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EXECUTIVE SUMMARY 

P 

INTRODUCTION AND PURPOSE 

83 

In response to Contract Task Order No. 22 under Contract N62472-90-D-1298, Halliburton NUS 

Corporation is submitting this Remedial Investigation (RI) report for the Naval Air Warfare Center (NAWC) 

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

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

d-i Corps facilities resulting from past operations and to institute corrective measures as needed. 

c”1 

I 

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

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

amended by SARA (Super-fund Amendments and Reauthorization Act of 1986). As such, the RI should 

investigate the nature and extent of contamination associated with all hazardous substance releases at the 

facility that are not regulated and are not being investigated under the authority of the Clean Air Act, Clean 

Water Act, the Resource Conservation and Recovery Act (RCRA), and other Federal laws. 

This report presents results of the RI work conducted at NAWC Warminster. Data from these investigations 

are used to conduct baseline risk assessments, which are also included in the report. The risk 

assessments determine where unacceptable risks to human health have been identified. The report also 

identifies where additional investigations are needed to complete risk assessments and where Feasibility 

Studies (FSs) should be performed to evaluate remedial alternatives for identified contamination. 

SCOPE AND OBJECTIVES 

*I* 

NAWC Warminster is listed on the National Priorities List, EPA’s list of hazardous waste facillities that 

appear to pose the most serious risk to public health or the environment. The areas of concern identified 

to date at NAWC Warminster are eight inactive waste sites covering more than seven acres: 

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

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

. Two landfills (Sites 4 and 5) 

. One fire training area (Site 8) 

,- 
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Two investigations, Phases I and II, were conducted at these sites between October 1989 and September 

1992. Phase I was performed between October 1989 and April 1991 by SMC Environmental Services 

Group. Phase II was performed between May and September 1992 by Halliburton NUS. To the extent 

practicable, the results of both Phases I and II have been incorporated into this report, 

This report focuses on on-site groundwater contamination in the overburden and shallow bedrock aquifers 

at Sites 1,2, and 3 (Area A) and Sites 5, 6, and 7 (Area B). These areas comprise a portion of Operable 

Unit 1 (OU-l), which has been defined as any groundwater in overburden and shallow bedrock 

contaminated by NAWC Warminster property. For NAWC Warminster, remedial actions are being 

implemented in phases as appropriate using OUs to manage problems and expedite the reduction of risks 

posed by the facility. 

The objectives of the RI for Areas A and B were to characterize the nature and extent of potential 

overburden and shallow bedrock groundwater contamination, to better understand the physical parameters 

affecting groundwater contaminant fate and transport, and to assess groundwater risks to human health 

and the environment. In addition, information on local hydrogeology was collected and evaluated. The 

main focus of the overall RI for NAWC Warminster to date has been to determine groundwater impacts 

from the eight inactive waste sites identified above, particularly the location and concentration of potential 

groundwater contamination by volatile organic compounds (VOCs) and metals. 

Additional remedial investigations are planned by the Navy to fully identify the nature and extent of 

contamination at OU-1 and for the rest of the facility. This includes studies to address the full nature and 

extent of groundwater contamination, both on and off site, in the shallow and deep bedrock aquifers, as 

well as contamination in other media. 

FACILITY HISTORY AND DESCRIPTION 

NAWC Warminster 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-site areas include various 

buildings and other complexes connected by paved roads, the runway and ramp area, mowed fields, and 

a small wooded area. 
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Commissioned in 1944, NAWC Warminster’s main function is research, development, testing, and 

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

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

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

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

from industrial wastewater treatment, and waste oils. 

NAWC Warminster has approximately 3,000 employees, and 1,000 people reside at the facility year round. 

The residents living at the facility are the nearest population center. The closest off-base home is about 

200 feet away. Any hazardous substance releases from the eight sites identified to date and from other 

unidentified sites at NAWC Warminster 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 

R 

L-i 

for recreation and industrial purposes. 

GEOLOGY, HYDROGEOLOGY, AND HYDROiOGY 

c* 

* 

Surface soils in the vicinity of the facility are generally fine-textured, predominantly silty loams, with 

moderate to low permeabilities. The soils are commonly underlain by saprolite (extensively weathered 

bedrock) at an approximate depth of four to 10 feet. The soils and saprolite are underlain by the middle 

arkose member of the late Triassic age Stockton Formation. The Stockton Formation is underlain by 

Ordovician to Precambrian age basement rocks. 

13 The middle member of the Stockton Formation consists of fine- to medium-grained arkosic sandstone 

interbedded with red shale, siltstone, and conglomerate. Bedding layers strike from southwest to northeast 

and dip to the northwest at an average rate of 12 degrees. The Stockton Formation is extensively faulted 

and is cut by a well-developed joint system. 

* 

Groundwater within the Stockton Formation is transmitted through primary porosity and along1 bedding 

planes and fractures. Shales and siltstone units commonly restrict vertical movement of groundwater due 

to their low primary porosity and poorly developed secondary porosity. The well-sorted, fine- to medium- 

grained sandstone units form the best aquifers within the formation. Groundwater in the unconlsolidated 

overburden and shallow bedrock layers typically occurs under water-table (unconfined) conditions. 

Groundwater within the deeper bedrock layers can occur under both unconfined and confined conditions. 
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NAWC Warminster is located in an upland area lying between two local drainage basins. The majority of 

the facility drains toward the north into an unnamed tributary of Little Neshaminy Creek, and the remaining 

drainage flows southward to Southampton Creek. Both local drainage basins lie within the regional 

drainage basin of the Delaware River. Local drainage is controlled primarily through natural flow to 

ephemeral streams and constructed drainage; runoff is influenced locally by surface grading, pavement, 

constructed ditches, and storm sewer lines. 

GENERAL FIELD ACTIVITIES 

To date, NAWC Warminster has been addressed in two long-term remedial phases. The study for the first 

phase began near the end of 1989 and was completed in April 1991. Phase I involved mapping VOCs in 

soil gas and detecting any conductivity 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. In addition, test pits were excavated, local wells were inventoried, and a fracture-trace analysis 

was conducted. 

The second phase began at the end of 1991. Phase II involved installing overburden and shallow bedrock 

monitoring wells, sampling and analyzing groundwater, and evaluating aquifer characteristics by performing 

long-term water-level monitoring and slug and step-drawdown tests along with a pumping test. Four off-site 

wells were also sampled. Both phases explored the nature and extent of groundwater contamination within 

Areas A and B and were designed to help pinpoint the most effective strategies for cleanup. 

A total of 57 groundwater samples were collected and analyzed during both phases for Areas A and B: 

24 samples during Phase I and 33 samples during Phase II. Field and laboratory Quality 

Assurance/Quality Control (GAIQC) samples were also included in the laboratory analysis. Samples were 

analyzed for volatile organ&, semivolatile organics, pesticides, polychlorinated biphenyl (PCBs), inorganics, 

cyanide, and various engineering parameters (e.g., hardness, alkalinity, chemical oxygen demand, 

chlorides, sulfates, total organic carbon). 
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SITES 1,2, AND 3 (AREA A) 

Sites 1, 2, and 3 were combined into one general area (Area A) for purposes of this report. Site 1 is 

located on a portion of the facility lying northwest of Jacksonville Road and is adjacent to the wastewater 

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

an unnamed tributary that flows to Little Neshaminy Creek. Site 1 was operated as a bum pit ,within an 

eroded ravine from 1940 to 1955. Various wastes such as paints, oils, asphalt, roofing material, solvents, 

scrap metals, and unspecified chemicals were burned within this pit. The quantity of wastes deposited or 

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

Site 2 is located southeast of Site 1 and received wastewater sludges from 1965 to 1970. The site 

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

feet deep. The total area of the site may be 20,600 square feet. 

Site 3 is adjacent to Site 2. The site was used from 1955 to 1965 as a burn pit for solvents, paints, roofing 

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

feet deep. Residue from the pit was occasionally removed and deposited at an unknown area at NAWC 

Warminster. 

Fidd Activities - Area A 

EM conductivity and soil gas surveys were performed at Area A during Phase I. Soil gas readings were 

taken from 80 stations at Sites 1 and 2 and from 26 stations at Siie 3. Soil confirmation borings were 

drilled at 30 locations near Sites 1 and 2 and seven borings were drilled at Site 3 to further delineate site 

boundaries. 

Four shallow bedrock monitoring wells and one overburden well were installed during Phase I; three 

shallow bedrock and three overburden wells were installed during Phase II. Six overburden wells, 12 

shallow bedrock wells, and one deep bedrock well were sampled during Phase II. 

R-51 -2-3-7 ES-5 
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Hydrogeologic investigations near Area A included estimates of yields from new monitoring wells, 

calculations of horizontal groundwater flow velocities and vertical hydraulic gradients, construction of 

groundwater elevation maps, and estimates of flow rates for the surface water near the site. During Phase 

II, slug tests were performed on several new monitoring wells, stepdrawdown tests were done for selected 

wells, and an aquifer pumping test was conducted. A two-week water-level study was also performed. A 

biological characterization was completed for this area during Phase I. 

Physical Characteristics - Area A 

Area A is in the northwestern corner of the fenced facility bordering an industrial/commercial area. The 

sites are located on a generally flat-lying area. An unnamed tributary of Little Neshaminy Creek is located 

north of this area, and the NAWC Warminster wastewater treatment facility, jet fuel storage area, and 

parking lots are immediately to the south. 

Orange-colored seeps were observed at several points along the creek bank north of Sites 2 and 3 during 

both phases of the RI. The average soil thickness at Area A ranges from 6.5 to 16 feet. The soil cover 

is thinnest in the area north of the wastewater sludge lagoons. The current location of the stream channel, 

adjacent to the sites, may partially be a result of filling operations. The pattern of waste and fill indicates 

that burning of waste may have occurred at the same time as filling and grading with imported clean fill. 

The buried, gray, wet, clay-like material represents the eastern extent of the 200-foot-long trenches. Seeps 

found along the stream bank adjacent to Site 2 represent a potential contaminant migration path from 

groundwater to the stream. The wide distribution of burned cinders found at Site 3 represents the regraded 

.contents of this former bum pit. 

The bedrock of the area is generally composed of micaceous siltstones inter-bedded with arkosic and 

quartzitic sandstones. The bedrock layers strike towards the northeast with an eight to 12 degree strike 

towards the northwest. Overburden and shallow bedrock aquifer flow was observed to be toward the north 

and the adjacent creek. Vertical groundwater gradients between the overburden and shallow bedrock were 

both upward and downward and varied with time and location. 

_. . 
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The long-term water-level study indicates that the shallow and deeper bedrock aquifers in the northern 

portion of this area are influenced by the pumping of a nearby well, inferred to be the Wagneir & Sons 

commercial well. Both the shallow bedrock and overburden aquifers in the southwestern part of ,the area, 

as well as the deep bedrock aquifer, are influenced by another unidentified pumping well, possibly one of 

the NAWC Warminster supply wells. A recharge mound and corresponding variations in local horizontal 

F-7 gradients and flow directions are evident near Well SMC-1. 

Nature and Extent of Contamination - Area A 

- 
The EM survey at Site 1 delineated an area with low conductivity. The EM survey over Site 2 delineated 

a second conductivity low that closely corresponds with the area suspected to have received fill based on 

the review of historical aerial photographs. The EM survey at Site 3 showed an anomalous area of 

approximately 30 by 40 feet. 

Soil gas readings at Area A yielded VOC concentrations ranging from not detected to I.5 ppm. 

Confirmation borings delineated the extent of Sites 1 and 2, except on the eastern side. The eastern edge 

of Site 2 may extend to Site 3 where a gray, clay-like fill is found. The detection of cinders in Sites 1 and 

2 in an area approximately twice as large as the original burn pit and the finding of natural soil above and 

below fill material indicate that considerable regrading of soil around the Site 1 burn pit was done. The 

thickness of surficial and subsurface fill material at Sites 1 and 2 averages between four and five feet. The 

average thickness of waste-containing material is between five and six feet. Waste material includes fill, 

I”r cinders, glass, ceramic fragments, wood, bricks, and metal fragments. 

The thickness of fill and waste material over the northeastern part of Site 3 is 10 feet or greater. Waste 

and fill material at Site 3 average approximately six and seven feet in thickness, respectively. Organic 

vapors were detected at one boring in Site 3 that contained a gray, clay-like material. Cinders, wood, 

metal, brick, and glass fragments are also found at Site 3. 

3 
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Concentrations of arsenic, cadmium, lead, manganese, and thallium were detected in unfiltered monitoring 

well samples downgradient of Area A. The metals concentrations were higher in shallow bedrock rather 

than overburden wells. Most unfiltered downgradient metal concentrations exceed upgradient 

concentrations. Chlorinated ethanes, chlorinated ethenes, benzene, alkylbenzenes, and phthalates were 

detected in wells downgradient of Area A at concentrations greater than those in upgradient wells. The 

highest concentrations of chlorinated ethenes and ethanes were found in shallow bedrock wells located 

north of the jet fuel storage area. 

Contaminant Fate and Transport - Area A 

The major contaminant transport pathways for Area A include leaching from subsurface soil to groundwater, 

runoff of soil to surface water, discharge of groundwater to surface water, migration of groundwater 

contaminants to off-site groundwater, and fugitive dust emissions. 

Potential human and environmental exposure pathways identified under current or future land-use scenarios 

for Area A include ingestion, dermal, and inhalation exposures to chemicals in groundwater, dermal and 

incidental ingestion exposure to stream surface water and sediment, and dermal exposure, incidental 

ingestion, and fugitive dust inhalation of soil contaminants. The primary focus of this report is the 

investigation of on-site shallow groundwater and the potential migration of this groundwater to off-site 

locations. 

Risk Assessment - Area A 

Groundwater chemicals of concern were selected based on exceeding background or upgradient 

concentrations, exceeding Applicable or Relevant and Appropriate Requirements (ARAB) or dose- 

response parameters, and carcinogenic status. Three receptors were chosen for the shallow groundwater 

exposure pathway: adult residents, child residents, and adult employees. 

- 
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The shallow groundwater underlying Area A presents several noncarginogenic and carcinogenic risks to 

human receptors. Noncarcinogenic risks were estimated by use of Hazard Quotients (HQs) and Hazard 

Indices (HIS). When HQs exceed 1 .O, potential adverse effects can no longer be ruled out. Carcinogenic 

risks were estimated using cancer slope factors. Cancer risk increases should ideally be below IE-6, 

although sometimes risks up to lE-4 may be considered acceptable. 
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HIS for hypothetical ingestion of current groundwater at Area A exceeded 1 .O for all receptors. The primary 

contributors to noncarcinogenic risk were arsenic, trichloroethene (TCE), tetrachloroethene (PCE), carbon 

tetrachlorfde, manganese, cis-1,2-dichloroethene (cis-1 ,FDCE), thallium, and barium. For residential 

receptors, individual HQs of manganese would exceed 1 .O. HIS for hypothetical dermal exposure to 

groundwater exceeded 1 .O for residential receptors because the individual HQs of TCE and PCE exceeded 

1 .O. Without PCE and TCE, the dermal HIS would be less than 1 .O. 

Estimated cancer risk increases for hypothetical ingestion of groundwater would exceed lE-4 for all 

receptors. The major contributors to ingestion risk were vinyl chloride, TCE, PCE, arsenic (unfiltered water 

only), 1 ,l-DCE, 1,2-dichloroethane (1,2-DCEA), and carbon tetrachloride. Estimated cancer risks for 

hypothetical dermal exposure to groundwater would exceed lE-4 for residential receptors and lE-5 for 

employee receptors because of TCE and PCE, and to a lesser extent, vinyl chloride, 1 ,l-DCE, chloroform, 

and carbon tetrachloride. 

Estimated cancer risk increases for hypothetical inhalation exposure to groundwater would exceed 1 E-5 

for adult residents because of TCE, vinyl chloride, 1 ,l -DCE, chloroform, and carbon tetrachloride. 

Currently, the only enforceable standards for exposure to groundwater contaminants are the Maximum 

Contaminant Levels (MCLs) promulgated under the Safe Drinking Water Act. These standards are 

designed for the protection of human health. MCLs were exceeded for several VOCs (i.e., TCE, PCE, 

carbon tetrachloride, vinyl chloride, and 1,2-DCE) and inorganics (i.e., cadmium, manganese, nickel, 

arsenic, and barium) in the groundwater samples collected from wells located in the vicinity of Area A. For 

manganese, the secondary MCL of 50 ppb was exceeded by all Area A monitoring wells during Phase II. 

Among the VOCs, MCLs for TCE (5 ppb) and PCE (5 ppb) were exceeded most frequently in these wells. 

Conclusions - Area A 

- 
Additional investigation should be performed to better define the nature and extent of groundwater, surface 

water, and sediment contamination in this area. At a minimum, these tasks should include 

. Additional monitoring wells as needed to define the upgradient and downgradient extent 

of site-related groundwater contamination due to releases from Area A to the overburden, 

shallow bedrock, and deeper bedrock aquifers. 
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. Additional surface water and sediment sampling within the unnamed tributary downstream 

of Area A. Biota sampling may also be warranted to explore food chain impacts, if 
- 

necessary. 
- 

. Additional surface and subsurface soil sampling as necessary within Area A to assess the 

nature and extent of contamination and associated risks. -_ 

. Research and generation of production information and construction details for off-site 

wells, including the Wagner & Sons, Warminster Township Municipal Authorii No. 26, and 

Aztec wells. 

. Generation and analysis of water-level and production data for all on-site wells, including 

both monitoring and NAWC Warminster production wells. 

. Review historical data for off-site or other sources of VOC contamination in the vicinity of 

the western portion of NAWC Warminster. 

* Hydrogeologic investigation as necessary to determine deep bedrock aquifer 

characteristics and the effect of nearby supply wells on groundwater flow directions in the 

vicinity of Area A. 

. Modelling to estimate bioaccumulation of contaminants in the unnamed tributary near 

Area A. 

-. 

-.. 
. Modelling to estimate future groundwater concentrations in the shallow bedrock aquifer 

using analytical data to be generated by additional soil sampling. 
- 

. Additionai well survey work as needed to identify groundwater receptors potentially at risk. 

Off-site well sampling should be performed as needed based on the results on this survey. .- 

The survey should be extended to at least one mile north of Area A. 
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Groundwater in overburden and shallow bedrock contaminated by NAWC Warminster beneath Area A has 

been found to present an unacceptable risk to human health because some HQs (e.g., manganese) and 

HIS based on total risks of organic compounds (e.g., TCE) that act on similar target organs exceeded unity 

(1 .O), and potential noncarcinogenic impacts could not be ruled out if groundwater were used by employees 

or residents. Estimated dermal and ingestion cancer risk increases would exceed lE-4 because of 

L-1 chlorinated VOCs and possibly arsenic. The absence of arsenic in filtered groundwater samples suggests 

that its presence in unfiltered samples was due to suspended materials. 

Based on information generated during the RI, adequate data exist to proceed with the evaluation of 

remedial alternatives for overburden and shallow bedrock contaminated groundwater through the FS 

process. Additional sampling and investigation are needed for other media associated with Area A, 

including groundwater in deep bedrock aquifers. 

SITES 5, 6, AND 7 (AREA B) 

p3 

Sites 5, 6, and 7 were combined into one general area (Area B) for purposes of this report. Site 5 is 

located under Housing Unit 401 in NAWC Warminster’s enlisted men’s housing area. Site 6 is south of 

the main runway and north of the patrol road near the eastern end of the facility. Site 7 is located west 

of Sites 5 and 6 and east of the inertial reference building. 

F” 

Site 5 is located south of the main runway and adjacent to a baseball field at NAWC Warminster. The site 

operated from 1955 to 1970 and was rediscovered during construction for the foundation of a housing unit. 

Site 5 consisted of six to eight disposal trenches in which paints, solvents, scrap metal, demolition debris, 

h and 30 drums of asphalt were disposed. Each trench was 12 feet wide by 70 feet long and eight feet deep. 

Site 6 consists of an unknown number of disposal pits or trenches on the northern side of the patrol road 

and the south side of the main runway. This site received paint, solvents, demolition waste, waste oils, 

flammable waste, and grease trap waste from 1960 to 1980. The site covers an area of about 70,000 

square feet. Information regarding waste disposal operations for Site 6 is poor. 

F 

C 

-=T 

Site 7 reportedly consisted of two disposal trenches that were used from 1950 to 1955 to receive sludge 

from the wastewater treatment plant. The site is located south of the main runway and adjacent to the 

western side of Site 5. The trenches were reportedly 100 feet long by 12 feet wide and eight feet deep. 

The potential capacity of each trench is 356 cubic yards. The trenches were reportedly backfilled with fill 

after each dumping episode. 
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Field Activities - Area B 

Electromagnetic conductivity surveys were performed at Sites 6 and 7 during Phase I. Soil gas surveys 

were performed at all sites during Phase I. Ten confirmation soil borings were drilled at Site 5, and 14 

borings were drilled at Site 7. Six test pits at Site 6 and three pits at Site 7 were excavated near the 

perimeter of anomalous EM areas and adjacent to soil gas anomalies 

Seventeen monitoring wells are present in the area of Area B. Three shallow bedrock wells and one 

overburden well were installed during Phase II. Groundwater samples were obtained from seven shallow 

bedrock and five overburden wells during Phase I and from nine shallow bedrock and five overburden wells 

during Phase II. 

Physical Characteristics - Area B 

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

complete extent of the waste has not been determined, but waste was found north, east, and west of 

Building 401. Waste material encountered included wood, glass, and waste metal fragments in a matrix 

of fill material. 

Site 6 contains a heterogeneous mixture of building demolition materials, such as concrete, bricks, 

macadam, and metal. Some materials are not buried. The current surface of this site contains several 

mounds of waste material covered with some or no soil. 

The exact locations of the two disposal trenches at Site 7 were not identified during the RI. 

Several fracture traces are located south and southwest of the sites. One spring was found south of the 

baseball field adjacent to Site 5 near Wells DG-8 and DG-20. Review of historical aerial photos revealed 

the presence of a stream in the area where the spring was found. 

The bedrock lithology consists mainly of brownish-red micaceous siltstone interbedded with gray, red, and 

light to dark brown, fine- to coarse-grained arkosic sandstone and gray to brown, medium-grained quartzitic 

sandstone. These rock units were observed to strike northeast and dip six to 10 degrees to the northwest. 

The thicknesses of the lithologic units range from five to 20 feet. The sandstone encountered during drilling 

in one well appeared to be extensively fractured. 

- 

-_ 

- 

- 

.- 

- 

-; 
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Vertical hydraulic gradients were consistently downward in all well couplets in this area. Shallow bedrock 

and overburden groundwater flows generally toward the south and Sotihampton Creek. Horizontal 

groundwater velocities for the shallow bedrock aquifer ranged from 455 to 2,650 ft/yr; velocities for the 

overburden ranged from two to six ft/yr. In general, the depth to groundwater increases from soutlh to north 

throughout the area. 

Storm water is piped underground from the south-central NAWC Warminster property boundary to a point 

approximately 500 feet to the south, where it flows through a residential area in a concrete channel. The 

channel travels through a road culvert before flowing into a streambed, which forms the headwaters of 

Southampton Creek. 

F- 
Nature and Extent of Contamination - Area B 

rrl Two EM anomalies were delineated at Sites 6 and 7. Low concentrations of VOCs were detected during 

+-4 

the soil gas survey at Site 5. VOC readings from not detected to 52 ppm were reported at Site 6; the 

positive readings were detected in the western part of the site. Low concentrations of VOCs (0.4 to 

1.5 ppm) were detected at Site 7. 

The content of Site 5 included wood, glass, and metal fragments. Clean fill and construction debris were 

found in five of the,six test pits. Building demolition debris (asphalt, concrete, and brick) was scattered 

around the eastern part of Site 6. Construction debris, including cement, glass, wires, electrical parts, scrap 

metal, asphalt, and one empty paint drum, was found in Site 6 test pits. No waste or significant fill material 

p3 was found in the confirmation borings or test pits at Site 7. 

3 

ps 

Cyanide was detected in one monitoring well north of Site 5, but the result may be suspect. Concentrations 

of arsenic, lead, and manganese were detected in unfiltered monitoring wells downgradient of the site. No 

pattern of contaminated metals in groundwater was identified. Toluene and phthalates were detected in 

monitoring wells in no identified pattern by well location. Patterns of VOC contamination were found 

between wells in the shallow bedrock aquifer but not between wells in the ovetburden aquifer. Several 

recognizable groundwater contaminant patterns (i.e., TCE and 1,FDCE) originate in an area upgradient 

of Sites 5 and 7 and downgradient of the background wells in this area. 

F-r 

The extent of these patterns suggests that contaminants enter the shallow bedrock aquifer from a relatively 

discrete area within Site 6 and that both patterns may originate from the same source. The potential for 

contaminated groundwater to migrate from the shallow bedrock to deeper bedrock aquifers cannot be 

determined with available information. 

R-51-2-3-7 ES-13 
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Contaminant Fate and Transport - Area B 
-_ 

The major contaminant transport pathways for Area B include leaching of subsoil contaminants to 

groundwater, soil runoff into surface water, discharge of groundwater to surface water, fugitive dust 

emissions from soil, and migration of contaminants in groundwater to off-site areas. 

Potential human and environmental exposure pathways identified under current or future land-use scenarios 

for Area B include ingestion, dermal, and inhalation exposures to chemicals in groundwater, dermal and 

incidental ingestion exposure to stream surface water and sediment, and dermal exposure, incidental 

ingestion, and fugitive dust inhalation of soil contaminants. The primary focus of this report is the 

investigation of on-site shallow groundwater and the potential migration of this groundwater to off-site 

locations. 

^.... 

Risk Assessment - Area B 

-. 

Groundwater chemicals of concern were selected based on exceeding background or upgradient 

concentrations, exceeding ARARs or dose-response parameters, and carcinogenic status. Three receptors 

were chosen for the shallow groundwater exposure pathway: adult residents, child residents, and adult 

employees. 

The shallow groundwater underlying Area B presents several noncarcinogenic and carcinogenic risks to 

human receptors. Noncarcinogenic risks were estimated by use of HQs and HIS. When HQs exceed 1 .O, 

potential adverse effects can no longer be ruled out. Carcinogenic risks were estimated using cancer slope 

factors. Cancer risk increases should ideally be below 1 E-6, although sometimes risks up to 1 E-4 may be 

considered acceptable. 

The HIS for hypothetical ingestion of current groundwater at Area B by residents would exceed 1 .O because 

of arsenic, barium, cadmium, and manganese. If filtered groundwater were used instead, the child 

resident’s HI would exceed 1 .O because of thallium. Estimated cancer risk increases for the hypothetical 

ingestion of current groundwater by all receptors would exceed 1 E-5 because of arsenic, PCE, and carbon 

tetrachloride. The estimated cancer risk increases for dermal exposure to adult residents would exceed 

- 

-. 

“- 

- 

-. 

- 

1 E-6 due to TCE and PCE. 
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Estimated blood-lead concentrations from exposure to lead in groundwater, would not be expected to pose 

a significant detectable risk. However, some potential (currently unquantifiable) carcinogenic risk would 

occur, according to the no-threshold theory of carcinogenicity. 

Currently, the only enforceable standards for exposure to groundwater contaminants are the MCLs. MCLs 

were exceeded for TCE in the groundwater samples collected from monitoring wells located in the vicinity 

of Area B. These exceedances were detected in three shallow bedrock wells during both phases of the 

RI. 

Conclusions - Area B 

Additional investigation should be performed as necessary to characterize the nature and extent of 

groundwater and soil contamination in this area. At a minimum, these tasks should include 

. 

. 

. 

. 

. 

. 
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Additional monitoring wells as needed to define the upgradient extent of shallow bedrock 

aquifer contamination and the extent of any deeper bedrock aquifer contamination. 

Additional soil borings and test pits to better define the possible source area of 

groundwater contamination within Site 6. 

Additional soil samples to determine the potential impacts from uncovered waste at Site 6. 

Surface debris at Site 6 may be the source of surface water and sediment contamination 

via overland. runoff. The surface debris should be located, characterized, sampled, and 

mapped. 

Additional surface and subsurface sampling within Area B to determine the extant of soil 

contamination and to assess potential risks from direct contact with any contaminated soils. 

Additional sediment sampling to determine the extent of stream contamination clue to the 

sites located within Area B. 

Additional groundwater investigation to characterize flow in the shallow bedrock aquifer 

beneath Area B, hydraulic interconnections between the shallow and deeper bedrock 

. aquifers, and the potential for wntaminated groundwater to discharge to Southampton 

Creek. 
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. Evaluate the need for additional air monitoring to assess risks in areas of potential wncern 

identified through aerial photointerpretation. 

* An additional well survey to determine whether nearby groundwater receptors (e.g., 

residential wells) are potentially at risk due to releases from Area B. Off-site groundwater 

sampling should be performed as necessary based on this survey. 

No conclusive evidence was collected during the RI to confirm the location of Site 7 or to determine if 

hazardous materials are present at this site. 

It is recommended that further investigation be explored for metals in groundwater near Area B. 

Suspended materials may be responsible for significant concentrations of arsenic, barium, cadmium, and 

manganese, but thallium was the only contaminant detected at significant concentrations in filtered 

groundwater samples (one well only). Resampling of both filtered and unfiltered water may be warranted 

to confirm the presence of thallium. 

Groundwater in overburden and shallow bedrock contaminated by NAWC Warminster beneath Area B has 

been found to present an unacceptable risk to human health. Based on information generated during the 

RI, adequate data exist to proceed with the evaluation of remedial alternatives for overburden and shallow 

bedrock contaminated groundwater through the FS process. Additional sampling and investigation are 

needed for other media associated with Area B, including groundwater in deep bedrock aquifers. 

ADDITIONAL GROUNDWATER INVESTIGATIONS 

Since 1979, 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 public supply. 

Between September 1979 and April 1980, five nearby municipal authorities (along with NAWC Warminster) 

removed a total of 18 public wells from service due to VOC contamination, primarily TCE and PCE. Some 

of these wells have been returned to service following the installation of air-stripper treatment facilities. 

TCE has been found in NAWC Warminster supply wells SW-1 and SW-2 at 147 and 293 ppb, respectively; 

PCE has been found in supply wells SW-5 and SW-2 at 36 and 33 ppb, respectively. 

- 

-. 

-. 

- 

- 
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Off-Site Groundwater Investigation 

During Phase I, a local well inventory was performed to determine the number of residential and municipal 

wells that were near the facility. During Phase II, four off-site wells were sampled. All samples were 

analyzed for TCL volatile organics, TAL metals (both total and dissolved), and cyanide. One groundwater 

sample was also tested for TCL semivolatile organics and pesticides/PCBs. 

3 

Off-Site Groundwater Use 

- 

VT 

Groundwater in much of the Warminster area is used as a source of drinking water. Nearby residents rely 

primarily on groundwater sources for water supply. The majority of these people are served by municipal 

water authorities, and the remainder utilize private domestic or commercial wells. The main NAWC 

Warminster supply system obtains water from three deep wells located at the facility. Some local municipal 

water authorities supplement their groundwater withdrawals with water from the Philadelphia Suburban 

Water Company. 

c1 

Within the immediate vicinity of NAWC Warminster (less than one mile) are supply wells for the Warminster 

Municipal Township Authority (WMTA), Upper Southampton Municipal Authority, Warminster Heights 

Development Corporation, and other commercial facilities. Municipal supply wells and other wells in the 

area pump several hundred million gallons of groundwater per year, mainly from deeper bedrock zones 

of the Stockton Formation. Several public and commercial water-supply wells near NAWC Warminster 

have encountered significant levels of VOC groundwater contamination. 

t-J-8 

Eight municipal water-supply wells were identified within the 0.75-mile radius of the facility; however, WMTA 

Well-26 (WTMA-26) is located 0.4 mile from the facility. The three commercial wells are operated by Aztec 

Corporation, Wagner & Sons, and a local golf course. Between 47 and 91 residences and businesses 

within 0.25 mile of the facility property boundary have private supply wells. For confirmed residential wells, 

well depths range from 30 to 145 feet below grade. Therefore, some nearby residential wells are assumed 

to be drawing from the shallow bedrock aquifer that also underlies the facility. 

Residences served by wells are concentrated in three principal areas. One area is between Davisville 

Road and the facility. Another area is on Newtown Road, north of Street Road, and the third is on Maple 

and Memorial Streets, southwest of NAWC Warminster. None of these areas are directly downgradient 

of any of the Areas A and B with respect to the shallow bedrock aquifer. 

- 
Several residential wells were reported to contain ICE and/or PCE during the well survey. Independent 

sampling to confirm this has not been performed as a part of the RI. 
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Nature and Extent of Off-Site Groundwater Contamination 

Off-site wells sampled during Phase II included the Wagner & Sons well, WTMA-26, the Lewis well, and 

the Aztec Corporation well. The Wagner well is used for industrial purposes, including food processing. 

WTMA-26 supplies potable water to local homes and businesses. The Lewis well is a residential well, and 

the uses of the Aztec well, are unknown. 

.- 

The Wagner well is treated with carbon filtration and UV treatment but was sampled prior to treatment. 

TCE was found in this well at 720 @I. Filtered and unfiltered results were comparable, except for lead, 

which was much lower in the filtered sample. The notable inorganic results include arsenic and lead 

(carcinogens). 

WTMA-26 is treated with an air stripper but was sampled prior to treatment. Both chlorinated ethenes and 

chlorinated ethanes were detected. Filtered and unfiltered inorganic results were comparable, and arsenic, 

a Group A human carcinogen, was detected in this well. Groundwater from the Lewis well is reportedly 

not treated. No organic compounds were positively detected in this well. Filtered and unfiltered inorganic 

results were comparable. 

PCE was detected at the Aztec well at a low concentration (2 ug/L). Filtered and unfiltered inorganic 

results were similar; arsenic (a Group A human carcinogen) was notable. 

Transport of Contaminated Groundwater Off Site 

Contaminated groundwater within the water-table (or overburden) aquifers may move laterally within these 

aquifers to off-site locations or surface water discharge points or may move vertically into deeper bedrock 

aquifers. Contaminated groundwater in bedrock may move off site along bedding planes or within fractures 

and may be under confined or unconfined conditions. Migration of groundwater in bedrock is influenced 

by on-site and off-site pumping wells. 

-. 

-. 

- 
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Risk Assessment for Off-Site Groundwater 

-? 

For employees exposed to untreated water from the Wagner well, the cancer risk via ingestion would 

exceed 1 E-6 but not 1 E-4 because of TCE and arsenic. The dermal risk would exceed 1 E-6 but not 1 E-4 

because of TCE. 

Ingestion by child residents of untreated water from WTMA-26 may pose some noncarcinogenic risk, 

although the chemicals that would combine to produce such a risk actually affect different organ, systems 

(arsenic, skin; barium, cardiovascular system; PCE and 1 ,l -DCE, liver). Dermal cancer rislks for all 

receptors would exceed 1 E-6 but not 1 E-4 due to PCE, TCE, and 1 ,l-DCE. The ingestion risk. for adult 

employees would exceed 1 E-6 and for residents would exceed 1 E-4 because of arsenic, PCE, TCE, and 

1 ,l -DCE. The inhalation risk for adult residents would exceed 1 E-6 but not 1 E-4 due to 1 ,l-DCE and TCE. 

Because public water supplies must comply with National Primary Drinking Water Regulations, these 

estimated risks are not expected to reflect exposures to actual current consumers of this water., Rather, 

they indicate anticipated risks for consumption of this water in an untreated state. 

C 

Neither significant noncarcinogenic nor carcinogenic impacts were indicated for residential receptors of 

water from the Lewis well. 

Because of arsenic, the total cancer risk via the ingestion route would exceed 1 E-6 but not lE-4 for 

employees consuming untreated water from the Aztec well. Significant noncarcinogenic hazardls are not 

indicated. 

Prior to treatment, MCLs were exceeded for TCE in both the Wagner and WTMA-26 wells and for lead and 

manganese in the Wagner well. For WTMA-26, MCLs were also exceeded for PCE and 1 ,l -DCE prior to 

treatment. 

Conclusions for Off-Site Groundwater 

.-T 

- 

Based on the results of Phase I and II, additional investigation should be performed to evaluate the number 

of off-site residential wells near NAWC Warminster and the specific groundwater uses (e.g., drinking water) 

of these wells. Survey recipients who were suspected to have wells and did not respond to the survey 

should be contacted again. The local county health department should also be contacted. More 

specifically, the residences along Kirk and Newtown Roads are of particular interest. It is recommended 

that all the residents along these two roads should be canvassed. 
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While off-site deeper groundwater in the vicinity of the Wagner well presents a potential unacceptable risk, 

current information is inadequate to evaluate remedial alternatives. Additional sampling and investigation 

should be performed, including 
-.. 

Installation of additional monitoring wells as needed to define the upgradient and 

downgradient extent of groundwater contamination due to releases from Area A to the 

overburden, shallow bedrock, and deeper bedrock aquifer. 

- 
Review of historical data for off-site or other sources of groundwater contamination in the 

vicinity of the western portion of NAWC Warminster. 

Research and generation of production information and construction details for off-site 

wells, including the Wagner and Sons, WTMA-26, and Aztec wells 

Generation and analysis of water-level and production data for all on-site wells, including 

both monitoring and NAWC Warminster production wells. 

Hydrogeologic investigation as necessary to determine deeper bedrock aquifer 

characteristics and the effect of nearby supply wells on groundwater flow directions in the 

vicinity of the western portion of NAWC Warminster. _- 
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1 .O INTRODUCTIPN 

p” 

In response to Contract Task Order No. 22 under Contract N62472-90-D-1298, Halliburton NUS 

Corporation (HNUS) is submitting this Remedial Investigation (RI) report for the Naval Air Warfare Center 

(NAWC) (formerly the Naval Air Development Center), Warminster, Pennsylvania. This work is part of the 

Navy’s Installation Restoration Program (IRP), which is designed to identify contamination of Navy and 

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

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

Assessment (PA) followed by a Site Inspection (SI). The third phase is a Remedial Investigation/Feasibility 

Study (RVFS), which is intended to characterize physical and chemical parameters and risks associated 

with the facility. The last phase consists of remedial action designed to control and mitigate contamination. 

This report is prepared under Phase III IRP activities. 

-9 

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

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

amended by SARA (Superfund Amendments and Reauthorization Act of 1986). As such, the RI should 

investigate the nature and extent of contamination associated with all hazardous substance releases at the 

facility that are not regulated and are not being investigated under the authority of the Clean Air Ad, Clean 

pr* Water Act, the Resource Conservation and Recovery Act (RCRA), and other Federal laws. 

1.1 PURPOSE OF REPORT 
m.. 

Pq 
The purpose of this report is to present results of the remedial investigations conducted at NAWC 

Warminster. Data from these investigations are used to conduct baseline risk assessments, which1 are also 

included in the report. The risk assessments determine where unacceptable risks to human health have 

been identified. The report also identifies where additional investigations are needed to complete risk 

assessments and where FSs should be performed to evaluate remedial alternatives for identified 

contamination. 

c1)” 
R-51 -2-3-7 l-l 



1.2 SCOPE AND OBJECTIVES 

The areas of concern identified to date at NAWC Warminster are eight sites covering more than seven 

acres (Figure l-l). All sites are located within the NAWC Warminster property, including 

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

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

l Two landfills (Sites 4 and 5) 

l One fire training area (Site 8) 

Table l-1 summarizes the disposal history and types of waste deposited at these sites. None of the sites 

are currently used for waste disposal. 

Although each site was investigated as part of the RI, this report focuses on on-site groundwater 

contamination in the overburden and shallow bedrock aquifers at Sites 1, 2, and 3 (Area A) and Sites 5, 

6, and 7 (Area B). These areas comprise a portion of Operable Unit 1 (OU-1), which has been defined 

as any groundwater in overburden and shallow bedrock contaminated by NAWC Warminster property. For 

NAWC Warminster, remedial actions are being implemented in phases as appropriate using OUs to 

manage problems and expedite the reduction of risks posed by the facility. 

The objectives of the RI for Areas A and B were to characterize the nature and extent of potential 

overburden and shallow bedrock groundwater contamination at these areas, to better understand the 

physical parameters affecting contaminant fate and transport, and to assess risks to human health and the 

environment. In addition, information on local hydrogeology was collected and evaluated. The main focus 

of the overall RI for NAWC Warminster to date has been to determine groundwater impacts from eight 

inactive wastes sites identified above, particularly the location and concentration of potential groundwater 

contamination by volatile organic compounds (VOCs) and metals. A more detailed description of each site 

in Areas A and B can be found in Sections 4 and 5 of this report. Data collected during the RI will be used 

to evaluate potential remedial options and to support the FS. 

-_ 
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TABLE l-l 
SUMMARY OF WASTE MANAGEMENT AND SITE OPERATIONS 

NAWC WARMINSTER, PENNSYLVANIA 

DATES OF 
OPNBATION 

TYPES OP IIASTES WFPBOD OF 
OPEPATIOH 

PoTmuTIAL -5 

1 1940 to 1955 Paints, oils, asphalt, roofing material, unspecified 
chemicals, firing range wastes 

Burn pit within an Various solvents, driers, 
eroded ravine pigments, PAW, creosote, 

phenols, asbestos, binders, lead 

a 1965 to 1970 Industrial wastewater sludges 2 disposal Biological wastes, heavy metals 
trenches 

3 1955 to 1965 Solvents, paints, roofing materials, and unspecified chemicals Burn pit Various solvents, driers, 
pigments, asbestos, binders 

4 1966 to 1970 Non-industrial solid wastes, paints, waste oils, waste metals, 7 disposal Various solvents, driers, 
construction debris, solvents, and sewage treatment sludge trenches pigments, lead, PAW, biological 

wastes, heavy metals 

5 1955 to 1970 Paints, solvents, scrap metal, and 30 drums of asphalt 6 to 8 disposal Various solvents, driers, 
trenches pigments, creosote, phenols, 

PAHS 

6 1960 to 1980 Paints, solvents, demolition wastes, waste oils, other Unknown number of Various solvents, driers, 
flammable wastes, and grease trap wastes disposal pits or pigments, lead, PAHs 

trenches 

7 1950 to 1955 Industrial wastewater sludge 2 disposal Biological wastes, heavy metals 
trenches 

8 1961 to 1988 Aviation fuel, lubricants, coolants Firefighting PAIis, PCBs 
training area 

ADAPTED FROM sMc MARTIN 1991 (TABLES l-l AND 4.3-4) 
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Additional remedial investigations are planned by the Navy to fully identify the nature and extent of 

contamination at OU-1 and for the rest of the facility. This includes studies to address the full extent of 

groundwater contamination, both on and off site, in the shallow and deep bedrock aquifers, as well as 

contamination in other media. 

NAWC Warminster is listed on the National Priorities List (NPL). The NPL includes those sites that appear 

to pose the most serious risks to public health or the environment. Two remedial investigations (Phases 

I and II) were conducted at these sites between October 1989 and August 1992. Phase I was performed 

between October 1989 and January 1991 by SMC Environmental Services Group. Phase II was performed 

between May and August 1992 by HNUS. A Technical Review Committee, which consisted of 

representatives of the Navy, the United States Environmental Protection Agency (EPA), the Pennsylvania 

Department of Environmental Resources (PA DER), 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. 

To the extent practicable, the results of both the Phase I and II Rls have been incorporated into this report. 

1.3 SITE 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. 

1.3.1 Site 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-2. The total area of NAWC Warminster is approximately 

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

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

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

The longest runway, which is currently the only active runway, is generally located along the topoglraphically 

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. The on-site wastewater treatment plant in the northwestern corner of the facility. 

R-51-2-3-7 l-5 



. . .-. 
l-6 

I i I i 

LEGEND 

’ TOPOGRAPHIC 
CONTOUR MAP 

RAILROAD 
TRACKS 

NAWC 
WARMINSTER. PA 

FIGURE l-2 

LOCATION OF EIGHT 
NAWC WASTE SITES 

ab HALLBURTON NW 
Enthmenfd Carpmotion -- 

A&+d From WC Envtonmntd 
subIce orwp. lD91 

;CALE: l’=lOOO’ DATE: 10/12/92 

061 

! 1 



NAWC Warminster has approximately 3,000 employees, and 1,000 people reside at the facility year round. 

The residents living at the facility are the nearest population center. The closest off-base home is about 

200 feet away. The facility is located on a ridge, generally oriented east-west, with elevations ranging from 

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

average three to five percent. The northern portion of the facility (about 85 percent) drains into small, 

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

Pennypack Creek. 

c 

Any hazardous substance releases from eight sites identified to date and from other unidentified sites at 

NAWC Warminster 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 recreation and 

industrial purposes. 

1.3.2 Site History 

V-9 

3 

6-P 

Commissioned in 1944, NAWC Warminster’s main mission is research, development, testing, and 

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

systems and software development. 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. 

EPA officially recognized the NAWC Warminster sites as possibly needing investigation in September 1979. 

In November 1.979, 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 these reports, prepared by JRB Associates in 1983, 

concluded that on-site contamination existed but probably was not affecting off-site water supply wells. 
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In 1985, EPA completed a PA/S1 Report. In 1986, NAWC Warminster was proposed for inclusion on the 

NPL based on a Hazard Ranking System (HRS) score greater then 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. 

From 1988 to 1991, SMC Environmental Services Group performed a comprehensive multi-stage Phase 

I RI of the eight NAWC 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, HNUS was tasked to complete RI/FS activities at the 

facility. 

1.3.3 Current Status 
-. 

To date, the NAWC Warminster sites are being addressed by the Navy in two long-term remedial phases. 

The study for the first phase began at the end of 1989 and was completed in April 1991. Phase I 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. In addition, test pits were excavated, local wells were inventoried, and a fracture- 

trace analysis was conducted. - 

Phase II began at the end of 1991 and is currently ongoing. This phase will help determine the type and 

extent of groundwater contamination, evaluate groundwater flow and add to the hydrogeologic database, 

and ascertain possible remedial alternatives. Both phases will explore the nature and extent of 

groundwater contaminants and will pinpoint the most effective strategies for cleanup. 
.- 

NAWC Warminster is scheduled for realignment under the Base Realignment and Closure (BRAC) Program 

managed by the Department of Defense. The realignment of the facility is tentatively scheduled for March 

1995; however, this timetable is still being developed. As such, the future use of the NAWC Warminster 

property had not been finalized at the time of this report. 

R-51-2-3-7 l-8 



1.4 PREVIOUS INVESTIGATIONS 
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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. Table l-2 provides a chronological list of regional response 

actions and previous investigations. 

Previous investigations have found groundwater to be contaminated with VOCs, including methylene 

chloride, toluene, trichloroethene (TCEA), 1,2-dichloroethene, chloroform, tetrachloroethylene (PCIE), 1 ,l ,l- 

trichloroethane (1 ,l ,l-TCEA), and various heavy metals (beryllium, copper, lead, nickel, zinc). Groundwater 

concentrations have exceeded the Safe Drinking Water Act Maximum Contaminant Levels (MCLs) for 

several VOCs detected. A number of off-site drinking water wells have also been affected by VOC 

contamination, although it has not been determined whether this contamination is related to waste disposal 

operations at NAWC Warminster. The soil at NAWC Warminster is also contaminated with VOCs, 

polycyclic aromatic hydrocarbons (PAHs) (e.g., chtysene and fluorene), petrochemical sludges, lead, and 

waste oils. 

Nearby residents risk potential exposure through direct contact with contaminated soil and groundwater. 

Residential wells sampled in 1984 showed the presence of some VOCs, but these were not detected when 

the wells were resampled later that year, People using the site could be exposed to contaminants through 

accidental ingestion or direct contact with soils or through inhaling contaminated air. 

Since 1979, a number of wells within Warminster Township and other nearby townships have been 

sampled for VOCs, and contamination by VOCs has made some groundwaters unsuitable for public supply. 

Between September 1979 and April 1980, five nearby municipal authorities (including NAWC Warminster) 

removed a total of 18 public wells from service due to VOC contamination, primarily TCE and PCE. VOC 

concentrations in deeper aquifers underlying NAWC Wa.rminster are within the low range of regional 

concentrations (maximum of 87,000 ppb for TCE and 26,000 ppb for PCE). TCE has been found in NAWC 

Warminster supply wells SW-1 and SW-2 at 147 and 293 ppb, respectively; PCE has been found in NAWC 

Warminster supply wells SW-5 and SW-2 at 36 and 33 ppb, respectively. Figure l-3 shows the location 

of the facility’s supply wells. 
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TABLE I-2 
HISTORY OF RESPONSE ACTIONS FOR NIiWC WARMINSTER 

DATE 

September 1, 1979 

September 1979 

October 1979 

November 1, 1979 

December 1979 

1980 

January, 1980 

February 6, 1980 

February 19, 1980 

R-51-2-3-7 

RESPONSE ACTION 

The United States Environmental Protection Agency (EPA) recognized NAWC Warminster as a site 
needing investigation because of regional groundwater contamination. 

The Warminster Municipal Authority discontinued the use of water supply wells due to, 
volatile organic compound (VOC) contamination. The Upper Southampton Authority removed 
three wells from the public water supply system because of VOC contamination. 

EPA began testing municipal, industrial, and domestic wells within the region for VOC 
contamination. The Warminster Heights Development Corporation and the Warrington Water 
Company discovered VOCs in water supply wells. 

EPA officially completed a preliminary assessment of NAWC Warminster. 

NAWC Warminster removed three water supply wells from service. The Hatboro Water Authority 
closed six supply wells. 

In response to the discovery of regional groundwater contamination, the United States 
Department of the Navy implemented the Navy Assessment and Control Installation Pollutants 
(NACIP) program. This programhas been assessing the potential for groundwater contamination 
to emanate from the NAWC facility. 

The Horsham Township Authority removed one water supply well from service. 
1 

EPA filed a "tentative disposition form" to NAWC. The form was officially sent for 
distribution on February 29, 1980. EPA uses the form to identify potential hazardous waste 
sites. The February 6 EPA tentative disposition concluded that there was insufficient 
evidence available to determine if NAWC was a contributing source for the regional 
trichloroethylene (TCE) groundwater contamination. EPA proposed that NAWC perform an 
investigation of the facility including the drilling of test borings. 

SMC Martin, subcontracted by the Navy, performed a soil boring investigation at NAWC. A 
total of eight test borings were drilled. 

l-10 
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DATE 

May 28, 1980 

December 1980 

December 4, 1980 

December 10, 1980 

April 1981 

June- 9, 1981 

t .P 

TABLE l-2 
HISTORY OF RESPONSE ACTIONS FOR NAWC WARMINSTER 

RESPONSE ACTION 

SMC Martin, under contract to the Navy, completed the report entitled Investiqation of TCE 
Concentrations in Soils at the U.S. Naval Air Development Center, Warminster, Pennsylvania. 
The report discussed the discovery of TCE contamination of soils within the vicinity of the 
NAWC wastewater treatment plant. The maximum soil contamination detected was 78 parts per 
billion (ppb). SMC Martin recommended a groundwater monitoring program adjacent to the 
sewage treatment plant. 

A series of birth defects occurred in a development southwest of NAWC Warminster and were 
reported to the Bucks County Health Department. The Health Department conducted a house-to- 
house survey of the residents in the area. The Health Department determined that the series 
of birth defects was within a normal range of statistical probability for the area. However, 
due to the confirmed reports of regional groundwater contamination and the public concern 
for the problem, the Department of the Navy continued study of the facility. 

The Navy completed the Clay/Law report entitled "Navy Shore Activity Disposal Site Fact 
Form." This document outlined waste disposal activities at each site and constituted the 
first phase of the Navy's NACIP assessment. 

SMC Martin, under contract to the Navy, completed a report entitled Investiqation of TCE 
Contamination of Groundwater at the Naval Air Development Center, Warminster, Pennsylvania. 
The report indicated that TCE contamination of groundwater was detected in a shallow well 
and in a deep well adjacent to the NAWC sludge lagoons. TCE concentration for the shallow, 
well was 130 ppb. TCE concentration for the deeper well was 7 ppb. SMC Martin suggested 
that the source of the TCE groundwater contamination may be leakage from the NAWC sludge 
lagoons. The report stated that it was unlikely lagoons were the sole source or even a 
major source of the contamination found in two nearby NAWC water supply wells. 

The Horsham Township Authority removed an additional well from the public water supply 
system. 

NAWC submitted a Hazardous Waste Site Notification Form to EPA. 
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TABLE I-2 
HISTORY OF RESPONSE ACTIONS FOR NAWC WARMINSTER 

DATE RESPONSE ACTION 

June 24, 1981 EPA filed a "US EPA Final Strategy Determination for a Potential Hazardous Waste Site" for 
NAWC. The form was officially sent for distribution. The EPA final strategy determination 
concluded that off-site contamination had not been linked to NAWC and that contamination 
off site was unlikely. It was recommended that EPA, state, local, and private parties 
should take no further action. 

December 21, 1981 JRB Associates, under contract to the Navy, completed the Hvdroqeoloqic Investiqation of 
the Naval Air Development Center Waste Disposal Sites, Warminster, Pennsylvania. Task 1 - 
Records Search, Preliminarv Site Investiqation, and Recommendations for Task 2. This report 
detailed the recorded waste disposal practices that had occurred at the facility and ranked 
each of the nine suspected problem locations with respect to their potential for 
contaminating groundwater. 

March 1, 1982 JRB Associates completed a Hvdroqeologic Investiqation of the Naval Air Development Center 
Waste Disposal Sites, Addendum to Task 1. This report investigated NAWC Sites 1, 2, and 
3 with respect to their potential for contaminating groundwater. 

August 1982 Malcolm Pirnie, under contract to the Navy, completed the Orqanic Contaminant Treatability 
Study, Naval Air Development Center, Warminster, Pennsylvania. This report recommended a 
specific treatment process for treating contaminated NAWC water supply wells. The 
recommended treatment was intended to produce potable water meeting EPA and PA DER drinking 
water standards. 

March 17, 1983 JRB Associates, under contract to the Navy, completed the Hydroqeoloqic Investiqation of 
the Naval Air Development Center Waste Disposal Sites, Warminster, Pennsvlvania. Task 2 - 
Monitorinq Well Installation, Sampling, Analysis of Samples and Groundwater Hydrology. This 
study included the installation of 14 shallow groundwater monitoring wells and the 
collection of groundwater samples from eight of the waste disposal sites. Site 9 was 
determined to be a soil stockpile area for clean, native soils. The results of the 
laboratory analysis of the NAWC groundwater samples confirmed the presence of certain VOCs. 
Generally, VOCs were found at concentrations lower than the regional norm. JRB Associates 
recommended a second confirmatory round of groundwater sampling and stated that it was 
unlikely that drinking water sources in the study area were being affected by NAWC sites. 
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DATE 

May 1984 

June 24, 1984 

June 3, 1985 

June 7, 1985 

October 10, 1985 

TABLE l-2 
HISTORY OF RESPONSE ACTIONS FOR NAWC WARMINSTER 

RESPONSE ACTION 

Walter B. Satterthwaite Associates, under contract to the Navy, completed the Final Report 
on the Groundwater Monitorinq and Hydroqeoloqic Investiqation for the Naval Air Development 
Center, Warminster, Pennsylvania. A second round of groundwater monitoring and an 
evaluation for the potential of contaminants migrating from the NAWC waste sites to the , 
groundwater were performed. Water quality data collected during the second round of . 
sampling identified volatile organic contamination consisting mostly of TCE in the NAWC 
water-table and semi-artesian zones adjacent to the centrifuge building. An off-site 
railroad grade and some off-site industrial buildings were implicated as sources for 
contamination found in NAWC water supply wells SW-l and SW-2. The report proposed a 
hydrogeologic model for the NAWC study area consisting of four different zones or conditions 
in which groundwater may migrate. It was concluded that off-site groundwater quality had 
not been significantly influenced by NAWC sites. 

PA DER outlined procedures that NAWC should follow during use of the fire training area 
(Site 8). 

The Earth Technology Corporation, under contract to the Navy, completed the Well Profile 
Studies (Wells #l and #2). The analytical results of the water quality samples collected 
from supply wells SW-l and SW-2 indicated the presence of certain volatile organic and 
base/neutral compounds in the groundwater. Concentrations of TCE were found throughout the 
aquifer system(s) penetrated by the two supply wells. No determination was made as to the 
possible source for the contamination. 

EPA completed a Preliminary Assessment and Site Inspection (PA/SI) of the facility. This 
assessment was performed for the EPA by NUS Corporation. The assessment outlined much of 
the NAWC work performed by JRB Associates and stated the importance of considering other 
possible sources (other than NAWC) for the regional groundwater contamination. 

EPA completed a National Priorities List (NPL) ranking for the waste sites at NAWC. This 
NPL ranking provided a score for NAWC with respect to environmental risk. This score was 
used by EPA to determine if NAWC should be proposed for the NPL. 
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TABLE 1-2 
HISTORY OF RESPONSE ACTIONS FOR NAWC WARMINSTER 

DATE 

December 1985 

June 1, 1986 

October 10, 1986 

October 1986 to 
February 1988 

February 1988 

RESPONSE ACTION 

The Earth Technology Corporation, under contract to the Navy, completed the Well Profile 
Studies (Wells #4 and #5). The laboratory results of the groundwater samples collected from 
supply wells SW-4 and SW-5 indicated the presence of certain volatile organic and 
base/neutral compounds. The report made recommendations on how the NAWC water supply could 
be remediated to produce potable water. 

EPA proposed that NAWC be included on the NPL. 

A representative of PA DER performed an on-site inspection of NAWC sites 1 through 9. The 
most salient PA D&R recommendation concerning NAWC was the remediation of Site 8. PA DER 
recommended the following remedial actions for this site: the residue and contaminated 
soils should be excavated and properly/legally disposed; the site should not be used in its 
present form; and lining the site should help to protect groundwater and surface water. 

The Navy evaluated the impact of SARA and reorganized/converted the NACIP program to 
the IR program. NAWC continued periodic monitoring of on-site wells. 

The Earth Technology Corporation, under contract to the Navy, completed the Supplemental 
Well Profile Study (SW-3). Water quality results indicated concentrations of VOCs and 
metals throughout the aquifer(s) tested. The report recommended remedial alternatives to 
treat the well water in order to produce potable drinking water. 

September 30, 1988 SMC Martin entered into an agreement to provide additional services for Navy at the NAWC. 
Navy Contract No. N62472-87-C-1283 called for SMC Martin to continue IRP studies of the 
eight sites at NAWC. Studies of the sites included a description of the current situation 
and the formulation of site-specific work plans. 
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TABLE l-2 
HISTORY OF RESPONSE ACTIONS FOR NAWC WARMINSTER 

DATE 

October 21, 1988 

October 1989 to 
January 1991 

April 1991 

October 1991 

June through 
September 1992 

RESPONSE ACTION 

As part of the on-going contract with the Navy, SMC Martin performed a site visit and 
observed the present condition of each site. 

SMC Environmental Services Group (formerly SMC Martin) performed a Phase I RI to investigate 
each site at NAWC Warminster. 

SMC Environmental Services Group completed a rough draft RI report for Phase I. 

HNUS entered into an agreement to complete a Phase II RI/FS for the Navy at NAWC Warminster 
under Contract No. N62472-90-D-1298. 

HNUS performed Phase II RI field activities. 
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The deep wells at NAWC Warminster have been shown to be contaminated, but these wells are not 

immediately adjacent to those portions of OU-1 discussed in this RI report. The contaminated deep wells 

are hydrologically upgradient from Areas A and B. 

1.5 REPORT ORGANIZATION 

This report presents the results and recommendations related to the following investigation tasks performed 

at NAWC Warminster during the RI: 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Local well inventory 

Fracture-trace analysis 

Electromagnetic surveys 

Soil gas surveys 

Confirmation borehole drilling 

Test pit excavations 

Monitoring well installation 

Groundwater sampling 

Aquifer testing 

Surveying 

Section 1 .O discusses the purpose, scope, and objectives of the report and provides a brief background 

summary for the NAWC Warminster sites. Section 2.0 details the field activities performed during the RI 

for Areas A and B. This section describes the objectives and methods of each investigative task conducted 

at these areas. 

Section 3.0 presents the base-wide physical characteristics based on existing literature, previous 

investigations, and recently developed information and conclusions derived from the RI. 
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Sections 4.0 and 5.0 present a summary of previous and current investigations, analytical results, and 

contaminant migration pathways, as well as a summary and recommendations for each Sites 1, 2, 3, 5, 

6, and 7. These sites have been grouped into two 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). The general areas are 

l Area A -- Sites 1, 2, and 3 (Section 4) 

l Area B -- Sites 5, 6, and 7 (Section 5) 

Each site-specific section is an analysis of the physical aspects (e.g., site features, soils, hydrology, 

hydrogeology) of those sites in the respective general area. These sections also describe the nature and 

extent of contamination discovered at each site during field investigation tasks. In addition, the site-specific 

sections summarize the routes of migration and persistence of contaminants found at each site. These two 

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

concern. 

The site-specific sections determine the potential risks posed by each general area to human health and 

the environment given the limiting factors of contaminant fate and transport. Finally, these sections 

summarize the findings of the RI and provide recommendations for further site characterization or 

remediation efforts. 

Section 6.0 discusses the results of additional groundwater investigations (including off-site well sampling), 

primarily by describing the nature and extent of contamination discovered at wells not located within Areas 

and B. In addition, this section summarizes the potential risks to human health for off-site individual points 

of exposure. 

Several appendices have been enclosed as separate volumes of the RI report; these present specific 

results of the field investigations (e.g., monitoring well logs, analytical data). (Note that some appendices 

(i.e., Appendices K and L) contain information that is not germane to this report. 

-. 

‘- 

-- 
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2.0 STUDY AREA INVESTIGATION 

d 

The work plans to study NAWC Warminster were submitted as final documents on October 9, 11989 and 

May 29, 1992, respectively. Both work plans incorporated comments received from the Technicad Review 

Committee (TRC). These plans described RI activities that were to be implemented to help identify those 

sites potentially releasing groundwater contaminants from current NAWC Warminster property. 

Field activities were performed at the facility between October 1989 and January 1991 during Phase I and 

between June and August 1992 during Phase II. Field investigation procedures pertaining to NAWC 

Warminster OU-1, specifically Areas A and B, are described in the following sections. 

d-W 

2.1 GENERAL FIELD INVESTIGATION PROCEDURES 

c-n Implementation of Phase I was divided into two stages. Stage I was conducted between November 1989 

and April 1990 and included 

l A local well inventory 

l A fracture-trace analysis 

l Electromagnetic (EM) surveys 

l Soil gas surveys 

l Confirmation borehole drilling 

l Test pit excavations 

C 

c3 

Stage II was completed after review and discussion of the Stage I data by TRC. Stage II was conducted 

between November 1990 and January 1991 and included 

l Monitoring well installation 

l Groundwater sampling 

l Monitoring well location and elevation survey 
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Phase II was conducted between June and August 1992 and included 

l Monitoring well installation 

* Groundwater sampling 

l Hydrogeologic investigations 

0 Monitoring well and soil sample location and elevation survey 

The specific methods of the RI for Areas A and B are explained.in the remainder of the section. -. 

2.1.1 Local Well Inventory 

Groundwater in much of the Warminster area is used as a source of drinking water. The objective of the 

local well inventory was to identify residential, business, and public water supply wells within 0.25 mile of 

the facility. With this information, sampling of private and/or municipal wells could be quickly completed, 

if deemed necessary by the RI program. Figure 2-1 displays the 0.25mile study area. 

-. 

The local well inventory was completed as follows: LIH 

1. Information from the following sources was reviewed to identify properties within or near the study area 

possibly having groundwater wells: 

l Warminster Municipal Authority 

l Upper Southampton Municipal Authority 

0 Northampton Municipal Authority 

. PADER 

l Pennsylvania Geological Survey 

l Bucks County Health Department 

-x 

._-. 

,..- 

.- 
This review produced a list of properties, provided as Table 2-1, suspected to have groundwater wells 

2. A door-to-door survey of the study area was completed to confirm properties with groundwater wells. 

The survey was completed as follows: 
- 
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NAME 

TABLE 2-l 
PROPERTIES SUSPECTED TO HAVE GROUNDWATER WELLS 

NAWC WARMINSTER, PENNSYLVANIA 

Lee 
Aztec Corp. 
Wagner and Sons 
McCandless, Thomas R. 
Garrano, Mrs. Frank 
Dunn, Roderick Jr. 
Bull Sr., Tom W. 
Trauter, Maryann 
Inglin, Alfred, Jr. 
Feichthalter, Nicholas 
Ehrenfeuchter, Walter 
Avayou, David J. 
Santopietro, David J. 
Hauber, Henry J. 
Hanna, Joel 
Dunleavy, Thomas F. 
Russ, Joseph 
Detwiler, David 
Heiser, Wafter 
Getzler, Nathaniel 
Greene, Joseph C. 
White, Ethel K. 
Gump, Raymond 
Mueller, William 
Keddie, Dale 
Shiminske, Robert M. 

WBvtA Well #3 

WTMA Well #2 

WTMA Well #2 (PA DER list two wells 
asWTMA#2) 

WTMA Well #26 

WTMA Well #3 

Golf Course Well 

LOCATIONS 

167 Kirk Road 
1218 Jacksonville Road 
Jacksonville Road 
1026 Jacksonville Road 
980 Jacksonville Road 
1064 Jacksonville Road 
996 Davisville Road 

1013 Davisville Road 
1023 Davisville Road 
1033 Davisville Road 
1043 Davisville Road 
1111 Davisville Road 
1121 Davisville Road 
1131 Davisville Road 
1141 Davisville Road 
1160 Davisville Road 
1174 Davisville Road 
1203 Davisville Road 
1213 Davisville Road 
1221 Davisville Road 
1228 Davisville Road 
1237 Davisville Road 
1366 Davisville Road 
1425 Davisville Road 
1436 Davisville Road 

Munro Community Park 

Reeves Lane 

,- 

^- 

Hardinan Lane - 

Thomas Drive 

Davisville Road and Elsie Drive 

North of Bristol Road 
- 
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Name 

USMA Well #4 

NMA Well #l 

USMA Well #3 

Greco, Michael 
Liebel, Lambert 
Bofinger, John 
Zelonis. Frank F. 

Dougherty, Viola 
French, Robert 
Gerow, Gilbert H. 
White, William J. 
Narisi, Lucian 
Dailey, Francis Ill 

TABLE 2-l (continued) 
PROPERTIES SUSPECTED TO HAVE GROUNDWATER WELLS 

NAWC, WARMINSTER, PENNSYLVANIA 

Locations 

Dungan and Yerkes Road 

Boxwood Road and Upland Drive 

Maple Avenue and Elsie Drive 

266 Maple Street 
266 Maple Street 
260 Maple Street 
227 Maple Street 

286 Nemoral Street 
266 Nemoral Street 
240 Nemoral Street 
210 Nemoral Street 
204 Nemoral Street 
215 Nemoral Street 

Armstrong, George 8. 
Arrington, Anna S. 
McDonald, Thomas 
Rhodeside, Glenn 
Blackway, Richard 
Watson, David 
Garner, John W. 
Pitcher, Edwin 
Krueger, James 
Yerkes, Horace W. 
Kline, Kurt 
Fries, Wayne, N. 
Stanton, Robert 
Nice, Gerald A. 

Palmer, George 
McEntire, Barney 

Troutman, Rudy 

598 Newtown Road 
594 Newtown Road 
628 Newtown Road 
620 Newtown Road 
710 Newtown Road 
740 Newtown Road 
780 Newtown Road 
715 Newtown Road 
693 Newtown Road 
685 Newtown Road 
673 Newtom Road 
655 Newtown Road 
645 Newtown Road 
366 Newtown Road 
1260 Newtown Road 
26 Gough Avenue 
90 Gough Avenue 

401 E. Street Road 
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Name 

TABLE 2-1 (continued) 
PROPERTIES SUSPECTED TO HAVE GROUNDWATER WELLS 

NAWC, WARMINSTER, PENNSYLVANIA 

Bergaver, Fred 
McKown, Mrs. Thelma 
Hut, Karl 

Porter, Stephen 8. 

Russell, Richard 
Carr, John 
Dibattista, Michael 
Niles, Joseph 

Hood, Samuel A. 
Clawges, Elmer 
Greenstreet, Charles 
Finegan, Joseph B. 
Wolf, Robert 
Haertsch, Thomas 
Smith, George 
Robers, William C. Jr. 
Kulb, Albert 
Kenkelen, Edward 

Homely, George 
Meissner, Edward 
Nomes, Mrs. Gloria 
Walter, Charles 
Tomko, Alex & Ruth 
Koelzer, Frederick Jr. 
Dershimer, John 
Jenceleski, Leon 
Neumann, Cot-a F. 
James, Robert 
Quigley, Francis 
Smith, Thomas 

Testa, Louis 
Reiss, William J. Jr. 
Schada, William 
Tata, Angelo 
Sabol, Joseph 
Patton, James Jr. 
Parabak, Stephen 
Johnston, William 

Locations 

638 Schoolhouse Lane 
680 Schoolhouse Lane 
651 Schoolhouse Lane 

891 Hostman Avenue 

1060 Davisville Road 
1094 Davisville Road 
1 lo4 Davisville Road 
1114 Davisville Road 

715 Rambler Road 
718 Rambler Road 
727 Rambler Road 
737 Rambler Road 
747 Rambler Road 
757 Rambler Road 
767 Rambler Road 
7?7 Rambler Road 
789 Rambler Road 
786 Rambler Road 

1125 Azalea Drive 
1103 Azalea Drive 
lo93 Azalea Drive 
1085 Azalea Drive 
1065 Azalea Drive 
1055 Azalea Drive 
1080 Azalea Drive 
1096 Azalea Drive 
1106 Azalea Drive 
1116 Azalea Drive 
1126 Azalea Drive 
1069 Azalea Drive 

1060 Orchid Road 
1100 Orchid Road 
1110 Orchid Road 
1130 Orchid Road 
1115 Orchid Road 
1105 Orchid Road 
1095 Orchid Road 
1063 Orchid Road 
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l Personnel visited properties listed on Table 2-1. These properties were suspected to have 

groundwater wells. 

l When possible, a questionnaire was completed during the visit. Low response rates were obtained 

on the initial day of the survey. Subsequently, a questionnaire was left at the door if nobody was 

available during the door-to-door visits. At each property where a questionnaire was left, an attempt 

was made to retrieve a completed questionnaire the next day. 

After a review of the completed questionnaires, a large aerial photograph was used to mark the probable 

locations of nearby local wells. 

2.1.2 Fracture-Trace Analysis 

A fracture-trace analysis was completed for the general study area utilizing stereoscopic aerial photographs 

taken on March 23, 1959. These photographs were the oldest stereoscopic pair available and were used 

to minimize the loss of significant surface features due to development on and off base. The objective of 

the fracture-trace analysis was to map the location of possible fractures, joints, and faults that occur in the 

bedrock underlying the site. These fracture-trace features are important because they may act as conduits 

for groundwater flow. Locating the fractures within the study area helped characterize the site grolundwater 

flow patterns and was used to refine the locations of Phase I monitoring wells. 

Fractures, joints, and faults in underlying bedrock may appear in aerial photographs as natural linear 

features upon the ground surface. Three different linear features have been named according to their 

length: fracture traces, lineaments, and joint traces. Lattman (1958, p. 569) defined a fracture trace as 

a geologic linear feature with a length of less than one mile and “lineaments” as those whose length is 

greater than one mile. Joint traces can be inches to 300 feet in length. All natural geologic linear features 

are referred to as “fracture traces” regardless of length in this report. 
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A figure was prepared using reproductions of aerial photographs for the study area with the confirmed 

fracture traces. These photographs were viewed with a stereoscope, and the linear features (i.e., the 

suspected fracture traces) were marked on an overlay. The linear features were field checked to eliminate 

man-made or other non-geologic features such as drainage ditches, unpaved roads, fences, and wildlife 

pathways. A final map, based on the field check, was also prepared. These fracture traces are shown on 

Figure 3-1, Section 3.4.1. 

2.1.3 Electromagnetic Surveys 

EM conductivity surveys were performed at all sites within Areas A and B except Site 5. These surveys 

helped delineate areas of underground anomalous conductivity. Areas of anomalous conductivity can 

indicate areas of waste burial, contaminated groundwater, and filling or other subsurface disturbance. The 

surveys also were important.in indicating where metallic objects may be buried. This information was used 

in combination with the results of the soil gas surveys to indicate possible site boundaries, orientations of 

trenches or pits, depths of burial, and areas of waste and/or contamination. 

EM surveys were conducted in two modes. The conductivity mode was used to map electrical conductivity 

anomalies possibly caused by the presence of contaminants or wastes. The “compensation mode” was 

used to map areas possibly containing large metallic objects. 

The field work was performed during Phase I using an EM31 -D Terrain Conductivity meter. The EM31-D 

works by transmitting an electromagnetic signal from the transmitting coil. This signal induces a secondary 

signal in the ground that is then measured by a receiving coil. The phase change in the signal received 

from the signal transmitted is proportional to the ground conductivity. The amplitude of the portion of the 

signal received, which is in phase with the transmitted signal, can be used to identify highly conductive 

materials, such as metal. 

Readings are relative, not absolute; therefore, all surveys utilized profile lines to establish grid systems to 

aid in establishing relative differences across the target areas. Profiles utilized maximum station spacings 

of 30 feet, and the grids consisted of intersecting profile lines. 
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Before the surveys at Area A were conducted, the EM31-D was used to test these areas folr cultural 

interferences before a full-scale survey was completed across the sites. Asphalt-paved areas near Site 

2 were not suitable for the acquisition of competent data; however, Site 1, the remainder of Site 2, and Site 

3 could be covered with reasonable success except in close proximity of fences, light posts, the wastewater 

lagoons, and other cultural objects. 

2.1.4 Soil Gas Surveys 

A soil gas survey was conducted at each site within Areas A and B during Phase I. The survey objective 

was to measure the concentrations of VOCs in soil gas around the sites, Waste reportedly handled or 

disposed at each site contained VOCs. 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 EM survey to locate Phase I confirmation soil borings and test pits. 

- 

M-9 

The soil gas survey utilized both a Photovac lOS70 portable gas chromatograph (GC) and a 

photoionization detector (PID). The GC has the capability to identify specific VOCs with a general detection 

limit in the 10 to 100 ppb range. The GC was calibrated to identify six VOCs. These six target compounds 

were acetone, benzene, TCE, PCE, toluene, and meta-xylene. These compounds were chosen based on 

a review of the materials reported to have been disposed at the sites and VOCs detected within deep 

aquifers in the study area. 

- The PID was used to protect the GC from column saturation caused by high VOC concentrations and to 

measure total VOC concentration in the soil gas. 

,- 

Equipment difficulties and unusually cold weather conditions during Phase I required modifying the soil gas 

survey method. After completing the soil gas survey near Sites 1 and 2, the GC became inoperable, 

necessitating factory repair. While the GC was being repaired, all remaining sites were screened with the 

PID only. 

,- 
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The GC repair was completed in January 1990. New readings were taken on January 5 at Sites 1 and 2. 

These results generally confirmed earlier readings. On January 17, the GC was taken to Site 6, but levels 

of VOCs were not detected by either the PID or GC. This was compared to the higher PID readings 

obtained between December 14 and 20, 1989. The equipment was rechecked and recalibrated, and new 

readings were taken at Site 6. After additional readings of non-detected were obtained, the work was 

halted, and the Navy was contacted. Causes for the difference between December 1989 and January 1990 

readings were discussed. 

Equipment failure as a cause for the difference between the December and January readings was 

discounted. The GC had recently been factory repaired and evaluated, and the January readings remained 

the same after repeated equipment checks and recalibration. Also, the PID readings remained the same 

using different PID meters. 

After further discussion, weather conditions were identified as the most likely cause for the change in site 

soil gas conditions. Unseasonably cold temperatures during the initial site screenings with the PID in 

December 1989 froze the upper six to 12 inches of top soil on all the sites. This freezing action apparently 

reduced the permeability of soils over the site and allowed a buildup of VOCs in the soil gases below the 

frost line. In January 1990, when the GC work was being performed, the weather was warmer, and the 

melting snow cover accompanied by heavy rainfall had saturated site soils. This saturation had filled all 

pore spaces of the upper layer of soils with water, displacing soil gas containing VOCs from the pore 

spaces. This change in field conditions is suspected to have created a large difference between the 

generally high PID readings in December and the lower PID and GC readings in January. 

After consulting with the Navy, the December PID readings from all sites were selected for use in locating 

confirmation boreholes and test pits. GC readings obtained for each site were used to identify specific 

compounds and as a check on the PID readings. 

A PID survey was conducted over a grid centered near either the estimated middle of each site or near 

areas where the electromagnetic survey had previously detected anomalous areas (e.g., Site 7). The 

spacing of soil gas stations for each site was determined by several factors, such as site size, terrain, and 

the presence of impenetrable surfaces such as hard-packed gravel and concrete. 
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The locations and identification numbers of all soil gas stations are given in the site-specific sections. A 

summary of the soil gas survey PID readings and GC analyses for Areas A and B are included in Appendix 

A of this report. 

2.1.5 Soil Confirmation Borinas 

p4 

Confirmation borings were completed at all sites within Areas A and B except Site 6. The borings were 

conducted to gather data about the extent, nature, and depth of contamination that was suspected to be 

located in each site. The confirmation borings provide a direct method to visually identify the above 

mentioned parameters. Volatile organic compound (VOC) concentrations were monitored during the drilling 

of each boring. The presence of VOCs were used as further confirmation of suspected contamination. 

Data from the confirmation borings were used to help determine the placement of monitoring wells around 

R--t each site. 

The locations of the confirmation borings were determined after data gathered during the soil gas and EM 

surveys were reviewed. 

S-% 

LI1 

Confirmation borings were completed at preselected locations by using a drilling rig with cleaned, 

decontaminated, hollow-stemmed 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 10 feet below ground surface, unless bedrock or some other impenetrable surface was 

encountered above 10 feet. Upon completion, all boreholes were backfilled with the cuttings and a cement 

cap was placed on each. 

P--T- 

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 flame ionization detector (FID) was used in conjunction with 

the PID when necessary. An explosimeter, commonly referred to as a triple gas meter, was used in 

conju&tion with the PID to determine if there were any hazardous gases present in the air in the immediate 

vicinity of the boring. 

Each confirmation boring was logged by a geologist. Information recorded by the geologist during the 

investigations included lithology, waste materials encountered, volatile organic concentrations, the depth 

at which waste was found, and any other pertinent observations. This information was recorded on logs 

presented in Appendix B. 
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Upon completion of the confirmation boring survey, 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. 

Near the completion of the confirmation boring survey, the locations of six additional borings were identified. 

The six borings were placed in locations where additional data were needed to better delineate areas 

containing waste material. The locations of all the confirmation borings are displayed in the site-specific 

sections. 

,--. 

- 

- 
All field data were peer reviewed and checked for accuracy upon the completion of the confirmation boring 

survey. 
.- 

2.1.6 Test Pit Excavation 

Test pits were excavated at Sites 6 and 7 within Area B. The objective of the test pits was to visually 

identify the extent and nature of waste material thought to be present at these two sites. Because the 

waste at Site 6 was unevenly distributed,‘test pits gave a better indication of the lateral extent of waste 

material than confirmation borings would have provided. 

Each test pit was completed by using a backhoe to dig a trench approximately three feet wide. The length 

of each pit ranged from 30 to 110 feet. The target depth of each pit was approximately 10 feet or until 

bedrock or groundwater was encountered. 

- 

-- 

A PID was utilized at each test pit to detect any VOCs that may have been present. An FID was used in 

conjunction with the PID at Site 7 test pits. An explosimeter was used in conjunction with the PID to 

determine if there were any hazardous gases present in the air in the immediate vicinity of the test pit. 

