglkgday) - 
M 2.26E-13 mglkgday 3.10E+OO l/(mglkgday) 7.00E-13 
M 3.16E-13 mglkgday ll(mglkgday) - 
M 9.44E-14 mglkgday l/(mglkgday) - 

8.32E-10 

(I) Specify Medium-Soecific (M) or Route-SDeCifiC (R) EPC selected for risk calculation 

6-97 



TABLE 662 
ESTIMATION OF CANCER RISKS - CASUAL USER ADULT CONTACT WITH SURFACE SOIL SITE 8 (POST-REMOVAL) 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 
Medium: Surface Soil 
Exposure Medium: Surface Soil 
Exposure Point: Contact with Site 8 Surface Soil 
Receptor Population: Other 

Exposure 
Route 

Chemical 
of Potential 

Concern 

Ingestion 1,2,3,4,6,7.8-HpCDD 
IOCDD 
IArsenic 

Chromium 
Lead 
Benz(a)anthracene 
Benzo(a)pyrene 
‘Benzo(b)fluoranthene 
Dibenz(a,h)anthracene 
(Total) 

Dermal ‘1,2,3,4,6,7,8-HpCDD 
OCDD 
Arsenic 
Chromium 
Lead 
Benz(a)anthracene 

lBenzo(a)pyrene 
#Benzo(b)fluoranthene 
IDibenz(a,h)anthracene 
I(Total) . 

Medium 

EPC 

Value 

Medium 
EPC 

Units 

Route 
EPC 

Value 

3.60E+OO 
1.39E+Ol 
6.73E+OO 

2.31 E+Ol 
2.14E+02 
2.71 E+02 
2.87E+02 
4.02E+02 
1.20E+02 

3.60E+OO 
1.39E+Ol 
6.73E+OO 
2.3lE+Ol 
2.14E+02 
2.71 E+02 
2.87E+02 

4.02E+02 
1.20E+02 

w’kg 
w’kg 
w/kg 

w/kg 
mgk2 
w’kg 
w’kg 
w’kg 
ug’kg 

@kg 
w’kg 
mdb 
mg/kg 
mglkg 
w/kg 
w’kg 

w’kg 
w’kg 

3.60E+OO 
1.39E+Ol 

6.73E+OO 
2.31 E+Ol 
2.14E+02 
2.71 E+02 
2.87E+02 
4.02E+02 
1.20E+02 

3.60E+OO 
1.39E+Ol 
6.73E+OO 
2.31E+Ol 
2.14E+02 
2.71 E+02 
2.87E+02 
4.02E+02 
1.20E+02 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 

Route EPC Selected 

EPC for Risk 

Units Calculation (1: 

@kg 
@kg 
mglkg 

msk3 
mg/kg 
w’kg 
@kg 
w’kg 
@kg 

w’kg 
w’kg 
mglkg 
mg/kg 
w/kg 
w’kg 
us%? 

w’kg 
w/kg 

Intake 
(Cancer) 

1.69E-11 
6.53E-11 

3.16E-08 
l.O8E-07 
l.OlE-06 
1.27E-09 
1.35E-09 
1.89E-09 
5.64E-10 

9.11E-12 
3.52E-11 
1.82E-06 
1.95E-08 
1.80E-07 
2.28E-09 
2.42E-09 
3.39E-09 
1 .Ol E-09 

Intake 
(Cancer) 

Units 

mglkgday 

whW 

w!Mdw 
w&wW 
mglkgday 
mglkgday 

mglkgday 
mglkgday 
mglkgday 

mglkgday 
mglkgday 
mg/kg-day 
mglkgday 
mglkgday 
mglkgday 
mglkg-day 

mglkgday 
mglkgday 

Cancer Slope 
Factor 

1.50E+03 

1.50E+02 
1.50E+OO 

7.30E-01 

7.30E+OO 
7.30E-01 
7.30E+OO 

3.00E+03 
3.00E+02 
1.58E+OO 

-_ 
_- 
-- 

Cancer Slope 
Factor Units 

W’w~g-day) 
WWWW) 

Ww~gdaY) 
l/(mglkgday) 
l/(mglkgday) 
l/(mglkgday) 
l/(mglkgday) 
ll(mglkgday) 

WwYwJaY) 

l/(mglkgday) 

Ww~g-W) 
l/(mglkgday) 
l/(mg/kg-day) 
ll(mglkgday) 
l/(mg/kg-day) 
l/(mglkg-day) 

WwWW) 
ll(mglkgday) 

Btal of Routes 

Cancer 
Risk 

2.54E-08 
9.79G09 
4.74E-08 

9.29E-10 
9.84G09 
1.38E-09 
4.11E-09 
9.88E-08 
2.73E-08 
l.O5E-08 
2.87E-08 

6.85E-98 

1.65E-07 

i j-98 



TABLE 6-63 
ESTIMATION OF CANCER RISKS - CASUAL USER ADULT CONTACT WtTH SURFACE SOIL SITE 8 (POST-REMOVAL) 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 1 
Medium: Surface Soil 

Exposure Medium: Particulates 

Exposure Point: Contact with Site 8 Particulates 
Receptor Population: Other 
Receptor Aae: Casual User Adult 

Medium 

EPC 

Units 

Route 

EPC 
Route 

EPC 

Units 

EPC 

Value Value 

I I I 
1 360E+OO uglkg 1 3.60E+OO 1 ug/kg 

1.39E+Ol Wkg 1.39E+Ol wcl 
6.73E+OO w/kg 6.73E+OO 
2.31E+Ol 1 mglkg 

mgM 
2.31 E+Ol wlkg 

2.14E+02 wlkg 2.14E+02 mglkg 
2.71E+02 w/kg 2.71E+02 ‘@kg 
2.87E+02 Wkg 2.87E+02 Wkg 
4.02E+02 Wkg 4.02E+02 

1 1.2OE+O2 
whl 

wlkg 1 1.20E+02 1 Wkg 

I I I I 

Exposure Chemical 

Route of Potential 

Concern 

Inhalation 1,2.3,4,6,7.8-HpCDD 
OCDD 
Arsenic 
Chromium 
Lead 
Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Dibenz(a.h)anthracene 
(Total) 

EPC Selected 
for Risk 

Calculation (1) 

Intake 

(Cancer) 
Intake 

(Cancer) 

Cancer Slope 
Factor 

Units 

3.28E-15 wMwW 1.50E+03 
1.27E-14 
6.13E-12 
2.10E-11 
1.95E-10 
2.47E-13 

2.6lE-13 

3.66E-13 
l.O9E-13 

mglkgday 

wPg-@ 
mg/kgday 
mglkg-day 

nWwW 

wMwW 

WWw 
fw&wW 

150E+02 

1.51 E+Ol 
rl.lOE+Ol 

3.10E+OO 

Cancer Slope 
Factor Units 

ll(mglkg-day) 
Il(mglkgday) 

Wmg~g-day) 

WWkwW 
Ww~gdaY) 

WwWW) 
l/(mglkg-day) 

WWWW 

4.92E-12 
1.90E-12 
9.26E-11 
8.63E-10 

8.1OE-13 

9.63E-10 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 



TABLE 6-84 
ESTIMATION OF CANCER RISKS - LIFETIME CASUAL USER CONTACT WlTH SURFACE SOIL SITE 8 (POST-REMOVAL) 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 
Medium: Surface Soil 
Exposure Medium: Surface Soil 
Exposure Point: Contact with Site 8 Surface Soil 
Receptor Population: Other 
Receptor Age: Lifetime Casual User 

Exposure Chemical Medium Medium Route 

Route of Potential EPC EPC EPC 

Concern Value Units Value 

Ingestion 1.2,3,4,6,7,8-HpCDD 3.60E+OO w/kg 3.6OE+OO 
OCDD 6.83E+OO Wkg 6.83E+OO 
Arsenic 6.73E+OO mgkg 6.73E+OO 
Chromium 2.3lE+Ol w/kg 2.31 E+Ol 

Lead 2.14E+02 w/kg 2.14E+02 
Benz(a)anthracene 2.71 E+02 ‘+/kg 2.71 E+O2 
Benzo(a)pyrene 2.87E+02 Wkg 2.87E+02 
Benzo(b)fluoranthene 4.02E+02 w/kg 4.02E+O2 
Dibenz(a,h)anthracene 1.20E+02 w/kg 1.2OE+O2 

(Total) 

Dermal 1,2,3,4,6,7,8-HpCDD 3.60E+OO w/kg 3.6OE+OO 

OCDD 6.83E+OO w/kg 6.83E+OO 

Arsenic 6.73E+OO w/kg 6.73E+OO 
Chromium 2.3lE+Ol w/kg 2.31 E+Ol 
Lead 2.14E+02 w/kg 2.14E+O2 
Benz(a)anthracene 2.71 E+02 w/kg 2.7lE+02 
Benzo(a)pyrene 2.87E+02 w/kg 2.87E+O2 
Benzo(b)fiuoranthene 4.02E+02 w/kg 4.02E+02 
Dibenz(a,h)anthracene 1.20E+02 w/kg 1.2OE+O2 
(Total) 

(1) Specify Medium-Specific (M) or Route-Specitic (R) EPC selected for risk calculation. 

5 :;a:;;) q 

w/kg M 1.97E-10 mglkg-day 150E+03 lMwlkg-day) 2.96807 

&ml M 7.63E-10 mg/kgday l.SOE+02 Ww&MW l.l4E-07 

w/kg M 3.69E-07 mglkg-day 150E+OO WmMwW 554E-07 

w/kg M 1.27E-06 mglkgday - 1 /(mg/kgday) - 

w/kg M l.l8E-05 mglkg-day -- l/(mg/kg-day) - 

w/kg M 1.49E-08 mglkgday 7.30E-01 1 /(mg/kgday) l.O9E-08 

w/kg M 1.58E-08 mg/kg-day 7.30E+OO l/(mg/kg-day) 1 .I SE-07 

w/kg M 2.20E-08 mglkg-day 7.3OE-01 WwWW 1.61 E-08 

w/kg M 658E-09 mglkgday 7.30E+OO Ww~g~ay) 4.81 E-68 

1 l.l5E-06 

w/kg M 4.72E-11 mglkg-day 3.00E+03 1 /(mg/kgday) 1.42E07 

w/kg M 1.82E-10 mglkgday 3.00E+02 14wftwW) 5.47E-08 

w/kg M 9.42E-08 mglkgday 1 .SOE+OO 1 /(mg/kgday) 1.49E-07 

mglkg M 1 .Ol E-07 mglkg-day - l/(mg/kg-day) - 

mg/kg M 9.35E-07 mglkgday -- l/(mg/kg-day) - 

f-u/kg M l.l8E-08 mglkg-day - l/(mg/kgday) - 

w/kg M 1.25E-08 mglkgday - l/(mg/kg-day) - 

ug/kg M 1.76E-08 mglkg-day - l/(mg/kg-day) - 

w/kg M 5.24E-09 mglkgday - l/(mg/kgday) -- 
1 3.45E-07 

Total of Routes tt 

1 6-100 



TABLE 6-66 
ESTIMATION OF CANCER RISKS - LIFETIME CASUAL USER CONTACT WITH SURFACE SOIL SITE 8 (POST-REMOVAL) 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

cenario Timeframe: Current/Future II 

Exposure 

Route 

Chemical Medium 
of Potential EPC 

Concern Value 

Medium 

EPC 

Units 

Route 

;aEut 

Inhalation 1,2.3.4,6,7,8-HpCDD 
OCDD 
Arsenic 
Chromium 
Lead 

Benz(a)anthracene 
Benzo(a)pyrene 

Benzo(b)fluoranthene 
Dibenz(a,h)anthracene 
(Total) 

3.60E+OO 
8.83E+OO 
6.73E+OO 
2.31E+Ol 
2.14E+02 

2.7lE+02 
2.87E+02 

4.02E+O2 
1.20E+02 

3.60E+OO 
6.83E+OO 
6.73E+OO 
2.31E+Ol 
2.14E+02 
2.71E+02 

2.87E+02 

4.02E+02 

1.20E+02 

xlhl 

‘a/kg 
mgb 
mg/kg 
w/kg 
w/kg 

w&l 

w/kg 
w/kg 

M l.O6E-14 WWW 1.50E+03 Ww~wW 1.58E-11 
M 4.08E-14 wWW l.SOE+02 Ww$k?W) 6.11E-12 
M 1.97E-11 NWw l.SlE+Ol WWWW 2.98E-10 
M 6.77E-11 mg/kg-day 4.10E+Ol 1 MWWHay) 2.78E-09 
M 6.27E-10 mglkgday - ll(mg/kgday) - 
M 7.95E-13 w~g-dw l/(mg/kgday) - 
M 8.41E-13 mg/kg-day 3.lOE+OO Il(mg/kgday) 2.6lE-12 
M l.l8E-12 wWW l/(mg/kgday) - 
M 3.51E-13 mglkgday - Il(mg/kgday) - 

3.10E-09 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 
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TABLE 6-66 
ESTIMATION OF CANCER RISKS - RESIDENTIAL CHILD CONTACT WlTH SURFACE SOIL SITE 8 (POST-REMOVAL) 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 
Medium: Surface Soil 

Exposure Medium: Surface Soil 
Exposure Point: Contact with Site 8 Surface Soil 
Receptor Population: Resident 
Receptor Age: Child 

Ingestion 1,2,3,4,6,7,8-HpCDD 
OCDD 
Arsenic 
Chromium 
Lead 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 

OCDD 
Arsenic 
Chromium 
Lead 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Dibenz(a,h)anthracene 
(Total) 

Medium Medium 
EPC EPC 

Value Units 

3.60E+OO 
1.39E+Ol 
6.73E+OO 
2.31 E+Ol 
2.14E+02 
2.71 E+02 
2.87E+02 
4.02E+02 
1.20E+02 

3.60E+OO 
1.39E+Ol 

6.73E+OO 
2.31E+Ol 
2.14E+02 
2.71 E+02 
2.87E+02 
4.02E+02 
1.20E+02 

Route 
EPC 

Value 

3.60E+OO 
1.39E+Ol 
6.73E+OO 
2.31 E+Ol 
2.14E+02 
2.71 E+02 

2.87E+02 
4.02E+02 
1.20E+02 

3.60E+OO 
1.39E+Ol 
6.73E+OO 
2.31E+Ol 
2.14E+O2 
2.71E+02 
2.87E+02 
4.02E+02 
1.20E+02 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 

Route 
EPC 

Units 

w/kg 
uglkg 
w/kg 
mg/kg 
Wkg 
Wkg 
w/kg 
w/kg 
Wkg 

EPC Selectee 
for Risk 

Calculation (1 

Intake 
(Cancer) 

3.56E-09 
1.38E-08 
6.66E-06 
2.29E-05 

2.12E-04 
2.68E-07 
2.84E-07 
3.98E-07 
l.l9E-07 

2.49E-10 
9.62E-10 

4.97E-07 
5.33E-07 
4.94E-06 
6.25E-08 

6.62E-08 
9.27E-08 
2.77E-08 

Intake 

(Cancer) 

Units 

mglkgday 
mglkgday 
mglkgday 
mglkgday 
mglkgday 
mglkgday 
mglkgday 
mglkgday 

mglkgday 

wWW 
mglkgday 
mglkgday 

mglkgday 
mglkg-day 
mglkg-day 
mglkg-day 
mglkg-day 
mglkgday 

Cancer Slope 
Factor 

1,50E+03 
1.50E+02 
1 .SOE+OO 

7.30E-01 
7.30E+OO 
7.30E-01 
7.30E+OO 

3.00E+03 
3.00E+02 
1.58E+OO 

-_ 
__ 

Cancer Slope 
Factor Units 

WWwW) 
Il(mg/kgday) 
l/(mg/kgday) 
Il(mg/kgday) 
I/(mglkgday) 
Il(mg/kgday) 
l/(mglkgday) 

WwNvW 
Il(mg/kgday) 

l/(mg/kgday) 

WWwW) 
l/(mglkgday) 
l/(mg/kgday) 

14w~gday) 
l/(mg/kg-day) 
l/(mglkg-day) 
I/(mg/kg-day) 
l/(mg/kg-day) 

)tal of Routes 

Cancer 
Risk 

5.35E-06 
2.06E-06 
1 .OOE-65 

1.96E-07 

2.07E-06 
2.91 E-07 

8.67E-07 
2.08E-05 
7.47E-07 

2.89E-97 
7.84E-07 

_- 
__ 

-- 
1.82E-08 

2.27E-05 



TABLE 6-87 
ESTIMATION OF CANCER RISKS - RESIDENTIAL CHILD CONTACT WlTH SURFACE SOIL SITE 8 (POST-REMOVAL) 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 
Medium: Surface Soil 

Exposure Medium: Particulates 
Exposure Point: Contact with Site 8 Particulates 
Receptor Population: Resident 
Receptor Age: Child 

4 

Exposure 

Route 
Chemical Medium 

of Potential EPC 

Concern Value 

Medium 

EPC 

Units 

Route 
ta;u: 

Inhalation 1,2,3,4,6,7,8-HpCDD 

OCDD 
Arsenic 

Chromium 
Lead 
Benz(a)anthracene 

Benzo(a)pyrene 
Benzo(b)fluoranthene 
Dibenz(a.h)anthracene 
(Total) 

3.60E+OO 

1.39E+Oi 

6.73E+OO 
2.31E+Ol 
2.14E+02 

2.71 E+02 
2.87E+02 
4.02E+02 
1.20E+02 

Wb 

w/kg 

w/kg 
mg/kg 
wlkg 

w/kg 
Wkg 

Wkg 
Wkg 

3.60E+OO 
1.39E+Ol 

6.73E+OO 
2.31E+Ol 

2.14E+02 
2.71E+02 

2.87E+02 
4.02E+02 

1.20E+02 

M 4&E-1 5 mVWaY 150E+03 WwWW) 6.67E-12 
M 1.72E-14 mglkgday 150E+02 WvNwW 257E-12 
M 8.31 E-12 mglkg-day 1.51 E+Ol l/(mg/kgday) 1.25E-10 
M 2.85E-11 mYWaY 4.lOE+Ol l/(mg/kgday) l.l7E-09 
M 264E-10 mgikg-day - l/(mg/kg-day) - 
M 3.35E-13 wW-day l/(mg/kgday) - 
M 3.54E-13 WM-daY 3.1 OE+OO l/(mg/kg-day) l.lOE-12 
M 4.96E-13 mg/kgday - l/(mg/kgday) - 
M 1.48E-13 mgikgday - l/(mglkgday) - 

1.31E-09 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 
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The RME cancer risk for a residential adult exposed to surface soil at Site 8 was estimated at 6.74~10~ 

which is within EPA’s target risk range of IO4 to IO” (Table 6-68, contribution from ingestionldermal 

absorption and Table 6-69, contribution from inhalation of fugitive dust). Arsenic (via ingestion) and 

1,2,3,4,6,7,8-HpCDD (via ingestion) were the primary contributors to the estimated cancer risks. Cancer 

risks estimated for arsenic and 1,2,3,4,6,7,8-HpCDD exceeded 1~10~. 

The RME cancer risk for a lifetime residential receptor [child and adult combined exposure] exposed to 

surface soil at Site 8 was estimated at 2.94x10m5 which is within EPA’s target risk range of lOA to IO4 

(Table 6-70, contribution from ingestion/dermal absorption and Table 6-71, contribution from inhalation of 

fugitive dust). Arsenic (via ingestion) and 1,2,3,4,6,7,8-HpCDD (via ingestion) were the primary 

contributors to the estimated cancer risks. Cancer risks estimated for arsenic, 1,2,3,4,6,7,8-HpCDD, 

benzo(a)pyrene, OCDD, and dibenz(a,h)anthracene had individual cancer risks that exceeded 1~10~. 

6.5.5.2 Subsurface Soil 

The RME cancer risk for an industrial adult exposed to subsurface soil at Site 8 was estimated at 

2.82x1 OS7 which is below EPA’s target risk range of 10” to IO” (Table 6-72, contribution from 

ingestion/dermal absorption and Table 6-73, contribution from inhalation of fugitive dust). ..-_ 

The RME cancer risk for a residential child exposed to subsurface soil at Site 8 was estimated at 

6.72~10~~ which is below EPA’s target risk range of lOA to 1 O-” (Table 6-74, contribution from 

ingestion/dermal absorption and Table 6-75, contribution from inhalation of fugitive dust). 

The RME cancer risk for a residential child exposed to subsurface soil at Site 8 was estimated at 

1.89x1 Oe7 which is below EPA’s target risk range of 10m4 to IO” (Table 6-76, contribution from 

ingestion/dermal absorption and Table 6-77, contribution from inhalation of fugitive dust). 

The RME cancer risk for lifetime residential receptors exposed to subsurface soil at Site 8 was estimated 

at 8.61~10~~ which is below EPA’s target risk range of 1 OA to IO” (Table 6-78, contribution from 

ingestion/dermal absorption and Table 6-79, contribution from inhalation of fugitive dust). 

6.5.5.3 Sediment 

The RME cancer risk for a recreational pre-adolescent (age 7 - 12) exposed to sediment at off-site areas 

near Site 8 was estimated at 1 .25x10m7 which is below EPA’s target risk range of IO4 to 10e6 (Table 6-80, 

contribution from ingestion/dermal absorption). 
,- 
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TABLE 8-88 
ESTiMATION OF CANCER RISKS - RESIDENTIAL ADULT CONTACT WtTH SURFACE SOIL SITE 8 (POST-REMOVAL) 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Medium: Surface Soil 
Exposure Medium: Surface Soil 
Exposure Point: Contact with Site 8 Surface Soil 

Receptor Population: Resident 
Receptor Age: Adult 

Exposure 
Route 

Chemical Medium 
of Potential EPC 

Concern Value 

Medium 
EPC 

Units 

Route 
ta;i 

Ingestion 1,2.3.4,6,7,8-HpCDD 
OCDD 
Arsenic 
Chromium 
Lead 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Dibenz(a,h)anthracene 

(Total) 
Dermal 1,2,3,4,6,7,8-HpCDD 

OCDD 
Arsenic 
Chromium 
Lead 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Dibenz(a,h)anthracene 

3.60E+OO 
1.39E+Ol 
6.73E+OO 
2.31E+Ol 
2.14E+02 
2.71 E+02 
2.87E+O2 
4.02E+02 
I .20E+02 

3.60E+OO 
1.39E+Ol 
6.73E+OO 
2.31E+Ol 
2.14E+02 
2.71E+02 
2.87E+02 
4.02E+02 
1.20E+02 

ugh! 
Wkg 
mgN 
n@kg 
Wkg 
w/kg 
Wks 
uglkg 
KIM 

Wkg 

uglkg 
wM 

wlkg 
mglkg 
‘-@kg 
‘-@kg 
u&g 
w/kg 

360E+OO 
1.39E+Ol 
6.73E+OO 
2.31E+Ol 
2.14E+02 
2.71E+02 
2.87E+02 
4.02E+02 
1.20E+02 

3.60E+OO 
1.39E+Ol 
6.73E+OO 
2.31E+Ol 
2.14E+02 
2.71E+02 
2.87E+02 
4.02E+02 
I .20E+02 

Wkg 
w%l 
f&i/kg 
Wkg 
wdkg 
uglkg * 

KIM 
‘@kg 
w&l 

Km 
uglkg 
mdkg 
mgN 

wM 
Wkg 
wkl 
Wkg 
w/kg 

M 8.45E-10 mglkgday 1.50E+03 W’WwW 1.27E-06 
M 3.26E-09 mglkg-day 1.50E+02 WwNwW 4.90E-07 
M 1.58E-06 mglkgday 150E+OO WxWdaY) 2.37E-06 
M 542E-06 wM-% llpnglkg-day) - 
M 5.03E-05 mglkgday l/(mglkgday) -- 
M 6.36E-08 mglkg-day 7.30E-01 ll(mglkgday) 4.65E-08 
M 6.74E-08 mg/kgday 7.3OE+OO ll(mglkgday) 4.92E-07 
M 9&E-08 mg/kgday 7.30E-01 Il(mglkg-day) 6.89E-08 
M 2.82E-08 mg/kg-day 7.30E+OO WMWW) 2.06E-07 

1 4.94E-06 
M 2.28E-10 whvJay 3.00E+03 Ww~g-day) 6.83E-07 
M 8.79E-10 wkvJw 3.00E+02 Ww~wW 2.64E-07 
M 4.54B07 wM-dw 158E+oo l/(mglkgday) 7.17E-07 
M 4.87E-07 mglkgday l/(mglkgday) - 
M 4.51 E-06 mgikg-day l/(mglkgday) - 
M 5.71 E-08 mglkgday ll(mglkg-day) - 
M 6.05E-08 mglkg-day ll(mglkg-day) - 
M 8.47E-08 mglkg-day _- l/(mglkgday) - 
M 253E-08 mglkgday - ll(mglkgday) - 

1 1.66E-06 
T.&I, ^I D^.J^^ II Ccnc nc 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 

6-105 



‘ 

TABLE 6-69 
ESTIMATION OF CANCER RISKS - RESIDENTIAL ADULT CONTACT WITH SURFACE SOIL SITE 6 (POST-REMOVAL) 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 
Medium: Surface Soil 
Exposure Medium: Padiculates 

Exposure Point: Contact with Site 6 Patticulates 
Receptor Population: Resident 
Receptor Age: Adult 

Exposure Chemical 

Route of Potential 

Concern 

Inhalation 1,2,3,4,6.7,8-HpCDD 
OCDD 

Arsenic 
Chromium 

Lead 

Benz(a)anthracene 

Benzo(a)pyrene 
Benzo(b)fluoranthene 

Dibenz(a,h)anthracene 
(Total) 

Medium Medium 
EPC EPC 

Value Units 

3.60E+OO Wkg 
1.39E+Ol w/kg 
6.73E+OO w&4 
2.31 E+Ol mglkg 
2.14E+02 n-d& 
2.71 E+O2 ugh 
2.87E+02 w/kg 
4.02E+02 Wkg 
1.20E+02 w&i 

3.60E+OO 
1.39E+Ol 
6.73E+OO 
2.31 E+Ol 

2.14E+02 

2.71 E+02 
2.87E+02 
4.02E+02 

1.20E+02 

M 4.92G13 wkNv 160E+03 Wwlkg-dw) 7.38&10 

M 1.90E-12 mglkgday 160E+02 Ww~gday) 2.85G10 

M 9.2OE-10 mglkgday 1.51 E+Ol Wmg~g-day) 1.3gE-08 

M 3.16E-09 w$WW 4.10E+Ol l/(mglkgday) 1.29E-07 

M 2.92E-08 mgikgday - ll(mglkgday) - 

M 3.70E-11 mglkgday - l/(mg/kgday) -- 

M 3.92E-11 mgWW 3.10E+OO WWwW 1.22E-10 

M 549E-11 mglkgday - l/(mg/kgday) - 

M 1.64E-11 mg/kg-day -- l/(mglkg-day) - 
1.44E-07 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 

i 6-11 \ 



TABLE 6-76 

ESTIMATION OF CANCER RISKS - LIFETIME RESIDENT CONTACT WlTH SURFACE SOIL SITE 8 (POST-REMOVAL) 
REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 
Medium: Surface Soil 
Exposure Medium: Surface Soil 
Exposure Point: Contact with Site 8 Surface Soil 
Receptor Population: Resident 
Receptor Age: Lifetime II 

Ingestion 1,2,3.4,6,7,8-HpCDD 
OCDD 

Arsenic 

Chromium 
Lead 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 

OCDD 
Arsenic 
Chromium 
Lead 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Dibenz(a,h)anthracene 
(Total) 

Medium Medium 
EPC EPC 

Value Units 

3.60E+OO 
1.39E+Ol 

6.73E+OO 

2.31E+Ol 
2.14E+02 
2.71 E+02 
2.87E+02 
4.02E+02 
1.20E+02 

3.60E+OO 
1.39E+Ol 
6.73E+OO 
2.31E+Ol 
2.14E+02 
2.71E+02 
2.87E+02 
4.02E+02 

1.20E+02 

Route 
EPC 

Value 

3.80E+OO 

1.39E+Ol 
6.73E+OO 
2.31E+Ol 

2.14E+02 
2.71E+02 
2.87E+02 
4.02E+02 
1.20E+02 

3.60E+OO 
1.39E+Ol 
6.73E+OO 
2.31E+Ol 
2.14E+02 
2.71 E+02 
2.87E+02 
4.02E+02 

1.20E+02 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 

Route 
EPC 

Units 

w/kg 
wwl 
f-w/kg 
w/kg 
w/kg 
w/kg 
‘.&!/kg 
w/kg 
‘a/kg 

EPC Selected 
for Risk 

Calculation (2; 

Intake 
(Cancer) 

4.41 E-09 
1.70E-08 

8.24E-06 
5.42E-06 

5.03E-05 
3.32E-07 
3.52G07 
4.92G07 
1.47E-07 

4.77E-10 
1.84E-09 
9.51 E-07 
4.87E-07 
4.51E-06 
5.71 E-08 
6.05E-08 
8.47E-08 

253E-08 

Intake 
(Cancer) 

Units 

nWwW 
w%wJv 
mglkg-day 

mg/kgday 
mg/kg-day 
mglkg-day 

wNwJw 
mglkg-day 
mg/kgday 

mglkgday 
mglkgday 
mglkgday 
mglkg-day 
mglkgday 
mglkg-day 
mg/kg-day 
mglkgday 
mg/kg-day 

Cancer Slope 
Factor 

150E+03 
150E+02 

1.50E+OO 

7.30E-01 
7.30E+OO 
7.30E-01 
7.30E+OO 

3.00E+03 
3.00E+02 
1.58E+OO 

Cancer Slope 
Factor Units 

~4wW-day) 
WwWW) 
l/(mg/kgday) 
l/(mg/kgday) 

Wmg~g-day) 
l/(mg/kgday) 
l/(mg/kgday) 
l/(mg/kg-day) 
l/(mg/kgday) 

l/(mg/kg-day) 
l/(mg/kgday) 

VwWW) 
l/(mg/kg-day) 
l/(mg/kgday) 
l/(mg/kg-day) 
l/(mg/kg-day) 
l/(mg/kg-day) 

Ww~g-day) 

otal of Routes 

Cancer 
Risk 

6.62E-06 
2.55E-06 
1.24E-05 

_- 

2.42E-07 
2.57G06 
3.60E-07 
l.O7E-06 
2.58E-05 
1.43B06 
5.52E-07 
1.50E-06 

3.48E-06 

2.77E-05 
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TABLE 6-71 

ESTIMATION OF CANCER RISKS - LIFETIME RESIDENT CONTACT WITH SURFACE SOIL SITE 8 (POST-REMOVAL) 
REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 

Medium: Surface Soil 
Exposure Medium: Particulates 
Exposure Point: Contact with Site 8 Particulates 
Receptor Population: Resident 
Rnrx?otor Aon. ILifetime 

Exposure Chemical 
Route of Potential 

Concern 

Inhalation 1,2,3,4.6,7,8-HpCDD 

OCDD 
Arsenic 
Chromium 

Lead 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Dibenz(a,h)anthracene 
(Total) 

Medium Medium 

EPC EPC 

Value Units 

3.60E+OO w/kg 
1.39E+Ol wml 
6.73E+OO w/b 
2.31E+Ol mglkg 
2.14E+02 mg/kg 
2.71E+02 Km 
2.87E+02 w/kg 
4.02Et02 w/kg 
1.20E+02 w/kg 

3.60E+OO 
1.39E+Ol 

6.73E+OO 

2.31 E+Ol 
2.14E+02 
2.71 E+02 
2.87E+02 
4.02E+02 
1.20E+02 

uglkg 

uglkg 
mdb 

w/kg 
w/kg 

ugh 
w/kg 
w/b 
w/kg 

M 8.81E-13 wNwJw 1.50E+03 WngMw-W 1.32E-09 

M 3.40E-12 wMWw 150E+02 WWWW 5.10E-10 

M 1.65E-09 w WW 1.51E+Ol Wmg~gday) 2.49E-08 

M 5.65E-09 m@Way 4.10E+Ol Wx$b-day) 2.32E-07 

M 2.92E-08 mglkgday - ll(mg/kgday) - 

M 3.70E-11 mglkg-day -- l/(mg/kgday) - 

M 7.02E-11 mglkgday 3.10E+OO l/(mg/kgday) 2.18E-10 

M 549E-11 mglkgday - l/(mglkgday) - 

M 1.64E-11 mglkg-day -- l/(mg/kgday) - 
2.59E-07 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 



TABLE 6-72 

ESTIMATION OF CANCER RlSKS - INDUSTRIAL ADULT CONTACT WlTH SUBSURFACE SOIL SITE 6 
REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 
Medium: Subsurface Soil 

Exposure Medium: Subsurface Soil 
Exposure Point: Contact with Site 8 Subsurface Soil 
Receptor Population: Industrial 
ReceDtor Aae: Adult 

Exposure 

Route 

Chemical 
of Potential 

Concern 

Medium 
EPC 

Value 

I 
Ingestion IOCDD 

I 
1 4.23E+OO 

Copper 3.48E+Ol 
(Total) 

Dermal OCDD 4.23E+OO 
Copper 
(Total) 

1 3.48E+Ol 

I 

Medium 
EPC 

Units 

Route 
EPC 

Value 

Route 
EPC 

Units 

EPC Selected 
for Risk 

Calculation (1) 

w/kg 4.23E+OO wml M 

malka 3.48E+Ol maika M fl w/kg 4.23E+OO w&l M 

malka 3.48E+Ol maika M 

(1) Specify Medium-Specific(M) or Route-Specific (R) EPC selected for risk calculation. 

Intake 

(Cancer) 

- 
1.48E-09 
1.22E-05 

3.99E-10 mglkgday 
l.O9E-06 mglkgday 

Intake 
(Cancer) 

Units 

mglkgday 

mMwW 

Cancer Slope 
Factor 

Cancer Slope 

Factor Units 

Cancer 
Risk 

----pm7 Total of Routes 
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TABLE 6-73 

ESTIMATION OF CANCER RISKS - INDUSTRlAL ADULT CONTACT WlTH SUBSURFACE SOIL SITE 6 
REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 
Medium: Subsurface Soil 
Exposure Medium: Particulates 

Exposure Point: Contact with Site 8 Particulates 
Receptor Population: Industrial 

Receotor Aae: Adult 

Exposure 
Route 

Chemical Medium 
of Potential EPC 

Concern Value 

Medium 
EPC 

Units 

Inhalation OCDD 
Copper 
(Total) 

4.23E+OO 
3.48E+Ol 

w/kg 
mgh 

4.23E+OO 
3.48E+Ol 

w/kg 
n-v#g 

M 134E-13 WWW 1.50E+02 Ww&day) 2.02E-11 

M l.llE-09 mgikg-day ll(mg/kg-day) - 
2.02E-11 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 



TABLE 6-74 
ESTIMATION OF CANCER RISKS - RESIDENTIAL CHILD CONTACT WlTH SUBSURFACE SOIL SITE 8 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Medium: Subsurface Soil 

Exposure Medium: Subsurface Soil 

Exposure Point: Contact with Site 8 Subsurface Soil 
Receptor Population: Resident 
Receptor Age: Child 

Exposure 
Route 

Chemical Medium 
of Potential EPC 

Concern Value 

Medium 
EPC 

Units 

Route 
EPC 

Value 

Route 
EPC 

Units 

Ingestion OCDD 

Copper 

(Total) 
Dermal OCDD 

Copper 
ITotal) 

4.23E+OO 
3.48EtOl 

4.23E+OO 
3.48E+Ol 

4.23E+OO 
3.48E+Ol 

4.23E+OO 
3.48E+Ol 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 

EPC Selected 
for Risk 

Calculation (1) 

Intake 
(Cancer) 

Intake 

(Cancer) 
Cancer Slope 

Factor 
Cancer Slope 
Factor Units 

Cancer 
Risk 

Units 

4.19E-09 WWW 1.50E+02 WWkt-day) 6.28E-07 
3.45E-05 mglkg-day - l/(mg/kgday) - 

628E-07 
2.93E-10 mglkg-day 1.50E+02 l/(mglkgday) 4.39E-08 
8.03E-07 1 mg/kg-day - 1 ll(mglkgday) - 

I 4.39E-08 

Total of Routes 
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TABLE 6-75 

ESTIMATION OF CANCER RISKS - RESIDENTIAL CHILD CONTACT WtTH SUBSURFACE SOIL SITE 8 
REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 

Medium: Subsurface Soil 
Exposure Medium: Particulates 
Exposure Point: Contact with Site 8 Particulates 
Receptor Population: Resident 
Receptor Age: Child 

Exposure Chemical Medium Medium Route 

Route of Potential EPC EPC EPC 

Concern Value Units Value 

Inhalation OCDD 4.23E+OO w/kg 4.23E+OO 

Copper 3.48E+Ol Wkg 3.48EtOl 

(Total) 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for’risk calculation. 

Route 
EPC 

Units 

w/kg 

m!Ykg 

EPC Selected Intake Intake Cancer Slope Cancer Slope Cancer 

for Risk (Cancer) (Cancer) Factor Factor Units Risk 

Calculation (1) Units 

M 4.57E-13 wM+w 1.50E+02 f4wVWay) 6.85E-11 

M 3.78E-09 mglkgday ll(mglkgday) - 
6.85E-11 
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TABLE 6-76 
ESTIMATION OF CANCER RISKS - RESIDENTIAL ADULT CONTACT WITH SUBSURFACE SOIL SITE 8 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 
Exposure Point: Contact with Site 8 Subsurface Soil 

Receptor Population: Resident 
Receptor Age: Adult 

Route 

EPC 

Units 

EPC Selected 
for Risk 

Calculation (1: 

Intake 

(Cancer) 

9.93E-10 Wb-day 
8.17E-06 wlkg-day 

2.67E-10 
7.33E-07 

mglkgday 
mg/kg-day 

Intake 
(Cancer) 

Units I 
E - 

Cancer Slope 
Factor 

1.50E+02 

1.50E+02 
-- 

)tal of Routes 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 
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TABLE 6-77 
ESTIMATION OF CANCER RISKS - RESIDENTIAL ADULT CONTACT WlTH SUBSURFACE SOIL SITE 8 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 
Medium: Subsurface Soil 
Exposure Medium: Particulates 
Exposure Point: Contact with Site 8 Particulates 

Receptor Population: Resident 
Receptor Age: Adult II 

Exposure Chemical Medium Medium Route Route EPC Selected 

Route of Potential EPC EPC EPC EPC for Risk 

Concern Value Units Value Units Calculation (1) 

Inhalation OCDD 4.23E+OO Wkg 4.23E+OO udh M 
Copper 3.48E+Ol mdkg 3.48E+Ol m!#g M 
(Total) 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 

Intake Intake 
(Cancer) (Cancer) 

Cancer Slope 
Factor 

Cancer Slope 

Factor Units 

Cancer 
Risk 

I Units 
I 

578E-13 w#g-daY 150E+02 Ww~g-day) 887E-11 

4.75G09 mg/kg-day -- l/(mgikg-day) - 
8.67E-11 



TABLE 8-78 
ESTIMATION OF CANCER RISKS - LIFETIME RESIDENT CONTACT WlTH SUBSURFACE SOIL SITE 8 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 
Medium: Subsurface Soil 

Exposure Medium: Subsurface Soil 
Exposure Point: Contact with Site 8 Subsurface Soil 
Receptor Population: Resident 
Receotor Aoe: Lifetime 

Exposure 
Route 

Chemical Medium 
of Potential EPC 

Concern Value 

Medium 
EPC 

Units 

Route 
EPC 

Value 

Route 
EPC 

Units 

EPC Selected 
for Risk 

Calculation (1) 

Ingestion OCDD 
Copper 
(Total) 

Dermal OCDD 

4.23E+OO 
3.48E+Ol 

4.23E+OO 

wm 

Wkg 

wlkg 

4.23E+OO Wkg M 

3.48E+Ol wlkg M 

4.23E+OO w#g M 
Copper 
(Total) 

3.48E+Ol wM 3.48E+Ol wb M 

I I I I I 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 

Intake 
(Cancer) 

Units 

5.18E-09 wh-day 1.50E+02 Wm@wW 7.77E-07 
8.17E-06 mgikgday -- l/(mg/kgday) - 

7.77E-07 
6.60E-IO mglkgday l.!iOE+02 l/(mg/kgday) 8.40E-08 
7.33G07 1 mglkgday 1 l/(mg/kgday) - 

I 8.40E-08 

Total of Routes 
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TABLE 6-79 
ESTIMATION OF CANCER RISKS - LIFETIME RESIDENT CONTACT WITH SUBSURFACE SOIL SITE 8 

REASONABLE MAXIMUM EXPOSURE 
NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Future 

Medium: Subsurface Soil 

Exposure Medium: Particulates 
Exposure Point: Contact with Site 8 Particulates 
Receptor Population: Resident 
Receptor Age: Lifetime 

Exposure Chemical Medium Medium Route Route 
Route of Potential EPC EPC EPC EPC 

Concern Value Units Value Units 

Inhalation OCDD 4.23E+OO uglkg 4.23E+OO @kg 
Copper 3.48E+Ol mg/kg 3.48E+Ol Wb 
(Total) 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 

EPC Selected 
for Risk 

Calculation (1) 

M 
M 

l.O3E-12 mglkgday 1.50E+02 WWWW 1 BE-10 

4.75E-09 mgtkgday - 1 Jmgtkgda y) - 
1.55E-10 



TABLE 6.80 

ESTIMATION OF CANCER RISKS - RECREATIONAL PREADOLESCENT (AGE 7-12) CONTACT WlTH SEDIMENT 
REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Medium: Sediment 
Exposure Medium: Sediment 
Exposure Point: Contact with Site 8 Sediment 
Receptor Population: Other 
Receptor Age: Off-Site Recreational Pre-Adolescent Age 7-12 

Exposure Chemical 

Route of Potential 
Medium 

EPC 

Ingestion Arsenic 

Concern Value 

4.20E*OO 

Dermal 

Iron 
Manganese 
Benzo(a)pyrene 
Dibenz(a,h)anthracene 
(Total) 
Arsenic 

tron 
Manganese 

Benzo(a)pyrene 

Dibenz(a.h)anthracene 
I(Total) ’ ’ 

2.54E+04 

8.48E+02 
6.50E+02 
1.40E+02 

4.20E+OO 
2.54E+04 
8.48E+02 

650E+02 

1.40E+02 

I 

w/kg 
w/kg 
m3M 
w’kg 
Wkg 

mg/kg 
mglkg 

w/kg 

@kg 

w’kg 

4.20E+OO mg/kg M 
254E+04 m/kg M 
8.48E+02 m/kg M 
650E+02 @kg M 
1.40E+02 ug’kg M 

4.20E+OO mg/kg M 
254E+04 mg/kg M 
8.48E+02 mglkg M 
650E+02 ug’kg M 
1.40E+02 @kg M 

- 1 I[ ) 

- 
(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 

Intake 
(Cancer) 

Intake 

(Cancer) 

Cancer 

Risk 

I I Units 

4.25E-08 mglkgday 1.50E+OO 14wWW 6.37E-08 
2.57E-04 mglkg-day _- I/(mg/kgday) - 
8.58E-06 mglkgday l/(mg/kgday) - 
6.58E-09 mg/kg-day 7.30E+OO l/(mg/kgday) 4.80E-08 
1.42C09 mglkgday 7.30E+OO l/(mg/kgday) l.O3E-08 

1.22E-07 
1.86E-09 mglkg-day 1.58E+OO ll(mg/kgday) 2.94E-09 

Total of Routes 
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6.5.5.4 Surface Water (Total Inorganics) 

The RME cancer risk for a recreational pre-adolescent (age 7 - 12) exposed to surface water (total 

inorganics) at off-site areas near Site 8 was not estimated because selected surface water COPCs were 

not considered carcinogenic (Table 6-81, contribution from ingestion/dermal absorption). 

6.5.5.5 Surface Water (Dissolved Inorganics) 

The RME cancer risk for a recreational pre-adolescent (age 7 - 12) exposed to surface water (dissolved 

inorganics) at off-site areas near Site 8 was not estimated because selected surface water COPCs were 

not considered carcinogenic (Table 6-82, contribution from ingestion/dermal absorption). 

6.5.6 Lead Risks 

Lead was identified as a COPC in surface soil at Site 8. However, as previously discussed, lead was not 

quantitatively evaluated in the risk tables. This was necessary because EPA’s approach to evaluating 

lead risks goes beyond providing a single point estimate output and incorporates absorption and 

pharmacokinetic properties. Section 6.3.4 discusses background information related to blood-lead 

estimation methods. Exposure to lead in surface soil was evaluated using the EPA IEUBK Lead Model, 

and those results are described below. 

The average concentration of lead in surface soil (119 mgkg) was used as input into the IEUBK Model. 

All other media inputs into the IEUBK Model were default parameters. The estimated percentage of 

residential children with a blood lead level above 10 ug/dL is 0.35%. This is below EPA’s protective level 

cutoff of 5%. Adverse effects to residential children (age 1 - 6) are not expected from lead concentrations 

in surface soil at Site 8. The IEUBK Model histograms and model specific input parameters are shown in 

Appendix G, Part 5. 

A summary of all Site 8 carcinogenic and noncarcinogenic risks for each exposure scenario is presented 

on Table 6-83. 

6.6 UNCERTAINTY ANALYSIS FOR THE HHRA 

The goal of the uncertainty analysis is to identify important uncertainties and limitations associated with 

the HHRA. Uncertainties are related to each of the main components of the assessment (i.e., data 

evaluation, dose-response assessment, exposure assessment, and risk characterization). The effect of a 

UDOCUMENTSINAVY/1412/SITE8/049002/SEC6 
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TABLE 641 

ESTIMATION OF CANCER RISKS - RECREATIONAL PRE-ADOLESCENT (AGE 7-12) CONTACT WtTH SURFACE WATER (TOTAL INORGANICS) 
REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/ Future 

Medium: Surface Water (Total Inorganics) 

Exposure Medium: Surface Water (Total Inorganic+ 
Exposure Point: Contact with Site 8 Surface Water (Total Inorganics) 

Receptor Population: Other 
Receotor Aae: Off-Site Recreational Pre-Adolescent Aae 7-12 

Exposure Chemical Medium Medium 
Route of Potential EPC EPC 

Concern Value Units 

Ingestion Manganese 1.59E+02 mgfkg 1.59E+02 

(Total) 

Dermal Manganese 1.59E+02 mglkg 1.59E+02 

(Total) 

(1) Specify Medium-Specific(M) or Route-Specific (R) EPC selected for risk calculation. 

M 161E-06 mglkgday - l/(mg/kgday) - 

M 5.47E-00 mglkgday l/(mg/kgday) - 

Total of Routes 
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TABLE 6-62 
ESTIMATION OF CANCER RISKS - RECREATIONAL PREADOLESCENT (AGE 7-12) CONTACT WlTH SURFACE WATER (DISSOLVED INORGANICS) 

REASONABLE MAXIMUM EXPOSURE 

NAWC WARMINSTER, PENNSYLVANIA 

Scenario Timeframe: Current/Future 
Medium: Surface Water (Dissolved Inorganic@ 

Exposure Medium: Surface Water (Dissolved Inorganics) 
Exposure Point: Contact with Site 8 Surface Water (Dissolved Inorganic@ 
Receptor Population: Other 
Receptor Age: Off-Site Recreational Pre-Adolescent Age 7-12 

Exposure 
Route 

Chemical 
of Potential 

Concern 

Medium 
EPC 

Value 

Medium 
EPC 

Units 

Route 
EPC 

Value 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 



SUMMARY OF NONCARCINOGENICANO CARCINOGEY SITE 8 (POST-REMOVAL) -ALL EXPOSURE PATHWAYS 
REASONABLL 

NAWC WARMINSTER, PENNSYLVANIA 

Pra-Adol.fAdol. 

** = Lifetime Residential Risks are the summed Cancer Risks for Residential Child (6 year exposure) and Residential Adult (24 year exposura). 

NA = Exposure route not applicable in that medium for that receptor. 
NT = COP0 for these exposure mutes had no quantitative toxicity values. therefore. no toxicity was estimated for these exposure pathways. 
Hazard Indices (i.e., summation of the hazard quotients) are used only for comparison purposes and do not rafled actual additive noncarcinogenic effects. 
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particular uncertainty on the outcome of the assessment (i.e., risk estimates) is also indicated, where 

possible. 

As discussed in EPA (1989a), the risk measures used in Superfund site risk assessments are not fully 

probabilistic estimates of risk but rather are conditional estimates based on a considerable number of 

assumptions about exposure and toxicity. There are uncertainties associated with each aspect of risk 

assessment, from environmental data collection through risk characterization. To support decision-making 

processes, significant HHRA uncertainties are noted below. 

6.6.1 Uncertainties Associated with Data Evaluation 

Major uncertainties associated with Data Evaluation are highlighted below. 

l The areal extent of the samples (including the number collected and location of the sampling points) 

in a particular medium impacts the calculation of EPCs. A removal of surface soil was conducted at 

Site 8. Every effort was made to collect samples (both recent samples and historical samples that 

were not excavated) that reflect actual site conditions and to include areas thought to contain the 

most significant contamination or exposure problems. This uncertainty is expected to be low for 

surface and subsurface soil data sets given the large number of soil samples collected over a ---Y 

relatively small site area. This uncertainty is expected to be higher for sediment and surface water 

samples given the small number of sampling locations in off-site areas near Site 8. 

l Established data validation procedures were applied to define analytical uncertainties in terms of 

qualifying data as inaccurate or imprecise and to eliminate data points that are unusable for risk 

assessment. This treatment does not eliminate all uncertainty but focuses attention on potential 

areas of concern regarding accuracy and precision. 

l Uncertainties exist regarding selection of a concentration for input into the quantitative risk 

assessment. The use of the exposure point concentration to estimate risk is generally regarded as 

a conservative estimate since this entails using either the upper 95 percent confidence limit on the 

arithmetic mean (based on normal or log-transformed data distribution) or the maximum 

concentration. The use of the EPC as the input value into the quantitative risk assessment as a 

representation of site concentrations of COPCs generally lowers the chances of under estimation of 

the actual risk present in a exposure pathway to a potential receptor. However, the use of the 

exposure point concentration may overestimate the actual risk present in an exposure pathway at a 

particular area of interest. To help avoid this problem, the maximum value was used in place of the 

upper 95 percent limit when the latter was larger. 
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l The ability (power) of the W test to be able to correctly identify genuine differences between the 

shape of a sample population versus a reference normal or lognormal population is reduced when 

too few samples are collected. If an incorrect distributional assumption is made based on this test, 

this could lead to an over- or underestimate of the upper 95 percent UCL on the mean, which in turn 

would create some additional uncertainty as to whether the estimated risk is a reasonable 

approximation of high end exposure. To help limit the potential for overestimation , the maximum 

value was used in place of the upper 95 percent UCL on the mean when the latter was larger. 

l The chemical analytical database has some limitations regarding the representativeness of the 

laboratory results, the inclusion of nondetected data, data gaps, number of samples collected, 

and heterogeneity of sample data. The effects of these limitations on the results of the risk 

assessment are varied. However, every effort was made to collect and use samples that reflect 

actual site conditions. Nondetected results were treated using one-half the detection limit in all 

statistical functions. These actions should minimize uncertainty in the database. 

l The use of screening concentrations that are based on a single route of exposure (i.e. ingestion) 

may lead to the underestimation of risks since they do not account for the additive effects across 

various exposure pathways. The resultant effects of the risks are not considered significant 

because conservative values, derived from a target Hazard Index of 0.1 for noncarcinogens and a 

target risk of 1 x IO” for carcinogens, were employed. 

l The use of residential surface soil screening concentrations for COPC selection under an 

industrial exposure scenario represents a conservative approach since exposure under an 

industrial scenario is expected to be lower than exposure under a residential scenario which are 

the basis of the RBC values. Consequently, COPCs may be selected that are not truly reflective 

of significant risk exposures under an industrial scenario which is evident from the 

noncarcinogenic and carcinogenic industrial risks estimated in this HHRA. 

l The use of residential surface soil screening concentrations for COPC selection under an casual 

user exposure scenario represents a conservative approach since exposure under an casual user 

scenario is expected to be lower than exposure under a residential scenario which are the basis 

of the RBC values. Consequently, COPCs may be selected that are not truly reflective of 

significant risk exposures under an casual user scenario which is evident from the 

noncarcinogenic and carcinogenic casual user risks estimated in this HHRA. 

l The use of residential surface soil screening concentrations for sediment COPC selection and 

residential tap water screening concentrations for surface water under a recreational exposure 

scenario represents a conservative approach since exposure under an recreational scenario is 
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expected to be lower than exposure under a residential scenario which are the basis of the RBC 

values. Consequently, COPCs may be selected that are not truly reflective of significant risk 

exposures under an recreational user scenario which is evident from the noncarcinogenic and 

carcinogenic recreational risks estimated in this HHRA. 

6.6.2 Uncertainties Associated with Exposure Assessment 

Major uncertainties associated with Exposure Assessment are listed below. 

l The likelihood of the occurrence of the defined exposure scenarios is not always known. 

Identified land use and activity patterns at a site are limited to the observations made during the 

field investigation, known land uses in the surrounding area, and information provided by the 

Navy on anticipated future land use. 

l Several receptor characteristics, such as selection of casual user and recreational receptor age 

groups, exposure frequency, and exposure duration are generally based on professional 

judgment. 

l There are limitations to using various models and/or equations to estimate exposure doses or 

contaminant concentrations. For example, modeled concentrations (i.e., generated fugitive dust 

concentrations) may not be indicative of actual site conditions during exposure. 

l In general, the underestimation of risks was prevented using conservative exposure assumptions 

and exposure concentrations. Maximum detected concentrations are sometimes used as EPCs 

in exposure pathways at the site. Although maximum concentrations are not a reasonable 

estimate of the concentration expected to be experienced by a receptor over time, the use of 

these values does provide a highly conservative estimate of risk to potential receptors. 

l Exposure to fugitive dust emissions (surface and subsurface soil exposure only) conservatively 

assumes that receptors will be exposed to the same concentration indoors as outdoors (a very 

conservative assumption), that soils within an area have unlimited erosion potential, that emissions 

can be estimated from mean annual windspeed and vegetative cover, and that dispersion 

concentrations can be estimated from source area, downwind distance to receptors, and region- 

wide meteorological factors. Additionally, expected exposure to fugitive dust is based on a default 

PEF as provided in EPA’s Soil Screening Guidance (EPA, 1996c). The effect of this uncertainty is 

expected to be low based on the fact that carcinogenic and noncarcinogenic risks were several 

orders of magnitude less than exposure via ingestion and dermal adsorption pathways. 
,-. . 
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l The model for dermal exposure to soil and sediment assumes that only a very thin, constant 

thickness layer of solid media is available for contaminant transfer to the stratum comeum and that 

a constant amount of contaminant, proportional to the soil or sediment concentration, will be 

absorbed per unit area of skin and per exposure event. However, adherence to skin varies with 

such factors as particle size, soil type, and organic carbon content. As estimated by EPA (1992e), 

the absorbed dennal 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. 

l Prediction of absorption rates for lipophilic compounds is difficult due to, among other reatsons, the 

possibility of a second absorption pathway that depends on the lipid content of the stratum comeum 

at the application site. Experimental determination of absorption rates indicates that interspecies 

differences are considerable, which, along with other variability’s related to condition and age of 

skin, differences in lag time, and site of application effects, yields appreciable uncertainty in 

estimated dermal exposures by using published chemical-specific permeation functions. In 

addition, literature data indicate a variation by as much as a factor of 300 in chemical absorption 

rates for skin in different anatomical areas of the body. It should also be noted that children 

generally have greater absorption rates than adults. 

l Exposure assumptions can add uncertainty into the risk assessment process based on input values 

selected for each exposure route. The rationale for each assumption was provided in each table of 

input parameters. Receptor characteristics, such as age and skin surface areas, are based on 

published values. Conservative values (based on reasonable maximum exposure or professional 

judgment) are used in most exposure equations, except where average values are expected to 

better correspond to actual site conditions. 

6.6.3 Uncertainties Associated with Dose-Response Assessment 

The major uncertainties associated with Dose-Response Assessment are listed below. 

l There is uncertainty associated with the RfDs and SFs. The uncertainty results from the 

extrapolation of animal data to humans, the extrapolation of carcinogenic effects from the laboratory 

high-dose to the environmental low-dose scenarios, and interspecies and intraspecies variations in 

toxicological endpoints caused by chemical exposure. The use of EPA RfD values is generally 

considered to be conservative because the reference doses are based on no-effect or lowest- 

observed-effect levels and then further reduced with uncertainty factors to increase the margin of 

safety by a factor in the neighborhood of 10 to 1 ,OOO-fold. 
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l The RfDs and SFs of some chemicals have not been established, and therefore toxicity could not ,___ 

be quantitatively assessed. In most cases, where RfDs were unavailable for carcinogens, the 

carcinogenic risk is considered to be much more significant since carcinogenic effects usually occur 

at much lower doses. 

l The uncertainty associated with the dermal exposure risk estimates is high because of the 

derivation of the dermal slope factor and reference dose. The dermal toxicity factors are based 

on default oral absorption factors. This can result in an over- or underestimation of the toxicity 

factors. It can cause the dermal exposure to be a primary contributor to the cumulative cancer 

risk and/or hazard index. The uncertainty associated with the dermal exposure route may 

overestimate the risk posed by Site 8. 

l Dermal carcinogenic risks were not estimated for PAHs. EPA (1989a) states that it is 

inappropriate to use the oral slope factor to evaluate the risks associated with dermal exposure to 

carcinogens such as benzo(a)pyrene, which cause cancer through direct action at the point of 

application. The uncertainty associated with not quantitatively evaluating these chemicals may 

underestimate the carcinogenic risk at Site 8. 

l Nonthreshold (carcinogenic) effects are extrapolated from the high doses administered to 

laboratory animals to the low doses received under more common human exposure scenarios. 

-.- 

e Results of laboratory animal studies are extrapolated to human or environmental receptors. 

l There is considerable interspecies variation in toxicological endpoints used in characterizing 

potential health effects resulting from exposure to a chemical. 

l There is considerable variability in sensitivity among individuals of any particular species. 

l Short-time toxicological studies are used to predict long-term effects. 