Each test pit was logged by a geologist. Information recorded by the geologist during the investigations 

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. The locations of all test pits are displayed in the site-specific sections. 
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2.1.7 Monitorina Well Drilling and Installation 

P-t 

The objective of the RI groundwater monitoring wells was to better define the nature and extent of potential 

groundwater contamination at the facility. The monitoring network, consisting of new and existing wells, 

was used to obtain additional information on the hydrologic characteristics of the overburden and shallow 

bedrock aquifers and the potential role of the subsurface flow system in transporting contaminants from the 

facility. Data gathered from the groundwater sampling activities were used during the risk asseswment to 

identify sites requiring remediation or further study. A summary of monitoring wells installed at NAWC 

Warminster within OU-1 during previous investigations and during Phase I and II is shown in Table 2-2. 

Construction specifications for new wells installed during the RI, and for previous wells, are included in 

Appendix D. 

o-* 2.1.7.1 Phase I RI 

A total of 11 shallow bedrock and two overburden wells were installed at sites within Areas A and1 B during - 

- 

Phase I to augment the existing monitoring well network. Wells were designated with a DG- or EIG- prefix 

followed by the well number. The new wells were placed upgradient (i.e., background or BG) and 

downgradient (DG) from each site based on the known hydrogeologic characteristics. The locations and 

objectives of the Phase I monitoring wells along with the surveyed locations of wells installed during 

previous investigations are presented in the site-specific sections of this report. 

Water generated during drilling and well development was containerized and transported to thle NAWC 

Warminster wastewater treatment plant if contamination was discovered either visually or by the FID/PID. 

6” 

All cuttings were containerized in 55gallon metal drums and were left next to the well head from which the 

cuttings were produced. All well cuttings were screened with an FID or a PID. Cuttings from two wells, 

DG-20 and DG-23, were found to contain volatile organic vapors. 

h During drilling operations, a geologist kept a descriptive log of each well using a drilling log sheet. These 

logs are included in Appendix B. 
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TABLE 2-2 
SUMMARY OF MONITORING WELL INSTALLATION 

NAWC WARMINSTER, OPERABLE UNIT 1 
-- 

Installation 

Note: Overburden wells range in depth from approximately 7 to 19 feet. Shallow bedrock wells range in 
depth from approximately 22 to 100 feet. Deep bedrock well SMCd installed at Areas A during 
previous investigations is not included in this table. 

-, 

- 

- 

-- 
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Shallow bedrock monitoring wells were drilled prior to overburden wells at each site so that depth to 

bedrock and water-table elevation could be measured. If site access conditions permitted, the wells were 

installed in a general sequence starting with the upgradient wells and finishing with the downgradient wells. 

The shallow bedrock wells were drilled using an air rotary drilling rig. The borehole was advanced into 

competent bedrock, at which time a six-inch-diameter, threaded, flush joint Schedule 40 PVC casing was 

set into the borehole. Figure 2-2 displays the construction specifications for the shallow bedrock wells. 

This PVC casing was set so as to protrude one to two feet above the land surface. A two-foot-thick 

bentonite seal was added to the bottom of the annulus surrounding the PVC casing. A bentonite-cement 

grout was then pumped into the annulus from the top of the bentonite seal to approximately two feet below 

ground surface. This grout was allowed to set overnight before drilling continued. When drilling resumed, 

a drill bit was then advanced through the casing to drill an open borehole until a confining water-bearing 

zone was encountered. The open borehole construction maximizes the number of fractures or water- 

producing zones encountered, thereby increasing the probability of intercepting contaminant migration 

pathways through the fractured rock. A protective steel outer casing fitted with a locking well cap was set 

into the cement collar. Upon completion, a depth to water measurement was obtained from each well. 

Following well completion, the pH borehole was blown with pressurized air to remove cuttings and sediment 

from the well water. The wells were developed for one hour or until the well water appeared free of 

sediment. Measurements of pH, Eh, temperature, and conductivity were taken at the beginning, middle, 

and end of development. The well yield was estimated and recorded during well development. 

The overburden wells were drilled utilizing hollow-stemmed auger equipment. The overburden well 

borehole was drilled to auger refusal, which was used as an indicator of competent bedrock. Figure 2-3 

displays the construction specifications for the overburden wells. Five-foot lengths of four-inch-diameter 

PVC well screen with appropriate slot size and bottom cap were set to screen the entire saturated zone 

exposed by the borehole. Four-inch-diameter, threaded, flush joint, Schedule 40 PVC casing was attached 

to the well screen. The PVC casing was set to protrude one to two feet above ground surface., A ‘sand 

pack was placed in the annulus surrounding the well screen to a height of two feet above the top of the 

screen. A two-foot-thick bentonite seal was placed above the top of the sand pack. Cement-bentonite 

grout was pumped into the annular space from the top of the bentonite seal to approximately two feet 

below ground surface. A six-inch-diameter protective steel casing with locking cap was set into the cement 

collar. 

R-51 -2-3-7 2-15 



I;ROUND SURFACE -. I 

8 in. dia. STEEL CASING 

NOMINAL 10 mn. da. r 
BOREHOLE I 

6 ,n. da. PVC CASING 

TOP OF COMPETENT -\~ 
BEDROCK \ 

///////i//i/ 

CEMENT / BENTONITE 
GRGUT +- 

NOMINAL 6 ,n dia. GFEN 
BEDROCK BOREHOLE 

TOTAL DEPTH .i i 

1 

LOCKING CAP F 

\, 
‘JATER T:GHT CAP - , c 6 in.. oopr-ox. i\‘ 

1 
t t 

2 ft.. approx 

k: 

f 

.‘ 
. 

P. 

t : 
2 Ft.. opprox I 

---i i 

OVERBURDEN 

t //////I / ‘( i 7- 

BEDROCK 

i 

(NOT TO SCALE) 

FIGURE 2-z 

SHALLOW BEDROCK MONITORING WELL 

CONSTRUCTION DIAGRAM 

NAWC WARMINSTER 

-_ 

-- 

,-.. 

-- 

-.. 

- 

tiiEkHALLIBURTON NUS --. WIIW \qr~ Environmental Corporation 
s.. 

2-16 



LOCKING CAP 

GROU 

CEMENT COLLA 

6 4”. cm. STEEL CASING 

4 i-t. dia. PVC CASING 

OVERBURDEN 

BENTONITE 
PELLET SE 

SAND PACK 

BEDROCK REFUSAL TOTAL DEPTH 

(NOT TO SCALE) 

OVERBURDEN MONITORING WELL 

CONSTRUCTION DIAGRAM 

NAWC WARMINSTER 

FIGURE 2-3 

fib HALLIBURTON NUS 
m1WH \lry Environmental Corporation 

2-17 



During the drilling of each overburden well, the soil was continuously sampled using a split-spoon sampling 

device. The physical characteristics of each lithologic sample were described and recorded based on visual 

observations. These logs are included in Appendix B. All split-spoon samples were screened for volatile 

organics using a PID and/or FID. No volatile organic vapors were detected in any of the split-spoon 

samples taken during the drilling of the overburden wells. 

Following well completion, each overburden well was developed using a submersible pump. The wells 

were pumped for one hour or until the water appeared clear of sediment. .Measurements of pH, 

temperature, and conductivity were taken at the beginning, middle, and end of development. 

2.1.7.2 Phase II RI 

Five shallow bedrock and five overburden wells were installed within Areas A and B during Phase II to 

augment the existing monitoring well network. These wells were designated with an MW- prefix followed 

by the well number. The objectives and rationale behind the placement of the new wells are discussed as 

part of the individual study area investigations. 

-. 

-- 

- 

-, 

A continuous lithologic visual description of the materials encountered during drilling was maintained in 

borehole logs. Boring logs are included in Appendix B. Drilling equipment and monitoring well material 

were decontaminated by steam cleaning. A PID was used to monitor for the presence of VOCs during 

drilling. 

Cuttings generated during drilling were spread evenly around the borehole. Water produced during drilling 

and well development was discharged to the ground surface and allowed to infiltrate a short distance from 

the borehole. Drill cuttings and water were to be collected, containerized, and staged in a secure area if 

visually observed to be contaminated or if PID/FID readings indicated contamination. None of the cuttings 

or water were determined to be contaminated by these criieria. 
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Shallow bedrock monitoring wells were drilled prior to overburden wells so that depth to bedrock and water- 

table elevations could be determined. The wells were installed in a general sequence starting from 

upgradient locations and moving to downgradient locations to minimize the potential for cross-contamination 

during drilling. The shallow bedrock wells were drilled using air percussion methods. Figure 2-2! displays 

the specifications for shallow bedrock wells.. A nominal lo-inch-diameter borehole was advanced a 

minimum of five feet into competent bedrock at which time a six-inchdiameter, threaded, fllush joint 

Schedule 40 PVC casing was set. The depth at which competent bedrock was reached was determined 

based on changes in the drilling rate and characteristics and on the composition and hardness of the drill 

cuttings. The PVC casing extends about two feet above the ground surface. At least two feet of bentonite 

seal was added to the bottom of the annulus surrounding the PVC casing. 

Next, a bentonite-cement grout was pumped into the annulus from the top of the bentonite seal1 to about 

two feet below ground surface. The grout was allowed to set overnight before drilling continued. The 

cement/benonite grout mixture was 94 pounds of Portland Type I cement, three to five pounds of granular 

bentonite, and five to seven gallons of potable water. When drilling continued, a drill bit was advanced 

through the casing to drill a nominal six-inch-diameter open borehole to total depth. 

Upon reaching total depth, the borehole was developed with air until all cuttings were removed, and a 

protective steel outer casing with locking cap was set into a cement collar. 

Overburden wells were drilled and installed using hollow-stem augering equipment. A nominal eight-inch- 

diameter borehole was drilled to auger refusal, which was used to indicate competent bedroclk at each 

overburden well location. During overburden drilling, the material was continuously sampled using split 

spoons. The physical characteristics of the samples were described and recorded based on visual 

observations and were screened for VOCs using PID/FID equipment. Boring logs are included in Appendix 

B. Figure 2-3 displays the specifications for overburden wells. Five-foot lengths of four-inch-diameter PVC 

well screen with 0.020-inch slot size and bottom cap screen the entire saturated zone. Four-inch-diameter, 

threaded, flush joint Schedule 40 PVC casing is attached to the screen. The PVC casing extends from the 

well screen to about two feet above the ground surface. 
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A sand pack of appropriate grade was placed in the annulus surrounding the well screen to about two feet 

above the top of the screen, Above this sand pack is a two-foot bentonite seal. Bentonite-cement grout 

was pumped into the annulus from the top of the bentonite seal to the point where the concrete collar was 

constructed (about two feet below ground surface). The cemenVbentonite grout mixture is the same as 

that used for the shallow bedrock wells. A six-inch-diameter protective steel casing with locking cap was 

set into the cement collar. 

Following completion, all newly installed wells of sufficient yield or water storage were developed by 

pumping. During development, temperature, pH, and specific conductance were measured initially and for 

each well volume removed. Development continued until three consecutive temperature, pH, and 

conductivity measurements did not vary by more than 10 percent, or for a maximum of three hours. 

2.1.8 Groundwater Sampling 

Groundwater samples were collected from new and existing monitoring wells within Areas A and B and 

were analyzed for a comprehensive set of parameters during the RI. Analytical parameters are discussed 

in Section 2.3. 

A total of 24 wells within Areas A and B were sampled during Phase I of the RI. Of these, 13 were new 

wells and 11 were existing wells. Existing well BG-1, upgradient from Area B, was dry and could not be 

sampled. The locations of all wells included‘in the sampling program are shown in the site-specific sections 

of this report. 

A total of 33 wells within Areas A and B were sampled during Phase II. Of these, eight were new wells 

and 25 were existing wells. Four wells within Areas A and B were not sampled during Phase II: wells 

BG-1,‘ MW-08, and MW-10 were dry at the time of sampling and well BG-3 could not be located because 

the indicated location was paved over. The locations of all wells included in the sampling program are 

shown in the site-specific sections of this report. 
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During Phase I, either a submersible or centrifugal pump system was used to purge monitoring wells prior 

to sample collection. After decontamination, the submersible pump or suction hose was lowered down the 

well and operated to purge three well volumes or to pump the well completely dry. The pump or hose was 

then pulled from the hole and the well was allowed to recover. After a significant amount of groundwater 

had recharged in the well (typically 70 to 80 percent or more of the original static water level), a dedicated 

PVC bailer was lowered into the well to collect the sample. The groundwater was then transferred with a 

minimum amount of agitation from the bailer into sample bottles provided by the laboratory. Bottles for 

VOC analysis were filled first, followed by other bottles. 

Field measurements of temperature, pH, and specific conductivity were obtained on all groundwater 

samples during purging and after sampling. Once the sample collection and groundwater characterization 

procedures were finished at a particular well, all samples from that well were placed into a cooler containing 

ice. Information such as sample identification, date and time of collection, analysis parameters, and 

number and type of sample bottles used was noted on chain-of-custody records. 

During Phase II, either submersible pumps, centrifugal pumps, or stainless-steel bailers were used to purge 

monitoring wells prior to sampling. Low-volume and low-yield wells were typically purged by hand bailing, 

higher yielding overburden wells were frequently purged using centrifugal pumps, and the deeper wells with 

larger water volumes were usually purged using submersible pumps. Off-site wells were purged by 

opening the tap at the sampling point and allowing the water to run for five to 10 minutes. Monitoring wells 

were purged until three well volumes were removed or until the well was purged completely dry. After a 

sufficient amount of groundwater had recharged in the well, a stainless-steel bailer was lowered into the 

well to collect the sample. The groundwater was then transferred with a minimum of agitation into sample 

bottles provided by the laboratory. Bottles for VOC analyses were filled first, followed by the remaining 

sample bottles. 

Field measurements of temperature, pH, and specific conductivity were obtained for all groundwater 

samples, wherever possible, during purging and after sampling. Field measurements of dissolved oxygen 

content were then taken for selected groundwater samples after sampling. Groundwater samples were 

preserved in coolers containing ice following sampling. Sample logsheets including sample identification, 

date and time of collection, field measurements, purge data, analysis parameters, and other pertinent 

information were completed for each sample. 
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2.1.9 Soil and Geololqic lnvestigyations 

-- 

-  

-  

- -  

Site-specific information on soil types was obtained from cuttings produced during the drilling of 

confirmation borings and overburden wells and from visual observation of soils within test pits during Phase 

I. Site-specific information on soil types was obtained from split spoon samples during subsurface soil 

sampling and the drilling of overburden wells during Phase II. Detailed descriptions of the soil types 

encountered during Phases I and II are included in Appendices B and C. 

Site-specific information on bedrock lithologies was obtained from cuttings produced during air rotary drilling 

of the Phase I RI shallow bedrock wells and from cuttings produced during air percussion drilling of the 

Phase II RI shallow bedrock wells. 

During Phase I, the bedrock lithologies encountered during drilling of the shallow bedrock wells were 

correlated to develop geological cross-sections of each site. The geological cross-sections represent a 

summary of the bedrock lithologies encountered at each site. These cross-sections were constructed by 

first drawing on to a site map a section line running perpendicular to the suspected strike of the bedrock 

bedding. Rima’s (1962) value of N46E was used as the strike direction. Then, the locations of wells were 

transferred to the section line. The lithologies encountered were then transferred to the cross-section 

based on the well log diagrams prepared during the completion of each well. This method of cross-section 

construction assumes lateral continuity of lithologies across each site. 

2.1 .lO Hydroueologic Investigations 

Included in the discussions on hydrogeology at each site are site water-table maps, vertical groundwater 

gradients groundwater travel times, the estimated yields of the monitoring wells, and flow rates for the 

surface water bodies near NAWC Warminster. The methods used to determine each of these parameters 

are briefly discussed below. 

Site water-table maps were produced by obtaining depth-to-water measurements from each well during 

Phase II and subtracting this value from each well’s surveyed elevation. This produced a value for the 

‘static water elevation in units of feet above mean sea level for all overburden and shallow bedrock wells. 

These data were then contoured to produce overburden and shallow bedrock water-table maps for each 

site. From these maps, hydraulic gradients can be determined and groundwater flow directions can be 

inferred. Well casing elevations, measured depths to groundwater, and groundwater elevations for both 

phases of the RI are included in Appendix E of this report. 

- .  

_ I .  

-  
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-  
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- 
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Vertical groundwater gradients were established by comparing the static water elevation for each nested 

well couplet during the Phase I and/or Phase II RI investigations. A nested well couplet consists of an 

overburden and bedrock well placed adjacent to one another. These gradients are used to estimate the 

vertical direction of groundwater movement between the overburden and bedrock aquifers. 

Groundwater travel times were calculated during Phase I using the formula: 

-, 

I 
where: i = horizontal groundwater gradient 

“1 
k = hydraulic conductivity (from Satterthwaite, 1984) 

n = percent porosity (from Todd, 1980 and Satterthwaite, 1984) 

p”! The horizontal groundwater gradient is the change in groundwater elevation divided by the distance over 

which the change is measured perpendicular to the groundwater elevation contours (i.e., in the inferred 

c7 direction of groundwater flow). 

“1 

F-i 

The value for the hydraulic conductivii was taken from a study of the hydrologic conditions at NAWC 

Warminster conducted by Satterthwaite in 1984. These values were 0.1 ft./day for overburden material and 

1.5 ft./day in the bedrock. 

The values for porosity were taken from Groundwater Hvdrologv (Todd, 1980), which listed average values 

for the predominant type of material present in the overburden and bedrock. These values were 46 percent 

for the silty overburden and 41 percent for fine- to medium-grained sandstone. Satterthwaite’s (1984) value 

for porosity (15 percent) for both the overburden and shallow bedrock was also used in a separate set of 

calculations. When compared, the values determined using Satterthwaite’s and Todd’s porosity figures 

provide a maximum and minimum estimate of groundwater velocities. The calculations of groundwater 

velocities are included in Appendix F of this report. 

II Groundwater travel times were calculated during Phase II using the same formula as described above. 

The horizontal groundwater gradient was determined from the Phase II groundwater elevation maps. The 

gradients chosen for travel time calculations were those considered to be most representative for the 

individual sites. 
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Values for the hydraulic conductivity were obtained from slug tests performed in several Phase II monitoring 

wells within Areas A and B. The average of the calculated hydraulic conductivity values for a given aquifer 

at each site was used to calculate travel times. For aquifers and sites where slug tests were not 

performed, the hydraulic conductivity values of Satterthwaite were used. 

The values of porosity for the shallow bedrock aquifer were taken from Geoloov and Hvdrologv of the 

Stockton Formation in Southeastern Pennsvlvania (Rima, et al., 1962). This reference lists laboratory 

determination of porosity from undisturbed samples of the various lithofacies of the Stockton Formation. 

The porosity values used range from a low of about 10 percent, the average value for sitstone, to a high 

of about 25 percent for medium-grained sandstone. Lower porosity values were listed for some of the 

coarse- to very coarse-grained arkosic sandstones and conglomerates; however, this lithology is relatively 

uncommon at NAWC. Groundwater travel times calculated using porosity values of 10 percent and 25 

percent provide maximum and minimum estimates of groundwater velocity for the shallow bedrock aquifer. 

The values of porosity for the overburden were the same as those used fn the Phase I RI calculations. 

Groundwater travel times calculated using porosity values of 15 percent (Satterthwaite, 1984) and 46 

percent (Todd, 1980) provide maximum and minimum estimates of groundwater velocity for the overburden 

aquifer. The calculations of groundwater velocities are included in Appendix F. 

The yields of the newly installed wells during Phase I and II were determined by estimating the amount of 

water produced during well drilling and development and by observing the rate of recharge during well 

sampling. 

More detailed hydrogeologic investigations during the Phase II RI work included three stages. Stage I 

consisted of performing slug tests on new monitoring wells and step-drawdown tests on two wells within 

Area A. Stage II included a two-week water level study of 11 wells within Area A to determine the 

background interference and rate of natural recharge to the overburden and shallow bedrock aquifers 

(hydrogeologic zones). Stage III consisted of an aquifer pumping test near Area A. A more detailed 

discussion of the hydrogeologic investigation and the interpretation of the results are included in Section 

4.4.3. I 

-- 

.-- 

-. 

- 

-. 
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- 

- 

-. 

- 
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During Stage I, the hydraulic conductivity of the overburden and bedrock aquifers was determined through 

rising and falling head slug tests. The falling head slug tests were performed by quickly insetting a slug 

of known volume into the tested well, which displaced an equivalent volume of water and raised the water 

level in the well. The rate of recovery back to static conditions was measured and recorded using a 10 psi 

pressure transducer and computerized data logger. 

c-* 

For the rising head tests, the slug was then quickly removed, resulting in a drop in the water level within 

the well. .Once again, the rate of recovery back to static conditions was measured and recorded. Due to 

volume losses within a well sand pack, those wells with partially penetrating screens could only be tested 

using the rising head method. Slug test results and calculations are included in Appendix G to this report. 

Upon completion of the slug tests, step-drawdown tests were performed in two wells within Area A. The 

step-drawdown tests consisted of pumping the wells for one to two hours at successively higher rates and 

measuring the amount of drawdown for each pumping rate. In addition, nearby wells installed at similar 

and different depths were also measured for drawdown to help predict hydraulic interconnection between 

the hydrogeologic zones. The resulting data were used to predict drawdown versus time for various 

PT 
pumping rates and to determine the optimum pumping rate and well to be used for the pumping test. The 

optimum rate should provide maximum drawdown, while not exceeding the recharge characteristics of the 

shallow bedrock hydrogeologic zone. 

During Stage III of the hydrogeologic investigation, a large-capacity pump test was performed to predict 

P--l the 

l Rate of groundwater migration 

l Radius of the cone of influence 

l Effect of pumping withdrawals on existing wells I 

l Degree of interconnection between hydrogeologic zones 

l Characterization of aquifer performance (i.e., transmissivity and storage coefficient) 

Pump test waters were discharged at the ground surface at a sufficient distance from the pumping and 

observation wells so as to not cause incidental recharge to the aquifer. 

R-51-2-3-7 2-25 



Based on step-drawdown tests, the optimum pumping rate selected for the pumping test was 4.0 gallons 

per minute (gpm) and was be performed on Well E. Before the test was performed, static water-level 

measurements were recorded for the pumping well and for all observation wells. During the test, rates of 

drawdown and full recovery were measured in the pumping well and all observation wells. Groundwater 

levels in at least nine observation wells were measured and recorded using pressure transducers and 

computerized data loggers. Other wells were measured using an electronic water level indicator (M-scope) 

and manually recorded in the field. Data and calculations for the pumping tests are included in 

Appendix H. 

- 

- 

- 

Continuous obse’ivation of the pumping well was performed to maintain a continuous pumping rate and to 

ensure that the natural well yield can sustain the 4.0 gpm pumping rate. The nine-hour duration of the 

pumping test was determined in the field based on the observed aquifer response. 
.-. 

Data generated by the test were documented on the appropriate data sheets according to HNUS Standard 

Operating Procedure (SOP) GH-2.4. Periodically, water-level measurements were manually recorded in 

the observation wells in which transducers were installed. This eliminated the potential loss of data caused 

if a data logger malfunctions. In addition, the drawdown in the pumping well and nearby observation wells 

_ 

- 
was plotted during the test to determine the current aquifer response characteristics. At a minimum, the 

following information was collected where appropriate for the pumping and observation wells during the 

pumping test: - 

l Well number/depth/screened or cased depth/inside diameter 

l Static water level 

l Drawdown and recovery data 

l Duration of pumping and recovery test 

0 Pumping volume 

l Distance from pumping well 

- 

-- 

- 

- 

- 
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2.1.11 Documentation 

All samples were collected in approved sample containers provided by the laboratory (RMC Environmental 

Services during Phase I; Ceimic, Incorporated during Phase II). Immediately upon collection, each sample 

was sealed in the appropriate bottle, labeled, and placed on ice in an insulated container. All samples were 

forwarded to RMC or Ceimic under approved EPA procedures for chain of custody and sample Ihandling. 

c* Copies of the chain-of-custody forms for all samples are included in Appendix I. 

2.2 SURVEYING - 

- 

Surveying was conducted as part of the RI in order to determine the exact location and elevation of the 

newly installed monitoring wells. The locations of several existing wells were also surveyed to obtain 

additional groundwater elevation reference points and because site visits revealed that the actual locations 

of many of the existing wells were different from their positions indicated on facility maps. The well 

elevations and locations were used in the construction of groundwater contour maps, which are presented 

- in the site-specific sections of this report. 

/ 

P-7 

To determine the location of Phase II monitoring wells, 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. 

F 

During, Phase I, it was discovered that many of the benchmarks denoted on the Survey Map were poorly 

described and that property corner monuments with elevations were often missing or disturbed. The survey 

crew used the best identified benchmark to orient each level run. In the runs involving Area A, the crew 

CI 

““c 

began at one benchmark, attempted to close on another (i.e., the intermediate bench mark), and then 

closed back on the original. The closures on the intermediate benchmarks varied from 0.14 to 0.72 feet. 

The closures back to the starting point varied from 0.01 to 0.04 feet. The level run for Area B began and 

ended on the same benchmark and closed by 0.02 feet. 

During Phase II, the locations of all new monitoring wells, existing unsurveyed wells, and soil sample 

locations were surveyed for elevation and horizontal coordinates. The surveys also included two Phase 

I wells in each study area to ensure datum consistency between the Phase I and II survey results. 
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The Phase II horizontal and vertical survey locations of all points 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. 

Although the elevations of wells in the various study areas relative to other study areas and the base as 

a whole are not definite because of the benchmark problems, the relative elevations of wells within each 

site are of a high order of accuracy. 

All well casing elevations are included in Appendix E, and survey data for Phase II are found in Appendix 

J to this report. 

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, 3rd Edition. Groundwater samples were analyzed for Target 

Compound List (TCL) volatile organic compounds, TCL semivolatile organic compounds, TCL 

pesticides/PCBs, and Target Analyte List (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. The complete analytical database for the validated groundwater data is presented in 

Appendix K to this report. 

For Phase II, a subcontracted NEESA-approved laboratory analyzed groundwater samples collected at 

NAWC Warminster for TCL volatile and semivolatile organics, pesticides and PCBs, TAL inorganics, 

cyanide, and a variety of physical-chemical parameters (e.g., hardness, alkalinity, total suspended solids, 

chlorides, grain size). The analytical methods selected for these analyses are presented in Table 2-3. 

Data packages were submitted under NEESA Level D requirements. 

Background samples were collected during the RI, and representative groundwater background 

concentrations or levels are discussed in Section 4.5. 

Section 2.5 summarizes the number of samples collected during both phases of the RI and provides 

information regarding the laboratory analyses performed on these samples. 

-  

-  

-^ 
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TABLE 2-3 
SUMMARY OF ANALYTICAL PARAMETERS 

PHASE II RI 

MEDIA ANALYSIS METHOD CRQUCRDL 

Groundwater Low concentration volatile ofganics CLP sow 6/w 1 to 5 ugil 

Hardness EPA 130.2 10 mg/l 

Alkalinity (as CaCO$ EPA 310.1 1 mgA 

Total organic carbon EPA 415.1 

Total dissolved solids EPA 160.1 

5 mgA 

10 rn@ 

Total suspended solids 

Biochemical oxygen demand (B-Day) 

EPA 160.2 

SM 52108 

4wJ 

1 mgA 

NH,-nitrogen (ammonia) 

Sulfates 

EPA 350.2; titration 

EPA 375.4 

0.1 mgA 

1 mgA 

Chlorides EPA 325.2 2 mgA 

NOJNO,-nitrogen EPA 353.3 0.01 mgA 

Chemical oxygen demand EPA 410.2 5 mgA 
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2.3.2 Data Validation 
- 

- 
The data validation process serves three basic functions: 

l An independent quality assurance check for accuracy of laboratory results. 

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

data. 

r-” 

__ 

- 
l Through the use of data qualifiers, it lends interpretive guidance as to the limitations of the data. 

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

to applicable and relevant quality control criteria, including 
- 

l EPA’s National Functional Guidelines for Evaluating Laboratory Analyses 

l Method-specific quality control criteria 

l Navy-specified technical guidelines 

l HNUS data validation formats and standard operating procedures 

- 

- 

Organic data were evaluated based on 

. 

. 

. 

. 

. 

. 

. 

. 

l 

. 

. 

Data completeness 

Holding times 

GC/MS tuning and mass calibration (when applicable) 

Initial and continuing calibrations 

Laboratory blank analyses 

Field blank analyses (when applicable) 

Internal standards performance 

Surrogate spike recoveries 

Matrii spike/matrix spike duplicate results 

Field duplicate precision (when applicable) 

Compound detection limits 

I .  

- 

- 

-. 
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l Compound identification 

l Compound quantitation 

l Tentatively Identified Compound (TIC) evaluation (when applicable) 

Inorganic data were evaluated on the basis of 

. 

. 
I 

. 

. 

F-* 
. 

. 

. 

. 

. 
c3 

. 

. 

. 

Data completeness 

Holding times 

Initial and continuing calibrations 

Contract Required Detection Limit (CRDL) standard analyses 

Laboratory and field blank analyses (when applicable) 

Matrix spike results 

Laboratory control sample results and duplicate analyses 

Field duplicate precision (when applicable) 

ICP interference check sample results 

ICP serial dilution analyses 

Furnace atomic absorption results 

Analyte detection limits 

R 
l Analyte quantitation 

Data validation reports were generated from these results and conclusions drawn from the validation 

process described above. The narrative portions of these reports are contained in Appendix K. The 

specific format of the data validation report varies with the applicable protocol, but all reports address the 

following: 

? 
I 

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

the data and limits of data usability. 

9 l Presentation of the qualified analytical results. 

l A validation worksheet and/or support documentation section depicting the problem areas and 

noncompliances addressed in the data validation memoranda and supporting the validation actions 

taken. 
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As a result of the data validation process, qualifiers are added to some analytical data. Data qualifiers 

provide an identifiable flag that inform the data user of potential problems with respect to data usability. 

The data qualifiers applied to analytical data for all sites at NAWC Warminster are specific to EPA Region 

III and include the following: 

. B Reported result considered nondetected due to the presence of this compoundlanalyte 

in associated laboratory method and/or field QC blanks (Blank contamination actions 

are described in detail in data validation reports, Appendix L. 

. UL Reported quanititation/detection limit biased low. 

* UJ Reported quanititationldetection limit estimated. Biased unable to be determined. 

. L Reported positive result biased low. 

. K Repotted positive result biased high. 

. J Reported positive result estimated. Bias unable to be determined. 

- 

- 

- 

- 

- 

. R Result considered unusable and rejected. 

The use of qualified analytical data (save rejected data) is considered acceptable and appropriate for risk 

assessment and other end uses of data. 

2.4 QUALITY ASSURANCE/QUALITY CONTROL SAMPLES 

All analytical data collected for both phases of the RI were validated. The purpose of this section is to 

provide an overview of the field and laboratory CAIQC samples associated with the data. 

2.4.1 Field QA/QC 

The Phase I samples were analyzed under NEESA Level C QA/QC criieria, and Phase II samples were 

analyzed under Level D. NEESA requirements for field CVVQC samples are as follows: 

.-. 

-.. 

-. 

- 

- 

- 
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QA/QC TYPE 

Field Duplicate 

Rinsate Blank 

Field Blank 

Trip Blank 

NEESA REQUIREMENTS (Level C/Level D) 

One duplicate in 10 samples per sample matrix. 

One sample of the final rinse during decontamination of sampling equipment 
per day. Initially, samples from every other day are analyzed. If analytes 
pertinent to the project are found in the rinsate, the remaining samples are 
analyzed. 

One sample per decontamination water source. 

One sample of analyte-free water per day, for each shipment of samples for 
volatile organic analysis. 

Field QAlQC samples for both phases of the RI consisted of the following: 

QA/QC TYPE PHASE I 

Field Duplicates 8 

Rinsate Blanks 9. 

Field Blanks 4 

1 

PHASE II 

11 

12 

8 

Trip Blanks 9 12 

Toluene and l,l,l-TCEA were the only contaminants detected in the trip blanks for Phase I. A total of 

eight volatile organics, two semivolatile organics, and 12 inorganic compounds were detected as 

contaminants in the field and rinsate blanks for this phase. 

For Phase II, organic contamination in the field quality control blanks was limited to acetone (detected in 

trip and rinsate blanks), methylene chloride (detected in rinsate blanks), and toluene (found in the field 

blanks). Various concentrations of metals and miscellaneous parameters were also detected in the field 

and rinsate blanks. 

Affected sample results are considered to be false positives due to blank contamination if the concentration 

of the compound is less than or equal to action levels of 10 times (10X) the amount in any blank for the 

common laboratory contaminants (acetone, methylene chloride, 2-butanone, and phthalates) or five times 

(5X) the amount for other compounds. 
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2.4.2 Laboratory QA/QC 

Several organic and inorganic chemicals were detected as contaminants in the laboratory method blanks 

for both phases of the RI, resulting in the qualification of associated sample data. Qualified sample data 

are considered to be false positive results (i.e., nondetects). The reader is referred to the “Minor Problems” 

sections of all organic/inorganic data validation report narratives found in Appendix L. 

Some severe calibration problems were evident for P-butanone, acetone, and 4,4’-DDT. Associated sample 

data were considered to be unreliable and were rejected on this basis. See the “Major Problems” section 

of the organic data validation narratives for Phase I and the following Phase II SDGs: WMW05, WMW17, 

and WMW41. 

Various matrix spike samples exhibited extremely poor recovery for several organic compounds, antimony, 

mercury, selenium, and thallium. The associated sample data were considered to be unreliable and were 

rejected for this reason. The reader is referred to the “Major Problems” section of the organic data 

validation narratives for Phase I and the SDGs for Phase II [WMW31 (TCLP)] and the inorganic narratives 

for Phase II SDGs (WMW31, WMW41, and MW41). 

Many other problems were evident with the analysis of several QA/QC samples such as calibration 

standards, internal standards, laboratory duplicates, laboratory method blanks (i.e., negative blank 

concentrations), matrix spikes, laboratory control samples, ICP interference check samples, and ICP serial 

dilutions. The quality of the associated data is not believed to be significantly affected due to these 

problems; therefore, the associated sample data were either estimated or assigned a directional bias. 

2.5 SAMPLE COLLECTION AND ANALYTICAL TESTING PROGRAM 

This section summarizes the number of groundwater samples collected during both phases of the RI and 

provides information regarding the types of laboratory analyses performed on these samples. During 

Phase I, 24 groundwater samples were collected; Phase II involved taking 37 groundwater samples. These 

numbers do not reflect field QA/QC samples and laboratory QAIQC samples such as matrix spikes and 

matrix spike duplicates. 

- 

-. 

- 

- 

- 

- 
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-. 

- 

Table 2-4 summarizes the number of groundwater samples taken during the RI for Areas A and B. 
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TABLE 2-4 
GROUNDWATER ANALYTICAL TESTING SUMMARY 

NAWC WARMINSTER, PENNSYLVANIA 

I PARAMETER 1 SITES 1,2, AND 3 1 SITES 5,6, AND 7 11 

PHASE I PHASE II PHASE I PHASE II 

Total Samples’ 12 23 12 14 

Target Compound List (TCL) Volatile Organics’ 12 23 12 14 

TCL Semivolatile Organics 12 3 12 1 

TCL PCBs/Pesticides 0 3 0 1 

Target Analyte List (TAL) Metals - Total; Cyanide3 12 23 12 14 

TAL Metals - Filtered 0 23 0 14 

’ Number of samples does not include QA/QC samples. 

* Low-concentration TCL volatile organic analyses for Phase II groundwater samples. 

3 Samples were not analyzed for cyanide during Phase I. 
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3.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA 

Several environmental studies concerned with the NAWC Warminster sites have been completed1 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 dluring the 

course of the RI. Section 3.0 provides information related to physical characteristics that are considered 

to be consistent throughout the facility. The physical characteristics of Areas A and B lare discussed in 

Sections 4.0 and 5.0, respectively. 

3.1 METEOROLOGY 

L31 

Pg 

t- 

cI* 

- 

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

76°F (24.4%) in July and 32’F (0%) in January. The average daily temperature for the NAWC location 

is 53.3 “F (11.8%). Precipitation averages 42.5 inches per year (106.25 cm per year), and snow fall 

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 being 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 on the north and the Southampton Creek basin on the south. The northern 65 

percent of the facility (including Area A) 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 (Iincluding 

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 floodplains. 
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Much of the natural drainage pattern has been altered by development, and drainage within developed 

areas of the NAWC Warminster property is controlled primarily through constructed drainage systems. A 

significant portion of precipitation runoff is directed by surface grading and paving to constructed ditches, 

culverts, and storm sewers. Several of the tributaries of Little Neshaminy and Southampton Creeks 

originate at, or near, the outfall points of these culverts adjacent to the facility boundary. Springs and seeps 

contributing to surface water flow have been reported or observed near the facility boundary in the vicinity 

of Areas A and B (JRB Associates, 1981 and SMC Martin, 1991). An underground tile drainage system 

was used to drain the eastern portion of the facility when it was farmed in the 1940s (JRB Associates, 

1981). The present conditions of the tile drains and their influence on surface or near-surface drainage 

are unknown. 

The location of NAWC Warminster represents a relative topographic high based on the U.S.G.S. 

quadrangle for the vicinity (Hatboro, Pennsylvania quadrangle, 1966). The crest of a local hilltop trends 

from west to east within the facility and is roughly coincident with the location of the main runway. Surface 

topography within the facility slopes away from the main runway to the north, west, and south, precluding 

surface water flow onto the facility from surrounding properties. Slopes range from nearly level to eight 

percent and average from three to five percent. Surface elevations range from a high of approximately 380 

feet mean sea level (MSL) near the eastern end of the main runway to a low of approximately 300 feet 

where a small stream exits the northwestern part of the facility. 

NAWC Warminster lies in a populated suburban area surrounded by private homes and various 

commercial/industrial activities. The complex covers approximately 734 acres located in the township of 

Warminster, Pennsylvania, Bucks County. On-site areas include various buildings and other complexes 

connected by paved roadways, the runway and ramp area, mowed fields, and a small wooded area. Off- 

site areas consist of wooded, park, and residential areas and commerciaVindustrial facilities. 

3.3 SOILS 

-- 

..- 

,- 

According to the Soil Survey of Bucks and Philadelphia Counties, Pennsvlvania (United States Department 

of Agriculture, Soil Conservation Service, 1975), Areas A and B at NAWC Warminster are underlain by four 

major soil types. These are Urban land and soils of the Duncannon, Lawrenceville, and Doylestown Series 

(see Table 3-l). 
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TABLE 3-l 
9 NAWC WARMINSTER SOILS 

Area 

A 

B 

Mapped Soil Series 

Urban land - Lansdale complex, O-8% slopes 

Lawrenceville silt loom, 0 to 3% slopes 
Lawrenceville silt loom, 3 to 8% slopes 
Duncannon silt loom, 3 to 8% slopes 
Doylestown, silt loom, 0 to 3% slopes 

+S=+ 

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 oriiginal soil 

material has been disturbed, filled over, or otherwise altered prior to construction. As a consequence of 

these activities, the soil and foundation materials may be highly variable. The Urban land type within the 

facility is classified as Urban land Lansdale complex, zero to eight percent slopes. It consists of 

approximately 60 percent urban land, 36 percent Lansdale soils, and five percent other soils. Also included 

are some areas of various types, of fill material. This complex has good drainage and is nearly level to 

gently sloping. 

Duncannon soils are deep, well drained, and nearly level to gently sloping. They occur on the upper 

elevations of low-relief upland areas and formed in silty winddeposited sediment overlying shale and 

sandstone bedrock. The soils consist primarily of brown, yellowish-brown, dark brown, and dark reddish- 

brown silt loam and shaly silt loam. These soils have moderate permeability ranging from 4.4 x II o-4 to 1.4 

x 109 cmlsec. The depth to bedrock and the seasonal high water table are each typically greater than four 

feet below the surface. 

Lawrenceville soils are deep, moderately well drained, and nearly level to gently sloping. They occur on 

the middle and lower elevations of low relief upland areas and formed in silty wind blown deposits underlain 

mainly by material weathered from shale and sandstone. The soils consist primarily of dark brown, 

yellowish-brown, and brown silt loam with some sandy loam in the substratum. These soils have 

moderately slow permeability ranging from 1.4 x 1 Od crn/sec to 4.4 x 1 O4 cmlsec. The depth to bedrock 

is typically from four to eight feet below the surface, and the seasonal high water table may be within 18 

to 36 inches of the surface in wet seasons. 
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Doylestown soils are deep, poorly drained, and nearly level to gently sloping. They occur at the bases of 

slopes and in depressions and formed in silty wind-blown deposits overlying loamy material weathered from 

shale and sandstone. The soils consist primarily of grayish-brown and dark grayish-brown to brown and 

dark brown silt loam and silty clay loam that is firm, dense, and brittle at places within the subsoil. These 

soils have slow permeability of less than 1.4 x 1 OA crn/sec. The depth to bedrock is typically four to seven 

feet below the surface, and a seasonal high water table is at or near the surface in wet seasons. 

3.4 REGIONAL GEOLOGY 

NAWC Warminster is located in the Piedmont Physiographic Province, 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 two miles south of the facility. The Stockton Formation is conformably overlain by 

the shale- and argillite-rich Lockatong Formation, also of late Triassic age, which crops out approximately 

2.5 miles north of the facility. 

The beds of the Stockton Formation strike to the northeast and dip from seven to 16 degrees northwest 

in the vicinity of NAWC Warminster. The average dip of the beds is 12 degrees to the northwest. Based 

on outcrop width and an average dip of 12 degrees, the Stockton Formation is estimated to be 

approximately 2,200 feet thick beneath NAWC Warminster. The Stockton Formation is extensively faulted 

and is cut by a well-developed joint or fracture system. A more detailed discussion of bedding, fracture, 

and joint orientation within the Stockton Formation in the immediate vicinity of the facility is contained in 

Section 3.4.1 of this report, 

The Stockton Formation is composed of fine- to coarse-grained arkosic sandstone and conglomerate 

inter-bedded 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 inter-bedded, 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). 

- 

.- 

- 

.- 
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The Stockton Formation is divided into lower arkose, middle arkose, and upper shale members. Detailed 

geologic mapping of these three members is not available within Bucks County where NAWC Warminster 

is located. However, projections from geologic maps one mile west of the facility in Montgomery County 

indicate that the facility is underlain by the middle arkose member of the Stockton Formation (Rima, et al., 

1962). 

The middle arkose member of the Stockton Formation consists of beds of fine- and medium-grained arkosic 

sandstone with interbedded red shale, siltstone, and very fine red sandstone. Also contained within this 

member are a few beds of coarse-grained arkose. The arkosic sandstones are usually pale brown to pale 

red, gray, and pale orange. Beds of shale and siltstone are more common in the upper portion of this 

member, and coarser grained units are more common in the lower portion. Many of the beds are weakly 

cemented and well sorted, accounting for relatively high porosity compared to the upper shale and lower 

arkose members of the Stockton Formation (Rima, et al., 1962). The thickness of the middle arkose 

member of the Stockton Formation at NAWC Warminster is unknown but is estimated to be approximately 

500 feet near the southeastern boundary of the facility, increasing to between 1,500 and 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 crop out approximately 2,000 feet or more southeast of the facility. The lower arkose member is 

dominated by coarse-grained arkosic sandstone and conglomerate. Beds of medium-grained arkosic 

sandstone are common, although less abundant than coarser grained units. The lower arkose member 

is estimated to be approximately 1,700 to 1,800 feet thick near NAWC Warminster (Rima, et al., 1962). 

The upper shale member of the Stockton Formation is generally not present in the vicinity of NAWC 

Warminster but overlies the middle arkose member several miles northwest of the facility. The upper shale 

member consists of shale, siltstone, and fine-grained arkosic sandstone. In general, grain size decreases 

upward within this member, with beds of fine-grained sandstone most common in the lower portions. 

A layer of saprolite (extensively weathered bedrock) commonly underlies the area soils and overlies the 

unweathered shale, siltstone, or sandstone bedrock of the Stockton Formation. The saprolite usually 

occurs at an approximate depth of four to 10 feet and was found to be between eight and 25 feet thick 

during previous well installation at NAWC Warminster (JRB Associates, 1983). 
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3.4.1 Fracture-Trace Analysis 

A map showing the approximate locations of fracture traces in the NAWC Warminster area is provided as 

Figure 3-1. The majority of the fracture traces shown on this map are those of the Phase I analysis; 

however, a few fracture traces from an analysis by Satterthwaite (1984) have also been shown. 

Construction and reworking of the surface soil within the NAWC boundary have obscured the geologic 

linear features to a large degree. Despite this reworking of soil, some of the adjacent fracture traces were 

traceable onto the facility itself. Agricultural fields visible on the aerial photograph of the general study area 

used for the analysis show clear fracture traces. 

Table 3-2 shows the approximate length and orientation of the fracture traces identified during the Phase I 

analysis. Fracture-trace lengths ranged from approximately 160 to 2,880 feet in length. Fracture-trace 

orientations were plotted on a circular diagram to determine the primary orientations. The primary fracture 

trace orientations were N39”E, N84”E, N53”W, and N8W. 

The fracture traces identified during Phase I may be compared to structural bedrock features found during 

previous regional studies in the area. According to an authoritative study of the geology and hydrogeology 

of the Stockton Formation by Rima, et al. (1962) the Stockton beds generally dip to the northwest in Bucks 

and eastern Montgomery Counties, where NAWC Warminster is located. Strike and dip of the bedding 

were measured about one mile southwest of the facility for Rima’s study. This strike was about N46”E and 

the dip was 10 degrees in the northwest direction. Strike is defined as the direction taken by a structural 

surface (e.g., a bedding plane) as it intersects the horizontal. Dip is the angle that a planar feature makes 

with the horizontal. 

In a study conducted by Satterthwaite (1984) at NAWC Warminster, the bedding underlying the facility 

approximately 1,000 feet southwest of Area A was calculated to dip seven degrees to the north. This 

estimate was based on the geologic logs made from three wells (MP-1,2, and 3) installed by Satterthwaite. 

- .  
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TABLE 3-2 
PHASE I FRACTURE TRACE ANALYSIS 
NAWC, WARMINSTER, PENNSYLVANIA 

SOUTH OF BRISTOL ROAD 

- 
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TABLE 3-2 (cont’d) 
PHASE I FRACTURE TRACE-ANALYSIS 
NAWC, WARMINSTER, PENNSYLVANIA 

I”- 

/ 

SOUTH OF BRISTOL ROAD 
= 

Length / Orientation Location 
(feet) (Degrees East from North) 

1800 N 83”E South of Bristol and Kirk Roads - 

1640 N 84”E South of Bristol and Kirk Roads - 

500 N 90”E South of Bristol and Kirk Roads - 

1040 N 24’W South of Bristol and Kirk Roads - 

560 N 9”W South of Bristol and Kirk Roads - 
350 N 39”W Site 4 Area - 
460 N 57OW Site 4 Area - 
600 N 20°W Site 8 - 
680 N #“E Officer Housing Area at Jacksonville and 

Kirk Park - 
960 N 74”E Officer Housing Area at Jacksonville and 

Kirk Park - 
400 N O”W Site 2 - 
200 N 3S0E Site 1 

- 
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TABLE 3-2 (cont’d) 
PHASE l FRACTURE TRACE-ANALYSIS 
NAWC, WARMINSTER, PENNSYLVANIA 

NORTH OF BRISTOL ROAD 

Orientation 
(Degrees East from 

North) 

Location 

1260 N so=‘E North of Bristol Road 

400 N 3”E North of Bristol Road 

800 N 85”E North of Bristol Road 
II I I II 

860 N 90”E North of Bristol Road 

920 N 54OW North of Bristol Road 

600 N 52”W North of Bristol Road 

II 620 N 80°E North of Bristol Road 
II 

1180 N 85”E North of Bristol Road 

380 N 49OE North of Bristol Road 

280 N 39”E North of Briitol Road 

900 N 47OW North of Bristol Road 

1000 N 75OE North of Bristol Road 

1000 N 83”E North of Bristol Road 

400 N 54”W North of Bristol Road 

400 N 54”W North of Bristol Road 

640 N SOW North of Bristol Road 

1000 N 34”E North of Bristol Road 

800 N 39”E North of Bristol Road 

900 N 76”E North of Bristol Road 

1040 N 56”E North of Bristol Road 

800 N 50”E North of Bristol Road 

^- 

- 

- 
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Joint sets (i.e., fractures within the formation noticeable while on foot and not necessarily on air plhotos) of the 

Stockton Formation occurred in a discernible pattern. According to Rima, et al. (1962) the most frequently 

occurring joint sets trend perpendicular and parallel to the strike of the bedding. Another commonly occurring joint 

set trends northwestward at an angle of about 50 degrees to strike. Assuming that the strike and dip of the 

bedding beneath the facility are N46”E, 10 degrees as measured a mile away, then the expected primary fracture 

orientations found by Rima would be about N46’E, N44”W, and N4”W. These joint set orientations generally match 

the fracture-trace orientations of N39’E, N53W, and N8”W. 

3 

Satterthwaite’s fracture-trace analysis of NAWC Warminster found the most commonly occurring fracture sets were 

oriented approximately N77”W and N4”W. During the RI, fracture-trace analysis of found fracture sets oriented 

at N84”E and N8”W, which closely match Satterthwaite’s orientations. Two additional fracture sets at N39’E and 

N53”W were measured during the Phase I RI. 

3.5 REGIONAL HYDROGEOLOGY 

I-- 

- 

3 

The major groundwater production aquifer in the vicinity of NAWC Warminster consists of the fractured bedrock 

of the Stockton Formation. The middle arkose member of the Stockton Formation is considered to be the most 

productive bedrock aquifer in Bucks County. These rocks form a multiaquifer system of relatively discrete water- 

bearing zones separated by thicker, less permeable zones. Transmissivity and groundwater movement within 

water-bearing zones are greater parallel to bedding than across bedding. Vertical or nearly vertical fractures 

cutting across bedding and the weathering of various beds are expected to permit varying degrees of leakage 

between the main water-bearing zones, particularly near the surface. Groundwater in the Stockton Formation 

occurs locally under both confined and unconfined conditions. 

Within water-bearing zones in the fine- and medium-grained sandstone of the Stockton Formation, groundwater 

is transmitted through primary intergranular porosity, as well as along fractures, joints, and bedding planes 
- 

- 

1-4 

(secondary porosity). The shale and siltstone beds are commonly too fine grained to transmit large amounts of 

groundwater through primary porosity, and fractures and joints are typically not well developed in these fine-grained 

beds. Consequently, the shale and siftstone beds often act as confining layers to groundwater. Fracture 

permeability is generally better developed in the sandstone layers compared to the shale and siltstone layers of 

the formation. This, along with greater primary permeability, allows’the sandstone layers to function as the most 

productive water-bearing units of the Stockton Formation. 
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The regional hydrogeology for the Stockton Formation in the NAWC Warminster area is that of a complex multi- 

aquifer system. The individual water-bearing zones of the Stockton Formation may belong to either of three 

different aquifer-types based on their storage coefficients, leakage factors, and spatial relationships. In descending 

order, these aquifer types include 

__ 

-. 

l Overburden aquifer 

l Shallow bedrock aquifer 

l Deeper bedrock aquifer 

These aquifer types are not interpreted to necessarily represent physically distinct units but to represent transitional 

zones that occur within the individual water-bearing units encountered at increasing depths. 

- 

The overburden aquifers consist of soil and saprolite (weathered bedrock) derived from erosion of the truncated 

edges of the inclined bedrock layers. They extend to depths of 15 to 35 feet with an average depth of 20 feet. 

JRB Associates (1983) concluded that groundwater flow is primarily lateral through the overburden aquifers; 

however, Satterthwaite (1984) felt that flow within these aquifers is primarily vertical. The overburden controls the 

rate at which water percolates to the water table. In areas of high permeability, rainfall will percolate to the water 

table within hours of a precipitation event. In areas of low permeability, a week or more may be required for 

precipitation to fully percolate, and a perched water table may be created within the overburden aquifers. In either 

case, the Satterthwaite study concluded that vertical percolation is much more important than lateral migration 

within the overburden aquifers. 

The shallow bedrock aquifers underlie the overburden aquifers and may extend to depths of between 75 and 100 

feet below the ground surface. The shallow bedrock aquifers are recharged by vertical percolation from the 

overburden aquifers and are the primary reservoir for groundwater storage in the Stockton Formation. The shallow 

bedrock aquifers are generally under water-table conditions and occur within the unweathered and weathered 

shallow bedrock. The shallow bedrock aquifers occurring under water-table conditions may consist of numerous 

discrete water-bearing zones. The hydraulic characteristics of the shallow aquifers are primarily controlled by the 

physical properties of the bedrock. Horizontal groundwater migration in response to regional gradients (controlled 

by topography or long-term well pumping) is probably significant in the shallow bedrock aquifers. 

-^ 
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The deeper bedrock aquifers underlie the shallow bedrock aquifers and usually occur at depths greater than 75 

to 100 feet below the ground surface. These aquifers do not have any significant ability to store groundwater, and 

water within them occurs under semi-confined or confined conditions. Pumping water from the deeper aquifers 

W-9 

induces leakage from the shallow bedrock aquifers. This is the manner in which water stored in the water table 

provides recharge to the deeper portions of the Stockton Formation. 

b--l 

- 

- 

The transition in the water-bearing zones from unconfined to confined conditions varies between particular areas 

and occurs at different depths within bedrock. Leakage of water from the shallow bedrock aquifers to deeper 

bedrock aquifers also varies with location and depth. 

Additional information can be found in several hydrologic investigations, and more detailed discussions of these 

results can be found in reports prepared by JRB Associates, 1983; Earth Technology, 1985; and 1988; and SMC 

Martin, 1991. 

In general, the Stockton Formation behaves as a complex multiple aquifer system with low-permeability beds within 

the deeper bedrock acting as confining layers for highly permeable beds. However, bedrock fractures may occur 

in both the confining layers and highly permeable beds. Most deep wells in the Stockton Formation penetrate 

several major water-bearing zones and, if allowed to remain open through these zones, are multi-aquifer wells. 

The individual water-bearing zones of a given well generally have different hydraulic properties <and different 

hydraulic heads. Therefore, the hydraulic head of a multi-aquifer well is a composite head of all the water-bearing 

zones in which it is completed. In unused supply wells and monitoring wells that are completed in more than one 

major water-bearing zone, groundwater is free to flow from water-bearing zones of higher hydraulic head to those 

of lower hydraulic head. These conditions have been documented by U.S.G.S. studies using geophysical logs and 

brine trace logs for numerous deep wells both within and in the vicinity of NAWC Warminster (Sloto, et al., 1992; 

Sloto, 1992). 

3.6 GROUNDWATER USE 

ICI. 

Nearby residents rely primarily on groundwater sources for their water supply. The majority of these people are 

served by municipal water authorities, and the remainder utilize private domestic or commercial wel!ls. The main 

NAWC Warminster supply system obtains water from three deep wells located at the facility. Some local municipal 

water authorities supplement their groundwater withdrawals with water from the Philadelphia Suburban Water 

Company. 
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Within the immediate vicinity of NAWC Warminster (less than one mile) are supply wells for 

l Warminster Municipal Authority 

l Upper Southampton Municipal Authority 

l Warminster Heights Development Corporation 

l Other commercial facilities 

Municipal supply wells and other wells in the area pump several hundred million gallons of groundwater per year, 

mainly from the deeper bedrock aquifers of the Stockton Formation. Several public and commercial water-supply 

wells near NAWC Warminster have encountered significant levels of VOC groundwater contamination (Slot0 and 

Davis, 1983). 

- 

-i 

-“. 

I - .  

-- 

3.6.1 Local Well Inventory 

Three types of wells were confirmed to exist within or near the local well inventory study area surrounding NAWC 

Warminster. These three types were residential, commercial, and municipal wells. Figure 3-2 displays the location 

of each residential, commercial, and municipal well that was confirmed to exist by the inventory. Figure 3-2 also 

shows the locations of the NAWC Warminster supply wells. 

The largest concentrations of residential wells are in the housing developments west of Davisville Road and east 

of NAWC Warminster. Responses to the door-to-door confirmation survey represent 56 percent of the total number 

of properties suspected to have wells. The door-to-door residential survey response has been summarized in 

Table 3-3. Table 3-4 presents the address of each confirmed residential well and other available well information. 

The eight municipal wells and three commercial wells that were confirmed during the course of the well inventory 

are listed in Table 3-5. None of the municipal water supply wells were within 0.25 mile of the base, but several 

are near the 0.25-mile boundary. The three commercial wells are operated by Aztec Corporation, Wagner & Sons, 

and a local golf course. 

As listed on Tables 3-4 and 3-5, three residential wells and three commercial or municipal wells reportedly have 

VOC contamination. One of the three residential wells found to contain contamination filters the water prior to use. 

Whether the other two wells have filter systems in place is unknown. Municipal wells that have been found to 

contain volatile organic concentrations have been outfitted with appropriate treatment systems. Measures taken 

at the commercial wells (Aztec and Wagner & Sons) reportedly found to contain VOCs are unknown. 

“I_L 

- 

-. 

- 

. ..- 

Additional information regarding several local wells was obtained during sampling of selected off-site wells during 

Phase II. 
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TABLE 3-3 
RESIDENTIAL DOOR-TO-DOOR WELL INVENTORY RESPONSES 

NAWC, WARMINSTER, PENNSYLVANIA 

Street Number of Properties Number of Responses to Number of Properties 
Reported to have Wells Door-to-Survey with Confirmed Wells 

Maple Street 4 1 1 

Newtown Road 15 9 9 

Memoral Street 6 4 4 

Jacksonville Road 4 4 4 

Kirk Road 1 1 1 

Rambler Road 10 8 8 

Hostman Avenue 1 0 0 

Schoolhouse Lane 3 2 2 

East Street Road 1 0 0 

Gough Avenue 2 0 0 

Azalea Road 12 11 10 

Orchid Road 8 6 5 

Davisville Road 24 5 0 

Note: All residents contacted on Davisville Road said that none of the houses on Davisville Road had wells. 

- I - .  

- 

- 
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TABLE 3-4 
CON~IRMBD RESIDENTIAL WELLS 
NAWC bi3LL "NSiEbJT~RY RESULTS 

DECEMBER 1-7, 1989 

Lee lb? Kirk Rd. 

HcKecvic 1280 Neutoun Rd. 
Caner 780 Ncutoun Rd. 
Pitcher 715 Neutoun Rd. 
Kline 673 Neutoun Rd. 
Fries 652 Neutoun Rd. 
Stenton 654 Neutoun Rd. 
McDonald 628 Neutoun Rd. 
Frederick 620 Neutoun Rd. 
Armstrong 598 Neutoun Rd. 
litbel 256 Haplc St. 
Dougherty 286 Wemoral St. 
Gerou 240 Nemorat St. 
Dailey 215 Nemoral St. 
Narisi 204 Nemoral St. 
SCUI I ion 1218 Jacksonville Rd. 
DlUlll 1054 JacksonviLla Rd. 
McCandl es 1026 Jacksonvflle Rd. 
Garrano 980 Jecksonvllle Rd. 
HOOd 715 Ra&ler Rd. 
Clauges 718 Ra&Ler Rd. 
Grecnstre 727 RembIer Rd. 

130' 

1:;: 

: 
30' 

4L 

l& 

: 

: 
7 

90'7 

-Go* 
7 

4' 
7 

1964 6" Domest k sub. 7 

1955 
1960 

1950'0 
7 

: 
-1890 

1800's 
1939 

1950'S 
7 

1 
1920's 
1940'S 

19:8 
7 

19:9 
7 

6" 
8" 

7 
7 

4u 

: 

: 
7 

8" 

: 
7 
7 
7 

4" 
6" 

7 
7 
7 

DomestLc 
Dannest Ic 
Domestic 
Domestic 
No Drink 

%zIE 
Doinestlc 
Dmestfc 
Domestic 
Domestic 
Danestic 
Dunest ic 
Dcmest tc 
Domestic 

KZIS 
Dmestic 

7 
Domestic 
Domestic 

Sub. 

: 
7 

Cent. 
Cent. 
Sub. 
Cent. 

7 
7 

Cent. 
7 
7 
1 
t 
7 

Cent. 
Cent. 

: 
Cent. 

-60' 
,100' 

7 
7 

: 
40' 

: 

: 

: 
7 

: 
-95' 

: 

: 

d 

7 

4;: 

: 

: 
7 

: 

-1:o, 
7 
7 
7 
7 

-9:' 
15' 

7 

: 

7 WE reportedly in well, 
(10 ppm), drinking water 
reportedly filtered 

7 
RflhbP 

: 
7 
7 
7 
7 
7 
7 

Carson 

: Green statns from uater 
7 Green stafns from uater 
7 

: 

: 
7 
1 
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TABLE 3-4 - CONTINUED 

DEPTH 
UEl.1 DATE CASING TYPE PLRIP ' OF CASING 

NANE ADDRESS DEPTH DRILLED DIAMETER OF USE TYPE INlAKE DEP7H DRllLER OUNER COHMNTS 
_________-_---___.__------------.----...--------------------------.-.----.----------------------------------.----------------------- 

Finegan 737 Res&ler Rd. 
Haertsch 157 Rambler Rd. 
Smith 767 RasMer Rd. 
Roberts 777 RasMcr Rd. 
Kulb 789 Rambler Rd. 
WcKown 680 Schoolhouse Le. 
Huf 651 Schoolhouse La. 
auigley 1126 Azalea Dr. 
HOPlY 1125 Azalea Dr. 
JSflWS 1116 Azalea Dr. 
NeunaM 1106 Azalea Dr. 
Weissner 1103 Arilea Dr. 
Jencelesk 1096 Azalea Dr. 
NUWS 1093 Azalea Dr. 
Ualker 1085 Azalea Dr. 
Dcrohimer 1080 Azalea Dr. 
Smith 1069 Azalea Dr. 

rata 1130 Orchid Rd. 
Sabol 1115 Orchid Rd. 
Scheda 1110 orchld Rd. 
Psrabak 1095 orchid Rd. 
Johnston 1063 Orchid Rd. 

70' 
7 

1'0:: 
‘.lOO' 

80' 

1::: 
85-90' 
60-80' 

,I& 
92' 

7 

70%' 
-115' 

Total Confirmed Residential Uells = 44 

1960 
1950's 

i;;: 
1959 
1959 
1963 
1953 

:;:i 

19:7 
1962 

1954-5 

6 

19:5 

: 
1954 

Domestic 
bmestlc 
No Drink 
Dolnest ic 
No Drink 
Domestic 
Domestic 
Domestic 

;",:::z 
Domestic 
Doewtic 
Domestic 
Domestic 
Domestic 

xtz% 

Domestic 

32% 
7 

Domestic 

SUh. 
Cent. 
SUb. 
Cent. 
Cent. 
Sub. 
Cent. 
Cent. 
Sub. 

1 
7 

Sub. 
Sub. 

1 
Cent. 
Cent. 
Cent. 

Cent. 
Cent. 

7 
Cent. 
Sub. 

70' 
7 

31 

: 

10~' 
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TABLE 3-!i 
m 

CONFIRMED MUNICIPAL AND COMMERCIAL WELLS 
WELL INkNTORY RESULTS 

DECEMl3ER 4-7, 1989 

NAWC WARMINSTER, PA 

Within 1\4 Hile 
Area From Base 

Aztec Corp./ 
Jacksonville Road 

Wagner & Sons/ 
Jacksonville Road 

WTMA Well #I3 
WTMA Well #2 
WMA Well #26 
WTMA Well #12 
NHA Well #l 
USMA Well #4 
1145 Charter Well 
Golf Course Well 
USMA #3 

Yes 

Yes 

No .6 miles 
No .3 miles 
No .3 miles 
No .45 miles 
No .4 miles 
No .75 miles 
No .3 miles 
No .4 miles 
No .75 miles 

Approximate 
Distance From 
Border of Base 

Commercial 

Commercial 

Munic ipai 
Hunicipal 
Nunfcipal 
Municipal 
Municipal 
Municipal 
Munfcipal 
Commercial 
Hunicipal 

Reported Water-Oualitv Info, 

TCE- None Detected, PCE- 1.0 
parts per billion (ppb) 
TCE- 465 ppb, PCE- 8.7 ppb 

No Stripper 
No Stripper 
Has Stripper 
No Stripper 
No Stripper 
-_-a-. 
---a- 

----- 
----- 

Total- 11 

----- denotes information not available 
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The Wagner & Sons property actually contains two wells. An older, lower yielding well supplies water to the basic 

plumbing facilities of the plant such as sinks, wash basins, toilets, etc. No treatment of water from this well was 

reported, and the extent to which this water is used for drinking is unknown. A newer, higher yielding well supplies 

water for the production process of the facility. Water from this well is reported to undergo carbon filtration and 

ultraviolet light treatment prior to any use. No production or construction details were available for either well, 

except the production well is at least 200 feet deep. 

The Warminster Township Municipal Authority (WTMA) Well No. 26 (WTMA-26) is reported to pump continuously 

for 24 hours per day, seven days per week at a rate of approximately 250 to 255 gpm. All water produced is 

treated through an air stripper unit. Available well records indicate that WTMA-26 is 250 feet deep with lo-inch- 

diameter casing to a depth of 70 feet. The reported specific capacity is 8.8 gpm per foot of drawdown at a 

pumping rate 420 gpm (Slot0 and Davis, 1983). 

An additional residential well was identified north-northwest of Site 8. This well serves the residence of Carl Lewis, 

20 Kirk Road. Water from this well is reportedly untreated. The construction details of the well are not known. 

Eleven supply wells are located on the NAWC Warminster facility (Figure 3-2). The construction details and well 

status of these supply wells are summarized in Appendix D of the Phase I. Water for the NAWC Warminster main 

supply system is currently withdrawn from Wells 3, 4, and 10. Wells 1 and 2 are used only for the facility’s 

Warminster fire protection system. Well 6 is not in use because the building it serves is no longer used. Well 7 

is not in use because Quarters A now obtains water from the main supply system. Both wells 6 and 7 could used 

if necessary. Well 8 supplies water to Quarters B, and Well 9 supplies water to one or two remote buildings and 

a few workers. Well 5 is permanently out of service, and Well 11 is used by the Bucks County Planning 

Commission and U.S.G.S; for continuous water-level monitoring. 

-  

I_ 

- .  

I ,  

-- 

-. 

- 

3.7 ECOLOGY 

Openland, woodland, and wetland habitats are all found within or near the facility. These include mowed fields 

and lawns, nonforested overgrown land, wooded areas, forested wetlands, scrub/shrub wetlands, and streams and 

. their adjacent riparian areas. 

According to the Master Plan for Naval Air Development Center, Warminster, Pennsylvania, 4985, there are no 

permanent threatened or endangered species on or near the facility; however, some transient species do traverse 

the area. This same plan states that no areas have been designated as wetlands on the NAWC Warminster 

property according to Corps of Engineers criieria. 
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Mourning doves, pheasants, and various songbirds such as sparrows, red-winged black birds, gold finches, 

cardinals, blue jays, and robins are present throughout NAWC Warminster. Canada geese and ducks have been 

observed in the streams south of Area B and north of Area A. Snakes, leopard frogs, and muskrat have also been 

observed in or near the stream north of this area. Snails, earthworms, amphipods, and larval insects have also 

been observed. Small fish or minnows tentatively identified as creek chubs are present in each of the streams 

from which surface water and sediment samples were obtained. White-tailed deer, groundhogs, rabbits, and 

squirrels are common throughout the facility. Raccoon tracks have been observed in several adjacent streams. 
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4.0 SITES 1, 2, AND 3 (AREA A) 

F-7 

4.1 SITE HISTORY AND DESCRIPTION 

Site 1 (Waste Burn Pit No. l), Site 2 (Sludge Disposal Pit), and Site 3 (Waste Burn Pit No. 3) have been combined 

into one general study area (Area A) for purposes of this report. Figure 4-1 shows the location of elach site. All 

sites are within the fenced NAWC Warminster perimeter and are found in the northwestern corner of the facility 

bordering an industrial/commercial area. The inferred groundwater flow direction, surface water flow, and runoff 

m-9 are to the north for all sites within this area. 

4.1.1 Waste Burn Pit No. 1 - Site 1 

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

adjacent to the wastewater treatment plant (Figure 4-l). The site is within 1,000 feet of an off-site food processing 

facility (Wagner & Sons) and within 300 feet of an unnamed tributary that flows to Little Neshaminy Creek. 

Site 1 reportedly was operated as a burn pit within an eroded ravine from 1940 to 1955. Various wastes such as 

paints, oils, asphalt, roofing material, solvents, scrap metals, and unspecified chemicals were burned within this 

pit. The quantity of wastes deposited or burned is unknown. The estimated area of Site 1 is approximately 2,500 

square feet (25 feet wide by 100 feet long). 

P-f 

Historical aerial photos indicate that the area between Sites 1 and 2 may have received fill material. After use of 

Site 1 was discontinued, the bum pit was covered with soil from an on-site source. 

4.1.2 Sludqe Disposal Pit - Site 2 

Site 2 is located southeast of Site 1 and is also northwest of Jacksonville Road (Figure 4-l). Site 2 allegedly 

received wastewater sludges from 1965 to 1970. The site reportedly consisted of two disposal trenches; each 

trench was approximately 12 feet wide by 200 feet long by eight feet deep and may potentially contain about 700 

cubic yards of wastewater sludge. The total area of the site may be 20,600 square feet (75 feet wide by 275 feet 

long). 
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4.3.3 Confirmation Soil Borinas 

A confirmation soil boring program was conducted at Area A during the Phase I RI in accordance with procedures 

detailed in Section 2.1.5. Thirty confirmation soil borings were drilled in the area of Sites 1 and 2, and seven 

borings were drilled at Site 3 (Figure 4-4). The results of these borings are discussed in Section 4.51. The 

borings logs are contained in Appendix B. 

4.3.4 Monitorina Well Installation 

Twenty-one monitoring wells are present within Area A. Ten wells were installed during previous investigations 

(Figure 4-5), five wells were installed during Phase I (Figure 4-6) and six wells were installed during Phase II 

(Figure 4-7). Construction specifications for the monitoring wells are included in Appendix D. 

Four shallow bedrock wells and one overburden well were installed at Area A during the Phase I RI following 

procedures detailed in Section 2.1.7.1. Two of the bedrock well were installed to complete well couplets with pre- 

existing overburden wells. One bedrock well was installed to provide upgradient control to several existing bedrock 

wells. One bedrock well and one overburden well were installed to create a new well couplet in an area lacking 

sufficient groundwater sampling and measurement points. The well numbers, aquifers, and installation rationale 

for each of the Phase I wells are summarized in Table 4-1. 

Three shallow bedrock and three overburden wells were installed at Area A during the Phase II RI following 

procedures detailed in Section 2.1.7.2. Three bedrock wells and one overburden well were installed to provide 

groundwater sample and measurement points upgradient to the sites or along the northwestern NAWC boundary. 

One overburden well was installed to provide additional control in an area containing only shallow bedrock wells. 

One overburden well was installed on the opposite side of the stream from Sites 2 and 3 to investigate the stream’s 

influence on the overburden aquifer. The well numbers, aquifers, and installation rationale for each of the Phase II 

wells are summarized in Table 4-2. 

-  

- .  

-  

I _ ,  

-  
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-  

-  

-  
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- 
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TABLE 4-l 
RATIONALE FOR INSTALLATION OF MONITORING WELLS 

DURING PHASE I REMEDIAL INVESTIGATION 
NAWC WARMINSTER, SITES 1,2, AND 3 

Well Number 

BG-4 

Aquifer Monitored Summary of Rationale for Well Installation 

Shallow Bedrock Upgradient or background sample and elevation location to 
sites 1 and 2 and wells C, D, and E. 

DG-12 Shallow Bedrock Additional downgradient sample and elevation location for 
sites 1 and 2; creates new well couplet with DG-26. 

DG-13 Shallow Bedrock Downgradient sample and elevation location for site 3; 
completes well couplet with DG-3. 

DG-23 Shallow Bedrock Downgradient sample and elevation location for site 2; 
complete wells couplet with DG-2. 

DG-26 Overburden Additional downgradient sample and elevation location for 
sites 1 and 2; creates new well couplet with DG-12. 
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TABLE 4-2 
RATIONALE FOR INSTALLATION OF MONITORING WELLS 

DURING PHASE II REMEDIAL INVESTIGATION 
NAWC WARMINSTER, SITES 1,2, AND 3 

Well Number 1 Aquifer Monitored 1 Summary of Rationale for Well Installation 

MW-02 Shallow Bedrock Upgradient or lateral sample and elevation location along 
northwestern facility boundary. 

MW-03 Shallow Bedrock Upgradient or lateral sample and elevation location along 
northwestern facility boundary. 

MW-04 > Shallow Bedrock Upgradient sample and elevation location; forms new well 
couplet with MW-07. 

MW-07 Overburden Upgradient sample and elevation location; forms new well 
couplet with MW-04. 

MW-10 Overburden Overburden groundwater sample and elevations near shallow 
bedrock wells BG-04 and E. 

MW-11 Overburden Sample and elevation location on opposite side of stream 
from sites 2 and 3. 

-- 

__ 

- 

- 

- 

- 

..- 

- 

- 

.- 

-- 

- 

- 

- 
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Originally, the Phase II RI work plan called for well couplets along the northwestern NAWC Warminster property 

boundary. However, saturated conditions did not exist in the overburden at these locations and only the shallow 

bedrock monitoring wells were installed (MW-02 and MW-03 in Figure 4-7). The corresponding overburden wells 

were moved from the originally proposed locations in the well couplets to their current locations (MW-10 and MW- 

11 in Figure 4-7) for reasons described previously. Shallow bedrock wells MW-02 and MW-03 were drilled to total 

depths greater than other shallow bedrock wells because no significant water-bearing zones were encountered 

during drilling. 

4.3.5 Groundwater Sampling 

Groundwater samples were obtained from wells within Area A during both phases of the RI in accordance with 

procedures detailed in Section 2.1.8. Samples were obtained from five overburden wells and seven shallow 

bedrock wells during Phase I. Samples were obtained from six overburden wells, 12 shallow bedrook wells, and 

one deep bedrock well during Phase II. Existing wells SMC-1, SMCQ, and SMPQ were not sampled during Phase 

I. Well MW-10 was dry and the location of well BG-3 was paved over during Phase II. The groundwater sample 

analytical results are. summarized in Section 4.5.3. 

4.3.6 Soil and Geologic Investigations 

During Phase I, soil and geologic investigations performed at Area A included descriptions of materials and cuttings 

produced during the drilling of confirmation soil borings and monitoring wells and the construction of a geologic 

cross-section for the sites. During Phase I, split-spoon samples from subsurface soil sampling’ and overburden 

well installation were also described. These investigations were performed in accordance with procedures detailed 

in Sections 2.15, 2.1.7, and 2.1.9. The results of these activities are presented in Sections 4.4.1 and 4.4.2. 

4.3.7 Hydrogeologic Investigations 

Hydrogeologic investigations performed during both phases of the RI include 

l Estimates of yield from newly installed wells 

l Construction of groundwater elevation maps 

l Determination of horizontal groundwater gradients 

. Calculation of horizontal groundwater flow velocities 

l Determination of vertical hydraulic gradients at well couplets 
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Hydrogeologic investigations performed only during Phase I include 

0 Estimates of flow rates for surface water near the sites 

Hydrogeologic investigations performed only during Phase II include 

- 

l Performance of hydraulic conductivity slug tests in Phase II monitoring wells 

* Performance of a long-term (approximately two weeks) groundwater-level monitoring program 

l Step-drawdown pump tests in selected wells 

. A long-term (approximately nine hours) pumping test 

Most of these tasks were performed for both the overburden and shallow bedrock aquifer. Stepdrawdown and 

long-term pumping tests were performed for the shallow bedrock aquifer only. All hydrogeologic investigations 

were performed as detailed in Section 2.1 .lO. The results of the hydrogeologic investigations are presented in 

Sections 4.4.3.1 through 4.4.3.5. 

- 

- 

- 

Lono-Term Water-Level Study 
- 

A long-term groundwater-level monitoring program was conducted for 11 wells within Area A for a period of 17 

days from July 24 to August 10, 1992 (Figure 4-8). Water levels in these wells were recorded for the entire period 

at 15-minute increments using pressure transducers and programmable electronic data loggers. The static water 

levels were measured and recorded manually in each well at the beginning of the study to serve as a reference 

elevation. The results of the study are presented in Section 4.4.3.3. 

- 

- 
Pump Tests 

Two step-drawdown pump tests and one long-term pump test were performed at Area A in accordance with 

procedures detailed in Section 2.1.10. The step-drawdown tests were performed in wells E and SMC-1. The 

pumping well (E) and primary observation wells of the long-term pumping test are shown in Figure 4-9. The results 

of these pump tests are presented in Section 4.4.3.4. Pump test data and calculations are included in Appendix H. 

- 

- 

.- 
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4.4 SITE CHARACTERISTICS 

1 
I 

The sites within Area A are located on the northern boundary of NAWC Warminster, west of Jacksonville Road. 

The sites are located on a generally flat-tying area. The unnamed tributary of Little Neshaminy Creek is located 

north of Area A, and the wastewater treatment facility, jet fuel storage area, and parking lots are immediately to 

the south. 

No springs were seen on or adjacent to Area A. Isolated and/or displaced fragments of the underlying bedrock 

were observed in the stream embankment north of the sites. 

An orange-colored seep was observed along the creek bank north of Sites 2 and 3. The seep was observed at 

several points along the creek, suggesting that there may be more than one entrance point of the seep into the 

creek. Preliminary analysis of the seep with the portable GC indicated that no volatile compounds were present. 

It is not known if the seep material is spring fed. 

4.4.1 Soils 

Soil thicknesses at Area A ranged from 6-l/2 to 16 feet. The soil appeared to be thinnest (6.5 to eight feet) north 

of the wastewater lagoons in the area of confirmation borings Sl -9, Sl -6, and Sl -10 and monitoring wells D and 

E. Soil types observed at Area A were mostly orange-red, red, and brown silt with less common thin beds of red 

and tan, fine-to medium-grained arkosic sand. 

The United States Soil Conservation Service (SCS) has mapped the soil at Area A as “Urban land soils.” During 

Phase I, waste material was discovered, including cinders and wood, glass, and metal fragments, indicating that 

these soils have been reworked. A more thorough discussion of this waste material is presented in Section 4.5.2. 

4.4.2 Geoloqy 

)3 

The geological cross-section of Area A is presented in Figure 4-10. The bedrock lithology consists mainly of 

maroon-red to brownish-red micaceous siltstone inter-bedded with light red, very fine- to medium-grained arkosic 

sandstone and tan, medium-grained quartzitic sandstone. These rock units were observed to strike inortheast and 

dip 12 to 13 degrees toward the northwest. The thickness of the lithologic units ranges from five to 25 feet. Waste 

material was detected in the overburden above all the different types lithologies listed above. 
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A fragment of diabase was encountered in soils from confirmation boring Sl-28. This fragment may have been 

brought in as fill or may have originated from an igneous dike within NAWC Warminster. However, no direct 

observations of a diabase dike within the bedrock were found during the RI. 

-, 

4.4.3 Hydrogeology 

M 

NB4 

Breakdown of feldspar minerals in arkosic sandstones often leads to the precipitation of a white, kaolinitic clay at 

the bedrock/overburden interface. Evidence of this process was.seen in several test pits and confirmation borings. 

The presence of this clay may possibly create a semi-permeable layer between the bedrock and overburden, which 

may retard the movement of groundwater between the two aquifers. However, the effect of this layer on 

groundwater transport at the facility is not known. 

The widely varying depth at which water was encountered in the bedrock at Area A, between 18 and 72 feet below 

land surface, indicates that secondary porosity (e.g., fractures, joints) plays a role in groundwater transport. 

Evidence of groundwater flow through the intergranular space within the matrix of the bedrock (e.g., perching of 

groundwater at bedding planes) was also seen. Thus, both of these mechanisms may affect groundwater 

transport. 

A discussion of the shallow bedrock and overburden aquifers underlying Area A is presented in the following 

sections. 

4.4.3.1 Shallow Bedrock Aquifer 

The shallow bedrock aquifer groundwater elevation map for Area A is shown in Figure 4-11. The inferred general 

flow direction of the groundwater in this area is from the south to the north, with a horizontal gradient of 

approximately 2.5 percent. The inferred groundwater flow direction in the eastern part of this area is apparently 

toward the unnamed tributary of Little Neshaminy Creek, which is located north of the sites. 

Groundwater flow directions in the Stockton Formation bedrock are not completely predictable due to the 

heterogeneity of the aquifer. The principal groundwater flow avenues are within beds with welldeveloped primary 

or secondary porosity, along fractures parallel to bedding, or along near-vertical fractures either parallel to or cutting 

across the strike of bedding. Due to the complex nature of Stockton Formation aquifers, it is not possible to define 

the actual direction of groundwater flow at specific locations. 

3 
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A “recharge mound” and corresponding variations in local horizontal gradients and flow directions are evident near 
T - well SMC-1. This was interpreted during the Phase II RI to be caused by recharge to the shallow bedrock aquifer 

from the confined deeper bedrock aquifers penetrated by well SMCQ, which is uncased from 51 to :298 feet and 
m adjacent to well SMC-1. This interpretation was confirmed by U.S.G.S. studies in which geophysical and brine- 

trace logs were run in well SMCP on April 17, 1991 (Sloto, 1992). These results are discussed in Section 4.4.3.5. 

Estimated yields of the newly installed bedrock aquifer wells at Area A range from less than l/2 to greater than 

five gpm. 

The hydraulic conductivity of the shallow bedrock aquifer at Area A was estimated through rising ancl falling head 

slug tests performed in wells MW-02, MW-03, and MW-04. These results are shown in Table 4-3. 

TABLE 4-3 
SLUG TEST TYPES AND HYDRAULIC CONDUCTIVITIES 

SHALLOW BEDROCK AQUIFER - AREA A 

Well Number Test Type Hydraulic Conductivity 

MW-02 Rising Head 2.05 X 1 Oa cmlsec 

MW-03 Rising Head 1.35 X 1 Od cmlsec 

MW-04 Rising Head 7.29 X 1 Od cmlsec 

MW-04 Falling Head 6.9 1 X 1 Od cmlsec 

The average hydraulic conductivity for the shallow bedrock aquifer underlying Area A based on the slug test results 

is 3.5 x lO%rn/sec or 0.992 feet per day. 

The results of the pump test at Area A ,indicate that the shallow bedrock has the properties of a semi-confined 

aquifer with the following average values: 

l Average hydraulic conductivity (k) ......................... .’ .... 3.9 x 10” crnLsec (1 .l ft/day) 

l Average transmissivity (T) ........................................... 7.9 x 10-l cm*/sec 

* Average storativity (S) .................................................... 4.0 x lOa 

Additional discussion of the results, of the pump test at Area A is included in Section 4.4.3.4. 
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Horizontal groundwater velocities for the shallow bedrock aquifer at Area A were calculated during Phase I to be 

between 20 and 55 feet per year. Velocities during Phase II were calculated using porosity values from Rima, et 

al. (1962) hydraulic conductivity values from slug test results, and a horizontal gradient of 2.5 percent derived from 

the Phase II groundwater elevation map. These velocities were found to range from 36 to 91 feet per year. The 

calculation of a horizontal groundwater velocity of 120 feet per year (0.33 feet per day) based on the results of the 

pump test is discussed in greater detail in Section 4.4.3.4. 

- 

December 1990, January 1991, July 1992, and August 1992 vertical hydraulic gradients were estimated from head 

differences between wells in couplets at Area A and are shown in Table 4-4. Vertical gradients were upward for 

all dates of measurement in well couplets DG-26/DG-12 and MW-07/MW-04 and on three of the four dates in well 

couplets DG-02/DG-23 and DG-3/DG-13. This indicates that the bedrock aquifer may have been supplying 

groundwater to the overburden aquifer at these locations a majorii of the time. 

Consistently downward gradients in well couplet DG-l/C indicate that the overburden aquifer may supply 

groundwater to the shallow bedrock aquifer at this location. The downward gradient at well couplets DG-2/DG-23 

and DG-3/DG-13 indicates that the same circumstances may apply for these locations on occasion, probably 

following significant precipitation events. 

- 

Changing vertical hydraulic gradients at different locations and at different times may result from any of several 

factors. These include the varying composition and degree of interconnection between the overburden and 

bedrock aquifers, the relative properties of pervious and impervious surface cover at a given location, the frequency 

and magnitude of precipitation events, and the influence that the nearby stream or underground water drainage 

culverts have on groundwater discharge or recharge. 

- 

Available water-level measurements in shallow bedrock wells at Area A between December 1990 and August 1992 

show that water levels were highest in January 1991 and lowest in August 1992 with one exception (Table 4-5). 

This trend is typical of seasonal variations for the area: i.e., groundwater levels are highest in late winter and early 

spring and are lowest in late summer through early fall (Slot0 and Davis, 1963). Well DG-12 had its highest 

recorded water levels in July 1992 and the lowest in December 1990. A clear explanation for these contrasting 

water levels is not readily apparent. Water levels in all Area A shallow bedrock wells, except for SMC-1, declined 

an average of 1.25 feet over a five-week period from July to August 1992. It is interpreted that water levels in 

SMC-1 are more strongly influenced by the adjacent deep artesian well SMC-2 than by seasonal variations of the 

water table. 
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TABLE 4-4 
NAWC SITES 1,2,3 

VERTICAL HYDRAULIC GRADIENTS ESTIMATED FROM HEAD DIFFERENCES BETWEEN OVERBURDEN 
AND SHALLOW BEDROCK MONITORING WELLS IN COUPLETS 

Well Couplet 

Overburden 
Shallow Bedrock 

DG-1 
c 

DG-26 
DG-12 

DG-2 
DG-23 

DG-3 
DG-13 

MW-07 
MW-04 

12/90 

NA”’ 

0.401‘ 

0.41 -r 

1.91-r 

NAf2’ 

Estimated Vertical Hydraulic Gradient 

l/90 7192 

NA”’ 5.81& 

0.03.r 1.53T 

0.22~ 0.031‘ 

0.47.L 2.871‘ 

N A’*’ 1.02? 

8l92 

6.45L 

1.48? 

o.o4,.L 

2.76? 

0.82T 

NA - Water level measurements necessary to calculate gradient not available. 

(1) Water level measurements not recorded for these dates. 

(2)- Wells not installed at time of measurements. 

SMC-l* NA”’ NA”’ lO.lST 7.641‘ 
SMC-2 1 
* - Shallow Bedrock 

Deep Bedrock 
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--- TABLE 4-5 
NAWC SITES 1,2,3 

GROUNDWATER ELEVATIONS 

Well Number 

12/90 

Groundwater Elevation (feet (MSL) 

I/91 7192 

Overburden Aquifer 

8192 

MW-07 NA 
MW-10 NA 
MW-11 NA 
BG-3 305.43 
DG-1 295.92 
DG-2 300.83 
DG-3 303.18 

DG-26 297.97 

NA 
NA 
NA 

306.70 
298.09 
301.71 
306.14 
298.96 

Shallow Bedrock Aquifer 

303.59 303.19 
NA NA 

300.95 300.73 
NA NA 

296.03 295.07 
300.99 300.53 
302.04 301.48 
298.33 397.79 

MW-02 
MW-03 
MW-04 
SMC-1 
SMP-2 

C 
D 
E 

BG-4 
DG-12 
DG-13 
DG-23 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

295.98 
298.37 
305.09 
301.24 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

298.00 
298.99 
306.67 
301.93 

Deep Bedrock Aquifer 

296.08 294.30 
291.60 388.00 
304.61 304.01 
294.80 295.02 
299.29 297.98 
290.22 288.62 
293.40 292.47 
295.29 294.12 
296.74 295.62 
299.86 299.27 
304.91 304.24 
301 .Ol 300.49 

SMC-2 NA NA 304.96 302.66 

NA = Measurement not available 

MSL= Above U.S.G.S. Mean Sea Level Datum 
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4.4.3.2 Overburden Aquifer 

- 

3 

- 

The overburden aquifer groundwater elevation map for Area A is presented in Figure 4-12. The general inferred 

flow direction is from the south to the north, generally toward the unnamed tributary of Little Neshaminy Creek, at 

a horizontal gradient of approximately 1.5 percent. Interpretation of overburden water-table elevations indicates 

that the stream near Area A acts as a groundwater divide for the overburden aquifer. Yields for the overburden 

wells at Area A are between less than l/2 to two gpm. 

The hydraulic conductivity of the overburden aquifer at Area A was estimated through rising and falling head slug 

tests performed in wells MW-07 and MW-11. These results are shown in Table 4-6. 

TABLE 4-6 
SLUG TEST TYPES AND HYDRAULIC CONDUCTIVITIES 

OVERBURDEN AQUIFER - AREA A 

Well Number Test Type 

MW-07 Falling Head 

MW-07 Rising Head 

MW-1 1 Rising Head 

Hydraulic Conductivity 

8.13 X 10d 

4.78 X 1Oa 

5.57 x lU6 

The hydraulic conductivity values within the overburden are observed to vary by as much as two orders of 
p-i magnitude between different locations based on the slug test results. 

p” The results of the pump test indicate that the saprolite layer at the base of the overburden may act as a confining 

layer between the overburden aquifer and shallow bedrock aquifer and that the degree of interconnecf:ion between 

these two aquifers is very limited in the pump test area. This is discussed in greater detail in Section 4.4.3.4. 
CI-C 
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Horizontal groundwater velocities for the overburden aquifer underlying Area A were calculated during Phase I to 

be between 20 and 55 feet per year. Velocities during Phase II were calculated using a horizontal gradient of 1.5 

percent from the Phase II groundwater elevation map, a hydraulic conductivity range of 0.016 to 1.83 feet per day 

from slug test results, and the same porosities as the Phase I calculations. These velocities were found to range 

from 0.2 to 0.6 feet per year in the low-permeability overburden to 22 to 67 feet per year in the higher permeability 

?- overburden area. 

As indicated in Section 4.4.3.1 (Table 4-4) vertical hydraulic gradients are upward at most locations at most of the 

611 

times of measurement, indicating that the overburden may have been receiving recharge from the bedrock on 

these occasions. Consistently downward gradients at the DG-l/C well couplet suggest that the overburden 

provides recharge to the bedrock aquifer in this area or that there is a perched water table near this couplet. 

Available water-level measurements in overburden wells at Area A between December 1990 and August 1992 

show that water levels were highest in January 1991 and lowest in August 1992 with an average difference of 2.5 

P 

c”* 

feet (Table 4-5). Water levels in these overburden wells dropped an average 0.52 feet during a five-week period 

from July to August 1992. These types of water-level variations are generally consistent with seasonal fluctuations 

and recharge patterns for this area in which groundwater levels are highest in late winter and early spring and are 

lowest in late summer and early fall (Slot0 and Davis, 1983). 

h 4.4.3.3 Results of Long-Term Water-Level Study 

- The major findings of the long-term water-level study at Area A are as follows: 

- l The shallow bedrock aquifer in the northern portion of this study area is influenced by the pumping of a 

nearby well, inferred to be the Wagner well. 

l The deep bedrock aquifer in the northern portion of the study area is influenced by the pumpiing of what is 

inferred to be the Wagner well. 

l The overburden aquifer in the northern portion of the study area is only very slightly influenced by the 

pumping of what is inferred to be the Wagner production well. 

l Aquifer recharge in response to precipitation varies among different wells in Area A in both the overburden 

and the shallow bedrock aquifers. 
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l The qualitative degree of interconnection between the overburden and the shallow bedrock aquifers 

underlying Area A varies from good to poor at different locations. 

. The shallow bedrock and overburden aquifers in the southwestern part of Area A, as well as the deep 

bedrock aquifer, are influenced by another unidentified pumping well. 

Water-level records for wells MW-02, SMC-1, C, D, and DG-12 (Figures 4-13, 4-14, and 4-15) show clearly 

recognizable drawdown and recovery cycles in response to the pumping of a nearby well. This cycle occurs 

weekdays from Monday through Thursday during the first week of the study and Monday through Wednesday the 

second week of the study. This cycle correlates directly to the reported usage of the Wagner Company production 

well, which is located approximately 500 feet north of the study area (production stopped early on Thursday of the 

second week due to Wagner’s company picnic). The Wagner production well is reported to be at least 200 feet 

deep. The pumping rate and completion zone are unknown; however, most wells of this type are not cased to 

depths much greater than about 50 feet and are capable of yielding several tens to several hundred gpm (Slot0 

and Davis, 1983). 

Daily drawdown in shallow bedrock wells in response to pumping in the Wagner well ranges from approximately 

0.13 feet in DG-12 to 0.73 feet in MW-02. During the week, water levels in the affected wells never completely 

recover to the original static level before pumping begins again on the following day. This creates a net decline 

of water levels over the course of each week; however, this trend may also be a result of seasonal water-level 

decline. 

The deep bedrock well at Area A, SMC-2, also shows a pronounced drawdown and recovery cycle that correlates 

directly to the reported usage of the Wagner production well (see Figure 4-16). The daily drawdown within SMC-2 

in response to pumping in the Wagner well is approximately 1.2 feet, significantly greater than the drawdown 

observed in the shallow bedrock wells. 
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Overburden wells DG-3 and MW-07 (Figures 4-17 and 4-18) show no recognizable drawdown and recovery cycle 

correlating to the usage of the Wagner production well. Overburden well DG-26 (Figure 4-15) shows a very slight 

P4 drawdown (approximately 0.02 feet) coincident with the pumping cycle of the Wagner well. However, similar 

drawdown patterns are evident in the water levels of DG-26 at times when the Wagner production well is not in 

P-0 operation. Based on this information, it may be concluded that the Wagner well’s influence on the overburden 

aquifer is very slight to non-existent. 

Similar water-level fluctuations of the overburden and shallow bedrock wells within individual well couplets MW- 

07/MW-04 (Figure 4-18) and DG-3/DG-13 (Figure 4-17) are a qualitative indication that the degree of 

interconnection between the two aquifers is good at these locations. This is supported by the fact that the average 

hydraulic conductivities calculated from slug tests in MW-04 and MW-07 were within 10 percent of one another. 

The significantly different patterns of water-level changes between the overburden and shallow bedrock wells of 

couplet DG-26/DG-12 are a qualitative indication that the degree of interconnection between the two aquifers is 

poor at this location. 

R-78 
Daily precipitation amounts recorded at NAS Willow Grove (approximately five miles northwest of NAWC 

Warminster) are shown in Figure 4-19. The precipitation event that occurred on the second Friday of the long-term 

water-level study resulted in varying degrees of groundwater recharge in the wells involved in the study. The 

recharge is evident as rising water levels concurrent with, or closely following, the time of the precipitation event. 

However, the pumping cycle of the Wagner well may also have affected water levels in several on&e monitoring 

CII wells. The amount of recharge can be subjectively estimated by first subtracting or adding the recovery or 

drawdown in response to pumping wells. Water levels in wells DG-3 and DG-13 most clearly illustrate the 

4 
groundwater recharge in response to precipitation, as well as seasonal water-level declines, because they show 

no significant influence by pumping wells. Bedrock wells SMC-1, D, DG-12, MW-04, and DG-13 and overburden 

wells DG-26, MW-07, and DG-3 all exhibit evidence of varying degrees of groundwater recharge in response to 
c* 

the Friday precipitation event. Shallow bedrock wells MW-02 and C and deep bedrock well SMC-2 exhibit little 

or no evidence of groundwater recharge in response to this precipitation event. 

d 
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-u 
Wells MW-02, SMCQ, MW-04, and MW-07 all appear to show the influence of another unidentified pumping well 

near Area A. A fairly regular pump and recovery cycle with a period of approximately 12 hours creates a pattern 

of water-level drawdown and recovery in these wells. This can be observed only for the weekends in wells SMC-2 

+-Y and MW-02 because of the much larger drawdown and recovery due to the Wagner well during the weekdays. 

The amplitude of the drawdown and recovery caused by the unidentified well is less than 0.1 foot from all the wells, 

much less than that caused by the Wagner well. The general location of the unidentified pumping well cannot be 

determined because of the unknown distribution and orientation of fractures within the bedrock of this area. 

@-I 
4.4.3.4 Aquifer Pumping Test 

The aquifer pumping test was the third stage of the aquifer characterization study and was performed iin the vicinity 

of Area A. The first stage consisted of the performance of slug tests on newly installed monitoring wells and step- 

drawdown tests on two well clusters within this area. The second stage consisted of a two-week water-level study 

to determine the background interference and rate of natural recharge to the overburden and shallow bedrock 

- aquifers. 

The pumping test was designed to determine aquifer characteristics (e.g., transmissivity, storativity, and hydraulic 

conductivity) for the shallow bedrock aquifer, as well as 

l Rate of groundwater migration 

l Radius of the cone of influence 

l Effect of pumping withdrawals on existing wells 

l Degree of interconnection between hydrogeologic zones 

Methodology 

- 
The maximum allowable drawdown in the pumping well (Well E), based on pumping test constraints and total well 

depth, was 20 feet. The step-drawdown test results indicated that the maximum expected drawdown in Well E 

c” was approximately 16 feet, given a pumping rate of 4.0 gpm (Figure 4-20). During the beginning of the pumping 

test, this rate was reduced to 3.9 gpm. This reduction was determined to be ideal based on well yield during the 

?- test, pumping efficiency, and flow resistance through the discharge hose. 
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The water withdrawn from the pumping well was discharged approximately 95 feet downgradient from the pumping 

well and observation wells so as not to cause incidental recharge to the shallow bedrock aquifer. 

1 

i 

Well E is a four-inch inside diameter screened bedrock well installed to approximately 40 feet below ground surface 

(bgs). The well is cased to approximately 30 feet bgs and has a static.water level of approximately 14 feet bgs. 

Before the test was performed, static water level measurements were recorded for the pumping well and for all 

observation wells. During the test, rates of drawdown and recovery were measured in the pumping well and in 

all relevant observation wells. Groundwater levels in nine observation wells were measured and recorded using 

pressure transducers and computerized data loggers. The observation wells included C, D, DG-1, DG-12, DG-26, 

BG-4, SMPQ, SMC-1, and SMC-2 (Figure 4-9). Continuous observation of the pumping well was iperformed to 

maintain a continuous pumping rate and to ensure that the natural well yield could sustain the proposed pumping 

rate for the duration of the test. 

t-r 

The duration of the pumping test was determined in the field based on the observed aquifer response but was not 

expected to exceed 12 hours. The actual pumping phase of the test was performed for nine hours. The pumping 

phase was terminated after steady state conditions were observed in two nearby observation wells. The pumping 

well (Well E) reached equilibrium after approximately five hours of pumping. After completion of the pumping 

phase, monitoring of the recovery phase was performed for an additional nine hours. 

- 

4 

Periodically, water-level measurements were manually recorded on data sheets for the pumping well and 

observation wells in which transducers were installed. This was to eliminate the potential loss of data caused if 

a data logger malfunctioned. In addition, the drawdown in the pumping well and nearby observation wells was 

plotted on semi-log paper during the test to determine the current aquifer response characteristics. 

n3 

Upon completion of the pumping test, Wells BG-4, D, E, and SMP-2 were selected for evaluation using the 

numerical methods described below. The drawdown in the other wells was negligible compared to tlhe overriding 

effects of the nearby production wells. 
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The data generated from the pumping test were used to determine the hydraulic conductivity (K), transmissivity 

(T), and storativiiy (S) values when permissible by the selected method employed. The following methods were 

applied, when applicable, to the particular test data obtained. 

l The Theis analysis method, as modified by W.C. Walton for semi-confined aquifers, employs curve-matching 

solutions to transmissivity and storativity as a function of time versus drawdown in the observation wells. 

This method also utilizes the Hantush-Jacob formulas that allow for the determination of hydraulic 

characteristics for both the screened aquifer and semi-pervious (confining) layers (C.W. Fetter, 1988). 

l The Cooper-Jacob straight line analysis employs a graphical method to solve for transmissivity and storativity 

as a function of time versus drawdown (plotted on a semi-log plot) for the observation wells (C.W. Fetter, 

1988). 

. A modified approach to the Cooper-Jacob straight line method utilizes the recovery data generated during 

a pump test. The head ratio is plotted on a linear scale against the ratio t/t’. t represents the duration of 

time since pumping began (including recharge time) and t’ represents the duration of time since pumping 

was terminated (recovery time only) (Driscol, 1986). 

The Theis method and the modified distance-drawdown method of analysis, which were expected to be performed 

on the pumping test data, were not applied due to the unexpected levels of drawdown in observation wells BG-4 

and D. The relative drawdown in these wells is not consistent with the assumption that the closer the observation 

well is to the pumping well the greater the drawdown. Although BG-4 is closer to the pumping well than is well 

D, the drawdown recorded in D exceeded that of BG-4. This is because Well BG-4 is located stratigraphically up- 

dip from Well E and Well D is located along strike or slightly down-dip from Well E. In addition, Well BG-4 is 

screened over a 40-foot interval, whereas Wells D and E are screened over a five-foot interval. 

The methods employed to evaluate the pump test data are based on the following assumptions about the physical 

properties of the aquifer: 

l Isotropic conditions exist 

l Homogeneous lithology 

-. 

-_ 
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l Darcian flow describes water movement through the aquifer 

Because these physical properties of the aquifer are not known with certainty, the results of the analyses should 

be viewed as approximations only. 
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Pumping Test Findings 
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The shallow bedrock consists primarily of a silty sandstone. Based on the boring log for Well DG-12, the 

sandstone grades to a micaceous siltstone at approximately 75 feet bgs. This value was used in the numerical 

calculations as the bottom of the shallow bedrock aquifer. The top of the shallow bedrock aquifer is marked by 

the saprolite or weathered s&tone/sandstone interface. Thus, the effective aquifer thickness (b) was determined 

from the boring logs for each well incorporated in the pumping test data evaluation. The thickness of the overlying 

confining layer (b’) is considered to be the thickness of saprolite and weathered siltstone unit (approximately two 

to three-feet thick). 

Based on the boring logs from previous and newly installed wells, it was anticipated that the aquifer characteristics 

would represent semiconfined conditions. The geometries of the log-log plots confirmed this interpretation. The 

locus of data points departs from the nonequilibrium portion of the Theis type curve and becomes parallel to the 

horizontal axis. This departure from the nonequilibrium Theis cuwe is indicative of a leaky confining layer. In 

addition, the plots indicate that storage in the confining layer is negligible. All plots are included in Appendix B. 

The specific discharge (V = K x i), also known as the average groundwater velocity, was calculated using the 

hydraulic conductivity (K) and average hydraulic gradient (i) across the site. The resultant value is \I ~03 ft/day. 

The average linear velocity (V, = K x i/nJ, also known as the seepage velocity, is the true velocity of the 

groundwater flowing within the pore space of the aquifer. The average linear velocity was calculated using the 

average hydraulic conductivity (K), the average hydraulic gradient (i), and the estimated effective porosity (n,). The 

resultant value is V, =.33 fUday. 

The estimated effective porosity value of 0.10 is based on the storativity values derived by the pump test analyses 

and on published porosity values for the bedrock lithology. The average hydraulic gradient was determined 

graphi&lly from the potentiometric contour surface map. 

The radius of the cone of influence depends on aquifer characteristics, pumping rate, and pumping duration. This 

radius was estimated using the farthest observation well that was influenced during the performance of the 

pumping test. Observation well SMPQ, located 287.0 feet upgradient and roughly along the strike of bedding from 

the pumping well, was the farthest well in which measurable drawdown was recorded. Since there are no wells 

‘at that distance in the downgradient direction, it was not possible to determine an accurate value for the 

downgradient influence. However, the cone of influence in the downgradient direction along the strike of bedding 

is expected to extend 287 feet or farther. 
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Data from the pumping test indicate that the cone of influence created by pumping well E is asymmetrically 

elongated in a direction parallel to the strike of bedding (southwest to northeast) compared to its extent in the 

downdip (northwest) and updip (southeast) directions. In addition, the cone of influence appears to extend farther 

in the downdip direction than in the updip direction. This asymmetry is observed when comparing water-level 

drawdowns in observation wells located at similar distances and different directions from the pumping well. 

Wells BG-4 and D are located at similar distances from pumping well E. Well BG-4 is 69 feet away at an angle 

in the updip direction, and well D is 75 feet away in a direction along strike or slightly downdip. At the conclusion 

of the pumping test, the maximum observed drawdown was 1.6 feet in well BG-4 and 2.84 feet in well D. Wells 

C and SMP-2 are also located at similar distances from well E. Well C is 220 feet from well E in the downdip 

direction, and well SMP-2 is 287 feet from well E in a direction roughly along strike. At the conclusion of the 

pumping test, the maximum observed drawdown was 0.29 feet in well C and 0.85 feet in well SMP-2. 

Wells C and DG-12 are also located at similar distances from well E. Well C is 220 feet downdip from well E and 

well DG-12 is 187 feet updip from well E. At the conclusion of the pumping test, no drawdown was observed in 

well DG-12, and 0.29 feet of drawdown was observed in well C. Based on the construction details of wells C, E, 

and DG-12 and an assumed bedding dip of 10 degrees to the northwest, neither well C nor DG-12 intercepts the 

producing layer in well E. The observed drawdown in well C indicates that there is a component of groundwater 

flow across bedding in the downdip direction. 

The asymmetrical shape of the cone of influence for pumping well E may be realistic considering that the Stockton 

Formation is not an isotropic and homogeneous aquifer. In this instance, the cone of influence is elongated in a 

direction parallel to the strike of bedding. This may indicate a stratigraphically controlled anisotropic groundwater 

flow pattern in which flow is greatest within individual permeable beds and along bedding plane fractures but that 

also has components of flow across bedding planes. The asymmetrical cone of influence for pumping well E could 

also be related to the arrangement of water transmitting, vertical or near-vertical fractures in the shallow bedrock. 

However, there are insufficient data to determine the specific groundwater flow mechanisms and pathways at 

Area A. 

The saprolite interface between the overburden soils and the underlying bedrock acts as the confining layer 

between the overburden aquifer and the shallow bedrock aquifer. The degree of interconnection between the two 

hydrogeologic zones is difficult to quantify but appears to be very limited in this area since the overburden wells 

showed no discernible drawdown during the nine-hour pumping test. Based on the Theis analysis method, the 

average vertical hydraulic conductivity of the confining layer is 4.2 x 10-6 cm/set (0.01 ft/day). 
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Characterization of the aquifers performance can be quantified by averaging the transmissivity, storativity, and 

hydraulic conductivity values obtained during the data evaluation. The results from the numerical analysis are 

shown in Table 4-7. These resulting average values are as follows for the shallow bedrock aquifer: 

l Average hydraulic conductivity (K) .............................. 3.9 x 1 OA crn/sec (1 .l ft/day) 

l Average transmissivity (T) ............................................ 7.9 x 10-l cm%ec 

l Average storativity (S) ..................................................... 4.0 x I O4 

All field data and calculations are included in Appendix H. 

4.4.3.5 Deep Bedrock Aquifer 

Only one well, SMC-2, is present in the deep bedrock aquifer underlying Area A. Therefore, it was not possible 

to construct an elevation map or to determine flow directions, horizontal gradients, and groundwater flow velocities 

for this aquifer. For a more detailed investigation of the intermediate and deep semiconfined and confined aquifers 

at NAWC Warminster, refer to the study by Satterthwaite (1984). The general flow direction in the deep aquifer 

determined by Satterthwaite is to the north in the study area. The general aquifer properties are summarized in 

Section 3.5. Well SMCQ is also open through the shallow bedrock and intermediate aquifers because the well 

casing only extends to a depth of 51 feet (based on well logs) or 60 feet (reported in Phase I). 

The vertical hydraulic gradient between SMC-2 and adjacent shallow bedrock well SMC-1, estimated from the 

hydraulic head differences, is upward, with a magnitude of approximately seven to 10 feet during Phase II. This 

gradient and the shallow bedrock water-elevation map strongly suggest that the deeper bedrock aquifers are 

- 

discharging to the shallow bedrock aquifer through well SMC-2. This is confirmed ‘by the results of U.S.G.S. 

studies performed in well SMCQ on June 17, 1991 (see Section 4.2.1). Slugs of high-conductance fluid (brine) 

were injected in well SMCQ at 85, 125, 140, 200, 240, and 280 feet below ground surface. These slugs moved 

upward at rates of 1.3, 3, 3, 2.2, 1.5, and 1.5 gpm, respectively (Sloto, 1992). 
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TABLE 4-7 
EVALUATION SUMMARY OF PUMPING TEST CALCULATIONS 

we11 m M6XlySiS Transmissivity Storativity Aguirer HYd?XUliC 
ID Xethod (C3/SOC) 

Confining Confining Layer vert. 
Thicknems Conductivity Layer Hydraulic 

(ft.1 (cmlsec) Thickness Conductivity 
(ft.) (Crn/SOC) 

E Pumping Well 1 1.15 WA 63 6.0 x lo-' WA WA 

BG-4 Observ. well 2 0.18 5.0 x lo-' 63 9.3 x 10-S 2 5.5 x 10-S 

BG-4 Observ. well 3 0.79 7.0 x 10-a 63 4.1 x lo-' WA WA 

D Observ. Well 2 0.46 2.0 x 104 65 2.3 x lo-' 3 2.9 x 10“ 

D Observ. well 3 0.75 2.0 x 104 65 3.9 x 10-4 WA WA 

SMP-2 Observ. well 2 0.78 3.0 x 10-4 59 4.4 x IO-' WA WA 

SMP-2 Observ. well 3 1.40 3.0 x 10-4 59 7.8 x lo-' WA WA 

Average : 0.79 4.0 x lo-' 3.9 I lo-' 4.2 x 10-e 

Analysis Method: 

1) Modified Jacob Straight-Line Method using recovery data by plotting t/t'. 

(C.W. Fetter, 1988) 

2) Theis Curve watching Method using drawdown data by plotting timeldrawdown. 

(C.W. Fetter, 1988) 

3) Cooper-Jacob Straight-Line Method using drawdown data by plotting timefdrawdown. 
(Driscol, 1986) 
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Geophysical logs run in well SMCQ indicate the presence of several discrete, potentially water-bearing zones. 
.VN 

U.S.G.S. interpretations conclude that water is entering the borehole from zones at 186, 234, and 290 feet below 

ground surface, flowing upward within the borehole, and exiting the borehole through zones at 80 and 105 to 107 

? feet below the ground surface (Sloto, 1992). 

Ib- 4.4.4 Hydrology 

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

water culvert under Jacksonville Road and flows from the southeast to the northwest before turning north, away 

from NAWC Warminster. Flow rates were estimated in several of the narrow, faster-flowing areas at approximately 

three gpm. During base-flow conditions (i.e., when groundwater discharge into the stream contributes most of, if 

not all, the stream’s flow), large sections of the stream appear stagnant. 

Surface water drainage from portions of the airfield and hangar area discharges from the culvert where the stream 

originates. Surface water runoff from Area A and adjacent areas also enters this stream. A culvert located near 

the point where the stream turns to the north and exits the property was observed to be discharging] water to the 

stream during the Phase II RI. Groundwater-flow patterns indicate that overburden and possibly shallow bedrock 

groundwater discharge to the stream. 

The stream adjacent to this area is a small urban headwater reach, but it appears to be perennial. The portion 

of the stream within the NAWC Warminster property is channelized with a very high (lo- to 12-feet) and steeply 

sloped (4:l to 5:l) southern bank, which leads up to a paved driveway and parking area near Site 2 and to a 

gravel parking area in the vicinity of Site 3. The stream channel averages approximately four feet in width and five 

inches in depth. It contains some pool areas of one to two feet or more in depth. The streambed is very rocky 

and gravelly, with little fine sediment. Construction debris such as concrete and some steel or aluminum metal 

debris were also observed in the stream. 

k 
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4.4.5 Ecolouv 

The south bank of the stream is sparsely vegetated with various wildflowers, vines, and shrubs (i.e., goldenrod, 

greenbriar, and blackberry). The north bank of this stream reach is more gradually sloped and is vegetated with 

similar herbaceous plants and shrubs. A small forested wetland dominated by mature red maple and arrowwood 

exists just north of the stream and beyond the fence-line that delineates the limit of the NAWC Warminster 

property. At the time of the biological characterization, an orange-colored flocculent, presumed to be oxidized iron 

precipitate, was observed in certain sections of the channelized stream reach. A relatively small amount of epilithic 

and filamentous algae was covered with the orange material, as were nearby sediments. Substrates in this stream 

reach are sands and small gravel, and fine sediments (i.e., silts) have accumulated in each of the pools. 

Snails and earthworms were commonly found in this part of the stream. Larval insect families (e.g., midges, 

mayflies, etc.) were not collected during the characterization. Small fish, believed to be creek chubs, were 

observed in the pool near Jacksonville Road but were not seen in the pool at the opposite end of the study area. 

Leopard frogs were observed along the edge of the stream. Neither turtles nor snakes were observed, but they 

are believed to inhabit the riparian zone of the stream and adjacent wetland. Songbirds (including sparrows, red- 

winged black birds, and goldfinches) were common in shrubs and trees near the edge of the stream. During 

subsequent investigation, a nesting female duck was also observed along the edge of the stream. Raccoon tracks 

were observed on a sand bar in the stream. 

-. 

-- 

-. 

.- 
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4.5 NATURE AND EXTENT OF CONTAMINATION 

The nature and extent of environmental contamination at Area A are discussed in this section. The validated data 

generated during the RI provide the basis for this discussion. The complete analytical database for groundwater 

to date is included as Appendix K. 

- 
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4.5.1 Extent of Contamination for Area A 

The EM survey over Site 1 delineated an area with low conductivity approximately 70 feet southeastt of the fence 

that borders the northwestern side of NAWC Warminster and approximately 60 to 100 feet south of the northwest 

to southeast fence (as marked on Figure 4-21). This anomaly was seen as a negative 3 millimho per meter 

anomaly (umho/m). Specifically, the anomaly was detected as a 27 umho/m reading compared to a 30 umho/m 

reading, which was determined to be background for Sites 1 and 2. Possible buried metal objects in the vicinity 

of Sites 1 and 2 are marked with an “M” in Figure 4-21. 

l--l 

CI 

8-V 

The EM survey over Site 2 delineated a second conductivity low over the entire eastern corner of the survey area 

extending toward the access road. Due to interference from overhead power lines and other man-made features 

(e.g., roads, fences, underground utilities, parking lots, and cars), the full extent of this area could not be delineated 

by the EM survey. This area closely corresponds with the area suspected to have received fill based on the review 

of historical aerial photographs. The Site 2 anomalous area is seen as a 3 to 11 umho/m anomaly ((i.e., 19 to 27 

umho/m compared to a background of 30 umho/m). 

3 
The EM survey over Site 3 showed an anomalous area of approximately 30 by 40 feet (Figure 4-21). This area 

is seen as a positive anomaly ranging from 10 to 30 umho/m above background (i.e., 60 to 80 umho/m compared 

to a background of approximately 50 umho/m in the area). 

As shown in Figure 4-22, six soil gas stations had VOC levels of 1 to 1.5 ppm as measured by the PID at Sites 

1 and 2. Nine other soil gas stations had detectable levels of VOCs but at concentrations below 1 ppm. All other 

soil gas points in the Site 1 and 2 area were non-detected. The stations where elevated levels of VOCs were 

encountered were widely distributed and were located both inside and outside EM anomalies. 

Low levels of volatile organics were found in the soil gas at Site 3. Figure 4-22 displays the soil gas survey results 

obtained at Site 3. The PID indicated that only three soil gas locations had levels between 0.2 and 1.5 ppm. 

These points were located north and east of the suspected location of the Site 3 burn pit. All remaining PID points 

were nondetected. VOCs were encountered in confirmation borings S3-1, S3-3, and S3-5. 
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A total of 30 confirmation borings were conducted across Sites 1 and 2. Nineteen confirmation borings 

encountered waste material. Three encountered clean fill with no waste, and the remaining eight encountered only 

natural material. 

The confirmation borings delineated the extent of these two sites except on the eastern side. Figure 4-23 displays 

the area in which waste was found at Sites 1 and 2. The western edge of Site 1 is not thought to extepd past the 

westernmost existing sludge lagoon. The southern boundaries of Sites 1 and 2 are defined by the existing sludge 

lagoons, confirmation boring Sl-28, which did not find waste or fill material, and the existing jet fuel storage area. 

The border between Sites 1 and 2 cannot be distinguished because waste and fill material of similar type were 

found to extend continuously from the area north of the western sludge lagoon to the area adjacent to the 

guardhouse on the entrance road. The eastern edge of Site 2 could not be positively identified since the 

easternmost confirmation boring on Site 2 was found to contain waste material. The eastern edge of Site 2 may 

extend to Site 3 boring S3-1, where a gray, clay-like material containing volatile organic vapors was discovered. 

Further discussion of this gray material is included in Sectioh 4.5.2. The northern boundary of Sites 1 and 2 is 

assumed to be the embankment and stream along the NAWC Warminster property line. The location of Sites 1 

and 2, with boundaries identified on three sides, was considered sufficient to proceed with groundwater monitoring. 

Cinders at Sites 1 and 2 were detected in an area approximately 600 feet long by 60 to 200 feet wide, as indicated 

on Figure 4-23. This area is larger than the original size of the Site 1 burn pit, which was reported to be 25 by 

100 feet. This, coupled with the observation that natural soil was encountered both above and below fill and waste 

material in borings Sl-7 and Sl-8, may indicate that considerable regrading of the soils in and around the Site 1 

burn pit was conducted. 

The thickness of surficial and subsutface fill material at Sites 1 and 2 averaged between four and five feet. The 

average thickness of waste containing material was between five and six feet. VOCs were detected in borings Sl- 

25 and Sl-26 at 2 to 5 and 1 to 10 ppm concentrations, respectively. The types and thicknesses of material found 

in each boring conducted at Sites 1 and 2 are included in Appendix B. 

Seven confirmation borings were conducted at Site 3. All of these borings encountered fill and/or waste material, 

which suggests that the entire area north of the entrance road and south of the creek has been re-worked. 
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The suspected extent of Site 3 is.shown on Figure 4-23. Because of recent construction over the area identified 

as Site 3, a portion of this site may lie beneath the paved entrance road. The eastern, southern, and northern 

borders of Site 3 are presumed to be the area of clean fill marked by borings S3-2, S3-6, and S3-7 and the 

adjacent unnamed tributary of Little Neshaminy Creek. The western boundary of Site 3 cannot be exactly 

distinguished, because no definite horizon of burned soil that would indicate the exact location of the Site 3 burn 

pit was encountered and borings were not placed west of the patrol road. 

The confirmation borings revealed that, over the northeastern portion of Site 3, the thickness of fill and waste 

material was 10 feet or greater. Boring S3-6 and S3-7 (Figure 4-23) contained only nine and seven feet of fill 

material, respectively. This may suggest a pinching out of fill material towards the southwest. The thickness of. 

waste and non-native fill material at Site 3 averaged approximately six feet and seven feet in thickness, 

respectively. The types and thicknesses of waste material found in each boring at Site 3 are included in 

Appendix B. 

4.5.2 Content of Area A 

The EM survey indicated a possibility of scattered buried metallic objects adjacent to the sludge lagoons and along 

the northern portion of the Sites 1 and 2 area. These areas are marked with an “M” on Figure 4-21. 

Gas chromatograph (GC) readings obtained from soil gas on December 13, 1989 indicated that acetone, benzene, 

and two unknowns (i.e., compounds not in the GC library) were present. The acetone and benzene levels detected 

in the soil gas were 116 ppb and 126 ppb, respectively. The unknown compounds were found in the method 

blanks and therefore may not have originated from the sites. 

Acetone is a common constituent of various solvents. Benzene is often a constituent of oils, roofing materials, and 

asphalt. The acetone and benzene present at Sites 1 and 2 may be products of wastes repotted to have been 

deposited in the sites. Levels of VOCs found during the soil gas survey were uniformly low. 

During the initial PID survey, an orange-colored fluid with an oily metallic sheen was observed to be seeping from 

the stream bank along the northeastern edge of Site 2. Samples of both orange-stained sediment and the seep 

water were taken. Vapors from the headspace of the sample containers were analyzed by the GC. The GC 

indicated that no VOCs were detectable in the seep materials at that time. 
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Waste material detected in confirmation borings conducted at Sites 1 and 2 included fill material, cinders, glass 

fragments, ceramic fragments, wood particles, brick fragments, and metal fragments. This waste may represent 

the regraded remains of material from the Site 1 burn pit, although no distinct scorched soil horizon was 

encountered. 

7 
The origin of the brick, glass, and metal fragments found at Site 1 is not certain, but the materials are probably 

the remains of construction or building demolition wastes disposed in or around the bum pit. 

r” 

Waste found in the area believed to encompass Sites 1 and 2 did not yield any evidence of the wastewater sludge 

reported to be present at Site 2. However, a gray, clay-like material containing volatile vapors was discovered in 

boring S3-1 at Site 3. This material may possibly be sewage sludge and as such may represent the eastern edge 

of the Sic 2 sludge trenches. 

The results of the confirmation borings confirmed that the area of the EM survey indicated as havirng anomalous 

,-=l readings did contain waste material. 

F- 

C 

c1 

The EM survey did not indicate the presence of any buried metallic objects at Site 3. The GC readings tentatively 

indicated that unknown concentrations of xylene isomer(s) and one unknown compound were present in the soil 

gas at Site 3. The identification of xylenes is tentative because the GC had originally listed the xylene 

concentration as an unknown compound. After a subsequent calibration to account for a temperature rise, the 

retention time for the ‘;unknown” compound feil within the range of xylenes. The final quality control check of the 

Site 3 chromatograms indicated one of the unknown compounds could be tentatively identified as xylenes. Xylenes 

are common constituents in roofing materials, which were reported to have been disposed and/or burned at Site 3. 

No distinct scorched soil horizon that would indicate the exact presence of the burn pit at Site 3 was found. 

However, widely distributed cinders presumably resulting from the use and regrading of the burn pit were often 

encountered. Buried wood, metal, brick, and glass fragments, probably representing unburned portions of material 

disposed in the pit, were also encountered at the site. 

A gray, clay-like material was encountered in boring S3-1. This material contained volatile organic vapors at a 

steady 1 to 2 ppm concentration. This material may represent a decomposition product of the sewage sludge 

disposed in the Site 2 trenches or a landfill-type cap for buried wastes. If so, boring S3-1 would mark the extreme 

eastern edge of the Site 2 trenches. 
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4.5.3 Groundwater 

-. 

-. 

Fiieen unfiltered samples were obtained from wells considered to be upgradient of the study areas. Table 4-8 

presents the occurrence and distribution of these results. Table 4-9 presents filtered results (Phase II wells only) 

for upgradient wells, and Table 4-10 presents organic results. These three tables were used for comparison with 

groundwater data obtained from this and other study areas. 

Twenty-four unfiltered samples were obtained from wells considered to be within the influence of sites in Area A. 

Table 4-11 presents the occurrence and distribution of these results. In accordance with EPA policy, unfiltered 

groundwater results are used for risk assessment. However, monitoring wells can contain significant amounts of 

suspended material that result in overestimation of metal contamination in groundwater. Therefore, filtered results 

(available for Phase II wells only) are discussed in this section, presented in Table 4-12 for comparison, and used 

to qualify the risk assessment. 

Comparison of downgradient unfiltered results to downgradient filtered results reveals that the filtered results are 

generally much lower. Many elements, such as cadmium, cobalt, copper, nickel, silver, and thallium, are not even 

detected in the filtered samples. 

Almost every metal for which unfiltered downgradient samples were analyzed was detected. High representative 

concentrations include those of arsenic, cadmium, lead, manganese, and thallium. A discussion of these results 

with respect to drinking water criteria and dose-response parameters is included in Section 4.7. Unfiltered 

concentrations of downgradient wells exceeded those of upgradient wells (except for potassium and sodium). Zinc 

and vanadium concentrations in filtered downgradient wells exceed those of upgradient wells. 

The well primarily responsible for higher representative concentrations of arsenic and cadmium in unfiltered 

downgradient water was BG-4 (Phase I and known as MW-38 in Phase II). Lead and manganese concentrations 

were particularly noted in DG-23 (MW-42 in Phase II), BGNMW-38, Well C (known as MW-31 and MW-31D in 

Phase II), Phase II DG-13 (MW-27),and DG-2 (known as MW-44 in Phase II). Manganese concentrations were 

also noted in DG-26 (known as MW-36 in Phase II). All of these wells, except DG-26, were located in shallow 

rather than overburden bedrock. There does not appear to be an identifiable plume of metals contamination in 

the groundwater, based on these data, although a general trend of higher concentrations of metals in the 

downgradient samples was observed for unfiltered results. 

- 

I -  

- 

I . .  

-. 

-, 

- 

R-51-2-3-7 4-56 



TABLE 4-8 
OCCURRENCE AND DISTRIBUTION OF UNFILTERED MONITORING WELL INORGANICS - UP’GRADIENT 

NAWC, WARMINSTER, PENNSYLVANIA 
ml~) 

Element CRDL Frequency 
of 

Positive 
Detection 

Range 
of Positive 
Detection 

Representative 
Concentration 

Aluminum 200 13/15 1470-20000 10710 

Arsenic 10 5/l 5 2.1-4.1 2.6 

Barium i 200 10115 66-588 358 

Cadmium 5 2t15 3-4 2.i!8 

Calcium 5000 10115 10800-93800 46240 

Chromium 10 5/l 5 5-58 20.1 

Cobalt 50 7/l 5 3-16 9.417 

Copper 25 l/15 37 33.2 

Iron 100 15/15 422-l 29000 15550 

Lead 3 6/l 5 2.2-150 35.8 

Magnesium 5000 10/15 431 o-31 400 16130 

Manganese 15 15115 80-4830 2200 

Nickel 40 9/l 5 18-40 27.8 

Potassium 5000 9/l 5 940-8690 3880 

Sodium 5000 10115 698045900 24460 

Vanadium 50 7115 7-40 15.5 

Zinc 20 8l15 22-117 56.6 
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TABLE 4-9 
OCCURRENCE AND DISTRIBUTION OF FILTERED MONITORING WELL INORGANICS - UPGRADIENT 

NAWC, WARMINSTER, PENNSYLVANIA 
(WU 

Element. CRDL Frequency 
of 

Positive 
Detection 

Range 
of Positive 
Detection 

Rep Cone 

Barium 200 9/l 0 61-286 172 

Calcium 5000 lo/lo 9430-80 100 53710 

Chromium 10 l/10 60 21.3 

Cobalt 50 l/10 12 5.94 

Iron 100 2/10 1170-l 430 

Magnesium 5000 10110 3370-28000 18990 

Manganese 15 9/l 0 4-4220 420 

Nickel 40 l/10 23 13.2 

Potassium 5000 9/l 0 781-8460 4220 

Sodium 5000 lO/lO 6970-54200 32630 

Zinc 20 300 17-46 25.8 

- 

- 

-. 

-- 

-._ 

-. 

- 

- 
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TABLE 4-10 
OCCURRENCE AND DISTRIBUTION OF MONITORING WELL ORGANICS - UPGRADIENT 

NAWC, WARMINSTER, PENNSYLVANIA 
04~) 

m 

m 

m 

Compound CRQL Frequency 
of 

Positive 
Detection 

Range 
of Positive 
Detection 

Rep Cone 

Chloroform l/5 3115 2-4 2.6 

Carbon tetrachloride l/5 3/15 1-3 2.6 

Trichloroethene l/5 415 7-47 13.7 

Tetrachloroethene l/5 3/15 12-130 29.8 

1 ,l -Dichloroethene l/5 2l15 2-8 3.2 

1 ,l -Dichloroethane 

Cis-1,2-Dichloroethene 

Trans-1,2-Dichloroethene 

1 ,l ,l -Trichloroethane 

Phenanthrene 

Fluoranthene 

Pyrene 

Benz[a]anthracene 

Chrysene 

Benzo[blfluoranthene 

Benzo[a]pyrene 

Indeno[l,2,3-c,d]pyrene 

Dibenz[a,h]anthracene 

Benzo[g,h,i]perylene 

Butylbenzylphthalate 

Diethylphthalate 

Di-n-octylphthalate 

TICS 

l/5 2l15 2-8 3.2 

l/5 2/10 2-45 15.1 

l/5 l/10 2 2.0 

l/5 205 6-13 41.7 

10 l/6 17 12.1 

10 l/6 46 29.4 

10 l/6 35 22.8 

10 116 17 12.1 

10 l/6 30 19.9 

10 l/5 52 48.5 

10 l/5 24 19.3 

10 l/5 20 16.3 

10 115 5 5.0 

10 115 20 16.3 

10 116 0.4 0.4 

10 l/6 0.2 0.2 

10 2f5 0.8-l I .o 

- 3 + - 

TICs=Tentatively identified compounds 
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F3 
PAHs, on the other hand, exhibited the opposite trend; upgradient results (entirely due to a single well, BG-3, 

located south of Site 2) exceeded downgradient results. Downgradient PAHs are detected only in Phase I well 

DG-2, which was located on Site 2. It is unusual to find PAHs in regularly pumped wells; they arle sometimes 

found in the more turbid monitoring well samples and may be attributable to suspended materials in the samples. 

No PAHs were detected in the Phase II sample from DG-2 (known as MW-44). 

Groundwater contamination appears to be highest in shallow downgradient wells, especially those between the 

jet fuel storage area and Site 1. 

4.5.4 Summary 

Concentrations of metals are reported in groundwater underlying Area A. The metals detected in groundwater 

include arsenic, cadmium, lead, manganese, and thallium. Downgradient well metals were generally found at higher 

concentrations than upgradient metals. 

Chlorinated ethenes and/or ethanes are detected in shallow wells. Other volatiles, such as chloroform, carbon 

tetrachloride, and trichlorofluoromethane, are detected in on-site shallow wells. Benzene, toluene, eithylbenzene, 

and xylenes are detected in monitoring wells at low levels. 

Phthalates are detected in monitoring wells at low levels. PAHs are detected in one upgradient monitoring well 

and one downgradient monitoring well. 

4.6 CONTAMINANT FATE AND TRANSPORT 

Various aspects of groundwater contaminant fate and transport at Area A are discussed in this se&ion. Various 

chemical and physical properties affecting contaminant migration are discussed in Section 4.6.1. Potential 
* 

contaminant migration routes are identified and discussed in Section 4.6.2. Section 4.6.3 presents a brief 

discussion of contaminant persistence. 

4.6.1 Physical and Chemical Transport Properties 

This section provides a qualitative discussion of potential migration of the contaminants found at <Area A. The 

physical and chemical properties of the chemicals found in the study area, where available, are presented in Tables 

4-14 and 4-15. These parameters may be used to assess the behavior of a chemical in the environment. 

9” 
/ 
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MOBILITY PARAMETERS FOR ORGANIC CHEMICALS - SITES 1,2,3 
NAWC, WARMINSTER, PENNSYLVANIA 
PAGE TWO 

CHEMICAL MOL" wr. (g) 

Dibenz[a,hlaothracene 278.4 

Benzolg,h,ilperylene 276 

FlUOrene 116.2 

l,l,l-Trichloroetbene 133.41 

l,l-Dichloroethane 98.96 

1,1-Dichlosoethene 96.94 

Carbon tetrachlorfde 153.82 

Ethylbenzene 106.16 

XylGSl.3 106.16 

Di-n-octylphthalete 391 

4-Methylphenol 108.1 

1,4-Dlchlorobenzene 147.01 

C~?CbaZOl~ 167.21 

Amclor 1260 375.7 

Chlorobenzene 112.56 

Dibenzofuran 168.2 

Vinyl chloride 62.5 

1,2-Dichloroethene 98.96 

cis-1,2-Dlchloraethene 96.94 

Trichlorofl"oromethane 137.4 

1,2-Dichlorobenzane 147.01 

2-Butanone 72.1 

Diethylphthalate 222.2 

Chlorometbene 50.94 

AC&.X.* 58.08 

1,2-Dichloropropane 112.99 

SOL"'(mg/L) 

O.O005(25C) 

O.O0026(25C) 

1.69(25(3) 

720 

5500 

400 

785 

152 

187 

3(25C) 

4400 

79(25C) 

O.OS(24C) 

500 

10 

2700 

8690 

800(2OC) 

1100 

100 

35300 

210 

6450 

680000 

2700 

Log &" Ull~lY1 

5.97 

7.23 

4.18 

2.47 

1.79 

1.48 

2.64 

3.15 

2.77-3.2 

9.2 

1.92i1.94 

3.56 

3.29 

7.15 

2.94 

4.12 

1.23 

1.48 

2.52 

3.56 

0.26 

2.47 

0.95 

-0.24 

2.02 

V.P."' (nrmAg,2DC) 

lE-10 

l.O'JE-lO(25C) 

7.1E-4 

1.23E2(25C) 

l.OE2 

5.91E2 

9El 

7E0 

6.5EO 

l.dE-4 

4E-2 

l.l8(25C) 

400(323CJ 

4E-5(25C) 

1.17El 

2.66E3(25C) 

6.lEl 

200(25C) 

P.O4E-1 

1 

7.BEl 

3.5E-3l25C) 

3.76~3 

2.7E2(30C!) 

4.2El 

@*Iv 
arm.d ml 

7.X-8 

l.ddE-7 

6.43-5 

3E-2 

4.26E-3 

1.9E-1 

2.3E-2 

6.61-3 

4.33E-3 

1.7E-5 

1.298-6 

3.lE-3 

0.74 

3.58E-3 

8.14E-2 

9.i4E-4 

4.08E-3 

0.11 

l.P3E-3 

2.08E-5 

1.2E-6 

4E-2 

3.43E-5 

2.31E-3 

BCF" 

6.935 

3.535 

3.833 

B.lEl 

l.PEl 

5.3El 

2.11E2 

6.68El 

1.5E-2 

3.PEB 

l.lEl 

7.3E2 

lE5 

1.64E2 

5.7 

9 

4s 

7.382 

6E-1"' 

1.07E2 

3.2 

3E-1"' 

3El 

SP.ORA". '1"" (at 
20 Cl 

1.203 

1.35 

1.174 

1.218 

1.59 

0.867 

0.86-0.88 

0.99 

1.0347 

1.458 

1.10 

1.1066 

0.9121 

1.25 

1.28 

1.494 

1.305 

0.805 

1.12 

0.991 

0.791 

1.16 

Koc"' 

3.336 

1.6E6 

7.3E3 

1.52El 

3El 

6.5El 

4.3932 

l.lE3 

2.48E2 

3.6E9 

2.43El 

1.7E3 

1202"' 

6.7E6 

3.3E2 

8128 

8.2 

14 

59 

159 

1.7E3 

17 

1.42E2 

4.3 

9.2 

5.1El 
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TABLE 4-14 
MOBILITY PARAMETERS FOR ORGANIC CHEMICALS - SITES 1,2,3 
NAWC, WARMINSTER, PENNSYLVANIA 
PAGE THREE 

(1) EPA, 1982 

(2) Verschueren, 1983 

(3) EPA RREL 

(4) Versar, 1979 

(5) Weast, 1988 

(6) NLM, January 13,1992 

(7) Estimated as per Lyman, et al, 1990 

(8) Estimated from NLM, January 13, 1992. 

(9) Not available 

MOL. WT. = Molecular weight 

SOL. = Solubility 

Kow = Octanol - water partition coefficient 

V.P. = Vapor pressure 

H = Henry’s law constant 

BCF = Bioconcentration factor 

SP. GRAV. = Specific gravity 

Koc = Organic carbon partition coefficient 

- 

,- 

- 

.-- 

- 

- 
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TABLE 4-15 
MOBILITY PARAMETERS AND PROPERTIES FOR INORGANIC CHEMICALS - SITES 1,2,3 

NAWC, WARMINSTER, PENNSYLVANIA 

Chemical MOL WT. (g) 

Arsenic 74.92 

Antimony 121.75 

Barium 137.34 

Cadmium 112.4 

Chromium 51.996 

Copper 63.54 

Lead 207.19 

Manganese 55 

Mercury 200.59 

SP. GFtAV. 
(at 20C)r’) 

5.727 

6.884 

3.51 

8.642 

7.20 

8.92 

11.3 

7.2 

13.5939 

BCF Described Environmental Fate c) 

(2) (3) 

333 o-17 Sorption important 

40-16000 Sorption important; many species mobile 

1000-4000 2-3520 Bioaccumulation, sorption important 

70-4000 <l-2.8 CrVl soluble, mobile; Crtll insoluble 

1230000 O-2000 Sorption, biiaccumulation important 

W-200 42-1700 Sorption, biiaccumulation important 

1000-100000 4994-64Qoo Some insoluble species; sorption, metabolism, 
bioaccumulation important 

Nickel 58.71 8.9 40-100 0.8-192 Soluble species, some bioaccumulation, sorption 

Silver 107.87 10.5 2009080 <l-240 Sorption important, some bioaccumulation 

Vanadium 50.942 5.96 

Zinc 65.38 7.14 1000-40000 51-1130 Sorption, bioaccumulation important 

Selenium 78.96 4.81 400800 28951 Sorption important 

Thallium 204.38 11.85 100000-150000 34-130 Sorption, bioaccummulation important 

MOL. WT. = Molecular weight 
Sp. Grav. = Specific gravity 
BCF = Biocentration or bioaccumulation factor; freshwater species 
(1) Weast, 1988 
(2) Versar, 1979 
(3) EPA, 1983a; EPA, 1983b; EPA, 1983c; EPA, 1986b; 

EPA, 19834; EPA, 1986c; EPA, 1986d; EPA, 19838; 
EPA, 1980a; EPA, 198Ob; EPA, 198Oc; EPA, 1980d 
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Empirically determined literature values of water solubility,octanol-water partition coefficient (Kow), Koc, 

vapor pressure, Henry’s Law constant, bioconcentration factor (BCF), and specific gravity are presented 

for organic chemicals, as available. Many of these parameters are not applicable to inorganic chemicals. 

For inorganics, specific gravity and BCFs have been presented, along with qualitative descriptions of 

important environmental fate properties. Calculated values, which were obtained using approximation 

methods, are presented when literature values are unavailable. A discussion of the environmental 

significance of each of these parameters follows. 

- 

^._ 

The rate at which a chemical is leached from a waste deposit by infiltrating precipitation is proportional to 

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 4-14 indicate that the VOCs are several 

orders of magnitude more water-soluble than semivolatile organic compounds (SVOCs) (including 

phthalates and PAHs), pesticides, or PCBs. This conclusion is reinforced by the fact that VOCs were 

discovered more frequently and at greater concentrations in groundwater than in surface media. 

(Volatilization of VOCs from surface media is also an important factor in the observed distribution of these 

chemicals.) 

Although phthalates, PAHs, and PCBs were detected in soil, such compounds have not been detected to 

a great extent in groundwater. When detected, they are observed in monitoring wells, where they may be 

part of the sediment in the sample instead of the aqueous fraction. This is a manifestation of their limited 

water solubility and tendency to adsorb onto soil/sediment particles. 

The Kow is a measure of the equilibrium partitioning of a chemical between octanol and water. The Kow 

is also used to estimate BCFs in aquatic organisms. A linear relationship between the Kow and the uptake 

of chemicals by fatty tissues of animal and human receptors has been determined (Lyman et al, 1990). 

PAHs, phthalates, and PCBs are several orders of magnitude more likely to partition to fatty tissues than 

the more water-soluble VOCs. The Kow is also useful in characterizing the sorption of compounds by 

organic soils when experimental values are not available. 

The Koc is related to the water solubility and the Kow. This parameter indicates the tendency of a chemical 

to bind to soil particles containing organic carbon. Chemicals with high Koc generally have low water 

solubilities, and vice versa. Chemicals such as phthalates, PAHs, pesticides, and PCBs are relatively 

immobile in the subsurface environment and are preferentially bound to the soil phase. These compounds 

are not subject to groundwater transport to the same extent as compounds with high water solubilities. 

- 

.- 

- 

- 
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Koc may be used to infer the relative rates at which the more mobile chemicals are transported in the 

groundwater. The Koc and the fractional organic carbon content of the soil (FOC) may be used to 

determine an equilibrium distribution coefficient (Kd) for the solid and aqueous matrices: 

CF. Kd=KocXFOC 

where: Kd = Distribution coefficient 

FOC = Soil organic carbon content 

Koc = Organic carbon partition coefficient 

+-P 
TOC results may be used to calculate FOC for soils. One subsurface soil taken at Sites 1, 2, and 3 was 

analyzed for TOC, and the result was 2600 mg/kg. Thus: 

Cc FOC = (2600 mg/kg) (1 E-6 kg/mg) 

= 0.0026 kg organic carbon/kg soil 

Vapor pressure provides an indication of the rate at which a chemical volatilizes from both soil and water. 

It is of primary significance in instances where environmental interfaces such as surface soil/air and surface 

water/air are important, rather than in evaluation of groundwater and subsurface soils. Vapor pressures 

for VOCs are generally many times higher than vapor pressures for phthalate esters and PAHs. Chemicals 

with higher vapor pressures are expected to enter the atmosphere much more readily than chemicals with 

lower vapor pressures. Volatilization has also been reported to be one of the environmental fate pathways 

of PCBs. For example, of 700,000 pounds of PCBs in uncapped landfills in the Hudson River Basin area, 

an estimated 3,000 pounds (about 4 percent) volatilize annually (Lunsford, 1982). Volatilization depends 

upon such factors as total exposed surface area, PCB concentrations, and amount of organic matter in the 

soil. 

Both vapor pressure and water solubility are of use in determining volatilization rates from surface water 

bodies. The Henry’s Law Constant is the equilibrium vapor pressure of a chemical above a solution divided 

by its concentration in the solution (for dilute systems). The Henry’s Law constant may also be used to 

calculate the equilibrium contaminant concentrations in the vapor versus liquid phases for dilute solutions 

commonly encountered in environmental settings. The Henry’s Law constant is also useful ,for mass 

transfer applications for air-stripping column design. 
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BCFs represent the ratio of aquatic-organism tissue concentration to water concentration. The ratio is both 

contaminant- and species-specific, as well as tissue-specific. When site-specific values are not measured, 

literature values may be used, or the BCF may be derived from the Kow. Phthalate esters, PAHs, and 

pesticides will bioconcentrate at orders of magnitude greater than those concentrations found in the water 

where the exposed species reside. Bioconcentration is a well-known property of PCBs; PCBs can be 

stored in fatty tissues of exposed organisms at concentrations much higher than the environmental 

concentration. VOCs are not as readily bioconcentrated as the pesticides or PCBs. 

Specific gravity is the ratio of the mass of a given volume of pure chemical at a specified temperature to 

the mass of the same volume of water at a given temperature. Its primary use is to determine whether 

pure compounds or very high concentrations of a contaminant will float or sink in water. As shown in Table 

4-14, most of the chemicals detected in this study area were denser than water, although ethylbenzene and 

xylenes are less dense. 

As shown in Table 4-15, most of the inorganic chemicals have a strong tendency to adsorb onto sediment 

particles, a factor that greatly reduces their mobility. For some metals, such as cadmium, lead, and 

mercury, bioaccumulation also plays an important role in environmental fate. While the metals themselves 

are insoluble in water, soluble species of some metals, such as chromium and antimony, can increase 

contaminant mobility. 

4.6.2 Potential Migration Routes 

In general, numerous potential migration routes exist in areas contaminated with hazardous materials. 

Such migration routes include, but are not limited to, atmospheric migration via particulate or 

volatile/semivolatile emissions, overland migration of dissolved or adsorbed contaminants, surface water 

transport, and groundwater transport. Only the transport pathway for migration of shallow groundwater is 

evaluated in this section. 

One possible migration route in this area is from groundwater into the adjacent stream located north of the 

three sites. This process may be taking place because groundwater flow maps indicate that flow in the 

both overburden and shallow bedrock aquifers is toward the stream, and upward vertical gradients in well 

couplets near the stream have been measured. Groundwater movement to the stream may be via both 

overburden and shallow bedrock aquifers. Surface water was sampled downstream of this area. Some 

of the same compounds in monitoring wells, such as BTEX, PAHs, and phthalates, were detected in 

downstream surface water and sediment, although most of the chlorinated VOCs were nqt found. These 

results are not presented in this report. 
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The second possible route of groundwater migration is from the shallow bedrock aquifer beneath Area A 

into the deeper bedrock aquifers downdip and north of the site. Once the contaminants have entered the 

deeper aquifers, migration may occur along geologic structures such as permeable bedding planes, 

subsurface fractures, and joints. Contaminants were detected in the shallow bedrock aquifer underlying 

this area. Drawdown in water levels for some shallow bedrock wells in response to nearby pumping wells 

(e.g., Wagner and Sons) suggests that this aquifer may be recharging deeper aquifers, downdip from 

Area A. The upward flow of groundwater within well SMCQ from deeper bedrock aquifers to the shallow 

bedrock aquifer indicates that the shallow bedrock aquifer within Area A is not recharging the deeper 

aquifers directly beneath the area. This interpretation is consistent with published studies of the regional 

hydrogeology. 

The third possible route of groundwater migration is from the facility to off-site areas, including those which 

are north of the unnamed tributary. The stream is likely to act as a groundwater divide for the overburden 

aquifer, however, this has not been documented for the shallow bedrock aquifer. 

4.6.3 Contaminant Persistence 

Several transformation processes are believed to affect the persistence of organic chemicals in the 

environment. The primary processes affecting contaminant fate in the environment include microbial and 

chemical degradation. 

Generally, organic molecules are subject to several chemical reactions under environmental conditions. 

Such reaction mechanisms include acidlbase reaction, addition, elimination, and hydrolysis. However, 

monocyclic aromatics are not particularly amenable to the majority of these degradation mechanisms. 

Hydrolysis is considered to be negligible for PAHs, halogenated hydrocarbon pesticides, and PCBs. 

Phthalates can be more susceptible (Versar, 1979; EPA, 1982; Lyman et al, 1990). Hydrolysis reactions 

can occur under acidic, basic, or neutral conditions. 

Another possible type of degradation is the dechlorination of PCE and TCE to 1 ,P-DCE, 1 ,l-DCE, and 

ultimately vinyl chloride (Cline and Vi&e, 1984). A similar type of reaction has been reported for 1 ,l ,l- 

TCEA in degradation to 1,2-DCA, 1 ,I -DCA, and chloroethane. In groundwater at Sites 1,2, and 3, PCE, 

TCE, 1,2-DCE, 1 ,l -DCE, and vinyl chloride were detected. 1 ,l ,l-TCEA, 1 ,l-DCA, and 1 ,P-DCA were also 

detected. 
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Bacterial degradation is a potential environmental fate mechanism. The compounds for which 

biodegradation is potentially considerable are toluene, 4-methylphenol, and, to some extent, naphthalene 

and phthalates (USEPA, Dee 1982; Verschueren, 1983). This degradation is primarily biological, and 

anaerobic conditions are typically required for these reactions to occur. 

4.7 BASELINE RISK ASSESSMENT 

__ 

This section provides a description of the risk assessment methods employed for NAWC Warminster at 

Area A, as well as a summary of the risk assessment results. The objectives of the risk assessment are 

to define the actual or potential risks to human health and the environment resulting from the presence of 

contamination in groundwater and to provide the basis for determining appropriate remedial measures for 

this medium in the FS. 

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

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

either natural processes or by human action; potential exposure points must exist; and human or 

environmental receptors must be present at the point of exposure. Risk is a function of both toxicity and 

exposure; without any one of the three factors listed above, there will be no risk. 

- 

_. 

I-- 

The risk assessment estimates the potential for human health risk at the site. Information regarding the 

toxicity of the compounds detected in the various media, the distribution of contamination, and a site- 

specific estimate of chemical intake via assumed exposure routes will be combined to estimate potential 

risks. The processes used for this report are generally in accordance with current EPA risk assessment 

guidance (EPA, 1989a; EPA, 1991a). 

- 

.c 

The human health risk assessment consists of four components: Data Evaluation, Toxicity Assessment, 

Exposure Assessment, and Risk Characterization. Each component is briefly discussed below. 
- 

l The data evaluation (Section 4.7.1) is primarily concerned with the selection of chemicals of concern 

that are representative of the type and magnitude of potential human health &I/or environmental _,- 

effects. Contaminant concentrations relative to background levels, contaminant release and 

environmental transport mechanisms, exposure routes, and toxicity are considered in order to I- 

develop a list of contaminants used to define the site-associated risks. 

-. 
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. The toxicity assessment (Section 4.7.2) presents available human health and environmental criteria 

for all chemicals of concern. Quantitative toxicity indices are presented where they are available, 

including any applicable regulatory standards and criteria. Enforceable standards such as Maximum 

Contaminant Levels (MCLs), regulatory guidelines such as AWQCs and Health Advisories, and dose- 

response parameters, such as Reference Doses (RfDs) and Cancer Slope Factors (CSFs), are 

presented for each chemical of concern. Chemicals classified by EPA as Group A (human), B 

(probable human), or C (possible human) carcinogens were treated as carcinogens, and other 

chemicals were treated as noncarcinogens. A special discussion of lead is included because of the 

lack of quantitative dose-response parameters for this analyte. 

- 
. The exposure assessment (Section 4.7.3) identifies potential human health or environmental 

exposures either at the source area or off-site. Exposure routes are developed from information on 

the source area concentrations, contaminant release mechanisms, patterns of human activity, and 

other pertinent information. 

l The risk characterization (Section 4.7.4) defines the risks associated with threshold (noncarc;inogenic) 

and nonthreshold (carcinogenic) effects of the chemicals of concern through the use of estimated 

intakes and the RfDs/CSFs. 

4.7.1 Data Evaluation 

4.7.1 .l Representative Concentrations 

The risk assessment for NAWC Warminster was petformed using a representative concentration for each 

chemical in groundwater identified at Area A. Current conditions were evaluated. Usability of results is 

discussed below. 

*da 

-. 

The validated data were used to calculate representative concentrations. For chemicals with at least one 

positive detection, non-detects were assumed to be one-half the detection limit (sample quantitation limit). 

Rejected values (R) were eliminated from further consideration. For values attributed to blank 

contamination (B), where there were also some positive detections, one-half the (B) value was used. 

Estimated and biased values (J, K, L) were used at the reported value. Duplicate samples were averaged 

together and considered as one result. For duplicates, where one result was positive and the otlher result 

was a non-detect, the problem of calculating an average result arose whenever half the detection limit 

exceeded the positive result. It was considered undesirable for the average to exceed the positive result; 

therefore, one-half the positive result was used to represent the non-detect in such cases. 
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Phase I data from the SMC report (SMC Martin, 1991), were combined with Phase II data. In cases where 

the same location had been sampled during both phases, the results were simply treated as individual 

samples indicating media contamination over time and were not treated as duplicates. 

The calculation of the representative concentration is a two-step process. First, the standard deviation of 

the sample set must be determined, as follows: 

S = sqrl [sum (Xi-Xm)*/(n-l)] 

where: S = Standard deviation 

Xi = Individual sample value 

Xm = Arithmetic mean for the n samples 

n = Number of samples 

The two-sided upper 95 percent confidence limit (UCL) was then calculated as follows: 

UCL = Xm + tS/sqrI n 

where: Xm = Arithmetic mean 

t = Two-sided t distribution factor where a = 0.05 

S = Standard deviation 

n = Number of samples 

This procedure is a minor deviation from current EPA policy, which dictates that the one-sided 95 percent 

UCL on the mean should be used as the representative concentration. At the time this report was originally 

prepared (November 1992), EPA guidance regarding the use of the two-sided or one-sided limit was 

somewhat unclear, and the two sided limit was used rather than the one-sided limit. However, use of the 

two-sided 95 percent UCL is equivalent to the use of a one-sided 97.5 percent UCL. Therefore, use of the 

two-sided limit is more conservative than the current approach suggested by EPA and its use will tend to 

slightly overestimate risks rather than underestimate them. 

For small sample sets or sample sets in which all positive results equal less than one-half the detection 

limit, the UCL can exceed the maximum detected concentration. In these cases, the maximum 

concentration was selected as the representative concentration. A sample calculation is provided in 

Appendix M. UCLs for all contaminants, from which the representative concentrations are derived, are 

presented in Appendix N. 

-- 

C, 
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The calculation of chemical-specific representative concentrations was generally performed assuming the 

available data were normally distributed. However, current EPA Region III guidance suggests that 

environmental monitoring data are typically log-normally distributed because of samples obtained from 

locations at known or suspected areas of contamination and from locations that are not contaminated (i.e., 

biased or non-random sampling). Therefore, use of the 95 percent UCL on the geometric mean is 

suggested unless this value exceeds the maximum observed concentration, in which case disl:ributional 

6-J. 
assumptions should be investigated. 

A 
Several groundwater chemicals of concern (e.g., PCE and TCE) for Area A were checked for diistribution 

using the Shapiro-Wilk W test apd it was detervined that neither the normal nor log-normal assumptions 

are valid at the a = 0.05 level of significance. The 95 percent UCL on the geometric mean was noted to 

exceed the maximum observed concentration for these chemicals. Therefore, it was considered 

appropriate to use the 95 percent UCL on the arithmetic mean, which is similar in magnitude to the 

maximum observed value. The maximum observed value was used as the representative concentration 

for many of the remaining chemicals of concern. 

.“-, 

.pn 

The representative concentrations that were not set at the maximum observed value are all roughly similar 

to the latter value (i.e., of the same order of magnitude) and are considered reasonable representative 

concentrations because no drinking water wells exist within Area A and, if a well was installed in the center 

of the pattern of groundwater contamination, it would not be expected to continuously draw at the rmaximum 

concentrations given the potential for contaminant migration. 

The issue of the representative concentrations is not considered significant from the standpoint of the 

suitability of the aquifer as’s drinking water source. Many chemicals were detected in groundwater at 

concentrations above MCLs. Therefore, groundwater cannot be used for drinking water without treatment 

regardless of the representative concentrations. 

4.7.1.2 Chemicals of Concern 

k 

Chemicals of concern are identified in this section, based on various aspects of their occurrence and 

distribution, mobility, persistence, and toxicity. These chemicals are selected to represent site 

contamination and will provide the framework for the quantitative risk assessment. 

3 

The occurrence and distribution of groundwater contaminants in Area A were discussed in Section 4.5. 

Metals, chlorinated ethenes, chlorinated ethanes, benzene, toluene, ethylbenzene, and xylenes, phthalates, 

and PAHs were considered notable in groundwater. The chemicals will be discussed in more detail in the 

following sections. 

- 
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Appendix 0 summarizes the toxic effects for selected groundwater chemicals of concern. The summaries 

are presented in the form of toxicity profiles. Adverse effects on both human and environmental receptors 

are discussed. The chemical of concern selection process for groundwater is discussed in the remainder 

of this section. 

Current Groundwater ^- 

The chemicals that were positively detected in monitoring wells from this study area were presented in 

Tables 4-11, 4-12, and 4-13. Table 4-16 presents the chemicals of concern for current groundwater in 

Area A. Because metals in groundwater can be naturally occurring, comparison to both upgradient 

groundwater (Tables 4-8 and 4-Q) and drinking water criteria, guidelines, and dose-response parameters 

(see Section 4.7.2.2) was used to select the inorganic chemicals of concern. Any element that fell below 

drinking water criteria, guidelines, and/or dose-response parameters for a 15-kilogram child consuming one 

liter per day of water and upgradient concentrations was eliminated. Essential metals that are common 

minerals not usually noted for toxicity, such as calcium, magnesium, potassium, sodium, and iron, were 

eliminated. Any chemical that exceeded either the upgradient concentration or drinking water criteria, 

guidelines, or dose-response parameters was selected as a chemical of concern. Additionally, any 

positively detected chemical classified as a Group A, Bl , B2, or C carcinogen was classified as a chemical 

of concern for groundwater. 

-. 

- 

-_ 

According to EPA policy, risk assessment must be performed using unfiltered groundwater samples. 

However, because of the potential influence of sediments in turbid monitoring well water, representative 

concentrations of inorganics in filtered groundwater are also shown for comparison’s sake. 

All organic chemicals detected in monitoring well water from Area A were selected as chemicals of concern. 

Because two different types of analyses were performed for 1,2-dichloroethene (total and trans versus cis), 

these chemicals are shown separately. However, total 1 ,PDCE will be assumed to be 100 percent cis 

[conservative, worst-case because cis has a lower MCL, MCL Goal (MCLG), and RID than trans] for the 

purposes of quantitative risk assessment. Most chemical-specific parameters are available for the cis or 

Vans isomer only. 

m.. 

-. 
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TABLE 4-16 
CHEMICALS OF CONCERN-MONITORING WELLS SITES 1,2,3 

NAWC, WARMINSTER, PENNSYLVANIA 
We) 

ORGANICS 

Carcinogens 

Vinyl chloride 

I 

Rep. Cont. Noncaminogens Rep. Cont. - 

1.5 1 ,l-Dichloroethane 8.0 - 

1,l -Dichloroethene 3.0 1,2-Dichloroethene 27.0 - 

1,2-Dichloroethane 3.5 cis-1 ,P-Dichloroethene 138 - 

Trfchloroethene 469 1,l ,l -Trichloroethane 10.0 - 

Tetrachloroethene 128 Trfchlorofluoromethane 29.8 - 

Chloroform 13.8 Toluene 4.0 - 

Carbon tetrachloride 18.8 Ethylbenzene 0.2 - 

Benzene 2.0 Xylenes 2.0 - 

1,2-Dichloropropane 1.0 1 ,P-Dichlorobenzene 0.7 _ 

Pyrene 0.8 P-Butanone 24.0 m 

Di-n-octylphthalate 3.0 - 

Diethyiphthalate 0.375 - 

Phenanthrene 0.3 - 

Fluoranthene 0.6 - 

UNFILTERED INORGANICS 

Carcinogens 

Arsenic 

- 

Rep. Cont. Noncamingens Rep. Cont. - 

10.6 Manganese 5410 - 

Lead 85.5 Thallium 1.14 - 

Chromium 49.4 Aluminum 25820 m 

Barium 873 - 

Cobalt 22.8 m 

Copper 236 - 

Mercury 0.22 m 

Nickel 43.6 - 

Silver 5.58 - 

Vanadium 24.5 w 

Zinc 400 - 

FILTERED INORGANICS 

Carcinogens 

Lead 

- 

Rep. Cont. Noncarcinogens Rep. Cont. - 

1.88 Barium 210 - 

Manganese 210 - 

Vanadium 3.39 
I 
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4.7.2 Toxicity Assessment 

The purpose of this section is to identify the potential health hazards associated with exposure to each of 

the groundwater chemicals of concern. A toxicological evaluation characterizes the inherent toxicity of a 

compound. The literature indicates that the chemicals of concern cause carcinogenic and/or 

noncarcinogenic health effects in humans. In addition, many of the chemicals have adverse effects on 

environmental receptors. Although the chemicals of concern 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 groundwater chemicals of concern at Area 

A is presented in Appendix 0. 

4.7.2.1 Health Effects 

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 may 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. 

RfDs and CSFs have been developed by EPA for many organics and inorganics. This section provides 

a brief description of these parameters. 

Reference Doses (RfDs) 

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. 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 extrapolating test results from animals 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 WD, 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. 

CJ 

,F”f 

The. RID 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 WD is an acceptable guicleline for 

evaluation of noncarcinogenic risk, although the associated uncertainties preclude its use for precise risk 

quantitation. RfDs for site contaminants are provided in Table 4-17. 

Noncarcinogenic risks for lead were not quantitated and compared to RfDs, because no EPA consensus 

currently exists with respect to a lead RfD. Instead, expected blood-lead increases were estimated, and 

a discussion of these results is presented in Section 4.7.4.6. 

Cancer Slope Factors (CSFs) 

CSFs are applicable for estimating the lifetime probability (assumed 70-year lifespan) of human receptors 

developing cancer as a result of exposure to known or potential carcinogens. This factor is generally 

reported in units of l/(mg/kg/day) and is derived through an assumed low-dosage linear relationship of 

extrapolation from high to low dose-responses determined from animal studies. The value used in reporting 

the slope factor is the upper 95 percent confidence limit. CSFs for site contaminants are provided in Table 

4-17. 