As discussed in Section 6.4, established RfDs have an inherent amount of uncertainty. Uncertainty 

factors for RfDs used in this HHRA are presented in Table 6-20 and 6-21. Some chemical specific 

uncertainties should be noted as follows: 

l Although the more restrictive basis for evaluating risk associated with exposure to arsenic is to 

assume it is a carcinogen, carcinogenic effects are not the primary health effects expected to be _I;, 

manifested upon exposure to arsenic. The preponderance of scientific information indicates that 

humans are capable of metabolizing arsenic to expedite its elimination from the body (ATSDR, 
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1988). Its elimination from the body obviously mitigates the possibility for arsenic to manifest 

carcinogenic effects. Therefore, evaluating arsenic as a noncarcinogen would be more 

appropriate. [Specifically, the body methylates the arsenic to form monomethyl arsenic and 

dimethyl arsenic. There is a limited capacity for the body to metabolize methylate arsenic, but 

this limit is generally reached when the body’s intake of arsenic approximately exceeds 500 

ug/day. Concentrations of arsenic in surface soil for potential receptors evaluated in this HHRA 

result in intakes that are well within the body’s ability to metabolize arsenic. Although some 

humans may be more sensitive to arsenic, in that they are “poor methylators,” the average 

exposure concentration for the site is more than three orders of magnitude below the normal limit 

of metabolic saturation and is most likely below levels that would trigger responses in fsensitive 

individuals.] 

l In nature, chromium (III) predominates over chromium (VI) (Lang&d and Norseth 1986). Little 

chromium (VI) exists in biological materials, except shortly after exposure, because reduction to 

chromium (Ill) occurs rapidly. Toxicity criteria are available for two different forms of chromium, 

the trivalent state and the hexavalent state, the latter which is considered to be more toxic. 

However, at Site 8 chromium speciation was not available for sampled media. Therefore, it was 

conservatively assumed that chromium is present in the hexavalent form. This would tend to 

overestimate the noncarcinogenic risks at the site. 

Three contaminants; benzo(g,h,i)perylene (surface and subsurface soil), phenanthrene (surface and 

subsurface soil), and 2-nitrophenol (subsurface soil) did not have listed toxicity values for use in the 

quantitative risk assessment; therefore, COPC selection and risks were not estimated for exposure to 

these chemicals. The uncertainty associated with not estimating quantitative risks for these chemicals is 

discussed qualitatively below: 

l Benzo(g,h,i)perylene was detected in 8 of 18 surface soil samples at a maximum concentration of 

410 ug/kg and 1 of 23 subsurface soil samples at a concentration of 80 J ug/kg. The exclusion of 

benzo(g,h,i)perylene could potentially underestimate the carcinogenic and/or noncarcinogenic 

risk at Site 8. Benzo(g,h,i)perylene was detected at concentrations lower than the major PAHs 

detected in surface and subsurface soil. Due to the low levels of risk associated with PAHs at the 

site, the relative levels of benzo(g,h,i)perylene as compared to other PAHs, and the infrequency 

of detection in subsurface soil, the exclusion of benzo(g,h,i)perylene is not expected to have a 

significant impact on the surface soil and subsurface soil risks; however, without further toxicity 

information this remains unknown. 

l Phenanthrene was detected in 10 of 18 surface soil samples at a maximum concentration of 

2,100 ug/kg and 1 of 23 subsurface soil samples at a concentration of 180 J ug/kg. The 

exclusion of phenanthrene could potentially underestimate the carcinogenic and/or 
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noncarcinogenic risk at Site 8. Phenanthrene was detected at concentrations similar to the major 

PAHs detected in surface soil. Phenanthrene was detected at concentrations lower than the 

major PAHs detected in subsurface soil. Due to the low levels of risk associated with PAHs at the 

site, the relative levels of phenanthrene as compared to other PAHs, and the infrequency of 

detection in subsurface soil, the exclusion of phenanthrene is not expected to have a significant 

impact on the surface soil and subsurface soil risks; however, without further toxicity information 

this remains unknown. 

‘- 

l 2-Nitrophenol was detected in 1 of 19 subsurface soil samples at a concentration of 42 J ug/kg. 

The exclusion of 2-nitrophenol could potentially underestimate the carcinogenic and/or 

noncarcinogenic risk at Site 8. Due to the infrequency of detection in subsurface soil, the 

exclusion of 2-nitrophenol is not expected to have a significant impact on the surface soil and 

subsurface soil risks; however, without further toxicity information this remains unknown. 

6.6.4 Uncertainties Associated with Risk Characterization 

Major uncertainties associated with Risk Characterization are listed below. 

.- 
l ICRs and HIS are summed for all potential COPCs and for all applicable routes of exposure. 

Summing the risks implies that no antagonistic or synergistic effects exist between chemicals. It 

also assumes that similar mechanisms of action and metabolism are prevalent. Therefore, the 

use of this approach may either underestimate or overestimate the risks, depending on the 

chemical-specific interactions, which cannot be predicted. The direction of the uncertainty cannot 

be defined, but the methodology used is based on current EPA guidance. 

l Risks to any individual may also be overestimated by summing multiple assumed exposure 

pathway risks for any single receptor. Although every effort was made to develop reasonable 

scenarios, not all individual receptors may be exposed via all pathways considered. 

The IEUBK model accounts for the multimedia nature of lead exposure, incorporates absorption and 

‘pharmacokinetic information, and allows the risk manager to consider the potential distributions of exposure 

and risk likely to occur at a site (the model goes beyond providing a single point estimate output). Although 

uncertainties are associated with blood lead modeling using the IEUBK model, these uncertainties are 

considered lower than those that conceivably would result from similar lead evaluations performed using a 

traditional toxicity slope-based approach. Important uncertainties and limitations in the use of the IEUBK 

model are listed below. _-- 
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The total carcinogenic risks posed by surface soil to the residential child and lifetime resident were 

2.26 X 1 Oe5 and 2.94 X 1 Oe5, respectively. 

l The IEUBK model uses a default of 30 percent lead absorption from soil. However, the 

bioavailability of lead from different sources may be variable due to differences in lead speciation, 

particle size, and mineral matrix and may also vary as a function of physiological parameters such 

as age, nutritional status, gastric pH, and transit time. For example, lead absorption from paint 

chips in soil may be different than lead absorption from other chemical forms. 

l Blood lead variability in the IEUBK model is characterized by a single number, the geometric 

standard deviation, which is set to a default value of 1.6. This value represents the aggregate 

uncertainty in all sources of population variability, including biological, uptake, exposure, sampling, 

and analytical components. 

-. 

l Child blood lead level predictions obtained using the IEUBK model reflect only the contributions of 

sources entered into the model and do not take into account any existing body burden that may be 

the result of prior exposures or any exposures that may have taken place at alternate Ilocations 

away from the household or neighborhood level, such as parks or daycare centers. 

6.7 HHRA CONCLUSIONS FOR SITE 8 

No estimated carcinogenic risks or noncarcinogenic risks above EPA’s target risk levels of 1 x lOA and 

1.0, respectively, were present under scenarios evaluated for COPCs in surface soil, subsMace soil, 

sediment, and surface water (both total and dissolved inorganics) in this HHRA. These are the highest 

carcinogenic risks identified under reasonably anticipated potential land uses. These risks fall within 

EPA’s target risk range of 1 X lOa to 1 X 10s6 and therefore may be considered acceptablle. The 

estimated cancer risks associated with the most likely future land use scenario (industrial) were within the 

target risk range. Additionally, the casual user exposure scenarios yielded cancer risks that are at the 

lower end or below the target risk range. Finally, the recreational exposure scenario yielded cancer risks 

that were at the lower end or below the target risk range. The estimated percentage of residential 

children exposed to surface soil with a blood lead level above 10 ug/dl (0.35%) is below EPA’s protective 

level cutoff of 5%. Therefore, lead levels in soils do not present an unacceptable risk. 

6.8 ECOLOGICAL RISK ASSESSMENT 

Ecological receptors on- or off-base, such as aquatic and semi-aquatic biota, may be at nsk from 

contaminants released from Site 8. Accordingly, a screening-level ERA was performed to characterize the 

potential risks from site-related contaminants to ecological receptors that inhabit the installation area. The 

ERA was conducted for Site 8 in accordance with EPA guidance (EPA, 1994c, 1994d, 1997c). 
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Representative exposure point contaminant concentrations in surface water and sediment were compared 

to benchmark toxicity values (BTVs) that are protective of ecological receptors near the site. Potential risks 

to ecological receptors were investigated in the form of environmental effects quotients (EEQ) values, which 

are the ratio of the representative contaminant concentration to the BTV. EEQ values were summed in 

each medium at each site to generate environmental effects index (EEI) values. Risks were considered 

possible when an EEQ or EEI value was greater than I, but other quantitative and qualitative factors were 

investigated to more fully assess potential risks. 

6.8.1 ERA Approach 

This section provides an outline of the general approach that was taken to assess the impacts of site 

contamination on ecological receptors and the habitats that support these organisms. This assessment 

generally followed a two-step process, as follows: 

Step 1: Preliminary Problem Formulation and Ecological Effects Characterization 

. Preliminary Problem Formulation (Section 6.8.2) - This is the first phase of an ERA, which 

discusses the goals, breadth, and focus of the assessment. It includes a general description of 

Site 8 with emphasis on the habitats and ecological receptors present. This phase also involves 

characterization of contaminant sources and migration routes, evaluation of routes of contaminant 

exposure, and selection of ecological contaminants of potential concern (COPCs). Assessment 

and measurement endpoints that will be evaluated are also selected. Finally, a conceptual model 

is developed that describes how contaminants associated with Site 8 may come into contact with 

ecological receptors. 

. Ecological Effects Characterization (Section 6.8.3) - In this component, medium-specific ecological 

benchmarks for each COPC (i.e., concentrations of each contaminant above which adverse 

effects to ecological receptors may occur) are identified. This step is undertaken concurrently with 

the exposure assessment described below. 

Step 2: Preliminary Exposure Assessment and Risk Characterization 

. Preliminary Exposure Assessment (Section 6.8.4) - This portion of the ERA includes the 

identification of the data used to represent concentrations of contaminants to which ecological 

receptors may be exposed in various media and the actual selection of exposure point 

contaminant concentrations from those data. 
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. Risk Characterization (Section 6.8.5) - In this step, exposure point concentrations are compared to 

benchmarks in order to characterize potential risk to ecological receptors of concern from 

contaminant exposure. COPCs found to pose potential risk after these comparisons are placed 

on a list of ecological contaminants of concern. 

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

the ERA can be addressed (Section 6.8.6). The above process, described in further detail below, 

represents the general ERA approach and is a summation of EPA Region III BTAG-recommended ERA 

guidelines (EPA, 1994d), which served as the basis for the ERA methodology (Figure 6-2). Furthermore, 

the ERA was conducted in accordance with other available ERA guidance documents (EPA, 1992g; 

Wentsel et al., 1994) and recent publications (Suter, 1993; Calabrese and Baldwin, 1993). Due to the 

potential complexity of ERAS, they are often conducted using a tiered approach and punctuated with 

scientific/management decision points (SMDPs), which are meetings involving the risk assessors, risk 

managers, and client to control costs, prevent unnecessary analyses, and ensure that the ERA is 

proceeding in an efficient, timely manner. Information analyzed in one tier is evaluated to determine 

whether the objectives of the study have been met and then may be used to identify the data required for 

the next tier, if necessary. This ERA can be considered a “screening-level” assessment, or “Tier 1” 

assessment, since it is based on only a conservative initial screening of contaminant concentrations against 

contaminant-specific benchmarks (EPA, 1994d). Tier 2 and Tier 3 assessments, referred to as “semi- 

quantitative” and “quantitative” assessments, respectively, are more focused studies that incorporate the 

initial screening but also encompass detailed laboratory and field studies or extensive modeling (EPA, 

1994d). The same process summarized above was used to assess potential ecological risks for Site 8. 

6.8.2 Preliminary Problem Formulation 

Site 8 is located along the south side of Kirk Road. The site is drained by a concrete swale that discharges 

directly into an intermittent drainageway which is channeled and flows to the north on the north side of Kirk 

Road. The culvert for the swale runs underneath Kirk Road and between Werner Park and a residential 

zone (Figure l-3). Trees line the top of the drainageway on the north side of the road, with maintained 

lawns to the west and grass, gravel, and blacktop (Werner Park) to the east. The intermittent drainageway 

joins a small, perennial stream approximately 750 feet north of the Kirk Road culvert, and the stream then 

flows to the northwest through a forested area. The perennial stream originates in the vicinity of Site 4. 

Therefore, surface water and sediments in the stream may reflect the influences of Site 4 as well as Site 8. 

6.8.2.1 Description of Ecological Setting and COPCs 

A relatively large forested area borders the stream to the east and southeast. This undisturbed forested 

area extends back along the stream to Kirk Road near Site 4, and this contiguous wooded area offers the 
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most secluded and physically diverse habitat observed during the biological characterization. Snails, 

earthworms, and amphipods (Hyallela sp.) were observed in sediments and leaf packs, as were small 

numbers of mayfly larvae (Ephemeroptera). Various songbirds were observed, and signs of rabbits 

(Sylvilagus sp.), raccoons, and white-tailed deer (Odocoileus virginianis) are found in the downstream 

portion of Area C. No rare, threatened, or endangered species are known to occur on or near Area C (TNC, 

1992). 

Precipitation runoff in the swale near Site 8 may carry constituents to nearby surface water and sediiments in 

the tributary to the north. Infiltrating precipitation may cause the contamination of subsurface soil and 

groundwater at Area C, but groundwater does not appear to discharge to the stream north of Site 8. 

Since most of Site 8 and the surrounding area is composed of asphalt or mowed grass, no significant 

terrestrial habitat is present. Hence, the tributary of Little Neshaminy Creek is the focus of the assessment 

and many terrestrial exposure routes were not applicable. However, terrestrial receptors may come into 

contact with contaminants in surface water by using it for drinking water, although this exposure route 

represents a negligible portion of total exposure for most receptors. Aquatic and semi-aquatic organisms 

inhabiting the unnamed tributary of Little Neshaminy Creek and the surrounding riparian habitats may be 

exposed to contaminants via direct contact with surface water and sediments, incidental ingestion of surface 

water and sediments, and consumption of contaminated food items. However, potential risks to semi- 

aquatic receptors were investigated only qualitatively. 

Descriptions of habitat types and ecological receptors downgradient from Site 8 presented in Section 3.6. 

These encompass both aquatic and terrestrial habitats, although aquatic habitats were the only habitats 

quantitatively assessed in this ERA. Wetlands on and near the installation were assessed in 1994 (HNUS, 

1994d), and the results were incorporated into Section 3.6. Data from a base species inventory were also 

utilized in this ERA (TNC, 1992), as are the results of biological characterizations conducted at the base 

during 1990 media sampling for this study. An evaluation of threatened and endangered species on and 

around the three areas was also provided, in accordance with Endangered Species Act (ESA) 

requirements. ARARs pertinent to this assessment are listed below: 

l Executive Order 11988, Protection of Floodplains. 

l Executive Order 11990, Protection of Wetlands. 

l Clean Water Act (Section 404 40 CFR 230.10). 

l Migratory Bird Treaty Act (16 USC 703 et seq.). 

l Fish and Wildlife Coordination Act (16 USC 661 et seq.) 

l Endangered Species Act (16 USC 1531 et seq.). 

l Federal Water Quality Criteria. 
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To select ecological COPCs, a screen of the RI surface water and sediment sample results was performed. 

Calcium, magnesium, potassium, and sodium were excluded as COPCs in all media, since they are 

essential nutrients that are toxic only in extremely high concentrations. Also, contaminants that were 

detected in 5 percent or less of the samples collected in a given medium at each area were initially excluded 

as COPCs. 

,,- 

6.8.2.2 Potential Release Pathways and Exposure Routes 

The potential release pathways evaluated for Site 8 include combustion, volatilization, wind erosion, 

overland runoff, and infiltration of contaminants. Constituents in the site soil may volatilize from surficial 

material or become airborne via resuspension. Contaminated fugitive dust may also be generated during 

ground-disturbing activities, such as construction or excavation. These contaminants are dispersed in the 

surrounding environment and transported to downwind locations where they may re-partition to surface soil, 

surface water, or sediment through gravitational settling, precipitation, and deposition. Nonetheless, 

combustion and volatilization are assumed to represent a negligible release pathway at Site 8 since surface 

soils account for a minor portion of contaminated media and open burning activities have ceased. 

For the most part, the relevant contaminant migration pathways for Site 8 are aquatic since little or no 

terrestrial habitat is located at those areas or no contaminant migration pathways to terrestrial habitats exist. 

Precipitation runoff or stormwater outfalls may carry constituents to nearby surface waters, sediments, and 

soils. Infiltrating precipitation may cause the contamination of subsurface soil and groundwater. 

Contaminants with a stronger tendency to adsorb to organic matter in a soil are expected to migrate at a 

slower rate. 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 may be subsequently deposited in sediment or they may 

accumulate in the tissues of aquatic organisms. 

-- 

Site 8 and the nearby unnamed tributary present several possible contaminant exposure routes. Since the 

focus was mainly aquatic environments, most terrestrial exposure routes were not applicable. However, 

terrestrial receptors may come into contact with contaminants in surface water by using it for drinking water, 

although this exposure route represents a negligible portion of total exposure for most receptors. Exposure 

to contaminants in riparian soils via dermal contact may occur but is unlikely to represent a major exposure 

pathway because fur, feathers, and chitinous exoskeletons minimize transfer of contaminants across dermal 

tissue. 

Aquatic and semi-aquatic organisms inhabiting the study may be exposed to contaminants via direct contact 

with surface water and sediments, incidental ingestion of surface water and sediments, and consumption of 
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contaminated food items. Aquatic and semi-aquatic organisms may also be exposed to constituents from 

contaminated groundwater that flows into surface water. 

6.8.2.3 Measurement Endpoints and Ecological Risk Model 

As discussed in EPA (1997c) and Wentsel et al. (1994) one of the major tasks in problem formulation is the 

selection of assessment and measurement endpoints. An assessment endpoint is defined as “am explicit 

expression of actual environmental values that are to be protected” (EPA, 1997~). Measurement endpoints 

are “measurable ecological characteristics that are related to the valued characteristic chosen as the 

assessment endpoint” (EPA, 1997c). For this ERA, the most appropriate assessment endpoint was the 

maintenance of aquatic receptor populations. Therefore, the specific objectives of this assessment were to 

determine if exposure to contaminants present in the surface water and sediments near Site 8 is likely to 

result in declines in ecological receptor populations. Declines in populations could result in a shift in 

community structure and possible elimination of resident species from aquatic environments. 

As indicated above, measurement endpoints are related to assessment endpoints, but these endpoints are 

more easily quantified or observed. In essence, measurement endpoints serve as surrogates for 

assessment endpoints. While declines in populations and shifts in community structure can be quantified, 

studies of this nature are generally time consuming and difficult to interpret. However, measurement 

endpoints indicative of observed adverse effects on individuals are relatively easy to measure in toxicity 

studies and can be related to the assessment endpoint. For example, contaminant concentrations that lead 

to decreased reproductive success or increased mortality of individuals in toxicity tests could, if found in the 

environment, result in shifts in population structure, potentially altering the community composition 

associated with the three areas investigated in this ERA. 

For surface water, the measurement endpoints were contaminant concentrations in surface water 

associated with adverse effects on growth, survival, and reproduction of aquatic organisms (surface water 

benchmark values). For sediments, the measurement endpoints were contaminant concentrations in 

sediment associated with adverse effects on growth, survival, and reproduction of benthic organisms 

(sediment benchmark values). 

Semi-aquatic receptors, such as piscivorous mammals, may also be exposed to aquatic contaminants. 

However, the investigation of potential risks to those receptors is more complex and is beyond the scope of 

this initial screening. Nonetheless, the determination of potential risks to aquatic receptors, as reflected in 

the measurement endpoints described above, may indirectly indicate potential risks to semi-aquatic 

receptors. For example, potential risks to aquatic receptors from bioaccumulatable contaminalnts may 
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indicate potential risk to semi-aquatic receptors that feed on them. Therefore, endpoints and potential risks 

for semi-aquatic receptors will be qualitatively assessed in this ERA. 

A conceptual ecological risk model was formatted to identify potentially exposed receptor populations and 

applicable exposure pathways, based on the physical nature of the site and the potential contaminant 

source areas. Actual or potential exposures of ecological receptors associated with Site 8 were determined 

by identifying the most likely pathways of contaminant release and transport. A complete exposure pathway 

has three components: a source of contaminants that can be released to the environment, a route of 

contaminant transport through an environmental medium, and an exposure or contact point for an ecological 

receptor. The conceptual ecological model for the site is presented in Figure 6-3. 

Ecological Effects Characterization 

For this ERA, ecologically based benchmark toxicity values (BTVs or “benchmarks”), concentrations of 

contaminants in various media protective of ecological receptors, were selected to screen exposure point 

concentrations of COPCs in surface water and sediment to determine if they should be retained as COPCs. 

Methods used for the selection of media-specific benchmarks used in this ERA are provided below. 

_- 

Actual exposures of aquatic receptors to COPCs were assumed to be primarily chronic (long-term) 

exposures, usually at sublethal concentrations. For this ERA, benchmark values used to identify surface 

water COPCs were chronic screening values, primarily federal AWQCs presented as EPA Region Ill BTAG 

screening levels (EPA, 1995b) or in 40 CFR Part 131, March 4, 1995. AWQCs are ARARs and are 

protective of a wide variety of sensitive species. Only total metals in surface water were assessed. Surface 

water benchmarks used in this ERA and their sources are presented in Table 6-84. 

BlVs for sediment-dwelling organisms were gathered from the most widely accepted guidance. EPA 

Region Ill BTAG screening levels were preferentially used; these are primarily Effects Range-Low values 

from NOAA (Long et al., 1995; Long and Morgan, 1989). When values were not available from these 

sources, BlVs were obtained from Washington Department of Ecology (1991) and the Ontario Ministry of 

the Environment sediment guidelines (MOE, 1993). Sediment benchmarks used in this assessment are 

summarized in Tables 6-85 and 6-86. Although total organic carbon (TOC) data were available, the 

calculation of site-specific sediment benchmarks using TOC was beyond the scope of this initial screening. 

However, site-specific TOC data and their relation to sediment toxicity at each site are discussed 

qualitatively in area-specific sections, along with sediment grain size data. 
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TABLE 6-64 

DATA SUMMARY FOR SURFACE WATER INORGANICS (TOTAL METALS) - SITE 6 

NAWC WARMINSTER, PENNSYLVANIA 

wu 

CONTAMINANT OF BACKGROUND SITE-RELATED BENCHMARK 

POTENTIAL FREQUENCY OF RANGE OF FREQUENCYOF RANGE OF EXPOSURE (w) 

CONCERN DETECTION POSITIVE DETECTION DETECTION POSITIVE DETECTION CONCENTRATION 

BARIUM II 2 60 II 1 93 93 looo(1) 

MANGANESE 112 6.3 II 1 159 159 14600 (2) 

1: Region It1 BTAG acute freshwater screening level (August 9. 1995): acuta sueming IevsVlO. 

2: Region Ill BTAG chronic screening twet (August 9, 1995). 
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TABLE 6.85 

DATA SUMMARY FOR SEDIMENT INORGANICS -SITE 8 

NAWC WARMINSTER, PENNSYLVANIA 

CONTAMINANT BACKGROUND 

OF POTENTIAL FREQUENCYOF RANGE OF 

CONCERN DETECTION POSITIVE DETECTION 

ARSENIC 212 2.3 - 2.8 

BARIUM 213 31.4 - 40.6 

BERYLLIUM 212 0.52 - 0.62 

CADMIUM NOT DETECTED 

CHROMIUM (TOTAL) 313 7.7 - 11.7 

COPPER 212 5.4 - 7.5 

LEAD 213 9.8 - 24.6 

MANGANESE 313 144 - 220 

NICKEL 212 4.4 - 6 

VANADIUM 313 11.8 - 13.6 

ZINC 313 32.9 - 57.2 

FREQUENCY OF 

DETECTION 

212 

213 

212 

II 1 

313 

212 

313 

313 

212 

313 

313 

SITE-RELATED 

RANGE OF 

POSITIVE DETECTION 

3.4 4.2 - 

49.8 74.6 - 

0.65 0.95 - 

0.2 

14 20.5 - 

19.5 34.6 - 

20.4 38.5 - 

307 - 848 

10 10.6 - 

18 34.2 - 

59 78.5 - 

EXPOSURE 

CONCENTRATION 

4.2 

74.6 

0.95 

0.2 

20.5 

34.6 

36.5 

848 

10.6 

34.2 

78.5 

BENCHMARK 

OwW 

(1) 
8.2 (ER-L) (2) 

500 (3) 

NA 

1.2 (ER-L) (2) 

81 (ER-L) (2) 

34 (ER-L) (2) 

46.7 (ER-L) (2) 

460 (LEL) (4) 

20.9 (ER-L) (2) 

NA 

150 (ER-L) (2) , 

NA = Benchmark not available. 

ER-L = Effeds Range-Low; value from data based on studies conducted primarily on coastal marine and estuartne environments. 

LEL = Lowest Effect Level; level of omtaminatton tolerated by the majority of benthic organisms. 

1: Benchmarks are for freshwater sediments. unless otherwise indicated. 
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TABLE 6-86 

DATA SUMMARY FOR SEDIMENT ORGANICS -SITE 8 

NAWC WARMINSTER, PENNSYLVANIA 

Wkg) 

CONTAMINANT 

OF POTENTIAL 

OF DETECTION OSITIVE DETECTI 

DIBENZOFURAN NOT DETECTED 1 I2 72 72 NA 

FLUORANTHENE 2 I2 1630 - 3400 212 670 - 1200 1200 398 (ER-L) (2) 

FLUORENE 2 I2 160 - 160 1 I2 140 140 19 (ER-L) (2) 

PYRENE 2 I2 1360 - 2900 2 I2 540 - 1400 1400 665 (ER-L) (2) 

NA = Benchmark not aveileble. 

AET = Apparent Effects Threshold Value es developed for Puget Sound, State of Washington. 

ER-L = Effects Renge-Low; value from data based on studies conducted primarily on coastal marine end estuadne envimnments. 

1: Benchmarks are for freshwater sediments, unless otherwise indicated 

2: Region Ill BTAG fauna screening level (August 9. 1995). 

3: NOAA, 1994 NOAA Screening Guidelines for Organics end Inorganic% Quick Reference Cards. HAZMAT REPORT 94-8. 

4 USEPA (1996) 
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6.6.4 Preliminary Exposure Assessment 

Data used to obtain exposure point contaminant concentrations used for this ERA were those generated 

during RI fieldwork. The maximum detected contaminant concentrations or the 95 percent UCL were used 

as exposure point concentrations in surface water and sediment, in accordance with EPA Region III BTAG 

guidelines for data usage in ERAS (1994d). Since most of the 95 percent UCL values were less than 80 

percent of the maximum detected value, the maximum was used in almost all cases, as recommended by 

EPA Region ill BTAG (1994d). Background data are presented for comparative purposes and were 

obtained from facility-wide background sampling. Detailed descriptions of sampling locations, data 

validation, data treatment, and data selection were presented in previous sections. Site-specific sampling 

data for the unnamed tributary near Site 8 are summarized in Sections 4.6 and 4.7. 

Figure 6-3 

6.6.5 Risk Characterization 

,- 

As identified by EPA, the second step in the ecological risk assessment process compares exposure point 

contaminant concentrations with benchmark concentrations protective of ecological receptors. Qnce this 

step was completed for this study, the results were reviewed to determine whether little or no ecological risk 

is associated with activities on the installation or additional information must be generated to verify that 

ecological receptors are at risk. The ratio of the exposure point contaminant concentration to the 

benchmark value is called the Ecological Effects Quotient (EEQ) and is defined as follows: 

EEQi = EPC@T& 

where: EEQi = Ecological Effects Quotient for COPC “i” (unitless) 

EPCr = Exposure Point Concentration for COPC “i” (ug/l or mg/kg) 

BTVi = Benchmark Toxicity Value for COPC “i” (ug/l or mg/kg) 

When the ratio of the exposure point concentration to its respective benchmark value exceeded 1.0, 

adverse impacts were considered possible and the COPC was retained. The EEQ value should not be 

construed as being probabilistic; rather, it is a numerica; indicator of the extent to which an exposure point 

concentration exceeds or is less than a benchmark. When EEQ values exceed ? .O, it is an indication that 

ecological receptors are potentially at risk; additional evaluation or data may be necessary to confirm with 

greater certainty whether ecological receptors are actually at risk, especially since most benchmarks are 

conservatively derived. Furthermore, other factors, such as low frequency of detection, may mitigate 

potential risks for a COC with an elevated EEQ value. As a result of the conservatism inherent in most 

benchmark derivation, EPA Region III (1994d) has suggested that EEQs greater than one are indicative of 
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low to moderate potential risk; EEQs greater than 10 are indicative of moderate potential risk: and EEQs 

greater than 100 are indicative of high potential risk. 

The use of EEQs is probably the most common method used for risk characterization in ERAS. Advantages 

of this method, according to Barnthouse et al. (1986) include the following: 

l The EEQ method is relatively easy to use, is generally accepted, and can be applied to any 

data. 

l The method is useful when a large number of contaminants must be screened. 

This method of risk characterization has some inherent limitations. One primary limitation is that it is a 

“no/maybe” method for relating toxicity to exposure. That is, it uses single values for exposure 

concentrations and benchmark values and does not account for the variability in both these parameters or 

for incremental or cumulative toxicity. To address cumulative toxicity, EEQs were summed for all 

contaminants in a given medium to obtain an Ecological Effects Index (EEI). Although similar to an EEQ in 

that an EEI value of one or greater indicates potential risk, the EEI should be interpreted with caution. The 

EEI value may exacerbate the preceding uncertainties in the assessment. For example, most of an EEI 

value may be due to a single contaminant that has a high EEQ but a low frequency of detection. Also, 

ecological toxicity is not necessarily additive. As mentioned above, multiple contaminants may have 

synergistic, and even ameliorating, effects. Different types of contaminants also have different target organs 

and modes of action, confounding additive effects. 

The comparisons described above are presented in area-specific screening tables to select COCs in 

surface water and sediment in each individual area assessment section. In addition, a data summary table 

is presented for surface water and sediment data at each area. Data summary tables include the frequency 

of detection for each COPC, as well as the range of detections, exposure point concentration, and, as 

mentioned earlier, contaminant-specific benchmarks and their sources. Background values are also 

presented on data summary tables for comparative purposes. These values need to be taken into account 

when making risk management decisions, since concentrations of inorganic contaminants can be naturally 

elevated and exceed screening values. Qualitative discussion is provided when inorganic contaminants that 

were retained as COCs were present in concentrations comparable to background. Some contaminants 

were present in some media for which no suitable benchmark values were available. In these instances, 

these contaminants were conservatively retained as COCs and qualitatively assessed. 

Data used to obtain representative exposure point contaminant concentrations were those generated from 

RI sampling activities. Sampling locations are shown in Figure 6-3. Site 8 surface water and sediment 

data are summarized in Tables 6-84 through 6-86. Sample-specific data are presented in Appendix A. 
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No total inorganic COPCs in surface water for Site 8 exceeded BTvs (Table 6-87) and EEI values were 

negligible. No organics were detected in surface water. 

For inorganics in sediments, copper and manganese slightly exceeded BWs and were retained as COPCs, 

and the EEI value for inorganics was 5.79 (Table 6-88). Beryllium and vanadium were conservatively 

retained as COPCs since no suitable BTVs were available. Of the sediment organic COCs, several PAHs 

exceeded BTVs and were retained, and the EEI value equaled 32.38 (Table 6-89). Two compounds, 

carbazole and dibenzofuran, were conservatively retained as COPCs since no suitable BTVs were 

available. 

6.6.6 Uncertaintv Analvsis 

Uncertainty is associated with all aspects of the ERA process. This section provides a summary of the 

uncertainties involved in this ERA, with a discussion of how they may affect the final risk values and 

conclusions. Once an ERA is complete, the results must be reviewed and evaluated to identify the types 

and magnitudes of uncertainties involved. Relying on results from a risk assessment without consideration 

of uncertainties, limitations, and assumptions inherent in the process can be misleading. If numerous 

conservative assumptions are combined in the ERA process, the resulting calculations will propagate the 

uncertainties associated with each of those assumptions. The resulting bias is toward overpredicting risks. 

Thus, both the results of the risk assessment and the uncertainties associated with those results must be 

considered when making risk management decisions. 

Generally, risk assessments carry two types of uncertainty: measurement and informational. Measurement 

uncertainty refers to the variability inherent in measured data. The risk assessment reflects the 

accumulated variances of the individual values used for several different parameters. Informational 

uncertainty stems from the limited availability of necessary information. Often the gap between what is 

needed and what is available is significant; information regarding the effects of some contaminants on 

wildlife receptors, the biological mechanism of a contaminant, the impact of physiological differences on 

exposure pathways, or the behavior of a contaminant in various environmental media is often absent. 

Uncertainty is associated with each of the ERA steps, including 

. Uncertainty in preliminary problem formulation can result from limited information regarding 

contaminant sources, release mechanisms, and exposure routes. 
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TABLE 6-88 

SELECTION OF ECOLOGICAL CONTAMINANTS OF CONCERN FOR SEDIMENT INORGANICS - SITE 8 

NAWC WARMINSTER, PENNSYLVANIA 

O’WW 

CONTAMINANT EXPOSURE 

OF POTENTIAL CONCENTRATION 

CONCERN 
ARSENIC 4.2 

IBARIUM 74.6 

BERYLLIUM 0.95 
CADMIUM 0.2 

CHRoMlUM 20.5 
COPPER 34.6 

LEA0 38.5 

MANGANESE 848 

NICKEL 10.6 

VANADIUM 34.2 
ZINC 76.5 

ECOLOGICAL EFFECTS INDEX (EEI) 

BENCHMARK ECOLOGICAL EFFECTS RETAINED 

(msks) QUOTIENT (EEQ) AS COC? 

(1) 
8.2 0.51 NO 

500 0.15 NO 

NA YES 

1.2 0.17 NO 

a1 0.25 NO 
34 1.02 YES 

46.7 0.82 NO 

480 1.84 YES 
20.9 0.51 NO 

NA YES 

150 0.52 NO 

5.79 

1. COPC was retained as a COC if the benchmark was exceeded or if no benchmark was available 

NA = No benchmark available 
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TABLE 6.69 

SELECTION OF ECOLOGICAL CONTAMINANTS OF CONCERN FOR SEDIMENT ORGANICS -SITE 8 

NAWC WARMINSTER, PENNSYLVANIA 

WW 

CONTAMINANT 

OF POTENTIAL 

CONCERN 

ACENAPHTHENE 

ACENAPHTHYLENE 

ANTHRACENE 

BENZ(A)ANTHRACENE 

BENZO(A)PYRENE 

BENZO(B)FLUORANTHENE 

BENZO(G,H,I)PERYLENE 

BENZO(K)FLUORANTHENE 

BlS(2-ETHYLHEXYL)PHTHALATE 

CARBAZOLE 

CHRYSENE 

DI-N-OCTYLPHTHALATE 

DlBENZ(A,H)ANTHRACENE 

DIBENZOFURAN 

FLUORANTHENE 

FLUORENE 

PYRENE 

ECOLOGICAL EFFECTS INDEX (EEI) 

EXPOSURE 

CONCENTRATION 

120 

60 

290 

720 

650 

620 

320 

370 

93 

1100 

470 

94 

140 

72 

1200 

140 

1400 

BENCHMARK ECOLOGICAL EFFECTS RETAINED 

hJms) QUOTIENT (EEQ) AS COC? 

(1) (1) 

16 7.50 YES 

44 1.36 YES 

65.3 3.40 YES 

261 2.76 YES 

430 1.51 YES 

3200 0.26 NO 

670 0.46 NO 

3200 0.12 NO 

1300 0.07 NO 

NA YES 

364 1.22 YES 

6200 0.02 NO 

63.4 2.21 YES 

NA YES 

600 2.00 YES 

19 7.37 YES 

665 2.11 YES 

32.36 

1: COPC was retained as a COC if the benchmark was exceeded or no benchmarkwas available 

NA = No benchmark available. 
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DRAFT 

carbazole and dibenzofuran, were conservatively retained as COPCs since no suitable BTVs were 

available. 

6.8.6 Uncertaintv Analvsis 

Uncertainty is associated with all aspects of the ERA process. This section provides a summary of the 

uncertainties involved in this ERA, with a discussion of how they may affect the final risk values and 

conclusions. Once an ERA is complete, the results must be reviewed and evaluated to identify the types 

and magnitudes of uncertainties involved. Relying on results from a risk assessment without consideration 

of uncertainties, limitations, and assumptions inherent in the process can be misleading. If numerous 

conservative assumptions are combined in the ERA process, the resulting calculations will propagate the 

uncertainties associated with each of those assumptions. The resulting bias is toward overpredicting risks. 

Thus, both the results of the risk assessment and the uncertainties associated with those results must be 

considered when making risk management decisions. 

Generally, risk assessments can-y two types of uncertainty: measurement and informational. Measurement 

uncertainty refers to the variability inherent in measured data. The risk assessment reflects the 

accumulated variances of the individual values used for several different parameters. Informational 

uncertainty stems from the limited availability of necessary information. Often the gap between what is 

needed and what is available is significant; information regarding the effects of some contaminants on 

wildlife receptors, the biological mechanism of a contaminant, the impact of physiological differences on 

exposure pathways, or the behavior of a contaminant in various environmental media is often absent. 

Uncertainty is associated with each of the ERA steps, including 

. Uncertainty in preliminary problem formulation can result from limited information regarding 

contaminant sources, release mechanisms, and exposure routes. 

. Uncertainty in the ecological effects characterization arises from the quality of the existing 

benchmark values and toxicity data to support a determination of potential adverse impacts 

to ecological receptors. 

Uncertainty associated with the exposure assessment includes the methods used and the 

assumptions made to determine exposure point concentrations. 

Uncertainty in risk characterization includes that associated with the potential effects of 

exposure to multiple contaminants and the cumulative uncertainty from combining 

conservative assumptions made in earlier activities. 
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. Uncertainty in the ecological effects characterization arises from the quality of the existing 

benchmark values and toxicity data to support a determination of potential adverse impacts 

to ecological receptors. 

l Uncertainty associated with the exposure assessment includes the methods used and the 

assumptions made to determine exposure point concentrations. 

. Uncertainty in risk characterization includes that associated with the potential effects of 

exposure to multiple contaminants and the cumulative uncertainty from combining 

conservative assumptions made in earlier activities. 

6.8.6.1 Uncertainty in the Preliminary Problem Formulation 

The site investigated in this ERA received contaminant inputs from more than one source, although initially 

contaminants are conservatively assumed to stem directly from area-related activities. The stream 

assessed in this ERA also receives contaminant inputs from runway runoff as well as from off-base sources, 

P--=. including residential developments and commercial businesses. Since contaminant concentrations may 
/ 

reflect inputs from many sources, uncertainties exist regarding whether risk characterized at a discrete area 

stems from area-related contaminants. Also, different sites and their contaminants may possess different 

contaminant exposure routes for ecological receptors. Difficulties and limitations exist in trying to obtain 

exposure routes for individual sites for individual receptors. Since exposure routes may be quite different for 

different species, risk may be over- or underestimated if this information is not known. 

6.8.6.2 Uncertainty in the Ecological Effects Characterization 

I--- 

A great deal of uncertainty in this risk assessment arises from the nature and quality of the available toxicity 

data used to derive BlVs. This uncertainty is reduced when similar effects are observed across species, 

strain, sex, and exposure route; when the magnitude of the response is clearly dose related; and when 

postulated mechanisms of toxicity are similar for laboratory and wildlife species. Most benchmark values 

are based on the most conservative assumptions possible. As such, though an inherent level of 

conservatism is needed in a screening-level ecological risk assessment to ensure that the most sensitive 

receptors are protected, conservative BTVs may heavily overestimate potential risks and the resulting EEQ 

values may be misleading. Both AWQCs and most sediment screening values used in this assessrnent are 

based on laboratory studies that do not take into account mitigating or ameliorating physical and chemical 

conditions in the environment. Therefore, uncertainty is introduced into the assessment, and the results 

tend to overestimate potential risks. 
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in addition, ERAS, unlike human health risk assessments, must consider risks to many different species. 

However, calculation of risk values for each potential receptor species is not possible. For this ERA, 

conservative BTVs protective of a wide range of ecological receptors were sought. The. underlying 

assumption associated with the use of these benchmarks is that contaminant concentrations in excess of 

these BTVs are indicative of potential impacts to actual receptors inhabiting the area. However, species- 

specific physiological differences that may influence an organism’s response to a contaminant or subtle 

behavioral differences that may increase/decrease a receptors contact with a contaminant are seldom 

known. Also, some contaminants were present in some media for which no suitable BTVs were available, 

and as a result, they could not be quantitatively assessed. For these reasons, the use of benchmark values, 

while necessary, will introduce error into the results of an assessment. 

6.8.6.3 Uncertainty in the Exposure Assessment 

Uncertainty in the exposure assessment arises mainly in the methods used to obtain exposure point 

concentrations. The maximum detected contaminant concentrations were generally used to represent 

the highest contaminant concentrations to which ecological receptors might be exposed. If the samples 

evaluated in this ERA are representative of contaminant concentrations associated with the station, then 

this approach is conservative and should overestimate potential risks to ecological receptors. The 

maximum concentration of a contaminant in a given medium may have been collected in a “hot spot” of 

contamination and may be much higher than the remaining values in the data set. Again, although use of 

maximum values is appropriate for screening in an ERA, they may grossly overpredict potential risks. 

^- 

6.8.6.4 Uncertainty in the Risk Characterization 

All aspects of the ERA process described in the above sections affect uncertainty in the risk 

characterization. Uncertainty in risk characterization also stems, in part, from the fact that this process does 

not fully or toxicologically consider antagonistic or synergistic effects. Little or no information is available to 

determine the potential for antagonism or synergism for the contaminants evaluated. As mentioned above, 

the EEI is only an additive measure of total potential risk. Toxicity may actually increase, or even decrease, 

geometrically based on synergistic or antagonistic effects. Additionally, contaminants that account for a 

large percentage of potential risk may be mitigated by several factors, including a low frequency of detection 

or elevated concentrations in areas with no significant habitat. For these reasons, the EEI can be used as a 

rough estimate of total risk, but it contains uncertainty and must be interpreted with caution. 

6.8.7 ERA CONCLUSIONS FOR SITE 8 

-. 

The focus of the ERA was potential contaminant inputs from Site 8 to the tributary of Little Neshaminy Creek 

north of Kirk Road, which receives runoff from Site 8. A stretch of the tributary is located in a heavily 
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wooded area, providing excellent habitat for terrestrial organisms, but no contaminant migration pathways 

exist to those terrestrial habitats. The tributary provides habitat for aquatic and semi-aquatic receptors, but 

a diverse aquatic community is not present, mainly due to the limited extent of habitat. 

Little to no ecological risk is present from inorganic or organic contaminants in surface water near Site 8. 

EEQ values for sediment inorganics were indicative of low potential risk to aquatic organisms, as, was the 

EEI value. No BWs were available for beryllium and vanadium in sediments, but these metals were 

present in reiatively low concentrations. Beryllium was detected in concentrations comparable to 

background and vanadium was detected in concentrations slightly above background. Potential risks to 

aquatic organisms from several PAHs and one phthalate compound in sediment were low to moderate. 

However, most of the elevated concentrations were present in sediment SampleCl 1, which was collected in 

the tributary just north of Kirk Road during 1990 Phase I activities. The same location was sampled during 

1992 Phase II activities (sample C12) and nearly all PAHs and phthalates that were detected in the Phase I 

samples were either not detected in the Phase II sample or present in concentrations one order of 

magnitude lower, and were generally near or below BTVs. Sediment samples Cl0 and C13, which were 

collected further downstream of samples Cl 1 and C13, were not evaluated quantitatively in this assessment 

since they may receive contaminant inputs from Site 4. Nonetheless, concentrations of PAHs and 

phthalates in Samples 3-A and 3-B were relatively low, indicating limited migration of organic contaminants 

in the tributary from Site 8 (and Site 4). In addition, runoff from Kirk Road may also contribute PAHs to the 

tributary. 

In summary, potential ecological risks were negligible due to contaminants in surface water in the tributary 

of Little Neshaminy north of Site 8. Potential risks from sediment organics were also low. Several PAHs 

and one phthalate compound significantly exceeded BTVs in a tributary sediment sample, but 

concentrations, and related potential risks, were much lower in a more recent sample collected at the same 

location. Moreover, concentrations of organics in sediment samples taken further downstream, 1:hat also 

receive potential contaminant inputs from Site 4, were relatively low. Aquatic habitat in the stretch of the 

drainageway near Site 8 is also generally limited, precluding significant potential exposure for fish and 

piscivorous receptors. For these reasons, ecological risks from Site 8 contaminants are low, and further 

study or remediation based on ecological concerns do not appear to be warranted. 
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APPENDIX A 

SURFACE SOIL SAMPLE DEPTHS - SITE 8 

SS-08-I 1 
SS-08-12 

Duplicate of SS-08-I 0 
I 

SS-08-13 I 0.5’ 
SS-08-14 0~6’ I 

t 
t SS-08-15 ii’ 

SS-08-16 0.5’ 
SS-08-17 2” 
SS-08-I 8 2” 
SS-08-I 9 1 5’ 

Duplicate of SS-08-14 

Phase II RI Sample 
Phase II RI Sample 

1.0’ 1 Duplicate of SS-08-28 / 

ication Sample I 
_ j-08-32 1 1.5-2.0’ 1 Verification Sample -- a- ^^ ~- --. 1 

1 

3;c5-uu-&3 Verification Sample 
ication Sample 1 

s-08-35 1 1.5-2.0’ I Verificatinn Swmnle 

ification Samde 1 
ication Sample 

38 
1 SS-08-39 

1 1.5-2.0’ 1 Verification Sam& 
I 1.5-2.0’ I Verificatinn 

) 1.5-2.0’ 1 
‘erification Sample 

SS-08-41 
12 t 1.5-2.0’ 1 

Verification Sample 
Verification Sam&e --.-.-.. _____ r 

j-08-43 
t SS-08-44 

1 1.5-2.0’ 1 Verification Samt 
1 1.5-2-O’ I Verificntinn 

SS-08-45 
ss-08-46 

1.5 - 2.0’ 
1.5 - 2.0’ 

- - . . . --_.-.. Sample 
Verificaf 

SS-08-47 1.5 - 2.0’ 
ss-08-48 0.2 - 0.5’ 

:ion Sample 
Verification Sample 1 

Duplicate of SS-08-33 
Verification Sample 
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APPENDIX A 

SURFACE SOIL SAMPLE DEPTHS - SITE 8 

SAMPLE NO. DEPTH REMARKS (1) (2) 
SS-08-49 0.3 - 0.5’ 
SS-08-50 0.3 - 0.5’ 

I 

SS-08-5 1 0.2 - 0.5’ Duplicate of 88-08-48 
SS-08-52 0.2 - 0.5’ 
SS-08-53 0.2 - 0.5’ 
SS-08-54 I 0.2-0.5’ 1 
SS-08-55 0.2 - 0.5’ 
SS-08-56 0.2 - 0.5’ Duplicate of SS-08-52 

SUBSURFACE SOIL SAMPLE DEPTHS 

SAMPLE NO. DEPTH REMARKS (1) (2) 
SB-08-01 8.0’ 
SB-08-02 6.0’ -- -- -- I I 

SB-OR-03 8.0’ 

SE 

S&08-20 6.0’ -- -- -- ! 

SB-08-2 1 3.0 - 3.2’ 
SB-08-22 3.1 - 3.5’ 
SB-08-23 3.0 - 3.4’ 
SB-08-24 3.2 - 3.6’ 

Notes: 

(1) Sample information compiled from field logbooks, sample logsheets, and soil boring logs. 

(2) No field instrument readings, visible staining, or evidence of potential contamination (e.g., 
odors, presence of debris) was noted from the Site 8 samples. 
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SUMMARY OF ANALYTICAL TESTING 
AREA C - SITE 8 

NAWC, WARMINSTER 

TCL TAL METALS/ 
SAMPLE NO. VOLATILE SEMIVOLATILE PESTICIDES/ CYANIDE DIOXIN COMMENTS 

ORGANICS ORGANICS PCBs 

SURFACE SOIL 

SS-08-12 

SS-08-13 

SS-08-14 

SS-08-I 5 

ss-08-16 

SS-08-17 

ss-08-18 

I SS-08-19 

SS-08-20 

X 

X 

X 

X 

X 

X 

X 

X(b) 

X(b) 

8SS-03 Removed 

8SS-04 Removed 

8SS-05 

8SS-06; Duplicate of 8-SS-05 

8SS-07 

Phase II RI(“) (W-SS-01) 

Phase II RI(“) (W-SS-03) . I , 

(4 Includes TPH and BTEX 
(b) Pb and As only 
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SUMMARY OF ANALYTICAL TESTING 
AREA C - SITE 8 

NAWC, WARMINSTER 

SAMPLE NO. 

SS-08-21 

SS-08-22 

SS-08-23 

SS-08-24 

SS-08-25 

SS-08-26 

SS-08-27 

SS-08-28 

SS-08-29 

SS-08-30 

SS-08-31 

SS-08-32 

SS-08-33 

SS-08-34 

SS-08-35 

SS-08-36 

SS-08-37 

SS-08-38 

VOLATILE 
ORGANICS 

TCL TAL METALS/ 

SEMIVOLATILE PESTICIDES/ CYANIDE DIOXIN COMMENTS 
ORGANICS PCBs 

SURFACE SOIL 

X(b) Removed 

X(b) Removed 

X(C) Removed 

X(C) 

X(C) 

X(C) 

X(C) Duplicate of SS-08-23; Removed 

X S8SS24 

X S8SS25; Duplicate of SS-08-28 

X S8SS23 

x(b) VS-8-01 

x(b) VS-8-02 

x(b) VS-8-03 

X(b) VS-8-04 

X(b) VS-8-05 

X(b) vs-8-06 

X(b) VS-8-07 

X(b) vs-8-08 

(4 Includes TPH and BTEX 
W Pb and As only 
w Pb only 
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SUMMARY OF ANALYTICAL TESTING 
AREA C - SITE 8 

NAWC, WARMINSTER 

SAMPLE NO. 

TCL TAL METALS/ 

VOLATILE SEMIVOLATILE PESTICIDES/ CYANIDE DIOXIN COMMENTS 
ORGANICS ORGANICS PCBs 

SURFACE SOIL 

SS-08-39 

SS-08-40 

SS-08-41 

SS-08-42 

SS-08-43 

SS-08-44 

SS-08-45 

ss-08-46 

SS-08-47 

ss-08-48 

SS-08-49 

SS-08-50 

SS-08-51 

SS-08-52 

SS-08-53 

SS-08-54 

88-08-55 

SS-08-56 

X(b) VS-8-09 

X(b) VS-8-10 

X(b) VS-8-11 

X(b) VS-8-12 

X(b) VS-8-‘l3 

I X(b) VS-8-I 4 

X(b) VS-8-15 

X(b) VS-8-16; Duplicate of SS-08-33 

X(b) VS-8-17 

x(d) SS-08-l OA 

x(d) SS-08-I OB 
I x(d) SS-08-l OC 

x(4 SS-08-I OD; Duplicate of SS-08-48 

XC”, 08-SSO? 

X(e) 08-SS02 

x(e) 08-SS03 

XC”) oa-sso4 

08-SS05 Duplicate of SS-08-52 

. . 

(‘3 Pb and As only 
(6) Includes furans 
(W As, Pb, and V only 
(1) PAHs only 
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SUMMARY OF ANALYTICAL TESTING 
AREA C - SITE 8 

NAWC, WARMINSTER 

TCL TAL METALS/ 
SAMPLE NO. VOLATILE SEMIVOLATILE PESTICIDES CYANIDE DIOXIN COMMENTS 

ORGANICS ORGANICS /PCBs 

SOIL BORINGS 

SB-08-07 

SB-08-08 

SB-08-09 

SB-08-10 

SB-08-11 

SB-08-12 

SB-08-13 

SB-08-14 

SB-08-15 

SB-08-16 

SB-08-17 

SB-08-18 

SB-08-19 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 8SB-07; 6.5 

X 8SB-08; 6.0’ 

X 8SB-09; 7.0’ 

X 8SB-10; 6.0’ 

X 8SB-11; 7.5’ 

X 8SB-12; 6.0 

X 8SB-13; 6.0’ 

X 8SB-14; 7.0 

X 8SB-15; 7.0’ 

X 8SB-16; 9.0 

X 8SB-17; 6.0 

X Phase II(“) (W-SB-17) 

X Phase Il(a)(g)(W-SB-l 9) 

(a) 

(9) 
Includes TPH and BTEX 
Includes ASTM/Water Leachate and TCLP Results 
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SUMMARY OF ANALYTICAL TESTING 
AREA C - SITE 8 

NAWC, WARMINSTER 

COMMENTS 

fh) Also TAL metals (filtered) 
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SUMMARY OF ANALYTICAL TESTING 
AREA C - SITE 8 

NAWC, WARMINSTER 

TCL TAL METALS/ 

SAMPLE NO. VOLATILE SEMIVOLATILE PESTICIDES/ CYANIDE DIOXIN COMMENTS 
ORGANICS ORGANICS PCBs 

SEDIMENT 

CG-SD X 

C8-SD X 

ClO-SD X 

Cl l-SD X 

C12-SD X 

Cl 3-SD X 

X 

X 

X 

X 

X 

X 

Background 

3-SED Phase I RI Background; 
3A Phase III RI 

4-SED Phase I RI; 
4A Phase Ill RI 

30-3 Phase II RI; 
4B Phase Ill RI 

SD-4 Phase II RI Background; 
38 Phase III RI 
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J - 

u - 

UJ - 

UL - 

UR - 

L - 

K - 

B - 

N ‘- 

P - 

Glossary of Qualifier Codes 

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 estimated because of low spike recovery (metals). 

Positive result is considered estimated because of high percent difference between 
pesticide concentrations on two gas chromatographic (GC) columns. 
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TABLE A-l .I 

ANALYTICAL RESULTS FOR METALS - BACKGROUND SURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

PAGE 1 

SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 

BG-01 BG-02 BG-03 BG-03-D 
I 

BG-05 BG-06 BG-07 
I 

BG-06 

INORGANICS mglkg mdkg 

Aluminum 14900 14600 

Antimony 6.3 UR 6.4 UR 

Arsenic 5.6 6.1 

Barium 61.8 39.8 

Beryllium 0.88 0.64 

wlkg wh 

15000 16800 

7.2 UR 7.5 UR 

4.4 JL 5.1 

38.1 45 

0.72 0.76 

@kg mdkg 

13200 17600 

6.7 UR 6.8 UR 

5.2 7.2 

37.2 48.1 

0.69 0.82 

mdb mgh 
17900 14000 

7.6 UR 6.4 UR 

6.9 4.2 JL 

113 76.2 

1.1 0.83 



TABLE A-l.1 

ANALYTICAL RESULTS FOR METALS - BACKGROUND SURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

PAGE 2 

SAMPLE DATE: 



TABLE A-l.1 

ANALYTICAL RESULTS FOR METALS - BACKGROUND SURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

PAGE 3 

SAMPLE I.D.: 

SAMPLE DATE: 

BG-17 BG-16 BG-19 BG-20 BG-21 BG-22 BG-23 BG-23-D 

STATUS: 

INORGANICS m@kg mglkg wh mgN wh mdkg wdkg Wkg 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 
Vanadium 

Zinc 

13500 14500 12000 14300 8790 7370 16400 17500 

5.9 u 6U 5.9 u 5.9 u 5.6 U 5.9 u 6.1 UL 4.9 UJ 

4.9 5.1 6.1 6 3.9 3.2 1.6 2.1 

64.3 58.2 34.6 42 67.7 51 58.2 59.6 K 

1.1 1 0.67 K 0.75 K 0.94 K 0.67 K 1.6 1.7 K 

0.54 u 0.54 u 0.54 UL 0.54 UL 0.51 UL 0.54 UL 0.91 UJ 0.73 UJ 

788 B 684 B 240 315 828 745 481 498 

17.1 19.5 23 23.5 25 13.2 20.3 J 20.3 J 

8.4 B 9.4 7.6 9.4 3.9 6.5 20.2 22.1 

8.5 9.2 12 10.7 12.7 16.6 16.3 15.1 K 

1.1 u 1.2 u 1.2 u 1.2 u 1.1 u 1.2 u n/a n/a 

19800 21900 23700 25800 17300 13300 23400 24900 

13.2 12.4 9 11.9 6.4 5.3 4.6 J 4.1 J 

1890 2070 2250 2380 2380 1750 1640 1750 

487 411 335 343 116 370 486 477 K 

0.06 U 0.06 U 0.06 U 0.05 u 0.05 u 0.06 U 0.37 0.13 B 

8.7 9.5 9.7 B 12.1 B 9B 7.2 B 16.5 J 21.7 J 

608 B 693 B 728 855 494 396 332 314 

0.72 U 0.72 U 0.72 UL 0.72 UL 0.68 UL 0.72 UL 0.54 B 0.21 u 

0.72 U 0.72 U 0.72 U 0.72 UL 0.68 u 0.72 U 1.9 B 1.1 B 

54.8 B 54.9 B 76.5 B 57.1 B 80.3 B 74.8 B 70.3 74.1 L 

0.9 u 0.9 u 0.9 UL 0.9 UL 0.85 UL 0.9 UL 0.42 U 0.42 
30.7 33.1 35.1 37.9 29.6 22.6 29.3 21 7 K .,,.” I. 