Carcinogenic risks for lead will not be quantitated, because no EPA consensus currently exists with respect 

to an inorganic lead CSF. Instead, potential lead exposure will be calculated using a biokinetic model to 

estimate expected blood-lead increases, and a discussion of these results will be presented. 
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Chemical 

TABLE 4-17 
DOSE-RESPONSE PARAMETERS AND ARARS - GROUNDWATER CHEMICALS AT SITES 1,2,3 

NAWC, WARMINSTER PENNSYLVANIA 
i v 

RFD oral ,RFD Inhalation CSF ora1 
hlksldayl 

CSF Inhalation MCL HCL43 
hw/kg/d.wl 

CWIA Awpctt1, AwQc'Lal 

(1) (21(J) 
(w/kg/day)- 

(l’(2) 0) (l)(2)(3) 
bxrlkgldayl“ lug/L) 

(l)(2)(3) 
OwlLl FRESH CHRONIC INGESTION 

(41 ':;~:;:;I (81 
7% 

(4) (101 IF"' AQ"ATIC LIFE WplTER e FISA ONLY 
(ug/L) 

‘2.9 

‘3E-4 

7E-2 

lE0 

'lE-4 

- 

‘h1.75 “1.5El 

50(S) 

50 (NJ 

2000(F), 1000(N) 

lOO(TOT) 

97 

0 48 (PENT) 0.018 0.14 

2000 Lifetime adult:2 

lOO(TGT) 1 day child:1 210+ 33000 670000 
10 day child:1 
Longer-term child:0.2 
Longer-term adult:1 
Lifetime adult:2.6ITOT) 

Cobalt 

copper 

Lead 

Manganese 

Mercury 

l 3.7E-2 

E-3 

l 3E-4 

IE-4 

‘9E-5 

1300 ,n, 

50(N), 15(A) 

50(S) 

2 

1300 12r 1300 

0 3.2, 50 

2 Longer-term adult:0.002 0.012 0.14 0.15 
Lifetime adult:0.002 

Nickel 2E-2 100(P) 100 1 day child:1 
10 day child:1 
Longer-term chl1d:O.S 
Longer-term adult:1.7 
Lifetime adu3t:o.l 

160r 510 3800 

Thallium 7E-5 l-Z(P) 0.5 1 day chlld:0.007 
10 day chlld:0.007 
Longer-term child:0.007 
Longer-term adult:0.02 
Lifetime adult:0.0004 

40,IIJEL) 2.0 7.2 

Silver 5E-3 50 IN) 1 day chlld:0.2 
10 day child:0.2 
Longer-term chlld:0.2 
Longer-tern adult:0.2 
Lifetime adu1t:O.l 

0.12 91 

Vanadlw '7E-3 1 day chlld:0.08 
10 day chi1d:O.O) 
Longer-term chlld:O.03 
Longer-term adult:O.ll 
Lifetime adult:O.Ol 

Zinc 3E-1 5000(S) Lifetime edu1t:O.l llO+ 
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TABLE 4-17 
DOSE-RESPONSE PARAMETERS AND ARARS - GROUNDWATER CHEMICALS AT SITES 1,2,3 
NAWC, WARMINSTER PENNSYLVANIA 
PAGE TWO 

Chemical 

Chromium VI 

FSD oral 
lwlkddwl 

(l)(2)(3) 

5E-3 

RFD 
1nha1atioa 
lw/kg/dW 

(U(2)(3) 

RFD Oral RFD HCL NClG EUBA Awpc#~u Awpc”2, 

bdkgldayl-’ Inhalation (US/L1 bgm (4) FRESB CHRONIC INGESTION WATER 
(l)(2)(3) (&kg/day)-1 ,4l~m~;3m (O(101 AQ”ATIC LIFE L FISH ONLY 

(l)(2)(3) lugILl 

A4.2El lOO(TOT) 100 (TOT) 1 day child:1 (TOT) 11 170 3400 
10 day child:1 
Longer-term child:2 
Longer-term adu1t:O.S 
Llfetlme adu1t:O.l 

Benzo[klEluoranthene 0.4s 4.OE-1 0.2(P) 0 ao(Ou&Ll&a, 0.0028 0.0311 

carbazo1e 

1,4-Dlchlorobenzene l 2E-1 

'ZE-2 

l 2.4E-2 75 75 1 day child:10 
10 day child:10 
Longer-term child:10 
Longer-term adult:40 
Lifetime adult:O.O75 

Aroclor - 1254 Q7.7 0.5 0 0.014 (TOT d.dE-5 4.5E-5 
FCBSI 

*SE-2 2.9,X-l ' _ 1 day child:)0 
10 day child:) 
Longer-term child:3 
Longer-term adult:') 
Lifetime adult:0.2 

Chlorobenzene 2E-2 l 5.71E-3 100 100 1 day child:2 
10 day child:2 
Longer-rem child:2 
Longer-term adult:7 
Lifetime adu1t:O.l 

488 

1.1.Dlchloroethene 9E-3 C6E-1 <1.75E-1 7 7 1 day child:2 
10 day child:1 
Longer-term chlld:l 
Longer-term adult:4 
Lifetime adult:0.007 

11600 (WEL) 0.057 3.2 
I Eal 

(DICBMROETB 
Sl 

1,1-Dlchloroethane 

l,l,l-Trlchloroethane 

IE-I" 

9E-2" 

l 1.43E-1 

l 3E-1 200 200 1 day child:100 
10 day child:40 
Longer-term child:40 
Longer-term adult:100 
Lifetime adult:O.2 
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TABLE 4-17 
DOSE-RESPONSE PARAMETERS AND ARARS - GROUNDWATER CHEMICALS AT SITES 1,2,3 
NAWC, WARMINSTER PENNSYLVANIA 
PAGE THREE 

Chemical Em Oral 
hlkgldayl 

(l)(2)(3) 

RFD CSF Oral CSF l4CL 
Inhalation 

HCLG 
(w/kg/day)-' 

DWHA 
Inhalation 

AwpcU" Am]c"" ~WQC"" 

(oglkglday) 
(W/L1 (UglL) FRESR CEIIONIC INGESTlON FISH 

(1)(2)0) 
(11(2)(31 (mg/kg/dayl-1 

(l)(2) (31 
(4mjH;;;)w (O(lO) 

y1 
AP"ATIC LIFE WATER L FISH ONLY 

(US/L) 

Fluoranthene 4E-2 3980 42 54 

Pyrene 3E-2 NFL 0.0028 0.0311 

B~WZ[~l~~thX~C.3E 0.1(P) 0 0.0028 0.0311 

Chrysene 0.2(P) 0 0.0028 0.0311 

BenzoIblfluoranthene 8.963-l 7.49E-1 0.2(P) 0 0.0028 0.0311 

Indeno[l,2,3-c,dlpyrene 2.03 1.7 0.4(P) 0 300(m) (UIEL) 0.0028 0.0311 
(TOT PAAS) 

BenzoIg,h,ilperylene 1.55E-1 1.29E-1 3own&'P~~u 0.0028 0.0311 

Di-n-octylphalate *2I+2 3 (MEL) 
(TOT PHTWLL) 

Diethylphthalate OE- 1 Lifetime adult:5 3 (MEL) 23000 120000 
(TOT PHTHAL, 

Vinyl chloride 1.9Eu 3 2 0 1 day child:3 
10 day child:3 
Longer-term child:O.Ol 
Longer-term adult:0.05 

2 525 

cis-1,2-Dichloroethene 'lE-2 70 70 1 day child:4 
10 day child:3 
Longer-term child:3 
Longer-term adult:11 
Lifetime adult:0.07 

11600 (fa) 
G'JELI (DW 

Chlorofom IE-2 %.lE-3 =Q . lE-2 lOO(TW 1 day child:4 
10 day child:4 
Longer-term chi1d:O.l 
Longer-term adu1t:O.d 

1240 (UIEL) 5.70 470 

1,2-Dichloroethane =9.lE-2 *9.lE-2 5 0 1 day child:0.7 
10 day child:0.7 
Longer-term child:0.7 
Longer-term adult:2.6 

20000 (UIEL) 0.38 99 

Carbon tetrachloride 7E-4 =1.3E-1 =5.25E-2 5 0 1 day child:4 35200(fa) 0.25 45 
10 day child:0.2 (LOELI 
Longer-tern child:0.07 
Longer-term adult:0.3 

Trichloroethene I 6E-3 -l.lE-2 6E-3 I 5 I 0 I - 21900 (mm, 2.7 I 81 
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TABLE 4-17 
DOSE-RESPONSE PARAMETERS AND ARARS - GROUNDWATER CHEMICALS AT SITES I, 2,3 
NAWC, WARMINSTER PENNSYLVANIA 
PAGE FOUR 

i P F t a 

Chemical 

Benzene 

RFD ore1 
lua/kg/dayl 

(II (21(J) 

RFD 
Inhalation 
lw/kg/dwl 

Ill (21 I31 

cm ORAL CSF DWRR Apwc'*t, ~@@I" AQWC'L" 

IwlkglW'l -' Inhalation IUZLI t4YFO I FRESH CHRONIC INOESTION FISH ONLY 
Ill (2) (31 lmglkglday)-' (41 I51 (6lVl 

my' 
ApuATIC LIFE WATER k Fx3l 

Ill (21(3 I81 (91(10' IWIL) 

l 2. 9s2 '2.9E-2 5 0 1 day child:2 
"EA? 

1.2 71 
10 day chi1d:O.l 

Tetrachloroethane 

Trlchlorofluoromethane 

1E-2 -5.2E-2 2.OE-3 0 1 day child:2 640 (WEL) 0.5 0.05 
10 day child:2 
Longer-tern child:1 
Longer-term adult:5 

1 day child:7 

Naphthalene i day child:0.5 
10 day chi1d:O.S 
Longer-term child:0.4 

1 
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TABLE 4-17 
DOSE-RESPONSE PARAMETERS. AND ARARS - GROUNDWATER CHEMICALS AT SITES 1,2,3 
NAWC, WARMINSTER PENNSYLVANIA 
PAGE SIX 

l ** 

.A 

Under CSF: 

A= Group A human carcinogen 
B= Group Bl probable human carcinogen 
821 Group 62 probable human carcinogen 
C= Group C possible human carcinogen 

Under MCL: 

s= 
F= 
N= 
A= 
P= 

p” 
THM= 

From HEAST instead of IRIS 
Provisional ADI as per Layton, using rat 
LD50 of 1830 mgikg (Sax, 1989) and Layton’s 
most consecrative multiplier of 5E-8. 

Estimate based on RFDs of similar PAHs 

Under AWQC: 

Secondary 
Final; effective l/1/93 
National Primary Drinking Water Regulation 
Action Level 
Proposed 
Trfhalomethane 

+= 
LOEL= 
ma= 
PAHs= 
PCB= 
DCB= 
PHTHAG 
fa= 
DCE= 
TOT= 
PENT= 

Based on hardness of 100 mglL 
Lowest observed effects level 
marine acute 
Polycyclic aromatic hydrocarbons 
Polychlorinated biphenyls 
dichlorobenrenes 
phthalates 
freshwater acute 
dichloroethenes 
Total 

RFD= Reference dose 
csF= Cancer slops factor 
MCG Maximum Contaminant Level 
MCLG= MCL Goal 
DWHA= Drinking Water Health Advisory 
AWQC.: Ambient Water Quality Criteria 

EPA, 1992a - IRIS, August 2, 1992 
EPA, 1992b - HEAST, FY 1992 
EPA, 1992c - HEASt, July 1992 update 
EPA, 1992d - SOWA Summary November 1992 
EPA, 1991b 
EPA, 1991c 
EPA, 1990a 
EPA, 1991d 
EPA, 1991e 
EPA, 19928 
EPA, 1987a 
EPA, 1999b 
WD based on 1.3 mg/L Drinking Water Standard 
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EPA Weight-of-Evidence 
-- 

The weight-of-evidence designations indicate the preponderance of evidence regarding carcinogenic effects 

in humans and animals. The categories are defined in Table 4-18. _I- 

No RfDs or CSFs for oral or inhalation exposures to lead are currently available. An evaluation of effects -- 
of lead in groundwater at NAWC Warminster was performed with an EPA biouptake model. The obtained 

estimates of increases in blood-lead levels are used to evaluate the potential for adverse developmental 

and systemic effects. Such effects include, but are not limited to, toxicity to central nervous system and 
I_. 

renal function, birth defects associated with pregnant women, the level of intelligence exhibited by small 

children, reproductive and immune system impairment, and developmental toxicity. -. 

4.7.2.2 Applicable or Relevant and Appropriate Requirements (ARARs) - 

This section presents available regulatory standards or guidelines for the chemicals of concern selected 

in the preceding section. Currently, the only enforceable regulatory standards for exposure to groundwater 

contaminants are the MCLs. However, MCLs have not been specified for many of the chemicals of 

concern. Therefore, other regulatory guidelines may be used for comparative purposes to determine health 

risks and environmental impacts. Relevant regulatory guidelines include AWQCs, MCLGs, and EPA 

Drinking Water Health Advisories (DWHAs). ARARs and dose-response parameters are presented in Table 

4-17. The environmental criteria are discussed briefly below. 

.- 

I- 

.- 

Maximum Contaminant Levels (MCLs) 

MCLs are enforceable standards promulgated under the Safe Drinking Water Act and are designed for the 

protection of human health. MCLs are based on laboratory or epidemiologic studies and apply to drinking 

water supplies consumed by a minimum of 25 persons. They are designed for prevention of human health 

effects associated with lifetime exposure (70 years) of an average adult (weighing 70 kilograms) consuming 

two liters of water per day, but they also reflect technical limits on removing the contaminant from water. 

These enforceable standards are also based upon the fraction of toxicant expected to be absorbed by the 

gastrointestinal tract. 

v”-- 

-. 
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TABLE 4-18 
EPA WEIGHT-OF-EVIDENCE CARCINOGENIC CLASSIFICATIONS 

NAWC, WARMINSTER, PENNSYLVANIA 

EPA Category Description of Group 

Group A Human carcinogen 

Description of Evidence 

Sufficient evidence from epidemiologic 
studies to support a causal association 
between exposure and cancer. 

Group Bl Probable human carcinogen Limited evidence of carcinogenicity in 
humans from epidemiologic studies. 

Group B2 Probable human carcinogen Sufficient evidence of carcinogenicity in 
animals; inadequate evidence of 
carcinogenicity in humans. 

Group C Possible human carcinogen Limited evidence of carcinogenicity in 
animals. 

Group D Not classified Inadequate evidence of carcinogenicity in 
animals. 

Group E No evidence of carcinogenichy No evidence for carcinogenicity in at lleast 
in humans. two adequate animal test or in both 

epidemiologic and animal studies. 

Source: EPA, 1992b 
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Maximum Contaminant Level Goals (MCLGs) 

MCLGs are generally specified as zero for carcinogenic substances (although exceptions, such as 

beryllium, do exist) and do not consider the technical or economic feasibility of achieving these goals. 

MCLGs are nonenforceable guidelines based entirely on health effects. MCLs have been set as close to 

the MCLGs as is considered technologically and economically feasible. 

-- 

Ambient Water Qualitv Criteria (AWQCs) 

AWQCs were developed under the Clean Water Act and are not enforceable federal regulatory guidelines 

but are of primary utility in assessing the potential for toxic effects in aquatic organisms as well as human 

receptors. AWQCs consider acute and chronic human health effects from ingestion of both water (two liters 

per day) and aquatic organisms (6.5 grams per day). The AWQCs may also be adjusted to consider 

ingestion of water alone (two liters per day). The AWQCs for protection of human health for carcinogenic 

substances are based on EPA’s specified incremental cancer risk range of one additional case of cancer 

in an exposed population of 100,000 to 1 O,OOO,OOO persons and are generally based on older toxicological 

data. 
-- 

Drinking Water Health Advisories (DWHAs) 

DWHAs are guidelines developed by the EPA Qffice of Drinking Water for non-regulated contaminants in 

drinking water. These guidelines are designed to consider both acute and chronic toxic effects in children 

(with an assumed body weight of 10 kilograms who consume one liter of water per day and in adults 

(assumed body weight of 70 kilograms) who consume two liters of water per day. Health Advisories are 

generally available for acute (one-day), subchronic (1 O-day), and chronic (longer-term or lifetime) exposure 

scenarios. These guidelines are designed to consider only threshold effects and, as such, are not used 

to set acceptable levels for known or probable human carcinogens. 

.- 

I_ 

Values of the available regulatory standards and guidelines are presented in Table 4-17. This table 

presents values for the chemicals of concern that are human, probable human, or possible human 

carcinogens; for chemicals having only noncarcinogenic effects; and for chemicals having both carcinogenic 

and noncarcinogenic effects. 

_ 

- 
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4.7.2.3 Summary 

x*-r 

C 

Table 4-17 presents the values of the available federal ARARs and dose-response parameters for both 

carcinogenic and noncarcinogenic groundwater chemicals of concern. If the concentration or intake of a 

chemical exceeds these standards or guidelines, the possibility exists that a receptor may experience 

adverse health effects. Expected intakes of each chemical are presented in the Exposure Assessment 

P- (Section 4.7.3). 

/- 
4.7.3 Exposure Assessment 

A 

The purpose of this section is to evaluate the potential for human exposure to the hazardous chemicals 

in groundwater at Area A. This section characterizes the exposed populations, identifies actual or potential 

exposure routes, and provides exposure estimates. The nature and extent of contamination upon which 

the exposures are based were presented in Section 4.6. 

To determine whether there is an actual or potential exposure in this area, the most likely pathways of 

contaminant release and transport, as well as the human and environmental activity patterns, must be 

considered. A complete exposure pathway has three components: a source, a route of transport, and an 

exposure point for receptors. These components are addressed in the following subsections. 

/- 4.7.3.1 Exposure Routes 

There are several environmental media in this study area through which receptors can be either directly 

or indirectly exposed to site-related contaminants, including soil and groundwater and surface water and 

sediment downstream of this study area. Exposure routes involved include dermal contact, incidental 

ingestion, and inhalation. Only shallow groundwater exposures are discussed in this report. 

Groundwater 

In order to evaluate groundwater quality, potential groundwater exposure scenarios using current 

groundwater conditions were evaluated. The receptors include adult employees and adult iand child 

residents. It was assumed that the theoretical exposure to employees would be via ingestion and derrnal 

(hand washing) routes; exposure to adult residents would occur via ingestion, dermal (showering), and 

inhalation (showering) routes; and exposure to child residents would occur via ingestion and dermal 

(bathing) routes. These exposure scenarios, along with their input parameters, are shown in Tables 4-19, 

4-20, and 4-21. 
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TABLE 4-19 
EXPOSURE INPUT PARAMETERS - GROUNDWATER INGESTION - SITES 1,2,3 

NAWC, WARMINSTER, PENNSYLVANIA 

(1) 

Ingestion of Groundwater 

Input 
Parameters 

Description Value Rationale 

C 

IR 

Exposure 
concentration 

Ingestion rate 

Rep. cont.; (‘) 
(mg/L) (wells in plume) 

2Uday (adult resident) 
1 Uday (adult employee) 
1 L/day (child resident) 

Upper 95% confidence limit on 
arithmetic average (EPA, 1989a) 

(EPA, 1991a) 

EF 

ED 

BW 

Exposure 
frequency 

Exposure 
duration 

Body weight 

250 day.s/yr. (employees) (EPA, 1991a) 
350 day.s/yr. (residents) 

25 yrs. (adult employees) 90th percentile time at one 
30 yrs. (adult residents) residence (EPA, 1989a; EPA, 
6 yrs. (child resident) 1991a) 

70 kg (adult) (EPA, 1989a; EPA, 1991 a) 
15 kg (child) 

AT Averaging time ED x 365 day/yr. 
70 yrs. x 365 days&r. 

Noncarcinogens 
Carcinogens 
(EPA, 1989a) 

.- 

,*- 

-_ 

-., 

Upper 95% confidence limit (UCL) on arithmetic average, or maximum if UCL exceeds 
maximum detected. 
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TABLE 4-20 
EXPOSURE INPUT PARAMETERS - GROUNDWATER DERMAL CONTACT - SITES 1, :2,3 

NAWC, WARMINSTER, PENNSYLVANIA 

(1) 

(2) 

Dermal Contact with Groundwater 

Input 
Parameters 

Description Value Rationale 

C 

SA 

ET 

EF 

Exposure concentration 

Skin surface area 
available for contact@’ 

Exposure time@’ 

Exposure frequency ’ 

Rep. cont.; (‘I 
(mq/L) (wells in plume) or maximum 

2,270 cm* (adult employee) 
5,910 cm* (child resident) 
19,400 cm* (adult resident) 

0.2 hr/day (residents) 
0.03 hr/day (employees, handwashing) 

250 days&r. (employees) 
350 days&. (residents) 

Upper 95% confidence limit on arithmetic 
average (EPA, 198Qa) 

Hands and forearms 

Body 

;ii, 198Qb) 

12 minutes/day (EPA, 1QQla) 
2 minutes/day (Professional judgement) 

(EPA, 1QQla) 

ED Exposure duration 25 yrs. (adult employees) 
30 yrs. (adult residents) 
8 yrs. (child resident) 

(EPA, 1991a) 

BW Body weight Adult: 70 kg 
Child: 15 kg 

(EPA, 1989& EPA, 1QQla) 

AT Averaging time ED x 385 days&r. 
70 yrs. x 385 days&. 

Noncarcinogens 
Carcinogens 
(EPA, 198Qa) 

VP 

TAU 

B 

Permeability coefficients Contaminant-specific (EPA, 19929 
(cmlhr.) 

Lagtime (hr.) Contaminant-specific (EPA, 19929 

Partition coefficient Contaminant-specific (EPA, 19929 

R-51 -2-3-7 

Upper 95% confidence limit (UCL) on arithmetic average, or maximum if UCL exceeds maximum detected. 

Adult residents assumed to shower daily; child residents assumed to bathe daily; employees assumed to wash hands 
daily. 
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EXPOSURE INPUT PAR METERS - GROUNDWATER INHALATION - SITES 1,2,3 
NA YC, WARMINSTER, PENNSYLVANIA 

(1) 

inhalation of \r alatile Emissions During Showering (Adult Residents only) 

Input 

I 

Description 
Parameters 

c 
I 

Exposure 
concentration 

H Henry’s law constant 

Gas and liquid phase 
mass transfer 
coefficients 

Q3 I Shower duration 

Dt Total time in 
bathroom 

9 I Air exchange rate 

IR I Inhalation rate 

EF 
I 

Exposure frequency 

ED 
I 

Exposure duration 

BW I Body weight 

AT Averaging time 

TABLE 4-21 

-̂ 

‘- 

_ 

Value Rationale 

Rep. cont.; r’) 

OWL) 

Contaminant-specific 

Contaminant-specific 

Used to calculate volatile chemical generation 
rate (ug/mYmin) 

Required for model application 

Required for model application 

12 minutes (EPA, 1991a) 

20 minutes Professional judgement 

0.0083 min” 
I 

Foster and Chrostowski, 1987 

10.4 Urnin”) I (EPA, 198Qa) 

0.98 day-’ 

30 yrs. 

70 kl 

ED x 385 days&r. 
70 yrs. x 385 daysIyr. 

One shower per day, 350 day.sJyr. 
(EPA, 1QQla) 

90th percentile time at one residence 
(EPA. 19898 

Convention (EPA, 198Qa) 

Noncarcinogens 
Carcinogens 
(EPA, 1989a) 

Upper 95% confidence limit (UCL) on arithmetic average, or maximum if UCL exceeds maximum detected. 

(2) Specific EPA Regional guidance recommends an inhalation rate of 14.4 Umin; the value used in this report for this 
exposure scenario would tend to slightly underestimate groundwater inhalation risk. 
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4.7.3.2 Exposure Estimates 

b-+-h 

/- 

- 

* 

k. 

,- 

k” 

c” 

The estimation methods and models used in this section are consistent with current EPA risk assessment 

guidance (EPA, 1989a; EPA, 1991a). Exposure estimates associated with the groundwater exposure route 

are presented below. All exposure scenarios incorporate the representative concentrations in the 

estimation of intakes. 

Noncarcinogenic risks are estimated using the concept of an average annual exposure. The intake 

incorporates terms describing the exposure time and/or frequency that represent the number of hlours per 

day and the number of days per year that exposure occurs. This is used with a term knowln as 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 are generally greater for children than for adults because of the much lower body 

weights of children and their similar or higher ingestion rates. Carcinogenic risks, on the other hIand, are 

calculated as an incremental lifetime risk and, therefore, incorporate terms to represent the exposure 

duration (years) over the course of a lifetime (70 years). 

Groundwater Exposure 

Current groundwater was evaluated for the same exposure scenarios and the same receptors (theoretical 

adult and child residents and adult employees), using representative concentrations for each study area. 

Ingestion of groundwater was evaluated for all receptors. The equation used was the same as that 

presented above for ingestion of surface water. A sample calculation is provided in Appendix M. Input 

parameters for groundwater ingestion, along with the rationale for the selection of each value, are 

presented in Table 4-l 9. Conventional input parameters were used. 

Dermal exposure to groundwater contaminants was evaluated for all receptors. The equation used was 

the same as that presented above for dermal exposure to surface water. A sample calculation is provided 

in Appendix M. Input parameters for groundwater dermal exposure, along with the rationale for the 

selection of each value, are presented in Table 4-20. Adult and child residents were assumed to take daily 

showers and baths, respectively, and therefore their total body surface areas were used. Employees were 

assumed to wash their hands for approximately two minutes per day at the workplace, and the surface area 

of their hands and forearms was used. 
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Inhalation exposure to groundwater (during showering) was calculated for adult residents only using the 

following equations (EPA, 1989a; Foster and Chrostowski, 1987): 

IEX = (S x IR x K x EF x ED)/(BW x AT x Ra x CF) 

K = Ds + exp(-Ra X Dt)/Ra - exp[Ra(Ds - Dt)yRa 

where: 

IEX 

S 

IR 

K 

EF 

ED 

BW 

AT 

Ra 

CF 

Ds 

Dt 

Inhalation exposure dose (mgIkg/day) 

Volatile chemical generation rate (ug/m3/min) 

Inhalation rate (Umin) 

Constant value (min) 

Exposure frequency (day/yr) 

Exposure duration (yr) 

Body weight (kg) 

Averaging time (days) 

Air exchange rate (l/min) 

Conversion factor (lo6 L l ug/m3 l ‘ mg) 

Duration of shower (min) 

Total time in shower room (min) 

The volatile chemical generation rate was estimated using the Foster and Chrostowski mass transfer model, 

which is based on two-phase film theory. The model employs contamihant-specific mass transfer 

coefficients, Henry’s Law constants, droplet drop time, viscosity, temperature, etc. Specific details 

regarding the application of the mass transfer model are included in Appendix M. 

A sample calculation is provided in Appendix M. The input parameters for this exposure route, along with 

the rationale for the selection of each value, are presented in Table 4-21. It was assumed that small 

children would take baths rather than showers and that employees would not shower at work. Conventional 

input parameters were used. 

^ 

--  ̂

--. 

-. 

- 

-- 

+, 

“- 

-. 

R-51-2-3-7 4-100 



Blood-Lead Modelinq 

No EPA consensus has been reached concerning an RfD or CSF for lead. However, some research has 

been done concerning typical lead intakes and blood-lead levels. A determination of lead uptake from 

drinking water was considered. Potential blood-lead level increases were estimated and are discussed, 

along with the potential implications of blood-lead results, in Section 4.7.4.6. 

F- 

c3 

For drinking water exposure, children zero to six 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, 1991 e). For older children, the ratio is 0.12 ug/dL blood lead 

per ug/l lead in water up to 15 us/l, and 0.06 ug/dL for every I.@ lead in water above 15 ug/l (EPA, 1991 e). 

For adults, the ratio is approximately 0.06 ug/dL blood lead per ug/L in water (EPA, 1991e). 

4.7.4 Risk Characterization 

Potential human health risks resulting from groundwater exposure are characterized on a quantitative and 

qualitative basis in this section. Quantitative risk estimates are generated based on risk assessment 

methods outlined in current EPA guidance (EPA, 1989a); whereas the qualitative assessment consists of 

the toxicological profiles. 

I-=- 

-. 

Noncarcinogenic risk estimates are presented in the form of Hazard Quotients and Hazard Indices that are 

determined through comparison of estimated intakes with published RfDs. Incremental cancer risk 

estimates are provided in the form of dimensionless probabilities based on CSFs. 

Estimated human intakes were developed for the groundwater exposure route discussed in the preceding 

sections. Both carcinogenic and noncarcinogenic risks are summarized for the groundwater exposure route 

on a series of tables in this section. Detailed calculations and spreadsheets are provided in Appendix N. 

F- 

Noncarcinogenic risk is assessed using the concept of Hazard Quotients (HQs) and Hazard Indices (HIS). 

The Hazard Quotient is the ratio of the estimated intake and the RfD for a selected chemical of concern, 

as follows: 

Hazard Quotient = Intake/RfD 

R-51 -2-3-7 4-101 



A Hazard Index is generated by summing the individual Hazard Quotients for the chemicals of concern. 

If the value of the Hazard Index exceeds unity (1.0) the potential for noncarcinogenic health risks 

associated with exposure to that particular chemical mixture cannot be ruled out (EPA, 1986f). In that case, 

particular attention should be paid to the target organs affected by each chemical. The Hazard Index is 

not a mathematical prediction of the severity of toxic effects; it is simply a numerical indicator of the 

possibility of the occurrence of noncarcinogenic (threshold) effects. If the ratio of the intake and the RfD 

for any individual chemical exceeds unity, there is the possibility that toxic effects could occur. 

‘-- 

--- 

_“d” 

,-. 
Incremental cancer risk estimates are generated for each of the exposure pathways using the estimated 

intakes and published CSFs, as follows: 
- 

Risk = Intake x CSF 

If the above equation results in a risk greater than 0.01, the following equation is used: 

Risk = 1 - [exp(lntake X CSF)] 

The risk determined using these equations is a unitless expression of an individual’s increased likelihood 

of developing cancer as a result of exposure to carcinogenic chemicals. An incremental cancer risk of 1 E-6 

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. CSFs are 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 CSFs and may, in fact, be lower. 

r- 

- 

-- 

.- 

EPA has generally defined risks in the range of 1 E-4 to 1 E-6 as being acceptable for most hazardous 

waste facilities addressed under CERCLA. For CERCLA activities, residual risks on the order of 1 E-6 are 

the primary goal but are often modified by such regul’atory requirements as MCLs or chemical-specific 

cleanup goals. 

Because there is as yet no EPA consensus concerning an RfD or CSF for inorganic lead, the evaluation 

of this analyte was handled separately. Section 4.7.3.2 discusses blood-lead estimation methods. Blood- 

lead estimation results are assessed in Section 4.7.4.3. 
- 
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The following section includes summaries of risks estimated by the groundwater exposure model. 

Complete descriptions and calculation results (including spreadsheets) are presented for this model in 

Appendix N. 

lt should be noted that, 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 of zero 

generally indicate that the chemical is not carcinogenic or that a CSF has not yet been developed. 

4.7.4.1 Potential Groundwater Exposure 

h 

- 

F 

Tables 4-22 through 4-26 present estimated noncarcinogenic risks to hypothetical adult employee iand adult 

and child resident receptors for current groundwater conditions. For hypothetical adult employees, only the 

ingestion HI exceeded 1.0. The chemicals largely responsible for this were arsenic, PCEI, carbon 

tetrachloride, cis-1 ,2-DCE, thallium, and barium. However, no single HQ exceeded 1.0. Ilf filtered 

groundwater were used instead of unfiltered groundwater, the HI would be 0.7, with manganese still 

contributing a large part of the risk (see Table 4-25). 

c 

p”* 

NW 

Total HIS for hypothetical adult residents via the ingestion and dermal routes exceeded 1.0. Separation 

of these noncarcinogenic risks via target organs would not be useful, since HQs of some individual 

chemicals exceeded 1 .O (manganese and TCE via ingestion, PCE’and TCE via dermal). Other significant 

contributors to oral risk were PCE, carbon tetrachloride, cis-1,2-DCE, arsenic, chromium, thallium, 

aluminum, barium, and copper. If filtered groundwater were used instead of unfiltered groundwater, the 

total ingestion HI would still exceed 1 .O (see Table 4-25), with manganese contributing the significant 

portion of the risk. The HI for organics alone for the ingestion route exceeds 1 .O. The chemicals mainly 

responsible, PCE, cation tetrachloride, TCE, and cis-1 ,PDCE, are expected to affect many of the same 

organ systems (skin, liver, central netvous system) (Sax, 1989). Therefore, potential effects could no 

longer be ruled out for the hypothetical adult resident receptor under the described conditions. Without 

PCE, the estimated noncarcinogenic dermal risk would be approximately 2E-2. 

,“-. 

P-- 

t--S 
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TABLE 4-22 
CURRENT GROUNDWATER NONCARCINOGENIC RISKS TO ADULT EMPLOYEES - SITES 1,2,3 

(POTENTIAL CURRENT EXPOSURE) 
NAWC, WARMINSTER, PENNSYLVANIA 

Chemical 
“y$y. IHNQG DRvl 

Vinyl chloride 0.0015 N/A N/A 

1,l -Dichloroethene 0.003 3.3E-3 3.3E-5 

1 ,P-Dichloroethane 0.0035 N/A N/A 

Tnchloroethene 0.489 7.8E-1 1.4E-1 

Tetrachloroethene 0.128 1.3E-1 4.8E-2 

Chloroform 0.0138 1.4E-2 1.3E-3 

Carbon tetrachlonde 0.188 2.3E-1 4.9E-3 

Benzene 0.002 N/A N/A 

1,2-Dichloropropane 0.001 N/A N/A 

Pyrene 0.0008 2.0E-4 1.4E-4 

l,l-Dichloroethane 0.008 7.8E-4 4.5E-8 

1,2-Dichloroethene 0.027 2.8E-2 9.2E-5 

cis-1,2Diihloroethene 0.138 1.4E-1 4.7E-4 

l,l,l-Trfchloroethane 0.01 l.lE-3 1.5E-5 

Trfchlorofluoromethane 0.0298 9.7E-4 1.4E-5 

Toluene 0.004 2.OE-4 1.2E-4 

Ethylbenzene 0.0002 2.OE-5 1.3E-5 

Xylenes 0.002 9.8E-8 5.3E-7 

1 ,P-Dichlorobenzene 0.0007 7.8E-5 4.2E-6 

2-Butanone 0.024 4.7E-3 1.2E-5 

Di-n-ocylphthalate 0.003 1.5E-3 2.4E-4 

Diethyfphthalate 0.000375 4.8E-8 3.4E-8 

Phenanthrene 0.0003 1 .OE-4 2.8E-5 

Pfuoranthene 0.0008 1.5E-4 7.OE-5 

Arsenic 0.0108 3.5E-1 2.4E-5 

Lead 0.0855 N/A N/A 

Chromium 0.0494 9.7E-2 1.3E-5 

Manganese 5.41 l.lEl 7.2E-4 

Thallium 0.00114 l.$E-1 l.lE-5 

Aluminum 25.82 8.7E-2 5.9E-8 

Barium 0.873 1.2E-1 8.3E-8 

Cobalt 0.0228 N/A N/A 

Copper 0.238 6.2E-2 4.2E-8 

Mercury 0.00022 7.2E-3 4.9E-7 

Nickel 0.0438 2.1 E-2 1.4E-7 

Silver 0.00558 l.lE-2 4.5E-7 

Vanadium 0.0245 3.4E-2 2.3E-6 

Zinc 0.4 2.OE-2 8.OE-7 

HAZARD INDEX 1.3El 2.OE-1 
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TABLE 4-23 
CURRENT GROUNDWATER NONCARCINOGENIC INGESTION RISKS TO 

ADULT EMPLOYEES - SITES 1,2, 3 - MODIFIED WITH FILTERED INORGANICS 
(POTENTIAL CURRENT EXPOSURE) 

NAWC, WARMINSTER, PENNSYLVANIA 

Chemical 

Organics 
(See Table 4-22) 

Manganese 

Barium 

Vanadium 

TOTAL HAZARD INDEX 

Rep. Cont. 
MxN-) 

- 

1.31 

0.21 

0.00339 

HQ 
Ingestion 

1.3EO 

1.3E-1 

2.9E-2 

4.7E-3 

1.5EO 
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TABLE 4-24 _-- 
CURRENT GROUNDWATER NONCARCINOGENIC RISKS TO ADULT RESIDENTS - SITES 1,2,3 

(POTENTIAL CURRENT EXPOSURE) 
NAWC, WARMINSTER, PENNSYLVANIA 

- 

e.. 

_ -. 

,-- 

-- 

,- 

--_ 

- - 

-. 

-, 
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TABLE 4-25 
CURRENT GROUNDWATER NONCARCINOGENIC INGESTION RISKS TO 

ADULT RESIDENTS - SITES 1,2,3 - MODIFIED WITH FILTERED INORGANICS 
(POTENTIAL CURRENT EXPOSURE) 

NAWC, WARMINSTER, PENNSYLVANIA 

Chemical 

Organics 
(See Table 4-24) 

Manganese 

Barium 

Vanadium 

TOTAL HAZARD INDEX 

Rep. Cont. 
OWL) 

- 

1.31 

0.21 

0.0339 

HQ 
Ingestion 

1.5EO 

1.8E-2 

8.2E-2 

1.3E-2 

1.7EO 
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TABLE 4-26 --_ 

CURRENT GROUNDWATER NONCARCINOGENIC RISKS TO CHILD RESIDENTS - SITES 1,2,3 
(POTENTIAL CURRENT EXPOSURE) 

NAWC, WARMINSTER, PENNSYLVANIA -, 

I. Chemical Rep Cont. 
(ma) 

- 

- 

-... 
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Total His for child residents for both the ingestion and dermal routes also exceeded 1 .O. Individual HQs 

for TCE, carbon tetrachloride, manganese, arsenic, and thallium exceeded 1 .O for the oral route, ,with HQs 

for PCE, cis-1,2-DCE, and barium approaching 1.0. TCE and PCE were almost entirely responsible for 

the dermal HI of 8.7. Without TCE and PCE, the noncarcinogenic dermal HI would not be greater than 4E- 

1. When HQs exceed 1 .O, potential noncarcinogenic effects can no longer be ruled out. If this water were 

potable in an untreated state, potential noncarcinogenic effects due to TCE, PCE, carbon tetrachloride, cis- 

1,2-DCE, and possibly certain metals, could occur. The potential is increased when certain chemicals, such 

pi as TCE, PCE, and cis-1,2-DCE, affect similar target organs. 

- 
Tables 4-27,4-28, and 4-29 present estimated carcinogenic risk increases for potential current groundwater 

exposure to adult employees and adult and child residents. Carcinogenic risks for hypothetical adult 

employees would exceed 1 E-4 for ingestion (1.3E-4) and 1 E-5 for the dermal route (1.3E-5). Oral risks 

greater than 1 E-5 were estimated for vinyl chloride, TCE, PCE, and arsenic (not detected in the filtered 

sample). Ingestion risks greater than 1 E-6 were estimated for 1 ,l -DCE, 1,2-DCA, and carbon tetrachloride. 

Dermal risks greater than 1 E-6 were estimated for TCE and PCE. Without TCE and PCE, the estimated 

total dermal cancer risk would be less than 1 E-6. 

p* 

p1 

Estimated cancer risk increases for hypothetical adult residents exceeded 1 E-4 for ingestion (4.4E-4) and 

dermal (4.6E-4) routes and exceeded 1 E-5 for the inhalation route (8.6E-5). The individual oral risks of 

note were arsenic (2.2E-4; not detected in the filtered sample), vinyl chloride (3.3E-5) 1 ,l-DCE (2.1 E-5) 

TCE (6E-5) PCE (7.8E-5) carbon tetrachloride (2.6~~5) and 1,2-DCA (3.7E-6). Individual dermal risks 

of note were TCE (1.2E-4), PCE (3.3E-4) vinyl chloride (1.3E-6) 1 ,l -DCE (2.4E-6), chloroform (1 E-6), and 

carbon tetrachloride (5.9E-6). The individual inhalation risks of note were TCE (2.6E-5), vinyl chloride 

,“-r (1.9E-6), 1 ,l-DCE (1.9E-6) chloroform (3.6E-6) and carbon tetrachloride (2.7E-6). 

Both ingestion (2.1’E-4) and dermal(1.3E4) cancer risk increases for hypothetical child receptors exceeded 

1 E-4. Oral risks of note were those of arsenic (1 E-4; not detected in the filtered sample), vinyl chloride 

(1.6E-5) TCE (2.8E-5) PCE (3.6E-5) carbon tetrachloride (1.2E-5)‘ 1 ,l-DCE (9.9E-6) and 1,2-DCA (1.7E- 

6). Dermal risks of note were those of TCE (3.5E-5) PCE (9.4E-5) and carbon tetrachloride (1.7E-6). 

- Estimated cancer risk increases for ingestion and dermal risks exceeded lE-4 for most hypothetical 

receptors. The adult resident inhalation risk also exceeded 1 E-5. A variety of chemicals, including VOCs, 

pyrene, and arsenic, were responsible for this, and some individual carcinogenic risks exceeded 1 E-4, and 

several exceeded 1 E-6. The EPA cancer risk range is noted to be 1 E-4 to 1 E-6. 

- 
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. TABLE 4-27 
CURRENT GROUNDWATER CARCINOGENIC RISKS TO ADULT EMPLOYEES - SITES 1,2,3 

(POTENTIAL CURRENT. EXPOSURE) 
NAWC, WARMINSTER, PENNSYLVANIA 

Chemical Rep Cont. 
(mg/L) 

CA-DERM 
ICNAG II 

Vinyl chloride 0.0015 1 .oE-5 3.6E-6 II 
1,l -Dichloroethene 

1,2-Dichloroethane 

Trichloroethene 

Tetrachloroethene 

Chloroform 

Carbon tetrachlotide 

Benzene 

1,2-Dichloropropane 

Pyrene 

1,l -Dichloroethane 

1,2-Dichloroethene 

cis-1,2-Dichloroethene 

1 , 1,l -Trfchloroethane 

Trichlorofluoromethane 

Toluene 

Ethylbenzene 

Xylenes 

1,2-Dichlorobenzene 

2-Butanone 

Di-n-ocylphthalate 

Diethyiphthalate 

Phenanthrene 

Fluorenthene 

Arsenic 

0.003 6.3E-6 6.4E-6 

0.0035 l.lE-6 3.6E-9 

0.469 1.6E-5 3.3E-6 

0.126 2.3E-5 6.9E-6 

0.0136 2.9E-7 2.6E-6 

0.166 7.6E-6 1.6E-7 

0.002 2.OE-7 1.2E-6 

0.001 2.4E-7 1.7E-9 

0.0006 0 0 

0.008 0 0 

0.027 0 0 

0.136 0 0 

0.01 0 0 

0.0296 0 0 

0.004 0 0 

0.0002 0 0 

0.002 0 0 

0.0007 0 0 

0.024 0 0 

0.003 0 0 

0.000375 0 0 

0.0003 0 0 

0.0006 0 0 

0.0106 65E-5 4.4E-9 
I 

Chromium 0.0494 0 0 

Manganese 5.41 0 0 

Thallium O.Wl14 0 0 

Aluminum 25.62 0 0 

Barium \ 0.673 0 0 

Cobalt 0.0226 0 0 

Copper 0.236 0 0 

Mercury 0.00022 0 0 

Nickel 0.0436 0 0 

Silver 0.00556 0 0 

Vanadium 0.0245 0 0 

TOTAL CANCER RISK I 
\ 

I 1.3E-4 I 1.3E-5 

_” 

-  

.- 

‘v..... 

^.. 

c_ 

-. 

- 

,.,- 

#_ 

?- 

_- 
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TABLE 4-26 
CURRENT GROUNDWATER CARCINOGENIC RISKS TO ADULT RESIDENTS - SITES 1,2,3 

(POTENTIAL CURRENT EXPOSURE) 
NAWC, WARMINSTER, PENNSYLVANIA 

Inh%tion 

7.7E-6 

7.9E-6 

3.9E-6 

3.7E-5 

3.1 E-6 

1.5E-5 

l.lE-5 

9.1 E-7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
/ 

0 
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TABLE 4-29 
CURRENT GROUNDWATER CARCINOGENIC RISKS TO CHILD RESIDENTS - SITES 1,2,3 

(POTENTIAL CURRENT EXPOSURE) 
NAWC, WARMINSTER, PENNSYLVANIA 

Chemical Rep Corm. 
(ma) I% D%l 

I 

Vinyl chloride 

1,l -Dichloroethene 

1 ,P-Dichloroethane 

Trichlomethene 

Tetrachloroethene 

Chloroform 

Carbon tetrachlorfde 

Benzene 

1,2-Dichloropropane 

Pyrene 

1,l -Dichloroethane 

1,2-Dichloroethene 

cis-1,2-Dichloroethene 

1 , 1,l -Trfchloroethane 

Trfchlorofluoromethane 

Toluene 

Ethylbenzene 

Xylenes 

1.2-Dichlorobenzene 

P-Butanone 

Di-n-ocylphthalate 

Diethyfphthalate 

Phenanthrene 

Fluoranthene 

Arsenic 

Lead 

Chromium 

Manganese 

Thallium 

Aluminum 

Barium 

Cobalt 

Copper 

Mercury 

Nickel 

Silver 

Vanadium 

0.0015 1.6E-5 3.6E-7 

0.003 9.6E-6 6.7E-7 

0.0035 1.7E-6 4.OE-6 

0.469 2.6E-5 3.5E-5 

0.128 3.6E-5 6.4&5 

0.0138 4.6E-7 3.OE-7 

0.168 1.2E-5 1.7E-6 

0.002 3.2E-7 1.3E-7 

0.001 3.7E-7 1.8E-6 

0.0006 0 0 

0.008 0 0 

0.027 0 0 

0.138 0 0 

0.01 0 0 

0.0298 0 0 

0.004 0 0 

’ 0.0002~ 0 0 

0.002 0 0 

0.0007 0 0 

0.024 0 0 

0.003 0 0 

0.000375 0 0 

0.0003 0 0 

0.0006 0 0 

0.0105 1 .OE-4 1.2E-7 

0.0855 0 0 

0.0494 0 0 

5.41 0 0 

O.Wl14 0 0 

25.82 0 0 

0.873 0 0 

0.0228 0 0 

0.236 0 0 

0.00022 0 0 

0.0436 0 0 

0.00556 0 0 

0.0245 0 0 

TOTAL CANCER RISK I I 2.1 E-4 I 1.3E-4 

-. 

- 

-..” 

,- 
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Tables 4-30 and 4-31 provide summaries of noncarcinogenic and carcinogenic groundwater risks for all 

exposure/receptor scenarios for Area A. MCLs were exceeded for several VOCs (i.e., TCE, PCE., carbon 

tetrachloride, vinyl chloride, and 1,2-DCE) and inorganics (i.e., cadmium, manganese, nickel, arsenic, and 

barium) in the groundwater samples collected from the 19 monitoring wells located in the vicinity of Area 

A. For manganese, the secondary MCL of 50 ppb was exceeded by all Area A monitoring wells during 

Phase II. Among the VOCs, MCLs for TCE and PCE (5 ppb) were exceeded most frequently in these 

wells: 12 times and 9 times, respectively. 

Fh 

4.7.4.2 Exposures to/Lead 

‘-L 

” 

As discussed in Section 4.7.3.2, lead was assessed separately because of the lack of an EPA consensus 

concerning a RfD or CSF. Determination of lead uptake from drinking water was considered. Potential 

blood-lead level increases were estimated and are discussed below. 

/- 

C 

For drinking water exposure, children zero to six months old are expected to experience bllood-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, 1991e). For older children, the ratio is 0.12 ug/dL blood lead 

per ug/l lead in water up to 15 ug/i, and 0.06 ug/dL for every q/l lead in water above 15 ug/l (EPA,, 1991e). 

For adults, the ratio is approximately 0.06 ug/dL blood lead per ug/L in water (EPA, 1991 e). These ratios 

were used to estimate current groundwater exposure to adult and child residents. Since hypothetical child 

receptor.was approximately three years old, the “older child” scenario was considered applicable. ‘For an 

unfiltered lead-in-groundwater representative concentration of 85.5 ug/l at Sites 1,2, and 3, the estimated 

blood-lead concentration increases would be 5.1 ug/dL for adult residents and 6.7 ug/dL for child residents. 

For adult employees, this scenario, which was designed for residential exposure, does not exactly apply. 

It can be assumed that the employee blood-lead increase would be less than the adult resident’s. If the 

dietary ratio of 0.04 ug/dL blood lead per ug/day ingested were used (using the upper end of the range 

because the vehicle is water), the employee would have an estimated increase of 3.4 ug/dL. 
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TABLE 4-30 
SUMMARY OF NONCARCINOGENIC RISKS - SITES 1,2, AND 3 

NAWC WARMINSTER - GROUNDWATER (CURRENT) 

Exposure Route 

Adult Resident 

Receptor 

Child Resident 

- 

Adult Employee -. 

Ingestion 3.6E1 6.4El 

Dermal Contact 6.1 EO 6.7EO 2.OE-1 

Inhalation 

Total Risk 9.3El 1.3El 
II -. 

I -  

- - ,  
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TABLE 4-31 
SUMMARY OF CARCINOGENIC RISKS - SITES 1,2, AND 3 

NAWC WARMINSTER - GROUNDWATER 

Exposure Route 
I 

Receptor II 
Adult Resident I Child Resident I Adult Employee II 

Ingestion 

Dermal Contact 

Inhalation 

4.4E-4 2.1 E-4 

4.6E-4 1.3E-4 

6.6E-5 SW- s-m 

Total Risk 
I 

9.9E-4 
I 

3.4E-4 
I 

1 AE-4 
II 

,- 
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No threshold has been defined for effects related to blood-lead increases. The estimated increases at Area 

A are well below the concentrations at which effects such as anemia and neuropathy occur (40 ug/dL and 

above) (Doull et al., 1986). Effects below 10 ugIdL are difficult to define. Inhibition of certain enzymes 

involved in red blood cell metabolism has been reported to occur at 10 to 15 ugldL and possibly lower 

(EPA, 1991 e). Small increases in blood pressure have been related to adults with blood-lead levels down 

to 7 ug/dL (EPA, 1991e). Probably the most sensitive subpopulation to effects at the 3 to 7 ug/dL range 

(where the concentrations estimated for this study area would fall) would be infants, whose early 

neurological development can be affected by blood-lead concentrations reportedly down to 5 ug/dL (EPA, 

1991e). Lead is also a fairly common environmental contaminant and, for this reason, typical blood-lead 

levels in the population at large may already exceed the concentrations discussed here. For boys and girls 

under age 12, typical United States blood-lead levels for the years 1976 to 1980 ranged from approximately 

10 to 17 ug/dL (Doull et al., 1986). For men and women, typical United States blood-lead levels for the 

years 1976 to 1980 ranged from approximately 10 to 18 ug/dL (Doull et al., 1986). 

In conclusion, the groundwater pathway would not be expected to pose a significant detectable risk in and 

of itself. However, it must be mentioned that lead is an oral Group B2 probable human carcinogen and 

has no identifiable threshold for noncarcinogenic toxicity and, as such, has an ideal exposure of zero. 

4.7.5 Uncertainty Analysis 

There are uncertainties associated with exposure assumptions because not all people weigh 70 kilograms, 

not all people drink two liters of water per day, not all people live at the same residence for 30 years. The 

rationale for each assumption was provided in each table of input parameters. Receptor characteristics, 

such as age and body weight, were based on published values. Land use and activity patterns in the area 

were limited to the observations made during the field investigation and known land uses in the surrounding 

area. Every attempt was made to use conservative assumptions, except where average values were 

expected to better correspond to reality. 

The chemical-analytical data base has some limitations in such areas as sample number and location and 

the validity and representativeness of laboratory results. However, every effort was made to collect 

samples that reflect actual site conditions. The use of representative concentrations is a conservative 

estimate since it uses the 95 percent upper confidence limit (UCL) on the arithmetic mean or the maximum 

concentration. 

-. 
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The use of the 95 percent UCL for normally distributed data has some measure of validity. However, EPA 

suggests that environmental data be examined statistically for log-normal distribution to determine the most 

appropriate method for developing site-specific representative concentrations. The use of the 95 percent 

UCL for normally distributed data may possible result in underestimating representative concentrations; 

however, the amount of difference that would be reflected in the final conclusions of the risk assessment 

is expected to be insignificant in view of the high noncarcinogenic risks noted. 

The chemical-specific parameters such as Koc were either derived from other parameters or measured 

under conditions that may or may not be representative of on-site conditions. Parameters such as vapor 

pressure and solubility were not always obtainable at the desired temperature. 

The use of unfiltered monitoring well data for the evaluation of groundwater inorganics provides in all 

probability a gross overestimation of exposure and risk. Comparison with the filtered data reveals how 

many of the metals may have been attributable to suspended sediment. However, because of the 

significant concentrations of organics, the inorganics were in most cases not the primary contributors to 

total risk. 

There is uncertainty associated with the RfDs and CSFs. 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 doses are based on no-effects or lowest-observed-effects levels and then further reduced with 

uncertainty factors to increase the margin of safety. The RfDs and CSFs of some chemicals have not been 

established, and therefore toxicity could not be quantitatively assessed. In most cases, where CSFs were 

unavailable for carcinogens, the carcinogenic risk is considered to be much more significant since 

carcinogenic effects usually occur at much lower doses. 

From a toxicologist’s standpoint, it is not strictly correct to add HQs for a total HI, because RfDs are based 

on effects to varying target organs. However, if the HI is less than 1 .O, this demonstrates that, even when 

this conservative calculation is performed, the noncarcinogenic risk does not indicate a hazard. At this 

study area, for all HIS greater than 1.0, further assessment was done to determine whether this was due 

to a single chemical of a combination of chemicals and whether the combinations of chemicals affected the 

same target organs. 

F- 
These models also assumed that chemicals did not interact synergistically (a possible underestimate) or 

antagonistically (a possible overestimate). Degradation was not taken into account; this was generally a 

conservative approach. 
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In summary, several sources of uncertainty might contribute to overall uncertainty in the final risk estimates, 

including those sources discussed in the exposure and hazard sections of this assessment. Throughout 

this assessment, if levels of uncertainty were unknown, or if impacts associated with uncertainty could not 

be estimated accurately, a conservative approach was taken. The consistent use of conservative 

assumptions may overestimate actual risks in nearly all cases, but no appropriate or reasonable alternative 

to conservatism has been identified. 
I( 

4.6 SUMMARY AND CONCLUSIONS 

Groundwater samples were collected to document conditions within Area A. Findings, conclusions, and 

recommendations from these and other RI activities conducted at these sites are provided below. 

4.6.1 Summary 

Findings for Area A have been summarized in this section. Discussion of conclusions and 

recommendations specific to these sites follow in subsequent sections. 

4.6.1 .l Field Activities 

EM conductivity and soil gas surveys were’performed at Area A during Phase I. The EM survey at Sites 

1 and 2 consisted of 13 northeast to southwest profile lines which were connected by a perpendicular line. 

The survey at Site 3 consisted of a 60- by 60-foot grid utilizing 15foot station spacing. Soil gas readings 

were taken from 80 stations at Sites 1 and 2 and from 26 stations at Site 3. Soil confirmation borings were 

drilled at 30 locations near Sites 1 and 2 and seven borings were drilled at Site 3 to further delineate site 

boundaries. 

Ten wells were installed during previous investigations in this area, five wells were installed during Phase 

I, and six wells were installed during Phase II. Four shallow bedrock monitoring wells and one overburden 

well were installed during Phase I; three shallow bedrock and three overburden wells were installed during 

Phase II. A total of 21 monitoring wells (including five well couplets) are present in this area. Five 

overburden and seven shallow bedrock wells were sampled during Phase I; six overburden wells, 12 

shallow bedrock wells, and one deep bedrock well were sampled during Phase II. 
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Hydrogeologic investigations within Area A included estimates of yields from new monitoring wells; 

calculations of horizontal groundwater flow velocities and vertical hydraulic gradients; construction of 

groundwater elevation maps; and estimates of flow rates for the surface water near the site. During Phase 

II, slug tests were performed on several new monitoring wells, step-drawdown tests were done for selected 

wells, and an aquifer pumping test was conducted. A two-week water-level study was also performed. 

Groundwater samples were analyzed for TCL volatile organics, TAL metals (both total and (dissolved 

samples), and cyanide. Selected samples were also analyzed for TCL semivolatiles and pesticides/PCBs. 

A variety of engineering parameters were analyzed for selected groundwater samples. 

4.9.1.2 Physical Characteristics 

P 

The sites within Area A are found in the northwestern comer of the fenced facility bordering an 

industrial/commercial area. The sites are located on a generally flat lying area. An unnamed tributary of 

Little Neshaminy Creek is located north of this area, while the NAWC Warminster wastewater ‘treatment 

facility, jet fuel storage area, and parking lots are immediately to the south. 

C 

No springs were seen on or adjacent to this area. Isolated and/or displaced fragments of the underlying 

bedrock were observed in the stream embankment north of the sites. Orange-colored seeps were 

observed at several points along the creek bank north of Sites 2 and 3 during both phases of the RI. 

The average soil thickness at Area A range from six and one-half to 16 feet. The soil cover appeared to 

be thinnest in the area north of the waste water sludge lagoons. Soils were primarily silts with less 

common medium sands. The area has been extensively reworked and filled with waste and imported, 

natural, clean soils used as backfill. The current location of the stream channel, adjacent to the &es, may 

c- partially be a result of filling operations. 

P-” 

F-- 

Waste and fill were generally similar in character throughout the area. The pattern of waste and fill 

indicates burning of waste may have occurred at the same time as filling and grading with impolrted clean 

fill. The lack of a buried discrete burn area or pit representing Site 1 indicates that either burning occurred 

over a large area or that waste from a small burn pit was regraded over the area. 

C 

c-* 

h 

The buried, gray, wet, clay-like material may represent the eastern extent of 200 foot long trenches. This 

material was found between the Site 2 and 3 areas. Seeps found along the stream bank adjacent to Site 

2 may represent a potential contaminant migration path from groundwater to the stream. The wide 

distribution of burned cinders found in the Site 3 area may represent the regraded contents of tlhis former 

burn pit. 
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The bedrock lithology for the area was generally composed of micaceous siltstones interbedded with 

arkosic and quartzitic sandstones. The beds within the bedrock appeared to dip towards the northwest with 

an eight to 12 degree dip towards the northwest. Overburden and shallow bedrock aquifer flow was 

generally inferred to be toward the north and the adjacent creek. Vertical groundwater gradients between 

the overburden and shallow bedrock were both upward and downward, and varied with time and location. 

Overburden groundwater flow appears to be influenced by discharge to the stream. The overburden well 

north of the stream was not contaminated, while those south of the stream exhibited positive 

concentrations. For the shallow bedrock aquifer, groundwater flow direction and upward gradients indicate 

that discharge to the stream is possible. 

The results of the aquifer pumping test indicate that the saprolite layer at the base of the overburden may 

act as a confining layer between the overburden and shallow bedrock aquifers, and that the degree of 

interconnection between these two aquifers is very limited in the pump test area. The results also suggest 

that the shallow bedrock has the properties of a semi-confined aquifer with the following average values: 

l Average hydraulic conductivity (k): 3.9 x 1 o-4 cm/set (1 .l ft/day) 

. Average transmissivity (T): 7.9 x 10.’ cm*/sec 

l Average storativity (S): 4.0 x 1 od cr&X?c 

The hydraulic conductivity values within the overburden are observed to vary by as much as two orders 

of magnitude between different locations based on the slug test results. 

The long-term water-level study indicates that the shallow and deeper bedrock aquifers in the northern 

portion of this area are influenced by the pumping of a nearby well, inferred to be the Wagner 81 Sons 

commercial well. The overburden aquifer in the same portion of this area is not significantly influenced. 

Both the shallow bedrock and overburden aquifers in the southwestern part of the area, as well as the deep 

bedrock aquifer, are influenced by another unidentified pumping well. 

The degree of interconnection between the overburden and shallow bedrock aquifers in this area varies 

from good to poor at different locations. Aquifer recharge in response to precipitation varies among 

different wells in both the overburden and shallow bedrock. A recharge mound and corresponding 

variations in local horizontal gradients and flow directions are evident near well SMC-1. This is caused by 

recharge to the shallow bedrock from the confined deeper bedrock aquifers in well SMCQ. 
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4.6.1.3 Nature and Extent of Contamination 

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

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

the northwest to southeast fence. The EM survey over Site 2 delineated a second conductivity low over 

the entire eastern corner of the survey area extending toward the access road. This area closely 

corresponds with the area suspected to have received fill based on the review of historical aerial 

photographs. The EM survey at Site 3 showed an anomalous area of approximately 30 feet by 40 feet. 

C 
Soil gas readings at Area A yielded VOC concentrations ranging from not detected to 1.5 ppm. The 

positive detections at Sites 1 and 2 are scattered and are located both inside and outside! the EM 

anomalies. At Site 3, the positive detections for VCCs are located north and east of the suspected location 

of the Site 3 burn pit. Acetone and benzene are detected from the soil-gas readings at Sites 1 and 2. 

Xylenes are tentatively identified from the soil gas readings at Site 3. 

C 

P- 

Confirmation borings delineated the extent of Sites 1 and 2, except on the eastern side, from observations 

of waste and fill. The western edge of Site 1 appears not to extend past the westernmost existing sludge 

lagoon. The southern boundaries of Sites 1 and 2 are defined by the existing sludge lagoons and the 

existing jet fuel storage area. The border between Sites 1 and 2 cannot be distinguished. Th’e eastern 

edge of Site 2 may extend to Site 3, where a gray, clay-like fill is found. The northern boundary of Sites 

1 and 2 is assumed to be the embankment and stream along the NAWC Warminster property iline. The 

detection of cinders in Sites 1 and 2 in an area approximately twice as large as the original burn pit and 

the finding of natural soil above and below fill material may indicate that considerable regrading of soil 

around the Site 1 burn pit was done. The thickness of surficial and subsurface fill material at Sites 1 and 

2 averages between four and five feet. The average thickness of waste-containing material is between five 

and six feet. Waste material includes fill, cinders, glass, ceramic fragments, wood, bricks, and metal 

fragments. 

k The eastern, southern, and northern borders of Site 3 are presumed to be the area of clean fill rnarked by 

borings S3-2, S3-6, and S3-7, and the tributary of Little Neshaminy Creek. The thickness of fill and waste 

material over the northeastern part of Site 3 is 10 feet or greater. Waste and fill material at Site :3 average 

approximately six and seven feet in thickness, respectively. Organic vapors are detected at ona boring in 

Site 3 that contains a gray, clay-like sludge. Cinders, wood, metal, brick, and glass fragments are also 

found at Site 3. 

C 
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Notable concentrations of arsenic, cadmium, lead, manganese, and thallium are detected in unfiltered 

monitoring well samples downgradient of Area A. The metals concentrations are generally higher in 

shallow bedrock rather than overburden wells. Most unfiltered downgradient metal concentrations exceed 

upgradient concentrations. Beyond that, however, no identifiable pattern of metal contamination in 

groundwater is observed. Chlorinated ethanes, chlorinated ethenes, benzene, and alkylbenzenes, and 

phthalates are detected in wells downgradient of Area A at concentrations greater than those in upgradient 

wells. 

Concentrations of organics in shallow bedrock wells generally exceed those in overburden wells. The 

highest concentrations of chlorinated ethenes and ethanes are found in shallow bedrock wells located just 

north of the jet fuel storage area north to (and including) Site 1. No noticeable pattern of groundwater 

contamination by benzene, alkylbenzenes, and phthalates is observed. PAHs are detected only in 

upgradient wells. 

4.6.1.4 Contaminant Fate and Transport 

The major contaminant transport pathways for Area A include 

l Contaminants leaching from source areas to groundwater because of infiltrating precipitation. The 

shallow depth to water and bedrock (i.e., less than 20 feet) promotes migration through the 

unsaturated zone. VOCs are most amenable to such transport. 

l Contaminant migration by groundwater discharging to nearby surface water bodies. 

Chemicals found in soil, especially subsurface soil, can leach into groundwater. This is especially likely 

to happen with soluble, low-Koc compounds such as VOCs. 

Another possible migration route in this area is from groundwater into the adjacent surface water located 

north of the three sites. Groundwater movement to the stream may be via both overburden and shallow 

bedrock aquifers. Some of the same compounds found in monitoring wells, such as benzene, 

alkylbenzenes, PAHs, and phthalates, are detected in downstream surface water and sediment, although 

most of the chlorinated VOCs are not found. 

The second possible route of groundwater migration is from the shallow bedrock aquifer beneath the sites 

into the deeper bedrock aquifers downdip and north of the sites. Migration may then occur along geologic 

structures such as permeable bedding planes, subsurface fractures, and joints. This aquifer is not believed 

to be recharging deeper aquifers in the areas that are upgradient or directly beneath Area A. 
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The third possible route of groundwater migration is from the facility to off-site areas, including those which 

are across the unnamed tributary. It is likely that the stream acts as a groundwater divide for the 

oyetburden aquifer; however, this has not been documented for the shallow bedrock aquifer. 

b--B Potential human and environmental exposure pathways identified under current land use scenarios for Area 

A include ingestion, dermal exposure, and inhalation exposure to chemicals in groundwater. 

C 

4.6.1.5 Risk Assessment 

Chemicals of concern were selected for each medium. The chemicals of concern were selected based on 

exceedance of background or upgradient concentrations, exceedance of ARARs or dose-response 

parameters, and carcinogenic status. Three receptors were chosen for the groundwater exposure pathway: 

adult residents, child residents, and adult employees. Contact with subsurface soil and groundwater are 

considered to be potential exposures, since there are currently no direct-contact routes for these media. 

Contact of child residents with sediment and surface water are considered to be potential current exposures 

that could theoretically occur at the present time. Blood-lead levels were estimated for potential exposure 

to lead. 

c” 

C 

Noncarcinogenic risks were estimated by use of Hazard Quotients (HQs) and Hazard Indices (HIS) (ratio 

of estimated dose to RfD). When HQs exceed 1.0, potential adverse effects can no longer be ruled out. 

Carcinogenic risks were estimated using cancer slope factors. Cancer risk increases should ideally be 

below 1 E-6, although sometimes risks up to 1 E-4 may be considered acceptable. 

HIS for hypothetical ingestion of groundwater at Area A exceeded 1.0 for all receptors. The primary 

contributors to noncarcinogenic risk were arsenic, TCE, PCE, carbon tetrachloride, manganese, cis-1,2- 

DCE, thallium, and .barium. For residential receptors, individual HQs of manganese would exceed 1 .O. 

Also, the aforementioned organics act on many of the same target organ systems, and their combined HIS 

for residential receptors exceeded 1 .O. HIS for hypothetical dermal exposure to groundwater exceeded 1 .O 

for residential receptors because the individual HQs of TCE and PCE exceeded 1.0. Without IPCE and 

TCE, the dermal HIS would be less than 1.0. 

Estimated cancer risk increases for hypothetical ingestion of groundwater would exceed 16-4 for all 

receptors. The major contributors to ingestion risk were vinyl chloride, TCE, PCE, arsenic (unfiltered water 

only), 1 ,l-DCE, 1,2-DCEA, and carbon tetrachloride. Estimated cancer risks for hypothetical dermal 

exposure to groundwater would exceed 1 E-4 for residential receptors and 1 E-5 for employee receptors 

because of TCE and PCE, and to a lesser extent, vinyl chloride, 1 ,l-DCE, chloroform, and carbon 

tetrachloride. 

P-34 
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Estimated cancer risk increases for hypothetical inhalation exposure to groundwater would exceed lE-5 

for adult residents because of TCE, vinyl chloride, 1 ,l ,-DCE, chloroform, and carbon tetrachloride. 

4.8.2 Conclusions 

Conclusions developed for Area A, based on the findings presented, are provided below. 

4.8.2.1 Data Limitations and Recommendations for Future Work 

Additional investigation should be performed to better define the nature and extent of groundwater, surface 

water, and sediment contamination in this area. 

The significant data gaps identified for Area A are as follows. 

. The extent of contamination for the shallow bedrock aquifer in off-site areas primarily north and west 

of Area A. 

l The extent of contamination for the shallow bedrock aquifer in on-site areas south and southwest 

of Area A. 

l The extent of groundwater contamination for the deeper aquifers underlying the general vicinity of 

Area A and whether any such contamination is due to releases from the facility. 

l The extent of downstream contamination (particularly PCBs and DDT) in the unnamed tributary near 

Area A. 

l The degree to which the shallow bedrock recharges deeper bedrock aquifers in this area. 

l Well construction and production details for nearby off-site wells. 

To address these data gaps, additional tasks should include, at a minimum, 

l Additional monitoring wells as needed to define the upgradient and downgradient extent of 

groundwater contamination due to releases from sites within Area A to the overburden, shallow 

bedrock, and deep bedrock aquifers. 
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Additional surface water and sediment sampling within the unnamed tributary downstream of Area 

A. Biota sampling may also be warranted to explore food chain impacts, if necessary. 

Modelling to estimate bioaccumulation of contaminants (e.g., PCBs, DDD, DDT) in the unnamed 

tributary near Area A. 

Research and generation of production information and construction details for several off-site wells, 

including the Wagner & Sons, Aztec, and Warminster Township Municipal Authorii No. ;!6 wells. 

Generation and analysis of water-level and production data for all on-site wells, inclucling both 

monitoring and NAWC Warminster production wells. 

Additional surface and subsurface soil sampling as necessary within Area A to assess the nature 

and extent of contamination and associated risks. 

Modelling to estimate future groundwater concentrations in the shallow bedrock aquifer using 

analytical data generated by additional soil sampling. 

Review historical data for off-site or other sources of VOC contamination in the vicinity of the western 

portion of NAWC Warminster. 

Additional well survey work as needed to identify groundwater receptors potentially at risk. Off-site 

sampling should be performed based on the survey results, if necessary. The survey slhould be 

extended to at least one mile north of Area A. 

Hydrogeologic investigation as necessary to determine deep bedrock aquifer characteristics and the 

effect of nearby supply wells on groundwater flow directions in the vicinity of Area A. 

Groundwater in overburden and shallow bedrock contaminated by NAWC Warminster beneath Area A has 

been found to present an unacceptable risk to human health because some HQs (e.g, manganese) as well 

as HIS based on total risks of organic compounds (e.g, TCE) that act on similar target organs exceeded 

unity (1 .O), and potential noncarcinogenic impacts could not be ruled out if groundwater was actually used 

by employees or residents. Estimated dermal and ingestion cancer risk increases would exceed lE-4 

because of chlorinated VOCs and possibly arsenic. The absence of arsenic in filtered groundwater 

samples suggests that its presence in unfiltered samples was due to suspended materials. 
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Based on information generated during the RI, adequate data exist to proceed with the evaluation of 

remedial alternatives for overburden and shallow bedrock contaminated groundwater through the FS 

process. Additional sampling and investigation are needed for other media associated with Area A, 

including groundwater in deep bedrock aquifers. 

4.8.2.2 Recommended Remedial Action Objectives 

This section develops and establishes remedial action objectives that specify the hazardous substances 

and media of interest, exposure pathways, and remediation goals that permit development of a range of 

treatment and containment alternatives. 

A remedial action objective is a medium-specific (e.g., groundwater) or operable-unit specific goal (e.g., 

groundwater at the site) for protecting human health and the environment. An operable (or discrete) unit 

is that geographic-specific, media-specific, or contaminant-specific area to which a remedial action might 

be applied. Based on these objectives, cleanup goals or acceptable contaminant levels for each exposure 

route are developed. These goals are based on contaminant-specific ARARs or other appropriate guidance 

and on risk factors. 

When ARARs or other Federal and State guidelines are considered protective, these are used as the 

acceptable exposure levels. Where an ARAR is not protective (i.e., where it allows risk levels greater than 

a hazard index of 1 for non-carcinogens or greater than a cancer risk of 1 x 1 OA for carcinogens) or where 

an ARAR does not exist, acceptable exposure levels are identified through the risk assessment process. 

NAWC Warminster remedial action objectives and cleanup goals are based on ARARs, following Federal 

guidance for considering ARARs and for risk assessment methodology. 

Applicable or Relevant and Appropriate Requirements 

Tables 4-32 and 4-33 present a summary of preliminary Federal and State ARARs for NAWC Warminster. 

These ARARs will be refined and revised as necessary during the FS. In developing and selecting 

remedial action alternatives, the degree of public health or environmental protection afforded by each 

remedy must be considered. Actions that attain or exceed ARARs are given primary consideration. 
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TABLE 4-32 
PRELIMINARY FEDERAL ARARs 

NAWC WARMINSTER, PENNSYLVANIA 

CONTAMINANT-SPECIFIC REQUIREMENTS 

Safe Drinking Water Act (42 USC 300) 
Maximum Contaminant Levels (MCLs) and Maximum Contaminant 
Level Goals (MCLGs) (40 CFR Part 141) 

Clean Water Act (33 USC 1251-l 376) 
Federal Ambient Water Quality Criteria (AWQC) (40 CFR 131) 

Air Emissions for Nonattainment Areas (OSWER Directive 9355.0-28) 

Clean Air Act (42 USC 7401) 
National Ambient Air Quality Standards (NAAQS) (40 CFR Part 50) 

National Emission Standards for Hazardous Air Pollutants 
(NESHAPs) (40 CFR 61.60-61.71) 
New Source Performance Standards (NSPS) (40 CFR Part 60) 

Reference Doses (RfDs), EPA Qffice of Research and Development; 
Cancer Slope Factors, EPA Environmental Criieria and Assessment 
office; EPA Carcinogen Assessment Group 
Health Advisories, EPA Office of Drinking Water 
Health Effects Assessments, EPA Environmental Criteria and 
Assessment office 

RATIONALE 

Remedial actions may include groundwater cleanup to MCLs and 
MCLGs, SARA Section 121 (d)(2)(A)(iii) 

Remedial actions may result in surface water discharges that could 
impact aquatic life 

Remedial alternatives mav result in air emissions 

Remedial alternatives may include groundwater volatilization 
technologies 

Remedial alternatives may result in hazardous chemical emissions 
Remedial alternatives may include groundwater volatilization 
technoloaies 

Considered in the human health risk assessment 
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TABLE 4-32 (continued) 
PRELIMINARY FEDERAL ARARs 

NAWC WARMINSTER, PENNSYLVANIA 

LOCATION-SPECIFIC REQUIREMENTS 

Endangered Species Act of 1978 (16 USC 1531) (40 CFR 502) 

Fish and Wildlife Coordination Act of 1980 (16 USC 661) 
Fish and Wildlife Conservation Act (16 USC 2901) 
Fish and Wildlife Improvement Act of 1978 (16 USC 742a) 

Federal Protection of Wetlands Executive Order (E.O. 11990) 

Groundwater Protection Strategy (EPA, 1984) 

RATIONALE 

Considered in the environmental assessment 

Remedial alternatives may affect fish and wildlife habitat 

Wetlands may be affected by remedial action 

Remedial alternatives may be determined by category designation 

ACTION-SPECIFIC REQUIREMENTS 

Hazardous Waste Generator Requirements (40 CFR Part 262) 
Hazardous Waste Reauirements (RCRA Subtitle C. 40 CFR Part 264) 

Standards for Owners and Operators of Hazardous Waste Treatment, 
Storage, or Disposal (TSD) Facilities (40 CFR 264) 
Interim Status Standards for Owners and Operators of Hazardous Waste or 
TSD Facilities (40 CFR Part 264) 

Hazardous Waste Transportation Requirements (40 CFR Part 263) 
Department of Transportation (DOT) Rules for Hazard Materials Transport 
(49 CFR Parts 107, 171-l 79) 

National Environmental Policy Act 

Clean Water Act (40 CFR Part 122) National Pollutant Discharge Elimination 
System (NPDES) 

Threshold Limit Values, American Conference of Governmental Industrial 
Hygienists 

Land Disposal Restrictions (40 CFR Part 268) Standards for the disposal of hazardous wastes 

R-51-2-3-7 
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RATIONALE 

Standards applicable to treating, storing, and disposing of hazardous wastes 

Operating standards for the disposal of hazardous wastes 

Remedial alternatives may require transportation of hazardous materials off 
site for treatment/disposal 

Requires consideration of environmental effects due to federal actions 

Remedial actions may involve discharge to surface waters 

May be applicable to air concentrations during remedial activities 
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TABLE 4-33 
PRELIMINARY STATE ARARs 

NAWC WARMINSTER, PENNSYLVANIA 

1 I 

I CONTAMINANT-SPECIFIC REQUIREMENTS I RATIONALE I 

State Water Quality Standards (25 PA Code, Chapter 93) Remedial actions may include discharge to surface waters 

State Air Pollution Regulations (25 PA Code, Chapters 121-143) Remedial actions may include technologies with atmospheric emissions 

State Water Qualiiy Toxics Management Strategy (25 PA Code, Chapter 16) Water quality criieria for toxics 

State Safe Drinking Water Regulations (25 PA Code, Chapter 109) State MCLs and treatment technologies 

I LOCATION-SPECIFIC REQUIREMENTS I RATIONALE I 

State Air Pollution Regulations (25 PA Code, Chapters 121-143) Remedial actions may include technologies with atmospheric emissions 

ACTION-SPECIFIC REQUIREMENTS 

State Hazardous Waste Management (25 PA Code, Article VII) 

RATIONALE 

Standards for treating, storing, and disposing of hazardous wastes 
I I I 

State Solid Waste Disposal Regulations (25 PA Code, Chapter 75) 

State Pollutant Discharge Elimination System (NPDES) Rules (25 PA Code, 
Chapter 92) 

Standards for treating, storing, and disposing of solid wastes 

Remedial actions may include discharge to surface waters 

State Wastewater Treatment Requirements (25 PA Code, Chapter 95) 
State Industrial Waste Management Regulations (25 PA Code, Chapter 97) 

State General Provisions (25 PA Code, Chapter 95) 

State Construction, Modification, Reactivation, and Operation of Sources 
Regulations (25 PA Code, Chapter 127) 

Standards for the reinjection of treated groundwater 

Standards for the operation of air pollution control of potential air sources 

State Special Water Pollution Regulations (25 PA Code, Chapter 101) 

State Erosion Control Regulations (25 PA Code, Chapter 102) 

Applicable for permitted solid waste disposal facilities 

Soil disturbance during proposed remedial actions may require erosion and 
sedimentation control measures 

I Rttatn l-l~mdn~rc Smrh.c@nr?ec Tranrpnrtatinn Rngl_r!&ons PA. Code Title 13 -..m... . . . . ..s.v-w --I- . . . ..-ir . . ..- -..-..-.. . .- 

(Flammable Liquids and Flammable Solids) and Title 15 (Oxidizing Materials, 
Poisons, and Corrosive Liquids) 

I Applicable to wades shipped off site for analysis, treatment: or disposal I 
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Potential Remedial Action Obiectives 

An initial list of potential response objectives for contaminated groundwater at Area A included 

1. Protect uncontaminated groundwater for current use by preventing contamination of existing wells 

within the affected aquifer or by minimizing the migration of contaminants to adjacent or deeper 

aquifers. 

2. Protect uncontaminated groundwater for future use by reducing contaminant concentrations within 

the affected aquifer or by minimizing the migration of contaminants to adjacent or deeper aquifers. 

3. Restore contaminated groundwater for future use by reducing contaminant concentrationswithin the 

contaminated aquifer to levels that are safe to drink. 

4. Protect environmental receptors (e.g., human food chain species, sensitive ecosystems) by reducing 

those groundwater contaminant levels that are being released to surface water. 

Wiihin the vicinity (0.25mile radius) of NAWC Warminster, three residential wells, two commercial wells, 

and at least one municipal well reportedly have VOC contamination. The largest concentration of 

residential wells are in the housing development west of Davisville Road and east of NAWC Warminster. 

For confirmed residential wells, well depths range from 30 to 145 feet below grade. Therefore, some 

nearby residential wells are assumed to be drawing from the shallow bedrock aquifer underlying the facility. 

Given the uncertainty regarding realignment of the NAWC Warminster property by the Department of 

Defense, current groundwater and land uses in the vicinity of the base may change in the future. Remedial 

Action Objective #3 would therefore be more protective of human health than Objective #2. 

Groundwater 

Routine exposure to contaminated groundwater through ingestion and inhalation present the greatest 

potential human health risks posed by Area A. Based on the data collected and evaluated during the RI 

and previous investigations, sufficient information is available to develop and establish remedial action 

objectives for only the shallow groundwater underlying Area A. 
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For the shallow groundwater underlying Area A, potential remedial objectives include remediating 

groundwater or managing contaminant migration to 

P- 
l Prevent further migration of groundwater contaminants from current NAWC Warminster property. 

CI l Initiate restoration of the overburden and shallow bedrock aquifers while additional investigations are 

being completed. 
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5.0 SITES 5, 6, AND 7 - AREA B 

C 

5.1 SITE HISTORY AND DESCRIPTION 

Site 5 (South Runway Landfill), Site 6 (Waste Pit No. 3), and Site 7 (Sludge Disposal Pits) have been 

combined into one general area (i.e., Area B) for the purpose of this report. Figure 5-l shows the location 

of each site. All sites are within the fenced NAWC Warminster perimeter. The inferred grountdwater flow 

direction, surface water flow, and runoff are to the south for all sites within Area B. 

5.1.1 South Runway Landfill - Site 5 

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

5-l). The site reportedly operated from 1955 to 1970 and was rediscovered during construction for the 

foundation of a housing unit. Site 5 reportedly consisted of six to eight disposal trenches in wlhich paints, 

solvents, scrap metal, demolition debris, and 30 drums of asphalt were disposed. Each trench was 12 feet 

wide by 70 feet long and eight feet deep. The maximum potential capacity of each trench may have been 

1,500 to 2,000 cubic yards. The asphalt itself may account for about eight cubic yards. 

After Site 5 was closed, two feet of fill was placed over the disposal area, and the area was reseeded. The 

Shenandoah Woods Navy townhouse complex was constructed in the vicinity of Site 5; within 100 feet of 

the site are about eight other housing units. This townhouse complex consists of approximately 199 units. 

Navy housing unit 401 was constructed adjacent to and possibly over Site 5. Unit 401 consists of four 

townhouses: 566, 568, 570, and 572 Skyhawk Drive. 

5.1.2 Waste Pit No. 3 - Sits 6 

Site 6 reportedly consists of an unknown number of disposal pits or trenches on the northern side of the 

patrol road and the south side of the main runway (Figure 5-l). Site 6 is north of Site 5 and northeast of 

Site 7. This site allegedly received paint, solvents, demolition waste, waste oils, flammable waste, and 

grease trap waste from 1960 to 1980. The site is currently wooded and debris has been piled on parts of 

the surface. Where the site is not wooded, it is naturally vegetated. The site covers an area of about 

70,000 square feet. 

p” 
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Information regarding waste disposal operations for Site 6 is poor. An unknown number of waste pits of 

uncertain dimensions reportedly received unrecorded quantities of various waste types. Site 6 is within 400 

feet of the housing area described for Site 5 and .about 900 feet from the facility boundary. 

5.1.3 Sludne Pits - Site 7 

Site 7 reportedly consisted of two disposal trenches that were used from 1950 to 1955 to receive sludge 

from the wastewater treatment plant. The site is located south of the main runway and adjacent to the 

western side of Site 5 (Figure 5-l). This site is currently grass covered and relatively flat, with a slight 

slope toward the fenceline to the south. 

The trenches were reportedly 100 feet long by 12 feet wide and eight feet deep. The estimated potential 

capacity of each trench is 356 cubic yards. The trenches were reportedly backfilled with fill after each 

dumping episode. Upon site closure in 1955, the trenches were covered with two feet of soil, regraded, 

and reseeded. 
k 

5.2 SUMMARY OF PREVIOUS SITE INVESTlGATlONS 

5.2.1 South Runway Landfill - Site 5 

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

Analysis of groundwater samples from monitoring wells near Site 5 has detected copper, chromium, nickel, 

and zinc. Analysis in 1983 of a downstream surface water sample did not detect any Priority Pollutant List 

(PPL) contaminants. 

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

lawns, and buildings. 

P- 
R-51-2-3-7 5-3 



5.2.2 Waste Pit No. 3 - Site 6 

In July 1982, two monitoring wells and several observation wells were installed in the vicinity of Site 6. 

These wells have been sampled several times since 1982. Analysis of groundwater samples from 

monitoring wells near Site 6 has detected copper, chromium, nickel, and zinc. Analysis of a downstream 

surface water sample in 1983 did not detect any PPL contaminants. This was the same sample described 

for Site 5. 

In October 1988, SMC Martin observed that the site was covered with scrub vegetation and construction 

debris. A small deer population inhabits Site 6. 

-_ 

5.2.3 Sludqe Pits - Site 7 

In July 1982, one monitoring well and one observation well were installed in the vicinity of Site 7. The 

monitoring well has been sampled several times since 1982. Analysis of groundwater samples from the 

monitoring well has detected antimony, copper, chromium, nickel, and zinc. Analysis of a downstream 

surface water sample in 1983 did not detect any PPL contaminants. This was the same sample described 

for Site 5. 

In October 1988, SMC Martin noted that the Site 7 area was well vegetated with grasses. 

5.3 PHASE I AND II REMEDIAL INVESTIGATION 

- 

Field activities performed during the RI at Area B are summarized in Sections 5.3.1 through 5.3.9. 

5.3.1 Electromaqnetic (EM) Survey 

Electromagnetic (EM) conductivity surveys were performed at Sites 6 and 7 during Phase I. The surveys 

were performed in accordance with procedures detailed in Section 2.1.3. The survey at Site 6 consisted 

of one baseline trending north 70 degrees east and 11 profile lines running perpendicular to this baseline 

(Figure 5-2). The survey at Site 7 consisted of eight northwest to southeast trending profile lines with two 

northwest to southeast to southwest trending profile lines (Figure 5-3). An EM survey could not be 

conducted at Site 5 due to the proximity of both buried and overhead utility lines. The results of the EM 

surveys are presented in Sections 5.5.1 and 5.5.2. 

. - -  
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53.2 Soil Gas Survey 

Soil gas surveys were performed at all sites in Area B during Phase I in accordance with procedures 

detailed in Section 2.1.4. The soil gas survey at Site 5 consists of 30 soil gas stations located to the north, 

*- 

Srr 

west, and south of housing unit 401 on Skyhawk Drive (Figure 5-4). The soil gas survey at Site 6 consists 

of 53 soil gas stations covering the area of anomalous EM readings (Figure 5-5). The spacing of the 

stations was kept as regular as the wooded terrain of Site 6 would allow. The soil gas survey at Site 7 

consists of 63 soil gas stations in the area originally identified as Site 7 based on reviews of aerial 

photographs and in the two baseball fields to the east and southeast of the site (Figure 5-4). The results 

of the soil gas surveys are presented in Sections 5.5.1 and 5.5.2. 

5.3.3 Confirmation Soil Borinas 

- 

*p 

Confirmation soil boring programs were conducted at Sites 5 and 7 during Phase I in accordance with 

procedures detailed in Section 2.1.5. Ten confirmation soil borings were drilled at Site 5 in the areas to 

the north, west, and south of housing unit 401 on Skyhawk Drive (Figure 5-6). Fourteen confirmation soil 

borings were drilled at Site 7 in areas of anomalous EM and/or soil gas readings and in the area of Site 

7 as reported by a former NAWC Warminster employee (Figure 5-6). The results of these boring programs 

are presented in Sections 55.1 and 5.5.2. The boring logs are included in Appendix B. 

5.3.4 Test Pit Excavation 

Test pits were excavated at Sites 6 and 7 during Phase I in accordance with procedures detaileol in Section 

2.1.6. Six test pits were excavated at Site 6 near the perimeter of the anomalous EM areas and adjacent 

to soil gas anomalies (Figure 5-7). Three test pits were excavated at Site 7 in areas of anomallous EM or 

soil gas readings (Figure 5-6). The findings of the test pit excavations are presented in Sections 5.5.1 and 

5.5.2. Test pit logs are included in Appendix C. 

lra4 
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5.3.5 Mdnitorinq Well Installation 

-. 

Seventeen monitoring wells are present in Area B. Five overburden wells were installed during previous 

investigations (Figure 5-8) eight wells were installed during Phase I (Figure 5-9) and four wells were 

installed during Phase II (Figure 5-10). Construction specifications for the monitoring wells and boring logs 

for the Phase I and II RI wells are included in Appendices D and B, respectively. 

-. 

Seven shallow bedrock wells and one overburden well were installed during Phase I following procedures 

detailed in Section 2.1.7.1. Five of the shallow bedrock wells were installed to complete well couplets with 

overburden wells from previous investigations. One overburden well and one shallow bedrock well were 

installed to create a new well couplet downgradient of Site 5. One shallow bedrock well was installed to 

provide a groundwater sampling point downgradient from Site 6 and upgradient of Site 7. The well 

numbers, aquifers, and installation rationale for each of the Phase I wells are summarized in Table 5-l. 

Two shallow bedrock wells and two overburden wells were installed during Phase I following procedures 

detailed in Section 2.1.7.2. These wells were installed to create two new well couplets downgradient of 

Areas B and the existing wells. The well numbers, aquifers, and installation rationale for each of the Phase 

II wells are summarized in Table 5-2. 

5.3.6 Groundwater Samplinq 
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Groundwater samples were obtained from Area B during both the Phases I and II in accordance with 

procedures detailed in Section 2.1.8. Groundwater sample analytical results results are summarized in 

Section 5.5.3. 
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TABLE 5-l 
RATIONALE FOR INSTALLATION OF MONITORING WELLS 

NAWC WARMINSTER, PHASE I RI 
OPERABLE UNIT 1, AREA B 

I Well Number Aquifer Monitored Summary of Rationale for Well Installation 

BG-7 Shallow Bedrock Complete upgradient well couplet with existing overburden 
well, BG-1 

DG-17 Shallow Bedrock Additional sample and elevation location downgradient of 
Site 6 and upgradient of Site 7. 

DG-18 Shallow Bedrock Complete well couplet with existing overburden well DG-9 
downgradient of Site 6 and upgradient of Site 5. 

DG-19 Shallow Bedrock Complete well couplet with existing overburden well DG-10 
downgradient of Site 6 and upgradient Site 5. 

DG-20 Shallow Bedrock Complete well couplet with existing overburden well DG-8 
downgradient of Sites 5 and 6. 

DG-21 Shallow Bedrock Additional sample and elevation location downgradient to 
Site 5; part of new well couplet with DG-27. 

DG-25 Shallow Bedrock Complete well couplet with existing overburden well DG-7 
downgradient to Sites 6 and 7. 

DG-27 
I 

Overburden 
I 

Additional sample and elevation location downgradient to 
Site 5: Dart of new couplet with DG-21. 

I 

- 

- 

--* 

I- 

_. 

,..... 

R-51-2-3-7 5-16 

- 

- 



TABLE 5-2 
RATIONALE FOR INSTALLATION OF MONITORING WELLS 

NAWC WARMINSTER, PHASE II RI 
OPERABLE UNIT 1, AREA B 

Well Number I Aquifer Monitored 

MW-05 Shallow Bedrock 

MW-06 Shallow Bedrock 

MW-08 Overburden 

MW-09 Overburden 

Summary of Rationale for Well Installation 

Additional sample and elevation location near facility 
boundary downgradient of Sites 5, 6, and 7, and all 
existing wells. Part of new well couplet with MW-08. 

Additional sample and elevation location downgradient 
from Sites 5. 6. and 7. and all existina wells. 

Additional sample and elevation location near property 
boundary downgradient from Sites 5, 6, and 7, and all 
existing wells. Part of new well couplet with MW-05. 

Additional sample and elevation location downgradient 
from Sites 5, 6, and 7, and all existing wells. 

C 

- 
R-51-2-3-7 5-l 7 



Groundwater samples were obtained from five overburden wells (DG-7, DG-8, DG-9, DG-10, and DG-27) 

and from seven shallow bedrock wells (BG-7, DG-17, DG-18, DG-19, DG-20, DG-21, and DG-25) during 

Phase I. Overburden well BG-1 was dry during this sampling event. Groundwater samples were obtained 

from five overburden wells (DG-8, DG-9, DG-10, DG-27, and MW-09) and from nine shallow bedrock wells 

(BG-7, DG-17, DG-18, DG-19, DG-20, DG-21, DG-25, MW-05, and MW-06) during Phase II. Overburden 

wells BG-1 and MW-08 were dry during this sampling event, and overburden well DG-7 was filled to the 

surface with soil material. 

-. 

“- 

5.3.7 Soil and Geologic Investigations _- 

During Phase I, soil and geologic investigation performed at Area B included describing materials and 

cuttings produced during the drilling of confirmation soil borings and monitoring wells, and describing the 

materials encountered in test pit excavations and the construction of a geologic cross-section for the area. 

During Phase II cuttings from monitoring well drilling and split spoon samples from subsurface soil sample 

borings were also described. These investigations were performed in accordance with procedures detailed 

in Sections 2.1.5, 2.1.6, 2.1.7, and 2.1.9. The results of these investigations are presented in Sections 

5.4.1 and 5.4.2. 

^I 

5.3.8 Hydroqeologic lnvestiqations 

Hydrogeologic investigations performed during the RI include 

l Estimates of yield from newly installed wells 

l Construction of groundwater elevation maps 

l Determination of horizontal groundwater gradients 

l Calculation of hydraulic conductivity from slug tests 

l Determination of vertical hydraulic gradients at well couplets 

l Estimates of flow rates for surface water near the site 

All of these tasks were performed in accordance with procedures detailed in Section 2.1 .lO. These tasks 

were conducted for both the overburden and shallow bedrock aquifers with one exception. Slug test 

determinations of hydraulic conductivity were performed only for shallow bedrock wells MW-05 and MW-06. 

Results from the hydrogeologic investigations are presented in Section 5.4.3. 

-- 

- 
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5.4 SITE CHARACTERISTICS ., 
e. 

The geological data for Area B were evaluated as a single body due to the proximity of the sites and the 

spar&y of bedrock data at each individual site. By analyzing the data from the three sites as a single 

body, a more complete study of the geology and hydrogeology of Area B can be conducted. 

Site 5 is located under Housing Unit 401 in NAWC Warminster’s enlisted men’s housing area. Site 6 is 

south of the main runway and north of the patrol road near the eastern end of NAWC Warminster. Site 7 

is located west of the other sites in Area B and east of the inertial reference building. The locations of the 

Area B sites can be seen in Figure 5-1. 

No bedrock outcroppings were observed at or adjacent to Area B. One spring was found south of the 

baseball field adjacent to Site 5, in the vicinity of wells DG-8 and DG-20. Review of historical aerial photos 

revealed the presence of a stream in the area where the spring was found. It is believed that this creek 

was later filled with soil during construction activities conducted by NAWC Warminster. 

5.4.1 Soils 

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

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

SCS has mapped the soils at Area B as Doylestown silt loam with slow permeability, Lawrenceville silt loam 

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

Construction debris and several mounded areas atypical of the normal topography were found at Site 6. 

This indicates that the soils at Site 6 have been reworked. A more comprehensive description of these 

features is given in Section 5.5. 

5.4.2 Geoloav 

The geological cross-section of Area B is presented in Figure 5-11. The bedrock lithology consists mainly 

of brownish-red micaceous siltstone interbedded with gray, red, and light to dark brown, fine- to coarse- 

grained arkosic sandstone and gray to brown medium-grained quartzitic sandstone. These rock units were 

observed to strike northeast and dip six to 10 degrees to the northwest. The thicknesses of the lithologic 

units range from five to 20 feet. The sandstone encountered during drilling in MW-05 appeared to be 

extensively fractured. 
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5.4.3 Hydroaeoloqy 

pl” 

- 

A 

P-9 

A 

C 

CL 

Breakdown of feldspar minerals in arkosic sandstones often leads to the precipitation of a white, kaolinitic 

clay at the bedrock/overburden interface. Evidence of this process was seen in several test pits and 

confirmation borings at NAWC Warminster. The presence of this clay may possibly create a semi- 

permeable layer between the bedrock and overburden, retarding the movement of groundwater between 

the two aquifers. However, the effect of this layer on groundwater transport at the facility is not known. 

The varying depth at which water was encountered on a topographically level area at Area B, between 27 

and 42 feet, indicates that secondary porosity (e.g., fractures, joints) plays a role in groundwater transport 

at the facility. Evidence of groundwater flow through the intergranular space within the matrix of the 

bedrock (e.g., perching of groundwater at bedding planes) was also seen. Thus, both of these mechanisms 

may affect groundwater transport. 

A discussion of the bedrock aquifer, overburden aquifer, and surface water characteristics at Area B is 

presented in the following sections. 

5.4.3.1 Shallow Bedrock Aquifer 

The shallow bedrock aquifer groundwater elevation map for Area B is shown in Figure 5-l 2. The inferred 

general flow direction of the groundwater in this area is from north to south with a gradient of approximately 

1.0 to 2.5 percent. The horizontal gradient determined during Phase I was 3.3 percent. The shallow 

bedrock aquifer groundwater elevations indicate that groundwater flow is away from the main runway and 

topographic high north of the sites toward the southern boundary of NAWC Warminster near the 

headwaters of Southampton Creek. These findings indicate that groundwater flows beneath Site 6 before 

it enters either Site 5 or 7. 

Relatively lower groundwater elevations in the bedrock aquifer near the western part of Site 5 create a tight 

cunrature of the groundwater elevation contours in this area. The cause of this feature may be an area 

of increased permeability within the bedrock aquifer at this location. Inferred groundwater flow directions 

may vary locally here with either eastward or westward components of flow; however, the overall inferred 

flow direction prevails throughout the larger area of the investigation. 
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Estimated yields for the Phase I shallow bedrock aquifer wells at Area B are between less than l/2 to one 

gallon per minute. Estimated yields for the Phase II shallow bedrock aquifer wells range from five to seven 

or more gallons per minute. 

The hydraulic conductivity of the shallow bedrock aquifer at Area B was estimated from rising and falling 

head slug tests performed in wells MW-05 and MW-06. The slug tests were performed in accordance with 

procedures detailed in Section 2.1 .l 0. The results of the slug tests are shown below. 

TABLE 5-3 
SLUG TEST RESULTS - AREA B 

I/ Well Number Well Number 
I 

H MW-05 MW-05 
MW-05 MW-05 
MW-06 MW-06 
MW-06 MW-06 

Test Tube 

Falling Head 
Falling Head 
Falling Head 
Falling Head 

Aquifer Hydraulic 
Conductivity 

Bedrock 1 .o x lo” cmlsec. 
Bedrock 3.0 x lo” crnkec. 
Bedrock 2.35 x 10m3 cmlsec. 
Bedrock 2.0 x 1 oa cm/set. 

Horizontal groundwater velocities for the bedrock aquifer were calculated to be between 44 and 120 feet 

per year during Phase I. Horizontal groundwater velocities during Phase II were calculated using the 

average hydraulic conductivity of the bedrock from slug’test results, porosity values from Flima, et al. 

(1962) and the different horizontal gradients of Phase II. For the lower horizontal gradient of 1 .O percent, 

the velocities range from 455 to 1,140 feet per year. For the higher horizontal gradient of 2.5 percent, the 

velocities range from 1,140 to 2,650 feet per year. 

Vertical hydraulic gradients, estimated from head differences between wells in the same couplet, were 

downward in all well couplets at Area B on all dates of measurement (Table 5-4). This indicates that the 

bedrock aquifer may receive recharge from the overburden throughout this study area and that the bedrock 

aquifer does not discharge groundwater to the overburden in this area. 

W4 
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TABLE 5-4 
NAWC SITES 5,6,7 

VERTICAL HYDRAULIC GRADIENTS ESTIMATED FROM HEAD DIFFERENCES 
BETWEEN OVERBURDEN AND SHALLOW BEDROCK MONITORING WELLS IN COUPLETS 

NA - Watey level measurements necessary to calculate gradient not available. 

(l)- Water level measurements not recorded for these dates. 

(2)- Weil DG-7 is obstructed. 

(3)- Wells not installed at time of measurement. 
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The highest groundwater elevations at Area B in the bedrock aquifer were recorded during Phase I in 

January 1991, and the lowest elevations were recorded during Phase II in August 1992 (Table 6-5). Water 

levels in the bedrock aquifer dropped an average of 6.26 feet between these two dates. Water levels in 

all the Area B bedrock wells dropped an average of 2.16 feet from July to August 1992 over a five-week 

period. These elevation changes are generally consistent with seasonal variations and recharge patterns 

for this area in which groundwater levels are highest in late winter and early spring and are lowest in late 

summer through early fall (Slot0 and Davis, 1983). 

5.4.3.2 Overburden Aquifer 

The overburden aquifer groundwater elevation map for Area B is shown in Figure 5-13. The general 

inferred flow direction of groundwater in the overburden aquifer in this area is from north to south with a 

gradient of approximately 2.5 percent. The horizontal gradient determined during Phase I was 1.8 percent. 

The overburden aquifer groundwater elevations indicate that flow is away from the main runway and , 
topographic high north of the sites toward the southern boundary of NAWC Warminster. These findings 

indicate that groundwater flows beneath Site 6 before it enters either Sites 5 or 7. 

Estimated well yields for the overburden aquifer monitoring wells at Area B are less than l/2 to one gallon 

per minute. 

Horizontal groundwater velocities for the overburden aquifer were calculated to be between 1.43 and 4.38 

feet per year during Phase. Horizontal groundwater velocities during Phase II were calculated using a 

horizontal gradient elevation map. These velocities ranged from 1.98 to 6.08 feet per year. 

Vertical hydraulic gradients, estimated from head differences between wells in the same couplet, were 

downward in all well couplets at Area B on all dates of measurement (Table 5-4). This indicates that the 

overburden aquifer receives no recharge from the bedrock aquifer and that it may be supplying recharge 

to the underlying bedrock. The consistently downward gradients may indicate that the overburden has 

lower permeability than the bedrock and that water from precipitation events is stored within the overburden 

until it has had enough time to infiltrate downward to the bedrock. 

rr, 
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TABLE 5-5 -- 

NAWC SITES 5,6, 7 
GROUNDWATER ELEVATIONS 

R-51 -2-3-7 5-26 

Well 
Number 

12t90 

Groundwater Elevation (feet MSL) 

l/91 II 7192 8192 

Overburden Aquifer 

MW-08 NA NA ’ NA NA 
MW-09 NA NA 319.91 NA 
BG-1 347.55 NA 347.21 NA 
DG-7 330.25 337.59 NA NA 
DG-8 328.48 331.58 330.01 327.94 
DG-9 333.23 339.07 334.18 332.61 

DG-10 335.76 343.59 339.81 336.23 
DG-27 330.09 337.20 332.63 329.65 

Shallow Bedrock Aquifer 

MW-05 NA NA 319.80 318.85 
MW-06 NA NA 320.98 320.04 
BG-7 346.12 349.74 346.02 343.52 

DG-17 332.58 338.82 333.61 330.91 
DG-18 330.21 336.21 331.87 329.44 
DG-19 330.01 336.00 332.58 329.53 
DG-20 326.57 329.20 327.44 325.78 
DG-21 329.66 336.19 332.12 329.36 
DG-25 329.08 334.75 331.06 328.58 

NA= Measurement not available 
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The highest groundwater elevations at Area B in the overburden aquifer were recorded in January 1991 

(Table 5-5). The lowest elevations were recorded during either December 1990 or August 1992. The 

average elevation difference between the maximum and minimum elevations in overburden wells on these 

dates is 6.556 feet. Water-table elevations in the Area B overburden wells dropped an average of 2.55 

feet during a five-week period from July to August 1992. Water-level declines in zone of the overburden 

wells are of sufficient magnitude to cause these wells to go dry on occasions. These elevation changes 

are generally consistent with seasonal variations and recharge patterns for this area in which groundwater 

levels are highest in late winter and early spring and are lowest in late summer through early fall (Slot0 and 

Davis, 1988). 

5.4.4 Hydroloqy 

Southampton Creek is located south of the Area B area. The creek flows north to south, directly away from 

NAWC Warminster. The base flow rate was measured in an area where the creek is contained within a 

cement culvert at 98 gpm during Phase I. 

Stormwater that collects near Area B is piped underground from the south-central NAWC Warminster 

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

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

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

shaded 250 feet reach before entering a small and shallow privately owned pond, which overflows into a 

second small pond, which in turn flows into Southampton Creek. 

5.4.5 Ecology 

There is very little flow and virtually no biotic component within the approximately 1 ,OOO-foot length of the 

concrete-lined ditch. Amphipods were observed at the point where this channel flows through the road 

culvert and into the natural streambed. Midge larvae were found in the fine (i.e., silt) sediments at the head 

end of the first pond. Fish were not observed, but mallard ducks and Canada geese were active in and 

around each of the ponds. Raccoon tracks were observed along the shore of the pond as well. 
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5.5 NATURE AND EXTENT OF CONTAMINATION 

The nature and extent of environmental contamination at the area containing Area B are discussed in this 

section. The validated data generated during the RI provide the basis for this discussion. The complete 

analytical database to date is included as Appendix K. 

5.5.1 Extent of Contamination for Area B 

Site 5 

Because of the proximity of both buried and overhead utility lines, an EM survey could not be conducted 

at Site 5. The soil gas survey at Site 5 was conducted to the north, west, and south of Housing Unit 401 

on Skyhawk Drive. The small size of the study area allowed the use of a shorter distance between soil 

gas stations. Six soil gas stations at Site 5 were found to have detectable levels of volatile organic 

compounds (VOCs). These six soil gas stations were located to the north and west of Housing Unit 401. 

Figure 5-14 displays the results of the soil gas survey. 

A total of 10 confirmation borings were drilled at Site 5. Five borings encountered waste, four encountered 

non-native clean fill, and one encountered only native soil. Figure 5-15 displays the findings of the 

confirmation borings conducted at Site 5. 

The northernmost, westernmost, and easternmost confirmation borings conducted at Site 5 all encountered 

waste material. As a result, the exact boundaries of Site 5 cannot be exactly defined in these directions. 

The two southernmost borings (i.e., S5-8 and S5-10) encountered only non-native clean fill. Thus, the 

southern extent of Site 5 waste material is defined by the location of these two borings. The trenches 

reported to be located at Site 5 were not discovered during the boring program. Historical information 

included in earlier reports indicated that waste material was uncovered during Unit 401 construction only 

in the northwestern corner of the unit. Therefore, Figure 5-15 indicates waste material is not present under 

the entire unit. 
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VOCs were detected from three to six feet below ground surface (bgs) in boring S5-1 at a 1 to 10 ppm 

concentration and from eight to 10 feet BGS in boring S5-5 at a 1 to 15 ppm concentration. The location 

of the confirmation borings corresponds closely to some of the areas where VOCs were detected during 

the soil gas survey. ‘In both of these borings, the VOCs were encountered in a zone of water-saturated 

soil. This indicates that there is a shallow zone of groundwater that presumably contains elevated levels 

- 

- 

of vocs. 
-. 

The average thickness of waste material detected at Site 5 was four to five feet. The average thickness 

of non-native clean fill at Site 5 was five to six feet. 

Site 6 

The EM survey at Site 6 identified two areas with anomalous readings. These are marked on Figure 5-16. 

The larger area is approximately 450 by 750 feet in size and is bordered by the patrol road to the south 

and the west. In the southwestern portion of this area, cement, brick, and other building materials can be 

seen on the ground surface or protruding through the soil. The second anomalous area, which appears 

to be a trench, is approximately 30 by 150 feet in size and is located just northeast of the large anomalous 

area. Although the larger anomalous area is generally seen as a conductivity high (i.e., up to 32 umhos/m 

compared to a background of 14 to 18 umhos/m), many fluctuations are apparent. These fluctuations 

indicate the buried material is heterogeneous. The smaller apparent trench area is generally seen as-a 

conductivity low (i.e., 8 umhos/m compared to a background of 14 to 18 umhos/m). Both of these areas 

are suggested to contain scattered metallic objects; however, the EM survey indicates that the apparent 

trench area contains a much higher proportion of metal. 

The depth profiles performed by the EM survey in the apparent trench area show a lower conductivity 

surface layer that is approximately 10 feet thick. This may represent up to 10 feet of waste or fill in this 

area. The depth profiles in the large anomalous area showed decreasing conductivity with depth and a 

surface layer or cap of approximately one to two feet thick, indicating that much of the burial or filling was 

close to the existing land surface. 

Eight soil gas stations contained elevated VOC levels at 1 to 52 ppm. As shown in Figure 5-17, these soil 

’ gas stations are located in the western portion of the site, where scattered debris and mounded soil can 

be seen on the ground surface. 
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Six test pits were excavated near the perimeter of the anomalous EM areas and adjacent to soil gas 

anomalies. Figure 5-18 displays the location and findings of the test pits at Site 6. Test pits performed 

within the two EM anomalies encountered waste material. Therefore, Site 6 appears to extend throughout 

the areas of anomalous EM readings. 

Clean fill material and construction debris were detected in five of the six test pits. The presence of the 

fill and the construction debris found lying on the ground and in the test pits indicates that the western 

portion of the Site 6 area had been extensively reworked. No VOCs were detected during the test pit 

excavations, with the exception of 0.1 ppm at S6-PIT-4. 

The findings of the EM survey, the soil gas survey, and the test pits indicate that waste material is 

concentrated in the western portion of Site 6 and that the eastern portion of the site contains comparatively 

little waste. 

Site 7 

The EM survey over Site 7 delineated two anomalies. The first was near the patrol road, and the second 

was in the northern baseball field. These areas are marked on Figure 5-19. These anomalies were less 

than 3 umho/m above background levels. No indications of buried metal were found during the survey. 

The anomaly within the baseball field was probably caused by a bedrock pinnacle, subsequently discovered 

during the excavation of a test pit. 

The soil gas survey area for Site 7 is shown on Figure 5-20. VOCs were detected at 12 soil gas points. 

The readings were uniformly low (i.e., between 0.4 and 1.5 ppm). Six of these points were in or 

immediately adjacent to the area previously identified as Site 7 based on the review of aerial photographs. 

None of the 12 soil gas points where VOCs were detected were inside the two EM anomalies present at 

Site 7. The location of the areas of elevated soil gas readings displayed no specific pattern. 

Figure 5-21 shows the locations of the confirmation borings and test pits conducted at Site 7. No waste 

or significant fill material was found in any of the 14 confirmation borings or three test pits completed at Site 

7. These confirmation borings and test pits were located in areas where the EM and soil gas surveys had 

indicated anomalous readings. The testing conducted at Site 7 did not identify discernible evidence of filling 

or sewage sludge. 
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On October 29, 1990, after Phase I had not confirmed the location of Site 7, a former employee of NAWC 

Warminster visited Site 7 with facility representatives. The employee indicated that the Site 7 disposal 

trenches were located just northeast of the paved walkway between the inertial reference building and Site 

6. This area is marked on Figure 5-21 as “Site 7 as located by Mr. Law.” 

Review of data from investigative tasks conducted before the former employee’s visit showed that the EM 

survey indicated a large anomaly in and near this area. However, the soil gas survey, confirmation borings, 

and test pits did not find any discernible evidence of the sewage sludge in this area. 

5.5.2 Content of Area B -. 

Site 5 

The gas chromatograph (GC) indicated that the volatile organic vapors in Site 5 soil gas contained 25 ppb 

of acetone and one unknown compound. The acetone is possibly a product of the paints and solvents 

buried at Site 5, since GC method blanks run at Site 5 did not detect acetone. 

Waste actually detected at the site included wood, glass, and an abundance of metal fragments. These 

materials may represent the scrap metal and building demolition wastes reportedly disposed at Site 5. 

None of the asphalt reported to have been placed at Site 5 was encountered by any of the confirmation 

borings. 

I 

VOCs were detected during the drilling of confirmation borings S5-1 and S5-5. These VOCs may be from 

the paints and solvents reportedly disposed in Site 5. 

I_ 

-- 

-. 

-. 

In summary, wastes found during this study at Site 5 are consistent with what was reportedly placed in the 

trenches. 

The EM survey indicated possible buried metallic objects in the central portion of Site 6 and in an area 

north of the site. These areas are marked with an “M” on Figure 5-16,. 

Site 6 

The soil gas survey at Site 6 was conducted over the area shown in Figures 5-5 and 5-17. The spacing 

of the soil gas stations was kept as regular as the wooded terrain would allow. The survey grid covered 

the area of anomalous EM readings. 

- 

- 

- 
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GC readings taken during the soil gas survey on January 17, 1990 indicated that 56 ppb of acetone and 

two unknown compounds were present. However, the acetone and one of the unknown compounds had 

been detected at higher levels in a previously run GC method blank. Small amounts of acetone remained 

after several attempts to cleanse the system. Acetone was found in most samples collected on this day. 

The second unknown compound identified is probably present at the site. The acetone and the first 

unknown compound found in the method blank probably did not originate from waste present at the site. 

In several areas at Site 6, especially along the eastern portion of the site, building demolition debris can 

be seen scattered on the ground surface. This debris consists of slabs of asphalt, concrete, and brick 

structures. 

Several vegetated and mounded areas atypical of the normal topography in the area were found in the 

eastern portion of Site 6. Close inspection revealed that the mounds consist of building demolition debris 

similar to that seen lying on the ground surface nearby. A photoionization detector (PID) reading at one 

of these mounds indicated VOCs were present at a concentration of 52 ppm. These vapors may be from 

paints or solvents present in the soil or they may be emanating from asphalt found buried in the mound. 

Five of the six test pits excavated at Site 6 encountered general construction debris including cement, 

glass, wires and electrical parts, scrap metal, and asphalt. One empty paint drum was discovered in test 

pit S6-Pit-5. The locations of the test pits are shown in Figure 5-7 and 5-18. In general, waste found at 

Site 6 was the same as that reported to have been disposed at the site (i.e., heterogeneous disposal of 

a wide variety of materials). 

Site 7 

The GC indicated that the VOCs detected during the soil gas survey contained two unknown compounds. 

These compounds were not detected in GC method blanks run at Site 7 and therefore may be present in 

soil gas. 

Waste was not encountered in any of the test pits conducted at Site 7. Additionally, no volatile organic 

vapors were detected in any of the soils removed from the test pit excavations. 
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Confirmation boring S7-1 was found to contain fill near the ground surface, but this appears related to 

construction of the baseball diamond. All other confirmation borings at Site 7 did not detect waste material. 

Since &waste material was detected during the investigative tasks conducted at Site 7, the content of the 

site cannot be further confirmed. 

5.5.3 Groundwater 

Twenty-four unfiltered samples were obtained from wells considered to be downgradient of Area B. 

Table 5-6 presents the occurrence and distribution of these results. Unfiltered groundwater results are 

used for risk assessment. However, monitoring wells can contain significant amounts of suspended 

material that result in overestimates of metal contamination in groundwater. Therefore, filtered results (for 

Phase II wells only) are presented in Table 5-7 for comparison purposes and may be used to qualify the 

risk assessment. 

The cyanide result in Phase II DG-10 (MW-13) may be suspect, according to data validation. Because it 

is unusual to see cyanide in groundwater at such concentrations, especially when there are no other 

positive detections, and because the reported concentration matched the calibration standard nearly 

exactly, it is suspected that the calibration standard may have accidentally been run instead of the sample. 

However, since this could not be proven with available information, risk assessment must include this 

number and assume that it is real. 

Comparison of downgradient unfiltered results to downgradient filtered results reveals that the filtered 

results are generally much lower, except for potassium, zinc, calcium, magnesium, and sodium. Many 

elements, such as aluminum, arsenic, cadmium, chromium, copper, lead, and vanadium, are not even 

detected in the filtered samples. 

- 

- 

- 

-  
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TABLE 6-6 
OCCURRENCE AND DISTRIBUTION OF UNFILTERED 

MONITORING WELL INORGANICS - SITES 5,6, 7 
NAWC, WARMINSTER, PENNSYLVANIA 

5-43 

11200-70800 

Potassium 5000 12/24 817.5-23200 5780 

Sodium 5000 12/24 7880-28900 12670 

Vanadium 50 7124 4.25-79 16.3 

Zinc 20 12l24 12-1300 228 

Cyanide 10 l/24 92 26.3 



TABLE 5-7 
OCCURRENCE AND DISTRIBUTION OF FILTERED MONITORING WELL INORGANICS - 

SITES 5, 6, 7 
NAWC, WARMINSTER, PENNSYLVANIA 

wu 

Element CRDL Frequency 
of 

Positive 
Detection 

Range 
of Positive 
Detection 

Rep Cone 

Barium I 200 I 13/13 I 22-484.5 I 214 

Calcium 5000 13113 12800-64700 41670 

Cobalt 50 l/13 6 3.7 

Iron 100 4l13 1460-6630 2600 

Magnesium 5000 13113 4060-l 9800 14580 

Manganese 15 11/13 17-753 335 

Nickel 40 l/l3 25 12.0 

Potassium 5000 13113 429-l 8100 6020 

Sodium I 5000 I 13/13 I 7070-31800 I 17060 

Thallium 10 l/13 2 1.2 

Zinc 20 3/13 32-73 31 .o 

R-51 -2-3-7 5-44 



C 

)I* 

Notable representative concentrations in unfiltered downgradient wells include those of arsenic, lead, 

cyanide, and manganese. A detailed discussion of these results with respect to drinking water criieria and 

dose-response parameters is included in Section 5.7. Upgradient unfiltered and filtered monitoring well 

inorganics were presented in Tables 4-8 and 4-9, respectively. While concentrations of arsenic, barium, 

cobalt, iron, potassium, zinc, and cyanide exceed those of upgradient wells, the representative 

concentrations of many metals are lower in the unfiltered downgradient wells than in the upgradient wells. 

In filtered samples, the downgradient sample concentrations tend to be higher for barium, iron, potassium, 

thallium, and zinc. 

No pattern of contamination by well location was observed, although the maximum concentration for lead -‘: 

was reported in a well (Phase II MW-06; MW-18, located south of the sites, near a baseball diamond) in i! 

which the maximum concentrations of some other metals were detected. The well with the positive cyanide 

result (Phase II DG-10; MW-13) is located just north of Site 5. Manganese concentrations are iparticularly 
\ 

5 
d 

\ d 

high in all wells, except DG-19 (Phase I; known as MW-15 in Phase II) (located just north of Site 5). There ‘7, !rL 

does not appear to be an identifiable plume of metals contamination in groundwater, based on these data. 1 

:/ 

’ 

MW-06 and DG-19 are screened in the shallow bedrock, and DG-10 is screened in the overburden. 
I 

J 

- 

C 

Table 5-8 summarizes the occurrence and distribution of monitoring well organics at Area B. VOCs and 

phthalates were detected in the monitoring wells. The VOCs included chlorinated ethenes, carbon 

pl 

tetrachloride, chloromethane, chloroform, toluene, and 1 ,l ,l -trichloroethane (1 ,l ,l-TCA). Concentrations 

of trichloroethene (TCE) and cis-1 ,Bdichloroethene (cis-1 ,PDCE) in shallow bedrock groundwater are 

shown in Figures 5-22 and 5-23, respectively. Positive detections were generally low level and scattered 

throughout the study area. However, the extreme western well (DG-17; known as MW-16 in Phase II) and 

the southernmost wells [MW-06 (known as MW-18 in Phase II), MW-09 (known as MW-20 in Phase II), and 

MW-05 (known as MW-17 in Phase II)] exhibited only trace concentrations of toluene and/or ‘I ,l ,l-TCA. 

In general, concentrations were higher in shallow bedrock than in overburden wells, except for toluene at 

6 ug/l in Phase II DG-8 (MW-22). 

gl 
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TABLE 5-8 - 
OCCURRENCE AND DISTRIBUTION OF MONITORING WELL ORGANICS - SITES 5,6,7 

NAWC, WARMINSTER, PENNSYLVANIA 

- 

- 

.- 

- 

- 
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TICS= Tentatively indentified compounds 
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5.5.4 Summaw 

Notable representative concentrations in unfiltered downgradient wells include those of arenic, lead, 

cyanide, and manganese. The maximum concentration for lead is reported in a well (Phase II MW-06; 

MW-18, located south of the sites, near a baseball diamond) in which the maximum concentrations of some 

other metals are detected. The well with the positive cyanide result (Phase II DG-10; MW-13) is located 

just north of Site 5. Manganese concentrations are particularly notable in all wells, except DG-19 (Phase 

I and known as MW-15 in ‘Phase II) (located just north of Sit? 5). There does not appear to be an 

identifiable plume of metals contamination in the groundwater, based on these data. The cyanide result 

is questionable but could not be proven to be a false positive. 

Toluene is detected in monitoring wells, as are chlorinated ethenes, carbon tetrachloride, chloromethane, 

chloroform, and 1 ,l ,l -TCA. Positive detections are generally low-level and scattered throughout Area B. 

In general, concentrations are higher in shallow bedrock wells than in overburden wells, except for toluene 

at 6 ug/l in Phase II DG-8 (MW-22). 

5.6 CONTAMINANT FATE AND TRANSPORT 

Various aspects of groundwater contaminant fate and transport at Area B are discussed in this section. 

Various chemical and physical properties affecting contaminant migration are discussed in Section 56.1. 

Potential groundwater contaminant migration routes are identified and discussed in Section 5.6.2. Section 

5.6.3 presents a brief discussion of contaminant persistence. 

56.1 Phvsical and Chemical Transport Properties 

This section provides a qualitative discussion of potential migration of groundwater contaminants found at 

Area B. The physical and chemical properties of the chemicals found in Area B, where available, are 

presented in Tables 5-9 and 5-10. These parameters may be used to assess the behavior of a chemical 

in the environment. 
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TABLE 5-9 
MOBILITY PARAMETERS FOR ORGANIC CHEMICALS - SITES 5,6,7 

NAWC, WARMINSTER, PENNSYLVANIA 

Chetical Md”’ Wt.(g) sol”’ @g/L) V.P.“’ 

~~mHg.ZW 

H”x%tm.m3 mcl BCF”’ sp. Qrav.@N” (SC) KC+“’ 

Trichlorcethena 

Tetrachlovxthene 

Chloroform 

Tcluene 

Arcdor 1246 

Arccbr 1254 

Naphthalene 

Flucranthene 

Pyrene 

Benz[a]anthracene 

Chrysene 

Benzc[blfluoranthene 

Chbrcmethane 

BetlZC[&3]Wrene 

l,l,l-Trichlorcethan 

Carbon tetrachloride 

Dikcdylphthalate 

cis-1,2-Diihbmethene 

N-nitrcscdiphenykmin 

Diilddn 

4,4,-DDE 

4,4’-DDT 

Methoaychbr 

4-Methylphenol 

Di-n-butyiphthalate 

Diithylphthalate 

131.38 1100 2.53 5.79El S.lE-3 S.7El 1.46 1.26ZE2 

165.83 200 2.6(2OC) l&l 1 SE-2 2.52E2 1.626 3.64E2 

118.38 8200 1.97(2cC) 1x2 2.88E-3 5.w I.480 4x1 

92.13 534.6(25C) 2.69(2GC) 2.67El 6.66E3 2.5El” 0.667 3E2 

200.5~ 0.054”’ 5.75 4.8E-4(25C)“’ 4.4E4 

328.4 O.Wl(25C) 6.M 7.7lE-5(25C) 2&E-3 1x5 5x5 

126.2 31.7(25C) 3.0113.45 6.7E-3(25C) 4.6E-4 4.2E2 1.152 S&2 

202.3 0.26(25C) 5.33 5E-6(25C) 6X-6 1.2E4 1.252 3.8E4 

202.3 O.l3(25C) 5.18 2.5&6(25C) 5.1E-6 1.2E4 3.8E4 

226.26 0.0057 5.61 2.2E-8 IE-6 5x4 2E5 

226.3 0.6016(25C) 5.61 6%~S(26C) 1.05E-6 5.3E4 1.274 2E5 

252.3 O.C014(25C) 6.57 5E-7 1 .PE-5 1.4E5 5.5E5 

50.94 6450 0.95 3.76E3 4E-2 3.2 O.QBl 4.3 

252 5.88 SE-9 4.s7 1 .OBE4’” 5.5E6 O.O038(25C) 

133.41 720 2.47 _ 123E2(25C) 3E-2 B.lEl 1.35 1.52E1 

153.82 765 2.64 OEI 2.3E-2 2.11E2 1.59 4.39E2 

381 8700 9.2 1 x-4 WE-5 3.9E8 0.09 3.6EQ 

96.94 800(2W 200(25Q 4.OBE3 48 1.28 59 

196.2 40 1 E-l (25C) 6.6E-4 4.62E2 6.46E2 

381 0.1 3.54 1.8E-7(25C) 4.57E-10 7.1E2 1.75 1x3 

318 O.OqZOC) 4.28 8X-6 8.8E-5 BE8 4.4E6 

364.5 0X055(25(;) 6.19 1 .gE-7(25C) 1 ME-5 BE6 3X6 

345.66 O.O4(24C) 8.3E3 1.41 8E4 

lo&l 4400 I.92 4E-2 1.2QE-6 11 1.G347 2.4El 

278.34 4~25~) O.l(l15C) 2.8E-7 4.7E4 1.0465 1x5 

222.2 210 2.47 3X-3(25C) 1.2E-6 1.07E2 1.12 1.42E2 
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TABLE 5-9 
MOBILITY PARAMETERS FOR ORGANIC CHEMICALS - SITES 5,6,7 
NAWC, WARMINSTER, PENNSYLVANIA 
PAGE TWO 

Chetical hid” Wt 

62) . 

Bis(2-ethylhexyl)phthlate 390.62 

Acenaphthene 154.2 

Anthracene 178.2 

Phenanthrene 178.2 

Benzc~lwranthane 252.3 

Inckn0[1,2,3-$qpyrene 276.3 

Dibenz[a,h]anthracene 278.4 

Benzc[g,h,i)perytene 276 

Flucrene 118.2 

Carbazde 187.21 

Dibenzduran 166.2 

Acetone 58.08 

Chbrdane 408.8 

Md. Wt. = Molecular weight (I) EPA, 1962 
Sol. = Eclubilii (2) Velschueren. 1083 
Kcw = Odand - water paititicn axffident (3) EPA RREL 

V.P. = Vapcf pressure (4) Venar, 1970 
H = Henry’s bw constant (5) Weast, ISLUI 
BCF = Bbawcentratbn fadcr (6) NLM, January 13,1892 
Sp. Grav. = Speclic gravity 

Koc. Organic carbon partition weffiiient 

sol”’ (IngIL) 

Oa(25C) 

3.42(25C) 

O.!M5(25C) 

l.qnsc) 

O.O043(25C) 

0.caO53(25C 

O.o005(25C) 

O.o0026(25C) 

1.6q25c) 

10 

8wca 

0.058 

Low Kc#~” 

5.3 

3.92 

4.45 

4.45 

8.84 

7.66 

5.07 

7.23 

4.18 

3.29 

4.12 

-0.24 

2.76 

V.P.“’ 

(mmht3-W 

2E-7 

lSE-3(25C) 

IX-5(25C) 

@.6&4(25c) 

5E-7 

IE-10 

IE-10 

l.LGE-lO(25C) 

7.1E-4 

400(32X) 

2.7E2(3OC) 

1 E-5(25C) 

“‘WI 

atmm* mcl 

3E-7 

#.lE-5 

ES-5 

2x4 

3.87E-5 

8.SE5-6 

7x-8 

1.44E-7 

8.4E-5 

3.43E-5 

ME-5 

BCF”’ 

2.3E8 

1x3 

4x3 

4x3 

lAE5 

3.5E5 

6.@E5 

3.5E5 

3.8E3 

3E-lln 

4E4 

Sp. Gre~.(*~~ KOC”’ 

WC) 

0.90 2EB 

1.0242 4.6E3 

1.283 1.4E4 

1 .!z5 l&4 

- 5.5E5 

l&6 

3.3E6 

1.6E8 

1.203 7.3E3 

1.10 1202” 

8128 

0.791 9.2 

1x5 
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TABLE 5-10 
MOBILITY PARAMETERS AND PROPERTIES FOR INORGANIC CHEMICALS - SITES 5,6,7 

NAWC, WARMINSTER, PENNSYLVANIA 

Chemical MOL WT. (g) SP. GRAV. 
(at 2OC)(‘) 

BCF 
I 

Described Environmental Fate (2) 

Arsenic I 74.92 I 5.727 I 333 I o-17 I Sorotion imoortant 

Barium 137.34 

Beryllium 9.01 

Cadmium 112.4 

Chromium 51.996 

Lead 207.19 

Manganese 55 

Mercury 200.59 

Nickel 58.71 

Silver 107.87 

Vanadium 50.942 

Zinc 65.38 

Cyanide - 

Thallium 204.38 

3.51 - - 

1.85 100 Insoluble compounds; sorption important 

8.642 1000-4000 2-3520 Bioaccumulation, sorption important 

7.20 70-4000 cl -2.8 CrVl soluble, mobile; Crlll insoluble 

11.3 60-200 42- 1700 Sorption, bioaccumulation important 

7.2 - - B 

13.5939 1000-l 00000 4994-64000 Some insoluble species; sorption, 
metabolism, bioaccumlation important 

8.9 40-l 00 0.8-l 92 Soluble species, some bioaccumulation, sorption 

10.5 200-3080 cl -240 Sorption important, some bioaccumulation 

5.96 - - 

7.14 1000-40000 51-1130 Sorption, bioaccumulation important 

I - - Biodegradation important 

11.85 100000-150000 34-130 Sorption bioaccumulation important 

MOL. WT. = Molecular weight 
Sp. Grav. = Specific gravity 
BCF = Biocentration or bioaccumulation factor; freshwater species 
(1) Weast, 1988 
(2) Versar, 1979 
(3) EPA, 1983a; EPA, 1983b; EPA, 1983c; EPA, 1986b; 

EPA, 1983d; EPA, 1986c; EPA, 1986d; EPA, 1983e; 
EPA, 198Oa; EPA, 1980b; EPA, 198Oc; EPA, 198Od 

R-51-2-3-7 
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Empirically determined literature values of water solubility, octanol-water partition coefficient (Kow), Koc, 

vapor pressure, Henry’s Law constant, biincentration 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 5-9 indicate that the VOCs <are several 

orders of magnitude more water soluble than semivolatile organic compounds (SVOCs) (including 

phthalates and PAHs) or PCBs. This conclusion is reinforced by the fact that VOCs were discovered more 

frequently and at greater concentrations in groundwater than less soluble chemicals. (Volatilization of VOCs 

from surface media is also an important factor in the observed distribution of these chemicals.) 

Although PAHs and PCBs were detected in soil in Area B, such compounds have not been #detected in 

groundwater. This is a manifestation of their limited water solubility and tendency to aldsorb 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). 

PAHs, phthalates, and PCBs are several orders of magnitude more likely to partition to fatty tissues than 

the more water-soluble VOCs. The Kow is also useful in characterizing the sorption of compounds by 

organic soils when experimental values are not available. 
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The second possible route of groundwater migration is from the areas immediately beneath the sites into 

the deeper portions of the bedrock aquifer. Once the contaminants have entered the bedrock aquifer, this 

deeper migration may occur along geologic structures such as permeable bedding planes, subsurface 

fractures, and joints. Vertical hydraulic gradients are consistently downward in this area and indicate that 

flow may be downward from the overburden toward the shallow bedrock aquifers. Other evidence for the 

migration of contaminants into deeper aquifers below the shallow bedrock is not currently available. The 

possibility of such migration was addressed by examining the regional hydrogeology. Because both shallow 

and overburden wells were contaminated, and because the shallow bedrock aquifer appears to be 

recharged by the overburden aquifer, the groundwater at Area B was assessed for the purpose of risk 

calculations as one entity. Where noticeable patterns in the shallow bedrock versus the overburden 

aquifers occur, they are noted in Section 5.5. 

The third possible route of groundwater migration is from the site to off-site areas. 

5.6.3 Contaminant Persistence 

Several transformation processes are believed to affect the persistence of organic chemicals in the 

environment. The primary processes affecting contaminant fate in the environment include microbial and 

chemical degradation. 

Generally, organic molecules are subject to several chemical reactions under environmental conditions. 

Such reaction mechanisms include acid/base reaction, addition, elimination, and hydrolysis. However, 

chlorinated alkanes and alkenes and monocyclic aromatics are not particularly amenable to the majority 

of these degradation mechanisms. Hydrolysis is considered to be negligible for PAHs and PCBs. 

Phthalates can be more susceptible (Versar, 1979; EPA, 1982; Lyman et. al, 1990). Hydrolysis reactions 

can occur under acidic, basic, or neutral conditions. 

Another possible type of degradation is the dechlorination of .tetrachloroethene (PCE) and TCE to 1,2- 

dichloroethene (1,2-DCE), 1,l -dichloroethene (1 ,l-DCE), and ultimately vinyl chloride (Cline and Viste, 

1984). A similar type of reaction has been reported for 1,l ,l-TCA in degradation to 1,2dichloroethane 

(1,2-DCA), 1 ,l-dichloroethane (1 ,l -DCA), and chloroethane. In groundwater at Area B, PCE, TCE, and 

1,2-DCE were detected. 1 ,l ,l -TCA was also detected. 
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Bacterial degradation is a potential environmental fate mechanism. This degradation is primarily biological, 

and anaerobic conditions are typically required for these reactions to occur. The compounds for which 

biodegradation is potentially considerable are toluene, and, to some extent, naphthalene and phthalates 

(EPA, 1982; Verschueren, 1983). It should be noted that, for cyanide, environmental fate is mainly 

controlled by biodegradation (volatilization is a primary pathway for hydrogen cyanide). Some 

lb-* 

I-a, 

metallocyanide complexes may be more persistent in the environment (Versar, 1979). Cyanides usually, 

are not observed as widespread, high-level contaminants in the environment, since they are metabolized 

so readily. The frequency of cyanide detections in this study area (and the entire facility) was very low 

(positive detection in one well). See Appendix L for discussion of this value as questionable. 

5.7 BASELINE RISK ASSESSMENT (AREA B) 

CL 57.1 Data Evaluation 

This section provides a description of the risk assessment methods employed for the Area B, as well as 

a summary of the risk assessment results. The objectives of the risk assessment are to define the actual 

or potential risks to human health resulting from the presence of contamination in groundwater, and to 

provide the basis for determining appropriate remedial measures for this medium in the FS. 

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

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

either natural processes or by human action; potential exposure points must exist; and human or 

environmental receptors must be present at the point of exposure. Risk is a function of both toxicity and 

exposure; without any one of the three factors, there will be no risk. 

W-W 

- 

The risk assessment estimates the potential for, human health risk at the site. Information regarding the 

toxicity of the compounds detected in the various media, the distribution of contamination, and a site- 

specific estimate of chemical intake via assumed exposure routes will be combined to estimate potential 

risks. The processes used at this site are in accordance with current EPA guidance (EPA, 1989a; EPA, 

1991 a). 

A risk assessment consists of four components: data evaluation; toxicity assessment; exposure 

assessment; and risk characterization. Each of these components was discussed in Section 4.7. 
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5.7.1 .l Representative Concentrations 
- 

The risk assessment was performed using a representative concentration for each chemical detected in 

groundwater at Area B. Current groundwater conditions were evaluated. The validated data were used 

to calculate representative concentrations, as described in Section 4.7.1 .l . 

A sample calculation for a representative concentration is provided in Appendix M. Upper confidence limits 

(UCLs) for all contaminants, from which the representative concentrations are deriied, are presented in 

Appendix N . 

5.7.1.2 Chemicals of Concern 

Groundwater chemicals of concern are identified in this section, based on various aspects of their 

occurrence and distribution, mobility, persistence, and toxicity. These chemicals are selected.to represent 

site contamination and will provide the framework for the quantitative risk assessment. 

The occurrence and distribution of groundwater contaminants in Area B were discussed in Section 5.6. 

Metals, chlorinated ethenes, other VOCs, and phthalates were considered notable in groundwater. 

Appendix 0 summarizes the toxic effects for groundwater chemicals of concern. The summaries are 

presented in the form of toxicity profiles. Adverse effects on human (receptors) are discussed. The 

chemical of concern selection process for the groundwater medium is discussed in the remainder of this 

section. 

- 

R-51-2-3-7 

-- 

-. 

5-58 



Current Groundwater 
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The chemicals that were positively detected in monitoring wells within Area B were presented in Tables 5-6, 

5-7, and 5-8. Table 5-l 1 presents the chemicals of concern for current groundwater at Area EL Because 

metals in groundwater can be naturally occurring, comparison to both upgradient groundwater (Tables 4-8 

and 4-9) and drinking water criierii, guidelines, and dose-response parameters (see Section 5.7.2.2) was 

used to select the inorganic chemicals of concern. Any element that fell below drinking water criteria, 

guidelines, and/or dose-response parameters for a 15-kilogram child consuming one liter/day of water as 

well as the upgradient representative concentrations was eliminated. Cyanide was included because it is 

not expected to be naturally occurring. Essential metals that are common minerals not usually noted for 

toxicity, such as calcium, magnes.ium, potassium, and iron, were eliminated. Any chemical that exceeded 

either the upgradient concentration or drinking water criieria, guidelines, or dose-response parameters was 

selected as a chemical of concern. Additionally, any positively detected chemical classified as a Group A, 

Bl , B2, or C carcinogen was classified as a chemical of concern for groundwater. 

According to EPA policy, the risk assessment must be performed using unfiltered groundwater. However, 

because of the potential influence of sediments in turbid monitoring well water, representative 

concentrations of inorganics in filtered groundwater are also shown for comparison. 

All organic chemicals detected in monitoring well samples near Area B were selected as chemicals. of 

concern. Two different types of analyses were conducted for 1,2-DCE: one analysis was done for total, 

and one for the cis and trans isomers. The types of 1 ,PDCE are included separately. However, risk 

assessment for total 1,2-DCE used parameters specific to the more toxic cis isomer in order to be 

conservative (assumption that the total was 100 percent cis because the actual percentage is unknown). 
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TABLE 5-11 
CHEMICALS OF CONCERN-MONITORING WELLi SITES 5,6,7 

NAWC, WARMINSTER, PENNSYLVANIA 
@w-) 

-- 

II ORGANICS 

Carcinogens 

Trichloroethene 

Rep. 
Cont. 

4.4 

Noncarcinogens 

1,2-Dichloroethene 

Rep. 
Cont. 

3.8 

Tetrachloroethene 1.8 cis-1,2-Dichloroethene 2.6 

Carbon tetrachloride 1.6 Toluene 2.4 

Chloromethane 2.0 1 .l .l -Trichloroethane 1 .o 

II Chloroform I 1.4 I Di-n-octylphthalate I 0.9 

Diethylphthalate 2.0 

11 UNFILTERED INORGANICS 

11 FILTERED INORGANICS 

- 

- 

.-. 

-, 

Carcinogens Rep. 
Cont. 

Noncarcinogens 

Barium 

Thallium 

Zinc 

Rep. 
Cont. 

214 

1.2 

31 .o 

- 
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5.7.2 Toxicity Assessment 

The purpose of this section is to identify the potential health hazards associated with exposure to each of 

the chemicals of concern. A toxicological evaluation characterizes the inherent toxicity of a compound. 

The literature indicates that the chemicals of concern cause carcinogenic and/or noncarcinogenic health 

effects in humans. In addition, many of the chemicals have adverse effects on environmental receptors. 

Although the chemicals of concern may cause adverse health effects, dose-response relationshiips 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. 

All toxicity information for the groundwater chemicals of concern at Area B is presented in Tablle 5-12 and 

Appendix 0. 

5.7.2.1 Health Effects 

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 may be quantified. The published information of doses and responses. is 

used in conjunction with information on the nature and magnitude of human exposure to develop an 

estimate of potential health risks. 

Reference doses (RfDs) and cancer slope factors (CSFs) have been developed by EPA for many organics 

and inorganics. These parameters were defined in detail in Section 4.7.2.1. 
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TABLE 5-12 
DOSE-RESPONSE PARAMETERS AND ARARS - GROUNDWATER CHEMICALS AT SITES 5,6,7 

NAWC, WARMINSTER PENNSYLVANIA 

Chemical RFD Oral 
lwfkgfday) 

(1) 12) (3) 

RFD 
Inhalation 
lwkdd.vl 

(11(21(3) 

CSF ore1 CSF MCL 
(mg/kglday)-' 

KLG DWHA 
Inhalation IWlL) (ug/L) p' 

*~t*'l Awpc,", 

(1) (2) (3) 
FRESA CHRoN*C INGESTION %z 

(w/kg/day)-' (4)(5)(61(7) (4) (10) 
(l)(2)(3) (8) (9) 110) 

AWATIC LIFE WATER h FISH ONLY 
lug/L) 

'3E-4 

7E-2 

5s4 water 

'lE-4 

at1.75 "l.sEl 

"6.3 

50 IN) 0 

2000(F), 1000(N) 2000 

5 5 

LiEetime adult:2 

1 day chlld:0.04 
10 day child:0.04 
Longer-term 
child:0.005 
Longer-term 
adult:0.02 
Lifetime 
adult:0.005 

48 IPEW) 0.018 0.14 

1.1+ 10 170 

Chromium III IEO 1OOlTCT) lOO(ToT) 1 day child:1 210+ 33000 670000 
10 dey child:1 
Longer-term 
child:0.2 
Longer-term adult:1 
Lifetime 
adult:2,6(TOT) 

Cobalt 

copper '3.73-2 1300(A) 1300 12+ 1300 

Lead 5OlN1, IS(A) 0 3.2+ 50 

nengenese 5E-3 m-4 50(S) 

l4WPlIY '3E-4 '9E-5 2 2 Longer-tern 0.012 0.14 0.15 
adult:0.002 
Lifetime 
adult:0.002 

Nickel 2E-2 100(P) 100 1 day child:1 
10 day child:1 
Longer-term 
ohlld:0.5 
Longer-term 
adu1t:l.l 
Lifetime adu1t:O.l 

160+ 510 3800 

Fluoranthene 

Thallium 

4E-2 

7E-5 1-2(P) 0.5 1 day child:0.007 
10 day child:0.007 
Longer-term 
chlld:0.007 
Langer-term 
adult:0.02 
Lifetime 
adult:0.0004 

3980 42 54 

40 (LOEL) 2.0 7.2 

Carbon 7E-4 9.3E-1 *5.25E-2 5 0 tetrachloride 1 child:4 day 35200 Ifa) 0.25 45 
10 dey chi1d:O.l (MEL) 
Longer-tern 
chi1d:O.O') 
Longer-term 
adult:0.3 

Sliver 5E-3 50(N) 1 day child:0.2 
10 day child:0.2 
Longer-term 
child:0.2 
Longer-term 
adult:0.2 
Lifetime adu1t:O.l 

0.12 91 
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TABLE 5-12 
DOSE-RESPONSE PARAMETERS AND ARARS - GROUNDWATER CHEMICPI S AT Sm=S G fi 7 

NAWC, WARMINSTER PENNSYLVANIA 
I-- s.. -. .-w “, “, , 

PAGE TWO 

R-51-2-3-7 5-63 

Chemical RFD ore1 FmJ CSF Ore1 
lwlkgfday 

CSF 
Inhalation lmglkg/dayl-' 

c+mA 
Inhalation 

AWQCW" -m 

llll:~l3) 
lw/Wdayl (1) I21 (31 IiWkgldayl- 

!;'"I FRESB CHRONIC 

ll)l2)13) 
l4)l5)l6ll7) (4) (10) 

INGESTION 

llll2)l3~ (81 I91 110) 
AQUATIC LIFE WATER si FISH ONLY 

l"!w.) 

Cyanide 2E-2 200 200 1 day child:0.2 
10 day child:0.2 
Longer-term child:0.2 
Longer-term adu1t:O.E 
Lifetime edu1t:O.a 

5.2 700 215000 

l.l.l- 
Trichloroethane 

l 9E-2 '3E-1 200 200 1 day child:100 
10 day child:40 
Longer-term child:40 
Longer-term adult:100 
Lifetime adult:0.2 

31200 3100 170000 

'Ez' 

Vanadium l 7E-3 1 day child:0.08 
10 day chlld0.08 
Longer-term 
child:0.03 
Longer-term 
adult:O.ll 
Lifetime:0.02 

zinc 3E-1 

Chromium VI 5E-3 AA(.ZE-I 

5000(r) 

100lTOT) lOO(TOT) 

Lifetime edu1t:a.l 

1 day child:1 (TOT) 
10 day child:1 
Longer-term child:2 
Longer-term adu1t:O.B 
Lifetime edu1t:O.l 

110+ 

11 170 3400 

Aroclor 1248 Q7.7 0.5 0 0.014 (TOT 4.4s5 4.5E-5 
PCBS ) 

Aroclor 1254 "7.7 0.5 0 0.014 (TOT 4.4E-5 4.5E-5 
FCBS 1 

Pyrene 

Benzlelenthrecene 

Chrys.Sl.2 

Benzo[blfluoranthene 

Nephthalene 

3E-2 

l 4E-2 

8.963-I 7.491-l 

0.1(P) 

0.2(P) 

0.2(P) 

- 0.0028 0.0311 

0 0.0028 0.0311 

0 0.0028 0.0311 

0 0.0028 0.0311 

1 day child:0.5 620 (LOEL) 
IO day chi1d:O.S 
Longer-term child:0.4 
Longer-term adult:1 
Lifetime adult:0.02 

Benzolalpyrene p7.3 6.1 0.2 0 0.0028 0.0311 



TABLE 5-12 
DOSE-RESPONSE PARAMETERS AND ARARS - GROUNDWATER CHEMICALS AT SITES 5,6,7 
NAWC, WARMINSTER PENNSYLVANIA 
PAGE THREE 

Chemical Fdm Oral 
imgfkgld=wl 

(l)(2)(3) 

RFD 
Inhalation 
iwfkg/dW 

(1) (2) i-3) 

CSF ORAL CSF MCL l4cLG DUHA 
Inhalation 

Apwc"" AQW”” Apwc"" 
iwfkqfdayl- iWfL1 (41(10) 

la'"' 
FRESH CHRONIC INGESTICN FISH ONLY 

(l)(2)(3) iwlksfdw-' (41(5)(6)(7) AQUATIC LIFE WATER 61 FISH 
(l)(2)(3) (8) (91(10) (US/L1 

Chloromethane 1.3E-2 6.33-3 1 day child:9 
10 day chi1d:O.d 
Longer-tern 
child:4 
Longer-term 
adult:1 
Lifetime 
adult:0.003 

Toluene ZE-l IE-1 1000 1000 1 day ohild:20 
10 day child:2 
Longer-term 
child:2 
LOllger-t.ZKUA 
adult:') 
Lifetime adult:1 

17500 lfa) 10000 300000 
imEL) 

Di-n-octylphalate l 2E-2 3 (UIEL) 
(TOT P"T"AL) 

Diethylphthalate BE-1 Lifetime adult:5 3 (LOELI 
(TOT PATWL) 

23000 120000 

cis-1.2- 
Dichloroethene 

'lE-2 70 70 1 day child:4 
10 day child:3 
Longer-term 
child:3 
Longer-term 
adult:11 
Lifetime 
adult:O.O? 

11600 (fa) 
(UIEL) WE) 

Chloroform lE-2 %.lE-3 =%.lE-2 100iTW 1 day child:4 
10 day child:4 
Longer-term 
chi1d:O.l 
Longer-term 
adult:0.4 

1240 (LOEL) 5.70 470 

Trichloroethene 6E-3 =l.lE-2 6E-3 5 0 21900 (MEL) 2.7 81 

Tetrachloroethene lE-2 -5.2!+2 2.OE-3 5 0 1 day chlld:2 840 (UIEL) 0.8 8.85 
10 day child:2 
Longer-term 
child:1 
Longer-term 
adult:5 

1 i I / I I I I 



TABLE 5-12 
DOSE-RESPONSE PARAMETERS AND ARARS - GROUNDWATER CHEMICALS AT SITES 5,6,7 
NAWC, WARMINSTER PENNSYLVANIA 

m PAGE FOUR 

c 

** P 

*** 

From Heast instead of IRIS 
Provisional ADI as per Layton, using oral rat LD50 of 1630 mg/kg 
(Sax, 1989) and Layton’s most conservative multiplier of 5E-6. 
Estimate based on RFDs of similar PAHs 

P-- 
Under CSF: 

A= Group A human carcinogen 
FI Bl= Group Bl probable human carcinogen 

B2= Group 82 probable human carcinogen 
C= Group C possible human carcinogen 

Under MCL: 

s= 
F= 
N= 
A= 
P= 
THM= 

Secondary 
Final; effective l/l/93 
National Primary Drinking Water Regulation 
Action Level 
Proposed 
Trihalomethane 

Under AWQC: 

+= 
LOEL= 
NB= 
PAHs= 
PCB= 
DCB= 
PHTHAL= 
fa= 
DCE= 

RFD= 
#-- CSF= 

MCL= 
MCLG= 
DWHA= 

- AWQC= 

TOT= 
PENT= 

Based on hardness of 100 mg/L 
Lowest observed effects level 
Marine acute 
Polycyclic aromatic hydrocarbons 
Polychlorinated biphenyls 
Dichlorobenzenes 
Phthalates 
Freshwater acute 
Dichloroethenes 

Reference dose 
Cancer slope factor 
Maximum Contaminant Level 
MCL Goal 
Drinking Water Health Advisory 
Ambient Water Quality Criteria 

Total 
Pentavalent 

(1) EPA, 1992a 
(2) EIPA, 1992b 
(3) EIPA, 1992~ 
(4) EPA, 1992d 
(5) EPA, 1991 b 
(6) EPA, 1991c 
(7) EPA, 1990a 
(8) EPA, 1991d 
(9) EPA, 1991e 
(1 O)EPA, 1992e 
(ll)EPA, 1987a 
(12)EPA, 1990b 
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5.7.2.2 Applicable or Relevant and Appropriate Requirements (ARARs) 

This section presents available regulatory standards or guidelines for the chemicals of concern selected 

in the preceding section. Currently, the only enforceable regulatory standards for exposure to groundwater 

contaminants are the Maximum Contaminant Levels (MCLs). However, MCLs have not been specified for 

many of the chemicals of concern. Therefore, other regulatory guidelines may be used for comparative 

purposes to infer health risks and environmental impacts. Relevant regulatory guidelines include Ambient 

Water Quality Criieria (AWQCs), MCL Goals (MCLGs), and EPA Drinking Water Health Advisories 

(DWHAs). ARARs and dose-response parameters are presented in Table 5-12. The environmental criteria 

were defined in detail in Section 4.7.2.2. 

. -  

-_ 

- I  

- 

5.7.2.3 Summary 

Table 5-l 2 presents the values of the available Federal ARARs and dose-response parameters for both 

carcinogenic and noncarcinogenic groundwater chemicals of concern. If the concentration or intake of a 

chemical exceeds these standards or guidelines, the possibility exists that a receptor may experience 

adverse health effects. Estimated intakes of each chemical are presented in the Exposure Assessment 

(Section 5.7.3). - 

5.7.3 Exposure Assessment _- 

The purpose of this section is to evaluate the potential for human exposure to the hazardous chemicals 

in groundwater at Area B. This section characterizes the exposed populations, identifies actual or potential 

exposure routes, and provides exposure estimates. The nature and extent of contamination upon which 

the exposures are based were presented in Section 5.5. 

To determine whether there is an actual or potential exposure in this area, the most likely pathways of 

contaminant release and transport, as well as the human and environmental activity patterns must be 

considered. A complete exposure pathway has three components: a source, a route of transport, and an 

exposure point for receptors. These components are addressed in the following subsections. 

- I  

.-. 

R-51-2-3-7 5-66 



5.7.3.1 Exposure Routes 

There are several environmental media in this study area through which receptors can tie eitlher directly 

or indirectly exposed to site-related contaminants, including soil and groundwater and sutface water and 

sediment downstream of this study area. Exposure routes inyolved include dermal contact, incidental 

ingestion, and inhalation. Only groundwater exposures are evaluated in this report. 

h 
Groundwater 

b 

M”. 

?-- 

Groundwater beneath Area B is currently not used for drinking purposes. However, in order to evaluate 

groundwater quality, potential groundwater exposure scenarios using current groundwater conditions were 

assessed. The receptors include adult employees and adult and child residents. It was assumed that the 

theoretical exposure to employees would be via ingestion and dermal (hand-washing); exposure to adult 

residents would mur via ingestion, dermal (showering), and inhalation (showering); and exposlure to child 

residents would occur via ingestion and dermal (bathing). These exposure scenarios, along with their input 

parameters, are shown in Tables 5-13, 5-14, and 5-15. 

5.7.3.2 Exposure Estimates 

rs 

Ih 

The estimation methods and models used in this section are consistent with current EPA risk assessment 

guidance (EPA, 1989a; EPA, 1991a). Exposure estimates associated with the groundwater exposure route 

are presented below. All exposure scenarios incorporate the representative concentrations in the 

estimation of intakes. 

L*l 

Noncarcinogenic risks are estimated using the concept of an average annual. exposure. The intake 

incorporates terms describing the exposure time and/or frequency that represents the number of hours per 

day and the number of days per year that exposure occurs. This is used with a term known as the 

averaging time, which converts the daily exposure frequency and duration to an annual exposure by 

dividing by 385 days/year of ‘exposure. Noncarcinogenic risks for some exposure routes (e.g., soil) are 

generally greater for children than for adults because of the much lower body weights of children and their 

similar or higher ingestion rates. Carcinogenic risks, on the other hand, are calculated as an incremental 

lifetime risk and, therefore, incorporate terms to represent the exposure duration (years) over the course 

of a lifetime (70 years). 
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TABLE 5-13 
EXPOSURE INPUT PARAMETERS - GROUNDWATER INGESTION - SITES 5,6,7 

NAWC, WARMINSTER, PENNSYLVANIA 

Rationale 

(1) Upper 95% confidence limit (UCL) on arithmetic average, or maximum if UCL exceeds maximum detected. 

- 
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TABLE 6-14 
EXPOSURE INPUT PARAMETERS - GROUNDWATER DERMAL CONTACT - SITES 6,6,7 

NAWC, WARMINSTER, PENNSYLVANIA 

Dennal Contact with Groundwater 

Input 
Parameters 

Description Value Rationale 

C. Exposure 
concentration 

Rep. cont.; (‘) 
(mq’L) (wells in plume) or 
maximum 

Upper 95% confidence limit on arithmetic 
average (EPA, 1989a) 

SA 

ET 

Skin surface area 2,270 cm* (adult employee) Hands and forearms 
available for contact@) 5,910 cm* (child resident) bdv 

19,400 cm* (adult resident) 
;I, 1989b) 

Exposure time(*) 0.2 hr/day (residertts) 12 minutes/day (EPA, 199la) 
0.08 hrlday (employees, 2 minutes/day (Professional judgement) 
handwashing) 

EF Exposure frequency 250 days&r. (employees) 
850 days&r. (residents) 

(EPA, 199la) 

ED Exposure duration 25 yrs. (adult employees) 
80 yrs. (adult residents) 
6 yrs. (child resident) 

(EPA, 199la) 

BW Body weight Adult: 70 kg 
Child: 15 kg 

(EPA, 1969a; EPA, 1991a) 

(1) 

(2) 

AT Averaging time ED x 385 days&r. Noncaminogens 
70 yrs. x 365 days/M Carcinogens 

(EPA, 1989a) 

K,Kp Permeability Contaminant-specific (EPA, 19929 
coefficients (crmhr.) 

TAU Lagtime (hr.) Contaminant-specific (EPA, 19929 

B Partition coefficient Contaminant-specific (EPA, 19929 

Upper 95% confidence limit (UCL) on arithmetic average, or maximum if UCL exceeds maximum detected. 

Adult residents assumed to shower daily; child residents assumed to bathe daily; employees assumed to wash hands 
daily. 

C 
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TABLE 5-15 
EXPOSURE INPUT PARAMETERS - GROUNDWATER INHALATION - SITES 5,6,7 

NAWC, WARMINSTER, PENNSYLVANIA 

Inhalation of Volatile Emissions During Showering (Adult Residents only) 

Input 
Parameters 

Description 

Exposure 
concentration 

Henry’s law constant 

Gas and liquid phase 
mass transfer 
coefficients 

Shower duration 

Value Rationale 

Used to calculate volatile chemical generation c 
Contaminant-specific Required for model application 

12 minutes 
I 

(EPA, 1991a) 

Dt Total time in 
bathroom 

20 minutes Professional judgement 

0.0083 min.’ 

10.4 Umin 

0.96 day-’ 

Foster and Chrostowski, 1987 

(EPA, 1989a) 

One shower per day, 356 dayslyr. 
(EPA, 1991a) 

ED Exposure duration 30 yrs. 90th percentile fme at one residence 
(EPA, 1989a) 

SW 

AT 

Body weight 

Averaging time 

70 ka 

ED x 365 days&r. 
70 yrs. x 365 days&r. 

Convention (EPA, 1989a) 

Noncarcinogens 
Carcinogens 
(EPA, 1989a) 

(1) Upper 95% confidence limit (UCL) on arithmetic average, or maximum if UCL exceeds maximum detected. 
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P= 

:- 

Current groundwater contaminants were evaluated for theoretical adult and child residents and adult 

employees, using representative concentrations for each study area. Ingestion of groundwater was 

evaluated for all receptors. The equation used was the same at that presented in Section 4.7.3.2 for 

ingestion of surface water. Input parameters were presented in Table 5-l 3 conventional values were used. 

Dermal exposure to groundwater contaminants was evaluated for all receptors. Input parameters were 

presented in Table 5-14. Adult and child residents were assumed to take daily showers and baths, 

respectively, and therefore their total body surface areas were used. Employees were assumed to wash 

their hands for approximately two minutes/day at the workplace, and the surface area of their hands and 

forearms was used. Inhalation exposure to groundwater (during showering) was calculated for adult 

residents only using the equations given in Section 4.7.3.2. Input parameters were presented in Table 5- 

15. It was assumed that only adult residents would shower. 

Lead exposure was assessed using the blood-lead estimation methods described in Section 4..7.3.2. 

5.7.4 Risk Characterization 

h 

- 

Potential human health risks resulting from the exposures outlined in the preceding sections are 

characterized on a quantitative and qualitative basis in this section. Quantitative risk estimates are 

generated based on risk assessment methods outlined in current EPA guidance (EPA, 1989a); whereas 

the qualitative assessment consists of the toxicological profiles. 

Noncarcinogenic risk estimates are presented in the form of Hazard Quotients (HQs) and Hazard Indices 

(HIS) that are determined through comparison of estimated intakes with published RfDs. Incremental 

cancer risk estimates are provided in the form of dimensionless probabilities based on CSFs. 

Estimated human intakes were developed for the groundwater exposure route discussed in the preceding 

sections. Both carcinogenic and noncarcinogenic risks are summarized on a series of tables in this section. 

Detailed calculations and spreadsheets are provided in Appendix N. 

Noncarcinogenic risk is assessed using the concept of Hazard Quotients and Hazard Indices. l’he Hazard 

Quotient is the ratio of the estimated intake and the WD for a selected chemical of concern, a,s follows: 

R-51-2-3-7 
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Hazard Quotient = Intake/RfD 
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A Hazard Index is generated by summing the individual Hazard Quotients for the chemicals of concern. 

If the value of the Hazard Index exceeds unity (1.0) the potential for noncarcinogenic health risks 

associated with exposure to that particular chemical mixture cannot be ruled out (EPA, 1986f). In that case, 

particular attention should be paid to the target organs affected by each chemical. The Hazard Index is 

not a mathematical prediction of the severity of toxic effects; it is simply a numerical indicator of the 

possibility of the occurrence of noncarcinogenic (threshold) effects. If the ratio of the intake and the WD 

for any individual chemical exceeds unity, there is the possibility that toxic effects could occur. 

- 

- 

Incremental cancer risk estimates are generated for each of the exposure pathways using the estimated 

intakes and published CSFs, as follows: 
-. 