30.1 29.7 24.8 30 23.7 15.1 28.8 30.8 



TABLE A-l .I 

ANALYTICAL RESULTS FOR METALS - BACKGROUND SURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

PAGE 4 

SAMPLE I.D.: BG-24 BG-25 BG-26 BG-27 BG-26 BG-29 BG-30 --_ 

SAMPLE DATE: __- 

STATUS: __- 

INORGANICS wh mdkg mdkg Wkg mcdkg @kg m!$kg 
Aluminum 13200 9310 4780 12700 11700 5260 5860 
Antimony 5.7 UL 5.2 UJ 4.7 UL 6 UL 5.5 UL 5.7 UL 4.7 UL 
Arsenic 0.23 U 2.4 0.2 u 1.3 0.28 0.35 0.83 



TABLE A-l.2 

ANALYTICAL RESULTS FOR VOLATILES - BACKGROUND SURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

PAGE I 

SAMPLE DATE: 

.--- - .- - .- - ,- Y IL” , IL ” 

Ethylbenzene 12 u 12 u 1500 u 12 u 12 u 12 u 12 u 12 u 

Methylene Chloride 12 u 12 u 1500 u 12 u 12 u 4 BJ 12 u 12 u 

Styrene 12 u 12 u 1500 u 12 u 12 u 12 u 12 u 12 u 

Tetrachloroethene 12 u 12 u 1500 u 12 u 12 u 12 u 12 u 12 u 



TABLE A-l .2 

ANALYTICAL RESULTS FOR VOLATILES - BACKGROUND SURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

PAGE 2 

SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 

BG-11 BG-12 BG-13 BG-14 BG-16 BG-17 BG-16 BG-19 

VOLATILES 

Toluene 

Trichloroethene 

Vinyl Chloride 

Xylene (Total) 

cis-1,3-Dichloropropene 

trans-1 ,3-Dichloropropene 

Wkg w/kg 
12 u 12 u 

12 u 12 u 

12 u 12 u 

12 u 12 u 

12 u 12 u 

12 u 12 u 

w/kg 
1500 u 

1500 u 

1500 u 

1500 u 

1500 u 

1500 u 

Wkg 
12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

Wkg 
12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

Wkg 
25 

12 u 

12 u 

12 u 

12 u 

12 u 

wlkg 
12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

Wkg 
12 u 

12 u 

12 u 

12 u 

12 u 

12 u 



TABLE A-l .2 

ANALYTICAL RESULTS FOR VOLATILES - BACKGROUND SURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

PAGE 3 

SAMPLE DATE: 

.- - 

Ethylbenzene 12 u 12 u 12 u 12 u 12 u 12 u 12 u 12 u 

Methylene Chloride 48 12 u 78 38 38 12 u 12 u 38 

Styrene 12 u 12 u 12 u 12 u 12 u 12 u 12 u 12 u 

Tetrachloroethene 12 u 12 u 12 u 12 u 12 u 12 u 12 u 12 u 



TABLE A-l.2 

ANALYTICAL RESULTS FOR VOLATILES - BACKGROUND SURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

PAGE 4 

SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 

BG-20 BG-21 BG-22 BG-23 BG-23-D BG-24 BG-25 BG-26 

VOLATILES wlkg 
Toluene 12 u 

Trichloroethene 12 u 
Vinyl Chloride 12 u 

Xylene (Total) 12 u 

cis-1.3-Dichloropropene 12 u 
trans-1,3-Dichloropropene 12 u 

wlkg 
2J 

12 u 

12 u 

12 u 

12 u 

12 u 

wlkg 
2J 

12 u 

12 u 

12 u 

12 u 

12 u 

wlkg 
12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

Wkg 
12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

wlkg 
12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

Wkg 
12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

Wkg 
12 u 

12 u 

12 u 

12 u 

12 u 

12 u 
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SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 

VOLATILES 

BG-27 BG-20 

Wkg Wkg 

BG-29 

wlkg 

BG-30 

Wkg 

--- -__ --- --_ 

-__ --- ___ --- 

-__ -_- --_ ___ 

1 ,l ,I-Trichloroethane 17 u 11 u ii u 11 u 
1 ,I ,2,2-Tetrachloroethane 17 u 11 u 11 u 11 u 
1 ,1,2-Trichloroethane 17 u 11 u 11 u 11 u 
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SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 
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SAMPLE DATE: 
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SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 

BG-11 BG-12 BG-13 BG-14 BG-16 BG-17 BG-18 BG-19 

SEMIVOLATILES wlkg 
4-Nitrophenol 960 U 

Acenaphthene 390 u 
Acenaphthylene 390 u 
Anthracene 390 u 

Wkg 
930 u 

380 U 

380 U 

380 U 

@kg 
970 u 

400 u 

400 u 

400 u 

Wkg 
980 U 

400 u 

400 u 

400 u 

wlkg 
990 UJ 

400 UJ 

400 UJ 

400 UJ 

Wkg 
970 u 

400 u 

400 u 

400 u 

Wkg 
1000 u 

420 U 

420 U 

420 U 

wlkg 
950 u 

390 u 

390 u 

390 u 

i 
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SAMPLE DATE: 



SAMPLE I.D.: 

SAMPLE DATE: SAMPLE DATE: 

STATUS: 

BG-20 BG-21 BG-22 ___ --- 

-__ _-- --- _-- _-- 

--- 

1 SEMIVOLATILES uglkg Wkg wlkg 
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SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 

BG-20 BG-21 BG-22 -__ _-_ -_- --- .__ 

-__ _-- ___ ___ --- 

--_ --_ -__ -__ --- 

SEMIVOLATILES Wkg 
4-Nitrophenol 970 u 

Acenaphthene 400 u 

Acenaphthylene 400 u 

Wkg 
940 u 

390 u 

390 u 

Wkg 
940 u 

390 u 

390 u 



-. 

_-- 
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SAMPLE I.D.: 

SAMPLE DATE: 

BG-01 BG-02 BG-03 BG-03-D BG-05 BG-06 BG-07 BG-06 

STATUS: 

PESTlClDESlPCBS Wkg Wkg w/kg wlkg ‘-@kg Wkg wlkg Wkg 
4,4’-DDD 

4,4’-DDE 

4,4’-DOT 

Aldrin 

Alpha-BHC 

Alpha-Chlordane 

Aroclor-1016 

Aroclor-1221 

Aroclor-1232 

Aroclor-1242 

Aroclor-1248 

Aroclor-1254 

Aroclor-1260 

Beta-BHC 

Delta-BHC 

Dieldrin 

4 UJ 4 UJ 4.1 UJ 4 UJ 3.9 UJ 4.1 UJ 4.1 UJ 3.9 UJ 

4 UJ 4 UJ 4.1 UJ 4 UJ 3.9 UJ 4.1 UJ 4.1 UJ 3.9 UJ 

4 UJ 4 UJ 4.1 UJ 4 UJ 3.9 UJ 4.1 UJ 4.1 UJ 3.9 UJ 

2.1 UJ 2.1 UJ 2.1 UJ 2.1 UJ 2 UJ 2.1 UJ 2.1 UJ 2 UJ 

2.1 UJ 2.1 UJ 2.1 UJ 2.1 UJ 2 UJ 2.1 UJ 2.1 UJ 2 UJ 

2.1 UJ 2.1 UJ 2.1 UJ 2.1 UJ 2 UJ 2.1 UJ 2.1 UJ 2 UJ 

40 UJ 40 UJ 41 UJ 40 UJ 39 UJ 41 UJ 41 UJ 39 UJ 

81 UJ 82 UJ 83 UJ 81 UJ 80 UJ 82 UJ 84 UJ 80 UJ 

40 UJ 40 UJ 41 UJ 40 UJ 39 UJ 41 UJ 41 UJ 39 UJ 

40 UJ 40 UJ 41 UJ 40 UJ 39 UJ 41 UJ 41 UJ 39 UJ 

40 UJ 40 UJ 41 UJ 40 UJ 39 UJ 41 UJ 41 UJ 39 UJ 

40 UJ 40 UJ 41 UJ 40 UJ 39 UJ 41 UJ 41 UJ 39 UJ 

40 UJ 40 UJ 41 UJ 40 UJ 39 UJ 41 UJ 41 UJ 39 UJ 

2.1 UJ 2.1 UJ 2.1 UJ 2.1 UJ 2 UJ 2.1 UJ 2.1 UJ 2 UJ 

2.1 UJ 2.1 UJ 2.1 UJ 2.1 UJ 2 UJ 2.1 UJ 2.1 UJ 2 UJ 

4 UJ 4 UJ 4.1 UJ 4 UJ 3.9 UJ 4.1 UJ 4.1 UJ 3.9 UJ 
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SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 

BG-01 BG-02 BG-03 BG-03-D BG-05 BG-06 BG-07 BG-06 

PESTlClDESlPCBS wdkg 

Toxaphene 210 UJ 

Wkg 
210 UJ 

uglkg 

210 UJ 

@kg 

210 UJ 

udkg 

200 UJ 
Wkg 

210 UJ 
wlkg 

210 UJ 

Wkg 

200 UJ 
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SAMPLE I.D.: 

SAMPLE DATE: 

BG-09 BG-10 BG-11 BG-12 BG-13 BG-14 BG-15 BG-16 

STATUS: 

PESTIClDESlPCBS Wkg Wkg Wkg Wkg @kg w&d Wkg wlkg 
4,4’-DDD 3.9 UR 4u 4u 16 JP 4u 4u 4 UJ 3.9 UJ 

4,4’-DDE 3.9 UR 4u 4u 820 4u 4u 4 UJ 3.9 UJ 

4/S-DDT 3.9 UR 4u 4u 1440 JP 4u 4u 4 UJ 3.9 UJ 

Aldrin 2 UR 2u 2u 39 u 2.1 u 2.1 u 2.1 UJ 2 UJ 

Alpha-BHC 2 UR 2u 2u 39 u 2.1 u 2.1 u 2.1 UJ 2 UJ 

Alpha-Chlordane 2 UR 2u 2u 39 u 2.1 u 2.1 u 2.1 UJ 2 UJ 

Aroclor-1016 39 UR 40 u 40 u 760 U 40 u 40 u 40 UJ 39 UJ 

Aroclor-1221 79 UR 81 U 81 U 1600 U 81 U 82 U 81 UJ 79 UJ 

Aroclor-1232 39 UR 40 u 40 u 760 U 40 u 40 u 40 UJ 39 UJ 

Aroclor-1242 39 UR 40 u 40 u 760 U 40 u 40 u 40 UJ 39 UJ 

Aroclor-1248 39 UR 40 u 40 u 760 U 40 u 40 u 40 UJ 39 UJ 

Aroclor-1254 39 UR 40 u 40 u 760 U 51 40 u 40 UJ 39 UJ 

Aroclor-1260 39 UR 40 u 40 u 760 U 40 u 40 u 40 UJ 39 UJ 

Beta-BHC 2 UR 2u 2u 39 u 2.1 u 2.1 u 2.1 UJ 2 UJ 

Delta-BHC 2 UR 2u 2u 39 u 2.1 u 2.1 u 2.1 UJ 2 UJ 

Dieldrin 3.9 UR 4u 4u 76 U 4u 4u 4 UJ 3.9 UJ 

Endosulfan I 2 UR 2u 2u 39 u 2.1 u 2.1 u 2.1 UJ 2 UJ 

Endosulfan II 3.9 UR 4u 4u 76 U 4u 4u 4 UJ 3.9 UJ 

Endosulfan Sulfate 3.9 UR 4u 4u 76 U 4u 4u 4 UJ 3.9 UJ 

Endrin 3.9 UR 4u 4u 76 U 4u 4u 4 UJ 3.9 UJ 

Endrin Aldehyde 3.9 UR 4u 4u 76 U 4u 4u 4 UJ 3.9 UJ 

Endrin Ketone 3.9 UR 4u 4u 76 IJ 4u 4u 4 UJ 3.9 UJ 

Gamma-BHC (Lindane) 2 UR 2u 2u 39 u 2.1 u 2.1 u 2.1 UJ 2 UJ 

Gamma-Chlordane 2 UR 2u 2u 39 u 2.1 u 2.1 u 2.1 UJ 2 UJ 

Heptachlor 2 UR 2u 2u 39 u 2.1 u 2.1 u 2.1 UJ 2 UJ 

Heptachlor Epoxide 2 UR 2u 2u 39 u 2.1 u 2.1 u 2.1 UJ 2 UJ 

Methoxychlor 20 UR 20 u 20 u 390 u 21 u 21 u 21 UJ 20 UJ 
a 
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SAMPLE I.D.: BG-09 BG-10 BG-I 1 BG-12 BG-13 BG-14 BG-15 BG-16 

II SAMPLE DATE: 

STATUS: STATUS: 

PESTICIDESIPCBS PESTICIDESIPCBS 
Toxaphene Toxaphene 

Wkg Wkg Wkg Wkg 
200 200 UR UR 200 200 u u 

Wkg Wkg 
200 200 u u 

wlkg wlkg 
3900 3900 u u 

Wkg Wkg 
210 210 u u 

Wkg Wkg 
210 210 u u 

Wkg Wkg 
210 210 UJ UJ 

Wkg Wkg 
200 200 UJ UJ 
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SAMPLE DATE: 
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SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 

BG-17 BG-18 BG-19 BG-20 BG-21 BG-22 ___ ___ 

_-- __- 

--_ --- 

PESTICIDESIPCBS wlkg 

Toxaphene 210 u 

wlkg 

220 u 
w/kg 

200 UL 
Wkg 
210 u 

@kg 
200 u 

wlkg 

200 u 



. 

A-2 Site 8 Surface Soil 
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SAMPLE DATE: 
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SAMPLE DATE: 

STATUS: 
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SS-08-23 SS-08-23-D 

09129198 
I 

09129198 

Excavated 
I 

Excavated 

w/kg 
n/a 

nla 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

2100 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n!a 

n/a 

w/kg 
n/a 

n/a 

I n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

nla 

n/a 

1940 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

nh 

n/a 

SAMPLE I.D.: 

SAMPLE DATE: 

, STATUS: 

INORGANICS 

SS-08-17 

06/l 9192 

w/kg 

ss-08-18 

06/I 9/92 

mglkg 

SS-08-20 

07/20/98 

w/kg 

SS-08-21 

09/29/98 

Excavated 

w/kg 

SS-08-22 

09129198 

Excavated 

mglkg 
Aluminum 15200 

Antimony 8.8 UL 

Arsenic 4.4 L 

Barium 124 

Beryllium 1.1 B 

Cadmium 6.1 K 

Calcium 4920 B 

Chromium 23.5 

Cobalt 10 K 

Copper 59.1 K 

Cyanide 1.8 UL 

Iron 25500 

Lead 61.4 J 

Magnesium 4530 B 

Manganese 690 

Mercury 0.1 u 

Nickel 20.8 B 

Potassium 1840 

Selenium 0.94 UL 

Silver 1.8 U 

Sodium 772 

Thallium 0.38 U 

Vanadium 36.4 K 

Zinc 105 

14200 J 

11.8 UJ 

3.5 L 

96.7 

1.2 B 

3.1 B 

3040 J 

19.5 J 

8.9 B 

35.1 J 

2.3 U 

19100 

40.4 K 

3050 J 

722 J 

0.11 UJ 

11.3 B 

574 

1.2 UJ 

2.4 U 

1110 J 

0.47 R 

29.8 

86.6 J 

SS-08-19 

07/20/98 

mglkg 
n/a 

n/a 

11 

nla 

n/a 

n/a 

n/a 

nla 

n/a 

nla 

n/a 

n/a 

161 N 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

6.9 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

341 N 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

17.6 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

nla 

3130 N 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

10.6 

n/a 

n/a 

n/a 

n/a 

nla 

n/a 

n/a 

n/a 

n/a 

1560 N 

n/a 

n/a 

nla 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

nla 

n/a 
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SAMPLE DATE: 
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SAMPLE I.D.: SS-08-33 SS-08-33-D SS-08-34 SS-08-35 SS-08-36 SS-08-37 SS-08-38 SS-08-39 

SAMPLE DATE: 02/l 5/99 02/l 5199 02/l 5199 020 5/99 02/l 5199 020 5199 02/l 5/99 02/l 5199 

INORGANICS 

Arsenic 

Lead 

w/kg 

5.5 

24.3 K 

mgfb 

5.1 

34.8 K 

Wkg 

6.6 

93.5 K 

mglkg 

5.9 

64.2 K 

mglkg 

7.4 

44.3 K 

mglkg 

7.3 

102 K 

w/kg 

9 

732 K 

w/kg 

6.4 

131 K 
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SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 

SS-0840 SS-0841 SS-0842 SS-0843 SS-0844 SS-0845 ss-0847 SS-08-52 

02/15/99 02/15/99 02/i 5199 02115199 02/15/99 02/15/99 02/15/99 03/09/99 

INORGANICS wfkg 
4rsenic 4.7 

Lead 63.2 K 

vanadium n/a 

mgh 
6.5 

20.1 K 

n/a 

mdkg 
6.8 

18.4 K 

n/a 

wW 
8.2 

115 K 

n/a 

wlkg 
7.5 

475 K 

n/a 

wdkg 
8.3 

181 K 

n/a 

w/kg 
6.2 

69.5 K 

n/a 

mglkg 
4.8 K 

137 

34.2 J 
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SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 

SS-08-52-D SS-08-53 SS-08-54 SS-08-55 --- ___ --- -__ 

03/09/99 03/09/99 03/09/99 03/09/99 _-_ --_ _-- --_ 

--- --- _-- --- 

INORGANICS mc#g 

Arsenic 5.7 
Lead 176 
Vanadium 30.6 J 

mglkg 

5.8 

128 
45.8 J 

mglkg 

4.2 K 

15.1 
31.3 J 

wlkg 

8.3 

36.8 
38.6 J 
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SAMPLE I.D.: 

SAMPLE DATE: 

’ STATUS: 

SS-08-01 SS-08-02 SS-08-03 SS-08-04 SS-08-05 ss-08-06 SS-08-07 ss-08-08 

04/21/95 04121/95 04121195 04/21195 04/21195 04123195 04123195 04123195 

VOLATILES 

1 ,I ,I-Trichloroethane 

,I .1,2,2-Tetrachloroethane 

,I ,1,2-Trichloroethane 

1 ,I-Dichloroethane 

1‘1 -Dichloroethene 

1.2-Dichloroethane 

1 ,2-Dichloroethene (Total) 

1 ,BDichloropropane 

2-Butanone 

2-Hexanone 

‘4-Methyl-P-pentanone 

1 Acetone 

Benzene 
/Bromodichloromethane 

I Bromoform 

Bromomethane 

Carbon Disulfide 

1 Carbon Tetrachloride 
Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 

Dibromochloromethane 

Ethylbenzene 

Methylene Chloride 

Styrene 

Tetrachloroethene 

wlkg Wkg 
12 u 12 u 

12 u 12 u 

12 u 12 u 

12 u 12 u 

12 u 12 u 

12 u 12 u 

12 u 12 u 

12 u 12 u 

12 u 12 u 

12 u 12 u 

12 u 12 u 

12 u 21 B 

12 u 12 u 
12 u 12 u 

12 u 12 u 

12 u 12 u 

12 u 12 u 

12 u 12 u 

12 u 12 u 

12 u 12 u 

12 u 12 u 

12 u 38 

12 u 12 u 

12 u 12 u 

8B 14 B 

12 u 12 u 

12 u 12 u 

wilkg 
12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 
12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

16 B 

12 u 

12 u 

wlkg 
12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

22 B 

12 u 

12 u 

Wkg 
12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

17 B 

12 u 

12 u 

wlkg 
12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

Wkg 
12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

Wkg 

12 UJ 

12 UJ 

12 UJ 

12 u 

12 u 

12 u 

12 u 

12 UJ 

12 u 

12 UJ 

12 UJ 

12 u 

12 UJ 

12 UJ 

12 UJ 

12 u 

12 u 

12 uJ 

12 UJ 

12 u 

12 u 

12 u 

12 UJ 

12 UJ 

8B 

12 UJ 

3J 
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SAMPLE I.D.: SS-08-01 SS-08-02 SS-08-03 SS-OE-04 SS-08-05 SS-08-06 SS-08-07 ss-08-08 

SAMPLE DATE: 04/21/95 04/21/95 04121195 04121195 04121195 04123195 04/23/95 04123195 

STATUS: 

VOtATlLES wlkg 

Toluene 2J 

Trichloroethene 12 u 

Vinyl Chloride 12 u 

Xylene (Total) 12 u 

cis-1.3-Dichloropropene 12 u 

trans-1,3-Dichloropropene 12 u 

wlkg 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

udkg 

2J 

12 u 

12 u 

12 u 

12 u 

12 u 

@kg 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

wlkg 

35 

12 u 

12 u 

12 u 

12 u 

12 u 

wW 

3J 

12 u 

12 u 

12 u 

12 u 

12 u 

udkg 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

Wkg 
3J 

12 UJ 

12 u 

12 UJ 

12 UJ 

12 UJ 
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SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 

VOLATILES 

1 ,l ,l-Trichloroethane 

I, 1,2,2-Tetrachloroethane 

1 ,I ,2-Trichloroethane 

1 ,I-Dichloroethane 

I,1 -Dichloroethene 

1,2-Dichloroethane 

1,2-Dichloroethene (Total) 

1,2-Dichloropropane 

2-Butanone 

2-Hexanone 

4-Methyl-2-pentanone 

Acetone 

Benzene 

Bromodichloromethane 

Bromoform 

Bromomethane 

Carbon Disulfide 

Carbon Tetrachloride 

SS-08-09 

04123/95 

udkg 
12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

SS-08-I 2 SS-08-I 3 

09/28/95 09128195 

Excavated Excavated 

Wkg uglkg 
14 UJ 14 u 

14 UJ 14 UJ 

14 UJ 14 u 

14 u 14 u 

14 u 14 u 

14 u 14 u 

14 u nla 

14 UJ 14 u 

14 u 14 u 

14 UJ 14 UJ 

14 UJ 14 UJ 

14 u 14 u 

14 UJ 14 u 

14 UJ 14 u 

14 UJ 14 u 

14 u 14 u 

14 u 14 u 

14 UJ 14 u 

SS-08-14 

10103/95 

uglkg 
13 UJ 

13 UJ 

13 UJ 

13 u 

13 u 

13 u 

13 u 

13 UJ 

13 u 

13 UJ 

13 UJ 

13 u 

13 UJ 

13 UJ 

13 UJ 

13 u 

13 u 

13 UJ 

SS-08-14-D 

1 o/03/95 

udkg 
13 u 

13 u 

13 u 

13 u 

13 u 

13 u 

13 u 

13 u 

13 u 

13 u 

13 u 

13 u 

13 u 

13 u 

13 u 

13 u 

13 u 

13 u 

SS-08-16 

1 o/03/95 

Wkg 
12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

SS-08-17 

06/19/92 

wlkg 
11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

ss-08-18 

06/l 9/92 

WW 
12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 
4 

12 u 

12 UJ 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 
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SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 
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SAMPLE DATE: 
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SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 

SS-08-01 SS-08-02 SS-08-03 SS-08-04 SS-08-05 ss-08-06 SS-08-07 ss-08-08 

04/21195 04121195 04/21/95 04/21/95 04/21/95 04123195 04123195 04123195 

! SEMIVOLATILES 

4-Nitrophenol 

Acenaphthene 

Acenaphthylene 

Anthracene 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(g.h.i)perylene 

Benzo(k)fluoranthene 

B&(2-chloroethoxy)methane 

Bis(2-chloroethyl)ether 

Bis(2-ethylhexyl)phthalate 

Butylbenzylphthalate 

Carbazole 

Chrysene 

Di-n-butylphthalate 

Di-n-octylphthalate 

Dibenz(a,h)anthracene 

Dibenzofuran 

Diethylphthalate 

Dimethylphthalate 

Fluoranthene 

Fluorene 

Hexachlorobenzene 

Hexachlorobutadiene 

Hexachlorocyclopentadiene 

Hexachloroethane 

I 

uglkg 

960 U 

400 u 

400 u 

400 u 

92 J 

79 J 

120 J 

68 J 

58 J 

400 u 

400 u 

400 u 

400 u 

400 u 

77 J 

56 B 

400 u 

400 u 

400 u 

400 u 

400 u 

150 J 

400 u 

400 u 

400 u 

400 u 

400 u 

I 

Wkg 

930 u 

380 U 

380 U 

380 U 

380 U 

380 U 

380 U 

380 U 

380 U 

380 U 

380 U 

380 U 

380 U 

380 U 

380 U 

77 B 

380 U 

380 U 

380 U 

380 U 

380 U 

380 U 

380 U 

380 U 

380 U 

380 U 

380 U 

l 

@kg 

950 u 

390 u 

390 u 

390 u 

390 u 

390 u 

390 u 

390 u 

390 u 

390 u 

390 u 

390 u 

390 u 

390 u 

390 u 

80 B 

390 u 

390 u 

390 u 

390 u 

390 u 

390 u 

390 IJ 

390 u 

390 u 

390 u 

390 u 

Wkg Wkg Wkg wlkg @kg 
940 u 900 u 970 u 940 u 970 u 

390 u 370 u 400 u 390 u 400 u 

390 u 370 u 400 u 390 u 400 u 

390 u 370 u 400 u 390 u 400 u 

390 u 370 u 400 u 390 u 400 u ~_ 

390 u 370 u 400 u 390 u 400 u 

390 u 370 u 400 u 390 u 400 u . 

390 u 370 u 400 u 390 u 400 u 

390 u 370 u 400 u 390 u 400 u 

390 u 370 u 400 u 390 u 400 u 

390 u 370 u 400 u 390 u 400 u 

390 u 370 u 400 u 390 u 400 u 

390 u 370 u 400 u 390 u 400 u 

390 u 370 u 400 u 390 u 400 u 

390 u 370 u 400 u 390 u 400 u 

78 B 77 B 58 B 39 B 75 B 

390 u 370 u 400 u 390 u 400 u 

390 u 370 u 400 u 390 u 400 u 

390 u 370 u 400 u 390 u 400 u 

390 u 370 u 400 u 390 u 400 u 

390 u 370 u 400 u 390 u 400 u 

390 u 370 u 400 u 390 u 400 u 
~~ ~~~ I 398 U I 370 I -gjj--- 390 u 400 u 

390 u 370 u 400 u 390 u 400 u 

390 u 370 u 400 u 390 u 400 u 

390 u 370 u 400 u 390 u 400 u 

390 u 370 u 400 u 390 u 400 u 



TABLE A-2.3 
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SAMPLE I.D.: SS-08-01 65-08-02 55-08-03 SS-08-04 SS-08-05 SS-08-06 SS-08-07 ss-08-08 

SAMPLE DATE: 04121195 04121195 04/21195 04/21/95 04/21/95 04/23/95 04/23/95 04/23/95 

STATUS: 

SEMIVOLATILES 

I I I I I I I 

I udkg I wlkg I Wkg I Wkg I ‘-@kg I wlkg I Wkg I Wkg 
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SAMPLE DATE: 



TABLE A-2.3 

ANALYTICAL RESULTS FOR SEMIVOLATILES - SITE 8 SURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

PAGE 5 

SEMIVOLATILES 

I I I I I I I I 

I WlW I wlkg I I Wkg I Wkg I Wkg I Wkg I wlkg 
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SAMPLE DATE: 

Naphthalena 380 U 

Nitrobenzene 380 U 

Pentachlorophenol 930 u 

Phenanthrene 380 U 

Phenol 380 U 

Pyrene 380 U 

VOLATILES Wkg 
1 ,P-Dichloroethene (Total) n/a 

56 J 

420 U 

43 J 

130 J 

420 U 

250 J 

Wkg 
n/a 

4100 u 

4100 u 

10000 u 

4100 u 

4100 u 

4100 u 

Wki 
n/a 

2200 u 

2200 u 

5400 u 

450 J 

2200 u 

930 J 

Wkg 

14 u 

410 UJ 

410 UJ 

990 UJ 

330 J 

410 UJ 

770 

Wkg 
n/a 

410 UJ 

410 UJ 

1000 UJ 

430 J 

410 UJ 

600 J 

wlkg 
n/a 

400 UJ 

400 UJ 

960 UJ 

180 J 

400 UJ 

360 J 

Wkg 
nla 

48 J 

360 U 

880 u 

2100 

360 U 

1600 

wlkg 

n/a 

. . 
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SAMPLE DATE: 
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SAMPLE DATE: 



TABLE A-2.3 

SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 

SS-08-18 85-08-52 SS-08-52-D SS-08-53 SS-08-54 SS-08-55 __- __- 

08/19/92 03109199 03/09/99 03/09/99 03/09/99 03/09/99 --- __- 

--- --- 

I ualka ualka 
” ” Wkg 

100 J 

ANALYTICAL RESULTS FOR SEMIVOLATILES - SITE 8 SURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

PAGE 9 
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SAMPLE DATE: 
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SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 

ss-08-01 SS-08-02 SS-08-03 SS-08-04 SS-08-05 SS-08-06 SS-08-07 ss-08-08 

04/21195 04/21/95 04/21/95 04/21/95 04/21/95 04/23/95 04/23/95 04/23/95 

PESTlClDESlPCBS Wkg 
Toxaphene 200 u 

wm 
200 UL 

w/kg 
200 u 

wlkg 
200 u 

uglkg 

190 u 
Wkg 
210 u 

w/kg 
200 u 

ugh 

210 u 
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PESTlClDESlPCBS 

‘4,4’-DOD 

4$-DDE 

4,4’-DOT 

Aldrin 

Alpha-BHC 

Alpha-Chlordane 

Aroclor-1016 

Aroclor-1221 

Aroclor-1232 

Aroclor-1242 

Aroclor-1248 

Aroclor-1254 

Aroclor-1260 

Beta-BHC 

Delta-BHC 

Dieldrin 

Endosulfan I 

Endosulfan II 

Endosulfan Sulfate 

Endrin 

Endrin Aldehyde 

Endrin Ketone 

Gamma-BHC (Lindane) 

w/kg 

3.8 u 

3.8 u 

3.8 U 

2u 

2u 

2u 

38 u 

78 u 

38 u 

30 u 

36 u 

38 u 

38 u 

2u 

2u 

3.8 U 

2u 

3.8 U 

3.8 u 

3.8 U 

3.8 U 

3.8 u 

- 
I 

SS-08-10 

09128195 

wlkg 

4.7 P 

4.2 U 

9P 

2.2 u 

2.2 u 

2.2 u 

42 U 

86 u 

42 U 

42 U 

42 U 

83 

42 U 

2.2 u 

2.2 u 

4.2 U 

2.2 u 

4.2 U 

4.2 U 

6.7 P 

4.2 U 

4.2 U 

2.2 u 

2.2 u 

2.2 u 

2.2 u 

22 u E 

SS-08-10-D 

09128195 

SS-08-12 SS-08-13 

09128195 09128195 

Excavated Excavated 

SS-08-14 SS-08-14-D SS-08-16 

10/03/95 1 o/03/95 1 o/03/95 
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ANALYTICAL RESULTS FOR PESTICIDES -SITE 8 SURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

PAGE 4 

SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 

PESTlClDESlPCBS 
Toxaphene 

SS-08-09 SS-08-10 

04/23/95 09128195 

wlkg w&i 
200 u 220 u 

SS-08-10-D 

09/28/95 

Wkg 
210 u 

SS-08-12 

09128195 

Excavated 

uglkg 
55 UJ 

SS-08-13 

09128195 

Excavated 

Wkg 
58 UJ 

SS-08-14 

1 o/03/95 

Wkg 
210 UJ 

SS-08-14-D 

10/03/95 

wlkg 
210 UJ 

SS-08-16 

1 o/03/95 

wlkg 

200 UJ 
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SAMPLE DATE: 
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SAMPLE I.D.: SS-08-17 ss-08-18 __- --_ --- --- --- --- 

SAMPLE DATE: 06/19/92 06/19/92 __- _-- __- --- --- ___ 

STATUS: 
___ ___ ___ --- _-- --- 

PESTlClDESlPCBS wlkg 
Toxaphene 190 u 

Wkg 

180 U 



TABLE A-2.5 

ANALYTICAL RESULTS FOR DIOXINS - SITE 8 SURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

PAGE 1 

SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 

SS-08-01 SS-08-02 SS-08-03 SS-08-04 SS-08-05 ss-08-06 SS-08-07 ss-08-08 

04/21/95 04/21/95 04/21/95 04121195 04/21195 04123195 04123195 04/23/95 

DlOXlNSlFURANS Wkg Wkg wlkg Wkg @kg wlkg Wkg @kg 

1,2,3.4,6,7.8-HpCDD 0.0238 U 0.0464 J 0.0119 u 0.0091 J 0.0073 J 0.008 J 0.003 UJ 0.0086 UJ 

1,2,3,4,6,7,8-HpCDF 0.0188 B 0.176 J 0.173 J 0.0112 B 0.0119 B 0.0158 U 0.118 B 0.007 B 

1,2,3,4,7,8,9-HpCDF 0.0013 u 0.0011 u 0.0018 U 0.0021 UJ 0.0013 u 0.0077 UJ 0.0032 UJ 0.0018 U 

1.2.3,4.7.8-HxCDD 0.005 u 0.0027 U 0.0038 U 0.0047 UJ 0.0041 UJ 0.0083 UJ 0.0067 UJ 0.0049 UJ 

1,2,3.4,7,8-HxCDF 0.0009 u 0.006 J 0.007 J 0.0009 UJ 0.0015 u 0.0016 UJ 0.0048 J 0.0013 u 

1,2.3,6,7,8-HxCDD 0.0041 u 0.0022 u 0.0031 u 0.0035 UJ 0.0033 UJ 0.0067 UJ 0.0054 UJ 0.004 UJ 

1.2.3.6,7.8-HxCDF 0.0012 u 0.0011 u 0.0012 u 0.001 UJ 0.002 u 0.0021 UJ 0.0011 UJ 0.0017 u 

1.2,3.7.8.9-HxCDF 0.0041 u 0.0013 u 0.0015 u 0.0015 UJ 0.0025 u 0.0025 UJ 0.0014 UJ 0.0021 u 

1,2,3,7.8-PeCDD 0.0086 u 0.0074 u 0.0104 u 0.0089 u 0.0145 UJ 0.0145 UJ 0.011 UJ 0.0108 UJ 

1,2.3,7,8-PeCDF 0.0041 u 0.0028 U 0.0033 u 0.0033 UJ 0.0054 u 0.0057 UJ 0.004 UJ 0.0053 u 

2,3,4,6,7,8+ixCDF 0.0013 u 0.0012 u 0.0014 u 0.0013 UJ 0.0022 u 0.0023 UJ 0.0013 UJ 0.0018 U 

2,3,4,7,8-PeCDF 0.0037 u 0.0026 U 0.003 u 0.0031 UJ 0.0049 u 0.0052 UJ 0.0037 UJ 0.0048 U 

2.3,4.7,8-PeCDF 0.0037 u 0.0026 U 0.003 u 0.0031 UJ 0.0049 u 0.0052 UJ 0.0037 UJ 0.0048 U 

2,3,7,8-TCDD 0.0117 u 0.0144 u 0.0143 u 0.0161 UJ 0.0261 UJ 0.0188 UJ 0.0209 UJ 0.0212 UJ 

2,3,7,8-TCDD 0.0117 u 0.0144 u 0.0143 u 0.0161 UJ 0.0261 UJ 0.0188 UJ 0.0209 UJ 0.0212 UJ 

2,3.7,8-TCDF 0.0049 u 0.0042 U 0.0078 u 0.009 UJ 0.0066 u 0.0075 UJ 0.006 UJ 0.0087 U 

OCDD 2.03 J 1.8 J 1.17 J 0.87 J 1.03 J 1.04 J 0.175 J 0.706 J 

OCDF 0.044 B 0.511 B 0.514 B 0.0281 B 0.0284 B 0.0379 J 0.359 B 0.0161 B 

OCDF 0.044 B I 0.511 B 1 0.514 B I 0.0281 B I 0.0284 B I 0.0379 J I 0.359 B I 0.0161 B 
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SAMPLE 1.0.: SS-08-09 SS-08-10 SS-OB-IO-D SS-08-48 SS-O848-D SS-0849 SS-08-50 --- 

SAMPLE DATE: 04123195 09128195 09128195 03/09/99 03/09/99 03/09/99 03/09/99 -_- 

STATUS: --_ 

DlOXlNSlFURANS 

Total TCDF 
umg 

n/a 

Wkg 

n/a 

w/kg 

n/a 

wlkg 

0.031 u 

wlkg 

0.034 u 
wlkg 

0.017 u 
wlkg 

0.025 U 



A-3 Site 8 Subsurface Soil 

- 



TABLE A-3.1 
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SAMPLE I.D.: SE-08-01 SB-08-02 SB-08-03 SB-08-04 SB-08-05 SB-08-06 SB-08-07 SB-08-08 

SAMPLE DATE: 
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~ SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 

SB-08-09 SB-08-10 SB-08-11 SB-08-12 SB-08-I 3 SB-00-14 S&08-1 5 

09129195 09129195 1 o/03/95 1 o/03/95 10/03/95 lOlO3/95 I o/03/95 

I I I I I I I 

Calcium 823 1060 557 869 942 719 589 
Chromium 13.2 J 26.1 J 14.5 17 9.9 13.4 17.9 
Cobalt 8.1 9.3 7.1 13 13.2 8.5 7.3 
Copper 14.1 13.9 5.8 L 12.4 L 13.5 L 10.4 L 7.2 L 
Iron 11900 24100 14100 19300 13300 16500 18000 
Lead 4.4 7.7 4.5 8.2 5.7 6.4 6 
Magnesium 1480 3070 927 2700 1470 1710 2020 
Manganese 479 449 549 678 1020 542 299 
Mercury 0.05 UL 0.05 UL 0.05 u 0.05 u 0.05 u 0.05 u 0.04 u 
Nickel 11.6 13.3 6.5 B 14.8 B 9.9 B 9.4 B 10.2 B 
Potassium 487 877 U 326 603 846 332 524 
Selenium 0.55 IJ 0.63 K 0.56 U 0.62 U 0.62 U 0.56 U 0.53 u 
Silver 0.73 u 0.75 u 0.75 UL 0.82 UL 0.83 UL 0.74 UL 0.7 UL 
Sodium 119 71.5 150 B 116 B 91.9 B 90.8 B 94.3 B 
Thallium 0.55 u 0.57 u 0.56 U 0.62 U 0.62 U 0.56 U 0.53 u 
Vanadium 17.3 40.8 20.9 27.3 17.6 22.1 29.5 
Zinc 13.1 29.7 5.9 22.3 14.2 16.4 20.3 

SB-08-16 

m/kg 
13100 

8.3 UL 

5.7 

31.7 

0.53 

0.59 UL 

492 

25.6 

6.2 

12.3 L 

23800 

9.1 

2370 

143 

0.05 u 

15.1 B 

631 

0.59 u 

0.79 UL 

69.4 B 

0.59 u 

39.5 

27.8 



SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 

TABLE A-3.1 
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SB-06-17 SB-08-18 SB-08-19 SB-08-20 SB-06-21 88-08-22 SB-08-23 SB-08-24 

1 o/03/95 06/l 9192 06/l 9192 09129198 03/09/99 03/09/99 03/09/99 03/09/99 

Antimony 

INORGANICS 

I\luminum 
...aD..J mglkg w/kg 

n/a n/a n/a 
I 

I 
a.1 UL 10.4 UL I 

I 
14.9 J I 

I 
n/a I n/a n/a nlrr “h 

w/kg 

12600 
w/b 
17500 

I I 

mglkg @kg w/kg mnlkn 

I 15000 n/a n/a 

4rsenic 

3arium 

3eryllium 
Cadmium 

Zalcium 

>hromium 

:obalt 

Zapper 
. ,yanide 

ron 
.ead 

Aagnesium 

flanganese 
nercury 

lickel 

‘otassium 
ielenium 

iilver 

iodium 

‘hallium 

ranadium 

:inc 

2.1 

34.9 

0.77 
0.58 UL 

1030 

14.8 

11.4 

9.5 L 
n/a 

17700 
7.5 

2950 

313 
0.05 u 

14.4 B 

1190 

0.58 U 

0.77 UL 

79.2 B 

0.58 U 

19.9 

23.6 

3.7 B 

96.4 

1.3 B 
4.2 B 

3480 B 

21.7 

9.6 

11 
1.7 UL 

20200 UL 
26.7 J 

3790 B 

611 
0.1 u 

17.6 B 

1010 

1 UL 

2.1 u 

637 B 

0.43 

33.8 

47.6 

. ..- . ., .# I ,I a 
5.45 L n/a 5.9 6.6 5.9 4.4 K 

27.6 n/a n/a n/a n/a n/a 
2.1 B n/a n/a n/a n/a n/a 
5.3 B n/a n/a n/a n/a n/a 
10100 nla n/a n/a n/a n/a 
17.5 n/a n/a n/a n/a n/a 
12.6 n/a n/a n/a nla n/a 

354 J n/a n/a n/a n/a n/a 
1.8 U n/a n/a n/a n/a n/a 
27500 n/a n/a n/a n/a n/a 

16.4 1.9 13.7 16.9 14 10 
6980 n/a n/a n/a n/a n/a 

307 J n/a n/a n/a n/a n/a 
0.095 UJ n/a n/a n/a n/a n/a 

8.2 B n/a n/a n/a n/a n/a 
710 n/a n/a n/a n/a n/a 

1.1 UJ n/a n/a n/a n/a n/a 
2u n/a n/a n/a n/a n/a 
1470 n/a n/a n/a n/a n/a 
9.1J n/a 

42.7 K n!a 51.8 1 639 I “b.” Y 52.5 J 38.4 J 
30 J n/a n/a n/a n/a n/a 
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SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 

INORGANICS 

TPOI-08-01 TPOI-08-02 

11130195 11/30/95 

@kg mdkg 

TP02-08-03 

11130/95 

@kg 

TP02-08-03-D 

11130/95 

Wkg 

TP02-08-05 

11/30/95 

Wkg 

--- -__ --_ 

--- __- _-_ 

__- ___ --_ 

Aluminum 14600 18000 16400 17200 17900 
Antimony 8.5 UJ 7.6 UJ 8.4 UJ 9 UJ 8.1 UJ 
Arsenic 2.5 B 1.8 B 1.2 B 1.5 B 2.3 B 
Barium 107 113 77 71.1 77.2 
Beryllium 1.1 1.3 2.2 2.1 1.2 
Cadmium 0.6 U 0.54 u 0.6 U 0.65 U 0.58 U 
Calcium 814 802 1100 1060 606 
Chromium 16 13.4 17.9 18.2 15 
Cobalt 16.9 22.6 17.2 15.6 10.6 
Copper 14.8 29.4 5.8 6.6 31 
Iron 16900 14100 19800 20700 14300 
Lead 6.5 K 5.3 K 9K 9.2 K 5.7 K 
Magnesium 2280 1790 4270 4190 2160 
Manganese 1040 1230 405 393 911 
Mercury 0.05 u 0.05 u 0.05 u 0.05 u 0.05 u 
Nickel 14.5 12.4 15.9 17.1 11.9 
Potassium 479 519 2270 2250 848 B 
Selenium 0.6 U 0.54 u 0.6 U 0.65 u 0.58 U 
Silver 0.81 UJ 0.72 UJ 0.8 UJ 0.86 UJ 0.77 UJ 
Sodium 82.9 75.1 81.6 75.8 74.2 
Thallium 0.91 B 0.54 u 0.6 U 0.65 U 0.58 U 
Vanadium 23.2 17.2 23.4 25.5 20.4 
Zinc 21.9 13.3 36.1 36 18.9 



TABLE A-3.2 
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SAMPLE DATE: 
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SAMPLE I.D.: 58-08-05 SB-08-06 SB-08-07 SB-08-08 SB-08-09 SB-08-I 5 SB-08-18 SB-08-19 

SAMPLE DATE: 
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NAWC WARMINSTER, PENNSYLVANIA 
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SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 

VOLATILES 

I ,I ,I-Trichloroethane 

1 ,I ,2,2-Tetrachloroethane 

I, 1,2-Trichloroethane 

I, I-Dichloroethane 

I, 1 -Dichloroethene 

I ,2-Dichloroethane 

I ,P-Dichloroethene (Total) 

I ,2-Dichloropropane 

!-Butanone 

!-Hexanone 

I-Methyl-2-pentanone 

ketone 

3enzene 

3romodichloromethane 

3romoform 

3romomethane 

Carbon Disulfide 

Carbon Tetrachloride 

Zhlorobenzene 

>hloroethane 

Chloroform 

>hloromethane 

Xbromochloromethane 

lthylbenzene 

Aethylene Chloride 

Zyrene 

‘etrachloroethene 

TPOI-08-01 

1 l/30/95 

wlkg 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 UJ 

12 u 

12 u 

12 u 

12 u 

68 

12 u 

12 u 

TPOl-08-02 

11130/9.5 

Wkg 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

6B 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 UJ 

12 u 

12 u 

12 u 

12 u 

7B 

12 u 

12 u 

TP02-08-03 

1 l/30/95 

Wkg 

11 u 

11 u 

11 u 

II u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 UJ 

11 u 

11 u 

11 u 

11 u 

78 

II u 

11 u 

TP02-08-03-D 

11/30/95 

wtlkg 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

11 UJ 

11 u 

11 u 

11 u 

11 u 

78 

11 u 

11 u 

TP02-08-05 

11130/95 

wlkg 
12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

12 UJ 

12 u 

12 u 

12 u 

12 u 

IO B 

12 u 

12 u 

--- --- __- 

___ ___ __- 

_-- --_ ___ 
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SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 

TPOl-08-01 

11130/95 

TPOI-08-02 

11130195 

TP02-06-03 TP02-08-03-D TP02-08-05 -__ _-- -_- 

11130/95 1 l/30/95 1 l/30/95 -_- --- _-- 

-_- _-- --- 

VOLATILES Wkg 
Toluene 12 u 

Trichloroethene 12 u 

Vinyl Chloride 12 u 

Xylene (Total) 12 u 

cis-l.J-Dichloropropene 12 u 

trans-1,3-Dichloropropene 12 u 

uglkg 
12 u 

12 u 

12 u 

12 u 

12 u 

12 u 

Wkg 
11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

wlkg 
11 u 

11 u 

11 u 

11 u 

11 u 

11 u 

Wkg 
12 u 

12 u 

12 u 

12 u 

12 u 

12 u 



TABLE A-3.3 

ANALYTICAL RESULTS FOR SEMIVOLATILES - SITE 8 SUBSURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

PAGE 1 

SAMPLE I.D.: SB-08-01 SB-08-02 38-08-03 SB-08-M SB-08-05 SB-08-06 SB-08-07 SB-08-08 

SAMPLE DATE: 09128195 09/28/95 09128195 09128195 09/29/95 09129195 09/29/95 09129195 

~ STATUS: 



TABLE A-3.3 

ANALYTICAL RESULTS FOR SEMIVOLATILES - SITE 8 SUBSURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

PAGE 2 

SAMPLE I.D.: SB-08-01 SB-08-02 SB-06-03 SB-08-W SB-06-05 SB-08-06 SB-08-07 SB-08-08 

SAMPLE DATE: 09128195 09128195 09/28/95 09128195 09129195 09129195 09129195 09/29/95 

STATUS: 

SEMIVOLATILES Wkg Wkg Wb Wkg Wkg Wkg Wkg Wkg 
4-Nitrophenol 860 u 38 J 870 UR 910 u 900 u 940 u 940 u 980 U 
Acenaphthene 360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 
Acenaphthylene 360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 
Anthracene 360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 
Benz(a)anthracene 360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 
Ben.zo(a)pyrene 360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 

Benzo(b)fluoranthene 360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 

Benzo(g,h.i)perylene 360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 

Benzo(k)fluoranthene 360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 

Bis(2-chloroethoxy)methane 360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 

Bis(2-chloroethyl)ether 360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 

Bis(2ethylhexyl)phthalate 72 B 44 B 49 B 70 B 110 B 120 B 82 B 110 B 

Butylbenzylphthalate 360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 

Carbazole 360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 

Chrysene 360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 

Di-n-butylphthalate 360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 

Di-n-octylphthalate 360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 

Dibenz(a,h)anthracene 360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 

Dibenzofuran 360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 

Diethylphthalate 360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 

Dimethylphthalate 360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 

Fluoranthene 360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 

Fluorene 360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 

Hexachlorobenzene 360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 

Hexachlorobutadiene 360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 

Hexachlorocyclopentadiene 360 U 360 U 360 U 370 u 370 u 390 U 390 u 400 u 

Hexachloroethane 360 U 360 U 360 U 370 u 370 u 390 U 390 u 400 u 
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SAMPLE I.D.: SB-08-01 SB-08-02 38-08-03 SE-08-04 88-08-05 SB-08-06 SB-08-07 88-08-08 I 
SAMPLE DATE: 

STATUS: 

) 09128195 1 09128195 1 09128195 j 09128195 ) 09/29/95 / 09/29/95 1 09129195 ( 09/29/95 /I 

/ 

1 SEMIVOLATILES 

Indeno(l,2,3xd)pyrene 

lsophorone 

N-Nitrosodi-n-propylamine 

N-Nitrosodiphenylamine 

Naphthalene 

Nitrobenzene 

Pentachlorophenol 

Phenanthrene 

Phenol 

Pyrene 

1 I ! I I I I I 

uglkg Wkg wlkg Wkg Wkg Wkg Wkg uglkg 
360 U 360 U 360 U 370 u 370 u 390 U 390 u 400 u 

360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 

360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 

360 U 360 U 360 U 370 u 370 u 390 U 390 U 400 u 

360 U 360 U 360 U 370 u 370 u 390 U 390 u 400 u 

360 U 360 U 360 U 370 u 370 u ^ 390 u 390 u 400 u 

860 u 880 u 870 UR 910 u 900 U 940 U 940 u 980 u 

360 U 360 U 360 U 370 u 370 u 390 u 390 u 400 u 

360 U 920 360 UR 370 u 370 u 390 u 390 u 400 u 

360 U 360 U 360 U 370 u 370 u 390 u 390 U 400 u 
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SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 

SB-08-09 SB-08-10 SB-08-11 SB-08-12 SB-08-13 SB-08-14 88-08-l 5 SB-08-16 

09/29/95 09/29/95 1 o/03/95 1 o/03/95 10/03/95 1 o/o3195 1 o/03/95 1 o/03/95 I/ 
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SAMPLE DATE: 
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SAMPLE DATE: 
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SAMPLE DATE: 

- 
I 
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SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 

SB-00-17 SB-09-19 SB-08-19 SE-08-21 

1 o/03/95 06/19/92 06/l 9/92 03/09/99 

SEMIVOLATILES 

4-Nitroohenol 

I I I I 

I wlkg I wdkg w&I w’kg 

920 UJ 920 u 930 UJ I n/a 
I 

Acenaphthene 380 UJ 380 U 380 U 420 U 
Acenaphthylene 380 UJ 380 U 380 U 420 U 

Anthracene 380 UJ 380 U 380 U 420 U 
Benz(a)anthracene 380 UJ 120 J 380 U 420 U 

Benzo(a)pyrene 380 UJ 140 J 380 U 420 U 

Benzolb)fluoranthene 380 UJ 190 J 380 U 420 U 

I -- -~. ’ Benzo(g,h.i)perylene 

Benzo(k)fluoranthene 

1 Bis(Z-chloroethoxy)methane Bis(P-chloroethvhether 

/~BisrZ-ethvlhexv;)uhthalate 

I 
380 UJ 80 J 380 U 420 U 

380 UJ 110 J 380 U 420 U 

380 UJ 380 U 380 U n/a 

380 UJ 380 U 380 U n/a 
I I 
I 140 B I 940 B I 85 B I n/a 

Butylbenzylphthalate 380 UJ 380 U 380 U n/a 
Carbazole 380 UJ 380 U 380 U 420 U 
Chr-ysene 380 UJ 170 J 380 U 420 U 

Di-n-butvlohthalate 380 UJ 380 U 380 U n/a 
IF. I’ Dr-n-octvlohthalate 

I I 
I 380 UJ I 380 U I 380 U I n/a 

-- -- ---I I 

rXhenz(a,h)anthracene 

,.,,..rofuran 

380 UJ 380 U 380 U 420 U 

380 UJ 380 U 380 U 420 U 

380 UJ 380 U 380 U n/a 

380 UJ 380 U 380 U n/a - I I I 
Fluoranthene I 380 UJ I 320 J I 380 U I 420 U 
Fhmn=ne=z 380 UJ 380 U 380 U 420 U 
.  . I_ ._ . ._  

Hexachlorobenzene 

Hexachlorobutadiene 

Hexachlorocyclopentadiene 

Hexachloroethane 

380 UJ 380 U 380 U n/a 

380 UJ 380 U 380 U n/a 

380 UJ 380 U 380 U n/a 

380 UJ 380 U 380 U n/a 

SB-08-22 SB-08-23 SB-08-24 --- 

03/09/99 03/09/99 03/09/99 --- 

I I I 
___ 

I I I 

wlkg I udkg I Wkg I 

420 U 

n/a 

400 u 

n/a 

380 U 

n/a 



TABLE A-3.3 

ANALYTICAL RESULTS FOR SEYIVOLATILES - SITE 8 SUBSURFACE SOIL 

NAWC WARMINSTER, PENNSYLVANIA 

PAGE 9 

SAMPLE DATE: 
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PAGE 1 

SAMPLE I.D.: SB-08-01 SB-08-07 SB-08-08 S&08-09 SB-08-15 SB-08-16 SB-08-19 ___ 

SAMPLE DATE: 09128195 09/29/95 09/29/95 09129195 10/03/95 06/19/92 06/l 9/92 __- 

STATUS: _-- 

Aroclor-1016 36 U 9.6 U 10 u 9.5 u 37 UJ 38 U 39 u 
Arodor-1221 72 U 20 u 20 u 19 u 76 UJ 77 u 79 u 
Aroclor-I 232 36 U 9.6 U 10 u 9.5 u 37 UJ 38 U 39 u 
Aroclor-1242 36 U 9.6 U 10 u 9.5 u 37 UJ 38 U 39 u 
Aroclor-1248 36 U 9.6 U 10 u 9.5 u 37 UJ 38 U 39 u 
Aroclor-1254 36 U 9.6 U IO u 9.5 u 37 UJ 38 U 39 u 
Aroclor-1260 36 U 9.6 U 10 u 9.5 u 37 UJ 38 U 39 u 
Beta-BHC 1.8 U 0.5 u 0.52 U 0.49 u 1.9 UJ 2u 2u 
Defta-BHC 1.8 U 0.5 u 0.52 U 0.49 u 1.9 UJ 2u 2u 
Dieldrin 3.6 U 0.96 U 1 u 0.95 u 3.7 UJ 3.8 U 3.9 u 
Endosulfan I 1.8 U 0.5 u 0.71 J 0.49 u 1.9 UJ 2u 2u 
Endosulfan II 3.6 U 0.96 U IU 0.95 u 3.7 UJ 3.8 U 3.9 u 
Endosulfan Sulfate 3.6 U 0.96 U 1 u 0.95 u 3.7 UJ 3.8 U 3.9 u 
Endrin 3.6 U 0.96 U IU 0.95 u 3.7 UJ 3.8 U 3.9 u 
Endrin Aldehyde 3.6 U 0.96 U 1 u 0.95 u 3.7 UJ 3.8 U 3.9 u 
Endrin Ketone 3.6 U 0.96 U IU 0.95 u 3.7 UJ 3.8 U 3.9 u 
Gamma-BHC (Lindane) 1.8 U 0.5 u 0.52 U 0.49 u 1.9 UJ 2u 2u 
Gamma-Chlordane 1.8 U 0.5 u 0.52 U 0.49 u 1.9 UJ 2 2u 

Heptachlor 1.8 U 0.5 u 0.52 U 0.49 u 1.9 UJ 2u 2u t 
Heptachlor Epoxide 1.8 U 0.5 u 0.52 U 0.49 u 1.9 UJ 2u 2u 
Methoxychlor 18 U 5u 5.2 U 4.9 u 19 UJ 20 u 20 u 



TABLE A-3.4 
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PAGE 2 

SAMPLE I.D.: SE-08-01 SB-08-07 S&08-08 SB-08-09 SB-08-15 SB-08-18 SE-08-19 ___ 

SAMPLE DATE: 09/28/95 09/29/95 09/29/95 09/29/95 1 o/03/95 06/19/92 08/19/92 --- 

STATUS: ___ 

PESTICIDESIPCBS 

Toxaphene 
Wkg 
180 u 

@kg 
50 u 

Wkg 
52 u 

@kg 

49 u 
@kg 
190 UJ 

@kg 
200 u 

ucth 

200 u 



j ;;;;;;:iE: 

DlOXlNSlFURANS 

1,2,3,4,6,7.8-HpCDD 

1,2,3,4,6,7,8-HpCDF 

1.2,3,4,7,8,9-HpCDF 

1,2,3,4,7,8-HxCDD 

1,2,3,4.7.8-HxCDF 

1,2,3.6,7,8-HxCDD 

1,2.3,6,7,8-HxCDF 

1.2,3,7.8,9-HxCDF 

1,2,3,7,8-PeCDD 

1,2,3,7,8-PeCDF 

2,3,4.6,7,8-HxCDF 

2,3.4,7,8-PeCDF 

2.3,4,7,8-PeCDF 

2,3,7,8-TCDD 

2,3,7,8-TCDD 

2,3,7,8-TCDF 

OCDD 

OCDF 

OCDF 

TABLE A-3.5 
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A-4 Site 8 Surface Water 



TABLE A-4.1 

ANALYTICAL RESULTS FOR METALS -AREA C SURFACE WATER 

NAWC WARMINSTER, PENNSYLVANIA 

PAGE 1 

SAMPLE I.D.: c12-SW --. __- _-- __- --_ --- __- 

SAMPLE DATE: __- -_- -_- __- -__ -_- _-- 

INORGANICS WL 
Barium 93 

Cadmium 3u 

Calcium 42800 

Copper 5U 

Iron 186 

Magnesium 13700 

Manganese 159 

Potassium 2150 

Sodium 42900 



TABLE A-4.2 

ANALYTICAL RESULTS FOR DISSOLVED METALS -AREA C SURFACE WATER 

NAWC WARMINSTER, PENNSYLVANIA 

PAGE 1 

SAMPLE I.D.: ClL-SW-F __- --. --- _-_ --- _-_ --- 

SAMPLE DATE: __- --_ __- --_ _-- --- --- 

1 INORGANICS uglL 

Barium 122 

Cadmium 4u 

Calcium 48100 

. . 
Magnesium 

Manganese 

Potassium 

Sodium 

15900 

162 

2320 

45600 



. 
. -’ 

. 