Risk = Intake x CSF 
- 

If the above equation results in a risk greater than 0.01, the following equation is used: 

Risk = 1 - [exp(lntake X CSF)] 

- 
The risk determined using these equations is a unitless expression of an individual’s likelihood of 

developing cancer as a result of exposure to carcinogenic chemicals. An incremental cancer risk of 1 E-6 

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. CSFs are the upper 95 percent confidence limit of a dose-response cuTve 

generally derived from animal studies. Actual human risk, while not identifiable, is not expected to exceed 

the upper limit based on the CSFs and may, in fact, be lower. 

EPA has generally defined risks in the range of 1 E-4 to 1 E-6 as being acceptable for most hazardous 

waste facilities addressed under the CERCLA. For CERCLA activities, residual risks on the order of 1 E-6 

are the primary goal but are often modified by such regulatory requirements as MCLs or chemical-specific 

clean-up goals. 

-- 

-. 

- 

Because there is as yet no Agency consensus concerning an WD or CSF for inorganic lead, the evaluation 

of this analyte was handled separately. Section 4.7.3.2 discusses blood-lead estimation methods. Blood- 

lead estimation results for Area B are assessed in Section 5.7.4.6. 
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The following section includes summaries of risks estimated by the groundwater exposure model. 

Complete descriptions and calculation results are presented for this model in Appendix N, It should be 

noted that, where HQs are reported as “N/A,” the HQs were not calculable because no RfDl 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 of zero 

generally indicate that the chemical is not carcinogenic or that a CSF has not yet been developed. 

5.7.4.1 Potential Groundwater Exposure 

Tables 5-16 through 5-21 present estimated noncarcinogenic risks for hypothetical exposure of adult 

employees and adult and child residents to current groundwater downgradient of Area B. The total HIS for 

all receptors (adult and child residents, adult employees) via the ingestion route exceeded 1.0, primarily 

because of arsenic, cadmium, barium, and manganese. If the filtered inorganic samples were used instead, 

those metals are no longer the major contributors, but thallium (not detected in unfiltered samples) 

becomes significant, and the child resident’s ingestion HI would exceed 1 .O because of thallium. 

Tables 5-22, 5-23, and 5-24 present estimated carcinogenic risk increases for hypothetical exposure of 

adult employees and adult and child residents to current groundwater downgradient of Area B. Estimated 

ingestion risks for all hypothetical receptors exceeded 1 E-5 but not 1 E-4. Arsenic, which was not detected 

in filtered samples, was the most significant contributor to the ingestion risk. However, individual ingestion 

risks for PCE and carbon tetrachloride exceeded 1 E-6 for the adult resident (and carbon tetrachloride’s risk 

exceeded 1 E-6 for the child resident). The estimated dermal cancer risk for adult residents exceeded 1 E-6 

but not 1 E-5 because of TCE and PCE. All other carcinogenic risk increases were less than ‘I E-6. 

Tables 5-25 and 5-26 provide summaries of noncarcinogenic and carcinogenic risks for all groundwater 

exposure/receptor scenarios for Area B. MCLs were exceeded for TCE (an MCL of 5 ppb) in the 

groundwater samples collected from monitoring wells located in the vicinity of Area B. These exceedances 

were detected in shallow bedrock wells DG-18, DG-20, and DG-25 during both phases of the RI. 
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TABLE 6-16 
CURRENT GROUNDWATER NONCARCINOGENIC RISKS TO ADULT EMPLOYEES - SITES 5,6,7 

(POTENTIAL CURRENT EXPOSURE) 
NAWC, WARMINSTER, PENNSYLVANIA 

Manganese 2 3.9EO 2.73-4 

Nickel 0.0323 1.6E-2 l.lE-7 

Cyanide 0.0263 1.3E-2 8.83-7 

Vanadium 0.0163 2.33-2 1.6E-6 

Zinc 0.228 l.lE-2 4.63-7 

HAZARD INDEX 4.2EO 3.OE-3 

- 

I-. 

- 

,A 

,- 

- 

- 

- 

c 

- 

- 

..- 

-. 
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TABLE 6-17 
CURRENT GROUNDWATER NONCARCINOGENIC INGESTION RISKS TO 

ADULT EMPLOYEES - SITES 5,6, 7 - MODIFIED WITH FILTERED INORGANICS 
(POTENTIAL CURRENT EXPOSURE) 

NAWC, WARMINSTER, PENNSYLVANIA 

Chemical 

Organics 
(See Table 6-43) 

Rep. Cont. 
(mg/L) 

HQ 
Ingestion 

3.9E-2 
i 

Barium 

Zinc 

Thallium 

0.214 

0.031 

0.0012 1.7E-1 

TOTAL HAZARD INDEX I I 2.4E-1 ~~~ -7 
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TABLE 5-18 
CURRENT GROUNIXVATER NONCARCINOGENIC RISKS TO ADULT RESIDENTS - SITES 5, 6, 7 

(POTENTIAL CURRENT EXPOSURE) 
NAWC, WARMINSTER, PENNSYLVANIA 

Chemical 

Trichloroethene 

Rep. Cont. HQ HQ HQ 

OWL) ING DERM INHALATION 

0.0044 2.OE-2 4.1 E-2 N/A 

II Tetrachloroethene I 0.0018 I 4.9E-3 I 2.lE-2 I N/A II 
Carbon tetfachlofide 

Chloromethane 

Chloroform 

0.0018 8.3E-2 1.4E-2 N/A 

0.002 N/A N/A N/A 

0.0014 3.8E-3 4.1E-3 N/A 

1,2-Dichloroethine 

cis-1,2-Dichloroethene 

0.0038 1 .OE-2 4.0E-4 N/A 

0.0028 7.1E-3 2.8E-4 N/A 

Toluene 

1 , 1,l -Trichloroethane 

0.0024 3.3E-4 2.2E-3 8.3E-4 

0.001 3.OE-Q 4.7E-5 1.0E-4 

Di-n-octylphthalate 

Diethylphthalate 

Arsenic 

Cadmium 

0.0009 1.2E-3 2.2E-3 N/A 

0.002 6.8E-5 5.6E-6 N/A 

0.0034 3.1E-1 6.OE-4 0 

0.002 l.lE-1 2.1 E-4 0 

II Lead I 0.0071 I N/A I N/A I 0 II 
Barium 

Cobalt 

0.388 1.5E-1 2.9E-4 0 

0.0232 N/A N/A 0 

I 
Wwer 0.0341 2.5E-2 4.9E-5 0 

Manganese 2 l.lEl 2.1E-2 0 

Nickel 0.0323 4.4E-2 8.6E-6 0 

Cyanide 0.0263 3.6E-2 7.OE-5 0 

Vanadium 0.0183 6.4E-2 1.2E-4 0 

II Zinc I 0.228 I 3.1 E-2 I 3.6E-5 I 0 II 
HAZARD INDEX 1.2E1 I l.lE-1 9.4E-4 
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TABLE 5-19 
CURRENT GROUNDWATER NONCARCINOGENIC INGESTION RISKS TO 

ADULT RESIDENTS - SITES 5,6,7 - MODIFIED WITH FILTERED INORGANICS 
(POTENTIAL CURRENT EXPOSURE) 

NAWC, WARMINSTER, PENNSYLVANIA 

Chemical 

Ofganics 
(Sac Table 645) 

Barium 

Zinc 

Thallium 

TOTAL HAZARD INDEX 

Rep. Cont. 

OwU 

0.214 

0.031 

0.0012 

HQ 
Ingestion 

i.lE-1 

8.4&2 

4.2E-3 

4.7E-1 

6.7E-1 

R-51 -2-3-7 
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TABLE 5-20 
CURRENT GROUNDWATER NONCARCINOGENIC RISKS TO CHILD RESIDENTS - SITES 5,6,7 

(POTENTIAL CURRENT EXPOSURE) 
NAWC, WARMINSTER, PENNSYLVANIA 

Chemical 

Trichloroethene 

Rep. Cont. HQ HQ 

MxW ING DERM 

0.0044 4.7E-2 1.3E-2 

Tetrachloro&ene 

Carbon tetrachloride 

Chloromethane 

0.0018 1.2E-2 6.3E-3 

0.0016 1.5E-1 4.4E-3 

0.002 N/A N/A 

II Chloroform I 0.0014 I Q.OE-3 I 1.2E-3 

1 ,P-Dichloroethene 0.0038 2.4E-2 1.2E-4 

cis-1,2-Dichloroethene 0.0028 1.7E-2 8.3E-5 

Toluene 0.0024 I 7.7E-4 I 6.8E-4 

1,l ,l -Trichloroethene 

Di-n-octylphthalate 

Diethylphthalate 

Arsenic 

O.Wl 7.1E-Q 1.4E-5 

0.0009 2.9E-3 6.8E-4 

0.002 1.6E-4 1.7E-8 

0.0034 7.2E-1 1.8E-4 

II Cadmium I 0.002 I 2.6E-1 I 6.5E-5 11 

Lead I 0.0071 I N/A I N/A 11 

- 

-. 

- 

Barium 

Cobalt 

Copper 

Manganese 

Nickel 

0.388 3.5E-1 Q.OE-5 

0.0232 N/A N/A 

0.0341 5.9E-2 1.5E-5 

2 2.6El 6.5E-3 

0.0323 1 .OE-1 2.6E.6 

- 

- 

I Cyanide 0.0263 8.4E-2 2.1E-5 

Vanadium 0.0163 1.5E-1 3.8E-5 

Zinc 0.228 7.3E-2 l.lE-5 

HAZARD INDEX 2.8El 3.3E-2 
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TABLE 5-21 
CURRENT GROUNDWATER NONCARCINOGENIC INGESTION RISKS TO 

CHILD RESIDENTS - SITES 5,6,7 - MODIFIED WITH FILTERED INORGANICS 
(POTENTIAL CURRENT EXPOSURE) 

NAWC, WARMINSTER, PENNSYLVANIA 

Chemical 

Ofganics 
(See Table 647) 

Barium 

Bnc 

Rep. Cont. 

Ow&) 

0.214 

0.031 

HQ 
Ingestion 

2.7E-1 

1 .QE-1 

Q.QE-3 

Thallium 0.0012 l.lEO 

TOTAL HAZARD INDEX 1.6EO 
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TABLE 5-22 
CURRENT GROUNDWATER CARCItiOGENIC RISKS TO ADULT EMPLOYEES - SITES 5.6.7 . _ 

(POTENTIAL CURRENT EXPOSURE) 
NAWC, WARMINSTER, PENNSYLVANIA 

-- 

-. 
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TABLE 5-23 
CURRENT GROUNDWATER CARCINOGENIC RISKS TO ADULT RESIDENTS - SITES 5,6,7 

(POTENTIAL CURRENT EXPOSURE) 
NAWC, WARMINSTER, PENNSYLVANIA 

Toluene 0.0024 0 0 0 

1 , 1,l -Trichloroethane O.Wl 0 0 0 

Di-n-octylphthalate 0.0009 0 0 0 
Diethylphthalate 0.002 0 0 0 

Arsenic 0.0034 7.0E-5 1.4E-7 0 

Cadmium 0.002 0 0 0 

Lead 0.0071 0 0 0 

Barium 0.388 0 0 0 

Cobalt 0.0232 0 0 0 

Wv 0.0341 0 0 0 

Manganese 2 0 0 0 

Nickel 0.0323 0 0 0 

Cyanide 0.0283 0 0 0 

Vanadium 0.0163 0 0 0 

Zinc 0.228 0 0 0 

TOTAL CANCER RISK 7.4E-5 6.6E-6 3.81 E-6 
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TABLE 5-24 
CURRENT GROUNDWATER CARCINOGENIC RISKS TO CHILD RESIDENTS - SITES 5,6,7 

(POTENTIAL CURRENT EXPOSURE) 
NAWC, WARMINSTER, PENNSYLVANIA 

- 

-- 

- 
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TABLE 5-25 
SUMMARY OF NONCARCINOGENIC RISKS - CURRENT GROUNDWATER 

NAWC WARMINSTER - GROUNDWATER 
SITES 5, 6, AND 7 

Exposure Route 

Ingestion 

Dermal Contact 

Inhalation 

Total Risk 

Adult Resident 

1.2El 

1 .l E-l 

9.4E-4 

1.2El 

Receptor 

Child Resident 

2.8El 

3.3E-2 

NA 

2.8El 

Adult Employee 
I 

4.2EO 

3.OE-3 

NA 

4.EO 

R-51-2-3-7 
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TABLE 5-26 
SUMMARY OF CARCINOGENIC RISKS - CURRENT GROUNDWATER 

NAWC WARMINSTER - GROUNDWATER 
SITES 5,6, AND 7 

Exposure Route 

Adult Resident 

Receptor 

Child Resident Adult Emplovee 

II Ingestion I 7.4E-5 I 3.5E-5 I 

Dermal Contact 6.6E-6 4.OE-7 1.8E-7 

Inhalation 3.1 E-6 NA NA 

II Total Risk I 8.4E-5 I 3.5 E-5 I 

-_ 

- 
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5.7.4.2 Exposures to Lead 
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As discussed in Section 4.7.3.2, lead was assessed separately because of the lack of EPA consensus 

concerning an RfD or CSF. Determinations of lead uptake from drinking water were considered. Potential 

blood-lead level increases were estimated and are discussed below. 

For drinking water exposure, children older than six months are expected to experience blood-lead 

increases at the rate of 0.12 ug/dL blood-lead per ug/l lead in water up to 15 ug/l and 0.06 ug/dL for every 

ug/l lead in water above 15 ug/l (EPA, 1991 e). For adults, the ratio is approximately 0.08 ug/dL blood-lead 

per ug/L in water (EPA, 1991 e). These ratios were used to estimate current groundwater exposure to adult 

and child residents. For an unfiltered lead-in-groundwater representative concentration of 7.1 us/l at Area 

B, the estimated blood-lead concentration increases would be 0.4 ug/dL for adult residents ancl 1.8 ug/dL 

for child residents. For adult employees, this scenario, which was designed for residential exposure, does 

not exactly apply. It can be assumed that the employee blood-lead increase would be less than the adult 

resident’s. If the dietary ratio of 0.04 ug/dL blood-lead per ug/day ingested were used (using the upper end 

of the range because the vehicle is water), the employee would have an estimated increase of 0.3 ug/dL. 

No threshold has been defined for effects related to blood-lead increases. The estimated increases at Area 

B are well below the concentrations at which effects such as anemia and neuropathy occur (40 ug/dL and 

above) (Doull et al., 1986). Effects below 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 

(EPA, 19918). Lead is also a fairly common environmental contaminant and, for this reason, typical blood- 

lead levels in the population at large may already exceed the concentrations discussed here. For boys and 

girls under 12, typical United States blood-lead levels for the years 1976 to 1980 ranged from 

approximately 10 to 17 ug/dL (Doull et al., 1986). For men and women, typical United States blood-lead 

levels for the years 1976 to 1980 ranged from approximately 10 to 18 ug/dL (Doull et al., 1986). 

In conclusion, groundwater pathway would not be expected to pose a significant detectable risk. However, 

it must be mentioned that lead is an oral Group B2 probable human carcinogen and has no identifiable 

threshold for noncarcinogenic toxicity and, as such, has an ideal exposure of zero. 
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5.7.5 Uncertainty Analysis 

There are uncertainties associated with exposure assumptions since not all people weigh 70-kg, not all 

people drink 2 L of water per day, not all people live at the sample residence for 30 year, etc. The rational 

for each assumption was provided in each table of input parameters. Receptor characteristics, such as 

age and body weight, were based on published values. Land use and activity patterns in the area were 

limited to the observations made to use conservative assumptions, except where average values were 

expected to better correspond to reality. 

The chemical-analytical data base has some limitations in such areas as sample number and location and 

the validity and representativeness of laboratory results. However, every effort was made to collect 

samples that reflect actual site conditions. The use of representative concentrations is a conservative 

estimate since it uses the upper 95 percent confidence limit on the arithmetic mean or the maximum 

concentration. 

The use of unfiltered monitoring well data for the evaluation of groundwater inorganics provides in all 

probability a gross overestimation of exposure and risk. Comparison with the filtered data reveals how 

many of the metals may have been attributable to suspended sediment. However, because of the 

significant concentrations of organics, the inorganics were in most cases not the primary contributors to 

total risk. 

There is uncertainty associated with the RfDs and CSFs. 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 CSF values is generally considered to be conservative 

because the doses are based on no-effects or lowest-observed-effects levels and then further reduced with 

uncertainty factors to increase the margin of safety. The RfDs and CSFs of some chemicals have not been 

established, and therefore toxicity could not be quantitatively assess. 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. 

-. 
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- 
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From toxicologist’s standpoint, it is not strictly correct to add HQs for a total HI, since RfDs are based on 

effects to varying target organs. However if the HI is less than 1 .O, this demonstrates that even when this 

conservative calculation is performed, the noncarcinogenic risk does not indicate a hazard. At this study 

area, for all HIS greater than 1 .O, further assessment was done to determine whether this was due to a 

single chemical or a combination of chemicals, and whether the combinations of chemicals affected the 

same target organs. 

These models also assumed that chemicals did not interact synergistically (a possible under estimate) or 

antagonistically (a possible overestimate). Degradation was not taken into account; this was generally a 

conservative approach. 

5.6 SUMMARY AND CONCLUSIONS 

- 

Groundwater samples were collected to document conditions at Area B. Findings, conclusions, and 

recommendations from these and other RI activities conducted at Area B are provided below. 

5.6.1 Summary 

- 

Findings for Area B have been summarized in this section. Discussion of conclusions and 

recommendations specific to these sites follow in subsequent sections. 

5.6.1 .l Field Activities 

Electromagnetic conductivity surveys were performed at Sites 6 and 7 during Phase I. The survey at Site 

6 consisted of one baseline trending north 70 degrees east, and eleven profile lines running perpendicular 

to this baseline. The survey at Site 7 consisted of eight northwest to southeast trending profile lines with 

two northwest to southeast to southwest trending profile lines. An EM survey could not be’conducted at 

Site 5 due to the proximately of both buried and overhead utility lines. 

Soil gas surveys were performed at all sites during Phase I. The soil gas survey at Site 5 consisted of 30 

soil gas stations located to the north, west and south of a housing unit on Skyhawk Drive. The soil gas 

survey at Site 6 consisted of 53 stations. The soil gas survey at Site 7 consisted of 63 stations in an area 

identified based on aerial photographs, and in the two baseball fields to the east and southeast of this site. 

R-51 -2-3-7 
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During Phase I, 10 confirmation soil borings were drilled at Site 5 in the areas to the north, west, and south 

of the housing unit. Fourteen borings were drilled at Site 7. Six test pits at Site 6 and three pits at Site 

7 were excavated near the perimeter of anomalous EM areas and adjacent to soil gas anomalies. 

Seventeen monitoring wells are present in the vicinity of Area B. Five overburden wells were installed 

during previous investigations, and the twelve remaining wells were drilled during Phases I and II. Seven 

shallow bedrock wells and one overburden well were installed during Phase I. Most shallow bedrock wells 

were installed to complete well couplets with overburden wells from previous investigations. One shallow 

bedrock well was placed to provide a groundwater sampling point downgradient from Site 6 and upgradient 

of Site 7. Three shallow bedrock wells and two overburden wells were installed during Phase II to form 

a pair of well couplets downgradient from all sites in this area. 

-. 

Groundwater samples were obtained from seven shallow bedrock and five overburden wells during Phase I, 

and from nine shallow bedrock and five overburden wells during Phase II. Well BG-1 was dry during both 

sampling events. Well DG-7 was obstructed and Well MW-08 was dry during Phase II. 

- 

- 

Hydrogeologic investigations near Area B included estimates of yields from new monitoring wells; 

calculations of horizontal groundwater flow velocities and vertical hydraulic gradients; construction of 

groundwater elevation maps; and estimates of flow rates for nearby surface water. During Phase II, slug 

tests were performed on several new monitoring wells. 

-- 

I 

Groundwater samples were analyzed for TCL volatile organics, TAL metals (both total and dissolved 

samples), and cyanide. Selected samples were also analyzed for TCL semivolatiles and pesticides/PCBs. 

A variety of engineering parameters were also analyzed for selected groundwater samples. 

-. 

- 

5.8.1.2 Physical Characteristics 
-. 

Site 5 is located under Housing Unit 401 in NAWC Warminster’s enlisted men’s housing area. Site 6 is 

south of the main runway and north of the patrol road near the eastern end of the facility. Site 7 is located 

west of Sites 5 and 6 and east of the inertial reference building. 

- 
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The Site 5 area has been reworked and filled with waste and imported natural clean soils used as backfill. 

The complete extent of the waste has not been determined, but was found north, east, and west of Building 

401. One Site 5 boring north and three borings south of Building 401 did not encounter waste, atnd partially 

delineated the extent of the site. Waste material encountered included wood, glass and metal fragments 

in a matrix of fill material. Elevated PID readings at two borings north of Building 401 indicated some 

volatile materials are present. Both borings also encountered water. 

c” 

C 

Evidence of trenches and discrete zones of waste burial or waste burning were not found. The extensive 

m-working of the Site 5 area during construction of the housing units may have masked evidence of the 

trenches, and/or the trenches may extend under the building or into areas of utility lines where confirmation 

borings were not possible. 

C 

R 

Two separate sections of Sfte 6 were identified. The larger extends over an area of six acres and is 

bounded by the patrol road to the south and west. The smaller area covers an area of 0.15 acres and is 

located over a trench-like area northeast of the larger section. Site 6 contains a heterogeneous mixture 

of building demolition materials, such as concrete, bricks, macadam, and metal. Some materials are not 

buried. The mixture of waste discovered at Site 6 indicates the burial of waste generally occurred in pits 

or within zones of previous filling or reworking, and waste piles initially placed on land surface were later 

surrounded by or graded into later backfilling. The current surface of this site contains several mounds of 

waste material covered with some or no soil. 

- The exact location of the two disposal trenches at Site 7 were not identified during the RI. Thte trenches 

are allegedly slightly north and west of Well DG-7. 

Soils encountered in the Area B area were between four and 14 feet below land surface, and consisted 

of medium- to fine-grained silts and loams, Soil thicknesses are generally uniform, with only local areas 

of variation. The soils were silt loam with slow to moderate permeability. Construction debris and several 

mounded areas atypical of the normal topography were found at Site 6. 

Several fracture traces are located south and southwest of Area B. No bedrock outcroppings were 

observed at or adjacent to this area. One spring was found south of the baseball field adjacent to Site 5 

near Wells DG-8 and DG-20. Review of historical aerial photos revealed the presence of a stream in the 

area where the spring was found. This stream may have been filled with soil during construction activities. 
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The bedrock liihology consists mainly of brownish-red micaceous siltstone interbedded with gray, red, and 

light to dark brown, fine- to coarse-grained arkosic sandstone and gray to brown medium-grained quartzitic 

sandstone. These rock units were observed to strike northeast and dip six to 10 degrees to the northwest. 

The thicknesses of the lithologic units range from five to 20 feet. The sandstone encountered during drilling 

in one well appeared to be extensively fractured. 

Vertical hydraulic gradients were consistently downward in all well couplets in this area. This indicates that 

the shallow bedrock aquifer may be recharged by the overburden aquifer throughout this area. Shallow 

bedrock and overburden groundwater flows generally toward the south and Southampton Creek. Horizontal 

groundwater velocities for the shallow bedrock aquifer ranged from 455 to 2,850 ft/yr; velocities for the 

overburden ranged from 2 to 6 ft/yr. In general, the depth to groundwater increases from south to north 

throughout the area. 

Storm water collecting near these sites is piped underground from the south-central NAWC Warminster 

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

in a concrete channel. The channel flows through this area for about 1,000 feet and then travels through 

a road culvert before flowing into a streambed, which forms the headwaters of Southampton Creek. 

5.8.1.3 Nature and Extent of Contamination 

Because of the presence of buried and overhead utility lines, an EM survey could not be conducted at Site 

5. The E’M survey identified an anomalous area bordered by the patrol road to the south and west 

approximately 450 feet by 750 feet on Site 6. A second anomalous area on Site 6 is located just northeast 

of the first area. The second area is approximately 30 feet by 150 feet and appears to be a trench. Both 

areas are believed to contain scattered metal. Two EM anomalies were delineated at Site 7; there are no 

indications of buried metal. 

Low concentrations of VOCs were detected during the soil gas survey at Site 5; acetone was identified by 

the GC. VOC readings from not detected to 52 ppm were reported at Site 6; the positive readings were 

detected in the western part of the site. Acetone was identified but believed to be attributable to blank 

contamination. Low concentrations of VOCs (0.4 to 1.5 ppm) were detected at Site 7; the positive 

detections did not correspond to the EM anomalies. 

- 

- 
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The boundaries of Site 5 could not be defined from confirmation borings since waste material was 

encountered in the borings farthest to the north, east and west. The waste included wood, glass, and metal 

fragments. VOCs were encountered in water-saturated soil in two borings. The average thickne.ss of waste 

and clean fill was 4 to 5 feet and 5 to 6 feet, respectively. Test pits excavated within the EM-anomalous 

areas at Site 6 encountered waste material. Clean fill and construction debris were found in five of the six 

test pits. Building demolition debris (asphalt, concrete, and brick) was scattered around the eastern part 

of Site 6. Construction debris including cement, glass, wires, electrical parts, scrap metal, and asphalt, and 

one empty paint drum, were found in Site 6 test pits. No waste or significant fill material was found in the 

confirmation borings or test pits at Site 7. 

Cyanide is detected in one monitoring well north of Site 5, but the result may be suspect. Notable 

concentrations of arsenic, lead, and manganese are detected in unfiltered monitoring wells downgradient 

of the site. No plume of metals contaminations in groundwater is identified. Toluene and phthalates are 

detected in monitoring wells in no identified pattern by well location. 

With respect to the nature and extent of groundwater VOC contamination in the vicinity of Area B, several 

observations are noted, including 

. 

. 

. 

. 

R-51 -2-3-7 

Recognizable patterns of VOC contamination are found within the shallow bedrock aquifer 

but not the overburden aquifer 

Two recognizable groundwater contaminant patterns (i.e., TCE and 1 ,P-DCE) appear to 

originate in an area upgradient of Sites 5 and 7 and downgradient of the background wells 

in this area 

Both patterns appear to share a similar shape and size 

Both patterns appear to be elongated parallel to the generally southern groundwater flow 

direction before trending toward the southeast near Wells DG-8 and DG-20 
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The extent of these patterns suggests that contaminants enter the shallow bedrock aquifer from a relatively 

discrete area within Site 6 and that both patterns may originate from the same source. The known history 

of waste disposal practices at Site 6 indicates that the potential source of contaminants occurs atop, or 

within, the overburden materials at this site. Consistently downward vertical gradients in the well couplets 

in this area, and the lack of recognizable contaminant plumes in the overburden aquifer, suggest that 

groundwater movement within the overburden is primarily downward to the shallow bedrock aquifer. 

--. 
The elongated northern portion of the patterns parallel to the inferred southern groundwater flow direction 

may indicate that groundwater within the shallow bedrock aquifer is moving laterally. The change in 

direction of the plumes toward the southeast may be related to a zone (or zones) of higher permeability 

near areas where a stream and spring formerly existed. The potential for contaminated groundwater to 

migrate from the shallow bedrock to deeper bedrock aquifers cannot be determined with the available 

information. Whether the shallow bedrock aquifer is discharging to nearby surface water is also unknown. 

- 

- 

- 

5.8.1.4 Contaminant Fate and Transport 

- 
The major contaminant transport pathways for encompassing Area B include: 

l Contaminants leaching from source areas to groundwater because of infiltrating 

precipitation. The shallow depth to water and bedrock (i.e., less than 20 feet) promotes 

migration through the unsaturated zone. VOCs are most amenable to such transport. 

_. 

. Contaminant migration by groundwater discharging to nearby surface water bodies. 
I  

Chemicals found in soil, especially subsurface soil, can leach into groundwater. This is especially likely 

to happen with soluble, low-Koc compounds such as VOCs. 

Another possible migration route in this area is from groundwater into nearby Southampton Creek, and the 

pond. The second possible route of groundwater migration is from the shallow bedrock aquifer beneath 

the sites into the deeper bedrock aquifers downdip and north of the sites. Migration may then occur along 

geologic structures such as permeable bedding planes, subsurface fractures, and joints. The third possible 

route of groundwater migration is from the facility to off-site areas. 

.-. 

- 

- 
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Potential human and environmental exposure pathways identified under current or future land use scenarios 

for Area B include: 

l Ingestion, dermal exposure, and inhalation exposure to chemicals in groundwater. 

5.8.1.5 Risk Assessment 

Chemicals of concern were selected for the groundwater medium. The chemicals of concern were selected 

based on exceedance of background or upgradient concentrations, exceedance of ARARs or dose- 

response parameters, and carcinogenic status. The receptors chosen for the groundwater exposure 

included: adult residents, child residents, and adult employees. Blood-lead levels were estimated for 

potential exposure to lead. 

N 

Noncarcinogenic risks were estimated by use of Hazard Quotients (HQs) and Hazard Indices (HIS) (ratio 

of estimated dose to WD). When HQs exceed 1 .O, potential adverse effects can no longer be ruled out. 

Carcinogenic risks were estimated using cancer slope factors. Cancer risk increases should ideally be 

below 1 E-6, although sometimes risks up to 1 E-4 may be considered acceptable. 

- 

C 

The HIS for hypothetical ingestion of current groundwater by residents would exceed 1 .O because of 

arsenic, barium, cadmium and manganese. lf filtered groundwater were used instead, the chilcl resident’s 

HI would exceed 1.0 because of thallium. Estimated cancer risk increases for the hypothetical ingestion 

of current groundwater by all receptors would exceed lE-5 because of arsenic, PCE, and carbon 

tetrachloride. The estimated cancer risk increases for dermal exposure to adult residents would exceed 

1 E-6 due to TCE and PCE. 

Estimated blood-lead concentrations from exposure to lead in groundwater, would not be expected to pose 

a significant detectable risk. However, some potential (currently unquantifiable) carcinogenic risk could 

occur, according to the no-threshold theory of carcinogenicity. 

5.8.2 Conclusions 

Conclusions developed for Area B, based on the findings presented, are provided below. 
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5.8.2.1 Data Limitations and Recommendations for Future Work 

Additional investigation should be performed in the vicinity of Area B, particularly to better define the nature 

and extent of groundwater contamination in this area. No conclusive evidence was collected during the 

RI to confirm the location of Site 7 or to determine if hazardous materials are present at this site. 

-.. 

-. 

The significant data gaps identified for Area B are as follows. 

- 

l The upgradient extent of contamination for the shallow bedrock aquifer in the vicinity of Site 6. 

l The potential source of contamination for the shallow bedrock aquifer within Site 6. 

l The degree-to which the shallow bedrock recharges deeper bedrock aquifers in this area. 

* The extent of groundwater contamination for the deeper aquifers underlying the general vicinity of 

Area B and whether any such contamination is due to releases from the facility. 

l The potential for contaminated groundwater discharges to nearby Southampton Creek. 

0 The extent of downstream contamination in Southampton Creek near Area B. 

l The location of Site 7 and whether this site received hazardous substances. 

- 
To address these data gaps, additional tasks should include, at a minimum, 

0 Additional monitoring wells as needed to define the upgradient extent of shallow bedrock aquifer 

contamination and the extent of deeper aquifer contamination. 

-. 

- 

. Additional soil borings and test pits to better define the possible source area of groundwater 

contamination within Site 6. 

l Additional soil samples determine the potential impacts from uncovered waste at Site 6. Surface 

debris at Site 6 may be the source of surface water sediment contamination via the air of runoff. 

The surface debris should be located, characterized, sampled, and mapped. 

l Review and interpretation of historical aerial photographs to determine if additional investigation 

should be performed in the vicinity of Area B. 

l Additional surface and subsurface sampling to determine the extent of soil contamination and to 

assess potential risks from direct contact with any contaminated soils within Area B. 

- 

-. 

- 

- 
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l Additional sediment sampling to determine the extent of stream contamination due to the sites 

located within Area B. 

l Additional groundwater investigation to characterize flow in the shallow bedrock aquifer beneath Area 

B, hydraulic interconnections between the shallow and deeper aquifers, and the potential for 

contaminated groundwater to discharge to Southampton Creek. 

l Evaluate the need for additional air monitoring to assess risks in areas of potential concern identified 

through aerial photointerpretation. 

l An additional well survey to determine whether nearby groundwater receptors (e.g., residential wells) 

are potentially at risk due to releases from Area B. CM-site groundwater sampling should be 

performed as necessary on this survey. 

It is recommended that further investigation be explored for metals in groundwater near Area B. 

Suspended materials may be responsible for significant concentrations of arsenic, barium, cadmium, and 

manganese, but thallium was the only contaminant detected at significant concentrations in filtered 

groundwater samples (one well only). Resampling of both filtered and unfiltered water may be warranted 

to confirm the presence of thallium. 

Groundwater in overburden and shallow bedrock contaminated by NAWC Warminster beneath Area B has 

been found to present an unacceptable risk to human health. Based on information generated during the 

RI, adequate data exist to proceed with the evaluation of remedial alternatives for overburden and shallow 

bedrock contaminated groundwater through the FS process. Additional sampling and investigation are 

needed for other media associated with Area B, including groundwater in deep bedrock aquifers. 

5.8.2.2 Recommended Remedial Action Objectives 

As described in Section 4.8.2.2, remedial action objectives consist of medium-specific goals for protecting 

human health and the environment. Based on these objectives, cleanup goals or acceptable contaminant 

levels for each exposure route are developed. These goals are based on contaminant-specific ARARs or 

other appropriate guidance and on risk factors. 
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Applicable or Relevant and Appropriate Requirements 

Tables 4-72 and 4-73 present a summary of preliminary Federal and State ARARs for NAWC Warminster. 

These ARARs will be refined and revised as necessary during the FS. In developing and selecting 

remedial action alternatives, the degree of public health or environmental protection afforded by each 

remedy must be considered. Actions that attain or exceed ARARs are given primary consideration. 

An initial list of potential response objectives for contaminated groundwater at Sites 1, 2, and 3 (Area A) 

was developed and discussed in Section 4.8.2.2. This list also applies to Area B. 

Groundwater 

Routine exposure to contaminated groundwater through ingestion and inhalation present the greatest 

potential human health risks posed by Area B. Based on the data collected and evaluated during the RI, 

sufficient information is available to develop and establish remedial action objectives for only the shallow 

groundwater underlying Area B. 

-. 

For shallow groundwater underlying Area B, potential remedial objectives include remediating groundwater 

or managing contaminant migration to: 

l Prevent further migration of groundwater contaminants from current NAWC Warminster property. 

l Initiate restoration of the overburden and shallow bedrock aquifers while additional investigations are 

being completed. 

- 

-- 

-. 
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6.0 ADDITIONAL GROUNDWATER INVESTIGATIONS 

8.1 INTRODUCTION 

This section discusses additional groundwater investigation and presents the findings of well sampling for 

those wells within, or near, NAWC Warminster Operable Unit 1 that are not located within Areas A or B. 

8.2 SUMMARY OF PREVIOUS INVESTIGATIONS 

Since 1979, 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 pulblic supply. 

Between September 1979 and April 1960, five nearby municipal authorities (along with NAWC Warminster) 

removed a total of 18 public wells from service due to VOC contamination, primarily TCE and PCE. Some 

of these wells have been returned to service following the installation of air-stripper treatment facilities. 

TCE has been found in NAWC Warminster supply wells SW-l and SW-2 at 147 and 293 ppb, respectively; 

PCE has been found in supply wells SW-5 and SW-2 at 36 and 33 ppb, respectively. Earth Technology 

Corporation (ETC) took depth-specific groundwater samples from five of the NAWC Warminster supply 

wells during packer tests conducted in the wells. A summary of the depth ranges and sample results for 

these wells (SW-l through SW-5) is provided in Table 6-l. Well construction details for the NAWC 

Warminster,supply wells are included in Appendix D. 
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TABLE 8-1 

SUMMARY OF DEPTH-DISCRETE CHEMICAL ANALYTICAL RESULTS 

FOR SELECT NAWC WARMINSTER SUPPLY WELLS 
- 

- 

91.30 

72.80 

SW-2 

106.80 

49.80 

96.50 

SW-4 <IO0 1.68 73.10 

140-l 80 me 108.80 

280-320 1.9 94.20 

400440 2.24 123.40 

>500 0.80 98.40 

SW-5 >90 4.19 89.60 

120-160 5.62 88.30 

160-200 1.70 40.40 

200-240 21.41 69.10 

>280 4.64 36.70 

Notes: 

1 TV0 - Total Volatile Organic Compounds 

2 TBN - Total Base/Neutral Compounds 

Sources: Earth Technology Corporation, June 1985, December 1985 and 1988 

.- 

.- 

- 

-. 

- 

-- 

-.- 

- 

- 
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Most of the VOC and base/neutral (B/N) contamination found in well SW-1 by ETC was in a shallower zone 

of the well (the upper 90 feet). The most contaminated zone in well SW-2 was found in the deeper portion 

of the well. The SW-2 1 IO- to 160-foot zone has more VOC and B/N contamination than any other zone 

within the well. Relatively few to no contaminant concentrations were detected in well SW-3. The highest 

level SW-3 contamination was found within the 411. to 451 -foot zone. The primary contaminant found in 

this zone was 13 ppb of PCE. Contaminants were generally found uniformly throughout well !SW-4.’ The 

magnitude of VOC contamination for this well was much lower than that found in wells SW-1 or SW-2. 

However, relatively higher concentrations of B/N compounds were detected in well SW-4. The B/N 

contaminants were generally distributed uniformly throughout the well. The most VOC contamination 

detected in SW-5 was found in a deeper portion of the well (200 to 240 feet). VOC contamination in this 

well was much less than contamination detected in SW-l and SW-2. Similar to well SW-4, relatively higher 

amounts of B/N compounds were detected almost uniformly within SW-5. 

A hydrogeologic study conducted by Satterthwaite Associates (1964) included the installation of three 

monitoring wells (MP-1, MP-2, and MP-3), located over 500 feet southwest of Area A. These wells are 

completed to depths of 100 to 130 feet in the shallow bedrock water-table and semi-artesian zones and 

are cased through the overburden. The well construction details are included in Appendix D. TCE 

represents the only notable contaminant found in groundwater samples obtained from these wells. TCE 

was found at a concentration of 525 ppb in well MP-3, at a concentration of 110 ppb in well MP-2 after 

purging 5,100 gallons of groundwater, and at a concentration of 140 ppb in well MP-2 after purging 13,700 

gallons of groundwater. Well MP-1 was not sampled during this event. 

NAWC Warminster well SW-I! was included in a study of the Stockton Formation Aquifer conducted by 

the U.S.G.S. Geophysical logs including caliper natural-gamma, single-point-resistance, fluid-resistivity, 

fluid-temperature, and brine trace logs were run in this well on June 17, 1991. Interpretation of these logs 

indicates that groundwater is flowing downward within this well at a maximum rate of 2.0 gpm. Water is 

entering the borehole through fractures at 62 feet and 102.5 to 104 feet and exits the borehole through 

fractures at 134 to 142 feet, 226 to 229 feet, and 272 feet. A sample of groundwater moving downward 

within the well at a depth of 70 feet’detected no VCCs (detection limit, 9.2 ppb) (Sloto, 1992). 
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Within the vicinity (0.25-mile radius) of NAWC Warminster, three residential wells and two commercial wells 

reportedly have VOC contamination, as does WTMA-26 located 0.4 mile from the facility boundary. 

Although the deep wells at the facility are contaminated, these wells are not immediately adjacent to Areas 

A and B. The contaminated deep wells are hydrologically upgradient from these sites. 

6.3 PHASE I AND II REMEDIAL INVl$TIGATION 

During Phase I, a local well inventory was performed to determine the number of residential and municipal 

wells that were near the facility. During Phase II, the investigation primarily focused on shallow 

groundwater contamination; however, some information was collected to evaluate the deeper aquifers in 

terms of their flow direction and hydraulic connection with overlying aquifers. 

During Phase II, four off-site wells were sampled as shown in Figure 6-1. All samples were analyzed for 

TCL volatile organics, TAL metals (both total and dissolved), and cyanide. One groundwater sample was 

also tested for TCL semivolatile organics and pesticides/PCBs. 

6.3.1 Local Well Inventory 

Groundwater in much of the Warminster area is used as a source of drinking water. Groundwater use is 

discussed in greater detail in Section 3.6. The objective of the local well inventory (described in Section 

2.1 .l) was to identify residential, business, and public water supply wells within 0.25 mile of the facility. 

Figure 2-1 displays the 0.25-mile study area. The locations of confirmed wells are included in Section 3.6.1 

(Figure 3-3 and Tables 3-3 through 3-5). 

6.3.2 Sampled Off-Site Wells 

The Wagner & Sons production well is located approximately 500 feet northeast of the NAWC Warminster 

facility boundary between Sites 1 and 2 (Figure 6-l). The well is located within the Wagner building and 

supplies water for the production process. No production or construction details were available for the well 

other than the fact that it is at least 200 feet deep. Water from this well is reported to undergo carbon 

filtration and ultraviolet light treatment prior to any use. An’older, lower yielding well is also present at the 

Wagner facility, supplying water to the basic plumbing system for use in sinks, toilets, etc. This well was 

not sampled during Phase II. No treatment of water from this well was reported, and the extent to which 

this water is used for drinking is unknown. 

- 

- 

- 

- 
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Based on local hydrogeologic information, the Wagner production well penetrates bedrock layers that are 

either along strike or down-dip from those that subcrop beneath Area A. Groundwater flow directions in 

the shallow bedrock aquifer indicate that the Wagner production well is generally downgradient from the 

sites. The deep bedrock aquifer flow direction determined by Satterthwaite (1984) suggests that the 

Wagner production well is also generally downgradient from the facility within this aquifer as well. 

WTMA-26 is located approximately 2,000 or more feet north of Area A. Available records indicate that the 

well is 250 feet deep with lo-inch-diameter casing to a depth of 70 feet and that it has a specific capacity 

of 8.8 gpm per foot of drawdown at a pumping rate of 420 gpm (Slot0 and Davis, 1983). Pumping in this 

well has produced drawdown in an observation well located 2,500 feet to the southwest, which is the 

approximate direction of the strike of bedding within the Stockton Formation (Slot0 and Davis, 1983). 

WTMA-26 is reported to pump continuously at an approximate rate of 250 gpm. All water produced is 

treated through an air stripper unit. 

Available geologic data indicate that WTMA-26 is located down-dip of Area A. If the northeastern strike 

direction and northwest dips of 12 and 13 degrees determined during Phase I are correct, then the deeper 

bedrock layers (below about 200 feet) penetrated by WTMA-26 may subcrop beneath the northwesternmost 

portions of the Area A. The approximate locations of two fracture traces mapped by Satterthwaite (1984) 

extend northward from within the facility boundary near Area A passing within about 200 feet, or less, of 

the WTMA-26 location. The well is hydrogeologically downgradient of Area A within both the shallow 

bedrock and deep bedrock aquifers based on groundwater flow directions determined during the RI and 

by Satterthwaite (1984). 

The Aztec Corporation well is located approximately 900 feet northeast of Site 3. Information on the 

construction details, production figures, and use of this well is not available. Local geological data indicate 

that the bedrock layers penetrated by this well are either along strike or in a structurally up-dip direction 

from those which subcrop beneath Area A. The Aztec well is not directly downgradient of any of Area A 

sites within the shallow bedrock aquifer. 

The Lewis well is located approximately 1,000 feet north-northwest of Site 8. The construction details of 

this well are unknown. Water from the well serves the Lewis residence and is reportedly untreated. This 

well is located downgradient of Site 8 within the shallow bedrock aquifer. 

- 

- 

- 

-- 

- 
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6.4 GROUNDWATER TARGETS 

Nearby residents rely primarily on groundwater sources for water supply. The majorii of these people are 

served by municipal water authorities, and the remainder utilize private domestic or commercial wells. The 

main NAWC Warminster supply system obtains water from three deep wells located at the facility. Some 

local municipal water authorities supplement their groundwater withdrawals with water from the Philadelphia 

Suburban Water Company. 

Within the immediate vicinity of NAWC Warminster (less than one mile) are supply wells for 

l Warminster Municipal Authority 

l Upper Southampton Municipal Authority 

l Warminster Heights Development Corporation 

l Other commercial facilities 

Municipal supply wells and other wells in the area pump several hundred million gallons of groundwater 

per year, mainly from deeper bedrock zones of the Stockton Formation. Several public and commercial 

water supply wells near NAWC Warminster have encountered significant levels of VOC groundwater 

contamination.. None of the municipal water supply wells are within 0.25 mile of the base. 

Three types of wells were confirmed to exist within or near the local well inventory study area, including 

residential, commercial, and municipal wells. Figure 3-l displays the location of each residential, 

commercial, and municipal well that was confirmed to exist by the inventory, as well as the NAWC 

Warminster supply wells. 

6.4.1 Residential Wells 

The largest concentrations of residential wells are in the housing developments west of Davisville Road and 

east of NAWC Warminster. Responses to the door-to-door confirmation survey represent 56 percent of 

the total number of properties suspected to have wells. The door-to-door residential survey response has 

been summarized in Table 3-3. Table 3-4 presents the address of each confirmed residential well and 

other available well information. 
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Between 47 and 91 residences and businesses within 0.25 mile of the facility property boundary have 

private supply wells (Figure 3-3). For confirmed residential wells, well depths range from 30 to 145 feet 

below grade. Therefore, some nearby residential wells are assumed to be drawing from the shallow 

bedrock aquifer which also underlies the facility. 

Residences sewed by wells are concentrated in three principal areas. One area is between Davisville 

Road and the facility. Another area is on Newtown Road, north of Street Road, and the third is on Maple 

and Memorial Streets, southwest of NAWC Warminster. None of these areas are directly downgradient 

of any identified NAWC Warminster sites with respect to the shallow bedrock aquifer. 

The well group near Davisville Road is 1,500 feet from Site 6. The well group on Newtown Road is 2,500 

feet from Site 4. The well group on Maple and Memorial Streets is 2,500 feet from Area A. 

The well groups along Newtown Road and on Maple/Memorial Streets are along strike with NAWC 

Warminster sites. The well group near Davisville Road is up-dip from the facility. Strike and dip are 

geological features that, along with pumping of municipal or other wells, may significantly influence the 

route of groundwater flow. 

Several residential wells (e.g., 167 Kirk Road, 1069 Azalea Drive, and 1080 Azalea Drive) were reported 

to contain TCE and/or PCE during the well survey. Independent sampling to confirm this has not been 

performed as a part of the RI. 

6.4.2 Municipal and Commercial Wells 

The eight municipal and three commercial wells that were confirmed during the course of the well inventory 

are listed in Table 3-3 and shown on Figure 3-3. None of the municipal water supply wells were within 

0.25 mile of the base, but several are in close proximity to the 0.25-mile boundary. The three commercial 

wells are operated by Aztec Corporation, Wagner & Sons, and a local golf course. 

- 

- 

- 

- 

- 

- 
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6.4.3 NAWC Warminster Supply Wells 

NAWC Warminster has 10 groundwater supply wells located on base. These are designated as SW-1 

through SW-lo. Their locations are shown on Figures 1-3 and 3-2. SW-1 1 is not actually an NAWC 

Warminster supply well but is a monitoring well. The Bucks County Planning Commission and U.S.G.S. 

continuously monitor the water level in this well. The construction details of these wells are contained in 

Appendix D. 

Cf the 10 supply wells 

l Wells SW-1 and SW-2 provide water to the fire protection system. 

W 

P 

l Well SW-5 is out of service because of VOC contamination. The well borehole was reported to be 

collapsed by NAWC Warminster personnel. 

l Well SW-7 is currently out of service now that Quarters A is supplied by the main NAWC Warminster 

systems. 

l Wells SW-3, SW-4, and SW-10 supply water to the main NAWC Warminster supply system. 

Average pumping rates are estimated as 9.7 million gallons per year (mgy) for SW-3, 10.6 mgy for 

SW-4, and 21.2 mgy for SW-1 0. 

l Well SW-6 provides water to one building but is not generally in use since this building is no longer 

used. 

)I 
l Wells SW-8 and SW-9 provide water to individual buildings within the NAWC Warminster property. 
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6.4.4 Contamination in Local Wells 

As listed on Tables 3-4 and 3-5, three residential wells and three commercial or municipal wells reportedly 

have VOC contamination, One of the three residential wells allegedly containing contamination was 

reported to be filtered prior to use. Whether the other two wells have filter systems in place is unknown. 

Municipal wells that have been found to contain volatile organic concentrations have been outfiied with 

appropriate treatment systems. Measures taken at some commercial wells, reportedly found to contain 

volatile organic compounds, are unknown. However, the Wagner & Sons well is carbon filtered. 

6.5 NATURE AND EXTENT OF CONTAMINATION 

The sampled off-site wells are OS-01 and OS-OlD, the Wagner 81 Sons well, OS-02, WTMA-26, OS-03, 

the Lewis well, and OS-04, the Aztec Corporation well. The locations of these wells with respect to sites 

within. Area A and a general summary of the VOC sample results are shown in Figure 6-2. The Wagner 

well is used for industrial purposes, including food processing. WTMA-26 supplies potable water to local 

homes and businesses. The Lewis well is a residential well, and the uses of the Aztec well are unknown. 

The Wagner well is treated with carbon filtration and UV treatment but was sampled prior to treatment. 

Table 6-2 shows that TCE is found in this well at 720 ug/L. Filtered and unfiltered results are comparable, 

except for lead, which is much lower in the filtered sample. The notable inorganic results include arsenic 

and lead (carcinogens). 

WTMA-26 is treated with an air stripper but was sampled prior to treatment. Table 6-2 presents the 

analytical results for this well. Both chlorinated ethenes and chlorinated ethanes are detected. Filtered and 

unfiltered inorganic results are comparable, and arsenic, a Group A human carcinogen, is detected in 

OS-02. 

The Lewis well is not reported to be treated. It can be seen from Table 6-2 that no organic compounds 

are positively detected in OS-03. Filtered and unfiltered inorganic results are basically comparable. 

- 

-. 

- 

,- 

-. 

-. 

-. 

- 

- 

- 

-. 

R-51 -2-3-7 6-10 



WARMINSTER MIP. 
MUNICIPAL AUTHORITY 
WELL No. 26 (OS-02) 

PCE: 20.0 
TCE: 110.0 

1.1~DCE: 18.0 
l.l.l-TCA: 100.0 

l.l-OCA: 28.0 

--.. 
AZTEC CORPORATION 

WAGNER AND SONS 
PROOUCllON WELL 

GOLF COURSE 

OPEN flELDS 
AND SCATTERED 
PRIVATE HOMES 

RESIDENTIAL 
DEVELOPMENT 

RESIDENTIAL 
DEVELOPMENT 

AREA 

RESIDENTIAL 
DEVELOPMENT 

I LEGEND 

Fd S’TE 

0 SAMPLED WELLS 

N.D. COMPOUND NOT 
DETECTED AT 
DETECTION LIMIT 
SHOWN IN 
PARENTHESES ( ; 

SCALE: 

I NAWC 
WARMINSTER. PA 

FIGURE 6-2 

I LOCATION OF SAMPLED 

I 

GFF SiTE /ELLS A::= 
SUMMARY OF 

VOC SAMPLE RESULTS (ug/L) 

Adapted From SMC Emironmsntol 
Ssfvlces Croup. 1991 

I DATE: Z/9/93 

c: \DWG\NAWC\079 
#x . . 



TABLE 6-2 
OFF-SITE WELL SAMPLE RESULTS 

NAWC, WARMINSTER, PENNSYLVANIA - 

wsw 

Chemical 

Organics 

Tetrachloroethene 1 20 2 - 

Trichloroethene 1 720 110 

1 ,l -Dichloroethene 1 18 - 

1 ,l ,l-Trichloroethane 1 100 

1 ,l -Dichloroethane 1 28 - 

lnorganics (unfiltered) II 

Arsenic 10 4.45 3.7 4.6 II 
Barium 

Sodium 5000 13900 14000 8950 10200 

Zinc 20 70 
- 

-,. 

- 

- 

- 

-. 
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The chemicals detected in the Aztec well .are shown on Table 6-2. PCE is detected at a low concentration (2 ug/L). 
- 

Filtered and unfiltered inorganic results are similar; arsenic (a Group A human carcinogen) is especially notable. 

e-4 6.6 TRANSPORT OF CONTAMINATED GROUNDWATER OFF SITE 

C Various aspects of contaminant fate and transport of chemicals found in off-site wells are discussed in this section. Various 

chemical and physical properties affecting contaminant migration are discussed in Section 6.6.1. Potential contaminant 

SU. migration routes are identified and discussed in Section 6.6.2. Section 6.6.3 presents a brief discussion of contaminant 

persistence. 

6.6.1 Physical and Chemical Transport Properties 

I This section provides a qualitative discussion of potential migration of the contaminants found in off-site wells. The physical 

and chemical properties of the chemicals found in these wells, where available, are presented in Tables 6-3 and 6-4. These 

sr* parameters may be used to assess the behavior of a chemical in the environment. 

d-4. 
Empirically determined literature values of water solubility, octanol-water partition coefficient (Kow), organic carbon partition 

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 

(I 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 chamicals. The water 

solubilities presented in Table 6-3 indicate that VOCs can be relatively soluble in water; unlike less soluble chemicals such 
- 

as phthalates, they are detected in groundwater much more frequently. 

- 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 

P-am of human receptors has been determined (Lyman et al., 1990). VOCs are generally less likely to partiition to fatty tissues 

than many other organic chemicals, such as chlorinated hydrocarbon pesticides. 

6 
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TABLE 6-4 
MOBILITY PARAMETERS AND PROPERTIES FOR INORGANIC CHEMICALS - OFFSITE WELLS 

NAWC, WARMINSTER, PENNSYLVANIA 

Chemical MOL WT. (g) SP. GRAV. 
(at 20C)“) 

Arsenic 74.92 5.727 

Barium 137.34 3.51 

Mwr 63.54 8.92 

Lead 207.19 11.3 

Manganese 55 7.2 

zinc 65.38 7.14 

MOL. WT. = Molecular weight 
Sp. Gmv. = Specific gravity 
BCF = Biocentmtfon or bioaccumuiation factor; freshwater species 
(1) weast, 1988 
(2) Versar, 1979 
(3) EPA, 1983a; EPA, lQ83b; EPA, lQ33c; EPA, 1986b; 

EPA, 1983d; EPA, 1986~; EPA, 1936d; EPA, 1983e; 
EPA, 1980a; EPA, 198Qb; EPA, 1980~; EPA, 198Qd 

BCF Described Environmental Fate o) 

(2) (3) 

333 o-17 Sorption important 

- 

12-3Qooo O-2000 Sorption, bioaccumulation important 

60-200 42-1700 Sorption, bioaccumulation important 

1000-40000 51-1130 Sorption, bioaccumulatfon important 
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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. Therefore, chemicals such as the VOCs, with relatively low Koc and high water 

solubility, are more likely to be found in well water than high;Koc compounds, which would be more likely 

to adsorb onto aquifer sediments. 

Vapor pressure provides an indication,of the rate at which a chemical in water volatilizes when exposed 

to air. It is of primary significance in instances where 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 relatively high, compared to compounds such as PAHs and phthalates. Chemicals with 

higher vapor pressures are expected to enter the atmosphere much more readily than chemicals with lower 

vapor pressures. 

-.. 

-. 

I_ 

-.- 

The Henry’s Law constant is the equilibrium vapor pressure of a chemical above a solution divided by its 

concentration in the solution (for dilute systems). The Henry’s Law constant may also be used to calculate 

the equilibrium contaminant concentrations in the vapor versus liquid phases for dilute solutions commonly 

encountered in environmental settings. The Henry’s Law constant is also useful for mass transfer 

- 

- 
applications for air-stripping column design. 

BCFs represent the ratio of aquatic organism tissue concentration to water concentration. This parameter 

is not expected to be important for the evaluation of potable wells. 

.- 

Specific gravity is the ratio of the mass of a given volume of pure chemical at a specified temperature to 

the mass of the same volume of water at a given temperature. Its primary use is to determine whether 

immiscible compounds or very high concentrations of a pure contaminant will float or sink in water. As 

shown in Table 6-3, most of the chemicals detected in off-site wells are denser than water. 

As shown in Table 6-4, most of the inorganic chemicals have a strong tendency to adsorb onto suspended 

particulates, a factor that greatly reduces their mobility. This is generally not important for continually 

pumped and treated wells such as these off-site wells, and the filtered and unfiltered inorganic results were 

much more similar than for monitoring wells. Although the metals themselves are insoluble in water, 

soluble species of some metals can increase contaminant mobility. 

-.. 
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6.6.2 Potential Miqration Routes 

The major possible migration routes for contaminants found in @f-site groundwater are to move laterally 

within the overburden aquifer to the shallow bedrock aquifer and from the shallow bedrock aqluifer to the 

deeper bedrock aquifers. Upon reaching the deeper aquifers, groundwater may move parallel to bedding 

planes within these aquifers. 

Horizontal migration of groundwater in the overburden aquifer in response to regional hydraulic gradients 

is significant. These gradients may be established by topographic controls and discharge to surface water 

bodies or by long-term pumping trends. Pumping of water from the deeper bedrock aquifers induces 

leakage from the overlying aquifers. Pumping of water from the deeper aquifers induces the flow of 

groundwater parallel to bedding within these aquifers. The permeable layers of the deeper bedrock 

aquifers are fed by water that flows down-dip from areas of recharge in the overlying aquifers 

6.6.3 Contaminant Persistence 

*” 
Several transformation processes are believed to affect the persistence of organic chemicals in the 

environment. The primary processes affecting contaminant fate in the environment include microbial and 

chemical degradation. 

Generally, organic molecules are subject to several chemical reactions under environmental conditions. 

Such reaction mechanisms include acid/base reaction, addition, elimination, and hydrolysis. For chlorinated 

ethanes, some hydrolysis can reportedly occur under neutral conditions (EPA, 1982). For chlorinated 

ethenes, hydrolysis is reported to be virtually nonexistent (EPA, 1982). 

Another possible type of degradation is the dechlorination of PCE and TCE to 1,2-DCE, 1 ,l-DCE, and 
CQ _j 

ultimately vinyl chloride (Cline and Viste, 1984). 1 ,l ,l-TCEA can also degrade to 1 ,PDCEA, 1 ,I-DCEA, 

and chloroethane (Cline and Viste, 1984). In OS-02, TCE and PCE are detected along with 1 ,l -DCE, and 

P- 1 ,l ,l-TCEA is detected along with 1 ,l-DCEA. In OS-01, TCE is detected alone. 

Bacterial degradation is a potential environmental fate mechanism. Such degradation has been reported 

for some organics, especially, of the chemicals detected in off-site wells, for chlorinated ethenes (EPA, 

1982). 
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6.7 RISK ASSESSMENT 

This section provides a description of tbe risk assessment methods employed for off-site wells, sampled 

during Phase II as well as a summary of the risk assessment results. The objectives of the risk 

assessment are to define the actual or potential risks to human health and the environment resulting from 

the presence of contamination in the groundwater and to provide the basis for determining appropriate 

remedial measures for the FS. 

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

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

either natural processes or by human action; potential exposure points must exist; and human or 

environmental receptors must be present at the point of exposure. Risk is a function of both toxicity and 

exposure; without any one of the three factors listed above, there will be no risk. 

.-. 

- 

-. 

A fundamental difference between these wells and the exposures considered in Sections 4.0 and 5.0 is that 

these wells are known to be used for certain purposes. Therefore, each well is considered as a point 

source to the receptor at that location. 

The risk assessment estimates the potential for human health risk at the site. Information regarding the 

toxicity of the compounds detected in the various media, the distribution of contamination, and a site- 

specific estimate of chemical intake via assumed exposure routes will be combined to estimate potential 

risks. The processes used at this site are generally in accordance with current EPA risk assessment 

guidance (EPA, 1989a; EPA, 1991a). 
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The human health risk assessment consists of four components: Data Evaluation, Toxicity Assessment, 

Exposure Assessment, and Risk Characterization. Each component was defined in Section 4.7. 
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6.7.1 Data Evaluation 

6.7.1 .l Representative Concentrations 

LI 

- 

I”- 

PI 

p1 

Ordinarily, risk assessment is performed using a representative concentration for each chemical in each 

medium. Representative concentrations were defined in Section 4.7.1.1. However, because each off-site 

well is considered to be an exposure source, the result for each chemical as it appears in the validated 

database was used for each well. For wells with duplicate results, the results were averaged as described 

in Section 4.7.1.1. and treated as a single result. 

6.7.1.2 Chemicals of Concern 

Chemicals of concern are identified in this section, based on various aspects of their occurrence and 

distribution, mobility, persistence, and toxicity. These chemicals are selected to represent site 

contamination and will provide the framework for the quantitative risk assessment. 

The occurrence and distribution of contaminants in off-site wells were discussed in Section 6.5. Lead is 

detected at relatively high concentrations in OS-Ol/Ol D. Arsenic is detected in three of the four wells (all 

except OS-03). TCE is detected in OS-OVOlD, and chlorinated ethenes and ethanes are detected in 

OS-02. 

Appendix 0 summarizes the toxic effects for selected chemicals of concern. The summaries are) presented 

in the form of toxicity profiles. Adverse effects on human receptors are discussed. The chemical of 

concern selection process for each well is discussed in the remainder of this section. 

OS-Ol/Ol D, Wagner & Sons 

The chemicals that were positively detected in this well were presented in Table 6-2. Table 6-5 presents 

the chemicals of concern for this well. TCE was selected because it is an organic chemical not believed 

to be naturally occurring and it was also detected on site. Arsenic and lead were selected because, as 

carcinogens, they have ideal exposures of zero. 
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TABLE 6-5 
CHEMICALS OF CONCERN - OS-Ol/OlD - WAGNER & SONS WELL 

NAWC, WARMINSTER, PENNSYLVANIA 
wu 

Organics 

Carcinogens 

Trichloroethene 

lnornanics (unfiltered) 

Carcinogens 

Arsenic 

Lead 

Rep. Cont. 

720 

Noncarcinogens Rep. Cont. 

Rep. Cont. 

4.45 

467.85 

Noncarcinogens 

Barium 

Copper 

Manganese 

Zinc 

Rep. Cont. 

243 

73 

52.5 

70 

-- 
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- Since there were no “upgradient” well data for these deep off-site wells, all remaining inorganics were also 

selected as chemicals of concern, except the common, relatively nontoxic minerals calcium, rnagnesium, 

potassium, and sodium. 

OS-02, WMA-26 
k 

- 

The chemicals that were positively detected in this well were presented in Table 6-2. Table 6-6 presents 

the chemicals of concern for this well. All organics were selected because they are organic chemicals not 

believed to be naturally occurring and they were also detected on site. Arsenic was selected because, as 

a carcinogen, it has an ideal exposure of zero. Since there were no “upgradient” well data for these deep 

off-site wells, all remaining inorganics were also selected as chemicals of concern, except the common, 

relatively nontoxic minerals calcium, magnesium, potassium, and sodium. 

055-03, Lewis 

- 

The chemicals that were positively detected in this well were presented in Table 6-2. Table 6-7 presents 

the chemicals of concern for this well. There were no positively detected organic compounds. All inorganic 

chemicals except calcium, magnesium, potassium, and sodium were selected as chemicals of concern. 

OS-04, Aztec Corporation 

rr* 

c-* 

The chemicals that were positively detected in this well were presented in Table 6-2. Table 6-8 presents 

the chemicals of concern for this well. PCE was selected because it is an organic chemical not believed 

to be naturally occurring and it was also detected on site. Arsenic was selected because, as a carcinogen, 

it has an ideal exposure of zero. Since there were no “upgradient” well data for these deep off-site wells, 

all other inorganics were also selected as chemicals of concern, except the common, relatively nontoxic 

minerals calcium, magnesium, potassium, and sodium. 

R-5149-7 
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TABLE 6-6 
CHEMICALS OF CONCERN - OS-02 - WTMA WELL NO. 26 

NAWC, WARMINSTER, PENNSYLVANIA 
mlfl) 

oncarcmogens 
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TABLE 6-7 
CHEMICALS OF CONCERN - OS-03 - LEWIS RESIDENCE 

NAWC, WARMINSTER, PENNSYLVANIA 
wu 

Ca 

Organics 

Carcinogens , 

None 

lnorganics (unfiltered) 

Carcinogens 

Rep. Cont. 

Rep. Cont. 

Noncarcinogens 

None 

Noncarcinogens 

Barium 

Copper 

Rep. Cont. 

Rep. Cont. 

376 

411 

TABLE 6-8 
CHEMICALS OF CONCERN - OS-04 - AZTEC CORPORATION WELL 

NAWC, WARMINSTER, PENNSYLVANIA 
wu 

Organics 
i 

Carcinogens Rep. Cont. Noncarcinogens Rep. Cont. 

Tetrachloroethene 2 
! 1 
II lnorganics (unfiltered) 

Carcinogens Rep. Cont. 

Arsenic 4.6 

Noncarcinogens 

Barium 

Manganese 

Rep. Cont. 

209 

26 
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6.7.2 Toxicity Assessment 

The purpose of this section is to identify the potential health hazards associated with exposure to each of 

the chemicals of concern. A toxicological evaluation characterizes the inherent toxicity of a compound. 

The literature indicates that the chemicals of concern cause carcinogenic and/or noncarcinogenic health 

effects in humans. Although the chemicals of concern 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 chemicals of concern in off-site wells is presented 

in Appendix 0. 

- 

_- 

6.7.2.1 Health Effects 

_-... 

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 may be quantified. The published information of doses and responses is 

used in conjunction with information on the nature and magnitude of human exposure to develop an 

estimate of potential health risks. 

Reference doses (RfDs) and cancer slope factors (CSFs) have been developed by EPA for many organics 

and inorganics. These parameters are used to evaluate noncarcinogenic and carcinogenic toxicity, 

respectively, and were defined in detail in Section 4.7.2.1. The dose-response parameters for the 

chemicals of concern in off-site wells are displayed on Table 6-Q. 

- 

- 

- 

-. 

.- 
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TABLE 9-9 
DOSE-RESPONSE PARAMETERS AND ARARS - CHEMICALS AT OFF-SITE WELLS 

NAWC, WARMINSTER PENNSYLVANIA 

Chemical RFD Oral 
bwlkg/dayl 

(1) (2) (3) 
RFD Inhalation 

Cw/ks/dw) 
(l)(2)(3) 

CSF Oral 
(w/kg/day,-' 

(1) (2) (3) 

CSF 
Inhalation 

(wlkgld.w)-’ 
(l)(2)(3) 

Arsenic 

Barium 

copper 

Lead 

wengenere 

l,l-Dichloroethane 

l 3E-4 

7E-2 

'3.7&2 

51-3 

l 9E-3 

l lE-4 

lE-4 

"1.75 

'6E-1 

"1.5El 50(N) 0 48 (PmT) 0.018 0.14 

2000(F), 1000(N) 2000 Lifetime adult:2 

1300(A) 1300 12+ 1300 

50(N). IS(A) 0 3.2+ 50 

50(S) 

?.754E-1 7 7 1 day child:2 0.057 3.2 
10 day child:1 

11600 (MEL) (fs) 
(DICRLOROETBENES) 

Longer-term child:1 
Longer-term adult:4 
Lifetime adult:0.007 

l,l-Dichloroethane 'IE-1 

l,l,l-Trichloroethane l 9E-2 

'1.43E-1 

+3E-1 200 200 1 day child:100 31200 (MEL) (ma) 3100 17000 
10 day child,40 
Longer-term child:40 
Longer-term 
adult:100 
Lifetime adult:0.2 

Trichloroethene 

Tstrachloroethene 

6E-3 

IE-2 

=l.lE-2 6%3 5 0 21900 (MEL) 2.7 81 

*5.2E-2 2.OE-3 5 0 1 day child:2 840 (LOEL) 0.8 8.85 
10 dey child:2 
Longer-term child:1 
Longer-term edult:!, 

l From REAST instead of IRIS 
l * Provisional AD1 as per Layton, using rat 

LD50 of 1630 &kg (Sax, 1989) and Leyton's 
meet oonservetive multiplier of SE-6. 

l ** Estimate based on IWDs of similar PARS 

Under CSF: 

A= Group A human carcinogen 
B= Croup Bl probable human carcinogen 
B2s Group B2 probable humen cerclnogen 
C- group C possible humen carcinogen 

Under KCL: 

s= secondary 
F= Final; effective l/l/93 
N= National Primary Drinking Weter Reguletio" 
A= Action Level 
P= Proposed 
TIM- Trihelometbane 

+= Based on hardness of 100 IrQ,L 
IIIEL- Lowest observed effects level 

Polycyclic aromatic hydrocarbons 

RFD= 
CSF= 
MCL= 
MCLG= 
m-IRA= 
AWQC= 

Reference dose 
cancer slope factor 
Maximum conteminant Level 
MCL CIosl 
Drinking Water Health Advisory 
Ambient Water Quality criteria 

I:; 
(51 
(6) 

EPA, 1992~~ 
EPA, 1992b 
EPA, 1992~ 
EPA, 1992d 
EPA, 1991b 
EPA. 1991~ 
EPA, 1990a 
EPA, 1991d 
EPA, 1991.~ 
EPA, 1992e 
EPA, 1987a 
EPA, 1990b 

PCB= Polychlorinated blphenyls 
DCBE dichlorobenrenes 
PHl'RAL= phthelates 
fa- freshwater ecute 
DCE- dichloroethenes 
TOP= Total 
P8Wf= Pe"t.¶"ele"t 
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6.7.2.2 Applicable or Relevant and Appropriate Requirements (ARARs) 

This section presents available regulatory standards or guidelines for the chemicals of concern selected 

in the preceding section. Currently, the only enforceable regulatory standards for exposure to groundwater 

contaminants are the Maximum Contaminant Levels (MCLs). However, MCLs have not been specified for 

many of the chemicals of concern. Therefore, other regulatory guidelines may be used for comparative 

purposes to determine health risks. Relevant regulatory guidelines include Ambient Water Quality Criteria 

(AWQCs), MCL Goals (MCLGs), and EPA Drinking Water Health Advisories (DWHAs). ARARs and dose- 

response parameters are presented in Table 6-7. The ARARs were defined in detail in Section 4.7.2.2. 

6.7.2.3 Summary 

Table 6-9 presents the values of the available Federal ARARs and dose-response parameters for both 

carcinogenic and noncarcinogenic chemicals of concern. If the concentration of intake of a chemical 

exceeds these standards or guidelines, the possibility exists that a receptor may experience adverse health 

effects. Expected intakes of each chemical are presented in the Exposure Assessment (Section 6.7.3). 

6.7.3 Exposure Assessment 

The purpose of this section is to evaluate the potential for human exposure to the hazardous chemicals 

in the off-site wells. This section characterizes the exposed populations, identifies actual or potential 

exposure routes, and provides exposure estimates. The nature and extent of contamination upon which 

the exposures are based were presented in Section 6.5. 

To determine whether there is an actual exposure in this area, the most likely pathways of human activity 

patterns must be considered. A complete exposure pathway has three components: a source, a route of 

transport, and an exposure point for receptors. These components are addressed in the following 

subsections. 

6.7.3.1 Exposure Routes 

Each of the wells is associated with a home or business. Therefore, exposure is known or assumed to 

occur at each location. Exposure routes include dermal contact, ingestion, and inhalation. 
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OS-Ol/Ol D, Waoner & Sons 

- 
OS-Ol/Ol D is reportedly used for industrial purposes, including food processing. Although exposure could 

theoretically occur for consumers of the food products, the processing involves various treatment 

procedures for both water and food. Additionally, food products must comply with all applicable city, 

county, state, and federal requirements. The model needed to estimate theoretical exposure via food 

products would be very complex, and the results would be irrelevant because of the required water 

treatments involved. 

Use of water at the plant is therefore assumed to be most likely to occur for adult employees of Wagner 

& Sons. It was assumed that the theoretical exposure to employees would be via ingestion and dermal 

(hand washing) routes. The exposure input parameters for these exposure routes’are shown in Tables 

6-10 and 6-11. The exposures are believed to be conservative estimates because the water is actually 

treated, but untreated samples will be used to calculate risks. 

OS-02. WTMA-26 

cp 

OS-02 is a municipal well used to supply residents and businesses. Therefore, exposure scenlarios were 

developed for adult and child residents and adult employees. It was assumed that the exposure to 

employees would be via ingestion and dermal (hand washing) routes; exposure to adult residents would 

occur via ingestion, dermal (showering), and inhalation (showering) routes; and exposure to child residents 

would occur via ingestion and dermal (bathing) routes. Exposure input parameters for these routes are 

shown in Tables 6-l 0, 6-11, and 6-l 2. 

OS-03, Lewis 

- 

OS-03 is a residential well. Therefore, the receptors were assumed to be adult and child residents. It was 

assumed that exposure to adult residents would occur via ingestion, dermal (showering), and inhalation 

(showering) routes, and exposure to child residents would occur via ingestion and dermal (bathing) routes. 

Exposure input parameters for these routes are shown in Tables 6-10, 6-11, and 6-l 2. 
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TABLE 6-10 
EXPOSURE INPUT PARAMETERS - GROUNDWATER INGESTION - OFFSITE WELLS 

NAWC, WARMINSTER, PENNSYLVANIA 

Ingestion of Groundwater 

Input 
Paramete 

rs 

Description Value Rationale 

C 

IR 

Exposure 
concentration 

Ingestion rate 

Rep. cont.(l) Upper 95% confidence limit on 
(mg/L) (wells in plume) ariihmetic average (EPA, 1989a) 

2Uday (adult resident) (EPA, 1991a) 
1 L/day (adult employee) 
1 Uday (child resident) 

EF Exposure 
frequency 

250 days/yr. (EPA, 1991 a) 
(employees) 

350 days/yr. (residents) 

ED Exposure duration 25 yrs. (adult 90th percentile time at one 
employees) residence 

30 yrs. (adult residents) (EPA, 1989a; EPA, 1991a) 
6 yrs. (child residents) 

BW Body weight 70 kg (adult) 
15 kg (child) 

(EPA, 1989a, EPA, 1991a) 

AT Averaging time ED x 365 day/yr. Noncarcinogens 
70 yrs. x 365 days&r. Carcinogens 

(EPA, l989a) 

(1) Upper 95% confidence limit (UCL) on arithmetic average, or maximum if UCL exceeds maximum 
detected. 
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TABLE 6-11 
EXPOSURE INPUT PARAMETERS - GROUNDWATER DERMAL CONTACT - OFFSITE WELLS 

NAWC, WARMINSTER, PENNSYLVANIA 

Dermal Contact with Groundwater 

Input 
Parameters 

Description Value Rationale 

C Exposure Rep. cow. ; w Upper 95% confidence limit on 
concentration (mg/L) (wells in plume) or arithmetic average (EPA, 1989a) 

maximum 

SA Skin surface area 2,270 cm' (adult employee) Hands and forearms 
available for 5,910 cm' (child resident) 
contact'11 19,400 cm2 (adult resident) 

Body 
Body 
(EPA, 1989b) 

ET 

EF 

Exposure time"' 0.2 hr/day (residents) 12 minutes/day (EPA, 1991a) 
0.03 hr/day (employees, 2 minutes/day (Professional 
handwashing) judgement) 

Exposure frequency 250 days/yr. (employees) (EPA, 1991a) 
350 days&r. (residents) 

ED Exposure duration 25 yrs. (adult employees) (EPA, 1991a) 
38 yrs. (adult residents) 

6 yrs. (child resident) 

Bw Body weight 

AT Averaging time 

Adult: 70 kg 
Child: 15 kg 

ED x 365 days&r. 
70 yrs. x 365 days/hr. 

(EPA, 1989a; EPA, 1991a) 

Noncarcinogens 
Carcinogens 
(EPA, 1989a) 

Rl,RP Permeability Contaminant-specific (EPA, 1992f) 
coefficients 
(cm/hr.) 

TAU Lagtime (hr.) Contaminant-specific (EPA, 199223 

B Partition Contaminant-specific (EPA, 1992f) 
coefficient 

(1) Upper 959 confidence limit (UCL) on arithmetic average, or maximum if UCL exceeds maximum detected. 

(2) Adult residents assumed to shower daily; 
wash hands daily. 

child residents assumed to bathe daily; employees assumed to 
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TABLE 6-12 
EXPOSURE INPUT PARAMETERS - GROUNDWATER INHALATION - OFF-SITE WELLS ____ _ _-.-_ .~~~ 

NAWC, WARMINSTER, PENNSYLVANIA 

Rationale 

Contaminant-specific Required for model application 

Total time in 

Averaging time ED x 365 d oncarcinogens 

(1) Upper 959 confidence limit (UCL) on arithmetic average, or maximum if UCL exceeds maxim& detected. 

- 

- 

- 

- 

R-51-2-3-7 6-30 

-- 



A 

C 
OS-04, Aztec Corporation 

R” 

The uses of OS-04 are unknown. However, since this is a workplace, it was assumed that the most likely 

receptors, if any, would be adult employees. It was assumed that exposure to employees would occur via 

ingestion and dermal (hand washing) routes. Exposure input parameters for these routes are shown in 

Tables 6-10 and 6-11. 

13 6.7.3.2 Exposure Estimates 

c3 
The estimation methods and models used in this section are consistent with current EPA risk assessment 

guidance (EPA, 1989a; EPA, 1991a). Exposure estimates associated with each exposure route are 

presented below. 

Noncarcinogenic risks are estimated using the concept of an average annual exposure. ‘The intake 

incorporates terms describing the exposure time and/or frequency that represent the number of hours per 

day and the .number of days per year that exposure occurs. This is used with a term known as 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 are generally 

greater for children than for adults because of the much lower body weights of children. Carcinogenic risks, 

on the .other hand, are calculated as an incremental lifetime risk and, therefore, incorporate terms to 

represent the exposure duration over the course of a lifetime (70 years). 

The medium for off-site wells is groundwater. The potential exposure routes have been identified as 

C ingestion, dermal, and inhalation. 

CI 

p” 

Ingestion of groundwater was evaluated for all receptors. The equation used was presented in Section 

4.7.3.2. A sample calculation is provided in Appendix M; the spreadsheets with all risk estiimates are 

included in Appendix N. Input parameters for groundwater ingestion, along with the rationale for the 

selection of each value, are presented in Table 6-10. Conventional input parameters were used. 
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Dermal exposure to groundwater contaminants was evaluated for all receptors. The equation used was 

presented in Section 4.7.3.2. A sample calculation is provided in Appendix M; the spreadsheets with all 

risk estimates are included in Appendix N. Input parameters for groundwater dermal exposure, along with 

the rationale for the selection of each value, are presented in Table 6-l 1. Adult and child residents were 

assumed to take daily showers and baths, respectively, and therefore their total body surface areas were 

used. Employees were assumed to wash their hands for approximately two minutes per day at the 

workplace, and the surface area of their hands and forearms was used. 

- 

- 

-- 

Inhalation exposure to groundwater (during showering) was estimated for adult residents only using the 

equation presented in Section 4.7.3.2. Specific details regarding the application of the model, along with 

a sample calculation, are included in Appendix M. The spreadsheets with all risk estimates are included 

in Appendix N. The input parameters for this exposure route, along with the rationale for the selection of 

each value, are presented in Table 6-12. It was assumed that small children would take baths rather than 

showers and that employees would not shower at work. Conventional input parameters were used. 

- 

Blood-Lead Modeling 

No EPA consensus has been reached concerning a WD or CSF for lead. However, some research has 

been done concerning typical lead intakes and blood-lead levels. A determination of lead uptake from 

groundwater was considered. Potential blood-lead level increases were estimated and are discussed, 

along with the potential implications of blood-lead results, in Section 5.7.4.2. 

For drinking water exposure, children zero to six 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, 1991e). For older children, the ratio is 0.12 ug/dL blood lead 

per ug/i lead in water up to 15 ug/l, and 0.06 ug/dL for every ug/l in water above 15 ug/l (EPA, 1991e). 

For adults, the ratio is approximately 0.06 ug/dL blood lead per ug/l lead in water (EPA, 19918). 

- 

- 

- 

- 

-- 

- 
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6.7.4 Risk Characterization 

- 

r- 

P 

81 

Potential human health risks resulting from the groundwater exposures outlined in the preceding sections 

are characterized on a quantitative and qualitative basis in this section. Quantitative risk estimates are 

generated based on risk assessment methods outlined in current EPA guidance (EPA, 1989a), whereas 

the qualitative assessment consists of the toxicological profiles. 

Noncarcinogenic risk estimates are presented in the form of Hazard Quotients (HQs) and Hazard Indices 

(His) that are determined through comparison of estimated intakes with published RfDs. Iincremental 

cancer risk estimates are provided in the form of dimensionless probabilities based on CSFs. HIS, HQs, 

and cancer risks were defined in detail in Section 4.7.4. Estimated human intakes were developed for each 

of the specific exposure routes discussed in the preceding sections. Both carcinogenic and 

noncarcinogenic risks are summarized for each exposure route on a series of tables in this section. 

Detailed calculations and spreadsheets are provided in Appendix N. 

Because there is as yet no EPA consensus concerning a RfD or CSF for inorganic lead, the evaluation of 

this analyte was handled separately. Section 6.7.3.2 discusses blood-lead estimation methods. Blood-lead 

estimation resutts are assessed in Section 6.7.4.5. 

The following section includes summaries of risks estimated by the exposure model. Complete descriptions 

and calculation results (including spreadsheets) are presented in Appendix N. 

ft should be noted that, where HQs are reported as “N/A,” the HQs were not calculable became 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 carcinogenic effects. Cancer risks of zero 

generally indicate that the chemical is not carcinogenic or that a CSF has not yet been developed. 

R-51 -2-3-7 
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6.7.4.1 OS-Ol/UlD, Wagner & Sons Well 
-. 

Table 6-l 3 displays noncarcinogenic and carcinogenic risks to adult employees for potential exposure to 

untreated groundwater from OS-Ol/Ol D. Wiih the exception of TCE, all HIS were less than 1 .O, indicating 

the potential for adverse health effects only due to TCE from groundwater ingestion. However, the cancer 

risks via ingestion exceeded 1 E-5 because of TCE and arsenic, both of which had individual cancer risk 

increases above 1 E-5. The dermal cancer risk for TCE also exceeded 1 E-6. None of these cancer risks 

exceeded 1 E-4. 

- 

_I_. 

Prior to treatment, MCLs were exceeded for TCE (an MCL of 5 ppb), lead (an action level of 15 ppb), and 

manganese (a secondary MCL of 50 ppb) in the groundwater samples collected from the Wagner well. 
- 

6.7.4.2 OS-02, Wl-MA Well 26 

Tables 6-14,615, and 6-16 display noncarcinogenic risks to adult employees and adult and child residents 

for potential exposure to untreated groundwater from OS-02. The HI for ingestion of, and dermal contact 

with, this water by child residents and dermal contact with groundwater by adult residents exceeded 1 .O. 

The individual HQs for TCE in both receptors via dermal contact exceeded 1.0. Other major contributors 

to the noncarcinogenic risk were arsenic and barium, with PCE and 1 ,l -DCE contributing to a lesser extent. 

Exposure to groundwater by residents is expected to produce noncarcinogenic health effects. 

Tables 6-17, 6-18, and 6-19 display estimated carcinogenic risk increases to adult employees and adult 

and child residents for potential exposure to untreated groundwater from OS-02. The total dermal cancer 

risk exceeded 1 E-6 for adult employees and exceeded 1 E-5 for residents, primarily due to PCE, TCE, and 

1 ,l -DCE. The total ingestion risk exceeded 1 E-5 for adult employees and exceeded 1 E-4 for residents, 

primarily due to arsenic, PCE, TCE, and 1 ,l -DCE. The inhalation risk for adult residents exceeded 1 E-5 

because of l,l-DCE; the risk for TCE exceeded lE-6. 

- 

- 

- 

- 

-. 

- 

Tables 6-20 and 6-21 present summaries of noncarcinogenic and carcinogenic risks, respectively, for the 

receptor/exposure scenarios examined in association with groundwater at OS-02. Prior to treatment, MCLs 

were exceeded for TCE, PCE (an MCL of 5 ppb), and l,l-DCE (7 ppb) in the groundwater sample 

collected from the WTMA-26 well. 

- 

- 
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TABLE 6-13 
NONCARCINOGENIC AND CARCINOGENIC RISKS TO ADULT 

EMPLOYEES - OS-Ol/Ol D - WAGNER 
NAWC, WARMINSTER, PENNSYLVANIA 

Chemical 
Rep. Cont. 

WW 
Hazard Quotients Cancer Risks 

HQ - ING 1 HQ- DERM CA - ING 1 CA- DERM 

II Trichloroethene I 0.72 I 1.2EO I 2.2E-1 I 2.8E-5 I 5.1 E-6 

Arsenic 

Lead 

Barium 

0.00445 1.4E-1 Q.QE-6 2.7E-5 1.8E-9 

0.46785 N/A N/A 0 0 

0.243 3.4E-2 2.3E-6 0 0 

Copper 0.073 1 .QE-2 1.3E-6 0 0 

Manganese 0.0525 1 .OE-1 7.OE-6 0 0 

Zinc 0.07 3.4E-3 1.4E-7 0 0 

II Total I 1.5EO I 2.2E-1 I 5.5E-5 I 5.1 E-6 

II Cumulative Risk I 1.7EO I 6.OE-5 
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TABLE 6-14 

NONCARCINOGENIC RISKS TO ADULT EMPLOYEES - OS-O2-WTMA-26 
NAWC, WARMINSTER, PENNSYLVANIA - 

Chemical Rep. Cont. 
I 

HQ - ING HQ - DERM 
(md-1 

Tetrachloroethene 0.02 2.OE-2 7.5E-3 

Trichloroethene 0.11 1.8E-1 3.3E-2 

1 ,l -Dichloroethene 0.018 2.OE-2 2.OE-4 

1 ,l ,l -Trichloroethane 0.1 1 .l E-2 1.5E-4 

1 ,l -Dichloroethane 0.028 2.7E-3 1.6E-5 

Arsenic 

Barium 

Manganese 

0.0037 1.2E-1 8.2E-6 

0.216 3.OE-2 2.OE-6 

0.041 8.OE-2 5.5E-6 

Hazard Index I I 4.6E-1 I 4.1 E-2 

Cumulative Noncarcinogenic Risk I 5.OE-1 
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TABLE 615 
NONCARCINOGENIC RISKS TO ADULT RESIDENTS - 0602~WTMA-26 

NAWC, WARMINSTER, PENNSYLVANIA 

II Chemical Rep. Cont. 
I 

HQ - ING 
(mg/L) I 

HQ - DERM 
I 

HQ - INHAL 

Tetrachloroethene 0.02 5.5E-2 2.3E-1 N/A 

Trichloroethene 0.11 5.OE-1 1 .OEO 5.6EE-3 

1 ,l -Dichloroethene 0.018 5.5E-2 6.1 E-3 N/A 

1 ,l ,l -Trichloroethane 0.1 3.OE-2 4.7E-3 2.5E-3 

1 ,l -Dichloroethane .0.028 7.7E-3 4.8E-4 1.6E-3 

Arsenic 

Barium 

Manganese 

Hazard Index 

0.0037 3.4E-1 6.6E-4 N/A 

0.216 8. E4-2 1.6E-4 0 

0.041 2.2E-1 4.4E-4 0 

1.3EO 1.3EO 9.7ES3 

II Cumulative Noncarcinoaenic Risk I 2.6EO 
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TABLE 6-16 
NONCARCINOGENIC RISKS TO CHILD RESIDENTS - OS-02~WTMA-26 

NAWC, WARMINSTER, PENNSYLVANIA 

- 

- 

Chemical 

Tetrachloroethene 

Trichloroethene 

1 ,l -Dichloroethene 

Rep. Cont. 
WL) 

0.02 

0.11 

0.018 

HQ - ING HQ - DERM 

1.3E-1 3.3E-1 

1.2EO 1.5EO 

1.3E-1 8.7E-3 
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TABLE 6-17 
CARCINOGENIC RISKS TO ADULT EMPLOYEES - OS-O2-WTMA-26 

NAWC, WARMINSTER, PENNSYLVANIA 

Chemical Rep. Cont. CA - ING CA - DERM 
(mg/L) 

/ 
Tetrachloroethene 0.02 3.6E-6 1.4 E-6 

Trichloroethene 0.11 4.2 E-6 7.6E-7 

1 .l -Dichioroethene 0.018 3.8E-5 3;8E-7 

1 ,l ,l-Trichloroethane 0.1 0 0 

1 ,l -Dichloroethane 0.028 0 0 

Arsenic 0.0037 2.3E-5 1 SE-9 

Barium 

Manganese 

Total Cancer Risk 

0.216 0 0 

0.041 0 0 

6.8E-5 2.6E-6 

Cumulative Cancer Risk 3.3E-6 
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TABLE 6-16 
CARCINOGENIC RISKS TO ADULT RESIDENTS - OS-02~WTMA-26 

NAWC, WARMINSTER, PENNSYLVANIA 

Chemical Rep. Cont. CA - ING CA - DERM CA - INHAL 
OWL) 

Tetrachloroethene 0.02 1.2E-5 5.1 E-5 1.2E-7 

Trichloroethene 0.11 1.4E-5 2.9E-5 6.OE-6 

1 ,l -Dichloroethene 0.018 1.3E-4 1.4E-5 l.lE-5 

1 ,l ,l -Trichloroethane 0.1 0 0 0 

1 ,l Xkhloroethane 0.028 0 0 0 

Arsenic 0.0037 7.6E-5 1.5E-7 0 

Barium 0.216 0 0 0 

Manganese 0.041 0 0 0 

Total Cancer Risk 2.3E-4 9.5E-5 1.8E-5 

Cumulative Cancer Risk 3.4E-4 

- 

- 

_- 

- 

- 

- 

.- 

- 

- 

.-. 
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TABLE 9-19 
CARCINOGENIC RISKS TO CHILD RESIDENTS - OS-02-WTMA-26 

NAWC, WARMINSTER, PENNSYLVANIA 

Chemical Rep. Cont. 
0-W) 

CA - ING CA - DERM 

Tetrachloroethene 

Trichloroethene 

1 ,l -Dichloroethene 

1 ,l ,l-Trichloroethane 

1,l -Dichloroethane 

Arsenic 

Barium 

Manganese 

Totar Cancer Risk 

0.02 5.7E-6 1.5E-5 

0.11 6.6E-6 8.3E-6 

0.018 5.9E-5 4.OE-6 

0.1 0 0 

0.028 0 0 

0.0037 3.5E-5 4.2E-8 

0.216 0 0 

0.041 0 0 

l.lE-4 2.7E-5 

Cumulative Cancer Risk I 1.4E-4 
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TABLE 6-20 

SUMMARY OF NONCARCINOGENIC RISK 
OFF-SITE WELL - OS-02 - GROUNDWATER - 

NAWC WARMINSTER 

Exposure Route Adult Employee 

Ingestion 4.6E-1 

Dermal Contact 4.1 E-2 

Inhalation NA 

Cumulative Risk 5.OE-1 

Adult Resident 

1.3EO 

1.3EO 

9.7E-3 

2.6EO 

Child Resident 

3.OEO 

1.8EO 

NA 

4.8E 

-- 

- 

- 
TABLE 6-21 

SUMMARY OF CARCINOGENIC RISK 
OFF-SITE WELL - OS-02 - GROUNDWATER 

NAWC WARMINSTER 
.-- 

Exposure Route 

Ingestion 

Dermal Contact 

Inhalation 

Cumulative Risk 

Adult Employee 

6.8E-5 

2.6E-6 

NA 

3.3E-6 

Adult Resident 

2.3E-4 

9.5E-5 

1.8E-5 

3.4E-4 

Child Resident 

l.lE-4 

2.7E-5 

NA 

1.4E-4 

- 

- 

- 
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Because public water supplies must comply with National Primary Drinking Water Regulations (NPDWRs), 

these estimated risks are not expected to reflect exposures to actual current consumers of this water. 

Rather, they indicate anticipated risks for consumption of this water in an untreated state. 

6.7.4.3 OS-03, Lewis Residence Well 

Tables 6-22 and 6-23 display noncarcinogenic risks to adult and child residents for potential exposure to 

untreated groundwater from OS-03. Total HIS for both receptors were less than 1 .O. 

Tables 6-24 and 6-25 display estimated carcinogenic risk increases to adult and child residents for potential 

exposure to untreated groundwater from OS-03. Because the chemicals of concern are not classified as 

carcinogens, the estimated cancer risk increases were zero. 

6.7.4.4 OS-04, Aztec Corporation Well 

Table 6-26 displays noncarcinogenic and carcinogenic risks to adult employees for potential exposure to 

untreated groundwater from OS-04 HIS were less than 1.0, indicating that significant noncarcinogenic 

impacts are not expected. The total cancer risk increase via the ingestion route exceeded 1 E-85 because 

of arsenic, whose individual cancer risk exceeded 1 E-5. The cancer risks did not exceed 1 E-4. 

Ila 6.7.4.5 Exposures to Lead 

As discussed in Section 6.7.3.2, lead was assessed separately because of the lack of an EPA lconsensus 

concerning an WD or CSF. Determinations of lead uptake from drinking water were considered. Potential 

blood-lead level increases were estimated and are discussed below. The only well for which lead was 

selected as a chemical of concern was OS-Ol/Ol D, the Wagner & Sons well. The potential receptors were 

considered to be adult employees. 

F 

For adult residents, the relationship between blood-lead increase and drinking water lead is believed to be 

approximately 0.06 us/dL blood-lead per ug/L lead in water (EPA, 19918). For a representative 

concentration of 467.85 ug/L lead in water, the estimated blood-lead increase would be about 28 ug/dL for 

P+= an adult resident. It is expected that an employee blood-lead increase would be less thain an adult 

resident’s. 

R-51 -2-3-7 
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TABLE 6-22 
NONCARCINOGENIC RISKS TO ADULT RESIDENTS - OS-O&LEWIS 

NAWC, WARMINSTER, PENNSYLVANIA 

Chemical Rep. Cont. HQ - ING HQ - DERM HQ - INHAL 
OWL) 

r 
Barium 0.376 1.5E-1 2.8E-4 0 

Copper 0.041 3.OE-2 5.9E-5 0 

Hazard Index 1.8E-1 3.4E-4 0 

Cumulative Noncarcinogenic Risk 1.8E-1 

TABLE 6-23 
NONCARCINOGENIC RISKS TO CHILD RESIDENTS - OS-OSLEWIS 

NAWC, WARMINSTER, PENNSYLVANIA 

Chemical 
I 

Rep. Cont. HQ - Ing 
I 

HQ - DERM 
(ma/U II 

Barium 0.376 3.4E-1 4.0E-4 

Copper 0.041 7.1 E-2 8.4E-5 

Hazard Index 4.1 E-l 4.9 E-4 

Cumulative Noncarcinogenic Risk 4.1 E-l 

- 

- 
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TABLE 5-24 
CARCINOGENIC RISKS TO ADULT RESIDENTS - OS-OSLEWIS 

NAWC, WARMINSTER, PENNSYLVANIA 

Chemical Rep. Cont. CA - ING CA - DERM CA - INHAL 
b-W) 

Barium 0.376 0 0 0 

Copper 0.041 0 0 0 

Total Cancer Risk 0 0 0 

TABLE 5-25 
CARCINOGENIC RISKS TO CHILD RESIDENTS - OS-03-LEWIS 

NAWC, WARMINSTER, PENNSYLVANIA 

Chemical Rep. Cont. 
O-6) 

CA - ING CA - DERM 

Barium 0.376 0 0 

Copper 0.041 0 0 

Total Cancer Risk 0 0 
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TABLE 6-26 
NONCARCINOGENIC AND CARCINOGENIC RISKS TO ADULT EMPLOYEES - OS-OhAZTEC 

NAWC, WARMINSTER, PENNSYLVANIA 

- 

- 

- 
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No threshold has been defined for effects related to blood-lead increases. The estimated increases at the 

Wagner well are below the concentrations at which effects such as anemia and neuropathy occur (40 ug/dL 

and above) (Doull, et al., 1986). Under 40 ug/dL, some enzymes in red blood cells may be affected (Doull, 

et al., 1986). Lead is also a fairly common environmental contaminant. For men and women, typical 

United Stated blood-lead levels for the years 1976 to 1980 ranged from approximately to 10 to 18 ug/dL 

(Doull, et al., 1986). The estimated blood-lead results seem to fall in an area of potential concern, and the 

carcinogenic potential of lead may be cause for additional concern. It should be noted that the lead result 

in this well is 30 times higher than the Action Level of 15 ug/L, which is used to regulate public water 

supplies (EPA, 1 QQle). 

- 6.7.5 Uncertainty Analvsis 

c- 

C 

There are uncertainties associated with exposure assumptions because not all people weigh 70 kilograms, 

not all people drink two liters of water per day, not all people live at the same residence for 30 years, etc. 

The rationale for each assumption was provided in each table of input parameters. Receptor 

characteristics, such as age and body weight, were based on published values. Every attempt was made 

- 
to use conservative assumptions, except where average values were expected to better correspond to 

reality. 

The chemical-analytical database has some limitations in such areas as sample number and ithe validity 

and representativeness of laboratory results. However, every effort was made to collect samples that 

reflect actual conditions. 

P- 
The chemical-specific parameters such as Koc were either derived from other parameters or measured 

under conditions that may or may not be representative of on-site conditions. Parameters such as vapor 

pressure and solubility were not always obtainable at the desired temperature. 
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-. 
There is uncertainty associated with the RfDs and CSFs. 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 CSF values is generally considered to be conservative 

because the doses are based on no-effects of lowest-observed-effects levels and then further reduced with - 

uncertainty factors to increase the margin of safety. The RfDs and CSFs 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. - 

From a toxicological standpoint, it is not strictly correct to add HQs for a total HI, because RfDs are based 

on effects to varying target organs. However, if the HI is less than 1 .O, this demonstrates that, even when 

this conservative calculation is performed, the noncarcinogenic risk does not indicate a hazard. At this 

study area, for all HIS greater than 1 .O, further assessment was done to determine whether this was due 

to a single chemical or a combination of chemicals and where the combinations of chemicals affected the 

same target organs. 

- 

- 

- 

These models also assumed that chemicals did not interact synergistically (a possible underestimate) or 

antagonistically (a possible overestimate). Degradation was not taken into account; this was generally a 

conservative approach. 

6.6 SUMMARY AND CONCLUSIONS 

6.6.1 Summary 

Findings for off-site wells have been summarized in this section. Discussion of conclusions and 

recommendations specific to off-site wells follow in subsequent sections. 

6.6.1.1 Field Activities 

Four wells were sampled during Phase II. Groundwater samples were analyzed for TCL volatile organics, 

TAL metals (both total and dissolved samples), and cyanide. One sample was also analyzed for TCL 

semivolatiles and pesticides/PCBs. 

- 
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6.6.1.2 Physical Characteristics 

Wiihin 0.25-mile of NAWC Warminster, 44 private homes and three businesses were confirmed to have 

on-site wells. Eight municipal wells were identified within 0.75 mile of the facility. 

Fifty-six percent of private residences and businesses suspected to have groundwater wells within the study 

area responded to the well inventory survey. Assuming that all non-respondents use private wells, the 

maximum number of wells within the approximately 0.25 mile study area would be 91. 

6.6.1.3 Nature and Extent of Contamination 

TCE, arsenic, and lead were detected in the Wagner & Sons well. Arsenic, chlorinated ethenes, and 

chlorinated ethanes were detected in WTMA-26. No organic compounds were detected in the Lewis Well. 

PCE and arsenic were detected in the Aztec well. 

6.8.1.4 Contaminant Fate and Transport 

The major potential migration routes for contaminants detected in off-site groundwater are migration within 

the water-table aquifer, from the water-table to the semi-artesian aquifers, from the semi-artesian to 

artesian aquifers, and further migration within the artesian aquifer. Hydrolysis, biodegradation, and 

dechlorination of chlorinated VOCs are among the potential environmental fates of these chemicals. 

6.8.1.5 Risk Assessment 

Chemicals of concern were selected, based on toxicity, possible relevance to the site, and carcinogenic 

status. Receptors were selected based on known and most probable uses of the wells. 

Noncarcinogenic health effects are to be expected from groundwater ingestion due to TCE at the Wagner 

Well. 

For employees exposed to untreated water from the Wagner well, the cancer risk via ingestion would 

exceed 1 E-6 but not 1 E-4 because of TCE and arsenic. The dermal risk would exceed 1 E-6 but not 1 E-4 

because of TCE. 

R-51 -2-3-7 6-49 



Ingestion of, and dermal contact with, groundwater by child residents and ingestion by adult residents of 

untreated water from OS-02 may pose some noncarcinogenic risk due to TCE. Other potential chemicals 

of conern may combine to produce such a risk actually affect different organ systems (arsenic: skin, 

barium: cardiovascular system, PCE and 1 ,l -DCE: liver). Dermal cancer risks for all receptors would 

exceed 1 E-6 but not 1 E-4 due to PCE, TCE, and 1 ,l-DCE. The ingestion risk for adult employees would 

exceed 1 E-6 and for residents would exceed 1 E-4 because of arsenic, PCE, TCE, and 1 ,l-DCE. The 

inhalation risk for adult residents would exceed 1 E-6 but not 1 E-4 due to 1 ,l-DCE and TCE. Because 

public water supplies must comply with NPDWRs, these estimated risks are not expected to reflect 

exposures to actual current consumers of this water. Rather, they indicate anticipated risks for 

consumption of this water in an untreated state. 

Neither significant noncarcinogenic nor carcinogenic impacts were indicated for residential receptors of 

water from OS-03. Because of arsenic, the total cancer risk via the ingestion route would exceed 1 E-6 but 

not 1 E-4 for employees consuming untreated water from OS-04. Significant noncarcinogenic hazards are 

not indicated. 

-- 

Prior to treatment, MCLs were exceeded for TCE in both the Wagner and WTMA-26 wells, as well as for 

lead and manganese in the Wagner well. For WTMA-26, MCLs were also exceeded for PCE and 1 ,l -DCE. 

8.8.2 Conclusions 

Conclusions developed for off-site groundwater, based on the findings presented, are provided below. - 

6.8.2.1 Data Limitations and Recommendations for Future Work - 

Based on the results of Phase I and II, three significant data gaps were identified for off-site groundwater, 
-. 

including 

l The number of people using residential wells for drinking water and other groundwater uses in the 

vicinity of the facility, particularly those in close proximity to Areas A and B and remaining portions 
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l The nature and extent of off-site groundwater contamination for the overburden, shallow bedrock, 

and deeper bedrock aquifers in the vicinity of Area A and other portions of OU-1 west of Jacksonville 

Road. 

l The potential for other sources to contribute to groundwater contamination found beneath Area A 

and other portions of OU-1 west of Jacksonville Road. 

C 
l The nature and extent of groundwater contamination for the deeper bedrock aquifers in the vicinity 

of Area B due to releases from current NAWC Warminster property. 

e-9 To address these data gaps, additional investigation should be performed to evaluate the number of off-site 

C 

F=- 

residential wells near NAWC Warminster and the specific groundwater uses (e.g., drinking water) of these 

wells. Survey recipients who were suspected to have wells and did not respond to the survey should be 

contacted again. The local county health department should also be contacted. More specifically, the 

residences along Kirk and Newtown Roads are of particular interest. Residents within this area were 

c 

reported by the TRC to have wells, even though many were not included on the list of properties originally 

suspected to have wells. It is recommended that all of the residents along these two roads should be 

canvassed. Another area of interest to the survey northeast of Area A (i.e., the area appiroximately 

between Jacksonville Road and WTMA Well 26). 

While off-site deeper groundwater in the vicinity of the Wagner well presents a potential unacceptable risk, 

current information is inadequate to evaluate remedial alternatives. Additional sampling and investigation 

should be performed, including 

l Installation of additional monitoring wells as needed to define the upgradient and downgradient 

extent of groundwater contamination due to releases from Area A to the overburden, shallow 

bedrock, and deeper bedrock aquifers in the vicinity of the western portion of NAWC Warminster. 

l Review of historical data for off-site or other sources of groundwater contamination in the vicinity of 

the western portion of NAWC Warminster. 

l Research and generation of production information and construction details for off-site wells, 

including the Wagner and Sons, WTMA-26, and Aztec wells. 

R-51 -2-3-7 6-51 *I 



l Generation and analysis of water-level and production data for all on-site wells, including both 

monitoring and NAWC Warminster production wells. 

-_ 

- 

l Hydrogeolgic investigation as necessary to determine deeper bedrock aquifer characteristics and the 

effect of nearby supply wells on groundwater flow directions in the vicinity of the western portion of 

NAWC Warminster. 

. ..“.. 

-- 
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TABLE 5-2 

SOIL GAS SURVEY PI0 READINGS 
DEC. 13, 14, 15, 18, 19, 1989 

NADC UARI4lNSTER, PA 

SITES 1 & 2 

STATION READING Qqm) 

SG-1 ND SG-2 
SG-8 ND SG-9 
SG-15 ND SC-16 
SG-22 ND SC-23 
SG-29 ND SG-30 
56-36 ND 56-37 
SG-43 ND SG-44 
SG-50 ND SO-51 
SG-57 ND SG-58 
SG-64 ND . SO-65 
SG-71 1 SG-72 
SG-78 ND 

cn 
cb STATION READING (ppa) 

SG-1 ND SG-2 
SC-8 ND SO-9 
SG-15 no readirrp SG-16 
SG-21 

STATION 

SG-1 
SG-8 
SG-15 
SG-22 
SG-29 
SG-36 
SG-43 
SG-50 
SG-57 
SG-64 

ND - SO-22 

READING &fan) 

ND SG-2 
1.5 SG-9 
ND SG-16 

i"5 
SG-23 
SG-30 

ND SO-37 
ND SG-44 

if: 
SG-51 
SG-58 

0.2 SG-65 

ii 
ND 
1 
ND 
ND 
1 
ND 

iDs 
NO 

:Fl 
ND 
ND 

SG-3 
SG-10 
s-17 
SG-24 
SO-31 
SG-38 
SG-45 
SO-52 
SO-59 

:::ti 

SG-3 
SG-10 
56-17 
so-23 

SG-3 
SG-10 
SG-17 
SG-24 
SG-31 

2:E 
SG-52 
SG-59 
SG-66 

ND 
ND 
ND 
1 
ND 

:!I 

:5 
0.5 
ND 

ND 
ND 

& 

STATION 

SG-4 
SG-11 
SG-18 
SO-25 
SG-32 
SG-39 
SC-46 

:z: 
SG-67 
SG-74 

STATION 

SG-4 
SG-11 
SC-18 
SG-24 

STATION 

SG-4 
SO-11 
SG-18 
SO-25 
SO-32 
SG-39 
SG-46 

~::~~ 
SO-67 

READING @pm) 

II: 
SG-5 
SO-12 Hi 

ND SG-19 ND 
ND SG-26 ND 
ND SG-33 1 
ND SO-40 ND 
ND SO-47 
1 SC-54 :8 
ND SG-61 
ND SC-68 r5 
0.5 SG-75 Ni 

SITE 3 

READING @in) 

1 SG-5 

:: 
SO-12 :i 
SG-1M 1.5 

ND SO-25 ND 

SITE 4 

READING Qqxn) 

0.25 SG-5 
0.6 SG-12 

Es 
SO-19 
so-26 

ND SG-33 
ND SG-40 
ND SG-47 
ND SG-54 

SG-61 
SO-68 

ND 
ND 

A 25 
Ni 
11 

!!5 

SG-6 
SO-13 
SO-20 
SC-27 
SG-34 
SG-41 
LG.48 
SG-55 
SO-62 
SC-69 
SG-76 

SG-6 
SO-13 
SC-19 

SG-6 
SG-13 
SG-20 
SG-27 
SG-34 
SO-41 
SO-48 
SG-55 
SG-62 
SG-69 

ND 
ND 

1: 
ND 

II: 

& 
0.8 
ND 

ND 
ND 
ND 

STATlOll 

SG-7 
SG-14 
SO-21 
SO-28 
88-35 
SG-42 
SG-49 
SG-56 
SG-63 
SO-70 
So-77 

STATION 

SG-7 
SG-14 
SG-20 

STATION 

SO-7 
SG-14 
SO-21 
SG-28 
SO-35 
SG-42 
SG-49 

::2 
SO-70 

READING (p&m) 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
I ND 
ND 
ND 

READING (@I) 

ND 
ND 
ND 

READING (ppn) 
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TABLE 5-2 (CDNT.) 

SOIL GAS SURVEY PI0 READINGS 
DEC. 13, 14, 15, 18, 19, 1989 

NADC UARIIINSTER, PA 

E========== -------- =ttPtt=IIIID=liDil=5--==-==--------=======================--- ---0=5===II=E====ED==========t 

SITE 4 WNT.) 

STAT ION READING Q+III) STATION READING (Ppn) 

SG-71 
SG-78 
SG-85 
SG-92 
SG-99 

0.25 SC-72 

:i 
SO-79 
SO-86 

ND SG-93 
ND 

ND 

ii 
ND 

SG-703 
SG-80 
SO-87 
SG-94 

ND 

ii 
ND 

a-74 
So-81 
SO-88 
SG-95 

ND SG-75 ND 
ND SG-82 
ND 56-89 zi 
ND SO-96 ND 

STATION 

So-77 
SG-84 
SG-91 
SG-98 

READING @pm) 

ND 

i: 
ND 

SG-76 
SG-83 
SG-90 
SO-97 

ii 
ND 
ND 

SITE 5 

STATION READING Qqxn) STAT ION READING (ppn) STATION READING @ia) 

s-1 
s-8 
se15 
SG-22 
SC-29 

Hi 
SG-2 
SG-9 

If: 
SG-16 
So-23 

ND SO-30 

if!4 
0.5 
ND 
ND 

s-3 
SG-10 
SO-17 
SG-24 

ii 
ND 
ND 

SG-4 
SG-11 
SG-18 
SG-25 

ND SG-5 0.5 
ND SO-12 ND 

SC-19 1 
SO-26 ND 

SG-6 
SG-13 
SC-20 
SG-27 

Ifi 
ND 
ND 

SG-7 
SG-14 
SO-21 
SO-28 

SITE 6 

STATIDN READING @pm) STAT ION READING (ppn) STATION READING @pm) 

SG-1 
SG-8 
SG-15 
SG-22 
SG-29 
SG-36 
SC-43 
513-50 

ND SG-2 

:"D 
SO-9 
SG-16 

t:: 
SG-23 
SG-30 

r3 
SG-37 
SG-44 

ND SO-51 

0.2 

::2 

Ill 

SG-3 
SG-10 
SG-17 
SG-24 
SG-31 
SG-38 
SG-45 
SG-52 

0.2 
ND 
ND 

:::5 

ii-: 
014 

SC-4 
SG-11 
SG-10 
SG-25 
SC-32 
SG-39 
SG-46 
SG-53 

i-t 
SG-5 

1:7 SO-19 SO-12 iD3 0:2 

0.4 SO-26 1 SG-33 I:: 

t3 
SO-40 
SO-47 t:: 

0.6 

SG-6 
SO-13 
Se-20 
SO-27 
SG-34 
SO-41 
SG-48 

SG-7 
SO-14 
SG-21 
513-28 
SG-35 
SO-42 
SG-49 ND 
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TABLE 5:2 (CDNT.) 

SOIL GAS SURVEY PID READINGS 
DEC. 13, 14, 15, 18, 19, :989 

NADC UARMNSTER, PA 

STATIGN 

s-1 
SG-8 
SG-15 
SG-22 
SG-29 

STATIDN 

SG-1 
SG-8 
SG-15 
SG-22 
SG-29 

READING (pp~) 

0.4 SG-2 

F!5 
SG-9 
SO-16 

ND 56-23 
ND SC-30 

READING (p&m) 

8:F 
SG-2 
SG-9 

f2 
SG-16 

012 
SG-23 
SO-30 

Zf 
ND 
ND 
1.5 

i:: 
t*z 
014 

SG-3 
8G- 10 
SG-17 
SG-24 

SC-3 
SG-10 
SG-17 
SG-24 
SG-31 

ND 

ii 
ND 

0.3 

o"4 
Nli 
ND 

SITE 7 

STATIDN READING (~1 

58-4 SG-5 
SG-11 11: SO-12 tf: 
SG-18 ND SG-19 
SG-25 ND SG-26 r4 

SITE 8 

STATION READING (ppn) 

SG-4 0.2 SO-5 65 
SG-11 

f"2 
SG-12 

SG-18 
SG-25 012 

SG-19 iD2 
SO-26 0:2 

SG-32 ND SG-33 ND 

SG-6 
SO-13 
SO-20 
SG-27 

SG-6 
SO-13 
SO-20 
SO-27 
SC-34 

STATION READING Qpa) 

is 
* SG-7 ND 

SO-14 
ND SO-21 :5 
ND SO-28 ND 

STATIDN READING @fan) 

162 SO-7 

x.4 
SO-14 I:! 
SG-21 

r3 
SG-28 :-a 
SG-35 Nli 
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TABLE 5-C 

CONflRlUTIDN SOIL BORING SIRMARY 
RI STAGE I 

NADC UARHINSTER, PA 

Abbrevistions: f - suspected fill U = Uood fragments 
GL = Glass II = Pieces of Metal 
CI = cinders C = Pieces of Ceramics 

f = trash B = Brick frrgmcnts 

PI0 
Boring # locat ion Depth Ueste Encountered (Pm Observations 
._______-_---_-__-______________________---.-..--...---.------------------..-----..--.-.---------------.---------------- 
Sl-1 
Sl-2 
Sl-3 
H-4 
Sl-5 
Sl-6 
Sl-7 

Sl-a 

7 
‘ 

;;3 
Sl-9 
Sl-10 
Sl-11 

Sl-12 

Sl-13 

Sl-14 

Sl-15 

sl-16 

51-17 

Sl-18 

Site 1 
Site 1 
Site 1 
Site 1 
Site 1 
Site 1 
Site 1 

Site 1 

Site 1 
Site 1 
Site 1 

Site 1 

Site 1 

Site 2 

Site 2 

Site 2 

Site 2 

Site 2 

D-10' 
o-i0’ 
O-10' 
O-10' 
O-t-5' 
O-6.5' 

;:;: 

;:i'p 
6.517' 
7-10' 

8:;: 

I::;, 
O-6' 
6-10' 
O-2' I 

None 
None 
NOM 
None 
None 
f 
None 
f 
None 
None 
Cl 
None 
None 
None 
f, Cl 
None 
f, Cl 
None 
f, Gl, CI 
GL, Cl 
Cl 
None 
f, Cl, GL 
CI, c 
None 
f 
C, Cl, f 
f, Gl, Cl 
None 
I, n 

ND 

r&L 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

Ilt 
ND 
ND 
ND 
ND 
ND 

:I: 
ND 

!X 
ND 
ND 
ND 
ND 

i; 
ND 

Soil slightly denp 

Nit coqaetent bedrick at 7.5' 

Nit competent bedrock at 9' 

Hit c-tent bedrock at 8' 
Nit c-tent bedrock at 8' 

Hit c-tent bedrock at 7' 

Abundant glass 

Hit cospetent bedrock at 7' 

9522:PBTlH.UP/l 



TABLE 5-6 (COWT.) 

CDNFIRHATIDN SD11 BWNG SUMNARY 
RI STAGE I 

NMC UARHINSTER, PA 

PI0 
Boring # Locrtion Depth Uaste Encountered (ppl) Observations 
---------------_--------------------------------------------------------------.--------------.-------------------------- 
Sl-19 Site 2 ND 

ND 
Nit c-tent bedrock at 9' 

Sl-20 
81-21 

Sl-22 

Site 2 
Site 2 

Site 2 
!E 
ND 
ND 
ND 

Sl-23 Site 2 

;::: 
6-9' 
O-10' 
O-7' 
I-10' 

g:: 

;I;;, ND 
ND 
ND 

Soil NBS damp at 9' 

Sl-24 Site 2 

g:;, 
7-9' 
9-10' 

8:;: 
G-10' 
O-7' 
7-10' 

t:",: 
7-10' 

;::;, 
O-10' 

;:;: 
7-10' 
O-l' 

;:f: 
G-8.5' 
O-10' 

;::;, 

U 
f 
NOit0 
Cl 
NOM 
IX, B 
None 
f, GL 
n 
f, Cl 

:: 
f, Cl, n 

: 
Cl 

ND 
ND 
ND 
ND 

& 

1: 
l-10 

4 

:: 

Sot1 uas denp at 9' 

U, C, GL 
f Sl-25 

Sl-26 

Site 2 

Site 2 
Cl, u 
f, n 
f, Cl 
f, 
CI 
None 

Soil was wet belaw 7' 

Soils biera danp Sl-27 

Sl-28 
sz-1 

Site 1 

Site 2 
Site 2 

NOna 
F 

ND 
ND 

1: 
1: 

i1, It, B, GL 
None 
f 
None 
f, Cl, c, 8, n 
n 

: 
f, U, GL 

s2-2 

s3-1 

S3-2 
s3-3 

Site 2 

Site 3 

Site 3 
Site 3 

fill fras O-1' is part 
of the parking tot 
Auser refusal at 6.5' 1-2 

ND 

2% 
5-20 

9522:PBTlM.UP/2 



TABLE 5-4 (CONT.) 

CONFIRHATION SOIL BORING SUUURY 
RI STAGE I 

NADC UARHINSTER, PA 

PI0 
8orinR II Location Depth Uaste Encountered (pp110 Observations 
__--_.___-______________________________--------------- --__-______._--_-_--____________________--.---------------------- 

s3-4 

s3-5 

53-6 

s3-7 

SC-1 

Sb-2 
Sb-3 

Sb-4 

SC-5 
54-6 
54-7 

Sb-8 

s4-9 
SC-10 
Sb-11 

Sb-12 

SC-13 

ss-1 

SS-2 
ss-3 

Site 3 

Site 3 

Site 3 

Site 3 

Site 4 

Site 4 
site 4 

Site 4 

Site 4 
site 4 
site 4 

Site 4 

Site 4 
Site 4 
Site 4 

Site 4 

Site 4 

Site 5 

it:: : 

: u Cl, GL 
F; ci 
F 
i, u 
F 
None 
F 
None 
F 
None 
None 
F 
None 
F 
None 
None 
None 
F 
u 
F 
None 
Nona 
None 
F 
None 
F 
n, T 
F 
U, H, GL, T 
F 
Fr n 
None 
F 
None 

11: 
ND 

1 

II: 
ND 
ND 

II! 
ND 
ND 
ND 

tf: 
ND 
tiD 
ND 

:: 
ND 
ND 

ii 

e: 
ND 
ND 

:: 

l?O 
ND 

:i 

.One plastic bag at 5' 

Nit c-tent bedrock at 7' 

Nit cospetent bedrock at 8' 
Nit cmpetent bedrock et 5' 

Soil uas uet at 9' 

Nit Mater at 4' 
Auger refusal at 6' 
Auger refusal at 4' 

9522:PBTlMM/3 
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TABLE 5-4 (CGNT.) 

CDNFIRHATIDN SOIL BORING SWMARY 
RI STAGE I 

NADC UARWINSTER, PA 

PI0 
RorinG # Location Depth Uaste Encomtered (ppis) Observations 
_____I_________________________________I--.--------------------------.-------------------------------------------------- 
ss-4 

ss-5 

SS-6 

ss-7 

SS-8 

ss-9 

ss-10 

s7-1 

S7-2 
s7-3 
SI-4 
Sf-5 
SI-6 b 
87-7 
s7-8 
Sf-9 
s7-10 
SI-11 
S7-12 
SI-13 
Sl-14 

Site 5 

Site 5 

Site 5 

Site S 

Site 5 

Site 5 

Site 5 

Site 7 

Site 7 
Site 7 
Site 7 
Site 7 
Site 7 
Site 7 
Site 7 
Site 7 
Site 7 
Site 7 
Site 7 
Site 7 
Site 7 

O-l' 
l-4' 

g: 

;:y;, 

t::;, 
O-S'. 
S-10' 

i::;, 

;::;, 
O-7' 
7-10' 

i:;: 
O-6' 
O-10' 
O-IO' 
O-10' 

I-ii' - , 
O-10' 
O-10' 

t:;;, 
O-10' 
O-10' 
O-10' 

iL GL 
Nine 
F 
None 
F 
F, n 
None 
F, GL, H 
None 
F 
None 
f. k U 
NOM 
F 
None 
F 
None 
None 
NOM 
NCfle 
None 
NOW 
NOIW 
None 
None 
NON 
NOM 
NOM 
None 

ND 

ii 
ND 

l"% 

i: 

iii 
ND 
ND 

II: 

1: 
ND 
ND 
ND 
ND 
ND 

Ifi 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

. Auger refusal at 7' 

Hit uater at 4.5' 

Hit c-tent bedrock at 7' 
Hit c-tent bedrock at 6' 

Hit conpetent bedrock nt 9' 

%22:P8TlIWP/C 





AS-BUILT ORAWING . 

CHECKLIST 

Land Surface Elevation 3Cz.S' 

Casing Height Abowe L-S -,I?' 

Total Depth BoQcrad0&~~9 

Borehole Diameter G"oD 

Casing Diameter Z!@/b 

Casing Thickness dJ/fi 

Casing Lengths 84' 

Screen Data 

Material Smhus 
Oiameter Z"l0 
Slot Openings /oJcpdfl~. 
Settings ;I.G'- x9*6~ 

Centralizers &oat. 

Grout Type %~-J~.= 

Gravel Pack: ::; 

K-Fittings a- 

Packers 'Jo* 

Cement Baskets-a. 

Rig 

Dril 

JRE-690/03-b 



ASSOCIATES, INC. 
~WUlS0kOlh.MtLURVMWSPlCQ 

WELL- LOG 

PROFILE DESCRIPTION 

STATIC DEPTH TO WATER O&Y #AwE 

DATE MEASURED 7/15/9t // 9/p/a 

PUMPING DEPTS TO WATER - 
TEST DURATION ' - 

PUMPING RATE 
,TEST OATE 
TEST TYPE 

PUMP SETTING 
SPECIFIC CAPACITY 

ROlAR!'!S 



. . 

CHECKLIST 

I l i 

Land Surface Elevation 3il.a 

Casing Height Above L-S LILY' 

Total Depth &&w~+~&,$#cd 

Borehole Diameter 6*0.?0 

Casing Diameter i?“fD. 

Casing Lengths 

Screen Data 

Material :Fnlh@S 
Diameter '~"1.0. 

Slot Openings Ios~/fl~ 
Settings j7.53'. 13 t3 

Grout Type fiwd#a 

Gravel Pack SiLli&. 

Rig Type M0Otid d-56 

Dri'ller LARRY &c&?- SCr 

Supervisory 

JRB-600/03-b 



WELL- LOG 

PROFILE DESCRIPTION 

PUMP TEST OATA 

12.2 l f37;pJ. STATIC DEPTH TO WATER - 

DATE MEASURED 7//e 192 

PUMPING DEPTH TO WATER 'E*r' '3rcpu 
TEST DURATION ' - 

1 PDHPING RATE - 
TEST DATE - &*a- w9/et 

TEST TYPE 
PUMP SETTING 

* <' . Ola&, 

SPECIFXC CAPACITY 



1 

CHECKLIST 

Land Surface Elevation 37.8 

Casing Height Above L-S 0-f 

Total Depth 19.i’ 

Borehole Diameter 6*0.0. 

Casing Diameter z”f.~. 
. . VW* 

Casing Lengths I$#' 

Screen Oata 

Material %fiiw~~S 
Diameter *z'(r.o. 
Slot Openings 10 zLm/rrrr 
Settings ,w.&- ~95' 

Grout Type Po~~~~O 

Gravel Pack Sica4A. 



1 
E 

- 
4 

PROFILE DESCRIPTION 

WELL- LOG 



CHECKLIST. 

Land Surface Elevation 310.0 

Casing Height Abwe L-q-.rC) 

Total Depth lI7.9' 

Borehote Diameter bdo.D. 
Casing Diameter t"LD. 

Casing Lengths /Z-PC/' 

Screen Data 

Material STfiwm 
Diameter 2”r.o. J* 
Slot Openings /oSqflfl 
Settings ff.P-r3.Y' 

Grout Type Poe-0 

Gravel Pack SkIhA. 



ASSOCIATES. INC. 
wOW-OfiW.MtLUR~Zlo1 

WELL- LOG 

PROFILE DESCRIPTION 

ROLE DIAMETER 6 "da 

HOLE DEPTH 
* *f . 

CASING DIAMXTXR 2 x 1.0. 

CASING LENGTN /z.tu* 

SCREEN DIAMETER 2” 1.0. 

SCREEN SETTING /7.7'- /3-y* 

SCREEN SLOT/TYPE /o- sLe/#&d*M* (t.r~hs 

smifuss smoc '9 o-*HuseuJ) 

PUM‘P TEST DATA 

STATIC DEPTX TO WATER es . 4?4.27 

DATE MEASURED 7/24mz // 9/9/e? 

PUMPING DEPTH TO WATER 5-c 

TEST DURATION '- - 

PUMPING RATE - 

TEST DATE 7/26/bt - 7/9/os 

TEST TYPE A&L mP- 

PUMP SETPING /f' 

SPECIFIC CAPACITY S-P? &acJ~ 







7 

CHECKLIST 

Land Surface Elevation332.4 

Casing Height Above L-S-,32' 

Total Depth /O' 

Boreho e Diameter 6*0.% 

Casing Diameter Z"L.O. 

Casing Lengths 528' 

Screen Data 

Material S?Riwm 
Diameter 2”t.e. 
Slot 0penings.B Sm/yY 
Settings 7.%4-s& 

Grout Type fo~~fi~o 

Gravel Pack SiclGA. 
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ASSOCIATES, INC. WELL- LOG 

PROFILE DESCRIPTION 

. 

FIELD BOOK NO. 5 PAGES u 9-L’C 

WELL DATA 

ROLEDXAMETER & f'@.o. 

HOLE DEPTI /u ' 

CASXNC DIAMETER 2 z 1.3. 

CASING LENTN C.28' 

PUMP TEST DATA 

STATIC DEPTH TO WATER 

DATE MEASURED 
,,*;= 

/ 

PUMPING DEPTH TO WATER 5-s 

TEST DURATION ' - 

PUMPING RATE - 
TEST DATE 
TESTTYPE /aeL ms- 

PUMP SETTING 
*i* 

SPECIFIC CAPACITY 54e /Zrssrr7-: 





PROFILE DESCRIPTION 

WELL- LOG 

STATIC DEPTH TO WATER 7‘?//Q-n 

DATE MEASURED 7k.T.4f.z // 9/%4FZ 

PUMPING DEPTH TO WATER 

TEST DURATfON ' - 

PUNPING RATE - 

TEST OATE 9'+f/r ' 
TEST WE b&k I;rsy 

. 
PUNP SETTING 
SPECIFIC CAPACITY Sk c /is ,!fe/' I 





WELL- LOG 

PROFILE DESCRIPTION 

. 

ROLE DIAMETER 6 "@.a 

ROLE DEPTH 
/& 0 

ULSING DIAMETER 2 * /.a 

CASING LENGT?I /o. 3/’ 
SCRSEN DIAMETER 2” I.D. 

SCREEN StTTING /s ‘- NO- 7’ 

SCREEN SLOT/TYPE /o - sL’kF/#j&mn$s4. (242.rZ’ 

52))rbuss S7wQb ‘- ~&$8s~> 

PUMP TEST DATA 
STATIC DEPTH TO WATER se./3 /j&c, 

DATE WUISURED 7/2’5/8l/;’ 9/‘9&? 

PUMPING DEPTH TO WATER ale- 

FEST DURATION ' - 
- 

PUMPING RATE 

PEST DATE F/7/?? 2 
PEST TYPE &A+i - 

?UNP SETTING ff ' 

WECCfPfC CAPACITY SF &0/uv/T~ 



c. 
TABLE F-l 

DRILLING AWINISTRATION 

voject: Naval Air Development Center 
Project No. 214-838 

( \.. 

Well SMP#i &k-LLL bi 

rell Contractor: Rollin Raab & Son 

kldres s : Warwick, PA Phone: 343-1277 

lame of Driller: Dick Raab Helper(s) Harry Zirmrerman 
BU 

Lig: Number Nat Denver-Gardner Node1 Length: 20’ 

kference Point: Top of Outer Casing = 311.1*1 MSL 

basing 5 Grouting Sunmary 5" of sand at bottom of hole 5' of 4" Johnson stainless steel 
:Amounts,Lcfrgths,diamcters)dfS well screen threaded to 35' of 4" threaded steel casing. 

Top of casing is 2' above around level. 

Diary of Drilling 

Time 

10:30am 
11:25am 

12:3Opm 

!:30 pm 

pm 

What Was Done C (Problems if Any) 

rilling started. 

'ale completed at driller's 40'. Drilling produced no flow 
lhen blown. Allowed well to stand for one hour. Static 
later level was then about 10’ below top of casing. 

our bags of sand used to pack bottom 10’ of casing and 
'creening. 2.5 gals. (25 lbs.) bentonite used to make a 50" 
,eal (Volclay Tablets). Four bags of sand and 4 bags of cemen 
sed to grout hole to the surface. 

.5' of 6" protective steel casing set 1.5’ into concrete 
round 4" steel casing. 

temperature = 13.75OC 
specific conductivity = 1000 mnhos 

Cuttings: 

Geologist: J. Roberts 
Other Persons on stte: C. Miller 

. ' 

Weather 

50, hazy 



( ( : . C: .: 

WALTER B.SAHERlHWAlTEASSOUA~, INC 

TABLE F-2 

Well No.: SMP-1 (WELL b) 
Drilled: 2/23/84 

DEPTH 

O-6 

6-7 

7-10 

10-17 

17-22 

22-27 

27-31 

31-35 

DESCRIPTION 

Brown to yellow clay, red silty soil. 

Fine-grained brown to red sandstone. 

Purple to brown, fine-grained sandstone to siltstone, highly weathered. 

Reddish-brown to purple, medium- to fine-grained sandstone, darkening 
downward, biotite present. Moist zone at 15’. 
Red to brown, medium-grained sandstone, purple medium-grained 
sandstone. Moist zones at 20 and 22 ft. 

Same as above with little brown to buff, medium-grained sandstone. 

Medium-grained, purple sandstone, some medium-grained white to buff 
sandstone, little fine-grained dark purple sandstone. 

Same as above with little brown to yellow, medium-grained sandstone. 

F-4 
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Pro jtct 

c * 
TABLE F-3 

DRILLING ADMINISTRATION 

Naval Air Development Center 
Project No. 214-838 

t 

well SMPX2 

well contractor:Rollin Raab & Son 

Address: Warwick, PA Phone:343-1277 

Name of Driller: Dick Raab fielptrts) Harry fimnerman 
Bd.r 

Rig: Number nake Denver-Gardner Model Length: 20’ 

Reference Point: Top of Outer Casing = 317.30'MSL 

Casing 6 Grou+ing Sm 5' of #l5 stainless steel Johnson well screen (4, dia.) set 
(knounts,Lehgths,diametcrs)6" off bottom of hole. Threaded to 36' of 4" steel casln 

ove ground level. Eight bags of sand used to pack hole up to 20'. 2.5 gals. bentoni?e 
2.5 

maoe 30" seal. 

Ite 

ii- 

23 

24 
24 

24 
24 

24 

Time 

3:30 pm 
4:15 pm 

10 am 
11 am 

11:3oam 
11:45 a 

12:30 p 

C 
0 
c 
C 
e 
1 

k 

at 

R 

Diary of Drilling 

What Was Done 5 (Problems if Any) 

Irilling began. 

Irilling completed to 40'. No water standing in bore hole. 
Iriller decided to let hole sit overnight. 

Iriller arrives 

legan blowing well. Much water produced at first. Well deve- 
oped for 30 mins. producing roughly 3 gpm. 

lell standing for one hour. 

emperature = 150C 
;pecific conductivity = 340 rmnhos 

2.5 bags of cement used to grout hole to the surface. 5' of 
6" protective steel casing set at 2.5'. Locking cap installe 

Cuttings: 

Geologist8 J. RobertsC. Miller 
Other Persons on Site: 

7qg- 

I 

c-c .---. --- 

Weather 

,5o, rain 
apering off. 
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WALTER 8. SA7TERlHWAlTE ASSOUATU, INC 

TABLE F-4 

Well No.: SMP-2 
Drilled: 2/23/84 

DEPTH 

o-2 

2-6 

6-8.5 

8.5-16 

16-20 

DESCRIPTION 

Yellow to brown clayey soil 

Dark red clayey soil 

20-23 

Same as above with highly weathered red siltstone fragments. 

Reddish brown to purple fine-grained, weathered sandstone to siltstone. 

Red siltstone, some medium-grained purple sandstone and fine-grained 
dark gray sandstone. 

Reddish-brown fine-grained sandstone, some purple to brown medium- 
grained sandstone. 

23-30 Purple, fine-grained sandstones to siltstones. 

30-33 Same as above with little medium-grained brown to yellow sands%one. 

33-37 Brown to purple, medium-grained sandstone darker with depth. 

37-39 Light purple to gray medium-grained sandstone. 

___ f- 6 
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SW-MARTIN Geologist's Log 

Test Well #l - Drilled 10/16/80 
(smr - 0 

Depth Description 

o- 10 Reddish-brown silt, minor clay (soil). 
lo- 15 Fine-grained reddish-brown weathered sandstone. 
15- 25 Brownish-red, fine-grained micaceous sandstone, 

minor calcite. 
25- 35 Reddish-brown micaceous siltstone. 
35- 45 Reddish-brown shale. 
45- 55 Fine-grained reddish-brown to gray sandstone, 

minor feldspar. 
55- 60 Fine-grained reddish-brown to gray sandstone, 

arkose. 



Test Well #2 - Drilled 10/16/80, 10/17/80 
(SW- 2) 

Depth 

o- 10 

lo- 25 

25- 35 
35- 45 

55- 60 

60- 65 

65- 75 

75- 85 
85- 95 

95-105 
105-120 
120-125 
125-135 
135-155 
155-165 

165-180 

180-185 
185-195 
195-205 

205-210 

210-215 

215-225 

225-245 

245-255 

255-265 

265-275 

275-285 

Description 

Reddish-brown silty clay soil, some weathered 
shale fragments. 
Very fine-grained reddish-brown shaley sandstone 
with some mica. 
Reddish-brown siltstone, some mica. 
Reddish-brown shale with some fine-grained 
sandstone, minor mica. 
Fine-grained reddish-brown shaley micaceous 
sandstone. 
Fine to medium-grained gray to reddish-brown 
sandstone with minor calcite. 
Medium-grained brownish-red arkosic sandstone,, 
some larger quartz and feldspar grains. 
Medium-grained brown arkosic sandstone. 
Fine-grained gray to brown sandstone, some 
feldspar, some brown siltstone. 
Gray shale, some brown micaceous shale. 
Fine-grained, brown arkosic sandstone. 
Fine-grained, grayish-brown arkosic sandstone. 
Reddish-brown micaceous shale. 
Fine-grained brown arkosic sandstone, minor mica. 
Fine to medium-grained arkosic sandstone, minor 
mica, minor calcite. 
Medium-grained brown to gray arkosic sandstone, 
minor biotite. 
Reddish-brown shale. 
Brown to gray medium-grained arkosic sandstone. 
Medium-grained gray quartzose sandstone, 
minor calcite. 
Medium-grained gray to brown sandstone, minor gray 
shale, minor calcite. 
Medium-grained gray quartzose sandstone, minor 
calcite. 
Red-brown shale, minor calcite, some gray quartzose 
sandstone. 
Medium-grained gray quartzose sandstone, minor 
feldspar, some gray and red-brown shale. 
Dark reddish-brown shale, some gray sandstone, 
minor calcite. 
Dark reddish-brown to gray fine-grained sandstone, 
some feldspar, mica. 
Reddish-brown shale, minor calcite. some fine-grained 
sandstone. 
Medium-grained gray quartzose sandstone, minor 
feldspar, minor biotite. 





PROJECT 

LOCATION 

NELL NUMER 

SURFACE ELfiV. 

Open Hole: OIA 

6 fr CASING: DIA’ mGM 0-/7a 65 ’ 

DRUNG COMPANY CL ” G@-&- DRUJNG MRHOO 

DESCRIPTlON / SolL CfASnRCATlON h--1 
(COLOR. TEXTURE, S7RUCNRE.S. 

MOlSNFtE. OVA READING) 



‘75 
i! ND \ \ 

DESCft!PTION / SOli CLASSflCATlON (U.S.c.s) 
(cDL~~sn?ucNREs. 

UOlS7UilE; OVA REMING) 



SMC ENVIRONMENTAt SERVICES GROUP DRUGLO 

LOCATION Sl’te 2 

m NUt,kR %- 12 TOTAL DEPTH 

SURFACE ELN. / WAT. LEV.: INIT. Ldw~me~,ccej -6-m 

6 <* 
Open Hole: DIA. LENGTH /E(-75’ 

CASING: DIA 

DRILLING- COMPANY 

ORLLER K hfm 

DEscRIP7loN / SOIL clAsslIRcA7loN (U.S.C.S.) 

(COLOR;. TMNRfe S7RUCNRES. 
UOlSlURE. OVA RE’DING) 



R 

- 

C 



0ESCRlPTlOt-J / SOIL CUSSlflCAllON (fJ6-c es-) 
(COLOR. TDCNRE. StRUCNRES, 

UOSIURE. OVA READING) 



, 
a3 SMC ENVIRONMENTAL SEWICES GROUP DRILLING LOC I 

PROJECT 

LOCATlON Si’+e 6 W.O. NUUBfR q7/p-%~ol 

m NUMBER DG- 1% TOTAL DlIPTii 27 ’ DIAMrn 6 ” 

SURFACE ELI%. 
/ WAT. LEV.: INIT. 26. 20’ 

Open Hole: DIA 6 ” LENGTH z2-ni SLOT d!!+ 

CASING: DIA. 6” LENGTH o-22' 

DRILUNG COMPANY c* 5. G&er DRILlmING METHOD NOTES 

3 
0 I 
4 
8 

DESCRIPTlON / !%OtL ClASSlFiCATKJN (d.S.C.5) 
(COLOR, TMTURE, STRUCTURES. 

UOISTUIURE, OVA READING) 



SMC EW~IRONL~ENTAL SERVICES GROUP 

PROJECT iv#Dc 

LOCATION St-+‘2 6 . W-0. NUMBER 9 Xl?-L’jOClOI 

WEIR. NUMBER PC- 1 9 -TOTAL DfIPTH DlAMETER ’ 6 “ 4 7 ’ 
/ WAT. LEV.: INIT. Ljs 

w/3 
SURFACE UEV. m 17*os’ 

- 

f 
E 

ii a 
- 
. 
. 

. 

41 

- 

: l 

. : 

: : 

: : 
i 

’ 1 
: ; 

f . . 

DRILLING LOG 
-I SKEKli MAP __ main Punw*Y- 

DE!~CJW’TION / SOIL CUSSlflCATlON (v..s.C.S) 
mloR. TEXTUW sn?ucTuREs. 

MaSNRE. OVA READING) 



/ 

@ 
SMC ENVIRO~fi SEWKXS GROUP DRILLJNGIA 1 

CASING: DIA. 6 ” 

DRUJNG COMPANY ‘*St b 

DRILLER E, Wllin ms 

DESCRIPTION / SOIL ClASSlflCAlKON ( g*$ c* 5.) 
(COLOR. mRE. SIRUCTURES. 

WDtSNRE. OVA READING) 

PAGE 1 ..o= 1 



0EscmPnoN / xn~ ~SsmcAnw (us. c-s) 
(COlCR TEXIUE STRWXURES. 

UOlS7URf, OVA READING) 

L__. 
I 

PAGE F ..O’ I 



DESCRIPTION / !5tX cLAss1FlCATlON 
(CUR. D(NRE. S’IRUC7fURE-S 

MOISNRE; OVA REMING) 



DEsCRIPllON / SaL C&AsslfiCA-mN (0.sc.s.) 

@oloR TMNRE. slRwluREs. 
WoImRE. OVA READING) 



/ 

@ 
SMC ~‘YIRoKMENTA~ SERYICES GROUP DRI.UINGU 

SKETCH MAP ., 

PROJECT A&DC OWNER Af &by 

LCCATlON s& 2. 

-x e--.x --x w ,EJk ( 

. W-0. NUMBER “7 jw-rlma/ ok26 e-34. -L .--OOG-12 

WLl NUMBER $G- 26 TOTAL DEPTH l5-J.5 ’ $ ” 
- - wa,tec i045 

DIAMTER 

CASING: DIA. q ” LENGTH o-/of PE PVC 

DRIUlNG COUPANY ct.5 Gczcb * DRlUlNG hEl%iOD 

8 
z 

!i 
$ 
s 

+ . b I 
r ’ 
f ;r 
5 I 
I - 
‘. 
.-. --. * ,. 
.= .= 
.-, *-, , - . -. - 
.-I , - * 
;= . 
-. - . ’ -. -- -’ *-. I - I -- - . . 

DEStXtIPTlON / SCXL UASSiflCA’IBCN b%‘> 
(COLOR. TMNRE. STRUCTURES:, 

Uo(S7URE. OVA READING) 

_ .-.. -. PACE 1 ,_ o= z 



,,/yi WEi NUMBER OTAL DEPTH 

* L 

I’ 

0&3ER 
.:i; ..‘. 
...I ,.I 

SURFACE EEV. / WA% LEV.: INIT. .’ 2-GHRS 

* -.q 
j -“i SCREEN: MA 
I_,.. 

,/ LENGTH .” SLOT SlZE 
/ 

“13 
i /*’ 

(.,:-. CASING: OIA LENGTH /’ TYPE 
i : .’ 

1 j ORJUING COUP& 00 NOTES 2”” P?%E T=J-fz 

- ;’ 
ORIUER .+--mm- LOG BY / DATE ORUED D4 -26 

0ESCfuPmN / SCML uAsSmCAnON . 
(coloa lExM?E. smJcTuFEs. 

UOSTURE. OVA RWXNG) 



LOCAnON S;+e 5 . W-0.. NUUBER 97/o.-YQOQI I 

TOTAL DEPTH / 3-r 8 ’ 9 ” WEY.NUME?? %-27 DIAMETER 

SURFACE UN. WAX LEV.: INIT. ’ ’ ’ ’ 24-HRS 7 *?5 . $y;;fic$m “’ /- - 

SCREW: OIA s’ ” LWGm 8t2-/32’ 
3 

SLOT SIZE cg2.G T 0 

CASING: OIA 9 It LENGTH 0 -8.2 ’ 

ORllUNG CQMPANY c ,s* Gd%* ORllLJNG MRHOO NOTES 

oRIuER $. 5-fdvd-t LOG BY ?DB 

oE,scRlPnoN / SOIL uAslflCAnON 6J.S.C.~) 
(GOlOFt, TMNRE, STRUCNRES, 

WOlSlURE; OVA RUDING) 





(Date. Time & Canbrtlonr) 



8ORING LOG n4LuA3uRTuNNus 

ELEVATION: FIELD GEOLOGIST: R . &cm 3 
WATER LEVEL DATA : 

(Date. Time & Condltlons) 

ROWI. 
SAwcLe OlirTII i- on 

NO. m.1 
AWIC 04 

PO0 

RUM '-*' 
rtm.5 NO. 

,, 

MAfERtAL DESCRIPTION- RaR 
SAMtie B(t 

rrcovew ~‘~~Oo* SOIL Gm 
SAMRf CHAWGI 0tI(SIIv: 

(om(rR) conomncr MATERIAL 
LtNGTN ORIOQ COLOlt 

ClASSlFlcAnON 
USES REMARKS 

W1IOII~SS 

REMARKS 
BORING mw -02 

l See Leqeno on hCk 
PAGE L OF 2 



(Date, rime & Condltlonr) 

BORING LOG MuA3URTONNUS 

PAGE- 1 OF 2 



BORING LOG WUUBURTON NUS 
PROjEm: kdti& b~,Q/?~/,wSC=/? 

PROJECT NC: 3W3 /c rzo - 0022 

ELEVATION: 
WATER LEVEL QATA : 

(Date. Time & Conct~t~ons) 

BORING NO.: iLIul-. 03 
QAfE: .6-C-G2 f 6-/O-%? DRILLER: l.67 cm 4sFsrc‘R 

FIELD GEOLOCiSt: A. Coo3 

MATERIAL DESCRIPTION’ 
“I ea. 

SOIL 
08MYw~ 

M 

cowslsT8.ycv MATERfAL 
ORROCX COLOI 

CUSSiFiCATION uses REMARKS 
YRROWSS 

REMARKS 
80RlNG /nlc; 

* See ~cqrna on am 2 PAGE- OF 2 



. 

. BORING LOG h%LfJBURTON NUS 

PROJECT: k.‘fwL lh’&?/)7/N.i>-&? 

PROJECT NO..: 3533 /c.tc, - ~‘02 ~1 OAfE: 134-ci2 P 1(-/t-42 
ELEVATION: FIELD GEOLOGIST: 8. ~cM 
WATER LEVEL DATA : 8. Of’ Tot . ir/?/‘il 

(Date. rime &.Conamonr) 

BORING No.: ,‘Hw- Q ‘I 

DRILLER: W- f’lc @As 7&R 

MATERIAL DESCRIPTION’ 
SLOWS IAtAR~ 

SAhlHf 06PW i- ou WCWLRV ~mmLOo* SOIL 
MO. Ihl * 

LWIC o+z 
a00 rr*tne CNAMGI OfNsIw~ 

I0.RlN.k’ 
CONUSffNPI MATERIAL 

~,rrrE R;“oN. ‘-*I cCNQTY 
ORIbQ COLOR 
NARONW CUSSlFiCATiON 

USCS REMARKS 



BORING LOG WILLBURTON NUS 
PROJECT: Nt&vc ti&?/+t//VLr&-~ 

PROJECT NQ.: 3553 /cm - a9221 

ELEVATiON: 
WATER LEVEL DATA : 

(Date. rime & Condttms) 

BORING NO.: /??fiJ - 0 Y 

DATE: d-5-52 $ 6-h. 5‘2 ORILLER: ,u manr/z 

FIELD GEOLOGIST: fi. homl 

BOWS. trwu 
i’ on 

MO. Ik.l WANGI 
LrfIF OR 

400 IAMWI 
LCNGTN (o-k’ 

MATERIAL OESCRIPTION’ 

IOU 
OLNUW’ 

CONYITLNW MATERIAL 
ORWCR cocou 

NARONRSS CiaSSlFICATlON 

Ga 

uses REMARKS 

REMARKS 
BORING mw-oy 

l See Leqeno on aacx PAGE.&OF z 



- 

BORlNG LOG wuLmJm-oNNus 

(Date. Time & Condmons) 

MATERIAL 
CUSSIFiCAllON 

PAGE- - 1 OF ’ 

C 



*I 

i BORING LOG M4uJBURTONNUS 

PROJECT: h%k &‘+~l;tl//v~~&~ BORING NO.: /nw,- d6 

PROJECT NO.: 2933 /cm - m=) DATE: 6-‘i-Cc? 4 6-//-q.? DRILLER: ibv fife /vlnsrcQ 

ELEVATION,: FIELD GEOLOGIST: R. Lm’to 
WATER LEVEL DATA : lo’, 8d ’ v--c . i+/‘?.Z 

(Oate. Time & Commons) 



BORING LOG hlALwBURTON NUS 

r 
PROJECT: fl’+Lu/ U/&?Mt&QrEd BORING NO.: mw -0 ‘jr 

PROJECT Na.: 3933 /cm -4922) DATE: 6 -/I- 42 DRILLER: ibU MC ,&,mnX 

ELEVATION: FIELD GEOLOGIST: /r- ck”3 
WATER LEVEL DATA : 9,73 ’ TX > +/7/= 

(Date, Time 41 Conartlons) 

SAM~te 
now%. 

0tVH i' on 
*0. m.1 400 

INN 04 
RW ‘-*I 

REMARICS 

PVC W&ILL 
l See Leqena on aacx 

PAGEIOFI 



BORING LOG 

CUSSIFICATION 

. 

WC i&‘.hL. 
l See Leqena on adck PAGE/OF/ 



BORING LOG h%UUBURTONNUS 

PROBES; A?#Wt UWUlWS~iZR 

PROJECT NO.: 3433 /cm - &=7-) DATE: 6- /s-q,’ 
ELEVATION: FIELD GEOLOGIST: 2. 6k@~) 
WATER LEVEL QATA : p*cO * V-K . 7hh ” 

(Date, Time & Cono~tmnr) 

BORlNG NO.: M/w -- C’4 

DRILLER: ib/y /UC ~/+~n%’ 

MAtERlAL OESCRIPTION’ 
SA+mlf 

LlrMOlOGY <otL 

MATERlAL 
CUSSIFiCAllON 

REMARKS 

I 



. 

PROJECT: /f&tic W&?&f t#%TEit 
PROJECTNO.: 2433 /c70-~~2d 
ELEVATION: 
WATEZ LE’fEt DATA : MC: . */‘2/CL 

(Oate. rime & Condm3ns) 

BORING NO.: Z&u - /o 

DATE; 6-/r- 9 2 DRILLER: 3tw dfc IM/+rnst? 

FIELD GEOLOGIST: b?r d-=‘rl 

ot*m 
itt.1 

OR 
RUM 

NO. 

Ym 

MATERIAL OESCRIPTION’ 
I I 

SOIL 
JLNSIW~ 

or( 

:OWsIsRNPI MATERIAL 
ORrOa COLOR CLASSiFiCAlION 

USCS REMARKS 
YARGNISS 

BORING LOG MULBURTON NUS 

I I I , 
5 6, 



f- 
BORING LOG 

I I MATERIAL OESCRIPRON’ iaal 
r*r*nr 1 1 sa.’ 

REMARKS 

BORING At-u - ” 

PAGELOFf ?c/c LUCLL. 
* Cee Leqeno an 3rcr 





r BORING tOG 

I PROJECT: ,UAwc bi,‘d /?bttA/S~~/2 

PROJECT NO.: 343 3 6% - u0.z 2) 

ELEVATION: 
WATER LEVEL DATA : 
(Date. Time & Condrtfons) 

CLASSJFICATION 

REMARKS Yh” T.0. us,# . ,I /Y x 7 ” D/4 SPcfr R..lRRc-L SAmpr.5 SPOOA/S : 
BORING ” - @’ 

w-so-or Fan ,/+,U,RLYSU fR/ S-I. 
l lee Leqeoo on asck PAGE f OF./ 



BORING LOG 

PROjEfl: A/dti( W/?Ik m/NA-Ff?/? 

PROJECTNO.: 3’733 h-0 - bx2\ 
ELEVATION: 

WATER LEVEL DATA : . 
(Date, rime & COndltlOns) 

hxLuEURTON NUS 

8ORING NO.: Sd -02 

DATE: d- f6 - ‘?L DRILLER: 6=&mxs? 

FI EL0 GEOLOGIST: I?. &&>a 

ClASSiFiCATlON 

. 

. 

PAGE 1 OF f 



BORING LOG HULJBURTON NUS 

PROJECT: /wLuc w4Rm/NsTE-R BORING NO.: Sij’-#.J 

PR0fEC-T NQ.: 3433 /i ?-0 . 00.22 j DATE: 6- 16. ‘+L DRILLER: ih~ dc /%IS TFR 

ELEVATlON: FIELD GEOLOGIST: /?. hod 
WATER LEVEL OATA : 

(Date, Time & Candmons) 

I-~- ~~ I 

KOWS. SAMKI 
SAucce 0tWl4 

i-on ~eCoveRr L’~~“~ SOIL 
*0. Ihl oeNlnv: 

* 
CHINOI 

LWIC OR 
300 SAMKf MATERIAL 

RlJZ ‘s8 
LtNanl (OW)t) 

COnYsnWPIl coLo” 
OR- UlCS REMARKS 

wARoNtss ClASSlFiCA730~ 

BORING S/J -63 

PAGE/OF! 



- 

,- 

A 

I” 

PROJECT: A/WC hfti?/b~tiS~E/2 BORING NO.: Sd-01-j 

PROJECTNO..: 3433 fcro - cm=\ DATE: 6 - /is .- YZ ORILLER: &W MC /n&-TZft 
ELEVATION: FIELO GEOLOGIST: /‘? ? a00 
WATER LEVEL OATA : 
(Oate. Time & Camtlons) 

I I I 
LmlOLOG 

WANG1 <----- 
m._-. lOV#W*fT. 

WQ. ( 
I 

0 -2 

I 

2.0 
S’ ’ 

! I 

t 

/ 

I H 

BORING LOG WBURTON NlJS 



BORING LOG 

PROJECT: p#tic &~r+‘R#‘?IAIJPr”R 

PROJECT NO.: 2431 fi ro - ootz 1 
ELEVATION: 
WATER LEVEL DATA : 
(Date. Time & Condrams) ~ 

w~uRToNNus 

BORING NO.: 53 -cu- 

DATE: 6- 13 - ‘? 2 DRILLER: ti7 M&TEA 

FIELD GEOLOGIST: I?. 62’06 

CLASSiFXATlON 



PROJECT; /c/AWC tb”ARLnlNSTER 
PROJECT NC: 3433 fcpt, - 00 2~) 
ELEVATION: 

WATER LEVEL DATA : 

(Date. rime & Condmns) 

SAMCCt OEPrY 

NO. lkl 

a WIG 04 

RUM 
NO. 

BORING NO.: s/3 s- 06 
DATE: ff- i?- $2 ORILLER: oO=i &‘A-~TER 

FIELO GEOLOGIST: 12. &‘OQ 

EORfNG LOG MUBURTON NUS 

80RING -%’ - s 

PAGE.I,OF 1 



PROJECT: bAu/<T W.h/?t+ltfL’f~~k BORING NO.: 5‘12- 0 7 
PROJECTNQ.: 3433 &w - c’oz~) DATE: 6- t7- 92 DRILLER: LlQ/LI MC rtAS7E& 

ELEVATION: FIFLO GEOLOGIST: /? - Gooa 
WATER LEVEL DATA : 

(Date. T’ime&Condltions) 

-~ 
MATERIAL OESCRIPllON’ IzQcnI 

@4L’ 
w 

MATERIAL 
to0mN.m a- USCS REMARKS 

Yaa4wSS CLASSiFiCAIION 

BORING LOG WULLBURT’NNUS 

W -5-2 -o? Fcv? .GN~LJSII ~tz/ r-7 
* Se4 caq4oo on sac* PAGE 1 OF 1 -- 



BORING LOG HAUJBURTUN NUS 

PROJEfl; /vn WC bI/4f-?tW I N$TFk BORING NO.: SO-OS 
PROJECTNQ.: 3933 /coo - 0022 \ DATE: I$-/jL- 72 DRILLER: Iho vtyc mmni-~ 
ELEVATION: F I!LD GEOLOGIST: 12 p 6009 
WATER LEVEL DATA : 

(Date. Time & Commons) 

lLOWS 
IAYCLt OEWU i- on 

*a. vt.1 
AIVIC 04 

400 

RW ‘-A 

W-St? - OP FOR Afv.4LYS/Z 7/-L/ 5 .I, s -2. s - 3 ot- /A-t- L?.O/-i/~G 
l SeeLcqcnoonaac* 

EORING Sl3 --0 8 

PAGEIOFL 



PROJECT: /c/nLvc. btfiARM/A/-TTL?/? 6ORlNG NO.: Sd -oc/ 
PROJECT NO..: 34 ? 3 &s-o - oazd OATE: d-/3-92 DRILLER: dhn, Iwc &firsp,? 
ELEVATION: FIELD GEOLOGIST: 12. c;uod 
WATER LEV Et DATA : (Date. Time & Conartrons~ 

I 
MATERIAL DESCRIPTION* m 

ILOWS SA1111 
I 

6c 
SAYHe OCfTM 6’ OR .(Co(I(W uNQc0G-w 50% Y L 

NO. itt.l 
AnPc 04 

100 SAMWl WANG1 Dtmslw~ 

RUM ‘-•’ 
blnGn0 

(o-rrr COnUwlnc 
OllroC “I.-. 

BORING LOG HALWBURTON NUS 

I H I 
I 1 

I t- 
I 



PROJECT: fid u’C W4 f?b+f/~wSi-ZR BORING NO.: Sd - 10 

PROJECT NO.; 3533 fc FZJ - cc.w 2 2 \ DATE: 6’-/7- 92 DRILLER: ljcw tic MMPTER 
ELEVATION: FiELD GEOLOGIST: 12. &JO0 
WATER LEV Et DATA : 
(Date. Time & Candltronr) 

YLOWi. 
iAMCLE OWN i- 01 

MO. cN.1 
LrfPC 4 84 

100 

Rut4 “’ 

‘YLO 
c;.o s- 

it 

W.-S&- /6 Fnn AAlALYS/J F/-a/ S-f 
’ Tee Leqena on 3rcx 

BORING S/3 - lo 

PAGE ) Of / 



BORING LOG @uu3uRToNNus 

PROJECT; k’dWC wh/?mI ,vs i-ZA BORING NO.: se3 - I/ 
PROJECT NQ.: 3733 /r pu - 0023 1 DATE: 6-17 -42 DRILLER: 0a.u IUC ~,q,-~‘t& 
ELEVATION: 
WATER LEVEL DATA : 

FI!LD GEOLOGIST: /?. b0~ 

(Date. Time & Cotidmons) 



BORING LOG WIUBURTON NUS 

BORING s’3 -” 

PAGE.I~OF ’ 









I 
SMC Martin Inc. SHEET \ oF ( 

BY DA= 5-q- 70 -- 
CHKD. BY DATE W. 0. NO. qszz - a(=ss 



PROJECT Nms 

SUBJECT mr Qsrs’ . -lzs- ?Jx 56 -T?Izr-‘3 

bl :-- 
i 3 
, .: 
‘! d 



t 

-II 

CHKD. BY’ DATE 

PROJECT NAoc 

SUBJECT =i Q33’P5 : 



_. 

pl .I 
5-q 

13 ‘: 9’ - IO’ 



-- 

CHKD. 8Y DATE W. 0. NO. 9512 - &k 

I DATE s^ - 7 -40 SMC Martin Inc. SHEEf \. 

PROJECT F\\w c 



& 3 3 
CHKD. BY 

SMC Martin Inc. SHEETI- OF.-/.w 

W. 0. NO. qz2 -mGr 





2 DATE rb- 90 
SMC Martin Inc. SHEm t c,F \. 

BY m 
CHKD. BY DATE W.O.NO. cisz?- 20%5y 





Test Pit & 

S7-PIT-1 

S7-PIT-2 

S7-PIT-3 

S6-PIT-1 

S6-PIT-2 

S6-PIT-3 

NOTE: 
l- Abbreviations explained on 

Location 

Site 7 

Site 7 

Site 7 

Site 6 

Site 6 

Site 6 

Len&h 

104' 

62' 

50' 

43' 

52' 

42' 

TABLE 5-5 
TEST PIT SUMMARY 

RI STAGE I 
NADC WARMINSTER, PA 

Depth 

O-8 ' 

O-6' 

O-8.25' 

O-2.5' 
2.5-3' 

3-6' 

O-5.5' 
at 5.5' 
5.5-9.5 

O-9.5' 

next page. 