A-5 Site 8 Sediment 



TABLE A-5.1 

ANALYTICAL RESULTS FOR METALS - AREA C SEDIMENT 

NAWC WARMINSTER, PENNSYLVANIA 

PAGE I 

SAMPLE I.D.: 

SAMPLE DATE: 

STATUS: 

INORGANICS 

Aluminum 

Arsenic 

Barium 

Cll-SD CIP-SD 

Wkg mglkg 
3700 5240 J 

3.4 3.1 u 

50 u 74.6 

CG-SD 

mgh 

6750 

4.2 

49.8 

___ -_- -_- --_ --_ 

__- --_ ___ __- __- 

--- ___ ___ -_- -__ 



TABLE A-5.2 

ANALYTICAL RESULTS FOR SEMIVOLATILES - AREA C SEDIMENT 

NAWC WARMINSTER, PENNSYLVANIA 
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SAMPLE I.D.: Cll-SD I C12-SD _-_ 
I 

_-- __- --- 
I 

-_- 
I 

_-_ 

SAMPLE DATE: --- --- --- --- -_- --_ 

STATUS: --- --- _-- _-- -__ --- 

SEMIVOLATILES wlkg wlkg 

Acenaphthene 5000 u 120 J 

Acenaphthylene 60 J 360 U 

Anthracene 72 J 290 J 

Benz(a)anthracene 280 J 720 

Benzo(a)pyrene 270 J 650 

Benzo(b)fluoranthene 230 J 820 

Benzo(g,h.i)perylene 

Benzo(k)fluoranthene 

I I I I I I 4 I 

I 5000 u I 320 J I I I I I 
370 J 350 J I . , 

Bis(2-ethylhexyhphthalate 

Carbazole 

Chrysene 

Di-n-octylphthalate 

Dibenz(a,h)anthracene 

Dibenzofuran 

Fluoranthene 

Fluorene 

93 J 

n/a 

340 J 

5000 u 

5000 u 

5000 u 

670 J 

5000 u 

280 U 

490 J 

740 

94 J 

I40 J 

72 J 

1200 

140 J 

Indeno(I,2,3cd)pyrene 5000 u 360 U 

Phenanthrene 340 J 1200 

Pyrene 540 J 1400 



A-6 Miscellaneous Parameters 





STE: wmMmluAvAL~ 
CAENo.3833.!3X31 
LPBORATORI: CBMIC 

m-i Prrtlyses (lnet<ED 

aim ID: 
LPI3 ID: 

NWYTE 

m-i 

Sg-oTG8-r f 

w-Se-15-O w-st3- 18 
Bpoa3-04 gcxla+05 ttiizzi 

35 lJL(Yj 32 ULCd 34 UL (2) 37 udz) 36 ULW 

CYlulcnFacW 1D 1D 10 1D 10 lfl 



SITE: WARMINSTER NAVAL BASE 
CASE NO. 3933 
LABORATORY: CEIMIC 

BTEX Anatjses (ug/Kg) 

Client IO: 
IAS IO: 

ANALYTE 

Benzene 
Ethylbenmne 
Toluene 
Xylenes(total) 

RL 

1 
1 
1 
1 

wg3-17 
920323-09 

w-SB-18 
920323-10 

1 u 1 u 
1 u 1 u 
1 u 1 u 
1 u 1 u 

r.+oy- 17 
tw-ss-ol) 
920323 - 11 

1 u 
1 u 
1 u 
1 u 

w -ss-02 
920323-12 

1 u 
1 u 
1 u 
1 u 

Oilutlon Factor: 1.0 1.0 - 1.0 - 1.0 - 

:, I 



SITE: WARMINSTER NAVAL BASE 
CASE NO. 3933 
LABORATORY: CEIMIC e 

BTEX Analyses @g/Kg) 

Clbnt IO: 
LAB 1l.l: 

ANALYTE 

SS-08-18 
W-SB-19 W-SB-19-D (w -ss-03) W-SB-13 
920328- Ul 920328-02 920328 -07 920323-01 

RL 

BMlZ6fle 1 1 u 1 u 1 u 1 u 
Ethylbenzene 1 1 u 1 u 1 u 2 
Toluene 1 1 u 1 u 1 u 1 u 
Xylenes(total) 1 1 u 1 u 1 u 7 

Dilution Factor: 1.0 - 1.0 - 1.0 - 1.0 - 

: 



SITE: WARMNSTER NAVAL BASE 
CASE NO. 3933 
LABORATORY: CEI MC 

BTEX Anatyses (q/K@ 

Clbnt ID: 
LABID: 

ANALYE RL 

Benzene 
Etlp4xmme 
TOlUSIW 
Xylener(total) 

1 1 u 1 u 
1 1 u 1 u 
1 1 u 1 u 
1 1 u 1 u 

SE-Of- 18 
(W-SB-17) 

920323-09 
W-SB-18 
920323.10 . 

w-ss-01 
920323- 11 

1 u 
1 u 
1 u 
1 u 

w-ss-02 
920323-12 

1 u 
1 u 
1 u 
1 u 

Dllutlon Factor. 1.0 1.0 1.0 - 1.0 - 



I 

? c ? c 

.: 



SITE: WPRMINBTER NAVAL BABE 
CASE NO. 3933 
UBOFtATORV: CEIMIC 

TCLP VoWe Analyses (usn) 

ANALYIE 

Benzene 
Cartxm Tetrachlakle 
Chlaobenzene 
Chloroform 
1,2-Dkhloroethane 
1 ,I -Dkhloroethykme 
Methylethyketone 
Tetrachloroethylene 
Trkhloroethylene 
Vinyl chloride 

5 u 
5 u 
5 u 
5 u 
5 u 
5 u 

10 u 
5 u 
5 u 

10 u 

5 u 
5 u 
5 u 
5 u 
5 u 
5 u 

10 u 
5 u 
5 u 

10 u 

Dlh~tkm Factor: 1.0 1.0 





> 

- - I 

*.;-. 
:.-> 

-- -- I 
+v 

2747800E 2748000E2748200E 2748400E 2748600E2748800E 274gOoOE 2749200E 2749400E2749600E2749800E 2750000E 
I I 1 I I I I I I I 1 I 

J . . . 
z . 

. Y&.&Y: _.._: ,...I . . . . :... : ,..:. ..:. ..: . :. 
: 

\\ 

. l SOTL $A5 

. _ . 

CASELEZ 
195 KIRK 

SC 
PICKFORD 
205 KIRK 

. 

. 

. . 

I I 1 I I 1 I I I I 1 dg 

I-- 2747800E 2748000E2748200E 274840OE 274860()E2748800E2749000E2749200E 274940OE 2749600E2749800E 275COOOE o 
2 Z 

MAP SHOWING SOIL GAS SAMPLE LOCATIONS 
Al&-A c 

NAWC WARMlh’STE?, PA 

Brown 8 



WARMINSTER SOIL GAS AREA C - SITE 6 

SAMPLE I 
PID Data File I 

ECD Data File I 
Factor to Muitiply PQL t 

FQLI CDMPDUND 
50 ketone 

Date Sample 
InJected b 

Reviewed b 

A-000-03 A-O0005 A-050-03 A-050-05 A-SOMDUP A-100-03 A-ICQ.05 A-150-03 A-150-05 A-200-03 A-20M)3DtJP A-200-05 
x119HO14 C619H015 C61QHO16 C61QHO17 cG1QHO2O C619HM6 cxlQHO27 C62OHO21 C62oHO22 C620HOO3 C62OliOf1Q C620HOO4 
l619HO14 D619H015 D619H016 D619H017 C619HO20 D61QHO26 C31QHO27 D62Ot?O21 D62oHO22 D620HOO3 D62OHOOQ D620HOO4 

10 10 10 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
dq Headsp. Aq Headsp Aq Headsp Aq Headsp. Aq. Headsp. Aq. Headsp. Aq Headsp. Aa. Headsp Aa Headsp. Aa Headso. Aa Heads% Aa Headso 

w. ug5 ug/L UQIL ti WL UQli UQk. ti ugR 

37 B U U U 100 0 
UgL’ . ug/L 

U U U U U U u 
U U 

:: 
U U U U U U U U 

U 
1: 

U 
U u 

i 
i 

U U :: 
YI ’ 

U U U 

t 
U U U U 

U 
i i i i 

u U 
E : 

:: 
U U U U 
U U U i U i U U U II II II 
U U U U U 

:: 
U U ; ii u il 

U U U U U U U U U U U 
U U U U U U U U U U u ; 
U U U U U U U U U U U U 

i 
U U U U U U U U U 
U U U 

i i u” 
U U : U i 

:: 
U U U U 

:: 
U 

: 
U U U i 

U :: 
i 

ii 
:: 

i 
U i U ki U 

U U U U U U U U :: U - 

)6/19195 06/19/B WlQi95 06/19/95 06/19/95 W19/Q!i M/19/95 0600195 lxmJM 06f2oEJ5 OWOlQ5 06QO/Q5 
PIA PM PLA PLA PIA PIA PIA DEK DEK DEK DEK DEK 
RS RS RS RS RS RS RS RS RS RS RS RS 

COMMENTS. 
1,4,*oul 

SITBDDSM WK4 07/24/95 05 59 PM B-l 



WARMINSTER SOIL GAS AREA C -- SITE 6 

SAMPLE I 
PID Data File I 

ECD Data File I 
Factor to Mulhply WL t 

WLI COMPOUND 
-5Ubcetone 

2 0 l.ldiihloroethene 
5 0 It rans-1,Zdichtoroethene 

atim letrachkxide 

Date Sampb 
Injected t 

Rmewed t 

A-250-03 A-250-05 A-300-03 A-300-05 A-350-03 A-350.03.DUP A-354UIS A-350.05.DLJP 
C620Ho10 C620HOll C62OtiOi 2 C62OHO13 C620H025 C62OHO26 C62OHO27 C620H02a 
C62OHOlO c62oHO11 C620H012 C62OHO13 D62OHO25 D62OHO26 C62OHO27 c620H02a 

10 10 10 10 10 10 10 10 
Aq Headsp Aq Headsp Aq Headsp Aq Headsp. Aq. Headsp. Aq. Headsp. Aq Headsp Aq Headsp. 

UQfL ugR UN ugn ugll UgUl. UQlL W/L 
u U U ai Ei U u cl tJ 
u U U U U U U U 
U U U U U U U 

vu 
U .- 
U : 

U U 
U U ?I 

U i 
U B 

U 
u” 

U U U U U U 
U U U U U U U 

A-400-03 A-4CO-05 A-450-03 A-450.03.DUP 
C620H029 C620H030 C621HOll C621HOlQ 
C62OHO29 D62OHO30 D62fHOll C621HOlQ 

1.0 1.0 10 10 
Aq Headsp Aq Headsp. Aq Headsp Aq Headsp 

IQ/L l&JR ra 
u “U 

Q 

U U U U 
U U U , u 
U U U U -- 
U U U U- 
U 
U i 

U U 
U U 

U U U u U U U U U U U 
U U U u” U U U U U U ----7 U 

ki 
U U U U U U U U U U U 
U U U U U U U U U U U 

U U U U U 
:: 

U 
U 

:: 
-U U U 

i 

---4 U U U U -iT-----Ti-.----‘- us---- 
U 

U U U U 
; 

U U U U u j 

z 
U U U U U U U U U U 
U 
F----z 

U tJ U U U U U U U 
U U U U U U U- U ‘---‘u U 

o6r2oM txYiw95 W2OlQ5 06/20/9!5 ofm395 cw20/95 06Rom 06t20/95 worn5 06QOS5 06/21195 06l21195 
MK OEK IJEK OEK DEK OEK MK DEK DEK DEK PLA PtA 
RS RS AS RS RS RS RS RS RS RS RS RS 

COMMENTS --.-__- _--- .___ 
tll,4oou( --- 

SITBDDSM WK4 07f24i95 05 59 PM B-2 

i 



WARMINSTER SOIL GAS AREA c - SITE a 

SAMPLE If 
PID Data File It 

EC0 Data File IC 
Factor to Multiply POL b) 

56 is-1.2dichloroethene 
E 0.30 hloroform 

3 0 
I 
benzene 

15 1.2dichloroethane 

6 0 Im-kylene/pkylene 
_8wlen&tyrene 

Date Sampk 
Intactad bj 

Reviewed b) 

A-450-05 A-50003 A-XX&O5 A-55&03 A-5!50-05 B-ooM)3 &050-03 B-050-05 8-100-03 6-100-05 8-150-03 
5621HO12 C621HOl3 C621H014 C621H015 C62lHOl6 C61QHO12 C819HO16 C619HOlQ C619H021 C619HO22 C62OHO14 
3621HO12 C621H013 D621H014 D621H015 G621HO16 D619wl2 D61QHO13 D619H016 D619HOlQ D619H021 C619H022 D620H014 

10 IO IO IO 1.0 1.0 1.0 10 IO IO 1.0 1.0 
Aq Headsp Aq Headsp Aq Headsp Aq Headsp Aq. Headsp. Aq Headsp. Aq Headsp. Aq Headsp. Aq Headsp. Aq Headsp 

UgA U!J/L IQ/L l&J/L w UQA 
Aq Headsp Aq Headsp. 

upn UQA UQiL UOR UQIL 
U U U 

ugR 

UC 
U U U U U U U U U 
U U U U i E U U U U 
U U U U 

i t: 
U :: U U U U 

:: 
U U 

:: 
U U U U U 

U U U U U i U 
U U U U i i E U U U U 
U U 

:: :: 
U U 

i 
U U U E U 

U U U 
1 

U U U U 
U U U U U U U : U 
U U U U U U U U U 11 
U U U U U U U U U U U u 
U U U U U U U U U U U U 
U U U U U U U U U U U u 
U U U U U U U U 

i 
U U U 

U U U U U U U U U U 
U U U U U U U U U U U 

XI21195 OSt21/95 W21195 OWNQ5 06/21/95 06/19/95 06/19&X1 06/19/95 06IlQi95 CiVlQi95 06/19/X otiJ2m5 
PIA FYA PtA PLA PlA PIA PIA PtA PtJI PtA PLA DEK 
RS RS AS RS RS RS RS RS RS RS RS RS 

SIT6DDSM WK4 07/24/95 05 59 PM B-3 



WARMINSTER SOIL GAS AREA C -- SITE 6 

SAMPLE If 
PID Data File IC 

EC0 Data File IC 
Factor to Multiply PQL bl 

2 0 1, ldrchloroethene 
5 0 II raw..1.2dJchloroethene 

Date Samplec 
InJected b: 

Reviewed b 

B-15065 
:620H015 
)620H015 

10 
4q Headsp 

B-200-03 
C620HCC5 
D620HMW 

10 
Aq Headsp 

B-200-05 
C62OHOO6 
c620Hc06 

10 
Aq Headsp 

B-250-03 
C62OHOO7 
fX20HW7 

IO 
Aq Headsp 

B-250-65 
C620H008 
D620HC06 

10 
Aq Headsp. 

B-3tX~-03 
C620H016 
D62oHola 

1.0 
Aq Headsp 

B-3C0-05 B-300.05DUP B-350-03 B-350-05 B-4cJc-03 B-400-05 
C62OHOlQ C620H020 C620H023 C620H024 C621HOO7 C621HCO6 
tX20HOlQ D620H020 D620H023 D620H024 D62lHOO7 D621HWB 

1.0 10 10 10 IO 10 
Aq Headsp Aq Headsp. Aq Headsp Aq Headsp. Aq Headsp Aq Headsp 

---!a en UQR 

3a-b-16 E 

l&In. UQk UQA IlglL -- 
U u U U 

U 
U E 

U U U U U U 
U U 

:: 
i U U U i 

U U U U U u U U U 
U 26 r------u U U U U U u 
II LJ u U U U U U U U 
6 IvYi ii i ii U il U U U 
u i ; U U U U U U U U U .--__- --.__- .~-- 

-ii U U U U U U U U U U U 
u U U U U u U U U U 
U U U U U u U :: U U ; U 
u U U U U U U U U U U 
U U U U U :: U U U 

: 
--------I7 - U 

U U U U U U U U U U U 
U 

i 
U U U U U U U 

:: 
U u 

U U U U U u U r-j--z--. ~. o U U ~. - ._,._ ..__ .._.__. ---.ii.‘. - 
U U -- =-~~i.~~~~~~~=i-~~~ -.c c; ? 

EL?O/95 c6l70195 o6f2oiQ5 06rz0/95 06L?Oi9!5 06Rom5 06RotQ5 06/20/95 06/20/95 06/20/95 66l21IQ5 CJ6/21/95 
DEK DEK DEK DEK DEK DEK DEK DEK DEK DEK PLA PLA 
RS RS RS RS RS RS RS RS RS RS RS RS 

COMMENTS- --__- 
1,1,4u1 

SITBDDSM WK4 07l24iQ5 05 59 PM B-4 



WARMINSTER SOIL GAS AREA C -SITE 6 

SAMPLEID B-45Mn 

I 

PID Data File ID C62lHOD9 
ECD Data File ID D62lHOO9 

Factw to Multiply WL by IO 
D62lHOlO 

10 

wEJo-o3 
C62lHOI7 
C62lHOIf 

IO 
C62lHOl6 

1.0 

o-5ooo3DUP D5!iom D-55003DUP D-55005 E-50003 E-XUG5 
C621Ho31 cx2lHO24 C62IHO35 C621HO25 C62I HO27 C621HM6 
D62lHO31 D62lHO32 lX21HO24 D62IHO35 D621HO25 D62lH027 D621HO26 

1.0 1.0 1.0 1.0 10 1.0 1.0 

I U ll U U U U U U u u 
U b U U U U U U :: U --iI- U 

5 0 cis-1.2dichloroethene 
0.30 chiorcform 
0.30 l.I,l-trichbmethane 

0.030 carbon tetfachktride 
3.0 benzene 
15 1.2dichlorwthane 

U Ll U U U U U U 
U U U U U U U 
U U U U U U U U U U :: U 

i :: 
U U 

i :: :: 
U U U U U 

U U U U U U 
U U U U U lJ U U U U U 

I 
E 

U U U U 
:: 

U U U U U U 
U U U U U U U U U U 

0.30 etrachtoroethene 
le I 

U U U U U U U U U U U 
3 0 thy1 benzene U U U U U U U U U U U 

Date Sampled 06G%95 

I 
injected by PtA 

Review&by RS 

COMMENTS. 
Il4taoly 

06i2Il95 W21195 06/21/95 06f21195 06Rli95 06121195 CXl2ll95 06Rll95 lXJ21195 06fN95 06RIi95 
PIA PIA PLA DEK DEK MK DEK DEK DEK DEK DEK 
RS RS RS RS RS RS RS RS RS RS RS 

SITBDDSM.WK4 07/24195 05 59 PM 8-5 



WARMINSTER SOIL GAS AREA C - SITE 8 1 

SAMPLE IC 
PID Data File It 

ECD Data File It 
Factor to Multiply WL b 

WclL COMPOUND -- 

dichlorcethane 

Date Sample O&Z1195 06RIl95 OW21l95 06/15/95 06/15!95 06/15/95 06/16/95 06l15f95 06/15/95 06/15195 c6/15/95 06/15/95 
Injected b DEK DEK DEK DEK DEK DEK DEK DEK DEK DEK DEK DEK 

Rewewed b RS RS RS RS RS RS RS RS RS RS RS AS 

!-5OO-XbDUP E-550-03 E-550-05 
C62IH029 C621H023 C62IH026 
D621Ho29 C621H023 D621H026 

IO IO 10 
Aq Headsp Aq Headsp Aq Headsp 

F-400-03 
C615HOI2 
D615H012 

10 
Aq Headsp 

F-400-05 
C615HO13 
D615H013 

IO 
Aq Headsp 

F-450-03 F-450-03-DUP F-45o-05 F-5CO-03 F-500-05 F-550-03 
C615HO14 C615HO26 C615Ho15 C615HO20 C615H021 C615H022 
lX15HO14 D615HO26 D615HOI5 C615H020 D615H021 D615HO22 

1.0 10 IO IO 10 IO 
Aq Headsp. Aq. Headsp Aq Headsp Aq Headsp Aq Headsp Aq Headsp 

U U U U U 
U U U U U 

F-550-03.DUP 
C615H023 
D516H023 

10 
Aq Headsp 

“ilk 
------a- 

U 
U 

iJ u U U il U u U U U u .u 
U U U U U U U U U U U U 

COMMENTS 
,,ll,Oy1 

SITBDDSM WK4 07/24/95 05 59 PM B-6 



WARMINSTER SOIL GAS AREA C - SITE 6 

SAMPLE It 
PID Data File It 

ECD Data File It 
Factor to Multiply PQL b 

Date Samptec 
InJected @ 

Reviewed b: 

F-5YM5 F-550-O%DUP G-WA03 G-fJO0-B G-050.03 G-50-03-WP G-100-03 G-1OiMX G-150-03 G-150-05 G-200.03 
C615HO24 c615Ho25 C616tiO28 C616H027 C616HO23 C616Ho24 C616HO21 C616HO20 C616Ho14 C616Ho15 C616HO40 
C615HO24 tX15H025 D616H026 D616H027 D616H023 D616H024 D616HO22 D616HO21 D616H020 D616H014 D616HO15 D616HO40 

1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 10 IO 10 
Aq. Headsp. Aq. Headsp. Aq Headsp. Aq Headsp. Aq. Headsp. Aq Headsp. Aq. Haadsp. Aq. Headsp. Aq Headsp. Aq Headsp. 

u9n UWL ugll 
Aq Headsp. 

UglL L&l/L WL wn 
Aq. Headsp. 

4t.t U#L Ugll ugR UgR 

59 0 U u u 61 0 560 B 440 B U 33 B 368 U 

i i 
U U 

E 
U U U U U 

U U U U z U U : 
U U 

:: E 
U U U U Yl U U 

U U U U U U :: U U 
U U U U U U : U U U 
U U U U U U U U II II 
U U U U U U U U U iJ u i 

ki 
U U U 
U U U :: 

U U U U U 
U U U kl :: U U 

U U U U U U U U U U U U 
U U U 
U U U : i 

U U U U U U U 

:: YJ : . 
U U U 

U U U U U 
U U U 1.4 J U :: :: :: 

i 
U 

U U U i :: U U ii U U U 
U U U U U U U U U U U 

06/1!%5 06i15195 w16195 06/16/95 C6/16/95 a316M 06J16195 CUM6195 06l16l95 o6/16m 06/16/% 05/16/95 
DEK DEK DEK DEK DEK DEK DEK DEK DEK DEK DEK DEK 
RS RS RS RS RS RS RS RS RS RS RS RS 

COMMENTS 
I,.,IoLy 

SITBDDSM WK4 07/24/95 0559 PM E-7 



WARMINSTER SOIL GAS ARE4 C - SITE 6 

SAMPLE II 
PID Data File II 

ECD Data File II 
Factor to Muniply POL b 

POLI COMPOUND 
50 lacetone 

ram-1.2dichloroethene 

5 Obls-1,Zdtchloroethene 

Date Sample 
lwcted b 

G-20005 G-250-03 G-250.03.WP G-250-05 G-3CC-03 G-3Kl-05 G-350.03 G-350-05 G-400-03 G-400-05 G-450-03 G-450-05 
Z616HOl3 C616HOO6 C616HOlO C616HWg C616Hoo6 C616HC07 c6%Hoo4 C616HOO5 C615HOlO C615HOll C615H016 C615HO19 
D616H013 D616HOO6 D616HOlO D~~~HIXX D616H006 D616HC07 D616Hc04 D616Hw5 tX15HOlO D615HOll C615H016 D615HOl9 

10 10 10 10 1.0 1.0 IO IO 10 1.0 1.0 1.0 
Aq Headsp Aq Headsp Aq Headsp. Aq Headsp. Aq. Headsp. Aq Headsp. Aq. Headsp. Aq Headsp Aq Headsp. Aq Headsp. Aq Headsp. Aq Headsp. 

UglL IQ/L UgR ug/L IQ/l ti I@. uen UQIL WL UQIL uglL 
42 0 U 29B U 92 B U 25 I3 59 B 140 B 64 B 

U U U U U U U u U II u u 
U U U U U U U i Ii ; i il 
U U 

:: 
U U U U U U U U u 

U U U U U U U U U U u 
U U U U U 

uu 
U U U U U 

U U U U 
t 

U U U U U u” 
U U U U U U U U U U U 

i 
U U U U U U iI- 
U U E U U i U U :: i U 

U U U U U U U U U U U U 
U U U U 

:: 
U U U U U U U 

U U U U U U U U U- U U 
U U U U U U U U U 

12 J U U U U U U U U 
U U U 

:: 
U U U U 

; 
U U U 

U U U U U U U U U ir 

06!16!35 06m395 o6hY95 06/16/95 06/16/95 Wl6l95 06/16195 06llW95 06l15f95 O6i15flE 06/15/95 o6mm 
DEK DEK DEK DEK DEK DEK DEK DEK DEK DEK DEK DEK 
RS RS RS RS RS RS RS RS RS RS RS RS 

COMMENTS. 
l~‘ldooy 

SITBDDSM WK4 07f24i95 06 00 PM C-l 



WARMINSTER SOIL GAS AREA C - SITE 6 

SAMPLE IC 
PID Data File IC 

ECD Data File IC 
Factor to Muitlpiy PQL b) 

PaLl COMPOUND 
50 kc&one 

2 0 l.ldiihkwoethene 
5 0 It fans-1.2-dichtorwthene 

Date Samplec 
Injected bj 

RevlRNed b) 

G-500-03 G-5C%03-WP GCXl-05 G-550.03 G-550-05 H-O0OQ3 HM)M)3DLJP HMX)-(KDUP H-050-03 H-050-05 H-100-03 
z615HO31 C615HO39 C615HO34 C615H027 C615HO26 C616HO29 C616HO3O C616HO36 C616HO25 C616H026 C616H019 
Ml5H031 D615HO39 D615H034 D615H027 D615HO26 D616HO29 D616HO30 D616HO35 D616HO36 tX16HO25 tX16HO26 C616H019 

10 10 1.0 10 1.0 1.0 1.0 1.0 10 10 10 10 
Aq Headsp. Aq Headsp. Aq Headsp Aq Headsp. Aq Headsp. Aq. Headsp. Aq. Headsp. Aq. Headsp. Aq Headsp. Aq Headsp. Aq. Headsp. Aq Headsp 

UglL ugll ugn ug/L uen UeR UdL UgR llgll UgR UgR WA 

U U U 340 7 B U U U U 220 B 52 B U 
U U U U U U U U U U U U 

i 
U U U U 

:: i 
U U U U U 

U U U 
k 

U U 
t 

U U 
U U U .u U 

- 
U U U 

U U i U U :: U U U 
U z U U U U U U U : U 

: i 
U 

:: 
U 

i i 
U U U U U 

U U U U U U U 
U U U U U U U U U 
U U U U U U U 
U U U U E 1 

b 
U U U U U 

i 
U U 

i : 
ii ii :: 

i 
i 

U 
U i :: 

U 
U 

U U U U 
U U U U :: U U U i 

17 J U 
U U ii 

U U U U U U U U U U U U 

06Ml95 06/15/95 06/15!95 O6/15/95 06.45/95 mmi9!i C6/16195 06/l&95 06/16/95 o6mt95 O6/16!95 06l16i95 
DEK DEK DEK DEK DEK DEK DEK DEK DEK DEK DEK DEK 
RS RS RS US RS RS RS RS RS RS RS RS 

COMMENTS: 
~I*,ao(oyI 

SITBDDSM WK4 07/24/95 06 00 PM c-2 



E-3 Rd 00 90 SGltULO PMHM WXXl9lIS 

WOVLIU 

SlN3WWOO 

SM 
Xi0 z3 

SM Stl SM SM S&l SM SM SM 
n3a ma $A 

sm 5t?i%o !?lzkl 
>s3”a n3a n3a ma 

s6rwQo 56/51/90 s6m190 s6/P1/90 w9mo s6mu9o s6l91190 56mMl w91f3o 

A- 
:: 

n 
E 

n - n n 
n n n iI n ; :: l-l n :: 
n n n n n 
n I-J n n n :: 

n n n n n n 
n l-l n n n n 

n n n n n n n n n n n n 
n 

t 
n n n n n n n 

n” 
n 

n n : :: z n” 
:: i E n 

n n ; 
n n n n n 

:: 
n E n n z 

n n n n n n n n .n n E 
n n 

:: 
n n n n n 

n . n n n n : n :: n ii n” 
n n n n n n 
n n n n n z Ii n” :: n i ; 
n a EC BLS 0 91 I3 6Z aoc n e ZE n n 0 fz n 

van van v6n -UfJn 6 
,d;a:” bV 

-lm lm u&l vth -@n van l/m 
.dspaaH bV dSpaaH .bV -dSpeaH by dSpeJH by .dSpaJH ‘by .dSpEaH .bV .dspeaH by ‘dSpk?aH by .dspeaH by dSpaaH by dspeaH bV 

01 01 0’1 01 ;,:H9K40 03 0’1 0.1 0.1 0’1 OI 01 
LOOHSKlCl 9OOtiSl90 9fCOHPl9Cl SCOHPL90 LmH9mo 6EDH9MCl 9wH9mo LEoH9190 zwH9ma wol-l9u3 9mH9lxl 
LOOHSL93 9WHSL93 9EoHP190 SWHPl90 LLOH9193 ~LoH9t90 6WH9193 ewHSL93 LEOH9L93 ZWH9193 LWH9L93 BIctt9L92 
SO-&E-H U305CH 5O-CWH EoM)E-H SOQSL-H EOQEH WZ-H UI-OOZ-H t%-lClMDsl-H WJ!Gl-H E@OSI-H cxnm-H 

~wwl~ OE 0 
auawoJoww-z’t-w 0’S 

auouewq-z cxi 
auewwm-1’1 St 

aua~~aoJolq~~p-z’l-suwl 0 s 
JuauwJolw!F-l’l 0 z 

auoiaow 
atmdw03 im 

I iod Aldtunw oi mwj 
II al!3 ewa 033 
II attd wa atd 
II 3ldWVS 

9 3115 - 3 MW SKI 110s L131SNIWVM 



WARMINSTER SOIL GAS AREA C - SITE 6 

SAMPLE IC 
PID Data File I[: 

EC0 Data File IC 
Factor to Multiply WL b! 

Pal COMPOUNO 
50 iacetone 

3.0 mene 
15 1.2diihtoroethane 

0.30 richloroethane 

-F 

3.0 oluew 
0.30 ebachbroethene 

3.0 thvl benzene 
6 0 Im-&ene/pxylene 
6 0 b-@eneJstyrene 

Date Sample 
Injacted b] 

Reviewed b\ 

H-400-03 H-400-05 H-43%03 H-450-05 H-600-03 H-500-05 H-550-03 H-55O-G5 RW-20003 RW-260-65 
X15HC06 C615H009 C615HO37 C615HO36 C615H035 c815Ho36 C61wo29 c615Ho30 C62lH033 C621H034 
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LOCATIONS OF SOIL XlRIN& 

=fL BORING NORTHING EASTING 

IM(4) 
rncs, 
III (6) 

S2'SW01 
52-58-03 
Q-GEM?6 
Q-S-11 
SETwo2 

Gs-l-P-01 

S74-P-Ql 
s7-T-02 
s7-w-03 
s7-l-P--04 

SR-T-P-01 

w&t-1 
UN--3 
wH-eSB-07 
w4ss-12 
NH-868-14 

WH-BcsB-03 
-B--o1 

Q8002.4974 
waro.Q810 
327?70.3125 
32Goa3.783v 
Q7972.3a45 

. . -. ..,.. e .I. .- LL. 
S278W.SlS9 

Q83Q.6303 

3279s2,3no 
32804s.s6G2 
s27961.7724 
328067.5539 
Q83m.7006 

-.nzo 
32nlyw64 . 

yH-sB-01 * stbO8&.S374 
wH-sB-07 32&2f~..zffo 
wH-GB-09 326159.&771 
b&l-s*1s 326164.43a 
-17 z2&218*0e2a 

*. 

274sw9.130? 
274sB23.4990 
274S747.*4202 . 

274bz!o.=s47 . 
2?4e7s.G221 
27464so*?3G4 
274b230.1976 
274&s71.G?p * . . . . . . . . : . . . -.-I... -. .-y . . 
27464G7.2701 

27sr3ss.G3 
z?a1109.s489 
27S2064.3864 
27Qo2o~TsI3 

0. 

*7486&.15Li5 - ST+ 3 

2748462.0695 
L748414.184& 
zT48290.4791 
2748330-4788 
27484aa- 8990 

2749290.4Q4 
2748928.8124 

t --.- w . 
,-n$g&&: . 
27?%?36.*o3G2, - 
27s1796.04lS 
27slv24,82T3 
27slS3b.kzi 

. : . 

. 
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& toliouinq~coordbat& YO?~ obtained u6fng.n 31, 1965 ~&a& ' 
pbtograph6; . Refer to XPZC IUport.93053,,Ffgum 7. ior budSAms of 
fO8turrrO listed. . 

mm&e . * 1 rooting (it) liortbing (it) Xhwa~on (ft, 
bea q - $anter . . . 
point . 2768355.816 327934.269 33s.ols' * 

TR7 - End p&at ' '1 2747740.335 325173.S16 348.367 

mt 7 -‘ceatcr’poiat 2743962;920 325492.693 348.873 

zati-mdpoirlt 2748168.32a I32b770.701 250.9ss 

-A- cocanab ,yifup, mlxt2k tom.. IDS27 LtortararriuaDatua. 
Watioaal Geodetfb Venical Datum of 1929. . 
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APPENDIX F 

TENTATIVELY IDENTIFIED COMPOUND (TIC) DATA 



TETRA TECH NUS, INC. 
600 Clark Avenue, Suite 3 l King of Prussia. PA 19406-1433 
(610) 491-9688 m FAX (610) 491-9645 l www.tetratech.coIPI 

c-51 -3-9-9 

March 9, 1999 

Project 1412 

Mr. Lonnie Monaco 
Naval Facilities Engineering Command (NAVFACENGCOM) 
Northern Division 
Environmental Contracts Branch, Mailstop #82 
10 industrial Highway 
Lester, Pennsylvania 19113 

Reference: CLEAN Contract No. N64247290-D-1298 
Contract Task Order (CTO) No. 159 

Subject: Tentatively Identified Compounds (TICS) for Site 8 Samples 
Former Naval Air Warfare Center (NAWC) Warminster, Pennsylvania 

Dear Mr. Monaco: 

As requested, Tetra Tech NUS (TtNUS) has compiled TIC soil data for the Site 8 samples that 
were collected during the Phase II and 111 Rl field work (Enclosure 1). The surface and subsurface 
soil data were previously provided on May 18, 1998 (refer to BRPHAl-5-8-28). The groundwater 
TICS were compiled from readily available monitoring data for the Site 8 area (Enclosure 2). 

The TIC data indicate that petroleum products and their derivatives are present in Site 8 surface 
and subsurface soils. Copies of this letter and the enclosure are being provided to Navy, EPA, 
and PADEP officials. Please contact Jeff Orient or me if you have any questions or comments. 

Sincerely, 

Neil Teamerson 
Project Coordinator 

ANT/ejc 

Enclosures 

c: Thoma@me (NAVFACENGCOM) ,_.. -. 
Timothy McEntee (NAVCFACENGCOM) 
April Flipse (PADEP) 
Darius Ostrauskas (EPA Region III) (with two enclosures) 
Jeffrey Orient (Tetra Tech NUS) 
Garth Glenn (Tetra Tech NUS) (without enclosures) 



ENCLOSURE 1 

SOILS TIC DATA FOR SITE 8 



M. Jr- a&0 I 
1E - 'EPA SAMPLE NO. 

VOLATILE ORGANICS ANALYSIS DATA SHEET . 
TENTATIVELY IDENTIFIED COMPOUNDS - 

W-SS-08-01 
T.ZLB3ame: CEIMIC CORP - Cdntract: BROWN ROOT_ I ,- 

Lab Code: CEIMIC Case No.: CT0159 SAS No.: SDG No.: TBO421 

Matrix: (soil/water) SOIL 

Sample wt/vol: 5.0 (g/mL) G 

Level: (low/med) LOW 

% Moisture: not dec. 15 

GC Column: HP-624 ID: 0.530 (mm) 

Soil Extract Volume: (UL) 

Number TICS found: 0 

L&b Sample 1L,. 250254-04 

Lab File ID: CL805 

Date Received: 9- 

Date Analyzed: !ik!uuE 

Dilution Factor: 1.0 

Soil Aliquot Volume: (uu 

CONCENTRATION UNITS: 
lug/L or ug/Kg) UG/KG 

CAS NUMBER COMPOUND NAME RT 
=33==II==31P'xoI ==xlel=I==38PIPP=P ===sI===ss =w====== 

P 
._ 

FORM I VOA-TIC 3/90 



. 

EPA &k&E NC 

I' 

1E - 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 
,Y- 

?&-Name: I 
W-SS-08-02 

CEIMIC CORP- contract: BROWN ROOT _ 

Lab Code: CEIMIC Case No.: CT0159 SAS No.: SDG No.: TB042f 

Matrix: (soil/water) SOIL 

Sample wt/vol: 5.0 (g/mL) G 

Level: (low/med) LOW 

1 Moisture: not dec. 14 

GC Column: DB-624 ID: 0.530 (mm) 

Soil Extract Volume: (UL) 

Number TICS found: 0 

Lab Sample ID: gSO254-OS 

Lab File ID: BO316 

Date Received: 04/22/95 

Date Analyzed: 04/25/95 

Dilution Factor:: 1.0 

Soil Aliquot Volume: (UL 

CONCENTRATION UNITS: 
tug/L or ug/Kg) UG/KG 

CAS NUMBER COMPOUND NAME 
I==Jx=PIIIIPI'zP flP=PI=I=3=I=PP=IP=I133'PP11 

? 

RT 
=311s==L== I EST. CONC. Q I I 

.-. 

FORM I VOA-TIC 3/90 



.- . 

1E - 
VOLATILE ORGANICS ANALYSIS DATA SHEET * 

TENTATIVELY IDENTIFIED COMPOUNDS 

LG?Flame: CEIMIC CORP - Co&tract: BROWN ROOT 
. . - 

Lab Code: CEIMIC Case No.: CT0159 SAS No.: SDG 

Matrix: (soil/water) SOIL Lab Sample ID: 

Sample wt/vol: 5.0 (g/mL) GL~ Lab File ID: 

Level: (low/med) Low - Date Received: 

% Moisture: not dec. 15 Date Analyzed: 

W-SS-08-03 

x0. : 'J%421 
.- 

~50254-06 

90317 

04/2‘2/95 

04/25/95 

GC Column: DB-624 ID: 0.530 (mm) Dilution Factor: . . . 1.0 

Soil Extract Volume: (UL) Soil Aliquot Volume: (UL) 

Number TICS found: 1 
CONCENTRATION UNITS: -.- 
tug/L or ug/Kg) GG&G 

CAs NUMBER COMPOUNI) NAME I RT I EST. CONC. 
=pX=13==P=PIIPXllltPXlPllPPP 

I 
=B+D=PPz= 

I 
lPIIPIPOPPIII 

Unknown . 13.80 12 

Q 
I==== 
J 

FORM I VOA-TIC 3/90 



1E - 
7,. 

VOLATILE ORGANICS ANALYSIS DATA SHEET 
EPA SAMPLE NO 

,- TENTATIVELY IDENTIFIED COMPOUNDS 
--.. 
#Name: CEIMIC CORP ' Contract: I 

W-SS-08-04 
BROWN ROOT _ 

. . 
Lab Code: CEZMIC Case No.: CT0159 SAS No.: SDG No.: TBO421 

Matrix: (soil/water) SOIL 

Sample wt/vol: 5.0 (g/mL) G 

Level: (low/med) LOW 

% Moisture: not dec. 18 

GC Column: DB-624 ID: 0.530 (mm) 

Soil Extract Volume: (UL) 

Number TICS found: 1 

Lab Sample ID: 950254-07 

Lab File ID: 30318 

Date Received: 04/22/95 

Date Analyzed: 94/25/95 

Dilution Factor: 1.0 

Soil Aliquot Volume : (UL: 

CONCENTRATION UNITS: 
tug/L or ug/Kg) UG/KG 

COMPOUND NAME 
PPe==leP====I=3xIxPe=-=r 
Unknown 

RT EST. CONC. 

. 

FORM I VOA-TIC 3/90 



VOLATILE ORGANICS ANALYSIS DATA SHEET ' 
TENTATIVELY IDENTIFIED COMPOUNDS 

- 
-Name: CEIMIC CORP - C&tract: 

W-SS-08-05 '-. 
BROWN ROOT I 

Lab Code: CEIMIC Case No.: CT0159 SAS No.: SDG No.: TB0421 

Matrix: (soil/water) SOIL 

Sample wt/vol: 5.0 (g/m.L) G 

Level: (low/med) ,L ' 

% Moisture: not dec. 15 

GC Column: DB-624 ID: 0.530 (mm) 

Soil Extract Volume: (UL) 

Number TICS found: 0 

Lab Sample ID: gSO254-08 

Lab File ID: 30319 

Date Received: 04/22/95 

Date Analyzed: 04/25/95 

Dilution Factor: 1.0 

Soil Aliquot Volume: ,-bu 

CONCENTRATION UNITS: 
tug/L or ug/Kg) UG/RG 

I 

I CAS NUMBER COMPOUND NAME 
==p==p=PIPPIIB===3PI=I=====8 

1 ____. _ ---... 

I RT 

I 
I EST. CONC. Q 

=ss,====z 
,I 

I 
I I ===szE 

I 
I 
--m-v =ssB=*ss w---m 

I 
I 
I 

.- 

FORM I VOA-TIC 3/90 



-. 
11 tW& - NO. 

VoLaT1LE ORQRNICQ RtwLYs18IMTCraJ4EET, 
TENTATIVELY IDENTIFIED CDWDWDS 1 1 

-I.. 1 w-an&+06 I 
Labmmr)t CEIMIC CDRP - Contra&t BRCWNJ?DOt I- 1 

Lab Cod.: CEIMIC Carl No. I CT0159 SRS No;: SW No. II UTBO42 

Sampl l wt 0vol: 5.0 (p/mL) 0 Lab Fflo ID8 88143 

LWWl8 Clowlmed) LOU Date Rocmivedr 046a195 

% Moisture: not dec. 46 Date Rnrl yzedr OWE9095 

SC Column8 DB-=6t4 ZD: 0.330 (mm) Dilution Factor8 . 1.0 

Soil Extract Volumor C&IL) Soil clltquot Volumet CUL) 

Number TICS found8 1, 
cDNCENTRCITIONuNfT8t . 
tug/L or uglwg) LB/KS 

-. . . 

. - 

FORM I UOFI-TIC s/90 

. 



e I it -.‘* :‘;*: ,. 

UOLClTILE OROmJfcs aNRLYS1S DRTR SHEET . 
-TENTlWIVELY IDENTIFIED WMPOWDS t _ -.. I 

I w-884647 I 
~aii%a.., CEIMIC CORP - Contr_rctt BRDUNJWT I I -I. 

Lab Cod.: CEIMIC C1se No.1 cTo;s9 

Mafr$xr 4soil/wrtmr) SOIL 

S8mple ut/vOll 5.0 (Q/mL) 8 

Levalr <low/red) LOU 

YC #oisturea not dec. 19 

OC Colurnt 08-624 ID8 o.s30 (II)) 

Soil Extract Volumea <ulJ * 

Number TICS founds 0 

Lab Brmph IDa 9sO&43 

Lab File ID8 BDl6b 

Dat l Reca i ved B 04/RS/OS 
%‘..+.;- .a , . 

Date Clrrrrlyredr W/SO/OS 

Dilut$n F&err 
:le i- 

1.0 ..) _-. .,.“. e -- -i 
eoit #wquot Uolum& i&J 

. . 

. 

.- 

FORM I VOW-TIC 

- 

3/90 



1E - 
VOLATILE ORGANICS ANALYSIS DATA SHEET . 

??@--t TENTATIVELY IDENTIFIED COMPOUNDS 

Li&mle: CEIMIC CORP - Co&ract: BROWN ROOT 

Lab Code: CEIMIC Case No.: CT0159 

Matrix: (soil/water) SOIL 

Sample wt/vol: 5.0 (g/mL) G 

Level: (low/med) LOW 

% Moisture: not dec. 17 

GC Column: DB-624 ID: 0.530 (mm) 

Soil Extract Volume: (UL) 

Number TICS found: J 

._ . 
SAS No.: SDG 

Lab Sample ID: 

W-SS-08-08 

NQ. : DO421 

gso254-09 

Lab File ID: BO320 

Date Received: .p4/22/95 

Date Analyzed: p4/25/95 

Dilution Factor: 1.0 

Soil Aliquot Volume: hlL: 

CONCENTRATION UNITS: 
tug/L or ug/Kg) UG/KG 

CAS NUMBER 
I'PI==PP=xP==IPx 

8 

COMPOUND NAME . RT 
=P=====x 

EST. CONC. 
PIIPPPPIIIIII 

r 

Q 
===3p= 

.I 

FORM I VOA-TIC 3/90 



1E - EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 
W-SS-08-09 .-- 

-&Name: CEIMIC CORP - &tract: BROWN ROOT I 

Lab Code: CEIMIC Case No.: CT0159 SAS No.: SDG No.: TBO421 

Matrix: (soil/water) SOIL 

Sample wt/vol: ,5.0 (g/mL) G 

Level: (low/med) LOW 

% Moisture: not dec. 18 

GC Column: HP-624 ID: 0.530 (mm) 

Soil Extract Volume: t-1 

Number TICS found: 0 

Lab Sample ID: 3950254-10 

Lab File ID: m,806 

Date Received: 04/22/95 

Date Analyzed: 04/26/95 

Dilution Factor: . 

Soil Aliquot Volume: 

CONCENTRATION UNITS: 
tug/L or ug/Kg) UG/XG 

(UJJ) 

CAsImMBER COMPOUND NAME ' 
===x=PPIPlrPIPl= =IPxPx==P===IP ==13'PPII==311 

c . 

. . 

RT I EST. CONC. Q I ==3s===x 
I 
=PllPIPIPPPPP =3=x= 

I 

FORM I VOA-TIC 3/90 

I. 



F-=-Y 
-- 

W 

Lab Name': 

1E 
UOLRTILE ORGFINICS FINFILYSIS DFITR SHEET 

EPFl SQMPLE NC 

TENTQTLVELY IDENTIFIED:C~MPOUNDS I . . 
. 

CEIMIC CORP Contract: 
I WH-BSS-03 

AROWN ROOT I 

Lab Code: CEIMIC Case No.: 1412 SRS No. : SDG No.: RX1929 

Matrix: (soil/water) SOIL 

Sample wt/vol: ' 5.0 (g/mL) G 

Level: (low/med) LOW 

% Moisture: not dec. 3f 

GC Co 1 umn : HP-624 ID: 0 .SSCI (mm> 

Soil Extract Volume: (UL) 

Lab Sample ID: 950784-05 

Lab File ID: co940 * 

Date Received: 09/m/95 

Date Unalyxed: 10/06/9S 

Dilution Factor: 1.0 

Soil Qliquot Volume: (UL) 

Number TICS found: 2 
CONCENTRQTION UNITS: 

. tug/L or ug/Kg) UG/KG 

. ' I I 
I CRS NUMBER 

I 
I - COMPOUND NFIME 

I I 
I 

., 
RT I EST. 

=~,I ,_-- ---------- ~.~.----------- 1 
cmr.. I Q I 

. --------------------________ -------- ----- 

I 1. 75594 
“‘---‘-“‘-“‘-------------l--------l-------------- 

f==- 1 
IMethane, 

------- _.-- ---I----- 1 

2. 
trichloromonofluorol T 1Z I 

IUnknown 
51 IJN I 

I 
I 

::77 I 
I 

9 I3 I 
I I I -- 1 



1E 
UOLRTILE ORGANICS RNQLYSIS DQTQ SHEET 

EPfi SRMPLE NO. 

-- TENTQTJVELY IDENTIFIED-C-ClBlPOUNDS I . . 
- . : I WH-BSS-03RE 

Lab Name’: CEIMIC CORP Contract: BROWN ROOT I 
. 

Lab Code: CEIMIC Case No. : 1412 SRS No. : SDG No. : RR’3929 

Matrix: (soil/water) SOIL Lab Sample ID: 950784-05RE 

Sample wt/vol: S.0 (g/oL) G Lab File ID: CPOlO 

Level: (low/med) LOW Date Received: 09130195 

% Moisture: not dec. 31 Date Rnalyred: 10/09/95 

GC Column: HP-624 ID: 0.530 (mm) Dilution Factor: 1.0 

Soil Extract Volume: (UL) Soil filiquot Volume: (UL) 

Number TICS found: 4 
CONCENTRQTION UNITS: 
tug/L or ug/Kg) UG/KG 

I I I I I I 
I CXS NUMBER I - COMPOUND NRME I RT I EST. CONC. I Q 1 
I ---e------w----- __---_---------- ,---------------------------- ----------------------------(=I=========l=============l 5==== 1 
I 1. I Unknown I 19.47 I 9 IJ I 
I 2. IBenzene, dichloro- isomer- I 19.86 I 13 IJ I .- 
I 3. IUnknown I 20 .10 I 29 IJ 
I 4. ISiloxane isomer I 21.03 I 7 IJ I 
1 I I I I 1 



.* 

1E 
VOIATILE ORGWJICS QNQLYSIS DFITQ SHEET 

EPA SQMPLE NO. 

-- 
W TENTQTIUELY IDENTIFIED,C~P#POUNDS ,-. . 

Lab Name’: CEXMTC CORP 
I WH-BSS-04 

Contract: BROWN ROOT I_ 

Leb Code: CEIMIC Case No. : 1412 SR$ No. : SDG No. : R80939 

Matrix: (soil/water) SOIL Lab Sample ID: 950784-07 

Sample wt/vol: . 5.0 (g/mL) G Lab File ID: pas 4 1 

Level: . (low/med) LOW Date Received: ‘09/30/95 
. 

% Moi‘sture: not dec. 27 Date Flnalyzed: 1! O/C& 195 

GC Column: HP-624 ID: 0.530 (mm) Dilution Factor: 1.0 

Soil Extract Volume: (ULI Soil Qliquot Volume: (uL1 

Number TICS found: - 2 
CONCENTRQTION UNITS: 
tug/L or ug/Kg) LJG/KG 

. ’ I I I 
I CQS NUMBER 

I I 
I - COMPOUND NFIME I RT 1 EST. CONC. I Q 1 

1 IQ====lZ==3==P==) ---------------------------- ----------------------------1========1--------.----- -------------I-----j ----a 

I 1. 75694 +Methane, trichloromonofluoro I 3. 15 I 12 IJN 1 
f-@--r 2. I Unknown 1 20. 20 I a IJ ,l 

I I I I I I -- 

--I 



c 

1E Epfi SCIMPLE NO. - 
-- VOLCITILE 'ORG@NICS FINQLYSIS DqT&SHEET -- -w- 
. TENTRTIVELY IDENTIFIED CQMPOUNDS 1 I 

I WH-ass-0s I 
Lab Name: CEIMTC CORP Contract : BROWN ROOT f I 

Lab Code: CEIMIC Case No. : 1412 SFlS lye. : SDG No,: j?B1003 ’ 

Matrix: (soil/water) SOIL 
. 

Sample wt/vol: 5.0 (g/mL) G 

Lab Sample ID: 9S0802-03 

Lab File ID: CO943 

Level: (low/med) LOW Date Received: 1010419s 

% Moisture: not dec. 21 Date halyred: t0/06/95 

GC Column: HP-624 ID: 0 .530 (mm) Dilution Factor: 1.0 .' 

Soil Extract Volume: (UL) Soil RIiquot Volume: iuL) 

- _ 

Number TICS found:-> 
CONCENTRRTION UNITS: 
tug/L or ug/Kg) UGIKG - . 

-.. 
I I 

CFlS NUMBER I 
1 1 I I 

I COMPOUND NAME I KY : . EST. CONC. I Q I 
I= tr=====‘PII=sf= II01=P===PP==X=flpll-- --PIPt~PIIIPPIIIIPII=~====~~~~~=l~~=~l 
I I* . I I I I. - 

. 

18 

OC)M - ..-- --- 



1, :;. . ..” 
__ -:.-. 

-a.. 
- 

i__- 
. 

1E 
VOWTILE ORGGNICS FINQLYSIS DQTRSHEET 

EPI3 SRMPLE NO. 

TENTATIVELY SDENTSFIED UJMPOUNDS : 

1 WH-BSS706 
I 
I 

Lab Name: CEIMIC CORP Contract: BROWN ROOT I I 

Lab Code: CEfMlC Case No.: 1412 .SRS No. : . GDG No. : RB1003 
, 

Matrix: (soil/water) SOIL ' Lab Sa'mple'ID: 9SQ1802-04 

Sample wt/vol: ‘S. 0 (g/ml) G Lab File ID: co944 

Level: (low/mid) LOW Date.Received: l&04/45 

% Moisture: not dec. 21 Date Flnalyzed: 10/06/95 -- 

GC Colum’n: HP-624 ID: 0.530 (Illa) * Dilution Factor: 1.0 

Soil Extract Volume: (UL) Soil Wiquot Volume: (UL) 

- 

Number TICS ‘found:-2 
CONCENTRRTION UNITS:. 
tug/L or ug/Kg) UG/KG 

I I * I I 
I CF\S NUMBER 

I I 
I COMPOUND NRME - I RT I EST. CONC. I b I 

) s=== PIsIIPlszltDIPIP3PPf ~PPPIPDIPIPP31PPlPPl~l---==--*l 
,/--- 1. 

PIPtPtPIIIIIIs I wwP1m I. 
IUnknown I 3.41 I 9 IJ’ I 
I . I 1 I 1 

. . . : 

. 
. 



IE EPCI SClMPLE NO, .-.. 
--- - VOLFITILE ORGClN.ICS FlNFlLYSIS DRT-k-SHEET 

TENTATIVELY IDENTIFIED ‘WMPOUNDS I. I 
I WH-ass-07 I 

Lab Name: CEIMIC CORP Contract: BROWN ROOT I I 

Lab Code: CEIMIC Case No.: 1412 SCIS No. : . SDG No.: RB1003 . 

Matrix: (soil/water) SOIL 

Sample wt/vol: ‘5.0 (g/mL) G 

Level.: (low/med) LOW 

% Moisture: not dec. 18 

GC Column: HP-624 ID: 0.ss0 (ma) 

Soil Extract Volume: (&IL) 

0% 

Number TICS found-2 

. 
Lab Sample ID:- 950802-05 

Lab File ID: co945 

Date Received: 10!04/9S 
- . 

Date..Qnalyzed: 10/06/9S .e 
. . 

Dilution Factor: 1.0 

Soil FI1iquot Volume: tuL) 

CONCENTRRTION UNITS: 
tug/L or ug/Kg) UG/KG . 

I I I I I I 
I CFIS NUMBER I C%@i%r”;S NFlME ,I RT I EST. CONC. I Q I 
1 =ts--- -m-w -m-B--- ====== J I=PPlrPllltslm IPP%r=tlPplPII J’P1IIIPI)I=Pr==PIIP-==l~=~~-l 
I I. I I I I -- 

. 

l . 

n* 26 
; 

---.,. - -c --- 



,F- 1E 
--- VOLRTILE ORGANICS RNRLYSIS DRl?+SHEET 

EPFl SfiMPLE NO. 

TENTQTIVELY IDENTIFIED QMPOUNDS 4 I 

Lab Name: CEIMIC CORP 
I Id+BSS-07RE I 

Contract : BROWN ROM I I 

Lab Code: CEIMIC Case No.: 1412 SFIS No. : . SDG No.: RB1003 

Matrix: (soil/water) SOIL Lab Sample ID: 950802-05RE 

Sample wt/vol: 5.0 (g/mL) G Lab File ID: co961 

Level: (low/med) LOW Date Received: 10/04/9S 

% Moisture: not dec. 16 Date Flnalyted: 10/07/9S 

GC Column: HP-624 ID: 0,530 (mm) Dilution Factor: - 1.0 

Soi 1 Extract Volume: (UL) Soil’ CIliquot Volume:’ (UL) 

- 

Number TICS found:- 2 
CONCENTRRTION UNITS: . 
tug/L or ug/Kg) 

. 
UGIKG 

I 1 I I I I 
I CCIS NUMBER I COMPOUND NC7ME I 
J%%%%%P%~%%P%%P%%/’ 

RT ,I EST. CONC. I Q I 

- 1. 
~%%%%==P==l=P=%%%%%%%%%%%%%%~%%%%%%~%~ PPP%P%%%PP%%%JPPP%Pl - 

i . IBenzene, dichloro-. isomer I 
. 2. 

19.87 I 
lpliphat ic hydrocarbon 

12 IJ I 
I. 20.21 I 26 IJ I 

I I . I I AJ I 

. 

I 



1E EPR SRMPLE NO. 
VOLRTILE URGFlNICS FINFlLYSIS DFlTFI SHEET 

TENTqTIVELY IDENTIFIED COMPOUNDS I I 
I w-s-0 1 I 

ab Name: CEIMIC CORP Contract: NUS I I -. 

ab Code: CEIMIC Case No.: 3933 SFlS No. : SDG No.: W-5B-t3 

atrix: (soil/water) SOIL Lab Sample ID: L-YL 930393-11 

ample wt/vol: 5.0 (g/mL) G Lab File ID: CFl285 

evel: (low/med) LOW Date Received: 06/19/92 

Mo,isture: not dec. 10 . Date Analyzed: 06/2!5/92 -e 

C Column: DB-624 ID: 0.530 (mm) Dilution Factor: 1.0 

oil Extract Volume: (UL) Soil Rliquot Volume: (UL) 

CONCENTRRTION UNITS: 1 
Number TICS found: 1 (ug/L or ug/Kg) UGlKG 

c 

I I I I I 1 
CRS NUMBER I COMPOUND NPME I RT I EST. CONC. I Q I 

%%%%%%~%%P%%%%%% )'C%%'P%f%%JIP%%-%~~~%%~~%~%%%%%%~~%%%%%~~%%%~~%%%( 
I. IUnknown I 20.92 I 130 IJ I 

I I I 1 -' 

FORM I VOR-TIC 



. 

TOTAL PETROLROM RYDROCARBON 

BY IR 

EPA Method 418.1 

Client: Halliburton NUS 

Project: 920323 

Date Samples Received: 6/19/92 

Concentration in: mg/kg(ppm)' 

Client ID Laboratory ID 
Sample M&hod I 

Concentration Reporting Limit 

W-SB-13 920323-01 ND 36 

W-SB-14 920323-02 ND 36 W-SB-15 920323-03 ND 34 
35 '1 W-SB-15-D 920323-04 ND 

W-SB-16 920323-05 ND 32 
W-SB-17 920323-09 ND 34 W-SB-18 920323-10 ND 37 1 

* w-ss-01 

w-ss-02 --L 

920323-11 200 33 

920323-12 ND 37 I 
QA/OC ss--w3-1* 
Method Blank 10623-Bl ND 33 

I 
Laboratory Laboratory 

Control Spike Control Spike X0623-LCSl X0623-LCSl 71% 71% 

Independent Independent I I 
Calibration Calibration 10708-ICSl 10708-ICSl 88% 88% 
Standard Standard 

I I 

ND = Not 
- = dry 

Reported 

detected 
weight basis 

Approved by: 
:I 
I 
I .1598 



Sr-of3-r8 
1E EPA SFIMPLE NO. 

UOLFITILE ORGFINICS FINQLYSIS DFITB SHEET 
TENTfiTIUELY IDENTIFIED-COMPOUNDS I I 

I w-ss-03 I 

,ab Name: CEIMXC CORP Contract: NUS I I 

.ab Code: CEIMIC' Case No.: 3933 SFIS No. : SDG No.: W-SB-14 

latrix: (soil/water) SOIL Lab Sample ,S: 420320-07 

;ample wt/vol: 5.0 (g/mL) G Ldb File ID: 62307 

evel: (low/ned) LOW Date Received: 06/23/92 

Moisture: not dec. 18 Date knalysed: 06/24/92 

jC Column: SP-1000 ID: 2.00 (mm) Dilution Factor: 1.0 

;oil Extract Volume: (uL> Soil. pliquot Volume: (UL) 

CONCENTRIATION UNITS: 
Number TICS found: 0 tug/L or ug/Kg) UG/KG 

I I I I I 

CRS NUMBER I COMPOUND NC)ME 1 RT I EST. CONC. I Q I 
I===========m= I ===p=I=fD~3=====----- -----=PPlPII=~~PPI3Pl==*~~=-~~==l~=~~=l 

I I I I -I 

FORM I VOFI-TIC 



TOTAL PETROLEUM HYDROCARBON 

BY IR 

EPA Method 418.1 

I 
Client: Halliburton NUS 

Project: 920328 

Date Samples Received: 6/23/92 

Concentration in: mg/kg (ppm)' 

I 
I 

Client ID Laboratory ID 
Sample Method 

Concentration Reporting Li 

W-SB-19 920328-01 No 35 
W-SB-19-D 920328-02 ND 31 

x w-ss-03 920328-07 60 . ..I 41 

I 
30 Method Blank X0625-Bl ND 

I Laboratory 
Control Spike 10625-LCSl 69% Recovery 

1 Independent 
Calibration 
Standard 

10708-ICSl 88% Recovery 

ND = Not detected 

+ = Dry weight basis 

Approved by: Reporred by: 



. __ 
y>y>* r .i / 

1F EPFI SRMPLE NO. --- SEMIVOLRTILE ORGRNICS WlRL‘~SIS..D~TFI SHEET /---- 
TENTRTIVELY IDENTIFIED COMPOUNDS I 

I W-SS-03-01 
Lab Name: CEIMIC CORP Contract : BROWN-ROOT I 

Lab Code: CEIMIC Case Ir!c. : CT0159 sas No. : SDG No. : TB-042 

Matrix: (soil/water) SOfL Lab Sample ID: 950254-04 

Sample wt/vol: 30. 1 (g/mL) G Lab File ID: F10616 

Level : (low/med) LOW Date Received: 04f 22195 

;? Moisture: 17 dscantod: (Y/N) N Date Extracted: 04/27/95 

Concentrated Extract Volume : 500.0 (UL) Date Flnalyzed: 05/05/95 

Injection Volume: 2. 0 <uL) Di 1 ut i on Fact or-: 1.0 . 

WC Cl 24nUD: I Y/N ; ‘/ pH: 7. 4. 

CONCENTRRTION UNITS: 
Number Tics found: 15 tug/L or q/Kg) UG/KG 

I I I I I I 
I CFlS NUMBER I COMPOUND NFIME I RT I EST. CONC. I Q I 
I ============‘=== 1 =====================a========= =3====== =3====P====== I I I --m-w -m--w I- 
i 1. 123422 I 2+entanone, 4-hydroxy-4-met1 4.24 I 28000 IFlBJN i 
I 2. 000000 IUnknown . . I 4.33 I 440 IBJ I 
I 3. 000000 IUnknown I 4.51 I 120 IBJ I 
I 4. 000000 I Unknown I 4.66 I 88 IBJ I 
I 5. IUnknown I 5.44 I 80 IJ I 
1 6. 000000 I Unknown I 5.53 I 160 IBJ’ I 
I 7. 000000 IUnknown I 5.85 I 120 IBJ I 
I 3. 000000 I Unknown I 5.03 I 640 IEJ I 
I 9. 000000 IUnknown I 7.85 I 320’ ‘IBJ I 
I 10. IUnknown I 3.63 I 80 IJ I 
I 11. I Unknown I 9.52 I 160 
I 12. IUnknown amide I 20.2’5 I 120 
I 13. 000000 IUnknown amide I 22.02 I 480 
I 14. - ICZtiH12 Fo 1 ynucl ear aromat ic I 22.69 I 160 
I 15. I Ql iohat ic hvdrocarboG I 23. a-1 I . 120 
I I I I 

J I 
J I 
BJ I 
J I 
J I 

I 

. . 



-. 

.._ ‘. 
1 -‘us 

- 

.n=dB-= 

,- 
-- 

1F EP~ &MPLE NO, 
SEMIVOLRTILE- ORGFINICS iWFIL‘ISISI)RTn SHEET 

TENTOTIVELY IDENTIFIED CUMPOUNDS I- 
I W-SS-08-02 

Lab Name: CEIMIC CORP Contract: FROWN-ROOT I _ 

Lab Code: CEIMIC Casr No. ; CT0159 SFlS No. : SDG No. : TB-042 

Matrix: (soil/water) SOIL Lab Sample ID: 9502:54-0 5 

Sample wt/vol: 30.1 (g/mL) G Lab File ID: DG389 

Level: (low/med) LOW Date Received: 04/ 2Ef 9s 

% Moisture: 14 decanted: (Y/N) N Date Extracted: 04/27/95 

Concentrated Extract Volume: 500.0 (UL) Date Flnalyzed: 05/06/95 

In.jection Volume: 2.0 (uL1 Dilution Factor: 1.0 

WC Cleanup: (Y/N) Y pH: 7.5 

CONCENTRfATION UNITS: 
Number TICS found: 17 . (uq/L or ug/Kg) UG/KG 

I I I I I 
CFk NUMBER I COMPOUND NQME I HT I EST. CONC. I Q t 

I ================ I ============================ =s====== I I =P====zxlt=== I ---mm -e--w, I 
I 1. 000000 IUnknown I 4.46 I 1100 I&J ,I 
I 2. 141797 I 3-Penten-Z-one, +methy&- I 5.23 I 22000 IFIBJN I 
1 3. IUnknown I 5.48 I 77 IJ I 
I 4. IUnknown I 5.66 I 19000 I J I 
I 5. 123 4 ss IS- Pentanone, 4-hydroxy-4-met I 6.17 I 3s000 IREJN I 
I 6. IUnknown I 6:73 I 77 IJ ..l 
I 7. IUnknown I 7.16 I 270 IJ I 
I 3. 000000 IUnknown I 7.26 I 120 IEJ 21 
I 9. 000000 I Unknown I 7.55 I 77 IEJ .J 
I 10. 000000 IUnknown I 7.73 I 660 IEJ I 
I 11. IUnknown I 7.94 I 120 IJ 1 
I 12. IUnknown I 11.02 I 120 IJ I 
I 13. IUnknown I 11 .El I 77 IJ I 
I 14. - IUnknown amide I 21 .24 I 23 0 IJ I 
I 15. 000000 IUnknown amide I WC 23. L-0 . 850 IBJ I 
I 16. IUnknown aldehvde I 2’3.66 I 77 IJ I 
I 17. I Rl iphat ic hydrocarbon I 95. 75 I 150 IJ .I 
I I I I I I 

*. 

.P--- 



1F EPQ SFIMPLE NO. --- 
- SEMIVOLRTILE ORGRNICS FINGLYSTS DfATfA SHEET ,- 

TENTRTIUELY IDENTIFIED COMPOUNDS I 
I W-SS-08-03 

Lab Name: CEIMIC CORP Contract: BROWN-ROOT I 

Lab Code: CEIMXC Chsi No. : CT0153 SRS No. : SDG No. : TE-042 

Matrix: (soil/water) SOIL Lab Sample ID: 950254-06 

Samole wt/vol: 30.0 (g/ml) G Lab File ID: 06390 

Level: (low/med) LOW Date Received: 04/22/95 

16 decanted: (‘f/N) N Dat e Ext rsct ed : 04h7/95 

Concentrated Extract Volume: 500.0 I UL) Oat e f%alyted: QS/BEr/F?S 

Injectian !f 3 1 U Zl 2 : 2. 0 (Ill) Dilution Factor: 1.0 

Gi=‘C I‘ ’ ,~eaiiuG: (Y/N1 ‘f pH: 7.3 

Number TICS found: 1’3 
CONCENTHfiTION UNITS: 
tug/L or ug/Kg) M/KG 

I I I I I- I 
I 13% NUMBER I COMPOUND NFlME I RT I EST. CONC. I Q I 

I 
_I 

I --e-w--------- -------m-e====== l ,,,,,,,-,-----==r====-=e======= I =====z== I ----S.-w-----= -w-w w--e 

I 1. 000000 IUnknown I 
I 5 
I 5: 000000 
I 4, 
I 5. 141797 
I 6. 
, 7. 1234z’E 

I 9. 
I 9. 000000 
I 10. lJI;10l&JfJ 
I il. 
I 12. 000dd0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Unknown . . I 
Unknown I 
Unknown I 
3-Petiten-Z-one? 4-methyl- I 
Unknown I 
2-Pentanone, 4-hydroxv-4-net I 
Unknown I 
Unknown I 
Unknown I 
Unknown I 
Unknown I 

120 
79 

1200 
200 

23000 
1300 

40000 
200 
160 
600 
160 

79 
79 

240 
. 200 

120 
79 

360 
120 

IBJ 
IJ I 
IBJ I 
IJ I 
IFIBJN I 
IJ I 
I FIBJN I 
IJ I 
IEJ I 
IEJ I 
IJ I 

I 13. IUnknown I 
I 14. - I Unknown I 
I 15. I Unknown I 
I 15. IUnknown amide I 
I 17. I Ql iphat ic hydrocarbon I 
I li3. O(110000 IUnknown amide I 
I 13. I fil iohat ic hydrocarbon I 

IBJ I 
IJ I 
fJ I 
IJ I 
IJ I 
IJ I 
I&J I 
lJ I 

I I I I. I I 
l . 

. 



iF --- EPFl SRMPLE NO. 
- SEM I VOLRT I LE- ORGRN I CS ENRLYS IS DQTFI SHEET 

TENTQTIVELY IDENTIFIED COMPOUNDS I-- 
I w-SS-08-04 

Lab Name: CEIMIC CORP Cantract: DROWN-ROOT I _ 

Lab Cude: CEIMiC Cese No. : CT0152 SW No. : SDG No. : TB-042 

Matrix: (soil/water) SOIL Lab Samplz ID: ‘?502t54-07 

Sample wt/vol: 30.2 (g/nL) G Lab File ID: DG39 1 

Level: (low/ned) LOW Date Received: 04/ a/95 

;c Moistl.lre: 15 decanted: !Y/N) N Date Extracted: 04/27/95 

Concentrated Extract Volume: 500.0 (uL) Date halyzed: 05/06/95 

Injecticn Voluma: 2. 0 i GIL! Dilution Factor: 1.0 

. cH: 7.7 

CONCENTRQTION UNITS: 
(q/L or ~-lo/Kg) UG/KG 

,f+@+--, I I I I I I 
I CRS NUMBER I COMPOUND NilME I RT I EST. COW. I Q I 
I -----.--w------e- ---------------- I ============================ =======z =====-------== __--- I I I -w--- I 
I 1. 000000 IUnknown I 4.47 I 930 IBJ I 
I e. 
1 3. 141797 
I 4. 000000 
I 5. 1 234,‘z 

I 6. 
I 7. 000000 
I 3. 000000 
I 9. 000000 
I 10. 
I 11. 
I 12. IzIL30000 

t Unknown . . I 4.36 I 
13-Penten-Z-one. 4-methvi- I 5.s I 
IUnknown I 3.65 I 
I P-Pentanone, 4-hydroxy-4-met I 6.11 I 
I Unknown I 7.14 I 
I Unknown I 7.65 I 
IUnknown I W” 7.,; I 
IUnknown I 9.42 I 
I Unknown I 11.01 l 
IUnknown amide I 21 .25 I 
IUnknown amide I .-I 7 Cd. 35 - I 

270 I J I 
20000 I QEJN I 

2100 I BJ I 
87000 I FlEJN I 

c3 0 I J I 
190 I BJ I 
330 I 35 I 
310 I EJ I 
160 I J I 

78 I J I 
23 0 I BJ i 

I I I I I t 

. 



1F --- EPR SFlMPLE FL”-- 
SEMI’JOLRTIlzE ORGRNIC S FINnL‘/Sh DRTFI SHEET 

TENTQT I VELY I DENT I F I E:I) COMPOUNDS 1 
1 w-ss-08-05 

Lab Name: CEIMIC CORP Contract : PROWN-ROOT I 

Lab Code: CEIMIC Case Na. : CT0159 SRS No. : SDG No. : TB-&iZ 

Matrix: (foil/water) SOIL Lab Sample ID:. 950254-08 

Sample wt/vol: 30. s !g/mL) G Lab File ID: FIG616 

Level: (low/med) LOW Date Received: 04/22/95 

:: Moisture: 12 decanted: (Y/N) N Date Extracted: 04/27/95 

Concentrated Extract ?‘o lcime: 500.0 (UL) Date halyzed: 05/0f/95 

Inject ion Volume: z. 0 !uL) Dilution Facto-r: 1.0 

I3F’C Cleanup: (Y/N) ‘i DH: 6.2 . 

CONCENTh~TION UNITS: 
Number TICS found: 7 (uq/L or ug/Kq) UG/KG 

I I I I I I 
I dFlS NUMBER I COMPOUND NFIME I RT I EST. CONC. I Q ‘- 
l ========s======= I ============================I----==== =====‘===P=== I I -m-m. ----a 

I 1. 1234;22 I+Pcntanone, 4-hydroxy’4-met I 4.29 I 33000 IClBJN I 
I 2:. 000000 IC9H20 isomer . I 4.38 I 130 IBJ I 
I 3. 000000 IUnknown I 5.54 I 150 IBJ I 
I 4. 000000 I Unknown I 5.86 I 150 IBJ I 
I 5. 000000 IUnkaown I 6.09 I 560 IBJ I 
I 6. 000000 I Unknown I 7.86 I 190 IBJ I 
I 7. 000000 I Unknown I zz. 02 I 190 IBJ I 
I I I I I I 



1F EPRSRMPLENQ 
SEMIUOLFITILE OROCINICS CWCILYSIS DcItcI SHEET . --- - TENTRTIWLY IDENTIFIED WOUNDS I- 

I u-w-08-06 
Lab Name: =InIC af?P __ Contrkt : BROWJOOT t - 

Lab Codes Ct’tMfC Case No. t CT0139 sas No. 8 SDS No. a WB042 . _ 

Matrix2 (Soil/wat*r) 

Smple wt/vo1r 

Level t Cfow/ard) 

x Moisturea l@ 

Concentrat l d Eattract 

Injection Uotum~r 

WC Cleanup: &Iw 
- -_ -:_.. 

SOL Lab Sample IDt 9-0-02 

38.1 dQ/BL) s Lab File IDt JDDS0 

LOW O&e Recetvedt fM/2S/95 

decmtodt (Y/N) N Date hxtrrcteda 04/&P/95 

Volumar se.8 <uL) Oat* Rnalyredr y?l/I2fBS 

2.0CUL) Dilution Factors 1.8 

Y p&i* 6.9 

cmcENTF?aTIoN lMTs: 
Number TfCs found: 20 tug/L or ug/Kg) UWKB 

. 

I 1. 
I 2. 
I 3. 
I 4. 
I 5. 
I 6. 
I 7. 
I 8. 
I 9. 
I l@. 
I 11. 
I 12. 
I 1% 
I 14. 
I 1% 
I 16. 
I 17. 
I Id. 
I 19. 
I 20. 

000000 
123422 

. 
0000w 
888000 
000000 
60W00 

. 

IlhhOWTi I 
IUnknown 
13-P*ntmv-2-one, +methvl- I 
llhkn0WTb I 
lUnkn0WVt I 
/2+entanone, 4+ydroxy-4-m& I 
IUnknown 

. 
I 

IUnknown I 
IUnknown I 
IUnknown I 
IUnknown I 
IUnknown I 
IUnknown I 
IUnknown I 
IUnknown I 
IUnknown I 
IUnknown I 
Ifiliphatic hydrocarbon I 
IUnknown l I 
ICUiohatic hydrocarbon I 

4.98 I lee IBJ I 
5.48 I leee 1BJ I 
6.42 1 Itwee laBam 
6.82 I 34w IBJ I 
6.95 I 856 IBJ I 
7.26 I - 29888 taBJN I 
7.53 I 2wIJ : 
7.96 I lee IJ 

.8.36 I 240 IJ 
8.45 I 160 ISJ 
8.79 I 160 IBJ 
8.91. I 970 IBJ 
9.09 I 168 IBJ 
3.38 I Al@@ * II 
9.96 I lL8 IJ 

isi. 13 I 280 IJ 
24.61’ I 930 IJ 
is. 46 I 120 IJ 
25.53 I 168 IJ 
27.67 I 160 IJ 

I I I : I I 
. 

. 

FORM 1 SV-TTC 3190 



YI TENTClTfVELY IDENTIFIED COMPOUNDS I . - w I wSs-@8-07 - 
Lab Namea CEIMIC COW Contr&ctt BROUN,RMT I 

- Lab Codes CEIMIC Case No. I CTOtS9 MS No. I 8Ds NO.8 uTm42 

Mtrixr (soil/w&w) SOIL 

sa8P18 b&/v01 L 30.4 (p/mL) 8 

Level t (low/md) LW 

S Moi8turer 16 dmcantedt (Y/N) N Data Extract rd : M/27/9S 

Concmtrat l d Extract V,olume I 588.0 (UL) 

InJection Vo&um8 I.BCuLI 

@PC Cleanup: W/N) Y pHr 7.3 

Date Ctnriyzuds 85/llllS 
__. - 

Dilution Factor8 S.8 

. 

Number TfCs founds 19 

I I I I I I 
i ms”WB i 
I I 
I 1. 6Weee I 
I 2. 
l3,888888 : 
I 4. 141797 I 
I 5. 000000 I 
I 6. 123422 I 
I 7. 000000 I 
I 8. 000000 I 
I 9. I 
I 10. 000000 I 
I 11. I 
I 12. 000000 I 
I 13. 000000 I 
I 14. I 
I 1s. . - I 
I lb. I 
I 17. I 
I 18. 000000 I 
I 19. I 

cmPommlmME I RY i EST. CU& i C I 
l-l l-l 

Jnknown I 3.04 I 168 IBJ /L 
Jnknonn I 3.1s I 78 IJ 
Jnknown I s.s4 I 1300 IBJ 
3-Penten-2-onm, 4-methyl- I 6.47 I 13888 ImuNi 
Jnknoun I 6.84 I 2688 IW 
I-hntmone, 4-hydrowy-4-m& I 7.30 I 17000 lcaBJN1 
Jnknonn rlkme I 7.44 I 160 IN I 
Jnknown alkane I 7.56 I 230 la3 I 
Jnknown I 8.00 I 120IJ I 
Jnknown I 0.51 I 76 IW I 
Jnknown 
Jnknown f 

8.76 I 78lJ I 
8.85 I lb@ 193 I 

Jnknom I 8.95 I 510 IBJ I 
Jnknown I 9.26 I 78lJ I 
Jnknown I 9.62 I 1000 IJ I 
Jnknown I 18.00 I 78IJ 1 
Jnknown I 10-e I 160 IJ I 
Jnknown I 10.66 I 470 -1BJ I 
Jnknown eridc I 24.67 I . 78IJ I 

I I I -I I I 

003f; 

FORM I W-TIC 

I. 

3/9t&. 



I@--- 1F -- 
SEMI VOLFIT ItE ORGW1 I CS QWLYS-IS DRTF3 SHEET 

EFFI SWlPLE NI: 

TENTFlT I VELY I DENT IF I ED COMPOUNDS I 
I W-SS-08-03 

Lab Name: CEIMIC CORP Contract: E ROI-JN-ROOT I 

Lab Codi?; CEIMIC Case No. : CT0154 SFIS No. : SDG No . : TE-042 

Matrix: (soil/water) SOIL Lab Sample ID: 950234-09 

Sample wt/vol: 30. 1 (g/ml-) G Lab File ID: F1G617 

Level: tlow/med) LOW Date Received: 04/22'/ 95 

% No i st CI~P : 19 decanted: (Y/N) N Date Extract e.d: 04/27/95 

Concentrated Extract Volume: 300.0 !uL) Dat J analyzed: ue/05/95 

Inject ion (Jolume: 2.0 (I.lL) Dilutioii Factor: 1.0 

GPC Cleanup: (Y/N) Y gH: 6.? 

CONCE>~Tk~TION UNITS: 
Mumber TICri found: 12 

l I 
(fig/L or u~/lig) UG/KG 

I I I I I 1 
I CAS NUMBER I COMPOUND N17ME I RT I EST. CONC. I Q I 
I =====l=I=P====== 1 we-------------m-v-- ----_.___ ----------------------- I======== I --a-- ==E===s3=‘=== -----I I 
l 1. 123422 I 2+entanone, 4-hydroxy-4-net I 4.30 I 32000 IiWJN 1 
I 2. 000000 I C9W0 i somer . . I 4.39 I 160 IBJ I 
I 3. 000000 IUnknown I 4.68 I 01 IBJ I 
I 4. 000000 IUnknown I 5.34 I 160 IBJ I 

I 5. 000000 IUnknown I 5.86 I 120 IEJ I 
I 6 . 000000 IUnknown I t3.m I 410 IEJ' 1 
I 7. IUnknown I 6.40 I 81 IJ I 
I a. 000000 IUnkriilMn I 7.85 I 32 0 l&r I 

1 9. IUnknown amide I z0.22 1 120 IJ I 
I 10. 000000 IUnknown amid2 I 22.lJi 1 410 IBJ I 
I 11. IUnknown I LL. 29 .= .> I 120 IJ I 
I 12. I FIl i phat i c hydrocarbon I 23.33 I 31 IJ I 
I I I I t I 

m 



1F EPFI SFlMPLE N&. -- 
SEMI’JOLRTIL-E ORGFINICS FINFILYSiS DQTFI SHEET 

TENTQTIVEL’f IDENTIFIED COMPOUNDS I 
I W-SS-BS-03 

‘Lab Name: CEIMIC CORP Contract: BROWN-ROOT I 

Lab L.oae: CEIMIC Case No.: CT0159 sas No. : SDG iu’u. : TE-042 

Matrix: (soil/watar> SOIL Lab Sample ID: 950254-10 

Sample wt/vol: 30.0 (q/mL) G Lab File ID: BG6ii5 - 

Level: (low/med) LOW Date Received: 04/22/95 

14 decanted: (‘f/N) N Date Extracted: 84/U/95 

Coitcentrated Extr-act Volume: SOa. l3 c uL 1 Date Flnalyred: Ids/ m/95 

Znjcction Volume: 2.0 (UL) Dilution Factor: 1.0 

i3PC :31 dsnuo: (Y/N) ‘f pH: j.5 

~uebet- TICS fomd: b . 
CONCENTRi7TION UNITS: 
tug/L or ug/Kg) UG/KG 

I I I I I 
I CkS NUMBER I COMPOUND NQME I RT I EST. CONC. I Q ’ 
I =====‘==o====‘== I ==============a============= ======== I I ===‘III=PI==5 ---w I ---a 

: 1. 123422 l2- Pentanone, 4-hydroxy-4-met I 4.22 I 28000 I QBJN 
I 2. 0000Gm I Unknown . . I 4.37 I 120 IBJ 
I 3. 000800 IUnknown I 5.53 I 120 IBJ 
I 4. 000000 IUnknown I 6.07 I 230 I0J 
I 5. IUnknown amide I 20 .2:5 I 190 IJ 
I 6. 000000 IUnknown amide I e=.lJe 1 620 IBJ 

I 
A., 

I I I I I I 

. 



SEMIVOLATILE ORGA& &~3 WVKLYSIS DATA SHEET 
TENTATIVELY IDENTIPIEDJCOMPOUNDS 

1F 
ITOrn I .*. - .--- - EPA SAMPLS 

I 
Lab Name: CEIMIC CORP ", 

Contract: 
I 

_ 

BR wN RooT - 
0 

WH-8SS-n1 .-- -- 

Lab Code: CETMIC Case No.: 1412 - 

Matrix: (soil/water) SOIL 
SAS No.: SDG N '0.: WHRHo9 

. 

8hlnb2r TICS found: 

i 

_.^ .-~~ c.3 xii ‘ISEX =====m-- ---= :==z== 
1 . _-- -. lfl197 

I 
7 L. 123422 
‘I a . 

COM?OLlr\JD bJ,VIS 
== =========-m --===I============= 

3-Penten-2-one, "-methyl- = 
2-Pentanone, 
Unknown 

i-hydroq-4-met 

Sample wt/vol: 
Lab Sample ID: 950743-16 

. 30.1 (g/mL) G 
Level: 

Lab File ID: 
(low/med) 

PI144 
LOW 

k Moisture: 22 decanted: (Y/N) N 
Date Received:; p9*/29/95 

Concentrated Extract Volume: 500.0 
Date Extracted: IO/O~/SS 

(UL) . 
Injection Volume: 

Date Analyzed: JO/l& 
2.O(uL) 

!%i 

GPC Cleanup: 
Dilution Factor: 

(Y&l y 
1.0 

pH: 7.4 

CGNCENmTION UNITS- 
(WL or ug/Kg) UG& 

RT 
======= 

5.42 
6.14 
7.83 

_ 
: 

! 
Unknown 
Unknown 
Aliphatic hs*drocarbo? 
A1iphazi.c I 

Unknown 
!ydrocarb& 

'Xiip1hacic 
Aliphatic 

hydrocarbon 

Unknown 
hydrocarbf 

Unknown aldehvde 
Unknown alken; 
Polynuclear aroi 
Aliphatic hydrocarb; 
Unknown alcohol/alk: 
Unknown s:eroid 
Aliphaeic hvdrocarba 
Unknown ste&id 
Unknown 
Unknown 
Unknown 

5.02 
9.51 

13.92 

EST ~. CONC . Q =z===::==----- --m-- . 3200 ;g== 

6800 Am?: 
470 J 
430 J 
940 J 
380 
340 

J 1 
J i 

‘L. I I 

23.27 
-- "e-4 

matic hydroca 23.88 
24.20 

In 
I 

25.18 
tns 25.28 

26.91 
27.06 

430 
-1 1c 720 -- LI .5P 

29.40 
29.57 
30.39 

473 
470 
720 
430 

1100 
4300 

430 
1400 
430 

720 
380 
720 
680 

z i 
J 
J 
J I 
J 
J 
J 
J' 
J 
3 

s 
J 
.T I I I l- -- 1 



k+ 

e--f 2JT-d8- JO 

1F 

. &PA SAMPLE K 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET ,-. 

-- - TENTATIVEL!! IDENTIFIBD .mMPOUNDS 
..* . . - WH-8SS-02 

Lab Name: CEIMIC COR? Contract': SROWN ROOT 

Lab Code: CEIMIC Case No.: 1412 SAS No.: SDG No.: WHRBO9 

Matrix: (soil/water) SOIL 

Sam+e wt/vol: 30.3 (g/ti) G Lab File ID: PI161 

Level: (low/med) LOW 

% Moisture: 21 decanted: (Y/N) N 

Concentrated Extract Volume: 500.0 (UL) 

injection Volume: 2.O(uL) 

Lab Sample ID: 950743-17 

Date Received: os/zs/ss 

Date Extracted: JO/O2/9S 

Date Analyzed: J.O/19/95 . _ 

Dilution Factor: 10.0 

GX Cleanup: W/_N) y pH: 7..1 

Nui?3tr TICS found: 20 
CONCENTK~TION UNITS: 
(ug/L or ug/Xg) UG/KG 

_-__-___ 

COMP0b.i ZI.UE 
---------------------------- --------------------_______^ 
3-Penten-2-one, q-methyl- 
2 ~?2ntaxone, G-hydroxy-4-met 
Unknown 
Unknown 
tinknox- 
Unkno-0. 
Unkno:s-2 
PolyzczL=ar arsnaric hvdroca - 
LliOh3CiC: . .-w_ hvdrzcarSo7 . . 
Un!<no-.8-2 al&hol/alkene 
Polynuclear aroma:lc hydroca 
Aliphatic hydrocarbon 
Unknown 
-qliphaiic hydr*"ZMcn?l -bb--UU.. 
Unknown 
Unknown 
Unknonn 
Unknown sieroid 
Unknown 
Unknown sztroiP 

3-P . . - 
======== 

.a f -64 
5.3a 
7.14 
9.81 

‘7 36 Wm. 
22.15 
22 .77 
7’) 87 --. 
23.0; 
23 .lO 
23.27 
23.56 
23.96 
24.16 
24.31 
25.82 
25.97 
26.38 
27.05 
27.75 

EST. CONC. 
=====r=P3==t= 

10000 
8800 

840 
840 

3.700 
840 
a40 
840 

i.300 
4200 

840 
1300 
1700 
1700 
1700 

840 
1700 
1300 
1700 
1300 

Q - 
---- we-- 
AJN 
>3$jjr : 
aJ : 

; ; 
J : 
3 
u' i 

b7 

i 
J 
J 

; 
J 
z 
J 
J 
J 

. 
_^^.. - -.. --- 



. 

,- 

Ye.. 

1F 
SEMIVOLRTILE ORGRNICS FlNRLYSIS DRTR SHEET 

TENTBTIVELY IDENTIFISD‘eOMPOUNDS 

EPF\ SFIMF’LE I 

I 
--, . . 

Lab Name: CEIMIC CORP 
I WH-BSS-03 

Contract: BROWN-ROOT I 

- Lab Code: CEIMIC Case No.: 1412 SflS No. : ’ SDG No. : RB0929 

Matrix: (soil/water) SOIL Lab Sample ID: 950784-05 

Sample wt/vol: 30.3 (q/mL) G’ Lab File ID: JF150 

Level: (low/med) LOW Date Received: 09/30/95 

% Moisture: 22 decanted: (Y/N) N Date Extracted: 10109195 

Concentrated Extract Volume: 500.0 (uL) Date Flnalyzed: 10/Zl/95 

Injection Volume: 2'.0(uL) Dilution Factor: 40.0 

GFC Cleanup: LY/N) Y pH: 7.3 

Number TICS found: 4 
CONCENTRRTION UNITS: 
(q/L or ug/Kg) UG/KG 

I I I I I I 
1 CRS NUMBER I COMPOUND NFlME I RT f EST. CONC. I c1 f 

__-_------------ __-------------- I---------------------------- ---------------------------- ========I I ----- =============I-,---1 

I 1. IF’olynuclear aromatic hydrozal 18.33 I 3408 IJ I 
I ‘3 L. lR1 iphatic hydrocarbon I 18.93 I 3400 iJ 1 
I 3. IUnknown I 19 -24 I 3400 IJ I 
! 4. I Unknown I 19 -30 I 3400 IJ I 

‘- I I I I I 



1F EPR SFlMPLE Au 
SEMIVOL~TILE ORGaNICS RNRLYSIS DFlTFI SHEET 

--” 
- TENTRTIVELY IDENTIFIe>COMF’OUNDS I - 

1 WH-8SS-84 
Lab Name: CEIMIC CORP Cont t*act : EROblN-ROOT I 

-Lab Code: CEIMIC Case No. : 1412 SFIS No. : SDG No. : RB0929 

Mat?-ix: (soil/water) SOIL Lab Sample ID: 950784-07 

Sample wt/vol: 30.3 (g/mL.) G Lab File ID: D1244 

Level: (low/med) LOW Date Received: 09/30/95 

:? Moistur-e: Z? decanted: (Y/N) N Date Extracted: 10/09/95 

Concent?*at ed Extract Vo 1 ume : 500. 0 ( uL 1 Date analyzed: 10/m/95 

Injection Volume: 2. 0 (UL) Dilution Factor: 5.0 

GFC Cl ean!.lp: W/N) Y 

Number‘ TICS found: 21 

pH: 7.3 

CONCENTRRTION UNITS: 
tug/L or ug/Kg) UG/KG 

i I I I I 
I CFIS NUMBER I COMF’OUND NaME I RT I EST. CONC. I Q 
I --_------------- .I============================1 ___-_----------- ========I=============I====== 

I RFJN I 1. 

I 2 
L. 

I 3. 

I 4. 
I 5. 
I 6. 

7. 
t 8. 
I 9. 
I 10. 
I Il. 
I 12. 
I- 13. 
I 14. 
I 15. 
I 15. 
I 17. 
I 18. 
I 19. 
I z’(L 7. 
I 21. 

1.41797 I 3-Penten-Z-one, 4-methyl- I 
IUnknown I 

2091294 19-Hexadecanaic acid I 
57103 IHexadecanoic acid I 

l&tknOwn I 

IUnknown fatty acid ! 
I FI1 iphat ic hydrocarbon I 
lUnknown aldehyde I 
IUnknown alkene I 
IFolynuclea?- ar-omat ic hydroca I 
IQ1 iphat ic hydr*ocarbon I 
I Unknown I 
1 Unknown I 
I R 1 i phat ic hydrocat‘ban I 
IUnknown alkene I 
I Unknown I 
IUnknown I 
Ia! iphat ic hydrocar‘bon I 

‘63476 I. gamma. -Sitosterol I 
I Unknown I 

!858i\13 IStigmast-4-en-z-one I 

4.62 I 
7.11 I 

18.36 I 
18.51 I 
18.82 I 
19.71 I 
pl. 12 I 
22.74 I 
23.07 I 
rw LG.27 I 

23.91 I 
24.13 I 
24 .25 I 
24 -39 I 
24.90 I 
25.67 I 
2-6 34 I . 
27.08 I 
27.71 I 

I 

11000 
2008 
1400 
2708 
1600 
2908 
1 4 8 8 
1800 

1~0@0 
1600 
1100 
1608 
1400 
SS00 
8508 
1400 
1408 
z5vllL7 
2000 
2708 
1600 

Y 
JN 
JN 
J 
J 
J 
J 
J 
J 
J 
J 
J 
Y 
J 
J 
J 
J 
JN 

IJ 
IJN 

I 

d- 

I 

I 

I 
I 
I 
I 
1 

I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 

I 

I 
I 

I I I I I 

- 

--^.. - - -. - - 



. 
1F 

SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 
. EPA SiMPLE NO, 

-*- - TENTATIVELY IDENTIFIED COMP6fEM)s . . 
Lab Name: _CEIMIC CORP. b&& BROWN ROOT I * 

WX-8SS-05 

. L&,Code:."XC Case No.: 1%. SAS No.: 

(soil/wateir)~'SOIL 

-SDG No .: a003 
. 

Matrix: Lab Sample ID: 950802-03 

Sample wt/vol: 30.3 19/a G-, LabFileD: m 
. 

Level: (low/-d) r;ow Date Received: 10!,04/95 I 
% Moist&e: 2Q * decanted: (Y/N) N . 

. . 
Date Extracted: &~&/?q'. 

Concentrated Extract Volume:~,~,(u~) Date Analyzed: u425/9$ 

Injection Volume: . ' 2.Qh.U . . Dilution Factor : l.(; - 
. 

GPC Cleanup: (Y/J-J) i pH: 6.9 . 
* 

Number TICS found: zf. . . . 

CONCENTRATION UNITS: 
- .- 

(w/L Of &Kg) LGm - 

CASNUMBER' 
DP%P%%%%%%%%%0%% 

1. 141797 
2. 123422 
3: 
4. 1002842 
5. 2091294 
6. 
7. 
8. 112801 
9. 

10. 
Il. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
.20. 
21. 

. _. 

COMPOUND.NAME 
PPPPP%%PIPP%P%I%%%I%%%%%%%~% 
3-Penten-2-one, 4-methyl- 
2-Pentanone, 4-hydroxy-4-met 
UIlkIlOWIl 
Pentadecanoic acid 
9-Hexadecanoic acid 
unknown 
UIWlOWIl 
Oleic acid 
Unknown alcohol/alkene ~ 
Aliphatic hydrocarbon 
Unknown fatty acid . 
Unknown aldehyde 
Unknown alcohol/alkene 
Unknown aldehyde 
Aliphatic hydrocarbon 
unknown 
unknown 
Polynuclear aromatic hydroca 
Unknown steroid 
unknown . 
unknown 

. . 

RT EST. CONC. 
:ILP%PII%:L: I%PPP%%PPM%%% 

4.73 ~SOSO 
5.49 '7080 
8.79 1400 

17.39 *llOO 
18.39 1100 
18.45 660 
18.84 1300 
19.74 3000 
20.29 620 
22.12 620 
22.42 * 1700 
22.74 780 
23.06 - 2800 
23.79 820 
24.13 1100 
24.29 820 
24.38 820 
25.16 660 
26.32 626 
27.00 990 
27.41 700 

Q 
DPZPP 

3 
m 
JN 
J 
J 
JN 
J 
J 
J 
J. 
J 
J 
J 
J 
J 
J. 
J 
J 
J 

64 



1F EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET ,I._ 

. -- - TENTATIVELY IDENTIFIED COMPGUHDS 
-I * 

I 
WX-SSS-.06 

Lab Name: =MIC CORP . Contract: gJ%OWN ROOT 
. 

gab Code:'CEZMZC case No.: UJ,,ZU. SAS No.: SDG No.: WOO3 

Matrix: (soil/water) SQIL Lab Sample ID: 950802-04 
. 

Sample wt/vol: 30.0 (g/a) G LabFileID: DI242 

Level: (low/med) LoL Date Received: 10;b4/95 * ._ 

% Moisture': 2Q decanted: (Y/N) N kate Extracted: lo/rslss. 
. 

Concentrated Extract Volume: ,m(uL) Date Analyzed: JO/25/95 

Injection Volume: .>.'o(uL) . - Dilution Factor: 2 . \ . 

GPC Cleanup: (Y@) * Y pX: 7.4 * . 

Number TICS found: a- 
~NCENTRATION UNITS: 
tug/L orug/Kg) UG/KG ' 

CAS NUMBER 
rlPrDI=rrP=PsPIP 

1. 141797 
2. 123422 
3:57103 
4. 
5. i12801 
6. 
7. . 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17 : 
18. 
19. 
20. 
21. 
22. 

COMPOUND NAME RT 
e=DPPr=tPDIP1PIPIIPIPIIPIPPI :PPIIIPx= 
3-Penten-2-one, 4-methyl- 4.79 
2-Pentanone, 4-hydroxy-4-met 5.53 
Ekxadecanoic acid 18.57 
UIlkIlOWIl 18.85 
Oleic acid . 19.72 
Aliphatic hydrocarbon 22.13 
Unknown aldehyde 22.73 
Aliphatic hydrocarbon 23.02 
Unknown alcohol 23.05 
Aliphatic hydrocarbon 24.14 
Unknown alcohol/alkene 24.24 
Aliphatic hydrocarbon 25.68 
Unknown steroid 26.32 
Unknown . 26.54 
UdCIlOWIl 26.92 
UIlkIlOWn 27.03 
unknown 27.41 
unknown 27.76 
unknown . 28.34 
Terpene alcohol 28.66 
Terpene alcohol 29.56 
Terpene alcohol 29.78 

FORi I SV-TIC 

EST. CONC. . 
:=P='PIPP1IPI 

28000 
9600 
1900 
1500 
4200 
1300 
1700 
4200 
6200 
3800 

. 1400 
2000 
2000 
1100 
1700 
2000 
3700 
2700 
2600 
1700 
3500 
7900 

Q 
==s== 
ABJN 
ABJN’ 
JN. 
3 
JN 
J 
J 
J 
J 
J 

: 
J 
J 
J 
J 
J 
'J 
J 
J 
J 
J 



. XX’-O&&/b 
*.’ . 

1F 
SEMIVOLATILE ORGANICS ANALYSIS DATA S&ET 

EPA SAMPLE NO. 
--- - TENTATIVELY IDENTIFIED COMPOUNDS . 

Lab Name: =IC CORP * ' ' ' ‘~ontr&t: BROWN ROOT 
WH-8SS-07 

b I I 
Lab Code: 'mIC Case No.: &&XL SAS No.: S" No.: moo3 

Matrix: (soil/water) S&L . Lab Sample ID: 9SO802-05 

Sample wt/vol: A!LQ (g/mu G Lab File ID:* 

'-Level: 
?jijD 

(low/med) &OW Date'Received: ;LO/O4/95 ' 

% Moisture: 'i7 decanted: (Y/N) N 
*' . 

Date Extracted: ml9/95 . 

Concentrated Extract Volume: 500.0 (uL) Date Analyzed: w25/95 

Injection Volume: 2.O(uL) . - . Dilution Factor: I.0 

GPC Cleanup: (Y/'$ Y pH: 7.3 
- 

Ihber TICS found: 2 
. 

.,. . . 
CASNUMBER' . 

DrslrsllsPlttlpl 
1. 141797 
2. 123422 
3. ~000000 
4. 
5. 1002842 
6. 2091294 
7. 
8.. 57103 
9. 

10. 
11. 112856 
12. 
1.3 . 
14. 
15. 
16. 
17. 
18. 
29. 
20. 
21. 
22. 

CONCENTRATION UNITS: 
lug/L or ug/Kg) UWKG 

COMPOUND NAME 

3-Penten-2-one, '4-methyl- 
2-Pentanone, 
unknown 

4-hydroxy-4-met 

unknown 
Pentadecanoic acid 
9-Hexadecanoic acid . 
unknown 
Hexadecanoic acid 
Unknown alcohol/alkene 
Unknown.fatty acid 
Docosanoic acid 
Unknown fatty acid 
Aliphatic hydrocarbon 
Unknown fatty acid 
Unknown aldehyde 
Unknown alcohol/alkene 
unknown 
unknown 
Aliphatic hydrocarbon 
Unknown alcohol/alkene - 
unknown 
Aliphatic hydrocarbon 

RT 
CIIIIIPISP 

4.72 
5.50 
7.16 
8.80 

17.38 
18.39 
18.46 
18.54 
18.84 
19.73 

* 21.61 
22.00 
22.12 
22.42 

.22;74 
23.07 
23.62 
23.81 
24.13 
24.23 
24.39 
25.67 

. 

EST. CONC. 
cssI=3= =ssstPmm 

26000 
8OC40 * 

960. 
1200 

760 
800 
600. 

1300 
1100 

720 
600 

'480 
800 
520 
880 

2600 
480 

. 520 
1000 

720 
560 
526 

- 

BJ 

J 
JN 
JN 
J 
JN 
J 
J 
JN 
J 
J. 
J 
J 
J 
J 
J 
J'- 
J 
J 
J 



1F EF’Fl SFIMPLE NC 
SEMIUOLKl-ILE ORGFINICS QNFILYSIS DFITFl SHEET 

TENTGTIUELY IDENTIFIED COMPOUNDS I 
I w-ss-01 -- 

Lab Name: CEIMIC CORP Contract: NUS 1 

Lab Code: CEIMIC Case No. : 3933 SRS No. : SbG No._: W-SE-13 

Matrix: (soil/water) SOIL Lab Sample ID: 920323-I 1 

Sample wt/vol: 36.4 (g/mL) G Lab File ID: 32355 

Level: (low/med) LOW Date Received: (36/19/92 

X Moisture: 10 decanted: (Y/N) N Date Extracted: 06/23192 

Concentrated Extract Volume: 500.0 (UL) Date analyzed: 07/15/92 . 

Injection Volume: 2.O(uL) Dilution Factor: 1. 0 

GPC Cleanup: (Y/N) y 

Number TICS found: fB 

pH: 30.4 

CDNCENTRQTION UNITS: 
tug/L or ug/Kg) UG/KG 

I I I I I I 
I CFlS NUMBER. I COMPOUND NdME I RT I EST. CONC. I I? I 
I I-IPL-=z=-Ix =D-PP-DIDIPIP~PPI======-=l========l I =~01=~==1=='~-----( ----- 
I 1. I Unknown I 4.17 I 1100 lJ I 
I 2. 123422 l2-Pentanone, 4-hydroxy-4-met1 4.70 I 22000 IFIBJN -- 
I 3. I Unknown I 7.01 I 400 IJ . 
I 4. I Unknown I 12.37 I 690 I.7 I 
I 5. IMethylphenanthrene isomer I 19.33 I 73 IJ I 
I 6. 
I 7. 
1 0. 
I 9. 
I 10. 
I 11. 
I 12. 
I 13. 
I 14. 
I 15. 
I 16. - 

I Unknown I 19 .Sl I 110 IJ I 
IUnknown I 22.22 I 180 IJ I 
I Unknown I 22.80 I 73 IJ I 
IUnknown I 22.93 I 73 IJ I 
IUnknown aliphatic aldehyde I ES.10 I 180 IJ I 
IC20H12 isomer 
I Unknown 
IC2OHl2 isomer 
I ml iphat ic hydrocarbon 
I Unknown 
I Unknown 

I 24.90 I 290 
I 24.96 I 620 
I 25. 12 I 400 
I 23.81 I 370 
t 26.02 I 370 
I 26.49 I 260 

3 I 
J I 
J I 
J I 
J I 
J I 

I 17. IC22HlE isomer I 26.89 I 510 IJ I 
I 18. I Unknown I 29.68 I 400 I J I 
I I I I I I 

00- 

FORM I S&--TIC z/90 



.--__ ..-__ 

pI4. 
i 

Lab Name: 

Lab Code: 

. - 
1F 

SEMIVOL~TILE ORGQNICS QNCILYSIS DFLTFl SHEET 
TENTQTIVELY IDENTIFIED COMPOUNDS 

CEIMIC CORP Contract : NLJS 

CEIMIC Case No. : 3933 SFIS No, : 

SI-as-/g 

EPFI SFIMPLE NO 

I-. 
I W-SS-03 c 
‘- 

SDG No.: W-SE-14 
I 

Matrix: (soil/water) SOIL Lab Sample ID: 920320-07 

Sample wt/vol: (g/nlL) G 30.1 Lab File ID: 32337 

Level: (low/aed) LOW 

% Moisture: 17 decanted: (Y/N) N 

Concentrated- Extract Volume: 500.0 (ui) 

Injection Volume: 2.O(uL) 

GPC Cleanup: (Y/N) y pH: 7.9 

Date Received: 06123192 

I 
Date Extracted: W/225/92 

Date halyted: 07113192 1 

Dilution Factor: 1.0 

I 

Number TICS found: 11 
CONCENTRClTION UNITS: 
tug/L or ug/Kg) UG/KG 

I I I I I I 
I CRS NUMBER I COMPOUND NFlME !’ RT I EST. CONC. I P I 

,P-=Y I=-IIIPII--=l=~~~~~------ 1 I-IIPIIC I -IIsII- I s-s- i I 

I 
1 C=. ifS4eP-----tplBPntanuute, +-hydroxy--4.met I 4dTI Ldeee3 I , 

I 3, IUnknown I 6:lS I 320 IJ I I 
I 4. I Unknown I 7.30 I 360 IJ I 
I 5. I Unknown I 12.07 1 160 IJ I 
I 6. I Unknown 1 13.23 I 80 IJ I l 
I 7. I Un kn own I 27.8s I .80 IJ I 
I 6. Imliphatic hydrocarbon I 30.34 I 120 IJ I 
I 9. I Unknown I 30.44 I 80 IJ 1 
I 10. I Unknown I 31.56 I 160 IJ . I I 

I 11. IQliphatic hydrocarbon I 33.65 I 200 IJ I 
I I I I I I 

! 

FORM I SV-TIC 3190 
I 



1E EFQ SaMF’LE NO. 
UOLRTILE ORGRNICS QNFlLYSIS DRTFl SHEET 

TENTfiTIUELY IDENTIFIED COMF’OUNDS I J- -- - ..- e - 1 WH-BSB-OS 
Lab Name: CEIMIC CORF’ ContrAct : BROWN ROOT I I 

Lab Code: CEIMIC Case No. : 1412 SOS No. : SDG No. : RB09P9 

c 

Matrix: (soil/water) SOIL Lab Sample ID: 950784-03 

Sample wt/vol: 1.0 (g/mL) G Lab File ID: co957 

Level: (low/med) LOW Date Received: 09/m/95 

% Moisture: not dec. 13 Date analyzed: 1 o/07/95 

GC Column: HP-624 ID: 0. 530 (mm) Dilution Factor: 1.0 

Soil Extract Volume: (UL) Soil Qliquot Volume: (UL) 

. CONCENTRRTION UNITS: 
Number TICS found; 4 tug/L or ug/Kg) UG/KG 

I I I I I I 
I CBS NUMBER I COMPOUND NFlME I RT I EST. CONC. I G1 I 
,----------------, ___-----------VW ========-------I=====--- -m-m=, ---w-c.... * --.-.------s-----, _____I ,------------- ----a 

I 1. I Ql i phat i c hydrocarbon I z<t. 21 1 ZZ(-) IJ I 
I 2. IFIl iphatic hydrocarbon 1 20. 63 I 29 IJ I _- 
I 3. IC4-Benzene 3 somer I 2.1.43 I 170 I J I 
I 4. IUnknown I 21.71 I 69 IJ I 
I I I I I I 

FORM T UOR-T?(3 , “fZ 



-... 
- 

Lab Name-: 

Lab Code: 

1E EPF) SQMPLE N( 
UOLFITILE ORGf3NICS aNQLYSIS DFITQ SHEET 

TENTFIT 1,VELY I DENT X F I ED; CdWOUNDS I . * 

._ . I WH-BSE-06 
CEIMIC CORP Contract: BROWN ROOT I 

CEIMIC Case No. : 1412 SR$ No. : SDG No. : RE0929 

Matrix: (soil/water) SOIL 

Sample wt/vol: 5.0 (g/mL) G 

Level: (low/med) LOW 

% Moisture: not dec. 13 

GC Column : HP-624 ID: 0 .S30 (mm) 

Soil Extract Ublume: (UL) 

Number- TICS found: 0 

Lab Sample ID: 9SO784-04 

Lab File ID: CO985 . 

Date Received: 09/30/9s 

Date Flnalyzed: f O/OS/S!i 

Dilution Factor: 1.0 

Soil Rliquot Volume: (ULI 

CONCEMTRRTION UNITS: 
(ug/L or ug/Kg) UWKG 

I I I I 1 1 
I CQS NUMBER I - COMPOUND NQME I RT I EST. CONC. I Q I 
I “==========213= I---------------------------- ----------------------------I========1 Z1==23=9-----j,----~ w---e --e-e 

I I I I 
,- 

I 1 



iE 
VOLQTILE ORGRNICS RNFILYSIS DQTFI SHEET 

--- TENTFIT I-UELY I DENT I FI ED ..JZ6fdPOUNDS 
- 

. . . 

EPd SFIMPLE NO. 

I . . 

I WH-BSB-07 
Lab Name: CEIMIC CORP Contract: BROWN ROOT I 

Lab Code: CEIMIC Case No.: 1412 SFS. No. : SDG No. : RE09,39 

Matrix: (soil/water) SOIL Lab Sample ID: 950784-06 

Sample wt/Vol: 5.0 (g/mL) G Lab File ID: cases 

Level: (low/med) LOW Date Received: 09/30/9s 

% Moisture: not dec. 16 Date Flnalyzed: 10/05/9s 

GC Column: HP-624 <ID: 0 .5X (mm) Dilution Factor: 1 . 0 

Soil Extr-act Uokume: (UL) Soil Flliquot Volume: (UL) 

Number TICS found: 0 
CONCENTRRTION UNITS: 
tug/L or ug/Kg) UG/KG 

I I I I I I 
I CQS NUMBER I - COMPOUND NRME I RT I EST. CONC. I 0 I 
I ___------------- --^------------- I ==========-~============----I ==B=====l=r====P=I====I ===== I 
I I I 1 I I 



,- 
- 

Lab Name': 

Lab Code: 

1E EP#3 SQMF'LE NC 
UOLRTILE ORGFlNICS QNRLYSIS DQTFI SHEET 

TENTRTIVELY IDENTIFIED.,C~P~POUNDS 
_ 

CEIMIC CORP 
I WH-BSB-06 

Contract: BROWN ROOT I, 

CEIMIC Case No. : 1412 SRS No. : SDG Wo. : RI30929 

Matrix: (soil/water) SOIL 

Sample wt/vol: S.0 (g/mL) G 

Level: tlow/med) LOL-l 

% Moisture: not dec. 15 

GC Column: HP-624 ID: 0 .530 (mm) 

Soil Extract Volume: (UL) 

Number TICS found: 0 

Lab Sample ID: 950704-00 

Lab File ID: co942 

Date Received: 09/30/9s 

Date halyzed: 10/06/9S 

Dilution Factor: 1.0 

Soil aliquot Volume: (UL) 

CONCENTRflTION UNITS: 
tug/L or ug/Kg) UG/KG 

* ’ I I I 
I CQS NUMBER 

I I 
I - COMF’OUND NRME I RT I 

1s----------we--- ----------------I 
EST. CONC. I Q 1 

---------------------------- ----------------------------I========~ ----a 
I I . 

=DII===PEIPPII-----I 

!f@- 
I I 1 I 



1E EPR SFIMPLE NO. 
VOLFITILE ORGRNICS FINdLYSIS DFITR SHEET P- 

-- TENTRTLVELY IDENTIFIED>C&4POUNDS I 
. . . 

- 

Lab Name’: 
I WH-BSB-09 

CEIMIC CORP Contract: BROWN ROOT 1 

Lab Code: CEIMIC Case No. : 141,” SRS, No. : SDG No. : RB0929 

Matrix: (soil/water) SOIL Lab Sample ID: 950784-09 

Sample wt/vol: 5.0 (g/mL) G Lab File ID: co923 

Level: (low/med) LOW Date Received: 09/30/95 

% Moisture: not dec. 15 Date Qnalyted: 10/0’5/95 

GC Column: th-624 ID: 0.530 (mm) Dilution Factor: 1. 0 

Soil Extract Volume: (UL) Soil Rliquot Volume: (UL) 

Number TICS found: 0 
CONCENTRBTION UNITS: 
tug/L or ug/Kg) UG/KG 

. 

* ’ I I I I I 
I CRS NUMBER I - COMPOUND NFlME 1 RT I EST. CONC.. ! C? I 
I =====.~?c=~~~==== I---------------------------- ----------------------------I========1 ==I====P’PIIxI-----I ----- 

I I 1 I I I -. 

c,m,=.., - ..--_--- 02.0 



-- 
1E 

UOLRTILE ORGFINICS FINQLYSIS DC3tQ SHEET 
TENTQTIUELY IDENTIFIED qMPOUNDS 

Ep;FI SRMPLE NO. 

I-- l 
I WH-BSB-15 I 

Lab Name: CEIMIC CORP Contract: BROWN ROOT I- I 

Lab Code: .CEIMIC Case No.: 1412 SFIS No. : . SDG No.: pal003 
. 

Matrix: (sqil/water) SOIL Lab Sample ID: 950802-l 0 

Sample wt/vol: 5.0 (g/mL) G Lab File ID: fX946 

Level: (low/med) LOW Date Received: 10/04/95 : 
. 

% Moisture:. not dec. 17 Date halyzed: 10/06/95 

GC Column: HP-624 ID: 0 ,530 (ma) Dilution Factor: 1.0 

Soil Extract Volume: (UL) Soil Flliquot Volume: ‘(UL) 
- 

Number TICS found:- 2 
CONCENTRfiTION UN’ITS: 
tug/L or ug/Kg) UGIKG . 

I I 1. I I I - 
I C&IS NUMBER I COMPOUND NWiE I RT I EST. CONC. I Q I 
]Pt3Pt=ll~tE==PPPJPPPIIDPIPPIttPIIrlOIppE~=~~~~~E~EEEE~~E~~E~~~~~~EE~~EE~~~~ 

/ I * I I I I 

,- 

. 
16 



1E i?A ’ SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET . 

--- TENTATIVEQY IDENTIFIED COMPOUJJDS 

I 
SB-TPOl-01 - 

Lab Name: PIMIC CORP Contract: BROWN ROOT 

gab Code: ~CEIMIC Case *No.: J&/J- SAS No.: SDG No.: POlOt 

Matrix: (soil/water) ss)IL 

Sample wt/vol: -5.0 (g/mL) G 

Level: (low/med) &OW -- 

It Moisture:, not dec. 15 

GC Column: BP-624 ID: 0.534 (mm) 

Soil Extract Volume: (a 

Number TICS found: 0 

, . 

Lab Sample ID: ,050892-01 

Lab Fil'e ID: 

Date Received: f0/31/95 

Date Analyzed: J&/OS/95 

Dilution Factor: 1.0 

Soil Aliquot Volume: .-.iuL) 

,$ZONCENTRATION UNITS: 
tug/L of w/Kg) uG/KG 

I CAS NUMBER COMPOUND NAME ' 
I I I - 

. RT 1 EST. CONC. 1 Q 1 

,-- 

40 
FORM I VOA-TIC 3/90 



' 1E' EPi SAMPLE NO. 
. 

VOLATILE. ORGANICS ANALYSIS DATA SHEET 
--- - TENTATIVELF IDENTIFIED COMPOU_NS 

Lab Name: CEIMIC CORP 
S8-TPOI-02 

Contract: BROWN RCCT I 
Lab Code: =MIC Case No.: 1412 SAS No.: SDG No.: PO101 

Matrix: (soil/water) SOIL Lab Sample ID: q50892-02 

Lab File ID: 1 a596 

Date Received: 20/31/95 

Date Analyzed: mJ5/95 . 

Dilution Factor: l.Q 

Soil Aliquot Volume: ,-,XuL) 

CONCENTRATION UNITS: 
tug/L or w/Kg) YCVKG 

Sample wt/vol: 5.0 (g/W GL. 

Level: (low/med) LOW 

t Moisture: not dec. 19 

GC Column: HP-624 ID: 0.534 (mm) 

Soil Extract Volume: (UL) 

Number TICS found: -Q 

I CAS NUMBER I COMPOUND NAME 

FORM I VQA-TTC 



7paz- d-03 
1E 

VOLATILE ORGANICS ANALYSIS DATA SHEFT 
EPA SAMPLE NO. 

--- TENTATIVE&Y IDENTIFIED COMPOUJDS - 

I 
S8-TP02-01 

Lab Name: CEIMIC CORP Contract: BROWN ROOT 

Lab Code: CEIMIC Case *No. : J.412 SAS No.: SDG No.:'- 

Matrix : (soil/water) .m Lab Sample ID,: gSO892-03 

Sample wt/vol: .5.0 (g/-1 L. Lab File ID: 0597 

Level: (low/med) LOW Date Received: m 

% Moisture: not dec. ,13 Date Analyzed: J&/OS/95 

GC Column: SP-624 ID: 0.534 (mm) Dilution Factor: 1.0 

Soil Extract Volume: (UL) Soil Aliquot Volume: <-,(a 

1 
-.. 

Number TICS found: 0 
CONCENTRATION UNITS: 
tug/L or ug/Kg) 'uG/KG 

CAS NUMBER COMPOUND NAME RT EST. CONC. (j 
=ptq==='==l=PsEE IPlElllP~X'PEII1IPPPIIpppIpI S:rPPPdrErr EPPOPPP1PPPPI SmEE= 

FORM I WOA-TIC 

‘) 44 

3/90 



1E 
.- VOLATILE ORGANICS ANALYSIS DATA SHEET 

--.. TENTATIVE&Y IDENTIFIED COMPOUJDS 

EPA SAMPLE NO. 

I- 
Lab Name: mm Contract: BROWN I SW-TPo2-IO 

R,'OT ! 

Ldb Sample ID: ,"50892-d4 

Lab Code: CEIMIC Case :No.: J.412 SAS No.: SDG No.: POlQf, 

Matrix: (soil/water) SOIL 

Sample wt/vol: 5.0 (g/W ,L, 

Level: (low/med) J,+OW 

t Moisture: not dec. u . 

GC Column: BP-624 20: 0.530 (mm) 

Soil Extract Volume:' (uu 

. Lab File ID: e600 

Date Received: ;1)/31/95 

Date Analyzed: LL/O5/95 

Dilution Factor: 1-Q 

Soil Aliquot Volume: ~-(a 

Number TICS found: 0 
CONCENTRATION UNITS: 
tug/L or q/Kg) UWCG 

'FORM I VOA-TTf' 

‘50 

3 /an 



1E 
VOLATILE.ORGANICS ANALYSIS DATA SHEET 

EPA SAMPLE NO. 

--- TENTATIVELY IDENTIFIED COMPCX+X _-. 
S8-TP02f02e 

Lab Name: $XIMIC CORP Contract: BROWN R?CT 1. 

'Lab Code: .m Case No.: 2412 SAS No.: SDG x0.: TpOlQ 

Matrix: (soil/water) a 

Sample wt/vol: 5.0 (g/a) G 

Level: (low/med) LOW 

% Moisture: not dec. 18 

GC Column: p-624 ID: 0.530 (mm) 

Soil Extract Volume: (UIJ) 

Number TICS found: J 

Lab Sample ID: ,=0892-05 

Lab File ID:' CP601 

Date Received: 10/31/95 

Date Analyzed: f1/05/95 

Dilution Factor: 1.0 . 

Soil Aliquot Volume: (UL) 

CONCENTRATION UNITS: 
tug/L or w/W uG/KG 

CAS NUMBER COMPOUND NAME RT 
___------------- _--------------- tllP-'PP=I=PIPPI=PP=lOIPIIII xc==P=s= 

I : -- 

I EST. CONC. Q 
DI3PIIPllrrPP I t===ILI 

I I- 

. 

FORM I VOA-TIC 3/90 



,.:-.<. 

IF 
SEMIVOLATILE ORG.UICS ANUY'IS DATA SHEET 

:.. EPA SAMPLE 
--- - TEiUTATIVELY IDE~UTIFIED~.~O~~POUNDS 

"a 
Lab Name: CEIMIC CORP 

WH-8SB-01 
Contract: BROWN ROOT I 

Lab Code: CEIMIC Case No.: 3412 SAS No.: SDG No.: WHRBO9 

Elatris: (soil/water) SOIL Lab Sample ID: 950743-18 

Sample wt/vol: .30.5 (g/mL) G Lab File ID: 'pI138 

Level: (low/med) LOW : Date Received: ,g9/29/9S 

% Moisture: 
_.-- -.. 

9 decanted: (Y/N) N Date Extracted: JO/o2/9s 

Concentrated Extract ,Volume: 500..O (UL) Date Analyzeh:: pj/rs/gs' 

Injection Volume: 2.0 (UL) Dilution Factor: 1.0 

I---- C3L Cleanup: (Y/‘$) L pH: 62 - 
-v 

Nu~~tr TICS found: d 
CONCEA~RATION UNITS: . 
tug/L or ug/Kg) UG/KG 

t I I I . 
c.i.s ?j’d>l3 = 3 L.. COMPOUND N.U*:5 

___-_-_--------- __-------------- --------------______________ ---------------___-_________ 
1. 141797 3-Penten-2-one, 123422 

2-Pencazono, 
Z-methyl- 

~~00000 
1 

Unknoi;n 
<-hydroxy-4-met 

4. Unkno*~n 

RT SST. CONC. 
======== ============= 

5.35 5400 
*6.07 3100 
7.80 180 
9.47 180 

1 I I I 
Q 

----- ----- 

AJ-N’ 
ABJX 
33 
z 

. . 



1F 
SEMIVOLkLE ORGANICS ANALYSIS DATA SHEET -- -. TENTATIVELY IDENTIFIED COMPOUNDS 

.- --m 
Lab Name: CEIMIC CORP .-- Contract: BROWN ROOT 

Lab Code: CEIMIC Case No.: 1412 SAS No.: SIX 

Matrix: (soil/water) SOIL Lab Sample ID: 

Sample wt/vol: 30.5 (g/mL) G Lab File ID: 

Level: (low/med) LOW Date Received: 

EPA SAMPLE ; 

.WH-8SB-02 

No. : WHRBO9 

950743-20 

pII 

09/29 195 
. . II. - 

k Moisture: 11 decanted: (Y/N) N 
“,. 

Date Extracted: LO/O2/95 

Concentrated Extract Volume: 500.0 (ULI Date Analyzed: gO/l8/95 

Injection Volume: 2.O(uL) Dilution Factor: 1.0 

I 
c.x ?iii.i*'13";~ 

---------------- ---------------- 
123422 
000000 
100527 

pH: 5.7 

CONCENTRqTION UNITS: 
fug/L or ug/Kg) UG/KG 

GPC Cleanup: (Y/g L 

?hrtl e r TICS found: 10 
-_--- 

COMPOUXD N.AMK 
==a========================= 
2-Pentanone, 4-hydroxy-e-met 
Unknown 
Benzaldehyde 
Unknown 
Acetoohenone 
3enzoic acid 
UdinC:;Z 

Zchanedione, dichenvl - 
1,3-?rc~az?etiio~S, l-j-dipher? 
Unknown aromatic 

RT 
--e--w-- ----w--- 

6.12 
8.02 
8.16 
3.82 
9.77 

11.41 
f') 60 e-. 
13.53 
20.07 
23.60 

EST. CONC. 
=======P==E== 

5200 
410 
180 
290 
700 

3700 
150 
180 

1100 
22i) 

Q 1. ----. ----, 
A3n : 
35 i 
n ; 
J 1 
ZN 
&jji : 
J' i 7' 
;E; i 
z 

i 
-. 

.y.-sY.. - -.. --- 



1F 
SEMIVOLATILE ORGWICS ANALYSIS DATA SXEET 

EPA SAMPLE 
- -. TENTATIVELY IDEINTIFIED,.OMPOUNDS . 

Lab Name: GE;MIC CORP 
.., WH-8SB-03 -- Contract: BROWN ROOT 

Lab Code: CEIMIC Case No.: 1412 SAS No.: SD<: No.: WHRBO9 

Matrix: (soil/water) SOIL 

Sample wt/vol: 30.5 (g/mL) G 

Level: (low/med) LOW 

fi Moisture: 10 decanted: (Y/N) N 

Concentrated Extract Volume: 500.0 (UL) 

Injection Volume: 2.O(uL) 

G?C Cleanup: (Y/iU ‘?' PH: 6.2 

Lab Sample ID:: 950743-19 

Lab File ID: liiuL-. 

Date Received: 09/29/95 . 

Date Extracted: gO/o2/9% 

Date Analyzed: jO/18/95 

Dilution Factor: 1.0 

Number TICS found 8 

C&S NUMBER 
=========t====== 

: -. 123422 
7 -. 
3. 
. -. , 
5. 
3 . 

3. 

CONCEhi?ATION UNITS: 
(ug/L or ug/Kg) UG/KG 

COMPObXD NAME 
---------------------------- --------------------^_______ 
2-Pzntanone, ;-hydroxy-4-met 
Unknown 
Unknown 
Unknown 
Pknol, -fluoro,-nitro isome!= 
?her!ol , - r'lucro, -nitro ison=-- Lb- 
L'nkno-~rs 
Unkno*An 

XT EST. CONC. Q 
======== I====:======== -____ ----- 

6.11 4400 A3m 
7.83 620 J 
3.00 290 J 

10.69 110 J 
10.93 180 J I 
13.12 110 J : 
13.13 IS0 J i 
14.41 110 J 



.- 
1F 

SEMIVOLATILE ORGANICS ANX,YSIS DATA SHEET 
EPA SAMPLE >j- 

-- - . TENTATIVELY IDENTIFIED .gMPOUNDS 
..- 

Lab Name: CEIMIC CORP 
WH.-8SB-04 

-~- .Contract: BROWN ROOT 

Lab Code: CEIMTC Case No.: 1412 SAS No.: SDG'No.: WHRBO9 

IMatrix: (soil/water) SOIL Lab Sample ID: 950743-21 

Sampie **t/vol: 30.0 (g/W G Lab File ID: PI142 

Level: (low/med) LOW Date Received: 09/29/95 

b Xoisture: 12 decanted: (Y/N) _N Date' Extracted: 10/02/95 . 

Concentrated Extract Volume: 500.0 (UL) Date Analyzed: 10/18/95 

inj ection Volume: . 2.O(uL) Dilution Factor: 1.0 

GIG Cleanup: (Y/y) Y pH: 60 A 

Nur>tr TICS found: 2 
CONCENTRATION UNITS: 
tug/L or ug/Kg) UG/KG 

! 
I 

CAS NUMBER 
=====5=========: 

1 i: 000000 123422 

j i- 
I 
1 5. 6SaSO 
: 5 120457 

COMPOLXD NAME 
============================ 
2-Pentanone, 4-hydroxy-4-met 
Unknown 
Unknown 
Unknown 
Senzoic acid . 
1,3-Prooanedions, 1,3-diohen 
Alichatic 
Unknown 

hydreca:boy. - 

Unknown 
Unknoua 
Unknown amide 
Unknown adipate 
Unknown 
Unknown 
Unknown 
Unknah*n alkene 
Unknown 
Unknown 
Unknown 
Unknown 
Znknown 

RT 
---m--e- ------w- 

6.12 
7.82 
8.02 
9.49 

11.07 
20.08 
20 . .2- 2 
20.33 
21.10 
21.29 
21.35 
21 -44 
21.62 
21.87 
22.28 
22.4a 
22.55 
22.92 
23 '3 . -- 
23.34 
23.67 

EST. CONC. 
============= 

5300 
760 
720 
380 
340 
230 
380 
300 
420 
490 
300 
450 
530 
530 
380 
270 
270 
380 
340 
450 
380 

Q J II~ 
----- ----- 
ABJ?? 
35 
J 
3 
m 
ZN 
J 
J 

5 
J 
J 
J 
J 
J 

i 
J 
J 
J 
3 

.- 



1F EF'Q SRMPLE 
SEMIVO!ATILE ORGFINLCS GNflLYSIS DFITFI SHEET 

--- 
- TENTRTIUELY IDENTIFIED COMPOUNDS 

--c I 
I . WH-8S9-05 

Lab Name: CEIMIC CORF Contr*act: BROWN-ROOT I 

- Lab Code: CEIMIC Case No. : 1412 SRS No. : SDIG No. : RBf2929 

Matr-ix :’ (soil/water) SOIL Lab Sample ID: 958784-83 

Sample wt/vol: 38.2 (g/mL) G Lab File ID: JPfBC3 

Level: (low/med) LOW Date Received: 89 /m/95 

% Moistur*e: 1 2 decanted: (Y/N) N Date Extracted: 18/09/95 

Concentrated Extract Uo 1 ume : 51218.121 (UL) Date flnalyned:: 18/18/95 

In.jection Volume: Z.@(uL) Di 1 ut ion Fact or-: 1.8 

GF’C Cleanup: C-Y/N) Y pH: 6.9 

CONCENTRQTION UNITS: 
Number- TICS found : 4 (tJg/L or‘ ug/Kg) UG/KG 

I I I I I 
f----Y I CRS NUMBER .I COMPOUND NRME I RT 1 EST. CONC. I Q 

I ---------------- _-_------------- I---------------------------- ----------------------------]========(-------------1 ----- -----e---v--- --m-m 
I 1. 12:3422 I 2-Pentanone, 4-hydr-oxy-4-met1 4.63 1 4888 IRFJN 
1 2. IUnknown I 6.79 I 490 IJ 
I 3. IUnknown I 6.96 I . 1 58 IJ 
I 4. IUnknown I 16.43 I 150 IJ 
I 1 I I ! 



1F EPFl SRMPLE N 
SEMIVOLflTILE ORGRNICS RNFlLYSIS DRTR SHEET _-. 

-- TENTQTI’JELY IDENTIFLED’~OMF’OUNDS I - **- I WH-BSE-OSRL 
Lab P:ame: CEIMIC CORP Contr-act: BROWN-ROOT I 

- Lab. Code: CEIMIC Case No. : 1412 SRS No. : SDG No; : RB8929 
. 

Mat&ix :’ (soil/water) SOIL Lab Sample ID: 950794-03RE 

Sample wt/vol: 30.2 (g/mL) G Lab File ID:’ JF118 

Leve 1 : (low/med) LOW Date Received: 09/30/95 

:‘. M o i s t IA?* e : 12 decanted: (Y/N) N Date Extracted: 18/89/95 

Concentrsated Extract Volume: !X@.rz! ( UL 1 Date halyzed:. 10/19/95 

=* O(uL) L. Dilution Factor: 1.8 

GFC C 1 eanup : dY/N) Y 

fJumber* TICs found: ’ 4 

pH: 6.9 

CONCENTRQTION UNITS: 
tug/L or ug/Kg) UG/KG 

I I I I I I 
I CLAS NIJMFER I 

-; 
COMFOUND NQME I RT I EST. CONC. I Q I 

I ---------------- ---------------- ============================1=====(====-------==1---- ---- 
( 1. lZ3422 IZ-Pentanone, 4-hydroxy-4-met1 4.61 I ,34@8 I RFJ:.J 
1 7 L. IUnknown I 6.76 I 560 IJ I 

: 3. IUnknown I 6.94 I 150 IJ I 
I 4. IUnknowrr I 16.40 I 150 IJ 1 

I I I I I 



1F 
SEMIUOLRTILE ORGRNICS FlNFILYSIS DFlTR SHEET 

EFFI SFlMPLE I 

--- 
- . TENTGTIUELY IDENTIFIEqtOMPOUNDS I 

Lab Name: CEIMIC CORF 
I WH-SSE-B6 

Contract: EROWN-ROOT I 

‘Lab Code: CEIMIC Case No. : 1412 SAS No.: SDG No. : RE8929 

Matrix:’ (soil/water*) SOIL Lab Sample ID: 950784-04 

Sample wt/vol: 30.0 (g/mL) G Lab File ID: JF098 

Leve 1 : (low/med) Lou Date Received: ss/so/9s 

% Moisture: 15 decanted: (YIN) N 

Concentrated Extract Volume: SayI. 8 (UL) 

Date Extracted: 18/89/95 

Date Rnalyzed: 18/18/95 

Inject ion Volume: e. 0 (IAL) Dilution Factor-: 1.a 

G?C C 1 eanuo : l tY/N) Y . pH: 6.7 
, 

Number TICS found: 5 
CONCENTRRTION UNITS: 
tug/L or ug/Kg) UG/KG 

I I I I 
I CRS NUMBER COMFOUND NRME I RT I EST. CONC. I Q 
I ---------------- -------------,--- I------------------------- -------------------------===I========1 =====3=‘===== 1 ----- ----_ 

1 1. 1.23422 I Z-Fentanone: 4-hydroxy-4-met1 4.64 I 6000 I FI3JN 
I 2. I Unknown I 6.59 I 350 IJ 
! 3. IUnknown I Is.92 I f4@ IJ 
I 4 . IUnknown I 6.95 I 13 IJ 
! 5. IUnknown amide I 16 .39 I 120. lJ , 
I I I I I 



1.F EF’Fl SFlMPLE N. 
SEMIUOLRTILE ORGRNICS RNFILYSIS DQTFl SHEET -- 

-- 
- TENTQTIVELY IDENTIFIED l3OMPOUNDS 1 

-I _. I WH-BSE-(E7 
Lab Name: CEIMIC CORP Cant?-act : BROWN-ROOT I 

-Lab Code: CEIMIC C,ase No. : 1412 S!Xi No. : SDG No. : RE8929 

Matrix:’ (sail/water*) SOIL Lab Sample ID: 9&784-86 

f Sample wt/vol: 30.2 (g/mL) G Lab File ID: JF183 

Level: (low/med) LOW Date Received: 89/38/95 

;C Moisture: 15 decanted: (Y/N) N Date Extt*acted: 18/@9/9fs 

Concentrated Extract Volume: 508. 8 (UL) Date Bnaly:ed: 18/18/95 

Injection Volume: 2. 8 (uL 1 Dilution Facto?-: 1.8 

WC Cl eanup: LYm) Y pH: 7.3 

CONCENTRRTION UNITS: 
Number- TICS found : 5 fug/L or‘ ug/Kg) UG/KG 

I I I I I I 
1 CRS NUMP.ER I . COMPOUND NRME I.RT I EST. CONC. I Q I 
I -----------w-e-- ‘I============================l========l=====----====l==== -- -_---_---------- 
I !. 141797 I 3-Fenten-s-on?, 4-methyl- I 3.&2 I 6ema IFlEJN . 
I -2. 1 422 .:a 7 L. bJ I 2-Pentanons. L-hydroxy-4-set I 4.64 I 3788 IQEJN I 
I 3. I Unknown I 6.66 I 133 IJ f 

I . I IUnknown I 6.95 I I.50 IJ 
I C a. I UnknotJn 1 16.41 I 1 ‘2 *a IJ : 
I I I I I 1 

. 

.,-_ 

--_.. - .._- 



1F 
,T”--- 

EPR SFlMPLE A 
SEMIVQLRTILE ORGfWICS FINFILY.SIS DQTR SHEET 

--- 
- TENTQTIUELY IDENTIFIED COMPOUNDS I 

-- -. I WH-8SB-08 
Lab Name: CEIMIC CORF' Contract: BROWN-ROOT -I 

'Lab Code: CEIMIC Case No. : 1412 SRS No. : SDG No. : RBB929 

Matrix:' (soi l/water) SOIL Lab Sample ID: 950784-08 

Sample wt/val: 38.8 (g/mL) G Lab File ID: JF102 

Level: (lOkJ/med) LOW Date Received: 09/30/95 

% Moisture: 18 decanted: (Y/N) N Date Extracted: 10/09/95 

Concentrated Extract Volume: 500.0 cut1 Date finalyzed: 10118195 

Injection Volume: Z.Ql(uL) Dilution Factor: 1.0 

GPC Cleanup: CY/N) Y pH: 7.4 

CONCENTRRTION UNITS: 
F!unber- TICs found : 6 tug/L or q/Kg) UGIKG 

"i I I I I I 
I CRS NUMPER .I COMF'OUN3 NFIME I RT I EST. CONC. I Q 1 
,---------------- -------------w-w I----------------------------, ---------------------------- ========I=============1 ----- ----a I 
I :. !4!797 I 3-Penten-Z-one, 4-methvl- I 3.88 I 7900 IFIBJN 1 

f T. 

: 5. 

! . -\. 

2-Pentanone, 4Lh;,droxy-4-metl 4.69 I 3200 IQEJN I 
Unknown I 6.67 I 120 IJ I 
Unkno’zrn I 6.98 I 120 IJ I 
a1 ioha’ic hvdr-ocq-*bon - * 
UnknoL.1;: 

I 15.34 I 12.3 IJ I 
I 16.42 I 169 [j I 

I I I I 



1F EPa SRMFLE Nf 
SEMIVOLRTILE ORGFlNICS RNRLYSIS DRTR SHEET -. 

-*- TENTQTIVELY IDENTIFIED-EOMFOUNDS I - -e __ I WH-BSE-89 
Lab Name: CEXMIC CORP Contract: BROWN-ROOT I 

- Lab Code: CEIMIC Case No. : 1412 SPS No. : SDG No.: RR0929 

Matr*ix:’ (sail/water) SOIL Lab Sample ID: 9fi07a4-e9 

Sample wt/vol: 30.0 (g/mL) G Lab File ID: JFl81 

Level: (law/med) LOW Date Received: 89/38/95 

% Moisture: 1 3 decanted: (Y/N) N Date Extracted: lS/SS/~S 

Concentt.ated Extr*act Volume: 588. a (ctL) Date Rnalyzed: 18/18/95 

Inject ion Volume: 2. 0 ( UL 1 Dilution Factor: 1.0 

GFC Cleanup: CY/N) Y 

Number- TICS found: 6 

pH: 7.4 

CONCENTRQTION UNITS: 
tug/L or* ug/Kg) UG/KG 

I I I I I I 
i CRS NUMBEF! -I COMPOUND NFIME I RT I EST. CONC. I Q I 
I c__---_----^---- ____--_--------- ,----------------------------I----------- ---------------------------- --------I=============l---- -----. 

I 1. 141797 I 3-Fanten-Z-one, 4-nethyl- I 3.80 I 8388 I al?..Jr\ 
I 2’. 12345,3 IZ-Psntanone. 4-hydroxy-4-met 1 4.62 I 4100 IRPJ~I I 
8 3 . IUnknown I 6.61 I .:, 7 Le 0 IJ I 

I 4. I Unknobrn !5. 33 I 118 IJ I 
c J. l Unknclwn am id? I 16. 39 I 310 !J I 

- 3. IUnkno~rn I 15.54 I 77 !J I 

I I I I I 
- 



1F 
SEMIVCJLRTILE ORGRNICS RNQLYSIS DRTFl SHEET 

EPFI SRMPLE 

-- 
- TENTATIVELY IDENTIFIEq- COMF'OUNDS I 

Lab Name: CEXMIC CORP 
1 WH-BP-18 

Contt-act : EROb1N:ROOT I 

*Lab Code: CEIMIC Case No. : 1412 SRS No. : SDG No. : RE0929 

Matrix :' (soil/water> SOIL Lab Sample ID: 9!50784-10 

Sample wt/vol: 30. 1 (g/mL) G Lab File ID: JF099 

Level: (low/med) LOW Date Received: 09/30/95 

;C Moisture: 13 decanted: (Y/N) N Date Extracted: 10/09/95 

Concentrated Extract Volume: 588.8 (UL) Date Analyzed: 10118/95 

InJection Volume: Z.0Zu.l Dilution Factor: 1.0 

GPC Cleanup: +Y/N) Y pH: 7.1 

Number* TICS found: S 
CONCENTRQTION UNITS: 
tug/L or- ug/Kg) UG/KG 

I 1 I I I 

,- 
I CRS NUMBER +I COMFOUND NFIME I RT I EST. CONC. I Q 
I ================I ---------------------------- ---------------------------- I ===2==== 1 =====::======= l w-e-- ----a 

I 1. 141797 I 3-F’entcn-Z-one, 4-methyl- I 3.88 I 7888 I QEJN 
I 2. ! 2’3422 12+entanone, 4-hydraxy-4-met I 4.64 I 4388 I FIFJN 
I 3. IUnknown I 6.e; I 22 0 II 
I 4. I Unknown I 6.96 I 110 IJ 
I 5. (Unknown I lb.42 I 110 IJ 
I I I I I I 



1F EPA iAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS'DATA SHEET --.. TENTATIVELY- IDENTIFIED COMPOUNDS ,--.. . 

-m . XX-8SB-11 
Lab Name: =MIC CORP Contract'; BROWN ROOT . I 

Lab Code: .'CEIMIC Case No.: 1412 SAS No.: SDG No.: ml003 . 
Matrix: (soil/water) SOIL Lab Sample ID: 950802-06 

Sample wt/vol: 30.3 (g/mu G Lab File ID: PI240 

Level: '(low/ied) LgFJ . Date Received: JO/O4/95 

t Moisture: la decanted: (Y/N) N Date Extracted: ul9/95 

Concentrated.Extract Volume: 500.0 WJ) Date Analyzed: JO/ZS/95 . 
. . 

Injection Vqlume: ' 2.O'(uL) - Dilution Factor: 4 

GPC Cleanup: (Y& Y pH: 7.4 * 
- 

CONCENTRATION UNITS: 
Number TICS found: 5 tug/L or &Kg) uG/KG . . 

U-S NUMBER 
IIIPIP==xII=DPPP 

1. 141797 
2. 123422 
3."000000 
4. 
5. 

COMPOUNDNAME . RT EST. CONC. 
PPIIPIPIIPIIIPPl-tpl-======= ==S=t=Z:f PIIs=PPPPIPPI 
3-Penten-2-one, 4-methyl- 4.6k 6700 
2-Pentanone, 4-hydroxy-4-met 5.43 5900 
unknown 7.13 370 
unknown 7.33 220 
unknown ' 8.05 74 

FORM I SV-TIC 

43 
. 3/90 



: 
._ 

-- 
- 

Lab Name: 

gab Code: 

1F . BPA S&PLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SBEET 

TENTATIVELY IDENTIFIED COMP&NDS I . 
LI - .: 

MIC*CORP I 
WH-8SB-12 . Contract: BROWN ROOT I 

‘CEIMXC Case No.: 2412 SAS No.: - SDG No.:: =OOi 

Matrix: (soil/water) SOIL Lab Sample ID: gSO802-07 
. 

Sample wt/vol: *30.2 (g/a ,L, Lab File ID: w33 

'Level: (low/med) &OW Date .Received: &OJO4/95 
. 

t Moisture: * 14 decanted: (Y/N) L Date Extracted: aLu!As' .* 

Concentrated Extract Voluke: 500.0 (uL) Date Azialyzed:. 'm 

Injection Volume: 2.owd 
- 

Dilution Factor: l.Q 

GPC Cleanup: W'JJ) Y 
* . 

Number TICS found: 4 . 
. 

CAS NUMBER 
srs'PPlfPIP3PsDI 

1:141797 
.2. 123422 
3, -000000 
4. 

pH: 7.2 - 

CONCENTRATION UNITS: 
tug/L or ug/Xg) uG/KG’ * 

COMPOUND NAME * 
lPPPIOPPPPIIIPpp=tel~~~~~~~~ 
3-Penten-2-one, e-methyl- 
2-Pentanone," 

un!cnown l 

4-hydroxy-4-met 

unknown 

. . 
" 

RT.. EST. CONC. 
ZZ-IIIPPL: P'PIIDIIIIPII 

4..63 6500 
5.40 5400 
7.12 380 
7.31 . 150 

. 

. 



1F * EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SBEET ,-. -- - TENTATIVELY IDENTIFIED COMPOUNDS . 

gab Name: -I? CORP %ont&c;, BROWN ROOT - ! 
WE-8SB-13 

I 

gab Code: 'WfC Case No.: 3412 SAS No.:' S"; No.: mOO3 

Matrix: (soil/water) SOIL Lab Sample ID: 9SO802-08 . 

Sample wt/vol: 30.5 ww G Ikb File ID: 

Level: (low/med) LOW Date Received: lo/or/ss 

% Moisture: 7 decanted: (Y/N) N ' Date Extracted: JO/l'S/Sq . 
Concentrated Extract Volume: 500.0 (uL) Date Analyzed: uL/25/95, 

a Injection Volume: 2.Q(uL) . Dilution Factor: 1.0 

GPC Cleanup: (Y@) Y PB: 6.9 
e * 

CONCENTRATION UNITS: 
Number TICS found: 4 . lug/L or ug/Xg) uG/KG 

CAS NUMBER 
PP=PP===PDIIIIsP 

.l. 141797 
2. 123422 
3. '000000 
4. 

COMPOUND NAME 
w-s- IIPxlrP=I----PIPIDlrIpIIpr=Q 

3-Penten-2-one, 4-methyl- 
2-Pentanone, 4-hydroxy-4-met 
mknowIl * 
UllkIlOWIl 

RT 
=zT=IIzPs= 

4;63 
5.40 
7.12 

13.90 

EST. CONC. 
=PIPP=IPIIIPI 

6000 
4600 

280 
71 

‘P ‘49 
FORM I SV-TIC ‘3 /90 



1F . 

--- SEMIVOLATILE ORGANICS ANALYSIS DATA SREET 
BPA SAMPLE NO. 

- 

Lab Name: 
WEI-8SB-14 . I 

Lab Code: '-XC Case No.:' 3912 SAS No.: SDG No. : DO03 

Matrix: (soil/water) SOIL Lab Sample.ID: 9'iCD802-09 

Sample wt/vol: ' 30.3 wfa G- Lab File ID: . L. 
Level:' (low/med) .&,QW Date Received: u/04/95 . 

.t Moisture: U decanted: (Y/N) N Date Extracted: &Q&/95 

Concentrated Extract Volume: 
. * soo.._O~(uL! Date Analyzed: ;Lp/25/9fi . 

. 
Injection Volume: 2.O(uL) - Dilution Factor: 1.0 

GPC Cleanup: (Y/_N) Y PH: 6.6 

Number TIC? found: 2 . 

CAS NUMBER' 
PIOIPIIIPIZPPIOI 

1. 141797 
2. 123422 
3. *oooooo 
4. - . 
5. 57103 

~KZENTRATION UNITS: 
(w/L or ug/Xg) UC/E - 

COMPOUND-NAME 
PPIPPI=PIIPp%ppPI=IOtplplp-p 
3-Penten-2-one, 4-methyl- 
2-Pentanone, 4-hydroxy+-met 
cYnknown * - 
mknowIi . 
Hexadecanoic acid 

RT EST. CONC. 
s====pc= '====I =wammPII 

4.84 5200 . 
.5.38 3300 

7.13 700 
8.80 110 

18.49 110 

. 

52 

-- 



1F' 
. SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET --- - . -TENTATIVELY IDENTIFIED C6MPOl.kDS . 

-I 
gab Name: gEIMIC CORP Contract: BROWN ROOT 

gab Code: %EIMIC Case No.: a412 SAS No.: SDG 

Matrix: (soil/water) SOIL Lab Sample ID: 

Sample wt/vol: +u (g/a) G Lab File ID: . 
Level: (low/med) Lowi Date Received: 

. 

EPA SAMPLE NO. ,- 
I 

No.: m 

950802-10 

-- 

10/04/95 
% Moisture: . 13 decanted: (Y/N) N Date Extracted: 19/19/95 

Concentrated Extract Volume: 500.0 (uL) Date Analyzed: u/25/95 

Xmjection Volume: h.O(ui) . 'Dilution *actor: 1-d 

GPC Cleanup: (Y/f) Y PH: 6.8 

Number TICS found: 6 

-.---.. 

CAS NUMEER 
=ppLt=====u=Xs== 

1. 141797 
2, 123422 
3.~000000 
4. * 
5. 
6. . 

. 

CONCENTRATION UNITS : tug/L or ug/Xg) ISLKG 

COMPOUND NAME 
~'~P31111u~PPuIuuPPI~~~~uu~u 
3-Penten-2-one, 4-methyl- 
2-Pentanone, 4-hydroxy-4-met 
UIWlOWIl 
Unknown alkene 
Unknown amide 
unknown . 

RT EST. CONCb .'Q 
===e=:r== IPIIXPII='Ptl P-DC= 

4.59, 4200 ANN 
5.36 3000 ABJN 

. 7.11 300 BJ. 
19.54 150 J 
20.80 230 J 
22.64 190 J 

. 

'FORM I SV-TIC 



1F 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

EPlR SAMPLE NO. 
-- - TENTATIVELY IDENTIFIED COMPOUNDS 

Lab Name: .mIC CORP 
-v . 

I Contract: BROWN ROOT 
WH-8SB-16 

Lab Code: '_CEIMfC Case No.: 1412 SAS No.: - 

(soiljwater) SOIL 
. . SDG No.:: m 

Matrix: B " Lab, Sample ID: ~50802-~1' - . 

Sample wt/vol: ,30.0 WmL) $2 Lab File ID: &8.. 

Level: (low/med) J,OW Date Received: g/04/95 

% Moisture: 19 decanted: (Y/N) N 

Concentrated Extract Volume: 5oo.qhL~ 

Injection Volume: 2.OhlL) . - 

GPC Cleanup: W/_N) Y PR: 63 

Date Extracted: lobs/es 

- Date Analyzed: fO/25/95 

Dilution Factor: r;Q -. 

Number TICS found: .5 
CONCENTRATION UNITS: 
(w/L 01: ug/Xg) m/m , . . I . 

CAS NUMBER COMPOUND NAME 
PlPIIIIIIPIPPPII 

1. 141797 
PIOOPP1P31PlllPPIPPI~~~~~~~~ 

2. 123422 

3. '000000 

3-Penten-2-one, 2-Pentanone, 4-methyl- 

unknown 
4-hydroxy-4-met 

4. uIlknowrl 
5. 57103 Hexadecanoic acid 

RT EST. CONC. 
==PLIPIPE SISPISPPllXlP 

4.65 6200 
5.40 4500 
7.14 660 
8.79 210 

18.49 120 

. 



ZF 
SRMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

EPA SWLE NO. 
. -.- -. TENTATIVELY IDENTIFIED COMPCUNDS - . --.. 

gab Name: MIMIC CORP Contrkt: DOWN ROOT I WH-8SB-17 I 
Lab Code: 'CEIMIC 'Case No .: 1412 SASSNo.: SDG No.: WOO3 

Matrix: (soil/water) SOIL Lab Sample ID: 90802-14 

. Sample wt/vol: ~a (g/mL) 5; ' Lab File ID: 6 

,Level: . (low/inedp. LOW ' Date Received: lajos/ss . 

% Moisture: 12 decanted: (Y/N) N . Date Extracted: &/i9195 

Concentrated Extract Volume: 500.0 * (uL) ' 
. 

Date Analyze&: 10/25/95 .. 

Injection Volume: 2.O(uL) " . ' Dilution Factor: 1.0 

GPC Cleanup: C+ k 
- 

. 
Number TICS found: 3 

PR: 5. 

~FKENTRATION UNITS: . 
'W/L 01: ug/Xg) IJG/xG 

CAS NUMBER 
II===oo'IPIIIx3P 

1. 141797 . 
2. 123422 
3: 
4. 
5. 493027 
6. . 
7. 
8. 
9. 

.lO. 
11. 
12. 
t3. 
14. 
1s. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 

;COMPOUND NAME 
PPPPIrPrOPIPPPp=ppIp~=~==x== 
3-Penten-2-one, 4-methyl- 
2-Pentanone, 
unknown 

4-hydroxy-4-met 

Aliphatic hydrocarbon 
Naphthalene, decahydro-, tra' 
unknown 
Aliphatic hydrocarbon 
Unknown alcohol 
Unknown 
Aliphatic hydrocarbon 
Alicyclic hydrocarbon 
Aliphatic hydrocarbon 
Aliphatic hydrocarbon 
Alicyclic hydrocarbon 
uIlknown 
unkIlown 
Aliphatic hydrocarbon 
Aliphatic hydrocarbon 
Unknown , 
unknowIl 
Aliphatic hydrocarbon 
Unknown 

RT 
:II=Psp3== 

4.63 
5.37 
8.42 
8.81 
8.97 

10.85 
10.98 
11.18 
11.51 
11.72 
12.00 
12.19. 
12.45 
12.65 
12.81 
13.08 
13.23 
13.29 
13.57 
13.69 
13.86 
14.09 

EST. CONC. 
:=P==x=3mmmIP 

3600 
2600 
'420 . ._ 880 
570 
420 
770 
380 
500 

1300 
570 
500, 
500 
840 
420 
420 
370 
840 
570 
460 

1300 
610 

. 

d PSPCrn 
LiEi 
; 
F 
J 
J 
J 
J 
J 
J. 
J. 
J 
J 
J 
J 
J 
J 
J 
J 
J 

FORM I SV-TIC 

_ ,F 

. 

I 

61 
; . 

, . ..-- y3 ,go 



_.. 

1F 
SEMIVOlATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

Lab Name: Laucks Testing Labs Contract 

/ yz, s,cfw 

Labcode: Case No.: SAS No.: SDGNO.: WA001 -- 
Mabixz (soWwater) SOIL Lab Sample IQ: 9903279-E 

sampkwt/vol: 30 @IW G Lab File ID: LO31201l.D - 

Level: (low/med) LOW DateReceived: 03/10&9 - 

% Moisture: 20 decanted: (Y/N) N DateExtracted: 03/11/99 - 

con- Extract Volume: 500 W) DateAnalyzed: w12/99 - 

Injection Volume: 2.Q (ul) Dilution Factoc 1.0 

GPC Cteanup: (Y/N) Y pH: 7.1 

. . 
CONCENTRATION UNITS: 

Number TICS found: 14 (W or W&I) UGIKG 

CAS NUMBER COMPOUND NAME RT EST. CONC. Q 
1. _ 
2. , 
3. 
4. 
5. 

1 
[ 6. 7. 

unktlown 
unknown aldol condensate 
unknown aldol condensate 
unknown aktol condensate 
unknown aldoi condensate 

unknown unknown ketone ketone 
1 
1 

’ 8. I unknown I 1 
9. 1’ unknown biphenvl isomer I 2 

10. I unknown 3 
11. unknown 3 I 
12. unknown 3 
13. 000538-23-8 Glwerol tricamlate 3 
14. *&mtn 4 --- __._ 

FORM I SV-TIC 

324 



1F 
. . SEMIVOIATILE ORGANICS ANALYSIS DATA SHEET SAMPLE NO. 5 g-og- J-J 

TENTATIVELY IDENTIFIED COMPOUNDS 

Lab Name: Laucks Testing Labs Contract _)E 

Lab Code: Case No.: SAS No.: SEiG No,: Y :QOl 

Matrix: (soil/water) SOIL Lab Sample ID: 990321904 

Sample wtlvol: 30 WW G Lab File ID: LO316003.D 

Level: (lowhned) LOW Date Recehed: 03/10/99 

36 Moisture: 20 decanted: (Y/N) N Date Extracted: 03111199 

Concentrated ExtractVolume: 500 w Date Analyzed: 03416199 

Injection Volume: 2.0 (uL) Diion Factoc 1.0 

GPC Cleanup: (YIN) Y pH: 7.4 
. . . . . 

CONCENTRATION UNITS: 

Number TICS found: 12 (Usn or usn<9) UGMG 

COMPOUND NAME EST.CONC. Q 

FORM I SV-TlC 



1F 
SEh4lVOLATlLE ORGANICS ANALYSIS DATA SHEET 

TENTATlVELY IDENTlFlED COMPOUNDS 

Lab Name: J.a~cks Testing Labs Contract 

, ~~~i5F-y-23 

Lab Code: Case No.: SAS No.: SDGNo.: WA901 

Mattixz (soilbater) SOIL Lab Sample ID: 9903279-06 

Samplewthol: 30 (W) G Lab File ID: U)316005.D - 

Level: (lowhed) LOW DateRewived: 03/10/99 _ 

%Moisture: 16 decanted:(Y/N) N Date Extracw: 03iw99 

Concenbakd Extract Volume: 500 OJU Date Analpd: 03/16/99 I 

Injection Volume: 2.0 OJL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) Y pH: 7.4 
a . . 

CONCENTRATlON UNITS: 

Number TlCs found: 12 @Sn or WW UGIKG 

FORM I SV-TIC 445 - 



1F 
SEMlVOlATlLE ORGANICS ANALYSIS DATA SHEEf 

. 
TENTATlVELY IDENTlflED COMPOUNDS 

Lab Name: Laucks Testing Labs Contract 

fE!Iq., _ 

Lab Code: Case No.: SAS No.: SDC NC-: ‘AC@1 --- 7- 
Matrix: (soilhater) SOIL Lab Sample ID: 9903273;18 

Sample wthol: 30 WW G Lab File ID: L9316007.D 

Level: (fow/nled) LOW Date Receivad: 03JIW99 

% Moisture: I2 decanted:(Y/N) N DateEximcbd: 03111199 

comemaw IExtract Volume: 500 WI Date Analyzed: oww99 

Injectjon Volume: 2.0 w Dilution Factw 1.0 

GPC Cleanup: (Y/N) Y pH: 6.3 

. . 

CON&NMlON UNITS: 

Number TlCs found: 13 ON or W9) S/KG 

FORM I SV-TIC 
510 

/- 



1F 
st3wo~ntE ORGANICS ANALYSIS DATA SHEET 

TENTATlVELY IDENTlFlED COMPOUNDS 
SAMPLE NO- Q-o&q 

Lab Name: Laucks Testing Labs Contract 
~uHlso(I 

Lab Code: Case No.: SAS No.: SDGNO.: WA001 -- 
Mat& (soilfwater) SOIL LabSamplelD: 990327908 

Sample WUVOI: 30 (g/ml) G . Lab File IO: L6316997.D _ 

Led (lowhled) LOW DateRewiwd: 03/W&9 

% Moisturez 12 decanted: (Y/N) N DateExbacWz Wlll99 - 

conwntrated Extmct Volume: 600 (UL) DatehaIyzedz 03/W/99 1 

Injeidion Volume: 2.0 (uL) DIM&n Facloc 1.0 

GPC dleanup: (Y/N) Y pH: 6.3 

” . . 
CONCENTRATlON UNKS: 

Number TlCs found: 1 (W. or WW UGKG 

CAS NUMBER COMPOUND NAME RT 1 EST.CONC. Q ..-.---. -_ ---. -.. _-__ _ __ 1 1. I unknown alkane 1 36.10 1 120 I j j 

FORM I SV-TIC 

. 

511 



1F 
SEMlVOLATlLE ORGANICS ANALYSIS DATA SHEET 

TENTATlVELY IDENTlFlED COMPOUNDS 

I.&J Name: Laucks Testing Labs contract 

=yZ,y-“- _-, I 

iab Code: Case No.: SAS No.: xi No.: \i’;Aoo1 

Matrix: (soil/water) SOIL . Lab Sample ID: 99032790 

Samplewthol: 30 (NW G Lab File ID: LO313012.0 

Level: (low/n?sd) LOW DateRsceived: 03/10/99 

% Moisture: 24 decanted: (Y/N) N Date Extra&d: 03111199 

’ Concentrated Extract Volume: 500 w Date Analyzed: 03/13/99 

Injection Volume: 20 w-1 Dilution Fador. 1.0 

GPC Cleanup: (Y/N) Y pH: 7 
. ,. ..a 

CONCENTRATlON UNlTS: 

Number Tics found: 
I 

I -. _--- 

11 (W or usn<9) UGKG 
1 

CAS NUMBER 

3. 
3. 
4. 
5. 

, 6. 
7. 
,8. 

COMPOUND NAME RT _I_ - ._._-- 
unknown aldol condensate e 
unknown aldol condensate 7.16 
unknown aldol condensate 7.89 
unknown aldol condensate 8.10 
unknown 10.12 
unknown 38.07 
unknown 40.00 
unknown 40.11 .- -- 

EST. CONC. 

0 

9. unknown 40.85 
IO. unknown 42.12 
11. unknown stem1 tvpe 44.82 

II- 
92- 

699 
160 
400 
170 
249 
160 

] JAB 

i 1 
J ’ 
J 
J 

3 I? 94 
// 
6% 

FORM I SV-TIC 

291 ..- 



1F 
SEMlVDlATlLE ORGANICS ANALYSIS DATA SHEET 

TENTATlVELY IDENTlFlED COMPOUNDS 

Lab Name: Laucks Testing Labs ContTact 

, ~~~~-027i5~ 

Labcoda Case No.: SAS No.: SDGNO.: WA001 m- 
Ma& (soil/water) SOIL Lab Sample ID: 9903279-01 

Sampb3wl/vol: 30 (W) G lab File ID: LO3130120 

Level: (lowhed) Low DateReceived: 03/10/99 _ 

%Molstum 24 decanted:(Y/N) N DaleExtracW O3lIIf99 

conwmaw Exlractvolume: 500 w Date Analyzed: 03/13/99 _ 

Injection Volyne: 2.0 (ul) Dilution Factoc 1.0 _ 

GPC Cleanup: (Y/N) Y pH: 7 
. . a. 

CONCENTRATION UNKS: 
Number ncS IbLind: 6 04WwW UG/KG 

CAS NUMBER COMPOUND NAME RT EST.CONC. Q -- .--a- - -- --- 
l. unknown alkane 34.17 I 
2 unknown alkane 3 ! 
3. unknown alkane 
4. unlmown alkane x 
5. unknownalkane 3 
6. I unknown alkane 41.73 1 

FORM I SV-TIC 

292 



IF 
SEMIVOlATILE ORGANICS ANALYSIS DATA SHEET t5AwYE No. I(- 6y- &y3 

TENTATlVELY IDENTlFlED COMPOUNDS 

Lab Name: Laucks Testing Labs contact 
c^:‘:--ugml __ 

Lab Code: Case No.: SAS No.: SIX x5.. ~~;AcJol 

Matrix: (soWwater) SOIL Lab Sample JO: 990327943 

Sample wtkol: 30 (g/ml) G lab File ID: LO316009.D 

Level: (lowhed) LOW Date Received: 03/W/99 

% Moisture: 21 decanted: (Y/N) N Date Extracted: 0311 l/99 

Concantratsd Extract Volume: 500 OJL) Date Analyzed: 03/W/33 

Injection Volume: 2.0 w Dilution Factor: 2.0 

GPC Cleanup: (Y/N) Y pH: 7.3 

‘. . . 
CONCENTRAllON UNITS: 

Number TlCs found: I6 (W or ug/W UGKG 

FORM I SV-TIC 



1F 
SEMlVOlAllLE ORGANICS ANALYSIS DATA SH;ER 

TENTATlVELY IDENTlFlED COMPOUNDS I 

Lab Name: Laucks Testing Labs contract 

Lab Code: Oase No.: SAS No.: SDG No.: WAw)l 

Matrixi (solUwater) SOIL Lab Sample ID: 990327943 

SamplewUvol: 30 Wml) G Lab File ID: Lo316009.0 _ 

Level: (low/med) LOW Date Raceived: 03/10/99 - 
36 Moisture: 21 decanted: (Y/N) N Date Extracted: 03/11/99 

concentrated Extract volunle: 500 w DateAna&ed 03/16/99 1 

Injection Volume: 2.0 w Dilution Fadoc 2.0 

GPC Cleanup: (Y/N) Y pH: 7.3 
. . . 

CONCENTRATION UNlTS: 
Number TlCs found: 6 (usn or ugn<9) UG/KG 

CAS NUMBER COMPOUND NAME RT --I EST.CONC. Q --- - - .-.- c -- --_---- 

: 
I ne 37.19 5 s 

I 3: 
unknown alkane 37.74 ii J 
unknown alkane 38.12 240 J 

4. unk!tawn alkane 39.04 
5. unknown alkane 40.95 
6. unknown alkane 43.36 

FORM I S/-TIC 

346 



1F 
SEMlVOLATlLE ORGANICS ANALYSIS DATA SHEET S.WW.E NO. 55 - 0$&r+ 

TENTATWELY IDENTlFlED COMPOUNDS 

Lab Name: Laucks Testing Labs COfltfWt 1 .- 

Lab Code: Case No.: SAS No.: SDG No.: wioo1 

Mat& (soWater) SOIL Lab Sample ID: 9993279-05 

Sample wthl: 30 (s/~) G Lab File ID: LO316094.D 

Level: (lowhned) LOW Date Received: WlW99 

% Moisture: 18 decanted: (Y/N) N Date Exhcted: 03/11/99 

Concsntrated Extract Volume: 500 w Date Analyzed: 03/16/99 

Injection Volume: 2.0 (ul) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) Y pH: 7.2 
” . 

CONCENTRATION UNlTS: 

Number TlCs found: 7 W- of KINI) UGtKG 

CAS NUMBER COMPOUND NAME RT EST.COK. Q --- -- -- 
1. unknown alkane 35.19 ;-jo - ‘- J . 
2. unknown alkane 37.18 160 J 
3. unknown alkane 38.12 98 J 

-4. unknown alkane 39.02 329. J 
5. unknown alkane 40.43 62 J 
6. unknown alkane 40.93 360 J 
7. unknown alkane 4;i.xi 210 J 

FORM I SV-TIC 



SEMlVOlATlLE PRGAk ANALYSlS DATA SHEET SAMPLE INO. $5 - 0 r- 5s 
TENTATIVELY IDENTlFlED COMPOUNDS 

lab Name: Laucks Testing Labs conlract Ia 
lab Code: Case No.: SAS No.: WA001 SDGNO.: m- 
Mate (soil/water) SOIL LabSample@ 99o3279-07 

-_ 
samplewt/vol: 30 (MN G Leb File ID: LO316006.D _ 

Level: (lowhed) LOW DateRecaived: 03/10199 _ 

% MoishJre: 23 decanted:(Y/N) N Date- 03/11/99 - 
concentrated Extractvollme: 500 w DateAnalyzd 03l6f99 

lnjectkm Volume: 2.0 (ul) DilutionFacW 1.0 _ 

GPC Cleanup: (Y/N) Y pH: 6.5 

. . 

CON&RATlON UNlTS 

Number ncs found: 23 (usn or ww UGMG 

FORM I !WllC 464 



1F 
SEMlVOlATlLE ORGANICS ANALYSIS DATA SHEET 

TENTATWELY IDENTlFlED COMPOUNDS 

Lab Name: Laucks Testing Labs Contract 

. __ ryr,-, 

Lab Code: Case No.: SAS No.: 51315 “:S ~:qjool 

Matrix (soil/water) SOIL Lab Sample ID: 99U3279-07 

Sample wthol: 30 WI) G Lab File ID: LO316006.D 

Level: (lowhled) LOW . Date Received: 0310199 

%Moisture: 23 decanted: (Y/N) N Date Extracted: 03/l 1199 

Concentrated Extract Volume: 500 w Date Analyzed: 03/16/99 

Injection Volume: 2.0 w Dilution Factor: 1.0 

GPC Cleanup: (YIN) Y pH: 6.5 

” . . . 
CONCENrRATlON UNlTS: 

Number TlCs found: 

I 

5 (W or ug/Kg) UGMG 

I 
I CASNUMBER COMPOUND WE RT EST.CONC. Q 1 __-. -_---- _. - -.- ..-. -- m-e+ 

1. unknown alkane 37.16 320 J - 
2. unknown alkane 36.11 260 J . 
3. ur.hown alkane 40.95 1900 J 
4. unknown aikane 42.06 160 J 
c: V. unknown alkane 43.34 14GO J 

FORM I SV-TIC 

465 



,- 

1F 
sEMiVolAnLE ORGANICS ANALYSIS DATA SHEET SAMPLENO. f$-oy-~;d 

TENTATIVELY IDENTIFIED COMPOUNDS - I 

Lab Name: Laucks Testing Labs Contract 

Lab Code: Case No.: SAS No.: SDGNO.: WA001 -- 
Ma&ix: (soii!watar) SOIL Lab Sample ID: 9903279-09 

Sample wthl: 30 WmO G Lab File ID: 10316006.D - 
Level: (low/mad) LOW Date Received: 03110199 - 
% Moire: 23 decantad:(YIN) N Date Extrawd: 03111199 - 
Concentratad Extract Volume: 500 OJL) Data Analyzed: 03/16/99 _ 

Injection Volume: 2.0 (ul) Dilution Factorz 1.0 - 
GPC Cleanup: (Y/N) Y pH: 7.2 

C&kTRATlON UNITS: 
Number TICS found: 

I 

5 (W or KIN) UGtKG 

I 
CAS NUMBER COMPOUND NAME R-r EST. CONC. 

1. -_- ---- -... .--. I 37.19 --. . unknown ahne - _-_.__ 160 
Q I 

,__.-__. J 
2 unknown alkane 38.13 170 J ~ 
3. unknown aikane 39.04 820 J L I 
4. unknown alkane 40.95 890 J 
5. unknown alkane 43.35 390 J l 

._ . . ..7 . , 

FORM I SV-TIC 



smivobanix ORGAZS mums DATA SHY SAMPLE NO. ss -ore r,~g 
TENTATlVELY IDENTlFlED COMPOUNDS f I 

Lab Name: Laucks Testing Labs contract 
s--._ 

Lab Code: Case No.: SAS No.: SDGNO.: WA001 

Matrk (soil/water) SOIL . LabSampleID: -9 

sample wwol: 30 (glml) G Lab File ID: L.0316009.D 

Level: (lotmad) LOW Date Received: 03/10/W 

%Moidure~ 23 decanted: (Y/N) N DateEJdJaed. 0311/99 

Concentrated Extract Volume: 500 w Date Analyze o3mm9 . 

lnjeclion Voium8: 2.0 (~1) . Dilution Fac2oc 1.0 

GPC Cleanup: (Y/N) Y pH: 7.2 

.* . . 
CONCENTRATlON UNK’S: 

Number TlCs found: 23 OJM.~WNI) mm 

CAS NUMBER COMPOUND NAME RT EST. CONC. Q 

3 1% 97 
I I 

we 

,+-._ 

I 20. unknown 41.41 90 J 
unknown 42.41 100 2 
unknown 43.n 120 J 
unknown . . 44.69 140 J 

FORM I SV-TIC 







TABLES G-l AND G-2 
DATA USEABILITY WORKSHEET 

SITE 8 
NAWC WARMINSTER, PENNSYLVANIA 

MEDIUM: SURFACE AND SUBSURFACE SOIL 

Activity I 
Field Sampling 

Comment 

Discuss sampling problems and field conditions No sampling problems or unusual field 
that affect data useability. conditions were reported. 
Are samples representative of receptor Analytical data were obtained for surface soE 
exposure for this medium (e.g. sample depth, and subsurface soils to a depth of 9 feet. Data 
grab vs. composite, filtered vs. non-filtered, low are representative of receptor exposures. 
flow, etc.)? 
Assess the effect of field QC results on data 
useability. 

Overall, the trip, field, and rinseate blanks were 
generally non-detect for VOCs and SVOCs 
with the exception of low levels of commonly 
reported laboratory contaminants (methylene 
chloride, acetone, and phthalates). 1,2,4- 
Trichlorobenzene was detected in two blanks 
and dichlorobenzenes were detected once. 
Chloromethane was detected once. Several of 
the metals were qualified “B” due to the 
presence of the metals in the blank samples. 
None of these problems affected the majority of 
samples for chemicals that were candidate 
COPCS. 

Summarize the effect of field sampling issues 
)n the risk assessment 

No major issues. 

G-l-l/ 
G-2-I 



TABLES G-l AND G-2 
DATA USEABILITY WORKSHEET (CONTINUED) 

SITE 8 
NAWC WARMINSTER, PENNSYLVANIA 

MEDIUM: SURFACE AND SUBSURFACE SOIL 

Activity 
Analytical echniques 

Were the analytical methods appropriate for 
quantitative risk assessment 
Were detection limits adequate? 

Yes. SW-846 methods were used for VOCs, 
SVOCs, PCBs, and metals. 
Generally, yes. For most detected chemicals 
in surface and subsurface soil, the method 
detection limits were less than the associated 
RBC values. The exceptions were 2 PAH 
compounds that have very low RBCs (below 
method quantitation limits), 3 PAH compounds 
in isolated samples that required dilution, 3 
dioxin/furan isomers in certain samples having 
higher noise level, and pentachlorophenol in 
isolated samples that required dilution. 
No effect. 

Comment 

_- 

G-l-2 / 

G-2-L 



I Accuracy - How were the split samples 
I candled? 

qepresentativeness - indicate any problems No problems. B-qualifiers were added to soane’ 
associated with data representativeness (e.g. data based on blank analysis. rB” qualified 
:rip blank or rinsate blank contamination, chain data was rejected for use in the quantitative 
)f custody problems, etc.) risk assessment]. 
Completeness - indicate any problems No problems. Overall, a very low percentage& 
associated with data completeness (e.g. of data points were rejected. For antimony, ‘7 
ncorrect sample analysis, incomplete sample out of 45 results were rejected. For 15 other 
.ecords, problems with field procedures, etc.) chemicals, a single value was rejected (less 

than 3 percent of associated sample results). 
Comparability - indicate any problems 
associated with data comparability. 
Nere the DQOs specified in the QAPP 
satisfied? 
Summarize the effect of DQO Issues on the 
,isk assessment, if applicable. 

TABLES G-l AND G-2 
DATA USEABILITY WORKSHEET (CONTINUED) 

SITE 8 
NAWC WARMINSTER, PENNSYLVANIA 

MEDIUM: SURFACE AND SUBSURFACE SOIL 

Activity 
Date Quality Objectives 

Comment 

Precision - How were the duplicates handled? Duplicate samples are 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 calculating an 
average result arose whenever half the 
detection limit (of the non-detect value) 
exceeds the positive result. It was considered 
undesirable for the average to exceed the 
positive result; therefore, the positive result is 
used to represent the non-detect in such 
cases. The true maximum is used in the 
comparison of Max Value vs. 95%UCL to 
select the EPC. The true maximum and 
minimums are also displayed in the applicable 
column listing range of detection in Table 2’s 
and Table 3’s. 
No split samples were obtained. Use of - 
standardized QA/QC protocols, data validation, 
and certified laboratories ensures accuracy. 

No problems. The data were generally 
comparable. - 
Yes, based on data comparability, 
representativeness, and completeness. 
No effect, if useable data are obtained from the 
latest round of additional sampling. - 

G-l-3 / 

G-2-3 



TABLES G-l AND G-2 
DATA USEABILITY WORKSHEET (CONTINUED) 

SITE 8 
NAWC WARMINSTER, PENNSYLVANIA 

MEDIUM: SURFACE AND SUBSURFACE SOIL 

the data? Functional Guidelines. 
Was the data validation method consistent with Yes. The National Functional Guidelines were 
guidance? Discuss and discrepancies. used in conjunction with method specific 

1 criteria. 
Were all the qualifiers defined? Discuss those 1 Yes. P qualifier for pesticides indicates the 
which were not. 

Which qualifiers represent useable data? 
Which qualifiers represent unuseable data? 

percent difference exceeds 25 percent. N 
qualifier indicates that spike recovery was poor 
for metals. Data would be considered 
estimated for these reasons. 
J, K, L, U, UL. 
B (blank contamination) and R represent 
unuseable data. 
Not used in risk assessment. How are tentatively identified compounds 

handled. 
Summarize the effect of data validation and No effect. 
interpretation issues on the risk assessment, if 
appli&ble 
Additional Notes. None. 

G-l-4 / 

6-2-Y 



TABLE G-3 
DATA USEABILITY WORKSHEET 

SITE 8 
NAWC WARMINSTER, PENNSYLVANIA 

MEDIUM: SURFACE WATER 

Activity 
Field S mpling 

1 
Discuss sampling problems and field conditions 
that affect d&a,&abllity . 
Are samples representative of receptor 
exposure for thus medrum (e.g. sample depth, 
grab vs. composite, filtered vs. non-filtered, low 

No sampling problems or unusual field 
conditions were reported. 
Surface water samples are representative of 
receptor exposures. 

Assess the effect of field QC results on data 

Summarize the effect of field sampling issues 
on the risk assessment 

No field quality control blanks resulted in data 
qualification. 
No major issues. 

. 

G-3-l 



TABLE G-3 
DATA USEABILITY WORKSHEET (CONTINUED) 

SITE 8 
NAWC WARMINSTER, PENNSYLVANIA 

MEDIUM: SURFACE WATER 

Activitv I Comment 
Analytical Techniques 

Were the analytical methods appropriate for 
quantitative risk assessment 
Were detection limits adequate? 

Yes. SW-846 methods were used for metals. 

Generally, yes. All method detection limits 
were less than the associated RBC values. 

Summarize the effect of analytical technique 
issues on the risk assessment, if applicable. 

No effect. 

- 

G-3-2 



TABLE G-3 
DATA USEABILITY WORKSHEET (CONTINUED) 

SITE 8 
NAWC WARMINSTER, PENNSYLVANIA 

MEDIUM: SURFACE WATER 

Activity 
Data Quality Objectives 

Comment 

Precision - How were the duplicates handled? I No field duplicates were included from 

Accuracy - How were the split samples 
handled? 

in the data.set. 
No split samples were obtained. Use of 
standardized QAIQC protocols, data validation, 
and certified laboratories ensures accuracy. 

Representativeness - indicate any problems 
associated with data representativeness (e.g. 
trip blank or rinsate blank contamination, chain 
of custody problems, etc.) 
Completeness - indicate any problems 
associated with data completeness (e.g. 
incorrect sample analysis, incomplete sample 
records, problems with field procedures, etc.) 
Comparability - indicate any problems 
associated with data comparability. 
Were the DQOs specified in the QAPP 
satisfied? 
Summarize the effect of DQO Issues on the 
risk assessment, if applicable. 

No problems. No data were qualified as a 
result of field quality control blanks. 

No problems. No data points were rejected. 

No problems. The data were generally 
comparable. 
Yes, based on data comparability, 
representativeness, and completeness. 
No effect. 

G-3-3 



TABLE G-3 
DATA USEABILITY WORKSHEET (CONTINUED) 

SITE 8 
NAWC WARMINSTER, PENNSYLVANIA 

MEDIUM: SURFACE WATER 

Activity I Comment 
- -:a Validation and Interpretation Dal 

What are the data .-..- __._.. -~-.. - I validation reauirements? ~~ I 100% data validation. 
What method or guidance was used to validate EPA Re- ‘aion III modifications to the National 
the data? Functional Guidelines. 
Was the data validation method consistent with Yes. The National Functional Guidelines were 
guidance? Discuss and discrepancies. used in conjunction with method specific 

criteria. 
Were all the qualifiers defined? Discuss those Yes. 
which were not. 
Which qualifiers represent useable data? 
Which aualifiers reoresent unuseable data? 

J, K, L, U, UL. 
B (blank contamination) and R represent 

( unuseable data. (Did not occur in- this data set.) 
How are tentatively identified compounds 1 Not applicable to surface water sample 
handled. 
Summarize the effect of data validation and 

1 analysis fractions (metals only). 
I No effect. 

interpretation issues on the risk assessment, if 
applicable 
Additional Notes. None. 

,-. 

G-34 



TABLE G-Q 
DATA USEABILITY WORKSHEET 

SITE 8 
NAWC WARMINSTER, PENNSYLVANIA 

MEDIUM: SEDIMENT 

Activity I 
Field Sampling 

Comment 

Discuss sampling problems and field conditions No sampling problems or unusual field 
that affect data useability. conditions were reported. 
Are samples representative of receptor Sediment samples are representative of 
exposure for this medium (e.g. sample depth, receptor exposures. 
grab vs. composite, filtered vs. non-filtered, low 
flow, etc.)? 
Assess the effect of field QC results on data 
useability. 

Calcium, magnesium, potassium, and sodium 
results were qualified based on field and/or 
laboratory blank contamination. These 
compounds are common minerals were noi 
selected as COPCs. 

Summarize the effect of field sampling issues 
on the risk assessment 

No major issues. 

G-4-l 



TABLE G-4 
DATA USEABILITY WORKSHEET (CONTINUED) 

SITE 8 
NAWC WARMINSTER, PENNSYLVANIA 

MEDIUM: SEDIMENT 

Activity Comment 
Analytical Techniques 

_ - 

Were the analytical methods appropriate for 
quantitative risk assessment 
Were detection limits adequate? 

Yes. SW-846 methods were used for SVOCs 
and metals. 
Generally, yes. For most detected chemicals 
in surface and subsurface soil, the method 
detection limits were less than the associated 
RBC values. The exceptions were 2 PAH 
compounds that have very low RBCs (in the 
same range or below method quantitation 
limits), and arsenic, which has an RBC at a 
level which is less than one-tenth of naturally 
occuring levels. 

Summarize the effect of analytical technique 
issues on the risk assessment, if applicable. 

No effect. 

-. 

G-4-2 



TABLE G-4 
DATA USEABILITY WORKSHEET (CONTINUED) 

L 

SITE 8 
NAWC WARMINSTER, PENNSYLVANIA 

MEDIUM: SEDIMENT 

Activity Comment 

t 

1 

Data Qualil 
Precision - How were the duplicates handled? 

ACCUraCy - How were tne split samples 
handled? 

Representativeness - indicate any problems 
associated with data representativeness (e.g. 
trip blank or rinsate blank contamination, chain 
of custody problems, etc.) 
Completeness - indicate any problems 
associated with data completeness (e.g. 
incorrect sample analysis, incomplete sample 
records, problems with field procedures, etc.) 
Comparability - indicate any problems 
associated with data comparability. 
Were the DQOs Specified in the QAPP 
satisfied? 
Summarize the effect of DQO Issues on the 
risk assessment, if applicable. 

Objectives 
Duplicate samples are 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 calculating an 
average result arose whenever half the 
detection limit (of the non-detect value) 
exceeds the positive result. It was considered 
undesirable for the average to exceed the 
positive result; therefore, the positive result is 
used to represent the non-detect in such 
cases. The true maximum is used in the 
comparison of Max Value vs. 95%UCL to 
select the EPC. The true maximum and 
minimums are also displayed in the applicable 
column listing range of detection in Table 2’s 
and Table 3’s. 
No split samples were obtained. Use of 
standardized QAlQC protocols, data validation, 
and certified laboratories ensures accuracy. 
No problems. B-qualifiers were added to so= 
data based on blank analysis. [,,B qualified 
data was rejected for use in the quantitative 
risk assessment]. 
No problems. No data points were rejected. 

No problems. The data were generally 
comparable. 
Yes, based on data comparability, 
representativeness, and completeness. 
No effect. 

G-4-3 



TABLE G-4 
DATA USEABILITY WORKSHEET (CONTINUED) 

SITE 8 
NAWC WARMINSTER, PENNSYLVANIA 

MEDIUM: SEDIMENT 

I 
I 

4ctivit.y Comment 
Data Validation and Intertxetation --_- ._...--.-.- ~~ 

What are the data validai _. -. - _. .- --_- ---.-- tion requirements? 1 11 DO% data validation. 
wllri _...__..__ _. y _.__.. -- ~~- at method or auidance was used to validate 1 EPA F legion III modifications to the National 
the data? 1 Functional Guidelines. 
Was the data validation method consisl tent Yes. The National Functional Guidelines were 
guidance? Discuss and discrepancies. used in conjunction with method specific 

criteria. 
Were all the qualifiers defined? Discuss those Yes. 
which were not. 
Which qualifiers represent useable data? 
Which aualifiers reoresent unuseable data? 

J, K, L, U, UL. 
B (blank contamination) and R represent 
unuseable data. 

How are tentatively identified compounds 
handled. 

Not used in risk assessment. 

Summarize the effect of data validation and No effect. 
interpretation issues on the risk assessment, if 
applicable 
Additional Notes. None. 

G-4-4 





I I I 
background camp site 6 surface soil. 

TABLE G-s 
BACKGROUND COMPARISON TESTS - SURFACE SOIL DATA FOR SITE 8 (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 
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TABLE G-5 
BACKGROUND COMPARISON TESTS - SURFACE SOIL DATA FOR SITE 8 (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

N&es- 

units arc mglkg fw inorQanlw. ughcg for organiu. 

A statistical significance leval (P value) of 0.05 is usad for all tests that directly compare site to background. A *sided significance levei of 0.1 is used for Barllells test For equal variance 

UTL Is the expectad value for the upper 95 % quantile of the background population; lhere Is an equal chance of lhe population’s lrue 95 % quarttile being either below or above this estimate. 

For each test, a YES or NO decision Is presented only W all assumptions am met. The overall dad&n (is site > background) for each chemical appears at the left and Is based on four criteria: 

(1) Overall decision is YES if any one of the UTL. Mann-Whitney/Cehan. Upper Ranks Test. or T-Test Is YES. regardless of other test results. 

(2) Overall decision is NO tf al least one of UTL. Mann-WhibreyGehan. Upper Ranks Test, or T-Test is NO, and none of the aforementioned lest3 are YES. 

(3) Overall decision Is YES/NO if UFisher Test Is YES/NO. respaclivafy. and other tesls an, NA. Z-tesl Is treated as lowest priority since it relies on deteclion frequency. not magnitude of results. 

(4) Overall dedsion is NA Hall tests are NA. (Chemicals assigned NA are still Included in human heallh risk-based screening and/or ttsk assessment.) 

Abbreviations X NDs or li Pos. 

#swab 

s=b 

P value 

L.N.orO 

%ND 

@ 

r.k 

Numbar c4 non-detected (ND) or positive (Pas.) results in data set, not induding rejected data or blankqualtted data. 

Number of site (s) or background (b) samples, not induding re)ected data or blank-qualified data. 

Standard deviation of site nsults must not be different from the standard deviation of background results. 

Pmbabilily or significance level is defined as the chance of a false positive. If P <= 0.05 then lest delennines site, backQround with 95 % confidence. 

UTL is based on 95 % upper limil (using l-value) when data are lognormal (L) or normal (N). Otherwise, an upper 95 % quantile (P) is used if Mere are > 19 back. points. 

Mann-VWtney test used if < 40% of data Non-Detached and detacl limits ungomtfy below the range of posllive values. If not. the Gehan Test is used. 

Mean and standard deviations are shown of log-transfo~rted d&a when distributions at-a of this lype ie.. if an (L) code appears for the UTL lest 

or if site and bac)rQround distributions both match lognonnal. and bolh T-test and SadIeIfs test are applicable. (Adthmetic mean and 

normal standard deviation are shown only for illustration in Me evant that these lesls ara NA.) 

The upper ranks test calculates the probabilily that k or more samples from the top r ranks of the combined site and background dala Set 

are comprised of site data if both populations are in fact equal. 

background camp site 8 surface soil xls Page 2 
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TABLE G-6 
BACKGROUND COMPARISON TESTS - SUBSURFACE SOIL DATA FOR SITE 8 (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 
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TABLE G-6 
BACKGROUND COMPARISON TESTS - SUBSURFACE SOIL DATA FOR SITE 6 (POST-REMOVAL) 

NAWC WARMINSTER, PENNSYLVANIA 

Abbreviations: #NDsorCPos 

#sorXb 

s=b 

P value 

L.N,WQ 

%ND 

@p 

r.k 

background camp site 8 subsurface soil xls 

Number of non-d&&d (ND) or positive (Pas.) results In data set. not induding rajactad data or blank-qualified data. 

Number of site (8) or background (b) samples, no1 induding rejected data of blankqualiied dala. 

Standard deviation of Site results must not be different fmm the standard deviation of b&ground results. 

Probability or significance level Is defined as the dlanca of a false positive. If P <= 0.05 lhen test determines site > backgmund wilh 95 % confidence. 

UT1 is based on 95 % upper limit (using l-value) when data are lognormal (L) or nwmal (N). OLhewisr. an upper 95 96 quanlile (0) is used if there are > 1 f3 bade. points 

Mann-Whitney lest used if < 40% of data Non-Detected and detect. limits unffom~ty below the range of positive values If not. the Gehan Test is used. 

Mean and standard deviations are shown of log-bansfonned data when disbibutions afe oflhis type: ie.. tf an (L) code appears for the UTL lest 

or if slle and baegmund distributions both match lognormaL and both T-test and Barlfefl’s lest are appllcabfe. (Adtimetic mean and 

normal standard deviation are shown only for illusbation In the event that these tests ara NA.) 

The upper ranks lesl calculates the probabilily lhal k or more samples from We lop r ranks of Ihe combined Site and background data Set 

are comprised of site data if both populations are In fad equal. 
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TA/BLE G-T 

SURFACE AREAS AND BODY WEIGHTS USED FOR EXPOSURE ASSESSMENT -SITE 8 (POST-REMOVAL) 

NAWC WARMINSTER PENNSYLVANIA 

80 P~~entiie SUtfaca Areas, Body Weights, and Ratios 

Children, Various Ages 

AGE 

Sutfmx Areas Divided by Body Weight I Percent of Total Surface Area by Body Part (1,2) 

Male Yale Female Female SAIBW H+LL+F H+F FA+FC+H+LL+F WHOLE X TOT SA % TOT SA !A TOT SA ‘A TOT SA % TOT SA 
Surf. Area (1) Body Wt. (I) Surf. Area (I) Body Wt. (1) AVEfM+F) (7) 161 FORI34RYS H.21’ FACE 12) I OWFR I FFFT I, 

., I- ..- -.. .V..V”” 

., ,2-+.. 1 6030 1 136 1 5790 1 130 1 444.363 1 94.365 1 53 ,__. , --. - .- ..-_- 
“,.!&A- I I I Mcnl I ,?on*r I “30?cn ’ 

SO Percentile Surface Areas 

Adults 

1 Bz1&17 (. _,_~ , i 67.1 I 268.841 i 67.829 I 33.886 __..._ I 88.529 I 

(1) EPA. 1997. Exposure Factors Handbook. Update to Exposure Factors Handbook. 

EPN600/8-89/043 -May 1989. Office of Research and Development. 

(2) EPA 1985. Development of Statistical Distributions or Ranges of Standard 

Factors Used in Exposure Assessments. EPA@JO/8-85/010. Ofrice of 

Research and Development Table 3-3. Percent of Total Body Surface Area or Parts 

by Sex and Age of Japanese Students 

(3) Casual User and Residential Child 8 Pre-AdolescenVAdolescent Age-Adjusted Surface Areas used in the HHRA. 

(4) lndustnal Adult Surface Area used in the HHRA 

(5) Casual User and Residential Aduil Surface Areas usad in the HHRA 

(6) Recreabonal Pre-Adolescent Surface Area used !n the HHRA for Sediment Exposure 

(7) Recreational Pre-Adolescent Surface Area used in the HHRA for Surface Water Exposure. 

Note = (1.2) Percent Surface Area is an Average of EPA (1997) and EPA (1985) values 

* = Forearms for children are estimated from the assumption that tha ratio of forearm to arm in a child is the Same as the ratio in an aduR (Approx = 40%; EPA, 1997). 

_ = Lwei Legs bi chiidieri Bra asiimaiad from ihe assumpiion ihai tine ratio oi iower ieg to leg in a child IS the same as the ratio in an aduii (Approx = 40%: EPA, 1997). 

- _ Assummed ID be 50% of head 

NA = Not AvaIlable 





APPENDIX G, PART 4 

RISK ASSESSMENT EXAMPLE CALCULATIONS 

The example calculations listed in this appendix are presented in order to verify the 
approaches taken and calculations used to estimate risk at Site 8. The example 
calculations are all based on RME exposure. Examples are shown for representative 
receptors for surf;ace soil, sediment, and surface water media exposure. Surface soil risks 
for the casual user and residential receptors exposed to surface soil are not shown here, 
however, they would be estimated following the same pattern. Additionally, a subsurface 
soil exposure example is not shown here, but subsurface soil exposure would also follow 
the same pattern as surface soil. 

Surface Soil Exposure 

Three potential exposure routes are associated with direct exposure to surface soil at Site 8 
These exposure routes include ingestion, dermal absorption, and inhalation of fugitive dust. 

Ingestion of COPCs in Surface Soil: 

Ingestion of arsenic in surface soil at Site 8 for a current/future industrial adult under an RME scenario 
was evaluated using the following equation (EPA, 1989a): 

CS * IRsoil *FI*CF*EF*ED 
IngestionDose(mg I kg I day) = 

BW*AT 

Where: 

Cart-Ingestion Dose = 2.35E-6 = Carcinogenic Ingestion exposure dose (mglkglday) 
Noncarc-Ingestion Dose = 6.59E-6 = Noncarcinogenic Ingestion exposure dose (mg/kg/day) 

cs 
kit 
FI 
CF 
EF 
ED 
BW 
ATC 
ATN 

= 6.73 mg/kg 
= 100 mg/day 
= 100% 
= 1 E-06 kglmg 
= 250 days/yr 
= 25 yr 
= 70 kg 
= 25550 days 
= 9125 days 

= Arsenic concentration in surface soil 
= ingestion rate 
= Fraction Ingested 
= Conversion Factor 
= Exposure frequency 
= Exposure duration 
= Body weight 
= Averaging time for carcinogens (365 d/yr x 70 yrs) 
= Averaging time for noncarcinogens (365 dlyr x 25 yrs) 

The RME cancer risk for a current/future industrial adult from ingestion of arsenic in surface soil at Site 
8 is estimated as follows: 

CA = Ingestion Dose x SF 

CA = 3.53E-6 
SF = 1.5 (mg/kg/day)“ 
Cart-Ingestion Dose = 2.36E-5 

= Incremental cancer risk 
= Oral slope factor 
= Carcinogenic Ingestion exposure dose (mglkglday) 

The RME noncarcinogenic risk for a current/future industrial adult from ingestion of arsenic in surface 
soil at Site 8 is estimated as follows: 

NC = Ingestion Dose I RfD 



NC = 2.20E-2 = Noncarcinogenic risk 
RfD = 0.0003 mglkglday = Oral reference dose 
Noncarc-Ingestion Dose = 6.59E-6 = Noncarcinogenic Ingestion exposure dose (mglkglday) 

Dermal Absorption of COPCs in Surface Soil: 

Dermal absorption of arsenic in surface soil at Site 8 for a current/future industrial adult under an RME 
scenario was evaluated using the following equations (EPA, 1992e): 

DA *SA*EV*EF*ED 
DermalDose(mg I kg I day) = event 

BW*AT 

DA event = CS * AF * ABSderma, * CF 

Where: 

Cart-Dermal Dose = 6.77E-7 
Noncarc-Dermal Dose = 1.90E-6 

= Carcinogenic Dermal exposure dose (mglkglday) 
= Noncarcinogenic Dermal exposure dose (mglkglday) 

D%Wlt = 4.31 E-8 mg/cm’- 
SA = 4499 cm’lday 
EV = 1 event/day 
EF = 250 days/yr 
ED =25yr 
BW = 70 kg 
ATC =25550days 
ATN = 9125 days 
cs = 6.73 mglkg 
AF = 0.2 mg/cm* 
ABSdarm = 0.032 
CF = 1 E-06 kg/mg 

event = Dose absorbed per unit area per event 
= Skin surface area available for contact 
= Event frequency 
= Exposure frequency 
= Exposure duration 
= Body weight 
= Averaging time for carcinogens (365 d/yr x 70 yrs) 
= Averaging time for noncarcinogens (365 d/yr x 25 yrs) 
= Arsenic concentration in surface soil 
= Soil-to-skin adherence factor 
= Absorption fraction 
= Conversion Factor 

The RME cancer risk for a current/future recreational adult from dermal absorption of arsenic in surface 
soil at Site 8 is estimated as follows: 

CA = Dermal Dose x SF 

CA = 1.02E-6 
SF = 1.5 (mg/kg/day)-’ 
Cart-Dermal Dose = 6.77E-7 

= incremental cancer risk 
= Dermal slope factor = (SF,,/GI Factor; [I.511 .O]) 
= Carcinogenic Dermal exposure dose (mglkglday) 

The RME noncarcinogenic risk for a current/future recreational adult from dermal absorption of arsenic 
in surface soil at Site 8 is estimated as follows: 

NC = Dermal Dose I RfD 

NC = 6.65E-3 
RfD = 0.000285 mglkglday 
Noncarc-Dermal Dose = 1.90E-6 

= Noncarcinogenic risk 
= Dermal reference dose = (RfDma:GI Factor; [0.0003*0.95]) 
= Noncarcinogenic Dermal exposure dose (mglkglday) 

inhalation of COPCs in Fugitive Dust: 

Inhalation of arsenic in surface soil (via fugitive dust) at Site 8 for a current/future industrial adult under 
an RME scenario was evaluated using the following equations (EPA, 1992e): 



cs 
/ * IR *ET*EF*ED 

InhalationDose(mg I kg I day) = PEF air 
BW*AT 

**Note: Arsenic doesn’t have an available inhalation reference dose, therefore only a example 
calculation based on carcinogenic risk is presented for inhalation of COPCs by a current/future 
recreational pre-adolescent. 

Where 

Cart-Inhalation Dose = 2.14E-10 = Carcinogenic Inhalation exposure dose (mglkglday) 

cs 
PEF 
lb 
ET 
EF 
ED 
BW 
ATC 

= 6.73 mglkg 
= 1.32E+9 m3/kg 
= 1.5 m3/hr 
= 8 hrlday 
= 250 dayslyr 
= 25 yr 
=70kg 
= 25550 days 

= Arsenic concentration in surface soil 
= Particulate emission factor 
= Inhalation rate 
= Exposure time 
= Exposure frequency 
= Exposure duration 
= Body weight 
= Averaging time for carcinogens (365 d/yr x 70 yrs) 

The RME cancer risk for a current/future industrial adultfrom inhalation of arsenic in fugitive dust in 
surface soil at Site 8 is estimated as follows: 

CA = Inhalation Dose x SF 

CA = 3.23E-9 
SF = 15.1 (mglkg/day)-’ 
Cart-Inhalation Dose = 2.14E-10 

Sediment Exposure 

= Incremental cancer risk 
= Inhalation slope factor 
= Carcinogenic Inhalation exposure dose (mg/kg/day) 

Two potential exposure routes are associated with direct exposure to sediment at off-site areas 
near Site 8. These exposure routes include ingestion and dermal absorption, 

Ingestion of COPCs in Sediment: 

Ingestion of arsenic in sediment at off-site areas near Site 8 for a current/future recreational pre- 
adolescent (age 7-12) under an RME scenario was evaluated using the following equation (EPA, 
1989a): 

*FI*CF+EF+ED 
IngestionDose(mg /kg I day) = 

CS * IRSed 

1 BW*AT 

Where: 

Cart-Ingestion Dose = 4.25E-8 
Noncarc-Ingestion Dose = 4.96E-7 

= Carcinogenic Ingestion exposure dose (mglkglday) 
= Noncarcinogenic Ingestion exposure dose (mg/kg/day) 

cs = 4.2 mglkg = Arsenic concentration in sediment 
I&i, = 200 mglday = Ingestion rate 
FI = 100% = Fraction Ingested 
CF = 1 E-06 kglmg = Conversion Factor 
EF = 7 dayslyr = Exposure frequency 
ED = 6 yr = Exposure duration 



BW = 32.5 kg = Body weight 
ATC =25550days = Averaging time for carcinogens (365 dlyr x 70 yrs) 
ATN = 2190 days = Averaging time for noncarcinogens (365 d/yr x 25 yrs) 

The RME cancer risk for a current/future recreational pre-adolescent (age 7-12) from ingestion of 
arsenic in sediment at off-site areas near Site 8 is estimated as follow% 

CA = Ingestion Dose x SF 

CA = 6.37E-8 = Incremental cancer risk 
SF = 1.5 (mg/kg/day)’ = Oral slope factor 
Cart-Ingestion Dose = 4.25E-8 = Carcinogenic Ingestion exposure dose (mg/kg/day) 

The RME noncarcinogenic risk for a current/future recreational pre-adolescent (age 7-12) from ingestion 
of arsenic in sediment at off-site areas near Site 8 is estimated as follows: 

NC = Ingestion Dose I RfD 

NC = 1.65E-3 = Noncarcinogenic risk 
RfD = 0.0003 mglkglday = Oral reference dose 
Noncarc-Ingestion Dose = 4.96E-7 = Noncarcinogenic Ingestion exposure dose (mg/kg/day) 

Dermal Absorption of COPCs in Sediment: 

Dermal absorption of arsenic in sediment at off-site areas near Site 8 for a current/future recreational 
pre-adolescent (age 7-12) under an RME scenario was evaluated using the following equations (EPA, 
1992e): 

DAevent 
*EF*EV 

DermalDose( mg 1 kg I day) = 
AT 

* AgeAdj 

n SAi*ED. 
AgeA = c 

i=m 
BW ’ 

i 

DA event = CS * AF * ABSderma, * CF 

Where: 

Cart-Dermal Dose = 1.86E-9 = Carcinogenic Dermal exposure dose (mglkglday) 
Noncarc-Dermal Dose = 2.17E-8 = Noncarcinogenic Dermal exposure dose (mg/kg/day) 

D&Ml = 2.69E-8 mg/cm2-event 
EV = 1 event/day 
AgeAdj = 253 cm’-yrlkg 
SAI = Varying (cm’) 
EDI = 1 yr Increments 
BW = Varying (kg) 
EF = 7 dayslyr 
ATC =25550days 
ATN = 2190 days 
cs = 4.2 mglkg 
AF = 0.2 mg/cm’ 
ABS,,, = 0.032 
CF = IE-06 kglmg 

= Dose absorbed per unit area per event 
= Event frequency 
= Age adjusted surface area (Derived in Appendix G) 
= Surface area varies with age 
= One year increments 
= Body weight varies with age 
= Exposure frequency 
= Averaging time for carcinogens (365 d/yr x 70 yrs) 
= Averaging time for noncarcinogens (365 d/yr x 8 yrs) 
= Arsenic concentration in sediment 
= Soil-to-skin adherence factor 
= Absorption fraction 
= Conversion Factor 



The RME cancer risk for a current/future recreational pre-adolescent (age 7-12) from dermal absorption 
of arsenic in sediment at off-site areas near Site 8 is estimated as follows: 

CA = Dermal Dose x SF 

CA = 2.94E-9 = Incremental cancer risk 
SF = 1.58 (mglkgtday)’ = Dermal slope factor = (SF,,JGI Factor; [1.5/0.95]) 
Cart-Dermal Dose = 1.86E-9 = Carcinogenic Dermal exposure dose (mglkglday) 

The RME noncarcinogenic risk for a current/future recreational pre-adolescent (age 7-12) from den-nal 
absorption of arsenic in sediment at off-site areas near Site 8 is estimated as follows: 

NC = Dermal Dose / RfD 

NC = 7.63E-5 
RfD = 0.0003 mg/kg/day 
Noncarc-Dermal Dose = 2.17E-8 

Surface Water Exposure 

= Noncarcinogenic risk 
= Dermal reference dose = (RfDo,?GI Factor; [1.5’0.95]) 
= Noncarcinogenic Dermal exposure dose (mg/kg/day) 

Two potential exposure routes are associated with direct exposure to surface water (both total 
and dissolved) sediment at off-site areas near Site 8. These exposure routes include ingestion 
and dermal absorption. 

Ingestion of Surface Water: 

ingestion of manganese (total) in surface water at off-site areas near Site 8 for a current/future 
recreational pre-adolescent (age 7-12) under an RME scenario was evaluated using the following 
equation (EPA, 1989a): 

IngestionDose = cw * %yfacewa,e* *C4 *ET*EF*ED 

BW*AT 

Where: 

Noncarc-Ingestion Dose = 1.88E-5 = Noncarcinogenic Ingestion exposure dose (mg/kg/day) 

cw = 159 ug/L 
-I = 1 mg/103 ug 
IRmo = 0.2 L/hour 
EF = 7 daystyr 
ED = 6 yr 
BW = 32.5 kg 
ET = 2.6 hours/day 
AT = 2190 days 

= manganese concentration in surface water 
= conversion factor 
= Ingestion rate 
= Exposure frequency 
= Exposure duration 
= Body weight 
= Exposure Time 
= Averaging time for noncarcinogens (365 d/yr x 6 yrs) 

The RME cancer risk for a current/future recreational pre-adolescent (age 7-12) from ingestion of 
manganese in surface water (total inorganic@ is not estimated because manganese does not have an 
EPA derived quantitative carcinogenic toxicity value. 

The RME noncarcinogenic risk for a current/future recreational pre-adolescent (age 7-12) from ingestion 
of manganese in surface water at off-site areas near Site 8 is estimated as follows: 

NC = Ingestion Dose/RfD 



NC = 7.82E-4 = Noncarcinogenic risk 
RfD = 2.4E-02 (mglkglday) = Oral reference dose 
Noncarc-Ingestion Dose = 1.88E-5 = Noncarcinogenic Ingestion exposure dose (mglkglday) 

Dermal Absorption of Surface Water: 

Dermal absorption of manganese (total) in surface water at off-site areas near Site 8 for a current/future 
recreational pre-adolescent (age 7-12) under an RME scenario was evaluated using the following 
equation (EPA, 1992e): 

DA +EF*EV 
DermalDose(mg I kg I day) = event 

AT 
* AgeAdj 

n SAi *ED. 
AgeA = 1 I 

i=m BWi 

DA event = CW * PCment * CF, * CF2 

For lnorganics (Steady State Approach): 

PCevent = K 
*t 

pw - inorg event 

Where: 

Noncarc-ingestion Dose = 6.38E-7 = Noncarcinogenic Ingestion exposure dose (mglkglday) 

DA-,, = 4.13E-7 mg/cm*/event 
EV = 1 event/day 
EF = 7 dayslxr 
AgeAdj = 483 cm -yr/kg 
S4 = Varying (cm*) 
EDI = 1 yr Increments 
BN = Varying (kg) 
AT = 2190 days 
Kvmt = 0.0026 cm/event 
cw = 159 uglL 
-1 
CFz 

= 1 mg/103 u3 
= 1 L/lO”cm 

Kpw-mvA = 0.001 cm/hr 
L vent = 2.6 hr/event 

= Dose absorbed per unit area per event 
= Event frequency 
= Exposure frequency 
= Age adjusted surface area 
= Surface area varies with age 
= One year increments 
= Body weight varies with age 
= Averaging time for carcinogens (365 d/yr x 6 yrs) 
= Diffusion depth per event (cm/event) 
= manganese concentration in surface water 
= Conversion Factor 
= Conversion Factor 
= permeability coefficient from water 
= Duration of event 

The RME cancer risk for a current/future recreational pre-adolescent (age 7-12) from dermal absorption 
of manganese in surface water (total inorganic@ is not estimated because manganese does not have 
an EPA derived quantitative carcinogenic toxicity value. 

The RME noncarcinogenic risk for a current/future recreational pre-adolescent (age 7-12) from dermal 
absorption of manganese in surface water at off-site areas near Site 8 is estimated as follows: 



NC = Dermal Dose/RfD 

NC = 2.66E-5 
RfD = 2.4E-02 (mg/kg/day) 
Noncawlngestion Dose = 6.38E-7 

= Noncarcinogenic risk 
= Dermal slope factor = (RfD,,,*GI Factor; [2.4E-29 .OJ) 
= Noncarcinogenic Ingestion exposure dose (mg/kg/day) 





APPENDIX G - PART 5 

LEAD MODEL Version 0.99d 

AIR CONCENTRATION: 0.100 
Indoor AIR Pb Cone: 30 
Other AIR Parameters: 

Age Time Outdoors 
o-1 1.0 
1-2 2.0 
2-3 3.0 
3-4 4.0 
4-5 4.0 
5-6 4.0 
6-7 4.0 

ug Pb/m3 DEFAULT 
0 percent of outdoor. 

(hr) Vent. Rate (m3/day) Lung Abs. (%I 
2.0 32.0 
3.0 32.0 
5.0 32.0 
5.0 32.0 
5.0 32.0 
7.0 32.0 
7.0 32.0 

DIET: DEFAULT 

DRINKING WATER Cone: 4.00 ug Pb/L DEFAULT 
WATER Consumption: DEFAULT 

SOIL & DUST: 
Soil: constant cont. 
Dust: constant cont. 

Age Soil (ug pb/g) House Dust (ug Pb/g) 
O-l 119.0 119.0 
1-2 119.0 119.0 
2-3 119.0 119.0 
3-4 119.0 119.0 
4-5 119.0 119.0 
5-6 119.0 119.0 
6-7 119.0 119.0 

Additional Dust Sources: None DEFAULT 

PAINT Intake: 0.00 ug Pb/day DEFAULT 

MATERNAL CONTRIBUTION: Infant Model 
Maternal Blood Cone: 2.50 ug Pb/dL 

CALCULATED BLOOD Pb and Pb UPTAKES: 

YEAR 
------ 
0.5-l: 

l-2: 
2-3: 
3-4: 
4-5: 
5-6: 
6-7: 

f---- 

YEAR 

Blood Level Total Uptake 
(ug/dL) tug/day) 

--------__- ---------_-- 
3.2 5.82 
3.4 8.15 
3.2 8.60 
3.0 8.59 
2.6 7.44 
2.3 7.37 
2.1 7.56 

Diet Uptake Water Uptake Paint Uptake Air Uptake 
tug/day) tug/day) lug/day) tug/day) 

Soil+Dust Uptake 
lug/day) 

------e-_-e- 
2.84 
4.49 
4.52 
4.57 
3.43 
3.10 
2.94 



__---- __-------~- __---------- ___--------- -------- 

0.5-l: 2.59 0.37 0.00 0.02 
1-2: 2.69 0.93 0.00 0.03 
2-3: 3.04 0.98 0.00 0.06 
3-4: 2.96 1.00 0.00 0.07 \ 
4-5: 2.89 1.06 0.00 0.07 
5-6: 3.06 1.12 0.00 0.09 
6-7: 3.39 1.14 0.00 0.09 



4 

LEAD 8 .SSd 

I , I 
2 4 6 6 1 

cutoff: 10.0 ug/dL 
% Above: 0.35 
% Belou: 99.65 
G. Mean: 2.8 

12 14 16 
BLOOD LEAD CONCENTRATION < ug/dL > 

0 to 84 flonths 
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MEMORANDUM 

PROM : Orlando J. Monaco, Remedial Project Manager, 
NORTHNAVFACENGCOM 

TO: Thomas C. Ames, BRAC Environmental Coordinator 

SUBJECT : Request for a Removal Action at Site 8 
Naval Air Warfare Center (NAWC) National Priorities 
List (NPL) Site 
Warminster, Bucks County, Pennsylvania 

I. PURPOSE 

The purpose of this Action Memorandum is to request and document 

approval of the proposed removal action in and around the 

vicinity described as Site 8 at the Naval Air Warfare Center 

(NAWC) National Priorities List (NPL) Site, Warminster, Bucks 

County, Pennsylvania. An assessment performed in accordance with 

the National Oil and Hazardous Substances Pollution Contingency 

Plan (NCP), 40 C.F.R. Part 300, has identified a threat to human 

health and the environment due to the presence of hazardous 

substances in surface soils around Site 8. These substances pose 

threats to nearby human populations and future land use plans. 

As a result of these conditions, a removal action is needed at 

the Site pursuant to Section 104 of the Comprehensive 

Environmental Response, Compensation, and Liability Act (CERCLA), 

as amended, 42 U.S.C. Section 9604. 

II. SITE CONDITIONS AND BACKGROUND 

A. Site Description 

The Site is situated mostly in the Township of Warminster, Bucks 

County, Pennsylvania, in a heavily populated suburban area. 

Private homes, several commercial and industrial enterprises, and 

a golf course surround the facility, which encompasses 

approximately 840 acres. On-base areas include various buildings 

and other complexes connected by paved roads, the former runway 



-. 

and ramp area, mowed fields, and a small wooded area. The \\ 
longest runway, which is no longer active, is generally located 
along the topographically highest area at the facility. Many of 
the primary facility buildings are located west of Jacksonville 

Road. A housing development for military enlisted perscnnel is 

within the southeastern portion of the site. 

NAWC Warminster was disestablished on 30 September 1996, and is 

now known as the North American Technology Center. The military 
enlisted personnel living at the facility are the nearest 
population center. These personnel work primarily at the Naval 

Air Station Joint Reserve Base Willow Grove, PA. NAS/JRB Willow 
Grove manages the military housing complex. The closest off-base 
home is about 200 feet from the base property line. Residential 
development is located along the length of the southern property 

line and, to a lesser extent, along the northern property line. 
Industrial development is found along the western and 
northwestern perimeters of the base. 

B. Site Background 

The former NAWC Warminster was originally the location of 
Brewster Aeronautical Corporation, a manufacturer of military 
aircraft. In 1944, the Navy assumed full control of the 

Brewster plant. The Naval Air Modification Unit was installed at 

the base to add design modifications to military aircraft 
produced at other locations. After World War II, activities at 

the base were altered; in 1949, the facility was designated the 

Naval Air Development Center (NADC), and its main mission, 

research, development, testing, and evaluation for Naval aircraft 

systems, was established. NAWC Warminster also conducted studies 

in anti-submarine warfare systems and software development. The 
facility name was changed from NADC to Naval Air Warfare Center, 

Aircraft Division, on January 1, 1992. The future use of the 

facility is detailed in a Reuse Plan approved by the Federal ,---. 
Lands Reuse Authority of Bucks County (FLRA) in 1997. The Reuse 



Plan consists of multiple uses including parks and recreation, 

business campus/industrial and residential. The FLRA's Reuse 

Plan was presented to each of the three municipalities (Ivyland 

Borough, Warminster Township and Northampton) in 1997. Each 

board of elected officials gave unanimous concurrence to the 

FLRA's Reuse Plan. The Site 8 reuse is included in the FLRA's 

Economic Development Conveyance (EDC) application as business 

campus/industrial. The realignment has resulted in the 

relocation of NAWC Warminster activities to Patuxent River, 

Maryland and the closure of the base. Navy family housing assets 

have been transferred to Commanding Officer, Joint Reserve E\ase, 

Willow Grove, PA and will remain in place. 

Historically, wastes at the facility were generated during 

aircraft maintenance and repair, pest control, firefighting 

training, machine and plating shop operations, spray painting, 

and various materials research and testing activities in 

laboratories. These wastes included paints, solvents, s:Ludge 

from industrial wastewater treatment, and waste oils. 

To date, at least eight sites on current NAWC Warminster property 

have been identified as sites used for the disposal of wastes 

containing hazardous substances. None of the sites are currently 

used for waste disposal. Any hazardous substance releases from 

the eight sites identified to date and from other unidentified 

sites potentially affect the Stockton Formation aquifer, which 

provides water for more than 100,000 people within the vicinity 

of the facility. Local surface water bodies are used for 

recreational and industrial purposes. 

For investigative purposes, Sites 1, 2 and 3 have been grouped 

into Area A. Sites 5, 6 and 7 have been grouped into Area B; 

Sites 4 and 8 comprise Area C; and Area D consists of potential 

sources and hazardous substance releases west of the main 

building complex at the base. 



C. Physical Location and Description 

Site 8 is defined as two distinct, but related, operations ‘that 

took place adjacent to each other - the fire-fighting training 

area and a temporary structure identified as Sl. 

The fire-fighting training area was in an open grassy area north 

of the main airstrip at the northeastern end of an abandoned 

runway, 500 feet from the fence line and 1000 feet from base 

housing. A cement drainage culvert receives runoff from the site 

and discharges to the north. Scattered single-family homes are 
located northeast of Werner Park. A footbridge connects the 
homes directly to Werner Park, indicating that exposure could 

occur in the unnamed creeks in this area. 

The training area consisted of a 75- by 75-foot portion of the 
runway surrounded on three sides by a double berm. The berms 
were approximately 3 to 5 feet high. The site was used for fire 
training exercises from 1961 to 1988. Typically, flammable 
liquids were poured onto the runway, ignited, and extinguished to 

simulate fire-fighting procedures. In the past, surface water 
(about 6 to 12 inches) was observed to collect within this area. 

Aviation fuel, scrapped cars and aircraft and other debris were 
reportedly stored and burned within the area. 

-. 

The temporary structure, Sl, was also on the abandoned runway. 
It was a corrugated metal structure located to the south of the 

fire-fighting training area and was used to test the durability 

of flight suits. The floor of the structure contained water on 

top of which was placed a flammable liquid. Once ignited, a 
flight suit, attached to a mechanical arm, was passed through the 

flames in order to test the suit's ability to withstand fire. 

Temporary Structure Sl was dismantled and removed in 1997 by Navy 

Caretaker Site Office personnel after the Federal Lands Reuse 
Authority advised the Navy that the structure was not suitable 

for reuse. The temporary structure was dismantled and the 
- 



materials placed in dumpsters. The contents of the dumpsters 

were disposed of off-site. 

By 1988, the soil berms had been removed. NAWC Ka rminster 

personnel reported that these berms, along with residue, trapped 

liquids, and soil from eroded areas, had been analyzed and 

removed. The r.emoved material was deposited in an area adjacent 

to Site 8, and the site regraded. 

D. Quantities and Types of Hazardous Substances Present 

Remedial Investigations conducted to date has consisted of soil 

gas surveys, surface water, sediment sampling and analysis, 

surface and subsurface sampling and analysis, wetlands assessment 

and a geophysical survey. A summary of these findings are 

presented in the draft Phase III RI Report by Brown & Root 

Environmental dated November 1996. Results of subsequent 

investigations were presented in a letter from Tetra Tech NUS, 

Inc dated October 20, 1998. The results of these findings 

indicated the possibility of metals contamination, principally 

lead and arsenic, in the surface soils along the western edge of 

the former Site 8 location. 

Lead levels above the State's direct contact value of 1000 mg/kg 

for non-residential land use were detected in 5 out of 17 surface 

soil samples ranging from 1000 to 3130 mg/kg. The highest 

concentrations were identified in surface samples collected at 

SS-08-21, located about 70 feet from the former Structure Sl. 

None of the samples contained arsenic levels greater that the 

State's direct. contact value for non-residential land use. 

Samples collected from the entrance to the drainage channel 

northwest of Site 8 did not reveal any significant metal levels. 

The volume of contaminated soils at Site 8 is estimated to be 330 

cubic yards. The approximate area of contamination is 4500 

square feet. .Based on site characterization information, 



-- 

contaminated soils have not significantly migrated from Site 8. 

This conclusion is supported by the lack of significant ::etals 

contamination in groundwater in the vicinity of the Site, along 
with the lack of subsurface contamination. The final ?ecr,rd of 
Decision for Operable Unit 3 addresses groundwater contamination 

from Area C, which includes Site 8. 

E. NPL Status 

EPA officially recognized the waste disposal locations at NAWC 

Warminster as possibly needing investigation in September 1979. 

On October 4, 1989, NAWC Warminster was placed on the final NPL. 

That same year, EPA submitted a draft Interagency Agreement to 

the Navy for formalizing and scheduling remedial activities. The 
contents of this agreement were negotiated in 1990. 

To date, the NAWC Warminster sites are being addressed by the 

Navy in four long-term remedial phases. Four remedial 
investigations (RI) (Phase I, Phase II, focused RI for 
groundwater, and Phase III) have been conducted at the base since 

October 1989. 

Phase I was performed between October 1989 and April 1991. Phase 
I involved mapping volatile organic compounds (VOCs) in soil gas 

and detecting magnetic and conductive anomalies through 
electromagnetic surveys. Approximate site boundaries were 
identified and confirmation of site contamination was made 
through soil borings, installation of monitoring wells, and 
groundwater sampling and analysis. In addition, test pits were 
excavated, local wells were inventoried, and a fracture-trace 

analysis was conducted. 

Phase II was performed between May 1992 and April 1993. This 
phase helped determine the nature and extent of groundwater 

contamination, . evaluate groundwater flow and add to the 
hydrogeologic database, and ascertain possible remedial 

._^ 



alternatives. Phase II involved installing additional overburden 

and shallow bedrock monitoring wells, sampling 2nd analyzing 

groundwater, and evaluating aquifer characteristics through 

water-level monitoring and a pumping test. Four off-base wells 

were also sampled. At the end of Phases I and II, the Navy and 

EPA selected a remedy for Operable Unit 1 IOU-11, which is 

contaminated shallow groundwater attributable to Areas A and B at 

the base. This was the first clean-up plan selected for NAWC 

Warminster. 

Focused RI activities for other groundwater contamination at the 

base began in October 1993 for Area B, January 1994 for Area C, 

and February 1994 for Afeas A and D. The RI field work for Area 

C groundwater was completed in May 1994. During this 

investigation, the Navy addressed groundwater contamination 

associated with Site 4 that was not completely evaluated during 

the earlier studies. The Navy prepared RI and FS reports 

addressing the results of this investigation and evaluating 

remedial alternatives for shallow groundwater contamination in 

the vicinity of Area C. Both reports were completed in August 

1994. In March 1995, the Navy and EPA selected a remedy for OU- 

3, which is contaminated groundwater attributable to Area C. The 

Navy combined this remedy with the remedy for OU-1. The OU-3 

remedial action has been operational since July 1996. 

The Phase III RI/FS began in January 1995 and will identif!y the 

full nature and extent of contamination, both on and off base, 

for the rest of the facility. Additional removal or remedial 

actions are being proposed to support the selection of a .remedy 

for a particular medium or group of media. 

F. Other Actions to Date 

After the Phase II RI was completed, the Navy initiated other 

environmental investigations to more fully determine the nature 

and extent of groundwater contamination attributable to NAWC 
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Warminster. In April 1993, the Navy, in coordination with EPA, 
initiated a well testing program in the vicinity cf the 'sase to 

assess the impact of contaminated groundwater possibly 
attributable to NAWC Warminster. Between April and .Yugcst 1993, 
the Navy sampled more than 250 off-base residential, commercial, 

and municipal wells. The test results indicated that the levels 
of some VOCs found in residential wells exceeded federal drinking 

water standards [i.e., Maximum Contaminant Levels (MCLs) 
established under the Safe Drinking Water Act]. To address these 
levels, the Navy conducted a CERCLA removal action, installing a 

water treatment'system in each residence where either EPA Removal 

Action Levels or MCLs had been exceeded. 

The Navy and EPA determined that this off-base groundwater 
contamination constituted an imminent threat to human health. 

Therefore, the .Navy and EPA conducted additional CERCLA removal 

action work by connecting residences affected by groundwater 

contamination in the vicinity of Casey Village and Kirk Road to a 

public water-supply system between June and December 1994. As 

such, OU-2 consists of contaminated groundwater associated with 

residential wells located on ,Kirk Road north of Area C and 

residential wells in the vicinity of the Casey Village area 
southeast of Area B. 

_- 

In addition to the work being performed under CERCLA, the Navy 

has undertaken environmental baseline survey work to help 
identify and prioritize parcels of land at NAWC Warminster that 

can be transferred to the Federal Lands Reuse Authority - Bucks 

County (FLRA-BC) . The proposed removal action for Site 8 will 

help to support the transfer of property to the community by 

identifying the most appropriate response option to mitigate 
potential exposure to Site 8 contaminants. 



G. State and Local Authorities' Roles 

The Department of Defense (DOD), as part of President Clinton's 

five part program to speed economic recovery at communr..: s where 

military bases are closing, has established a BRAC Ciear.up Team 

(BCT) to implement "Fast Track" cleanup initiatives. The BCT 

consists one representative from DOD, one representative from the 

U.S. Environmental Protection Agency Region III (EPA) and one 

representative from the Pennsylvania Department of Environmental 

Protection (PADEP). The BCT acts as the primary forum in which 

issues affecting the execution of the cleanup to facilitate reuse 

are addressed. A Restoration Advisory Board (RAB), which 

consists of representatives of the Navy, the United States 

Environmental Protection Agency (EPA), PADEP, the Bucks County 

Health Department, the Northampton Township Municipal Authority, 

the Warminster Township Municipal Authority, and Upper 
Southampton Township, local businesses and concerned citizens has 

assisted in the planning and review of these activities. 

As part of the nationwide BRAC legislation, NAWC Warminster has 

pledged to give top priority to early re-use of the base's land 

and buildings. FLEA-BC is responsible for recommending 

strategies for reuse of the base to best utilize the resources of 

NAWC Warminster and its people to the greatest benefit of 

surrounding communities. 

III. THREATS TO’ PUBLIC HEALTH OR WELFARE OR THE ENVIRONMENT AND 

STATUTORY AND REGULATORY AUTHORITIES 

The conditions at Site 8 warrant a removal action. Field 

investigation results indicate unacceptable levels of hazardous 

substances in surface soils at Site 8. Present military control 

restricts accesB to Site 8. However, upon lease and/or transfer 

to the community as part of the closure process for NAWC, the 

property including Site 8 may potentially be used for non- 

residential purposes. 



Section 300.415 of the NCP identifies the factors chat z-ust be 

considered when determining the appropriateness of a removal 

action. Paragraphs (b) (2) (i), (ii), (iv), and (vii) of Section 

300.415 directly apply as follows to Site 8 conditions: 

A. Section 300.415 (b) (2) (i) "Actual or potential exposure 

to nearby human populations, animals, or 

the food chain from hazardous substances 

or pollutants or contaminants." 

Potential human and environmental exposure pathways identified 

under current or future land use scenarios for Site 8 include 

dermal, incidental ingestion, and fugitive dust inhalation 
exposure to soil contaminants. 

B. Section 300.415 (b) (2) (ii) "Actual or potential contam- 

ination of drinking water supplies or sensitive ecosystems." 

B. Section 300.415 (b) (2) (ii) "Actual or potential contam- 

ination of drinking water supplies or sensitive ecosystems." 

B. Section 300.415 (b) (2) (ii) "Actual or potential contam- 
ination of drinking water supplies or sensitive ecosystems." 

Groundwater downgradient of Site 8 may potentially be used for 

private and public water supply purposes. Although the present 
remedy provided by OU-3 indicates that VOC contamination levels 

in groundwater are improving, it is possible that lead 
contaminants from surface soils near Site 8 may result in 

groundwater contamination in the future. Contaminated 
groundwater attributable to releases within an area which 
includes Site 8 (i.e., Area C) is being addressed by a pump and 

treat system which went into operation during Spring 1996. 

,--- 

C. Section 300.415 (b) (2) (vii) "The availability of other 

appropriate federal or state response 

mechanisms to respond to the release." -. 



The availability of response mechanisms can be met through the 

Navy's IR Program. 

D. Section 300.415 (b) (2) (viii)"Other situa%ions or factors 

that may pose threats to public nealth 

or welfare or the environment." 

The presence of contaminated soils at Site 8 will hinder future 

land use for this area, including non-residential land use, when 

the Navy turns over this property to the community. 

IV. ENDANGERMENT DETERMINATION 

Actual or threatened releases of hazardous substances from Site 

8, if not addressed by the response action selected in this 

Action Memorandum, may present an endangerment to public health, 

welfare, or the environment. 

V. PROPOSED ACTION AND ESTIMATED COSTS 

A. Actions 

The action proposed for Site 8 is to excavate contaminated soils 

and dispose of these material without treatment at a waste 

landfill. Landfilling is a cost-effective alternative for 

addressing the buried soil and wastes at Site 8. Municipal waste 

landfills are engineered to provide controls for protecting human 

health and the environment. If necessary, any soils or buried 

wastes that cannot be disposed in a municipal landfill will be 

disposed in a hazardous waste landfill. 

The contaminated soils are present along the western edge of the 

Site. Available information suggests that these materials are 

confined to the area described above. The proposed action would 

excavate these surface soils. 



At this time, it' is estimated that the entire project will be 

completed within 12 months and under the $2 million ceiiing for 

removal actions; barring any unforeseen circumstances or disposal 

restrictions. 

B. Estim+ed Costs 

The Navy estimates that $30,000 will be needed to carry out the 

recommended removal action at Site 8, excluding annual operation 

and maintenance (O&M) costs. 

C. Contribution to Remedial Performance 

Per the Federal Facility Agreement signed by the Navy and EPA, 

this removal action shall, to the extent practicable, contribute 

' to the efficient performance of any long term remedial action 

with respect to the release or release(s) or threatened 
release(s) of concern. 

The proposed removal action will meet the following objectives: 

. Prevent exposures (of potential exposures) to 
contaminated soils presenting unacceptable risks. 

. Protect groundwater quality by reducing infiltration 

of water into and through contaminated soils of 
concern. 

. Prevent the release of hazardous substances at Site 8 

to nearby surface water, sensitive ecosystems, and 
other media. 

The proposed removal action is consistent with accepted removal 

practices and is expected to abate the threats that meet the NCP 

removal criteria. The proposed removal is not expected to impede 
- 

future remedial or removal actions contemplated for Site 8. 



D. FtECOMMENDATION 

Because -conditions at Site 8 meet the .NCP Section 300.415 

criteria for a non-time-critical removal action, I recommend 

approval of this request for $30,000. Please iridi.c;ze your 

approval or disapproval by signing below. I recommend your 

approval to initiate response actions because of the nature of 

the threats described herein. 

ORLANDO J. MONACO, P.E. 

Remedial Project Manager 

For U.S. Navy 

v *Lc& : 

Date: 





TETRA TECH NUS. INC. 
600 Clark Avenue, Suite 3 . King of Prussia, PA 19406-1433 
(610) 491-9688 l FAX (610) 491-9645 n wuw.tetratech.com 

c-5 l-2-9-37 

February 19, 1999 

Project Number 6883 

Mr. Lonnie Monaco 
Naval Facilities Engineering Command (NAVFACENGCOM) 
Northern Division 
Environmental Contracts Branch, Mail Stop No. 82 
IO Industrial Highway 
Lester, Pennsylvania 19113 

Reference: CLEAN Contract No. N624272-D-1298 
Contract Task Order (CTO) No. 252 

Subject: Verification Sampling Analytical Results, Site 8 
Naval Air Warfare Center (NAWC) Warminster, Pennsylvania 

Dear Mr. Monaco: 

Tetra Tech NUS (TtNUS) collected 17 (including duplicate and quality assurance/control) samples 
from the Site 8 removal area on February 15, 1999. The removal area consists of an excavation 
that is oriented along the western edge of the runway extension. The excavation measured 131 
feet in length, 20 feet in width, and 2 to 2.5 feet in depth. The eastern wall was excavated inta the 
existing runway extension. This wall of the excavation consisted of gravel and crushed stone with 
little to no soil available for sampling. Also located on this wall was a concrete drainage pipe 
about ‘l.5 feet below ground surface. The pipe was visible the entire length of the excavation and 
appeared to be about 8 inches in diameter. No evidence of staining or the presence of any 
unusual soil characteristics was noted in the excavation walls or floor. 

The Verification Sampling and Analysis Plan (VSAP) called for collecting a sample every 25 linear 
feet along the sidewalls. However, because of the lack of soil, the presence of gravel and 
crushed stone and asphalt, fewer samples were collected along the eastern wall adjacent to the 
runway extension. Only four samples were collected along this wall (see Attachment 1). These 
samples were collected in the areas that contalned the highest proportion of soils by scraping1 the 
wall and segregating as much soil out of the stone and gravel as possible. 

All samples were analyzed for Lead and Arsenic. Analytical results were provided on a quick- 
turn-around basis and have not undergone full data validation. Laboratory analytical results are 
presented in Attachment 2. 

Lead was the only compound for which a clean-up goal was established, 500 mg/kg. This clean- 
up goal was selected based on protecting against unacceptable potential exposures under a 
residential scenario. Lead concentrations in the samples ranged from 18.4 mg/kg to 733 mg/kg. 



c-5 l-2-9-37 
Mr. Lonnie Monaco 
Naval Facilities Engineering Command (NAVFACENGCOM) 
February 19,1999 - Page 2 

Only one sample, VS-8-08, contained Lead above the target clean-up goal of ,53ci rng;,/g. This 
sample was collected immediately above the drainage pipe from the eastern wail of the 
excavation and consisted of soil mixed with crushed asphalt, gravel and stone. As noted above, 
the excavation exposed the runway under-bedding along the entire length of the eastern wall. 
Little soil was evident in this area. 

The analytical results were evaluated along with data from previous sampling at Site 8 to 
determine if the lead concentrations at Site 8 present an unacceptable risk. Sample results from 
the Phase III RI and supplemental Site 8 sampling were included with the verification sample data 
into one database. Attachment 3 presents the analytical data used in the evaluation along with a 
map showing the previous sampling locations. 

The IEUBK Lead Model (V 0.99) was used to characterize risks from lead in soils for the 
hypothetical future child population (0 to 6 years) which is considered to be the most sensitive 
potential receptor group at NAWC Site 8. 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 of 10 
micrograms per deciliter (ug/dl). Based on model results using the representative lead 
concentration (261 mg/kg, the UCL 95 % for site-wide surface soil data), 3.45 percent of 
residential children exposed under similar conditions might have blood-lead levels exceeding 10 
ug/dl. This is below the EPA protective guideline of 5 percent. 

Recommendation 

Based on the verification sampling analytical data, the results of the evaluation of site-wide 
surface soil lead contamination and the fact that the removal action extends to the runway under- 
bedding, it is recommended that no further removal or sampling be performed in this area. 

Project Manager 

GG/ejc 

c: Tom Ames (NAVFACENGCOM) 
Tim McAntee (NAVFACENGCOM) 
Darius Ostrauskas (EPA Region Ill) 
April Flipse (PADEP) 
Neil Teamerson (TtNUS) 
Jeff Orient (TtNUS) 

Enclosures 
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SAMPLE LOG StlEET 

Q spring 
P Lake 

. P Stream 

Page of -. w 

caseNo. M. 

Q Lagoon/Pond w . 
a Other 

Emject Site Name NW. WARhhUlSlH? Project Site Number 6 98 3 
HNUS Source No. s/7.+ 8 Source Location 

Sampie Method: 

Oepth Sampled: 

Composite Sample Oata 
c 

Sample Vme I CokxtOescription 

I 

Sampie Date & Time: 

Sampied By: 

Signature(s): 

I I 

1 

I I 

Type of Sample 

0 Low Concentration 
0 High Concentration I I 
cl Grab Samde Data 
0 Composite 
0 Grab- Composite ’ v=--i Description: (Sand, Clay, Dry, Moist, Wet, etc) 

Analysis: 
1 

ObsenratiodNotes 

v-8 04 
1 

I Organic Inorganic 

Traffic Report No. 

Tao No. 

AB No. , I I 
Date Shipped 

I Time Shipped I 
Laboratoty 

volume I 
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QUANTERRA INCORPORATED 

PRELIMINARY DATA SUMMARY 

-----------1---1---1------------------------------------------------------------------------- 
The results shown below may still require additional laboratory review and are subject to 
change. Actions taken based on these results are the responsla~lz..;.+- =f ;!-?: ~~~-3 user. 
----------------I----------~------------------------------------------------~---------------- 

Tctra Tech NUS, Inc PAGE 1 
Lot #: C9Bl60142 NAWC WARMINSTER, PENNSYLVANIA Z/18/99 

Project Number: CT0 NO. 0252 
Date Reported: 

REPORTING ANALYTICAL 
LRESULTLIMIT -METHOD 

Client Sample ID: 
Sample #: 001 02/15/W 09:15 Date Received: OtjlGj99 Matrix: SOLID 

Trace Inductively Coupled Plasma (ICP) Metals 
Arsenic 5.9 1.2 
Lead 131 0.37 

w/b 
wf kg 

Reviewed 
SW844 CO~OB 
SW846 60108 

Resuul'ts err) reperrlng 1Lits hove been adjusted far elry uai*t. 

Inorganic Analysis 
Total Residue as 

?B~EEZ~ Solids 
80.6 x 

Reviewed 
MCAWW 160.3 MOD 

Client Sample ID; @@iXZ ZJ- pyP-33 
Sample ii: 002 Date Sampled: 02/15/99 09:20 Date Received: 02/G/99 Matrix: SOLID 

Trace Inductively Coupled Plasma (ICP) Metals 
Arsenic 6.3 1.2 
Lead 27.8 0.37 

Reviewed 
SW846 6010B 
SW846 6010B 

Inorganic Analysis 
Total Residue as 

Percent Solids 
81.6 x 

Reviewed 
MCAWW 160.3 MOD 

Client Sample ID: V$B-03 ; r- rQ- 7' 
Sample #: 003 Date Sampled: 02/15/99 09:25 Gate Received: 02/G/99 Matrix: SOLID 

Trace Inductively Coupled Plasma (ICP) Metals 
Arsenic 5.5 1.2 
Lead 24.3 0.35 

w/kg 
mwkg 

Reviewed 
SW846 601OB 
SW846 6010B 

Results rrd rapwtins liuitr hwo boon l djurted for dry wmight. 

(Continued on next page) 



QUANTERRA INCORPORATED 

PRELIMINARY DATA SUMMARY 

-111----11-----1---1-------------------------------------------------------------~----------- 
The results shown below may still require additional laboratory review and ar't subject to 
change. Actions taken based on these result3 are the responsibility of the data user. 
-111--1-11-1-------1-------------------------------------------------------------~----------- 

Tetra Tech NW, Inc PACE 2 
Lot #: C9B160142 NAWC PARMINSTER, PENNSYLVANIA Date Reported: 2/u/99 

Project Number: CT0 NO. 0252 
REPORTING AMALYTICAL 

-LIMITUNITS-- 

Client Sample ID: VSw3 i-1-Ob-z3. 
Sample #: 003 Date Sampled: 02/15/99 09:X Date Received: 02/lG/99 Matrix:: SOLID 

Inorganic Analysis 
Total Residue as 

Percent Solids 
86.1 x 

Reviewed 
MCAWW 160.3 MOD 

Client Sample ID: VS+O4 )5.-op3~ 
Sample #: 004 Date Sampled: 02/X/99 09:25 Date Received: 02/16/99 Matrix: SOLID 

Trrce‘!Ind;rctively Coupled Plasma (IQ) Metals RWieWed 

,/- Arsenic 6.6 1.3 w/kg SW046 601OB 
Lead 93.6 0.39 w/W SW846 6010B 

Inorganic Analysis 
Total Residue as 

Percent Solids 
76.4 x 

Reviewed 
MCAWW 160.3 MOD 

Client Sample ID: V-Lb5 l;- Fs'- 3' 
Sample #: 005 Date Sampled: 02/15/99 09:30 Date Received: 02/16,/99 Matrix: SOLID 

Trace Inductively Coupled Plasma (ICP) Metals Reviewed 
Ars eniE 5.9 1.2 w/kg SW846 60108 
Lead 64.2 0.36 mg/kg SW846 6010B 

Inorganic Analysis 
Total Resi%e as 

Percent JJlids 
83.2 x 

Reviewed 
MCAWW 160.3 MOD 

(Continued on next page) 



QUANTEZRA INCORPORATED 

PRELIMINARY DATA SUMMARY *. 

-1--------11-----1--------------------------------------------------~.------"---------------- 
The results shown below may still require additional laboratory review and a,-= subject to 
change. Actions taken based on these results are the responsibility of the data user. 
-----------I---------------------------------------------------------------.----------~------ 

Tetra Tech NUS, Inc PAGE 3 
Lot #: C9B160142 NAWC WAXMINSTER, PENNSYLVANIA Date Rcporzed: Z/18/99 

Project Number: CT0 NO. 0252 
REPORTING AMALYTICAL 
LIMIT_-- 

client Sample ID: vs-8-06 SJ--CF-J'~ 
Sample #: 006 Date Sampled: 02/15/99 09:32 Date Received: 02/U/99 Matrix: SOLID 

Trace Inductively Coupled Plasma (ICP) Metals 
Arsenic 7.4 1.3 
Lead 44.3 0.39 

w/kg 
w/kg 

Roviowod 
SW846 6010B 
SW846 60108 

Inorganic Analysis 
Total Residue as 

Percent Solids 
77.5 x 

Reviewed 
MCAWW 160.3 MOD 

Client Sample ID: V&&b7 =5 - OF-2' 
Sample 8: 007 Date Sampled: 02/15/99 09:45 Date Received: 02/16/99 Matrix: SOLID 

Trace Inductively Coupled Plasma (ICP) Metals 
Arsenic 7.3 1.1 
Lead 102 0.34 

Reviewed 
SW846 60106 
SW846 60108 

~o~ultu w mpartins 1idtU huvo bum 0ajuutotI for dry t#mlMe. 

Inorganic Analysis 
Total Residue as 

Percent Solids 
88.1 x 

Reviewed 
MCAWW 160.3 MOD 

Client Sample 7D: V$Y$~O~ - .‘? - ’ y- ’ u 

Sample #: 006 Date Sampled: 02/15/99 09:fO Date Received: 02/16,/99 Matrix: SOLID 

Trace Inductively Coupled Plasma (ICP) fietals Reviewed 
Arsenic 9.0 1.2 Wkg SW846 60108 
Lead 733 0.70 w/kg SW846 6010B 

Result& md ruxwting limits have boon l djurted for dry no&&t. 

(Continued on next gage) 



QUANTERRA INCORPORATED 

PRELIMINARY DATA SUMMARY 

---1--111--1---1---1--------------------------------------------------------------~---------- 

The results shown below may still require additional laboratory review and arc subject to 
ohangc . Actions taken based on these re6UltS are the responsibility of the data user. 
11-------1-----11-----------------------------------------------------------------~---------- 

Tctra Tech NW, Inc PACE 4 
Lot #: C9B160142 NAWC WARMINSTER, PENNSYLVANIA Date Reported: Z/18/99 

Project Number: CT0 NO. 0252 
REPORTING AMALYTICAL 

TER RESULT -UNITS- 

Client Sample ID: VSW8 55-08-38 
Sample #: 008 Date Sampled: 02/15/99 09:SO Date Received: 02/16/99 Matrix: SOLID 

Inorganic Analysis 
Total Resxdue as 

Percent Solids 
86.0 x 

Reviewed 
MCAWW 160.3 MOD 

Client Sample ID: V-0 5('08' - ?O 
Sample t: 009 Date Sampled: 02/15/99 lo:05 Date Received: 02/16/99 Matrix: SOLID 

- Trace Inductively Coupled Plasma (ICP) Metals 
Arsenic 4.7 1.1 

,,- Lead 63.2 0.33 

Roviowed 
SW846 60108 
SW846 SOlOB 

Inorganic Analysis 
Total Residue as 

Percent Solids 
92.0 '. x 

Reviewed 
MCAWW 160.3 MOD 

Client Sample ID: V-1 55 - ox-- 4 I 
Sample #: 010 Date Sampled: 02/15/99 lo:13 Date Received: 02/16/99 Matrix: SOLID 

Trace Inductively Coupled Plasma (ICP) Metals 
Arsenic 6.5 1.3 
Lead 20.2 0.40 

Reviewed 
SW846 6010B 
SW846 6010B 

Inorganic Analysis 
Total Residue as 

Percent solids 
x 

Reviewed 
MCAWW 160.3 MOD 

(Continued on next page) 



QUANTKRRA INCORPORATED 

PRELIMINARY DATA SUMMARY _-- 
.--11----1--------------111-------------------------------------------------~------------------- 

Che results shown below may still require additional laboratory review and are subject to 
:hange . Actions taken based on these results are the responsibility of the data usq. 
.---1----111--------------------------------------------------------------------------------- 

Tetra Tech NUS, Inc PAGE 5 
Lot #: C98160142 NAWC WARMINSTER, PENNSYLVANIA Date Reported: Z/18/99 

Project Number: CT0 NO. 0252 
REPORTING ANALYTICAL 

REsULrLIMITvYNITS 

Client Sample ID: V$&iZ EJ- oir-Y2 
Sample #: 011 Date Sampled: 02/1!!/99 lo:17 Date Received: 02/E/99 Matrix: SOLID 

Trace Inductively Coupled Plasma (ICP) Metals 
Arsenic 6.8 1.4 
Lead 18.4 0.42 

Reviewed 
SW846 GOlOB 
SW846 60108 

R0su~t.s au4 reporting llults ho-40 boon oajustod for ary bmlght. 

Inorganic Analysis 
Total Residue as 

Percent Solids 
70.9 x 

Reviewed 
MCAWW 160.3 MOD 

.--. . 

Client Sample ID: VS&T3 s5-&g-Y3 
Sample ii: 012 Date Sampled: 02/15/99 lo:27 Date Received: 02/16/99 Matrix: SOLID 

_- 

Trace Inductively Coupled Plasma (ICP) Metals 
Arsenic 8.2 1.5 
Lesld 115 0.44 

w/kg 
Wkg 

Reviewed 
swa46 60108 
SW846 6010B 

Inorganic Analysis 
Total Residue as 

Percent Solids 
67.9 x 

Reviewed 
MCAWW 160.3 MOD 

Client Sample.ID: V-14 ,rJ-cF- qq 
Sample #: 013 Date Sampled: 02/15/99 lo:25 Date Received: 02/16/99 Matrix: SOLID 

Trace Inductively Coupled Plasma (ICP) Metals Reviewed 
Arsenic 7.5 1.3 Wkg SW846 60108 
Lead 475 0.40 WW SW846 6010B 

(Continued on next aage) 



QUANTERRA INCORPORATED 

PRELIMINARY DATA SUMMARY 

------1--------1-1---------------------------------------------------------------~----------- 
The results shown below may still require additional laboratory review and are subject to 
change. Actions taken based on these results are the responsibility of the data user. 
-1-----------------1-------------------------------------------------------------~----------- 

Tetra Tech NW, Inc Pux 6 
Lot #: C9B160142 NAWC WARMINSTER, PENNSYLVANIA Date Reported: Z/18/99 

Project Number: CT0 NO. 0252 
REPORTING ANALYTICAL 

PARAMETERReSULTLIMITUNITSMETHOD- 

Client Sample ID: VW-14 55-@%'-qq 
Sample t: 013 Date Sampled: 02/15/99 lo:25 Date Received: 02/16/99 Matrix: SOLID 

Inorganic Analysis 
Total Residue as 

Percent Solids 
74.6 x 

Reviewed 
MCAWW 160.3 MOD 

Client Sample ID: VS3&$5 ;s -oLf-Y,r 
Sample t: 014 Date Sampled: 02/E/99 lo:40 Date Received: 02/16/99 Matrix: SOLID 

Trace Inductively Coupred Plasma (ICP) Metals Reviewed 
Arsenic 
Lead 

Results m rwortlno lluits 

Inorganic Analysis 
Total Residue as 

Percent Solids 

8.3 1.3 w/kg SW846 6010B 
181 0.38 v/kg SW846 6010B 

nouo boon l ojustoa for cry uolght. 

78.5 x 
Reviewed 

MCAWW 160.3 MOD 

5 s-08- +J3UPI,.rqtt p{ &c&f-;' 
Client Sample ID: VSsl6 
Sample #: 015 Date Sampled: 02/15/99 09:25 Date Received: 02/16/99 Matrix: SOLID 

Trace Inductively Coupled Plasma (ICP) Metals 
Arsenic 5.1 1.2 
Lead 34.8 0.36 

Wkg 
mg/ kg 

Reviewed 
SW846 6OlOB 
SW846 60108 

Inorganic Analysis 
Total Resldue as 

Percent Solids 
82.6 

Reviewed 
MCAWW 160.3 MOD 

(Continued on next page) 



QUANTERRA INCORPORATED 

PRELIMINARY DATA SUMWARd 
_,-- 

-1--11------------11--------------------------------------------------------~---------------- 

The results shown below anay still require additional laboratory review and are subject to 
change. Actions taken based on these results are the responsibility of the data user. 
--------------------------------------------------------------------------------------------- 

Tetra Tech NUS, Inc PAGE 7 
Lot #: C9B160142 NAWC WARMINSTER, PWNSYLVANIA 

Project Number: CT0 NO. 0252 
Date Reported: Z/18/99 

REPORTING ANALYTICAL 
gARAMETER RESULT- UNITSMETHOD 

Client Sample ID: VS$%& :,-OS-y7 
Sample #: 016 Date Sampled: 02/X/99 lo:41 Date Received: 02/X/99 &trix: SOLID 

Trace Inductively Coupled Plasma (ICP) Metals 
Arsenic 6.2 1.2 
Lead 69.4 0.35 

Reviewed 
SW846 6OlOB 
St1846 6010B 

Inorganic Analysis 
Total Residue as 

Percent Solids 
85.7 x 

Reviewed 
MCAWW 160.3 MOD 

_- 

Client Sample ID: 
Sample 6: 017 

Trace Inductively Coupled Plasma (ICP) Metals 
Arsenic 6.4 1.1 
Lead 131 0.34 

w/kg 
w/W 

Reviewed 
SW846 6010B 
SW846 601OB 

Inorganic Analysis 
Total Residue as 

Percent Solids 
87.2 x 

Reviewed 
MCAWW 160.3 MOD 

Client Sampie ID: FB-0215 '-aLRh;)r, 
Sample #: 018 Date Sampled: 02/15/99 11:OO Date Received: 02/16/99 Matrix: WATER 

Trace Inductively Coupled Plasma (ICP) Metals 
Arsenic ND 10.0 
Lead ND 3.0 

Reviewed 
WL SW846 60108 
W/L SW846 60108 
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ATTACMENT 3 

Lead Results, Site 8 
NAWC, Warminster 

Note: concentration for VS-8-03 is average between duplicate samples (VS-8-03 and VS-8-16) 

-. 

Average lead concentration = 140 mg/kg 
UCL 95 % (based on lognormal data distribution) = 261 mg/kg 
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Toxicological Profiles 

1.1 Arsenic 

1.1.1 Pharmacokinetics 

Several studies confirm that soluble inorganic arsenic compounds and organic arsenic compounds 

are almost completely (>90 percent) absorbed from the GI tract in both animals and humans 

(lshinishi et al. 1986). The absorption efficiency of insoluble inorganic arsenic compounds depends 

on particle size and stomach pH. Initial distribution of absorbed arsenic is to the liver, kidneys, and 

lungs, followed by redistribution to hair, nails, teeth, bone, and skin, which are considered tissues of 

accumulation. Arsenic has a longer half-life in the blood of rats, compared with other animals and 

humans, because of firm binding to the hemoglobin in erythrocytes. 

Metabolism of inorganic arsenic includes reversible oxidation-reduction so that both arsenite 

(valence of 3) and arsenate (valence of 5) are present in the urine of animals treated with arsenic of 

either valence (Ishinishi et al. 1986). Arsenite is subsequently oxidized and methylated by a 

saturable mechanism to form mono- or dimethylarsenate; the latter is the predominant metabolite in 

the urine of animals or humans. Organic arsenic compounds (arsenilic acid, cacodylic acid) are not 

readily converted to inorganic arsenic. Excretion of organic or inorganic arsenic is largely via the 

urine, but considerable species variation exists. Continuously exposed humans appear to excrete 60 

to 70 percent of their daily intake of arsenate or arsenite via the urine. 

DOCSIRAC3l7662l096010 
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1.1.2 Non-carcinoaenic Toxicity 

A lethal dose of arsenic trioxide in humans is 70 to 180 mg (approxjmately 50 to 140 mg arsenic; 

lshinishi et al. 1986). Acute oral exposure of humans to high doses of arsenic produce liver swelling, 

skin lesions, disturbed heart function, and neurological effects. The only non-carcinogenic effects in 

humans clearly attributable to chronic oral exposure to arsenic are dermal hyperpigmentation and 

keratosis, as revealed by studies of several hundred Chinese exposed to naturally occurring arsenic 

in well water (Tseng 1977; Tseng et al. 1968; EPA 1999a). Similar effects were observed in persons 

exposed to high levels of arsenic in water in Utah and the northern part of Mexico (Cebrian et al. 

1983; Southwick et al. 1983). Occupational (predominantly inhalation) exposure is also associated 

with neurological deficits, anemia, and cardiovascular effects (Ishinishi et al. 1986) but concomitant 

exposure to other chemicals cannot be ruled out. EPA (1999a) derived an RfD of 0.0003 mglkglday 

for chronic oral exposure, based on an NOAEL of 0.0008 mg/kg/day for skin lesions from the 

Chinese data. An uncertainty of 3 is applied to account for both the lack of data to preclude 

reproductive toxicity as a critical effect and to account for some of the uncertainty in whether the 

NOAEL of the critical study accounts for all sensitive individuals. The principal target organ for 

arsenic appears to be the skin. The nervous system and cardiovascular systems appear to be less 

significant target organs. Inorganic arsenic may be an essential nutrient, exerting beneficial effects 

on growth, health, and feed conversion efficiency (Underwood 1977). EPA (1999a) has not 

published an RfC for arsenic. 

DOCSlRAC3l7662l098010 
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1.1.3 Carcinoaenicity 

Inorganic arsenic is clearly a carcinogen in humans. EPA (1999a) jisted an oral slope factor of 1.5 

per mglkglday. Inhalation exposure is associated with increased risk of lung cancer in persons 

employed as smelter workers, in arsenical pesticide applicators, and in a population residing near a 

pesticide manufacturing plant (EPA 1999a). Oral exposure to high levels in well water is associated 

with increased risk of skin cancer (Tseng 1977; EPA 1999a). Extensive animal testing with various 

forms of arsenic given by many routes of exposure to several species, however, has not 

demonstrated the carcinogenicity of arsenic (International Agency for Research on Cancer [IARC] 

1980). EPA (1999a) classifies inorganic arsenic in cancer weight-of-evidence Group A (human 

carcinogen), and recommends an oral unit risk of 0.00005 ug/L in drinking water, based on the 

incidence of skin cancer in the Tseng (1977) study. EPA (1999a) notes that the uncertainties 

associated with the oral unit risk are considerably less than those for most carcinogens, so that the 

unit risk might be reduced an order of magnitude. An inhalation unit risk of 0.0043 per ug/m3 was 

derived for inorganic arsenic from the incidence of lung cancer in occupationally exposed men (EPA 

1999a). 

1.2 Chromium 

1.2.1 Non-carcinoaenic Toxicity 

In nature, chromium (Ill) predominates over chromium (VI) (Lang&d and Norseth 1986). Little 

chromium (VI) exists in biological materials, except shortly after exposure, because reduction to 

chromium (Ill) occurs rapidly. Chromium (III) is considered a nutritionally essential trace element and 

is considerably less toxic than chromium (VI). No effects were observed in rats consuming 1800 mg 

chromium (Ill)/kg/day in the diet for over two years (EPA 1999a). The NOEL of 1800 mglkglday and 

an uncertainty factor of 1,000 was the basis for a verified chronic oral RfD of 1 mglkglday 

(EPA 1998a). The same NOEL and an uncertainty factor of 100 was the basis for a provisional 

subchronic oral RfD of 10 mglkglday (EPA 1999a). A target organ was not identified for chromium 

(III). 

Acute oral exposure of humans to high doses of chromium (VI) induced neurological effects, GI 

hemorrhage and fluid loss, and kidney and liver effects. Parenteral dosing of animals with chromium 

(VI) is selectively toxic to the kidney tubules. An NOAEL of 2.4 mg chromium (Vl)/kg/day in a 

one-year drinking water study in rats was the basis of a verified RfD of 0.003 mglkglday for chronic 

oral exposure (EPA 1999a). An uncertainty factor of 300 represents two IO-fold decreases in dose 

DOCSIRAC3I7662l09601O 
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to account for both the expected interhuman and interspecies variability in the toxicity of the chemical 

in lieu of specific data and an additional factor of 3 to compensate for the less-than-lifetime exposure 

duration of the study (EPA 1999a). The kidney may be the principal Jarget organ for repeated oral 

dosing with chromium (VI), but effects seen in the principal RfD study were increased levels of 

chromium (VI) in kidneys, livers, and femurs of test subjects. 

EPA (1999a) established an inhalation RfC of 0.0004 mg/m3 based on a BMD of 0.016 mg/m3 in a 

rat subchronic study. Critical effects seen were lactate dehydrogenase in bronchioalveolar lavage 

fluid. An uncertainty factor of 300 was also applied to the inhalation RfC based on a accounting for 

pharmacodyna differences not accounted for, and a lo-fold factor to account for the less than 

lifetime exposure and a lo-fold factor to account for variation in the human population (EPA 1988). 

1.2.2 Carcinoaenicity 

Data were not located regarding the carcinogenicity of chromium (Ill). EPA (1999a) classifies 

chromium (VI) in cancer weight-of-evidence Group D (not classifiable regarding human 

carcinogenicity), via the oral route of exposure. EPA (1999a) classifies chromium (VI) in cancer 

weight-ofevidence Group A (human carcinogen), via inhalation exposure based on the consistent 

observation of increased risk of lung cancer in occupational studies of workers in chromate produc- 

tion or the chrome pigment industry. Parenteral dosing of animals with chromium (VI) compounds 

consistently induced injection-site tumors. inhalation unit risk of 0.012 per ug/m3, equivalent to 42 per 

mg/kg/day (EPA 1999a), assuming humans inhale 20 m3/day and weigh 70 kg, was based on 

increased risk of lung cancer deaths in chromate production workers. 

I.3 Copper 

1.3.1 Noncancer Toxicity 

Copper is a nutritionally essential element that functions as a cofactor in several enzyme systems 

(Aaseth and Norseth 1986). Acute exposure to large oral doses of copper salts was associated with 

GI disturbances, hemolysis, and liver and kidney lesions. Chronic oral toxicity in humans has not 

been reported. Chronic oral exposure of animals was associated with an iron-deficiency type of 

anemia, hemolysis, and lesions in the liver and kidneys. Occupational exposure may induce metal 

fume fever, and, in cases of chronic exposure to high levels, hemolysis and anemia (ACGIH 1991). 

The target organs for copper are the erythrocyte, liver, and kidney, and, for inhalation exposure, the 
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lung. An oral RfD of 0.04 mglkglday was presented for copper (EPA, 1997). A RfC value was not 

located for copper. 

1.3.2 Carcinooenicity 

Copper is classified in cancer weight-of-evidence Group D (not classifiable as to carcinogenicrty to 

humans) (EPA 1997). Quantitative risk estimates are not derived for Group D chemicals. 

1.4 Dioxins 

Specific congeners and homologues of these classes of interest at this site include 1,2,3,4,6,7,8- 

heptachlorodibenzo-p-dioxin and octachlorodibenzo-p-dioxin. 

1.4.1 Noncancer Toxicity 

Of the members of these classes, the toxicity of 2,3,7,8-TCDD has been studied most extensively. 

The only effect in humans clearly attributable to 2,3,7,8-TCDD was chloracne (ATSDR 1989e). The 

data, however, also associated exposure to 2,3,7,8-TCDD with hepatotoxicity and neurotoxicity in 

humans. In animals, toxicity of 2,3,7,8-TCDD is most commonly manifested as a wasting syndrome 

with thymic atrophy, terminating in death, with a large number of organ systems showing nonspecific 

effects. Chronic treatment of animals with 2,3,7,8-TCDD or a mixture of two isomers of 

hexachlorodibenzo-p-dioxin resulted in liver damage. Immunologic effects may be among the imore 

sensitive endpoints of exposure to the PCDDs in animals. In animals 2,3,7,8-TCDD is a 

developmental and reproductive toxicant. No verified or provisional noncancer toxicity values were 

located for any of the chemicals of interest in these classes (EPA 1999b, 1997). 

1.4.2 Carcinoqenicity 

Data regarding the carcinogenicity of 2,3,7,8-TCDD to humans, obtained from epidemiologic studies 

of workers exposed to pesticides or to other chlorinated chemicals known to be contaminated with 

2,3,7,8-TCDD, are conflicting (ATSDR 1989e). The interpretation of these studies is not clear 

because exposure to 2,3,7,8-TCDD was not quantified, multiple routes of exposure (dermal, 

inhalation, oral) were involved, and the workers were exposed to other potentially carcinogenic 

compounds. In animals, however, 2,3,7,8-TCDD is clearly carcinogenic, inducing thyroid, lung, and 

liver tumors in orally treated rats and mice (EPA 1985). Similarly, oral treatment with a mixture of 

two hexachlorodibenzo-p-dioxin isomers induced liver tumors in rats and mice. On the basis of the 

DOCSIFtAC3l7662109801O 

APPK-5) 



DRAFT 

animal data, 2,3,7,8-TCDD and the hexachlorodibenzo-p-dioxins were assigned to EPA cancer 

weight-of-evidence Group 62 (probable human carcinogen). Although the other PCDDs and PCDFs 

were not formally classified as to carcinogenicity to humans, for regulatory purposes they are treated 

as probable human carcinogens. 

The EPA (1997) presents provisional oral and inhalation slope factors for 2,3,7,8-TCDD of 150,000 

per mg/kg/day, based on the incidence of liver and lung tumors in an oral study in rats (Kociba et al. 

1978). 

Much less is known about the toxicity of other CDD and CDF congeners. Based on available toxicity 

data, EPA has developed a method for expressing toxicities of these compounds in terms of 

equivalent amounts of 2,3,7,8-TCDD. ‘Toxicity equivalency factors”, or TEFs, are used to convert 

the concentration of a given CDD/CDF into an equivalent concentration of 2,3,7,8-TCDD. 

I.5 Iron 

1.5.1 Noncarcinoaenic Toxicity 

Iron is potentially toxic in all forms and by all routes of exposure. Inorganic iron is a poison by the 

intraperitoneal route. The inhalation of large amounts of iron dust may result in iron pneumoconiosis 

or arc welders lung. Chronic exposure to excess levels of iron (>50-100 mg Iron/day) can result in 

pathological deposition of iron in tissues. The target organs are the pancreas and liver (Sax and 

Lewis 1989). 

Iron compounds are of varying toxicity. Iron oxides are a potential risk in all industrial settings. In 

general, ferrous compounds are more toxic than ferric compounds. Acute exposure to excessive 

levels of ferrous compounds can cause liver and kidney damage, altered respiratory rates and 

convulsions (Sax and Lewis 1989). An oral RfD of 0.3 mg/kg/day has been published for iron by 

EPA (NCEA). No inhalation RfC is available for iron (EPA 1999a). 

1.5.2 Carcinoqenicitv 

Some iron compounds are suspected human carcinogens. Iron dust is an experimental 

neoplastigen and an increased incidence of lung cancer has been associated with exposure to iron 

dust. Iron oxide is an experimental tumorigen and a suspected human carcinogen. (Sax and Lewis 

1989). EPA (1999a) has not published oral or inhalation slope factors for iron. 
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1.6 Lead 

1.6.1 Pharmacokinetics 

Studies in humans indicate that an average of 10 percent of ingested lead is absorbed, but estimates 

as high as 40 percent were obtained in some individuals (Tsuchiya 1986). Nutritional factors have a 

profound effect on GI absorption efficiency. Children absorb ingested lead more efficiently than 

adults; absorption efficiencies up to 53 percent were recorded for children three months to eight 

years of age. Similar results were obtained for laboratory animals; absorption efficiencies of 5 to 

10 percent were obtained for adults and 50 percent were obtained for young animals. The 

deposition rate of inhaled lead averages approximately 30 to 50 percent, depending on particle size. 

All lead deposited in the lungs is eventually absorbed. 

Approximately 95 percent of the lead in the blood is located in the erythrocytes (EPA 1991a). Lead 

in the plasma exchanges with several body compartments, including the internal organs, bone, and 

several excretory pathways. In humans, lead concentrations in bone increase with age 

(Tsuchiya 1986). About 90 percent of the body burden of lead is located in the skeleton. Neonatal 

blood concentrations are about 85 percent of maternal concentrations. Excretion of absorbed lead is 

principally through the urine, although GI secretion, biliary excretion, and loss through hair, nails, and 

sweat are also significant. 

1.6.2 Non-carcinooenic Toxicity 

The non-carcinogenic toxicity of lead to hurhans has been well characterized through decades of 

medical observation and scientific research (EPA 1999a). The principal effects of acute oral 

exposure are colic with diffuse paroxysmal abdominal pain (probably due to vagal irritation), anemia, 

and, in severe cases, acute encephalopathy, particularly in children (Tsuchiya 1986). The primary 

effects of long-term exposure are neurological and hematological. Limited occupational data indicate 

that long-term exposure to lead may induce kidney damage. The principal target organs of lead 

toxicity are the erythrocyte and the nervous system. Some of the effects on the blood, particularly 

changes in levels of certain blood enzymes, and subtle neurologic behavioral changes in children, 

appear to occur at levels so low as to be considered non-threshold effects. 

EPA (1999a) presents no inhalation RfC for lead, but referred to the National Ambient Air Quality 

Standard (NAAQS) for lead. The NAAQSs are based solely on human health considerations and 
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are designed to protect the most sensitive subgroup of the human population. The NAAQS for lead 

is 1.5 ug/m3, averaged quarterly (EPA 1999a). 

EPA (1991a, 1999a) determined that it is inappropriate to derive an RfD for oral exposure to lead for 

several reasons. First, the use of an RfD assumes that a threshold for toxicity exists, below which 

adverse effects are not expected to occur; however, the most sensitive effects of lead exposure, 

impaired neurologic behavioral development in children and altered blood enzyme levels associated 

with anemia, may occur at blood lead concentrations so low as to be considered practically 

non-threshold in nature. Second, RfD values are specific for the route of exposure for which they are 

derived. Lead, however, is ubiquitous, so that exposure occurs from virtually all media and by all 

pathways simultaneously, making it practically impossible to quantify the contribution to blood lead 

from any one route of exposure. Finally, the dose-response relationships wmmon to many 

toxicants, and upon which derivation of an RfD is based, do not hold true for lead. This is because 

the fate of lead within the body depends, in part, on the amount and rate of previous exposures, the 

age of the recipient, and the rate of exposure. There is, however, a reasonably good correlation 

between blood lead concentration and effect. Therefore, blood lead concentration is the appropriate 

parameter on which to base the regulation of lead. 

EPA UBK lead model is an iterated set of equations that estimate blood lead concentration in 

children aged 0 to 7 years (EPA 199la; 1991b). The biokinetic part of the model describes the 

movement of lead between the plasma and several body compartments and estimates the resultant 

blood lead concentration. The rate of the movement of lead between the plasma and each 

compartment is a function of the transition or residence time (i.e., the mean time for lead to leave the 

plasma and enter a given compartment, or the mean residence time for lead in that compartment). 

Compartments modeled include the erythrocytes, liver, kidneys all the other soft tissue of the body, 

cortical bone, and trabecular bone. Excretory pathways and their rates are also modeled. These 

include the mean time for excretion from the plasma to the urine, from the liver to the bile, and from 

the other soft tissues to the hair, skin, sweat, etc. The model permits the user to adjust the transition 

and residence times. 

- 

EPA guidance establishes an interim soil cleanup level for lead of 400 parts per million (ppm) to be 

applied at Super-fund sites. This value is considered by EPA to be protective for direct contact with 

lead-contaminated soils in residential settings. The guidance is to be followed when current or 

predicted land use is residential. 

D0CSIRAC3/76621090010 
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1.6.3 Carcinooenicitv 

EPA (1999a) classifies lead in cancer weight-of-evidence Group B? (probable human carcinqgen), 

based on inadequate evidence of cancer in humans and sufficient animal evidence. The human 

data consist of several epidemiological occupational studies that yielded confusing results. All of the 

studies lacked quantitative exposure data and failed to control for smoking and concomitant 

exposure to other possibly carcinogenic metals. Rat and mouse bioassays showed statistically 

significant increases in renal tumors following dietary and subcutaneous exposure to several soluble 

lead salts. Various lead compounds were observed to induce chromosomal alterations in vivo and in 

vitro, sister chromatid exchange in exposed workers, and cell transformation in Syrian harnster 

embryo cells; to enhance simian adenovirus induction; and to alter molecular processes that regulate 

gene expression. EPA (1999a) declined to estimate risk for oral exposure to lead because rnany 

factors (e.g., age, general health, nutritional status, existing body burden and duration of exposure) 

influence the bioavailability of ingested lead, introducing a great deal of uncertainty into any estimate 

of risk. 

1.7 Manganese 

1.7.1 Noncarcinoaenic Toxicity 

Manganese is nutritionally required in humans for normal growth and health (EPA 1999a) Humans 

exposed to approximately 0.8 mg manganese/kg/day in drinking water exhibited lethargy, mental 

disturbances (1116 committed suicide), and other neurologic effects. The elderly appeared to be 

more sensitive than children. Oral treatment of laboratory rodents induced biochemical changes in 

the brain, but rodents did not exhibit the neurological signs exhibited by humans. Occupational 

exposure to high concentrations in air induced a generally typical spectrum of neurological effects, 

and increased incidence of pneumonia (ACGIH 1986). 

Very recently, a chronic oral RtD of 0.14 mg/kg/day (EPA 1999a) has been made available for 

manganese. The CNS is the primary target organ for manganese. EPA (1999a) presented a 

verified chronic inhalation RfC of 0.00005 mg/m3 based on an LOAEL for respiratory symptoms and 

psycho-motor distur-bances in occupationally exposed humans and an uncertainty factor of 1,000. 

EPA (1997) presented the same value as a subchronic inhalation RfC. The inhalation RfC is 

equivalent to 0.000014 mglkglday (EPA 1999a), assuming humans inhale 20 m3 of air/day and 

weigh 70 kg. The CNS and respiratory tract are target organs of inhalation exposure to manganese. 
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1.7.2 Carcinooenicity 

EPA (1999a) classifies manganese in cancer weight-of-evidence Group D (not classifiable as to 

carcinogenicity to humans). 

1.8 Polyaromatic Hydrocarbons (Carcinogenic) 

Specific PAH compounds of interest at this site include benz(a)anthracene, benzo(a)pyrene, 

benzo(b)fluoranthene, and dibenz(a,h)anthracene. 

1.8.1 Pharmacokinetics 

Although quantitative absorption data for the PAHs were not located, benzo(a)pyrene was readily 

absorbed across the GI (Rees et al. 1971) and respiratory epithelia (Kotin et al. 1969; Vainich et al. 

1976). The high lipophilicity of other compounds in this class suggests that other PAHs also would 

be readily absorbed across GI and respiratory epithelia. 

Benzo(a)pyrene was distributed widely in the tissues of treated rats and mice, but primarily to tissues 

high in fat, such as adipose tissue and mammary gland (Kotin et al. 1969; Schlede et al. 1970a). 

Patterns of tissue distribution of other PAHs would be expected to be similar because of the high 

lipophilicity of the members of this class. 

Studies of the metabolism of benzo(a)pyrene provide information relevant to other PAHs because of 

the structural similarities of all members of the class. Metabolism involves microsomal mixed 

function oxidase hydroxylation of one or more of the phenyl rings with the formation of phenols and 

dihydrodiols, probably via formation of arene oxide intermediates (EPA 1979a). The dihydrodiols 

may be further oxidized to diol epoxides, which, for certain members of the class, are known to be 

the ultimate carcinogens (LaVoie et al. 1982). Conjugation with glutathione or glucuronic acid, and 

reduction to tetrahydrotetrols are important detoxification pathways. Metabolism of naphthalene 

resulted in the formation of 1,2-naphthoquinone, which induced cataract formation and retinal 

damage in rats and rabbits. 

Excretion of benzo(a)pyrene or dibenz(a,h)anthracene residues was reported to be rapid, although 

quantitative data were not located (EPA 1979b). Excretion occurred mainly via the feces, probably 

largely due to biliary secretion (Schlede et al. 1970a, 1970b). EPA (1980) concluded that 

accumulation in the body tissues of PAHs from chronic low level exposure would be unlikely. 
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1.8.2 Noncarcinoaenic Toxicity 

EPA (1997, 1999a) has not established oral RfDs or inhalation RfCs for the carcinogenic PAHs 

including benz(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

carbazole, chrysene, dibenz(a,h)anthracene, and indeno(l,2,3-cd)pyrene. 
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1.8.3 Carcinoaenicity 

The PAHs are ubiquitous, being released to the environment from anthropogenic as well as from 

natural sources (ATSDR 1987). Benzo(a)pyrene is the most extensively studied member of the 

class, inducing tumors in multiple tissues of virtually all laboratory species tested by all routes of 

exposure. Although epidemiology studies suggested that complex mixtures that contain PAHs (coal 

tar, soots, coke oven emissions, cigarette smoke) are carcinogenic to humans, the carcinogenic@ 

cannot be attributed to PAHs alone because of the presence of other potentially carcinogenic 

substances in these mixtures (ATSDR 1987). In addition, recent investigations showed that the PAH 

fraction of roofing tar, cigarette smoke, and coke oven emissions accounted for only 0.1 to 8 percent 

of the total mutagenic activity of the unfractionated complex mixture in Salmonella (Lewtas 1988). 

Aromatic amines, nitrogen heterocyclic compounds, highly oxygenated quinones, diones, and 

nitrooxygenated compounds, none of which would be expected to arise from in vivo metabolism of 

PAHs, probably accounted for the majority of the mutagenicity of coke oven emissions and cigarette 

smoke. Furthermore, coal tar, which contains a mixture of many PAHs, has a long history of use in 

the clinical treatment of a variety of skin disorders in humans (ATSDR 1987). 

Because of the lack of human cancer data, assignment of individual PAHs to EPA cancer weight-of- 

evidence groups was based largely on the results of animal studies with large doses of purified 

compound. Frequently, unnatural routes of exposure, including implants of the test chemical in 

beeswax and trioctanoin in the lungs of female Osborne-Mendel rats, intratracheal instillation, and 

subcutaneous or intraperitoneal injection, were used. Benzo(a)anthracene, benzo(a)pyrene, 

benzo(b)fluoranthene, benzo(k)fluoranthene, carbazole, chrysene, dibenz(a,h)anthracene, and 

indeno(l,2,3cd)pyrene were classified in Group 82 (probable human carcinogens) (EPA 1997, 

1999a). 

EPA (1999a) verified a slope factor for oral exposure to benzo(a)pyrene of 7.3 per mg/kg/day, based 

on several dietary studies in mice and rats. Neither verified nor provisional quantitative risk 

estimates were available for the other PAHs in Group 82. EPA (1980) promulgated an ambient 

water quality criterion for “total carcinogenic PAHs,” based on an oral slope factor derived from a 

study with benzo(a)pyrene, as being sufficiently protective for the class. Largely because of this 

precedent, the quantitative risk estimates for the other carcinogenic PAHs were based on 

benzo(a)pyrene when quantitative estimates were needed. 

Recent reevaluations of the carcinogenicity and mutagenicity of the Group I32 PAHs suggest that 

there are large differences between individual PAHs in cancer potency (Krewski et al., 1989). Based 
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on the available cancer and mutagenicity data, and assuming that there is a constant relative 

potency between different carcinogens across different bioassay systems and that the PAHs under 

consideration have similar dose-response curves, Thorslund and Charnley (1988) derived relative 

potency values for several PAHs. A more recent Relative Potency Factor (RPF) scheme for the 

Group 62 PAHs was based only on the induction of lung epidermoid carcinomas in female Osborne- 

Mendel rats in the lung-implantation experiments (Clement International 1990). 

Carcinogenic PAHs are related by chemical structure. All other carcinogenic PAHs except carbazole 

have SFs based on their potency relative to benzo(a)pyrene. These factors are published by EPA 

(Clement International 1990). The relative potency factors are as follows for the carcinogenic PAHs: 

Constituent Relative Potency Factor 

Benzo(a)pyrene 1.0 

Benz(a)anthracene 0.1 

Benzo(b)fluoranthene 0.1 

Benzo(k)fiuoranthene 0.01 

Chrysene 0.001 

Dibenz(a,h)anthracene : 1.0 

Indeno(l,2,3cd)pyrene) 0.1 

EPA (1999b) presented an inhalation RfD of 3.1 per mglkglday from NCEA sources. The other 

carcinogenic PAHs do not have established inhalation RfDs and are not subjected to toxicity 

equivalency factors regarding inhalation criteria. 
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C~MM~NWEA~~H OF PENNSYLVANIA 

. LNNSYLVANIA 
DEPARTMENT OF ENVIRONMENTAL RESOURCES 

1875 New tEope Street 
Norristown,PA 19401 

215 270-1948 

Noveuber 18, 1986 

k. comnander Earl L. Smith 
Public Works Office 
U. S. Naval Air Development Center 
Street and Jacksotxville Roads 
Waxminster,PA 

Re: FireTrainingArea 
kispectiori 1?/4/85 

Dear Comander Smith: 

Ekaminaticmoftbe fire fighting txaining areaatymr facility revealed oil 
soaked soils,and stressed vegetation along a drainagewayleading from theburn 
area. Onanearliervisit bylhmas Sheehan ~mtheDivisionof Energency and 
RemedialReponsel-~mted oily and contaminatedwater comingoutof theground 
andzx@.ng.mthe surface. These conditions poseathreatto soundand sur- 
face water and should be remdiated as soon as possible. They also constitute a 
vi&afdion6;g the Solid Waste Management Act 97 of 1980 Sections 301, 302(a)(b), 

9 . 

You are hereby notified of the existence of these violations and the need for 
the+ correcth. Toward this endyouarexequestedto respond inwrithgwith 
a: plan for the correction of these violations, and to provide methods to prevent 
their reoccurance, within fourteen days after receipt of this letter. 

This letter does mt waive, either expressly or by implication, the power or 
authority of the Conanonwealth of Pennsylvania to prosecute for any and all 
vioiations of lm arishg prior to or after the imxnce of this letter clr the 
conditions upon which +h letter is based. This letter shall not be construed 
so as towaive or impair any rights of theDepartmentof~onmenta1 
Resources, heretofore or hereafter existing. 

This letter shall also mt be am&rued as a final action of the 6epartment of . Emmmmntal Resources. 

MIQIAEL- 
Waste Management Specialist 

cc: Nancy Roncetti 
Geqrge Danyliw 
FrankKurdziel(NADC) 
Ron-Springfield (NADC) J 
Everett Hoog (BUID) 
Re 30 7W317.5 



DEPARTMENT OF THE NAVY 
NAVAL AIR OEVELWMENT CENnR 

WARMlN!SlER PA. 18974 

5090 
Ser 83331 

Hr. Hichae 1 Panne 1 La 
- .- 

: 3394 
Commonwealth of Pennsylvania 
Departwnt of Environmental Resources 
1875 New Hope Street 
Norristown, PA 19401 

Dear IYr. Pennella: 

We are in the process of correcting the discrepancies around the Fire Fighting 
Training Area cited in your 18 November 1986 letter. Currently, all 
activities at tne site have been suspended. A course of action is being 
developed to accomplish final resolution of the finding. 

Following tne receipt of your letter, all training activities at the site have 
been suspended indefinitely. We will take soil samples to determine the 
extent oE the contamination. The result will help us determine remedial 
efforts. Clean-up ‘of the existing site will then be performed. A final 
decision on the future of the training site will be made at completion of the 
testing. We will either make improvements to the site to capture all 
contaminants before they leave the site and then dispose of them properly or 
close the site permanently. 

We will keep you informed of our progress in accomplishing the above 
corrective measures and of our decision on the future of the site. 

If you have any further questions concerning this matter, our point of contact 
ir Hr. Ronald Springfield (215) 441-2710. 

Sincerely, . . 

EARL L. SMITH, JR. 
LCDR, CEC, U.S. Navy 
Public Works Officer 
By direction of the Commander 

Copy to: 
COMDF 
GF 
83 

R. Springfield (833) X2710 cs, 12/5/86 

,-- 
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WARMINTER CARETAKER SITE OFT’ICE 

P.O. BOX 2609, WARMINSTER, PA 18974 

FACSIMILE TRANSMISSION COVER SHEET 

Date: (G Aprij /999 

FAX: (215) 441-3066 

Phone: kro) 491~ 96a& 



ACCOUNT NO: woo432iJ REPORT NUMBER : @33t57&7 
REPORT DATE : 02/B/86 * 

1205 INOUSTRIAL HIGHWAY w P.O. BOX 514 
SOUTHAMPTON, P4.16966 . 2151355-3900 

SAMPLE DATE : 12/22/87 
SAMPLE TIME ’ : 09:30/i?‘! 
SAMPLE TEMP : &j F 

SAMPLED BY :JF 
COLLECTED BY : JF 

ANALYSISDATE : 12,23/m 

P.O. NUMBER :m52im-8& 
PWS-ID NUMBER : 

TEST NAME tmaJRY s0mmJM SlLvEaz E.P. !UX*lMS%-SCA 
SAMPLE/CONTAINER 

IF 
UNIT MEASURE _I, M;/L 

.vrm s;j ,c&.bbLg 



ACCOUNT NO: woo43W 
_I 

REW 
in 

BER: #3@57g 

e 
AEPDRI lrATE : 02/29/88’ -* 

z 
@ SAMPLE DATE : l&2/87 

SAMPLE TIME :09:3cw 

1205 INOUSTRIAL HIGHWAY . P.O. BOX 514 
SAMPLE TEMP : w F 

SQUTHAWTON, PA. 18966 . 215/3553800 
SAMPLED BY :Jl? 
COLLECTED f4Y : JF 

ANALYSISDATE : 12/23/a 

P.O. NUMBER : i$Q~g$& 

PWB-ID NUMBER : 

SAMPLEICONTAINER 

_.... I. 

E 
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(!US!K&: Navel Air Diwelopnent Center 
SAMplrE DATE:12122187 
SAMPLE IDENTIFICATION: Boil 
siiMF'L,E NilFIBER; 566828 

BermSoil 

LAEoRA!K)RY: Qcr INC 
1205 Industrial Highway 
Southampton, PA118%6 

. . -. 
:- 

bis(2Xhlaroethyl) ether (330 
1,3=Dichlorobenzene < 330 
1,4-Dichlorobenzeke (330 
1,2-Dichlorobenzene (330 
bis-(2-Chloroisopropyl) ether * 330 
N-Nitroso-di-h-propylamine < 330 
Hexachloroethane <330 
Nitrobenzene ( 330 
Isophorone * 330 
bis (2-Chloroethoxy) methane < 330 
1,2,4-Trichlorobenzene 4 330 
Naphthalene < 330 
Hexachlorobutadiene < 330 
2-Methylnaphthalene 6 330 
Hexachlorocyclopentadiene < 330 
2-Chloronaphthalene <330 
Dimethylphthalate < 330 
Acenaphthylene b 4 330 
2,6-Dinitrotoluene < 330 
Acenaphthene Q 330 
2,4-Dinitrotoluene - < 330 
Diethylphthalate a330 
4=Chlorophenyl-phenylether < 330 
Fluorene (330 
N-NitrosodiphenylaIQik (1) e 330 
4-Emomphenyl-phenyleWr < 330 
Hexachlombehzene 4330 
Phenanthrene <330 
Anthracene <33Q 
Di-n-butylphthZdate (330 : 
l?luotanthene c 330 
pvtene c33D 
Butylbenzylphthalate (330 
3,3m-Dichlorobenzidine e 330 
Benzo(ahnthracene 4330 
Chrysene e330 
bis(2-Ethylhexyl)fithal8t~ ' -. 610 
Di-n-octylphthalate <,330 
Benzo(b)fluoranthene < 330 
Benzo(k)fluoranthene a 330 
Benzo(a)pyrene e 330 
fhdeno 1,2,3-cd)pwene 

I 
( 330 

Dibenz a ,h)anthraCene e 330 
Benzo(g,h,i)perylene c 330 

: . . 
(1) Amnot be eparatad from biphenylamine 

. . ' ..,'. 'a : 
; : . . .,* . a . 

*. . ..*.- , :-., a '- . . -.. 

A,- 

--- 

'. 
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- SEMXVOLATfLE ORGANICS uJI)LYSIS DATA SHEET 

CUSlBMER: Navel Air Development Center 
SAMPLE DATE:12(22187 
SAMPLE IDENTIFICATION: soil 
SAMPLE NUMBER:566829 

Lower Er&ion 

LAmlmoRY: Qc, INC 
1205 Indutrial Highway 
Southanpton, PA 16966 

bis(2<hloroethyl) ether 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
bis-(2-Chloroisopropyl) ether 
N-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
bis (2-Chloroethoxy) mthane 
1,2,4+l!richlorobenzene 
Napbthalene 
Bexachlorobutadiene 
2-Hethylnaphthalene 
Hexachlorocyclopentadiene 
2-Chloronaphthalene 
Dimethylphthalate 
Acenaphthylene 
2,6-Dinitrotoluene 
Acenaphthene 
2,4=Dinitrotoluene 
Diethylphthalate 
4=Chlorophenyl-phenylether 
Fluorene 
N-Nitrosodipknyldne (1) 
4-Bromphenyl-phenylether 
Hexachlorobenzene 
Phenanthrene 
Anthracene 
Di-n-butylphthalate 
Flaaoranthene 
W-ne 
Butylbenzylphthalate 
3r3'-DiChlOrCdWI&%ne 
Benzo(aIanthracene 
Chrysene 
bis(2-Ethylhexyl)p 
Di-n-octylphthalate 
&nzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)ppene 
Indirno lt2r3-cd)pyre= 
Dibenz e,h)anthracene t 
Benzo(g,h,i)perylene 

(330 
4 330 
c 330 
< 330 
( 330 
< 330 
< 330 
(330 
a 330 
( 330 
4330 
( 330 
c 330 
C330 
< 330 
4 330 
< 330 
< 330 
< 330 
*33D 
4330 
e 330 
* 330 
4 330 
c330 
4330 
(330 
(:330 
<330 
(330 
< 330 
(330 
<330 
e 3% 
<33D 
< 330 

590 
(330 
c.30 
< 330 
(330 

: :g 
(330 

.:. 

(1) -'&not be separated fran diphenylamine 
. . . 

:. 
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1 SEMIVOWTILE tXC%NIcS ANALYSfS DATA SHEET 

C!US!KWR: Navel Air Development Center 
SAMPLE DATE: 12122(87 
SAMPLE IDENTIFICATION: soil 
SAMPLE NUMBER: 566830 

Qqer Ekosion 

Ll4BouWY: 
,--’ 

Qc, INC 
1205 Industrial Highway 
SouthaN@cm,PA~8%6 

bis(2-Chloroethyl) ether ( 330 
1,3-Dichlorobenzene c 330 
lr4-Dichlorobenzeire e 330 
1,2-Dichlorobenzene * 330 
bis-(2-Chloroisopropyl) ether < 330 
N-Nitroso-di-n-propylaine 4 330 
Hexachloroethane @ 330 
Nitrobenzene c 330 
fsophorone e 330 
bis (2-Chloroethoxy) methane * 330 
lr2;4-Trichlorobenzenene e 330 
Naphthalene e 330 
Hexachlorobutadiene e330 h 
2-Methylnaphthalene (330 

/ 

Hexachlorocyclopentadiene d 330 
2-Chloroni@thalene 

*... 
< 330 

Dimethylphthalate < 330 
Acenaphthylene < 330 
2,6-Dinitrotoluene * 330 
Acenaphthene e 330 
2,4-Dinitrotoluene (c330 
Diethylphthalate c330 
4-Chlorophe~yl-phenylether < 330 
Fluorene <330 
N-Nitrosodiphenylmine (1) *330 
4-Bromophenyl-pheny~ether <330 
Hexachlorobenzene ( 330 
Phenanthrene e330 . 
Anthracene <330 
Di-n-butylphthalate a330 : 
Fluoranthene .( 330 
W-e <a30 
Butylbenzylphthalate * 330 
3r3*-Dichlorobenzidine 4 330 
Benzo(a)anthracene <330 
Chrysene 
bis(2-Ethylhexyl)phthalate ' ..' . 

<330 
.6ltl 

Di-n-octylphthalate e 330 
Benxo(b)fluoranthene < 330 
Benzo(k)fluoranthene c 330 
Benzo(a)pyrene r330 
Indeno 1,2,3=cd)pyrene 
Dibenz a,h)anthracene t 

( 330 

Benzo(g,h,i)perylene 
( 330 
c 330 

._ :.. 
(1) - &not be separated from diphenylmiae '-j"." 

' * : :. . * *. --**- *. . * * \:. .b -. * a . 
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S~~VOLATftE oRGktW!S ANUYSIS DATA SHEET 

: 

CUS‘DXER: Navel Air Developnt Center LABoRAmy: Qc? Ituc 
SAMPLE DATE:12)22(87 1205 Industrial Highway 
SAMPLE IDENTIFICATION: soil Southampttmr PA 38966 
SAMPLE NUMBER: 566831 

Lower Erosion Left 

-TIoN UNITS - 
uG/KG 

bis(2-Chloroethyl) ether (330 
lr3-Dichlorobenzene e 330 

' 1,4=Dichlorobenzene e 330 
lr2-Dichlorobenzene 4 330 
bis-(2-ChloroisoproWl) ether * 330 
N-Nitroso-di-n-propylamine 4 330 
Hexachloroethahe < 330 
Nitrobenzene (330 
Isophorone < 330 
bis (2-Chloroethoxy) methane c 330 
1,2,4=Trichlorcbbenzene < 330 
Naphthalene c 330 
Hexachlorobutadiene <330 
2-Methylnaphthalene ( 330 
Bexachlorocyclopentadiene ( 330 
2Xhloronaphthalene <330 
Dimethylphthalate <330 
Acenaphthylene * 330 
2,6-Dinitrotoluene (330 
Acenaphthene t 330 
2,4-Dinitrotoluene ' e 330 . 
Diethylphthalate a330 
4=Chlorophenyl-phenylethet e 330 
Fluorene (330 
N-Nitrosodiphenylamine (1) (: 330 
4-BWwqhenylqhenylether c 330 
Hexachlorobenzene < 330 
Phenanthrene (330 
Anthracene l 330 
Di-n-butylphthalate * 330 
Fluoranthene e330 
Pvrene e330 
Butylbenzylphthalate a 330 
3r3*-DPchlorobenzidine e 330 
Benzo(a)anthracene 4330 
Chrysene r330 
bia(2-Ethylhexyl)pSrthalate . " 690 
Di-n-octylphthalate 4 330 
Benzo(b)fluor&nth&ne . <330 
Benzo(k)fluoranthene 4 330 
Benzo(a)pyrene e 330 
In&no lr2r3-cd)pyrene 

I 
* 330 

Dibenz a,h)anthracene ( 330 
Benzo(g,h,i)perylene c 330 

: * 
(1) - &not be separated fmm dfphenylamine :e:"..“ 

i ;, . ., 
'. .-. .I '- . .*a. l -. 

.# . 
. .‘a 
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SEMfVOLATftE ORGANICS WYSfS DATA SHEET 
r 

CusroMER: Navel Air Developent Center 
sw%E DATE: 1212#37 
SAMPLE IDENTIFICATION: soil 
SAMPLE NUMBER:566832 

Background 

_- * 
WIBORATMY: 0(:8 INC 

1205 Industrial Highway 
Sout~cm, PA 18966 

C@CENTMTION DNITS * 
#KG 

. -* : . 
: - 

bis(&Chloroethyl) ether c 330 
1,3-Dichlorobenzene (330 
1,4=Dichlorobenzene . (330 
lr2-Dichlorobenzene 4 330 
bis-(2Xhloroisopropyloprogyl) ether 4 330 
N-Nitroso-di-n-propylamine c330 
Hexachloroethane (330 
Nitrobenzene ( 330 
Isophorone ‘C 330 
bis (2-Chloroethoxy) methane < 330 

'~1,2,4-Trich10roben2ene c330 
Naphthalene < 330 
Hexachlorobutadiene (330 
2-Methylnaphthalene < 330 
Hexachlorocyclopentadiene (330 
2-chloronaphthalene 4 330 
Dimethylphthalate c330 
Acenaphthylene (330 
2,6-Dinitrotoluene <330 
Acenaphthene 2 330 
2,4=Dinitrotoluene g330 
Diethyl~thalate < 330 
4~hloPophernyP-ever < 330 
Fluorene < 330 ‘. 
N-Nitrosodiphenylamine (1) c330 
4-Dromphenyl-phenylether < 330 
Herachlorobenzeu@ < 330 
Bhenanthrene : <m 
Anthracene c 330 
Di-PP-twtyl~~~a~ - ( 330 
PsPuoxsmthene ( 330 
Pyrme (330 
Buty1ben2yJate 4330 
3r30-DPchlorobenxidine G 330 
Denzo(&anthracene c 330 
ch~-fsene i330 
bfs(%-Ethylhexyl)phthalate . 500 
Di-n-octylphthalate < 330 
Ben2o(b)fluoranthene < 330 
Denzo(k)fluoranthene *330 
Benzo(a)pyrene a 330 
fndeno 

t 
1~ 2,3-cd)pyre~ G 330 

Dibenx arhjanthracene * 330 
Benzo(grhri)perylene * 330 

(1) '? 
, . . _. . ._ .* 

- Cannot be separated fran diphenylamine '. ', . 
,.': . 

' . :. , 
: w....- .t: ., -s I*.- . .N . .a' 

~.___" -- 
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EPA Hethod 625 1 Bask/Neutral Extrsktsbles by'GC/MS 

Sample Number . A 
-Client Name :a 

Date Analyzed 
-W.-c v-w-. 

: Comments 

Analyst 
. 

: 
l . Prea Factor : 

Instrument (Circle One1 : SlOOA. 
t 

51009 .51ooc : -. 
. 

. 
po. 1 NAME 

1 11 Bis(2-chlo?oethyl) Ether 
I.PPB ‘PPM 1 YES/NO I CODE /COMMENT 

rrl . 0 w.z :hlorobenzene <lO 
:hlorobenzene I 40 I I . 31 -1,4-Dii 

4f 1,3-Dichlorobenzene 
. 

I a0 
51 

I 
Bis(2-chloroisopropyl) Ether I 

I 
a0 

. 61 
71 

N-Nitrosodipropyl Amine -1 a0 I I 
Hexachloroethane I (10 

81 'Ni$ 
91 fsanhntnne ,- . 
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EPA Method 62S'Bsse/Neutrsl Bxtractables by CC/MS 
BERM LIouID . . 

: 
A_ Sample Number . . : A 5833 -* 

Client Name 
Analyst 

: 1 ’ - -Pren Facto= : 
Data Analyzed 

--'C -- 
: Comment- _ ts : 

Xnstrument (Circle One) : SlOOA. 5lOOB 51Of.E E ----- ----- v 

. 

NAME . s(2-chloroethvl) Ether . A -. 
-YES/No 1 CODE /COMMENT 

. 

Nenzene I <lO I 
znlorober lzene I (10 I . 

lorobenzene I a0 I 
loroisopropvl) Ether I (10 . I - . 

-. 61 N-Nitrosodipropyl A+m* 4 r1n I 
71 

I 
Ueva’rhl erns+hs..a 

91 fsophiorone ' 
101 

I _ cl0 I . I . 
Bisc>-phloroethoxv) Methane ---.- -.- I (10 

LA 
121 

t ? 1. m-. a-richlore--..--,., 
&;h;halene 

-- . 
I qo' ,.-' 1' I 

131 Hexachlorobutadiene . <lO I 
/ 141 Hexachlorocyclopentadiene I <lo 

<lo. 
1 I 

151 %Chloronaohthalex 
1 

--te t 
161 

, I 
Dimethvl P.- 

I 
hthalate *10 

17; 2,6-Dinit'roC------- ta1llene .I I c7n . I -SW 
18; 

I I I 
.Acena~hthvlene i 1 dlfb’ I’ I 1. 

6 1 --w I I 

' 19! Acenaphthene . I (10 I 
, 20! 2,4-Dinitrotoluene 4.0 
- 2li Diethvl Phthalate t Cl0 I 

'221 N-Nitr-sc _a - - - - . 
1 

_- 
<lCl. I a- 1 a --_ Mimethy Amine 

I-Chloroohenvlohenvl Et 
, 1 -. 

1 
.- --her I <ii 

K I 
I t 

Fluorene I (10 . 
t Uobenzenk 1 (I.0 _ am._ -- _ _ _ ! j 

1 261 N-mtrosodiphenyl Am em. _ - 
;rrrl I-Bromophenylphenvl 'Ether t 410 'I '. 
281 u&t! ne <achlorobenae:_- 
LJ I ihenatithrene I '\-LV. 1 - . . cene- 'a .' I $10 1 - . 

- -hthalate 1-l $10 . 
r~uoranrne: 

t 
312 -1 JZCIPAQKUDE 

--. 
-a7 I I 
$1 

3enio(A)Anthrc 
Ehry, sene. 

391 
t Cl0 * -, I 

II Phthalate .1 20 I _. 
te . I I. . 4lf-t '. . . 
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