Waste' 
Encountered 

None 

None 

None 

F,C 
WI,GL 

None 

F,None 
M 
None 

None 

PID/FID 
---clmL 

ND 

ND 

ND 

ND 
ND 

ND 

ND 
ND 
ND 

ND 

Observations 

Hit bedrock 
at 4 to 8' 

Hit bedrock 
at 6' 

Hit bedrock 
at 7 to 8.25' 

Water 
encountered 

Hit bedrock 
at 6' 

Hit bedrock 
and water at 9,5' 

Hit bedrock 
at 9-10'and 
water at 9' 

9710:JWTBJ.WP 



TABLE 5-5 - CONTINUED 

Test Pit & 

S6-PIT-4 

S6-PIT-5 

S6-PIT-6 

Locatiorl 

Site 6 

Site 6 

Site 6 

Waste Abbreviations: 

Lensth 

43' 

25' 

55' 

Depth 

O-6' 

6-10' 

O-3' 
3-10' 

O-l' 
l-4.5' 
4.5-6' 

Clean Fill F= Miscellaneous 
C= Cement 
AS= Asphalt 
WI= Wires and Electronic Parts 
M= Scrap Metal 
D= Empty Drum 
GL= Glass 

Waste 
Encountered 

F,AS 

None 

F,D,M 
None 

F,None 
C,M 
None 

PID/FID 
I 

(k, 

ND 

ND 
ND 

ND 
ND 
ND 

Observations 

Mound 6' 
above surrounding 
grade 

Pit 4' below 
surrounding grade 

Hit bedrock at 10' 

Hit bedrock . 
at g-10' 

Hit bedrock 
at 6' 

9710:JWTBJ.WP 



CCMPGUNDS 

LAB ID. 
FIELD ID. 

CHLOROWETHANE 
METHYLEWE CHLORIDE 

ACETONE 
1,2-DICNLOROETHENE~TOTAL) 

CHLOROFORM 
TRICHlOROElHENE 

TETRACHl.OROETHENE 
TOLUENE 

ETHYLBENZENE 
n-XYLENE 

o & p-XYLENE 

8797 
SED-1 

21 J 
14 JB 

280 B 
2 J 
- 

i : 
82 

4 J 

1: : 

TABLE 5-6 

SEDIHENT 
TCL VOLATILES 

DECEHEER 1990 RESULTS 

NADC RI STAGE .I 
UARbllNSTER, PA 

CDNCENTRATIDNS ARE IN UG/KG 

8799 
SED-2 

8BlD 8801 
SED-2tDUP) SED-3 

MO2 8804 
SED-4 SED-5 

41 B 12 JB 
170 8 200 E 

- 
17J : 

2 J 

-. 

VOLATILES - TENTATIVELY IDENTIFIED COHPCUNDS 

1,1,2-TRICNLORO-1,2,2- 
TRIfLUOROETHENE (FREDN) 330 B - 200 B 

ALPHA-PINENE 30 - - 

13 JB - 23 JB 
66B - 

2 J 

35 B 30 B 
v - 

EXPLANATION: J - INDICATES DETECTED BELOU CDNTRACT REQUIRED OUANTITATION LIMIT 
B - INDICATES CCU4PWND FOUND IN BLANK 
“-* NOT DETECTED 

I 

12 JB 
150 B 

7 J 
- 

230 E - 

8806 
SED-6 

15 JB 
340 B 

13 J 
- 

170 B 
- 

0794 
SED-8 

16 JB 
670 B 

35 B 
- 

9710: JUTBLllD.UP: 1 
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WellConsbudionSpecifor 
fwwc Wells Wamlnster, Pennsyhrania 

pagem 

Well Total Depth Depth to Bottom 
Identification (W of Casing (ft.) 

Length of Screen 
or Open Interval 

(W 

Well Diameter (in.) Reported Well 
Yield (gpm) 

Well Type General Status or 
Conditions of the 

Well 

BG-4 

BG-5 

47 

47 

17.95 

17 

29.95 

30 

6 

6 

co.5 Monitoring Operational 

2 Monitoring Operational 

II BG-6 I 22 I 15 I 7 I 6 I 1 I MonitorinQ I Operational II II BQ-7 I 37 I 18.15 I 18.75 I 6 I <0.5 I Monitorins I Ooerational II 
DG-12 

DG-13 

r&i-14 

DG-15 

DG-16 

75 

22 

46 

22 

38 

18 

18 

18 

18 

18 

57 

4 

28 

4 

20 

0.5 

l-2 

0.5 

0.5 

1 

Monitoring 

Monitoring 

Monitoring 

Monitoring 

Monitoring 

Operational 

Operational 

Operational 

Operational 

Operational 

II DG-17 I 38 I 16.5 I 21.5 1 6 1 co.5 I. MOllitorirlQ I Operational II 
II ~~~ DG-18 I 27 I 22 I 5 I 6 I I I Monitorinn I Operational II 
II w-19 I 47 I 21.75 I 25.25 I 6 I 0.5 I Monitodna I ODerational II 

lx-20 

OG-21 

DG-22 

OG-23 

IN-24 

32 

33 

61 

47 

43 

17.6 

15 

20 

23.5 

22 

14.4 

18 

41 

23.5 

21 

1 

co.5 

0.5 

0.5-l 

0.5 

Monitoring 

Monitoring 

Monitoring 

Monitoring 

Monitoring 

Operational 

Operational 

Operational 

Operational 

Operational 

II IN-25 I 41 I 21 I 20 I 6 I I I Monitoring I Operational II 

II 

DG-26 15.25 10 5.25 4 2 Monitoring Operational 

DG-27 13.8 8.2 5.6 4 0.5 Monitoring Operational 

DG-28 I 10 I 5 I 5 I 4 I co.5 I Monitoiing I Opeiational 

NOTE: 

--- indicates information is unavailable 



/I Well 

I 

Total Depth 
Identification (fi.) 

I 

Depth to Bottom 
of Casing (ft.) 

II FICRA A (SMC-2) 1 285 60 
I 

RCRA B (SMC-1) 60 20 40 6 20.5 Monitoring Operational 

RCRAC 40 34.50 5.50 4 -_ Monitorina Operational 

II RCRA D (SMP-1) I 35 I 34.50 5.50 I 4 I -- I Monitorina I Ooerational II 

II RCRAE I 40 I 30 

SMP-2 40 34.50 

BG-1 15.90 11.60 

BG-2 14.70 10.40 

BG-3 17.35 13.23 

DG-1 18.75 14.50 

DG-2 17.70 13.50 4.30 2 --_ Monitoring Operational 

DG-3 14.75 10.46 4.30 2 ___ Monitorina Ooeretional 

II DG-4 I 14.04 I 9.75 

I 
II DG-IO 

DG-8 

I 

9.87 

15.00 

5.60 

lx-9 

I 

15.75 

10.70 

10.95 

I DG-11 16.85 12.56 

Length of Screen 
or Open Interval 

(ft.) 

Well Diameter (in.) Repotted Well 
Yield (gpm) 

Well Type 

. . 
I I i 

: ..:... :. :.. .:.:.: ,.. ,...,.,. >> ,:..,.,; .,.,...,.,... ./. . . .T... .,...,. > .,. . . :. >,.:. .: ::.j.:.:....,....:.:.: . . . . . . .A.. :./:..,..:.......... . . . . . . ..m.: . . . . . . . . . . . . :......I.:. ,j:.:;:..::..: ..i. :.. . . . . . . :.. .:... . :.. . 
,. ., ,., :,:.,,,,,. .,.,..,,... ..,....,,..: . . . . . .: . . : ..,. 3 .: ::.: . . . . . . . ,. . . . . . . . :..: ... . . . 

. . ..I..... . .,. 

.‘. &&jn$&&$$ ,f:.“, +,j,:: (:,:~I:~ I:‘! I: ~~::,-I~,,;~~ ,,, ,,.,,: :. .,., ..:.. ‘.: :‘::. :,::~:,:,:.,.~:~:::j~:::.::~~:~::I:.~ :~‘.:~:‘::‘:.;.:;,~:: .:.: .,. . . . . 

I I I I 
225 I 6 I 80 I Monitoring I Operational 

I II 

10 

5.50 

4.30 

-- 

3 

-- 

Monitoring 

Monitoring 

Monitoring 

Operational 

Operational 

Operational 

4.30 

4.30 

2 

2 _- 

Monitoring 

Monitoring 

Operational 

Location paved 
*v&Y 

4.25 I 2 I -- I MOnitOrinQ I Operational II 

4.29 2 ___ Monitoring Operational 

4.30 

4.30 

I 2 I --- I Monitorina I Ooerational II 

2 _-- Monitoring Operational 

4.35 2 ___ Monitoring Operational 

4.30 2 -_ Monitoring Operational 

4.27 2 ___ Monitoring Operational 

4.80 2 _- Monitoring Ooerational 

4.29 2 ___ Monitoring Obstructed at .- _. 
approx. IY n. 



1 f t 1 

II Well 
Identification 

Casing (ft.) (ft.) I I @pm) 
/ ,, ,., ,. : ,. ...:..: ,... :.:.:. .:..... :...:.: i... ..: .A.. . . . . ..I.. i.......... ..:.. ..i. .a.... :.:..:... .::. . . .,\.: .,..... . . :. .,. :. . . . :\ ..I ..;, ,’ . . . . . .. . . . . . 
:. .,...,..,.,: .,,, :.: ,.; .: : ,... ..,, :.. ,..., ,., ,. . . . ...“““.“’ .‘.’ . 
r 

MP-1 101 18 83 6 20 

MP-2 101 19 82 6 20 

II MP-3 1 1 38.5 1 132 93.6 I 6 I5 

II SW-1 ~A 26 247 221 8.75 117 

SW-2 246 30 216 8.75 120 

II SW-3 1 1 30 1 540 1 8 1 160 570 

II SW-4 
I 

584 
I 

29 
I 

555 
I 

8 
I 

160 

I/ SW-5 I 341 
I 

62 
I 

279 
I 

8 
I 

76 

SW-6 560 --- - 8 35 

SW-7 400 - ___ 8 20 

Well Type General Status or Conditions of the Well 

Monitoring Operational 

Monitoring Operational 

Monitorina Operational 

SUPPb Provides water to the NAWC fire protection 
s&em II 

SUPPlY Provides water to the NAWC fire protection 
system 

Supply Provides water to the main NAWC supply 
s&em II 

Supply Provides water to the main NAWC supply 
system 

Supply Out of service because of VOC contamination, 
reportedly borehole has collapsed 

Supply Not in use, formerly provided water to Building 
No. 80 

Supply 
I . 

@t in use, formerly provided water to quarters 
II 

SUDDIY I Provides water to auarters “8” II 
suoolv I Provides water to the one NAWC buildina II 
SUPPlY 

OberseNation 

Provides water to the main NAWC supply 
system 

Bucks Co. Planning Commission/United States 
Geological Survey continuously monitors water 
level 

NOTE: 

_-- indicates information is unavailable 





362.63 
351.04 
311.65 
308.19 
309.93 
311.18 
330.17 
336.76 
335.10 
338.29 
332.08 
342.Oa 
344.71 
321.57 
308.58 
338.30 
334.25 
313.32 (4) 
320.30 (4) 
327.2.1 (4) 
310.34 (41 
309.86 (41 

347.55 
341.96 
305.43 
295.42 
300.83 
303.18 
327X 
329.78 
327.20 
330.25 
320.41) 
333.23 
335.76 

297.97 
330.W 
323.96 

(0 
5.65 
4.93 
10.10 
6.22 
5.04 
1.71 
6.35 
7.18 
0.70 
0.50 
3.01 
1.12 
(3) 

9.62 
1.18 
5.51 
(4, 
(41 
(4) 
(4) 
(4) 

345.39 
306.70 
298.09 
301.71 
306.14 
32.3.46 
330.41 
327.92 
337.39 
331.58 
339.07 
343.59 

z-98.96 
337.20 
328.74 

15.42 
6.14 

37.21 
344.9-3 

296.03 
3w.w 
302.04 
326.58 
329.24 
326.40 

298.33 
332.63 

:E::; 

(11 
6.93 
(2) 

13.12 
9.40 
9.70 
4.40 
0.25 
9.30 
(3) 

4.14 
9.47 
8.48 
(3) 

10.79 
0.73 
9.22 
10.13 

(0 
(1) 
(0 

9.13 

233.07 
300.53 
301.48 
325.77 
328.51 
525.00 

327.94 
332.61 
336.23 

297.79 
329.65 
325.03 
303.19 







C 

- 

F 

Formula Used: 

v= k(dh/dlJ 
n 

where: 

CALCULATION OF GROUNDWATER VELOCITY 
DECEMBER 1989 

NAWC Phase I RI 

k= hydraulic conductivity 

&= hydraulic gradient as measured at site 
dl 

n = % effective porosity 

k= 0.1 ft/day for overburden 
1.5 ft/day for bedrock 
(from Satterthwaite, 1984) 

OPTION 1 

silty overburden = 46% 
fine-medium sandstone = 41% (from Todd, 1980) 

OPTION 2 

overburden and bedrock = 15% (from Satterthwaite, 1984) 

1. Sites 1, 2, and 3 

A. Overburden dh/dl = 0.01 

I 

C 

Option l- 

V = (0.1) (0.011 = 2.17 x 10m3 ft/day = 0.792 ft/yr 
0.46 

Option 2 

V = (0.1) (0.011 = 6.67 x 10m3 ft/day = 2.43 ft/yr 
(0.15) 

B. Bedrock dh/dl = 0.015 

Option 1 

V = (1.5) (0.0151 = 5.49 x 10e2 ft/day = 20.04 ft,/yr 
0.41 



Option 2 

V = (1.5) (0.015) = 1.5 x 10-l ft/day = 54.75 ft/.yr 
(0.15) 

2. Site 4 

A. Overburden dh/dl 

Option 1 

v = jO.1) fO.01) 
0.46 

Option 2 

-v = f.1) (0.034) 
(0.15) 

= 0.034 

= 7.39 x 10e3 ft/day = 2.70 ft/yr 

= 2.3 x low2 ft/day = 8.27 ft/yr 

B. Bedrock dh/dl = 0.035 

Option 1 

V = (1.51 (0.035) = 1.28 x 10-l ft/day = 46.72 ft/yr 
0.41 

Option 2 

V = (1.5) (0.035) = 3.5 x 10-l ft/day = 127.75 ft/yr 
(0.15) 

3. Sites 5, 6. and 7 

A. Overburden dh/dl 

Option 1 

v = (0.1) fO.01) 
0.46 

Option 2 

V = (.l) (0.018) 
(0.15) 

= 0.018 

= 3.91 x 10m3 ft/day = 1.43 ft/yr 

= 1.2 x 10B2 ft/day = 4.38 ft/yr 

B. Bedrock dh/dl = 0.012 

Option 1 

V = (1.5) = 4.39 x 10m2 ft/day = 16.02 ft/yr 
0.41 



Option 2 

V = (1.51 (0.0121 = 1.2 x 10-l ft/day = 43.8 ft/y]r 
(0.15) 

c 

C. Bedrock dh/dl = 0.033 

Option 1 

V = (1.5) (0.033) = 1.21 x 10-l ft/day = 44.17 ft/yr 
0.41 

Option 2 

V = (1.51 (O-0331_ = 3.3 X 10-l ft/day = 120.45 ft/yr 
(0.15) 

4. Site 8 

A. Bedrock dh/dl = 0.030 

Option 1 

V = (1.51 (0.0301 = 1.1 x 10-l ft/day = 40.15 ft/yr 
0.41 

Option 2 

V = (1.5) (0.03OL = 3.0 x 10-l ft/day = 109.5 ft/yr 
(0.15) 



.- 

cc 

SUMMARYOF 
GROUNDWATER WATER VELOCITY ESTIMATES 

NAWC PHASE I RI 
WARMINSTER, PENNSYLVANIA 

Sites 1. 2. and 3 

Overburden Aquifer 0.79 ft/yr to 2.4 ft/yr 

Shallow Bedrock Aquifer 20 ft/yr to 54 ft/yr 

Overburden Aquifer 

Site 4 

2.7 ft/yr to 8.3 ft/yr 

Shallow Bedrock Aquifer 46 ft/yr to 130 ft/yr 

Sites 5, 6. 7 

Overburden Aquifer 

Shallow Bedrock Aquifer 

1.4 ft/yr to 4.4 ft/yr 

16 ft/yr to 44 ft/yr (dh/dl=0.012) 
44 ft/yr to 120 ft/yr (dh/dl=0.033) 

Bedrock Aquifer 

Site 8 

40 ft/yr to 110 ft/yr 



CALCULATIONS OF GROUNDWATER VELOCITY 
SEPTEMBER 1992 

NAWC PHASE II RI 
WARMINSTER, PENNSYLVANIA 
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HALLIBURTON NUS Environmental 
Corporation and Subsidiaries 

STANDARD CAL CULA TION 
SHEET1 

CLIENT: FILE NO.: BY: 
/vAWC wnnln/.4lsr$f/2 3433 R-4000 F’AGE 1 OF 1 

SUBJECT: 
S/Z 8 : ,bi9t?1iio,wu~ ~V?owow~t&R vb‘ac,;y 

CHECK+B; DATE: 

(ShCQLLOW DE&?OC~ &?WfZR) .=l . W-AK. fi% 

. .._. - _. 
v = 0) lkl 

k - .-. .-_-._ ._ .- 

.--- 

. . 

NUUNUITON NW 1% RNISED WSl 



SUMMARYOF 
GROUNDWATER WATER VELOCITY ESTIMATES 

NAWC PHASE II RI 
WARMINSTER, PENNSYLVANIA 

Sites 1, 2, and 3 

c” Overburden Aquifer 

Shallow Bedrock Aquifer 

Overburden Aquifer 

r" Shallow Bedrock Aquifer 

Overburden Aquifer 

Shallow Bedrock Aquifer 

C 

Bedrock Aquifer 27 ft/yr to 68 ft/yr 

0.2 ft/yr to 0.6 ft/yr 
(K = 0.0016 ft/day) 
22 ft/day to 67 ft/yr 
(K = 1.83 ft/day) 

36 ft/yr to 91 ft/yr 

Site 4 

3.2 ft/yr to 9.7 ft/yr 

88 ft/yr to 219 ft/yr 

Sites 5. 6, 7 

1.98 ft/yr to 6.1 ft/yr 

455 ft/yr to 1140 ft/yr (I=O.Ol) 
1140 ft/yr to 2850 ftjyr (I=S.OZS) 

Site 8 

C 



APPENDIX G 

SLUG TEST DATA AND CALCULATIONS 



SLUG TEST CALCULATION - HVORSLEV METHOD 

NAWC WARMINSTER 
MW-01 FALLING HEAD 

r 

pie2 

HNUS CORPORATION 
July 15, 1992 

E 
:= .25 = well casing radius (ft.) 
:= .25 = effective well radius (ft.) 

L := 64 = effective well length (ft.) 
T := 6.3 = time (min.) to 37% of 

change in head ratio 
(from semi-log plot) 

R = Well screen radius if K(Aq) > sand 
or - Sand pack radius if K(Aq) < sand 

L = Height of water in screened section 
- Height of water in sand pack 

In = Zural log (e) 
k = hydraulic conductivity (ft./min.) 

Hvorslev's Equation --> k := 
2.L.T 

-4 
k= 4.3.10 c- ft./min. 

k.1440 = 0.62 c- ft./day 
-4 

ke.508 = 2.18~10 <- cm. /sec. 



SLUG TEST CALCULATION - HVCRSLFZV METHOD HNUS CORPORiRTION 
July 15, 1992 

NAWC WARMINSTER 
MW-01 RISING HEAD 

r 

pie2 

r := .25 = well casing radius (ft.) 
R := .25 = effective well radius (ft.) 
L := 64 = effective well length (ft.) 
T := 8.7 = time (min.) to 37% of 

change in head ratio 
(from semi-log plot) 

R = Well screen radius if K(Aq) > sand 
or - Sand pack radius if K(Aq) < sand 

L = Height of water in screened section 
- Height of water in sand pack 

In = Zural log (e) 
k = hydraulic conductivity (ft./min.) 

2 L 
r. ln- [ HI R 

Hvorslev's Equation -> k := 
2.L.T 

-4 
k = 3.11.10 <- ft./min. 

k-1440 = 0.45 c- ft./day 
-4 

ke.508 = 1.58~10 <- cm. /sec. 



SLUG TEST CALCULATION - HVORSLEV METHOD 

NAWC WARMINSTER 
MW-02 RISING HEAD 

r 

MmatORna WEU, 

piez 

HJWS CORPORRTION 
July 15, 1992 

. 

lj; ;I 
.25 = well casing radius (ft.) 
.25 = effective well radius (ft.) 

L := 61.28 = effective well length (ft.) 
T := 6.95 = time (min.) to 37% of 

change in head ratio 
(from semi-log plot) 

R = Well screen radius if K(Aq) > sand 
or - Sand pack radius if K(Aq) < sand 

L = Height of water in screened section 
- Height of water in sand pack 

In = Zural log (e) 
k = hydraulic conductivity (ft.Jmin.) 

2 L 
I:. ln- [ [II R 

Hvorslev's Equation -> k := 
2nL.T 

-4 
k = 4.04.10 <- ft./min. 

k.1440 = 0.58 <- ft./day 
-4 

ke.508 = 2.05.10 '<- cm. /sec. 



SLUG TEST CALCULATION - HVORSLEV METHOD 

NAWC WARMINSTER 
MW-03 RISING HEAD 

r 

HNUS CORPORATION 
July 15, 1992 

pie2 

Hvorslev*s Equa 

R = Well screen'radius if K(Aq) z= sand 
or - Sand pack radius if K(Aq) < sand 

L = Height of water in screened section 
- Height of water in sand pack 

In = Zural log (e) 
k = hydraulic conductivity (ft./min.) 

2 L 
rf ln- [ HI R 

.on -> k := 
2.L.T 

ti 

-4 
k = 2.65.10 <- ft./min. 

5; 
:= .25 = well casing radius (ft.) 
:= .25 = effective well radius (ft.) 

L := 64.53 = effective well length (ft.) 
T := 10.15 = time (min.) to 37% of 

change in head ratio 
(from semi-log plot) 

k.1440 = 0.38 <- ft./day 
-4 

ke.508 = 1.35.10 <- cm. /sec. 



SLUG TEST CALCULATION - HVORSLEV METHOD HNUS CORPORATION 
July 15, 1992 

NAWC WARMINSTER 
MW-04 FALLING HEAD 

r 

Mm4ITmuNa WELL 

piez 

i 
:= .25 = well casing radius (ft.) 
:= .25 ='effective well radius (ft.) 

L := 34.9 = effective well length (ft.) 
T := 3.25 = time (min.) to 37% of 

change in head ratjio 
(from semi-log plot) 

R = Well screen radius if K(Aq) > sand 
or - Sand pack radius if K(Aq) < sand 

L = Height of water in screened section 
- Height of water in sand pack 

In = Z&al log (e) 
k = hydraulic conductivity (ft./min.) 

2 r rLii 
r * bl-II 

L LRJJ 
Hvorslev's Equation -> k := 

2.L.T 
-3 

k = 1.36.10 c- ft./min. 

k.1440 = 1.96 <- ft./day 
-4 

km .508 = 6.91.10 <- cm./sec. , 



SLUG TEST CALCULATION - HVORSLEV METHOD 

NAWC WARMINSTER 
MW-04 RISING HEAD 

r 

piez 

HNUS CORPORATION 
July 15, 1992 

: 
:= .25 = well casing radius (ft.) 
:= .25 = effective well radius (ft.) 

L := 34.9 = effective well length (ft.) 
T := 3.08 = time (min.) to 37% of 

change in head ratio 
(from semi-log plot) 

R = Well screen radius if K(Aq) > sand 
or - Sand pack radius if K(Aq) < sand 

L = Height of water in screened section 
- Height of water in sand pack 

In = Zural log (e) 
k = hydraulic conductivity (ft./min.) 

Hvorslev's Equation -> 
L LRJJ 

k := 
2-L-T 

-3 
k= 1.44.10 <- ft./min. 

k.1440 = 2.07 =z- ft./day 
-4 

ka.508 = 7.29.10 <- cm. /sec. 



SLUG TEST CALCULATION - HVORSLEV METHOD 

NAWC WARMINSTER 
MW-05 FALLING HEAD 

r 

’ R’ 

MuNITORrNa WELL 

piez 

HNUS CORPORATION 
July 15, 1992 

ii 
:= .25 = well casing radius (ft.) 
:= .25 = effective well radius (ft.) 

L := 8.1 = effective well length (ft.) 
T := .48 = time (min.) to 37% of 

change in head ratio 
(from semi-log plot) 

R = Well screen radius if K(Aq) > sand 
or - Sand pack radius if K(Aq) < sand 

L = Height of water in screened section 
- Height of water in sand pack 

In = Zxral log (e) 
k = hydraulic conductivity (ft./min.) 

2 L 
r. ln- [ HI R . Hvorslev's Equation --> k := 

2-L-T 
k= 0.03 

4- ft./min. 

k-1440 = 40.26 
ke.508 = 0.01 

-c- ft./day 

<- cm. /sec. 



SLUG TEST CALCULATION - HVORSLEV METHOD HNUS CORPORATION 
July 15, 1992 

NAWC WARMINSTER 
MW-05 RISING HEAD 

piez 

: 
:= .25 = well casing radius (ft.) 
:= .25 = effective well radius (ft.) 

L := 8.1 = effective well length (ft.) 
T := .244 = time (min.) to 37% of 

change in head ratio 
(from semi-log plot) 

R = Well screen radius if K(Aq) > sand 
or - Sand pack radius if K(Aq) < sand 

L = Height of water in screened section 
- Height of water in sand pack 

In = Zural log (e) 
k = hydraulic conductivity (ft.pmin.) 

2 r rLi7 
r * M-II 

L LRJJ 
Hvorslev's Equation -> k := 

2.L.T 
k= 0.05 

<- ft./min. 

k.1440 = 79.19 
ks.508 = 0.03 

c- ft./day 

<- cm. /sec. 



SLUG TEST CALCULATION - HVORSLEV METHOD HNUS CORPORATION 
July 15, 1992 

NAWC WARMINSTRR 
MW-06 FALLING HEAD 

r 

pie2 

; ;I .25 = well casing radius (ft.) 
.25 = effective well radius (ft.) 

L := 28.0 = effective well length (ft.) 
T := 1.14 = time (min.) to 37% of 

change in head ratio 
(from semi-log plot) 

R = Well screen radius if K(Aq) > sand 
or - Sand pack radius if K(Aq) c sand 

L = Height of water in screened section 
- Height of water in sand pack 

In = Zxral log (e) 
k = hydraulic conductivity (ft.Jmin.) 

2 L 
r. ln- [ HI R 

Hvorslev's Equation --> k := 
2.L.T 

-3 
k= 4.62.10 <- ft./min. 

k-1440 = 6.65 c- ft./day 
-3 

kv.508 = 2.35.10 <- cm. /sec. 



F 

SLUG TEST CALCULATION - HVORSLEX METHOD HNUS CORPORATION 

NAWC WARMINSTER 
MW-06 RISING HEAD 

r 

July 15, 1992 

i 
:= .25 = well casing radius (ft.) 
:= .25 = effective well radius (ft. 

L := 28.0 = effective well length (ft. 
T := 1.34 = time (min.) to 37% of 

change in head ratio 
(from semi-log plot) 

1 
1. 

R = Well screen radius if K(Aq) > sand 
or - Sand pack radius if K(Aq) < sand 

L = Height of water in screened section 
- Height of water in sand pack 

In = Zaral log (e) 
k = hydraulic conductivity (ft./min.) UmrrORma wlzu- 

1 

pie2 

Hvorslev's Equation -> k := 
2.L.T 

-3 
k= 3.93-10 <- ft./min. 

k-1440 = 5.66 
-3 

km.508 = 2.10 

c- ft./day 

<- cm. /sec. 



SLUG TEST CALCULATION - HVORSLEV METHOD HNUS CORPORATION 
July 15, 1992 

NAWC WARMINSTER 
MW-07 FALLING HEAD 

r 
I I 

:= .1667 = 
ii .5 

well casing radius (ft.) 
:= = effective well radius (ft.) 

L := 5.0 = effective well length (ft.) 
T := 4.0 = time (min.) to 37% of 

change in head ratio 
(from semi-log plot) 

R = Well screen radius if K(Aq) > sand 
or - Sand pack radius if K(Aq) < sand 

L = Height of water in screened section 
- Height of water in sand pack 

In = Zural log (e) 
k = hydraulic conductivity (ft.Jmin.) 

2 r ml 
r. ln- 

1 111 R 
Hvorslev's Equation --> k := 

2-L-T 
-3 

k = 1.6.10 <- ft./min. 

k.1440 = 2.3 <- ft./day 
-4 

km .508 = 8.13.10 <- cm. /sec. 



SLUG TEST CALCULATION - HVORSLEV METHOD HNUS CORPORATION 

NAWC WARMINSTER 
July 15, 1992 

MW-07 RISING HEAD 

r 

pie2 

:= .1667 = 
; .5 

well casing radius (ft.) 
:= = effective well radius (ft.) 

L := 5.0 = effective well length (ft.) 
T := 6.8 = time (min.) to 37% of 

change in head ratio 
(from semi-log plot) 

R = Well screen radius if K(Aq) > sand 
or - Sand pack radius if K(Aq) c sand 

L = Height of water in screened section 
- Height of water in sand pack 

In = Zxral log (e) 
k = hydraulic conductivity (ft./min.) 

Hvorslev's Equation -> k := 
2.L.T 

-4 
k= 9.41-10 c- ft./min. 

k.1440 = 1.36 <- ft./day 
-4 

km.508 = 4.78.10 <- cm. /sec. 



c 

F 

c3 

F 

SLUG TEST CALCULATION - HVORSLEV METHOD HNUS CORPORATION 
July 15, 1992 

NAWC WARMINSTER 
MW-11 RISING HEAD 

r 

uuNITnRna wcu. 

pie2 

:= .1667 = 
ii .5 

well casing radius (ft.) 
:= = effective well radius (ft.) 

L := 5.0 = effective well length (ft.) 
T := 584 = time (min.) to 37% of 

change in head ratio 
(from semi-log plot) 

R = Well screen radius if K(4) > sand 
or - Sand pack radius if K(Aq) < sand 

L = Height of water in screened section 
- Height of water in sand pack 

In = Zural log (e) 
k = hydraulic conductivity (ft./min.) 

L LRJJ 
Hvorslev's Equation -> k := 

2aL.T 
-5 

k= 1.1.10 c- ft./min. 

k.1440 = 0.02 <- ft./day 
-6 

ku.508 = 5.57.10 <- cm. /sec. 



NAWC WARMINSTER 
SLUG TEST RESULTS 

I I 1 HYDRAULIC 1 
I WELL I TEST WELL 1 CONDUCTIVITY I 
I NUMBER I TYPE I TYPE I (W I I ------- 
I MW-01 
I MW-01 
1 MW-02 
1 MW-03 
1 MW-04 
1 MW-04 
1 MW-05 
1 MW-05 
1 MW-06 
1 MW-06 
1 MW-07 
1 MW-07 

- I-------- I----------. 

I FALLING. I BEDROCK 
I RISING I BEDROCK 
I RISING I BEDROCK 
I RISING I BEDROCK 
I FALLING I BEDROCK 
I RISING I BEDROCK 
I FALLING I BEDROCK 
I RISING I BEDROCK 
I FALLING I BEDROCK 
I RISING I BEDROCK 
I FALLING I OVERBURDEN 
I RISING I OVERBURDEN 

2.05E-04 

7.29E-04 

3.00E-02 

I 4.78E-04 

* All values in cm/set 



TABLE 1 
NAWC WARMINSTER 

SPREADSHEET TO CALCULATE GEOMETRIC MEAN 
USING LOTUS- 123 

WELL 
NUMBER 

-------- 

MW-01 
MW-01 
MW-02 
MW-03 
MW-04 
MW-04 
MW-05 
MW-05 
MW-06 
MW-06 
MW-07 
MW-07 

I HYDRAULIC 1 NATURAL 
TEST / CONDUCTIVITY i LOG 
TYPE (W I (InI -------- e------e 

FALLING -8.4310 
RISING I 1.58E-04 I - 8.7529 
RISING 2.05E-04 I - 8.4925 
RISING 1.35E-04 I -8.9102 
FALLING I 6.9lE-04 I - 7.2774 
RISING 7.29E-04 I -7.2238 
FALLING 0.01 1 -4.6052 
RISING 3.00E-02 I -3.5066 
FALLING 2.35E-03 I -6.0533 
RISING 2.00E-03 I -6.2146 
FALLING 8.13E-04 I -7.1148 
RISING I 4.78E-04 I -7.6459 

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

* All values in cm/set 
-7.0190 <- AVG 

Nat. Log 

8.95E-04 < - GEOMETRIC 
MEAN 
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nALLlnUKTON NUS-Environmental 
Corporation and Subsidiaries _ 

STANDARD CALCUti TION 

CL’ENT: PA WC 
FILE NO.: 

2933 
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HALLIBURTON NUS Environmental 
Corporation and Subsidiaries 

STANDARD CALCULATION 
SHEET i 

CL’ENT:NAWC 
FILE NO.: 

3533 BY: 

CHECKED BY: 

MW-0; 

Tist 002 . 

SEl800C 
Environmental Logrer 

07,‘20 20: 20 

Unit# 00731 Test 2 

INPUT I: Level CF> TOC 

Reference 
Linearity 
Scale factor 

:::g,,,,~ 

6.000 
r3.010 
3 . *3a0 
B.Gi30 

58.0630 

Step B 07/20 18:53:15 

Elapsed Time INPUT 1 
--------- ---- ----- 

8. a000 Q.009 
cj. 6033 4.006 
0. Q066 B .006 
Q.8100 a.006 
0.0133 1.392 
0.0166 1 .605 
0. Q200 2.951 
0.8233 3.461 
0. Q2&F, 7 g.76 * . -‘c-e’ 
0.8300 2.516 
8. Q333 2.337 
0.Q366 1.803 
B. 8400 1.390 
0.8433 1.824 
0.6466 1.818 
0.8500 1.806 
0.0533 1.787 
0. QS66 1.321 
0.8600 
8.8633 p;;; 

8.13666 1.793 
0.9330 1.780 
B. 0733 i .730 
0.6766 .7’33 
8.6300 i .7:1’0 
0. 13333 .777 
0.6866 
B. 0980 
0.0933 
0.0966 
;:r. 1080 
e. i033 
0.1066 
0.1100 
8. t 13.3 
0.1166 
9.1200 

1.7’30 
1.774 
1 .774 

HAUlOURTON NUS 155 REVISED 0791 

?=O 

0. 12Bk 
0.1308 
0.1333 
0.1366 
0.1400 
0.1433 
0.1466 

Bern : :gt 
8”: y5$ 

0: 1633 
0.1666 
8.1700 
ct.1733 
0.1766 
0.1300 
@.1:33.3 
8.1:366 
0.1900 
0.1933 
0.1’366 
0.2000 
0.2033 

8%: . 
0.2133 
0.2166 
8.2200 
0.223.3 
fi, 2266 
0.2368 
0 .’ yy-, .&&s-b 
0.2366 
0.2400 
0.2433 
8.2466 
EL 2500 
Q. 2533 
0.2566 

;*;gj 

0: 2666 
0.2700 
Et.2733 
0.2766 
13 .7:3&3 .a. - 
0..J833 

1 .771 
1.77 1 
1.768 
1.774 
1.774 
1.768 

77 1 1 .t I 
1.771 
1.765 
1.765 
1.771 
l.762 
1 ,763 
1.765 
1.759 
y%; 

7, 

I:;59 
1.759 
1.765 
1.762 
1.759 
l.fG! 
1.762 
1.759 
1.762 
I.762 
1.759 
1.759 

i 
. 7J. 5 
.755 

1.759 
1.755 

;:g; 

I.755 
1.752 
1.765 
; $9 

.. 5 

i:% 
1.755 
I.754 

; :;g 

1.755 
1.755 

0.2866 1.755 
nmr 0.2900 1.752 
OPO 0 2Yjr’ 

0: 29;; 
. id. 

1.752 
0.3000 1 .yTj” 

I 
0.4000 
0.4166 
0.4333 
8.450k3 
0.4666 

0. 5333 
8.6000 
0.6166 
0.6333 
0.6500 
0.6666 
0.6833 
0.7000 
0.7 166 
0.7333 
0.7500 
a.7666 
0.7333 
0. g&30@ 
0.8166 
0.8333 
0.850B 
0. Y666 
0.8833 
8.3000 
B. 9 166 
0.4333 
Et.*3540 
8. $i666 
L3 ‘2’T” . a CC~C’ 
1.0880 

\.qo7 1.2000 
1.4000 
1.. 4@lB 
1 . :3 @tc:1 

\.7\ 2”tJQ@ql 

1.743 
1.743 
1.740 
1.740 
1.737 

;:gg 
1.734 
1.730 

: .73 .72 .9 7 
1.727 
1.724 
li724 
1.721 
I .?21 
I .fi3 
1.715 
1.715 
1.715 
1.712 
1.709 
1.709 
1.785 
1 .705 
1,702 
1.702 
1 .699 
1 . 6’3s de 
1 . 6’36 
f . 6’35 
1 . 633 
1 . $,p3 
1 ,6’3@ 
1 .6’30 
1.687 
1 .687 
1 ” cdg#5 
1 . 646 
f ~ Et30 
1 , 605 
i . 5&3 
: .530 

,496 
1 .468 
1.446 

_, 

._ 

I-. 

-. 

d 
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[HALLIB~RTON NUS.fnvironmenta/ STANDARD CAL.cuLA 

c 
FILE NO.: 

’ 35733 
By: 

PAGE OF 

CHECKED 0yz OAT’2 

_-, _-^. ^, _... -.. .._ ,, . . _ ,. ..-... -.-.. I . .._ - 
- 

. .___ ._. -- . .-. .._._.._” __.__._..... . ._.._... .__ ..__ .._- ____._._ -_. - ._ ..^_ 

“. . ._. ; 6.748 A--..-,--..-- _-_ I .-....... ~. _. _. 
8.2000 
3.4000 

a.723 / i / 
a.707 

8.6000 9.631 
-c-r7‘-“-. .- -.._ -..-_ --. 

8.3000 8.673 -- ____ ___._-_,-_ ,_- __._. - _. ._ 
/ 8.‘)) my.@@@ 0 9 654 
4 4 ‘7R@@ ,...- g , 6.38 -- “....---- .-.-_- . _ __..-. ._.--” ,I,- _ ._ 

9.40l$3 0 .6 I 9 
._. ..-.. 3.6866 0 .I504 ----_ 1------- -...... .._ -_..- ._._. .._ 

4.588 
: j 

9.3000 
’ q.?) lB.Um38 
! 

y * 972 
Il.-It 12.8000 9.432 
\3.?1 14.8000 0.325 .-.-.- _- . ._.. .,_ _ 

16.8000 0.244 I. - _.., 
18./r3Bm3 
20. @S&l 

Y.178 
6.141 . .- . . . -, 

END 

. . _ .l, ._ 

_ _ . .-. 

i . -- .- _. ._-- -_ ..___ _.. _... _. 
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HALLIBURTON NUS Environmental 
Corpora t-ion and Subsidiaries- 

STANDARD CAL.ClJLA ?-JON 
SHEET 

CLIENT: BY: 

“KGTz F - ..!S t Q!e!yL&~~~ -+k‘-.-. -1 
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SUBJECT: 1 

hwxw RCS7La t MA I a,. ,+dP,t A A-,. 
CHECKED BY: . DATE: 

+ 
Unit# 00731 Test 1. -,! 

.i 

!sg t ups : INPUT 1 
__-___ -__--- ---e w--M- .- 

;:;: 
L..;el CF> .- 

1:‘u. 000a 4 .- 

Refer-e nre 
Lineari& 

g.ggq 
a.010 ‘.- 

!:;Cale factor 9.900 
.- Offset c1.030 

De 1 ay WIS~C 58 .a00 _- 

Step g m/g 1 10:59:05 .__ 

Elapsed Time INPUT 1 _.- 
----_- -- ---- ---- WV--- 

0.6366 1.476 I 
0.0400 1.536 ..--j 

0.0433 i.314 

0. Q&l$-rw \+r< 1.990 ----A : 
,j o.oca 0.w500 ,218 l 

0.8333 ::s11 1 -.- 
0.0566 

1.645 L 
1.642 / 
1.642 + 
1.623 
1.627 -L 
I.&23 ( 
1.617r j-.-- 

l.Eeli 
1.603 - 
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7.0000 
7. 200&j 
7.4000 
7.6000 

-. .7.8000 
8.6000 
8.2000 
8.4000 
8.6000 
8.8000 
9. ~3000 
3.2000 
9.4000 
9.60glQ 
9.3000 

10.3000 
12.3000 
14.13000 
16.0000 
18.8000 
20. QqQ@ 
-77 atwq .b&. _-- 
24. LjQL3Q 
26. gj@gl 
28.8000 
30.0000 
32: 4 000 
34.8000 
-Jc; IJmqyl . - - 
38.lJ&l0 
40.8000 
42.!-j@Qtj 
44. IJ 0rjL‘j 
46. !JQQ@ 
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CLIENT: 

STANDARD CALCULA T/ON 
SHEET 

CHECKED BY: DATE: 

-- ---..- . .._1^ I... . ._. ..-..--_nl^. _ _-, _ ,.._ 
*.-.- . I -_- -.. i . i j.. i :? -. 
I!,,' ,,i ! i : 

1 
*.____ . 

. . 

fY)W-OC 003 
7-tt-42 
+a l4e.2. 

SElG88C 
Ewi romen taI Lagger 

9?/22 14:09 

Unitt 80927 Test 2 

i-g 
-4:769 

..-.-.- --- ..-_I_ --- 
-Q .663 --i- 

. ._ 

0.3666’ 
8.3833 

setups: M’UT 1 
--m--- I--- 

TYPO 
Mode 
I.D. 

Elapsed Time 
--I 

8.8009 
0.8033 

:-%z 
0:0133 

Reference 
Linearity 
;;;c&factor 

Delay fnSEk 
-8.830 
58.886 

Step 6 87J22 18:52:84 

IWT 1 
m-w 

-1.883 
-1.714 
-1.586 
-1.592 
-1.484 

-4.347 
-0.832 
-a. 747 
-9.531 
-a .944 
-4.994 __ 

0.1466 
8.1!%@ 

-e.. 656 
-6.644 
-8.631 
-6.622 
-8.618 

zrngg - 
-&75 
-0.569 

:;-g 
-&338 ’ 
-6.531 
-8.522 

~~-~ 
-a:497 
-0.491. 
-8.481 

:m:E 
+:462 

0.2366 
0.2408 

0.2866 
8.2900 
0.2933 
0.2966 

:* ;:Fi 
8:3066 
8.3100 
0.3133 

:m5’:~ 
0: 3$33 

:m:E . c 

. 

-8.428 
-B l 422 
-8.419 
-8.412 
-8.486 
-9.400 - 
-9.397 
-0.394 
-6.331 

-tmz 
-8 : 378 

~-~~ 
-0 : 366 
-0.362 
-9.359 
-9.356 
-6.353 
-0 m 350 

~x-~:~’ 
-a:341 
-0.337 
-a. 334 
-0.331 
-6.331 
-0.328 
-0 l 325 
-6.322 
-0.319 
-8.306 d 

0.5166 
8.5333 
0.5500 
0.5666 
0.5833 
8.6880 
0.6166 
0.6333 
0.6500 

t-%2 
0:7000 

0.8888 
8.8166 
0.8333 

:m:E 
0:3833 
0.9000 
0.9166 

:m::tt 
1:6888 
1.0000 
2.8888 

;* 24::: 
2: 6800 

:-x::: 
3: 2800 
3.4800 
3.6000 
3.8080 
4.0000 
4.2000 
4.4000 
4.6000 
4.8800 
5.8000 

-6.225 
-8.222 
-8.215 ! 
-0.212 
-9.206 l 

I;.;g* 

-a:197 
-em198 
-8.187 

-8.172 / 
-0.168 
-9.168 
-0.165 
-0.162 
-em 159’ 

1;. :g 
-0: 156 
-a.153 

1;. :g 
-9 : 147 
-9.143 

zm:z ’ 
-0 : 189 
-9.100 
-0.098 I 
-8.087- 
-8.884 : 
-0.881 
-6.084 I 
-6.#7 : 
-0.084 - 
-9.081 
-4.081 
4.078 
4.078 
-4.078 l 

-9 l 031 
-4.0Sl 
-0.081 
-B .081 
-e.081 

-_ _. . _ .--.. 

_ ._.. 
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6.8000 
6.2888 
6.4888 

.- 

6.6880 
6.8008 
7.8868 
7.2800 
7.4000 
7.6000 

._ 7.8000 
8.0000 
8.2888 
8. se@ 

-i 8.6000 

-_ { 
8.8000 
9.8000 
9.2000 

..’ 
x:z 

--t 9:80&J 

.; E!*tOs 
END” 

-8.078 
-Q.075 
-0.875 
-8.078 
-9.078 
4.073 
4.075 
-8.e75 

x5: 
-9 : 075 
-0.075 

$g; 
-03368 
-8.065 

z=gg 
-Q : 062 
-0.062 
-8.059 
-8.059 
-8.062 
-a.062 
-8.056 
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HALL/BURTON NUS Environmental 
Corporation and Subsidiaries STANDARD CALCULA T/ON 

. SHEET 

- 

BY: 

CHECKED BY: t 

I 

PAGE / OF 

DATE: 

C 

- 

_ 
,HdOlr - 
7-22-42 

0-t Risc”2, 

SEl000C 
Environmental Logger 

07122 14:18 

Unit# 00927 Test 3 

%tUFS: INPUT 1 
-s.---------- -------- 
J-we Level CF> 
Mode TOC 
I.D. 00005 

Reference 0.080 
Linearity B.010 
Scale factor 9.910 
Offset -6.030 
Delay &EC 50.000 

Step 0 07~22 11:&3:01 

Elapsed Time INPUT 1 
------------ ------^- 

0.0000 0.006 
0.0@33 1.041 
0.0066 1.313 
0.01430 1.811 

8%: 
2.211 

0: 0200 
2.349 
1.051 

0.8233 1.341 
0.0266 1.748 
0.0300 1.339 

8-E: 
1.592 

0:0400 
1.598 
1.532 

0.0433 I.467 
0.0466 1.429 
0.0500 1.366 
0.0533 I.345 
0.8566 1.301 
0.0600 1.266 
0.0633 1.241 
0.0666 1.198 
0.0700 1.169 
0.0733 1.119 
0.0766 1.094 
0.0800 1.041 

b.90 0*g833844 
0.0166 ::016’ 
8.0900 9.991 
0.0933 0.960 
0.0966 B . ‘329 
0.1000 0.916. 
0.1033 0.597 
0.1066 0.879 
0.1100 4.850 
0.1133 4.8.38 

SW-4 0.1166 0.816 
0.1200 4.794 

-;. ys?& 

ak00 
0.1333 
0.1366 
0.1400 
0.1433 
0.1466 
0.1500 
0.1533 
0.1566 
0.1600 
0.1633 
0.1666 
0.1700 
0.1733 
0.1766 
0.1800 
0.1833 
0.1366 
0.1900 
0.1933 
0.1966 
0.2000 
0.2033 
0.2066 
0.2100 
0.2133 
0.2166 
0.2200 
0.2233 
0.2266 
0.2300 
0.2333 
0.2366 
0.2400 
0.2433 

ts2z 
0&3 
0.2566 
0.2600 
0.2633 
0.2666 
0.2700 
0.27.33 
0.2766 
0.2500 
0.2033 
0.2166 
0.2900 
0.2933 
0.2966 
0.3000 
0.3033 
0.2066 

z:!? 
0:316: 
0.3200 

a.775 
a.760 
0*744* 
8.722 
0.713 
0.697 
6.678 
a.669 
4.656 
0.641 
9.635 
0.625* 
0.613 
6.597 
B.S38 
0.575 
a.566 
0.556 
0.541 
0.541 
a.525 
0.522 
0.513 
8.503* 
0.497 
a.431 
0.404 
4.478 
8.472 
13.462 
a.456 
0.453 
0.444 
0.441 
0.434 
a.431* 
8.425 
8.419 
9.412 
0.409 
0.403 
0.4@0 
0.397 
9.394 
4.387 
8.354 
6.381 
0.378’ 
8.372 
6.369 
a.366 
a.366 
9.362 
0.356 
0.396 
0.350 
0.347 
8i347 
0.344 
0.340 

0.3233 
0.3266 
0.3300 
0.3333 
0.3500 
0.3666 
0.3333 
0.4000 
0.4166 
0.4333 
0.4500 
0.4666 
0.4833 
0.5000 
0.5166 
0.5333 
0.5500 
0.5666 
0.5033 
0.6080 
0.6166 
0.6333 
0.6500 
0.6666 
0.6833 
0.7000 
0.7166 
0.7333 
0.7500 
0.7666 
0.7833 
0.8000 
0.8166 
0.8333 
0.8500 
0.8666 
0.3133 
0.9000 
0.9166 
0.9333 
0.9500 
0.9666 
0.9833 
1.0000 
I.2000 
1.4000 
1.6000 
1.9000 
2.0000 

5 gg *. 
2.6000 
2.3000 
3.0000 
3.2000 
3.4000 
3.6000 
3.8000 

44. XEi 
4:4000 
4.6000 
4.3000 

END 

0.272 
6.262 
0.256 
0.250 
0.244. 
4.240 
9.234 
0.228 
0 .225 
0.215 
0.215r 
0.212 
0.209 
0.203 
0.200 
8.197 
a.193 ’ 
0.190 
0.190 
8.187 
0.104 
0.181 
0.178. 
0.175 
0.172 
0.172 
0.168 
0.165 
0.165. 
0.162 
0.162 
0.159 
8.159 
a.156 
8 156 
a:134 
0.125 
8.115 
8.106 
0.096 
4.090 
8.087 
8.034 
0.084 
4.051 
8.075 
a.075 
9.075 
4.071 
9.071 
4.071 

i*::: 
. a:062 
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HALLIBURTON NUS Environmental 
Corporation and Subsidiaries 

STANDARD CALCULA TION 

CLIENT: FILE NO.: BY: 
PAGE OF 

S EJECT: 
+ 

1 

a\! ‘-3 b+-& ,~!+>.t~~+ Auk, WJ - C.X 
CHECKED BY: DATE: 

I * 

hi t# 00765 Test 0 

Setups: INPUT 1 
----w-----w- ---_ -___ 
Type 
Mode %’ (F’ 
I.D. 000s 

Reference 9.006 
Linearity 8.006 
Scale fatter 18.020 
Offset a.000 
Delay r&EC 58.000 

step 8 07/22 09:34:20 

Elapsed Time INPUT 1 
---.m----- ----A-,, 

0.0000 -0.012 
0.0033 -9.705 
0.8066 -8.?24 
0.0100 -1.069 
0.0133 -1.332 
0.r3166 -1.646 

z= 88::!? 
-1.737 

0: 8266 
-1.892 
-2.051 

0.0300 -2.105 
0.0333 -2.193 
0.8366 -2.288 
0.0400 -2.306 
0.0433 -2.329 
0.0466 -2.352 
0.0500 -2.421 
0.0S33 -2.333 
0.0566 -2.282 

1 
0.8600 -2.336 

e 
---sbo 0.0666 -2.443 

0.0700 
0.0733 
0.0766 
0.0800 
0.0833 
0.0866 
0. a900 
0.0933 
0.0966 

2 z0 
0: 1062 
0.1100 
0.1133 
0.1166 
0.1200 

-2..336 
-2.231 
-2.2199 
-1.368 
-1.646 
-1.231 
-1.139 
-1.617 
-1.788 
-1.633. 
-1.620 
-1.665 
-1.627 
-1.608 
-1.620 
-1.608 

8.1233 
0.1266 
0.1300 
0.1333 
0.1366 

ixEz 
011466 
0.1500 
0.1533 
0.1566 
0.1600 
0.1633 
0.1666 

f- ;;g 

0: 1766 

i- :zs 
0: 1866 

:- Ed 
0: 1966 

ZEi 
0:2066 
8.2100 
0.2133 
0.2166 
0.2208 

izz 
0:2300 
0.2333 
0.2366 

:* %i 
0:2466 
0.2500 
0.2533 
0.2566 

E~!i3” 
0:2666 
0.2700 
0.2733 
0.2766 
0.2800 
0.2833 
0.2866 
0.2900 
0.2933 
0.2966 
0.3000 
0.3033 
0.3066 
0.3100 
0.3133 
0.3166 
0.3200 
0.3233 
0.3266 
0.3300 
0.3333 
0.3500 

-1.5’32 
-1.595 
-1.585 
-1.576 
-1.576 
-1.S66 
-1.560 
-i.S63 
-1 .Sisl’ 
-1.547 
-1.538 
-1.535 
-1.528 
-1.522 
-1.516 
-1.513 
-1.506 
-1.500 l 

-1.497 
-1.490 
-1.484 
-1.481 
-1.475 
-1.468 l 

-1.465 
-1.459 
-1.456 
-1.449 
-1.446 
-1.440 
-1.437 
-1.430 
-1.424 
-1.421 
-1.418 
-1.411 
-1.411 
-1.399 
-1.396 l 

-1.396 
-1.377 
-1.313 
-1.342 
-1.386 
-1.427 
-1.446 
-1.383 
-1..320 
-1.358 
-1.345 
-1.348 
-1.326 
-1.313 
-1.342’ 
-1.370 
-1.361 
-1.288 
-1.304 
-1.316 
-1.310 
-1.397 
-1.310 
-1.304 
-1.282 
-1.272 0 

.4 

.t. y; 

0:4000 
0.4166 
0.4333 
0.4500 
0.4666 
0.4833 
0.5000 
0.5166 
0.5333 
0.5300 
0.5666 
0.5833 
0.6000 
0.6166 
0.6333 
0.6500 
0.6666 
0.6833 
0.7000 
0.7166 
0.7333 
0.7500 
0.7666 
0.7833 
0.8000 
0.8166 
0.8333 
0.3500 
0.8666 
0.8833 
0.9000 
0.9166 
0.9333 
0.9500 
0.9666 
0.9833 
1.8000 
1.2000 
1.4080 
1.6000 
1.8000 
2.0000 
2.2000 
2.4000 
2.6000 
2.8000 
3.0000 
3.2000 
3.4000 

z- !$g 
4’: 0000 
4.2000 
4.4000 

1%:~ 
3: 0000 
5.2000 
5.4000 
5.6000 
5.3000 
6.8000 

- 1:2.53 
-1.234 
-1.215 
-1.199 
-1.180 
-1.164 
-1.145 
-1.130 
-1.114 l 

-1.098 
-1.082 
-1.@66 
-1.054 
-1.038 
-1.025 
-1.009 
-9.997 
-0.984 
-0.971 
-cf. 959 
-8.946- 
-9.933 
-0.921 
-0.911 
-0.899 
-6.886 
-0.876 
-6.864 

1;. ;z; 
-es335 
-8.823 
-9.813. 
-0.804 
-8.734 
-0.788 
-9.775 

X~ 
-01648’ 
-8.576 
-0.512 
-0.462 
-0.42lr 
-8.386 
-8.354 
-0.326 
-8.303 

1; l gg 
-@:253 
-6.237 
-8.221 
-6.212 
-6.202 
-a. 196 

2%: 
1;: :;‘: 

-a: 161 
-8. is5 
-a. 15s 
4.148 
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HALL/BURTON NW Environmental 
Corporation and Subsidiaries 

S TA NDA RD CA LCULA TION 

BY: 

CHECKED BY: 

6.2000 
6.4888 
6.6000 

F ::s 
7:2000 
7.4000 
7.6000 
7.8000 
8.0000 
8.2000 
8.4000 
8.6000 
8.8000 
9.0000 
9.2000 

xz 
9: 8000 

10.00 0 
8 12.00 0 

14.0000 
16.0000 
18.0000 
20.0000 

END 

-8.139 
-8.136 

rf3- :22: 
-0: 126 
-0.123 
-8.123 
-0.120 
-0.120 
-%. 120 
-0.117 
-0.117 
-a. 113 
-0.110 
-a. 110 
-a.110 

I;*:;; 
-Sk98 
-4.094 
-8.094 
-8.098 

. ..-- --. _ .,......._ .- 

. ._ 

. _.. 

., ^ .^ 

- . - .._ - _. _.. _ - ._ 

- ,. 

.- 

_. 



9:sc 
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PROJECT NC.z .... ..?? “, 3 3 ........................................ OEotoQsf: ..A.....~.~~..d.~~.l.~ ................................................ 

mLf DUMECVI: . ..6.::.r..k!?!. G ScREes ENG’ltl~EP’lk oPc+’ I..~?~c.~~..~.~...~.s ........ . W NC.z . .OO X.. ....... 

STA’RC WA-m? . @pth/bmtfat): .... I.M.~. -r 9- ........... ...... ..r. .. Y.P . #. . 0 -l-oc ...... ............. DATE . ..X?x.~f .X. ..... 

TEST-nPE (mahg/Folmg/~ tiood)z .. ..R.z.ain .q ................................................................... 

MlErHcD cf I.yDuuNc WAlEiz LmEL CNANCE: ..5!!!..!?!!.~...s.l.%~ . ..a!. .. .3:4.:. ................... PAGE ..... ff .......... 

f3EFEENCEPTOFDRMiUUS(TopOfCWhg,T mnaducu, ate> ..Tx.G.~.L.8’ ........ ....................................... 

,.&ARKS: 
66(rciWC ers: $ 

. . . . . . 

:ALCS.SKEXH MAPS. ETC.: 
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8 e-e 
7--- ! 
6--J 

I : I! I I I 
1 ! j ’ , I I I “!i ,1:1/,,1/ /!, 
/ / ., i/ 1 l,i!Z I ‘-1-i 

I- j : I / 
I 

: : ’ IhI 1 / / : I:, 

0 6. T f. 0 2.0 
<,41,- f.,-. ., 4 ,,\ 

3.0 
4 



HALLIBURTON NUS Environmental 
Corporation and Subsidiaries 

CLIENT: FILE NO.: By: 

CHECKED BY: 

SE1800C 
Enui ronmental kmer 

07.32 12:02 

UnitO 88765 Test 1 

Setups: INPUT 1 
----a---- I- v-B-- 
Type Level CF) 
Rode TOC 
I.D. 000eLi 

Reference e.shs 
Linearity 0.000 
Scale factor 
Offset ‘radii 
Delay mSEC se1000 

Step 8 0;&2 09: 57: 12 

Elapsed Time INPUT 1 
-----.s--- -------- 

0.0000 8.000 
0.8033 8.446 
0.8066 2.456 
0.0100 2.792 
0.0133 2.871 
0.0166 3.099 ’ 
0.8200 2.284 
0.0233 2.712 
0.8266 2.845 
0.0300 2.082 

0.0433 

i -e *- 
0: 0533 
0.0566 
0.0600 
0.8633 
0.8666 
0.8700 
0.0733 
0.0766 
0.0800 

0.0900 
0.0933 
0.8966 
0.2 000 
0.2033 
0.1066 
0.2 100 

X%2 . 

1.848 
1.874 
1.874 

XX 
1.826. - 
1.802 
1.798 
1.792 
1.792 
2.760 
1.750 
1.734 
1.722 
1.737* 
1.723 
2.709 
1.680 
2.677 
1.671 

:-zz l 

C658 

t=:tz 
1:633 

0.1200 1.620 
0.2233 1.620 

ii* l :z 1.612 1.608 o 

a. 2333 
0.1366 
0.1400 
0.2433 

0.1866 
0.1900 

:* :E 
0: 2000 
0.2033 

2 EE 
0: 2300 

t- 4E 
0: 2400 
0.2433 
0.2466 

EE 
0: 2566 

x!f 
0: 2666 

0.2866 
0.2900 
0.2933 

:%~~ 
0:3033 
0.3066 

g*;g!j 

0:3266 
0.3200 

:* isz 
0: 3300 
0.3333 
0.3500 

-. I 

1.684 
1.589 
1.595 
2.579 
2.576 
2.57’8 
1.563.. 
1.557 
1.547 
1.544 
1.538 
1.532 
1.525 
1.522 
1.526 
1.509 
1.503 
1.588 * 
1.497 
1.490 
1.484 
2.478 
1.472 
1.465 - 
1.462 
2.459 
1.453 
1.446 
2.443 
2.440 
1.433 
2.427 
1.424 
1.418 
2.415 
2.421 l 

1.405 
1.402 
2.396 
1.392 
1.389 
2.383 
1.380 

:*gs; .I. 
1.367 
1.364 
1.358 
1.354 
1.352 
1.345 
1.345 
1.339 
1.335 
1.332 
2.326 
1.323 
1.320 
1.313 
1.310 
1.307 
1.288 

:%E 
2 : 4000 
1.6000 
1.8000 
2.0000 

;*::fiz 
2: 6000 
2.8000 
3.0000 

1;269 . 

1.262 
1.145 
1.133 * 
1.227 
1.101 
1.085 
1.073 
1.060 
1.047 
1.032 

:*:A; 
e:997 

. 

E’: 
Q:962 
0.949 
0.936 
0.924 
8.924 
8.905 g 

1’E 
0:873 
0.064 
a.852 
8.842 

BB’% 
0:823 
8.804 
8.797 
0.788 l 

0.671 
0.595 

xzi 
0:440 * 
0.398 
0.364 
6.338 
0.326 
8.294 * 
0.275 

t-$3; 

0: 231 
8.218 l 

8.208 
8.199 
0.286 
8.277 
8.270 
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HAL f /BURTON NUS En wironmen tal 
Corporation and Subsidiaries 

STANDARD CALCULA T/ON 

CLIENT: 

SUBJECT: 

l 

FILE NO.: BY: 
PAGE2 OF 

CHECKED BY: DATE: 

..,.,- _.^.“-._. ^. . . --.-.-. 

.._ 

-__--.-.. .^. _ _ .- _ . _... _ _ - -.- 

..,_ .___._I_._ -_-- ._.-..^. - .-.-.- ..--. _-. ._- 

; 

.-I--- ----. we.“..,. .._ .._ I _-.. -1--.. .-.. . ..^ __-_ I .- ._. ~.--- .__-__,.- -I --- ..-. .-.-.. 

. .._.. -.-. .“_. .._ 

.“__ . 

. ..-.^ ..” . 

._. 

_^..... . . _.. - .._ .._. - -.__ 

g*:g: 
6: 8000 
6.2000 
6.4000 
6.6000 
6.8000 

;*:::ii 
714000 
7.6000 
7.8000 
8.0000 
8.2000 
8.4000 
8.6000 
8.8000 
9.0000 
9.2000 
9.4000 
9.6000 
9.8000 

10.8000 
12.8000 
14.0000 
16.0000 
18.0000 
20.0000 
22.8000 
24.0000 
26.0000 
28.0000 

END 

0.164 
0.158 
8.148 
8.145 
0.142 
0.139 
Q.136 
8.132 
0.129 

8.117 
e.l10 
0.110 
9.110 
0.107 
0.107 
8.104 
8.101 
8.101 
0.101 
0.101 
0.101 
0.094 
8.091 
6.085 
8.091 
a.002 
0.079 
8.002 
0.085 
0.079 

. .._.. 
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HALLIBURTON NUS-Environmental 
Corporation-and Subsidiaries, 

CHECKED BY: 

Made 
I.D. 

Elapsed Time INPUT 1 
---------v-w a--- -v-w- 

a.awM a.142 
Q. bjg33 9.133 
0. U@E&l -4.213 
a.c31Em 4.484 -w- 0. q 1 .d,.) 4.471 
L.yl. q l&G -q . &26 
13. l32gil3 -q . ‘343 
8.0233 -1.164 
r3.0266 -1.225 

i--LA j 
r3. 123.3 

! 
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HAUlBURTON NUS Environmental 
Corporation and Subsidiaries 

STANDARD CALCULATION 

DATE: 

-.- 

B/ 
1 # 
i ’ 

--_---. 

- -. _-- ._ .--- ,* 

’ +j.& 
.L-- ; 5 : j L , j ; 

: i i _ ----__ L-_. --.L--__ 
-9 . ‘25& 

q.253 ._ ,. . -.&.- 
-4.246 

i__-___-.-._--__--_-._-__-.- ..__ ___._ 

-q.2,qfi . .-... --- ~--..“-.--- 
-g,237 , ! 

i--n--- ..--A--&-+~ 

-Il.231 -____ i--l j 
/ ! 

q.227 :ia\ ; i 
_?__-.-y----..-.-_ 

.: A 
I i 

i : 

-rj. 224 . 
..-. _.- ..d”-‘-~~ i--.7-_-__e ._.. - -- ..-. -_-_ --..._. - 

-q .221. i i f I : / ; : i : 

-y .2132 , : 
-q “$yy .._. ___, ..- -._. - . ..____ .-_. --__- *)-- -_-_ 

.CWC 
-- ---... ._-A& 

-11. l”F, 
1 : ; : 

-13 , 1,~14 .-- - .-.---- - - .-. ..-- --... .-. -._- .--. ----- _. - _-... - ..____.... :-_ __ 

-q I.jfy , r ‘-, _ . ._. ._ _ 
-1.3 . 1379 

_ _ _ _ _ 

-4 ” $372 i - .-.a..--.--- .- ..-- -__ -_____ _.,_. --.. 
-Lj , @ig,@ 
-l-j , El53 : i ; 

---_i__.__ j i 
-g *IT&&7 ., I ! .- 

---- _._- -___ 
i 

-Q . QJ3 --A--.-----,. i -.II_____--_.-- -._. -_-_,-_- . . ..__ i ___ 
-4.941 
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HALL/BURTON NUS Environmental 
, Corporation and Subsidiaries 

CLIENT: FILE NO.: BY: 

.-- ..-. -. -. 
, 

r- 

43 
7-21-L OCL 

Mw-07 , 

., ,. .- 
. _ . . . 

I CHECKED BY: I DATE: 

-- I 
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BY: 

r” 
CHECKED BY: 
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PROJECT NO.: .... a%.%%>. c-00 J ............................. GEOLOUSZ . ..A.:..%.~.~ Ff I-; = y. .. ...... .... ........ / R ... ........ .......... ...................... 
WRLDMM~ +‘D ... .................... m LpIGlll/bEpR1: .&2+-r - ‘o-fL y*C ....... ... ......... .......... TEST Ma: . ..t%? .!. ......... 

STXIIC kER . (Dlpth~ovatb): .%.,.%?.&OS.. \ ............................................. DA= 7-t 1- ?2 ...................... ..... 

m m o-w/-W/- Hod): .. ..Ria.h S.J k 03 QQ ‘y - .................. .... .... ........................................ 

m OF =aG WAm m CHAtdoE: . 3” Ba”Cp - st*Q ho rem OvcC!, ....... ............... ... ..... . .. ....... ......... .......... PACE.. ... w.. ........ 
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WELL E 

PUMPING WELL 



~~HALLIBIRTON NUS 
ylv~ Environmental Corporation AQUIFER TEST DATA 

- NAW L L&CIYII(\S~~r Mdress County - l33ucvs State -5 

oate %\I1 j t12 Company performmg test H . N u S Measurecl by Awu jnbu i5 

WellNo. E Distance from pumping well 0.00 Type of test 5 ;nr\e Wcli (E ) p IA m Test No. 0 

rump 

Ourati 

Pump on: Date slrr Time rtyF UO) 
=-- oft Date &!L Time ZtSZ (r,) 

Static tiw H 16.Y3 
TOC 

HowOmeasured j !~‘;gb~‘“w~’ 
Depth of pump/air line 3 s 

commentsonfaotoK 
Measuring point 

Pre,tious pumping? ks - No x affectingtestdata 

Elevation d measuring point DuKtion End 



SENT BY:Xerox Telecopier 7020 i 8-16-32 ; 4:39PM : 2158719715-, 4128214040;# 8 

HAKlBURTUN NUS Envim 
Comomtion end Sulasidia~ 

6°F 
sib 
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I N0.z BV: 

CHECKED By: 

- : .: . ’ . . . . 
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. . . . .a . . . . a.*-. . . . . 
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warminster pumptest pump well-e recover 
Time t Time tf 9+ 

540.05 0.05 
t/t' s' 

10801 15.9 

” 

540.1 0.1 5401 
540.2 0.2 2701 
540.5 0.5 1081 

540.75 0.75 721 
541 1 541 
542 2 271 
543 3 181 
544 4 136 
545 5 109 
546 6 91 
547 7 78.14286 
548 8 68,5 
550 10 55 
560 20 28 
570 30 19 
580 40 14.5 
590 50 11.8 
600 60 10 
620 80 7.75 
640 100 6.4 
740 200 3.7 
840 300 2.8 
940 400 2.35 

warminster pumptest pump well 
Time t Time t' t/t' S’ 

540.05 0.05 - 10801 15.9 
540.1 0.1 5401. 15.7 
540.2 0.2 2701 15.2 
540.5 0.5 1081 14 

540.75 0.75 721 13.2 
541 1 541 12.5 
542 2 271 10.3 
543 3 181 a.7 
544 4 136 7.5 
545 5 109 6.4 
546 6 91 5.7 
547 7 78.14286 5.1 
548 8 68.5 4.6 
550 10 55 3.9 
560 20 28 2.1 
570 30 19 1.5 
580 40 14.5 1.2 
590 50 11.8 1 
600 60 10 0.8 
620 80 7.75 0.6 
640 100 6.4 0.5 
740 200 3.7 0.2 
840 300 2.8 0.1 
940 400 2.35 0 

15.7 
15.2 

14J 
13.2/ 
12.5/ 
10.3 J 

8.74 
7.5/ 
6.4) 
5.7 
5.1J 
4.6/ 
3.9/ 
2..lJ 
1.5J 
1.2J 

1 
0.8 
0.6 
0.5 
0.2 
0.1 

0 
e reco 

warminster pumptest pump well e reco 
Time t Time t' t/t' S’ 

540.05 0.05 10801 15.9 
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P 

c14 

SEIOOOC 
Envirofvnental Logger 

08/12 09:06 

Unit# 00765 Test 0 

Setups: INPUT 2 
~~~.~~.~~-~- -~.~~~.~~ 

Twe Level (F) 
Mode Surface 
I.D. 00500 

Reference O.OOD 
Linearity 0.000 
Scale factor 50.420 
Offset -0.090 
Delay mSEC 50.000 

Step 1 OS/II 22:53:07 

Elapsed Time 
-..-...---.. 

0.0000 
0.0033 
0.0066 
0.0100 
0.0133 
0.0166 
0.0200 
0.0233 
0.0266 
0.0300 
0.0333 
0.0366 
0.0400 
0.0433 
0.0466 
0.0500 
0.0533 
0.0566 
0.0600 
0.0633 
0.0666 
0.0700 
0.0733 
0.0766 
0.0800 
0.0833 

8-E 
oh33 
0.0966 

:%z 
0:1066 
0.1100 
0.1133 
0.1166 
0.1200 
0.1233 

5-1% 
D:l333 
0.1366 
0.1400 
0.1433 

%~ 
0:1533 
0.1566 
0.1600 
0.1633 
0.1666 
0.1700 
0.1733 
0.1766 

8-E 
0:1a66 

K!! 
0:1966 
0.2000 
0.2033 

8%! 
012133 

INWT 2 
----.-.-. 

-16.215J 
-16.088 
-16.119 
-16.072 
-16.056 
-16.024 
-16.024 
-16.008 
-16.008 
4;.;m$ 

-IS:960 
-15.944 
-15.912 
-15.912 

:::-gg 
-15:817 
-15.801 
-15.785 
-15.769 
-15.769 
-15.737 

:::-3f: 
-1s:ms 

1::.g J 
-15:657 

-15.578 
-15.562 

:;:g 
-15:530 
-15.498 
-15.498 

:::-gg 
-15:434 
-15.419 
-15.419 
-15.387 
-15.371 

-15.291 
-15.275 

:;:g 
-IS:243 J 
-15.227 
-15.211 
-15.196 
-15.180 



0.2166 
0.2200 
0.2233 

K% 
ok33 

8%t 
0:2433 
0.2466 
0.2500 
0.2!533 

EE 
012633 

S*E 
a:2733 
0.2766 

x%E 
0:3033 
0.3066 

x-z: 
0:3166 

EZ 
0:3266 
0.3300 
0.3333 
0.3500 

s-z 
0:4000 
0.4166 
0.4333 
0.4500 

ES 
0:6000 
0.6166 
0.6333 
0.6500 

0.7333 
0.7500 
0.7666 

EZ 

ZE 
0:8!500 

8*E 
0:9000 
0.9166 
0.9333 
0.95OD 
0.9666 

1.8000 

?%t 
214000 
2.6000 
2.8000 

;%i 
3:4ODO 

:::-g; 
-15:004 

:;t-;; 
-141957 
-14.941 
-14.925 
-14.909 

3-E 
-14:877 
-14.861 
-14.845 
-14.829 
-14.829 
-14.797 
-14.781 
-14.781 
-14.765 
-14.750 
-14.734 
-14.718 

-13.077 

:EE 
-12:934 

: .  

_. . I  



C 

n” 

- 

3.6000 
3.8000 _ 

EE 
4:4DOO 

t %E 
5: 0000 

:%zi 
5:6000 
5.8000 

8%!8 
614000 
6.6000 

%% 
712000 

S%X 
718000 

X*XE 
814000 
8.6000 
8.8000 
9.0000 
9.2000 
9.4000 
9.6000 
9.8000 

10.0000 

:42'Ei 
16:OOOO 
is.0000 
20.0000 

SE 
26:0000 
28.0000 
30.0000 

54.0000 
56.0000 
58.0000 
60.0000 

EEX 
66: 0000 
68.0000 
70.0000 t 

82.0000 

E%I) 
aa:oooo 
90.0000 
92.0000 
94.0000 
96.0000 
98.0000 

:%I:: 
120:ooo 
130.000 

EXiX 
16O:OOO 

1z%~ 
190:ooo 
200.000 

-6.849 

If-g: J 
-6:275 

:g-;f 
-5:782 
-5.654 J 

::-E 
-5:2aa 

-1.656 

::-g / 
-1:369 

::%i . 

-0.876 

-0.748 
-0.732 
-0.716 

:8-E 
-ok68 
-0.653 / 

18-E; 
-0:6os 

:;-;g 
-0:557 

:;-g 
-a:525 

-0.291 ' 

Wet\- E 
Rers JC-Y 

. - _ -. _.. ..----. _ ._... --. _-. 

::. 

. __._ ..I. 



310.000 
320.000 
330.000 

::i- 8:: 
360:000 
370.000 
380.000 

Z-E 
410:ooo 

z?i% 
440:ooo 

%% 
470:ooo 
480.000 
490.000 
500.000 
510.000 
520.000 
530.000 
540.000 

-0.159 
-0.143 

:;q;; 
-0:111 
-0.095 

r;-;g . 

$EJ J 

-0:031 
-0.015 
-0.015 
-0.015 
0.000 
0.000 

8.% 
O:DISJ 

Kz: 
0:031 
0.031 
0.031 
0.047 
0.031 
0.031 
0.015 
0.015 * 
0.000 
0.000 

-0.015 
-0.015 

. 

P 



Elapsed Time 
. . . . . . . . . . . . 

0.0000 
0.0033 

8-K 
0:0133 
0.0166 
0.0200 
0.0233 
0.0266 
0.0300 
0.0333 
0.0366 
0.0400 
0.0433 
0.0466 

8-E:: 

::Es 
0:0633 
0.0666 
0.0700 
0.0733 
0.0766 
0.0800 
0.0833 
0.0866 

E2: 

ei~ 
0:1033 
0.1066 
0.1100 
0.1133 
0.1166 
0.1200 
0.1233 
0.1266 
0.1300 
0.1333 
0.1366 

8-E 
0:1466 
0.1500 
0.1533 
0.1566 
0.1600 
0.1633 
0.1666 

8*E 

:%i 
0:1833 
0.1866 

8-E 
0:1966 
0.2000 
0.2033 

:-:i 
0:2133 

_-*_ . . .._ .-_-. -. 

SElOOOC 
Envirommntal Logger 

OS/12 D9:02 

Unit# 00765 Test 0 

Setups: INPUT 2 
. . . . . . . . . . . . . . . . . . . . . 

We 
Mode z%S" 
I.D. 00500 

Reference 0.000 
Linearity 0.000 
Scale factor 50.420 
Offset -0.090 
Delay mSEC 50.000 

Step 0 oam 13:45:39 

INPUT 2 
. . . . . . . . . 

-0.573 
-0.525 
-0.621 
-0.668~ 
-0.684 
-0.780 
-0.812 
-0.828 
-0.923 
-0.939 
-0.987 
-1.051 

-2.8 
-2.8 

2 
11 
‘1 

:: 

9 
I7 
l3J 
5 

: 
ia 



1 
f 

1 

. . 



.I . .:- 
‘, 

._. .,. 
. . . . . . ; 
yir 
, : 
_.. ‘ .I _, _ .:; 
‘.‘- _. ; : 
:.i 

.; 
,. . 

:_ 

- ---.-- 
.’ 

I...‘ _, 

.c,: ? .: ,.. 
: 

---1--L.-. 
-_-, -..- Al-. - - 

. :.;. , 

g:g- 

SW& 
800'91- 
9Lb'Sl- 
tW'St- 
266-s. 
9Lb'SL- 
%U'SL- 
D96'SC- 

p g:;t- . 

;gt- . 

g:;;- . 

g::t- 

m?*st: 
678:Sl- 

/;;.g- . 
LLI'SL- 

:;;:g- 

SaL'si: 

;g:g- . 

f$;:g- . 

";g:g- 

zwsr: 
OL9'51- 
oa:sr- 

/g&it- . 

EEt- 
LL& 

/g:g- . 

Kt- . 
W6'fl- 

/ m8’tt- 
LBL’fl- 

~SZL:El- 

i%:- 
SCIO’EL: 
ELO’EL- 

zE:t- 
2rr:zr: 

'g.;;- 

2w21: 
09s'21. 

,S92-21. 
/169L'21- 

SOL'ZL- 
8SOO'21- 



z%t 
390:ooo 

-16.056 -16.056 

:;tg :;tg 
-16:024 -16:024 
-16.008 -16.008 

::t-g;/ ::t-g;/ 
-16:374 -16:374 
-16.390 -16.390 

: : -16:311 :2-g -16:311 :2-g 

-16.2% -16.2% 
-16.327 -16.327 
-16.342 -16.342 
-16.263 -16.263 



WELL BG-4 

OBSERVATION WELL 



AQUIFER TEST DATA 

Date 4/t\/ 42. Compaq performmg lest i-4 . r--t.tin, Measuredby Aw KI Rw 6 1 I 

#sllNo. r;: k-cl Distance from pumping well P wnC, lest No. 0 

Measuring equipment )-let-m: + / “I \ cxr\c\ \o 05; J-ran5 d wcif+ -r/t e-f L\ 

comments on factors 

affecting test data 

-MS 

-1,bO 

-, 

-(.bo 

10 ’ -I:59 1324 ;I\ (2ccour~ 

\y -IS% 

16 -I .5Y 

20 -I.50 

2b - I.43 

3c -1.24 

42 -l,Z\ 

52 -1.08 



ffALf.lBURTON #US EnvironmgntaI 
Corporation and Subsidiaries 

STANDARD CAI CULA T/ON 
‘SHEET] 

CLIENT: FILE NO.: BY: 

J&WC wctun ItiSTmL ‘3q3%-nso(8 ruc.~sk& PAGE OF 

SUBJECT: CHECKED BY: DATE: 

pLwtP ts;sr pAti+ F-w%J&-rod 

C 
HALUOURTON NUS IS5 REWSED 0191 
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SElOOOB 
Enviromiental Logger 

08112. 09:12 

@itO 40020 Test# 0 

Scale factor 10.02 
Offset * 0.01 

stepn 0 08/11 13:45 

INPUT 1: Level (F) T- 

Reference 0.00 .- --~. 

Elapsed Time 
memvvm-mem*- 

0.0000 
10.0000 
20.0000 
30.0000 

z%:: 
60:0000 
70.0000 

%Ex 
10i.000 
110.000 

::KE 
140:000 
150.000 
160.000 

lz?Xi 
190:ooo 

-l&d 
-1.46 

-1.60 

::*g 
-1:6o 
-1.59 
-1.60 
-1.60 
-1.6oJ 
-1.M) 
-1.60 

xi . 



SElooOB . 
Envirommtal Logger 

08112 09:13 

Unit# 40020 Test# 1 

INPUT 1: Level (F) 

Reference 0.00 
Scale factor 10.02 
Offset - 0.01 

step# 0 OWtl 22:52 

Valw 
. . .~~~~~~~ 

-1.61 
-1.61 
-1.61 
-1.61 
-1.61 
-1.61 
-1.61 
-1.61 
-1.61 

I%: 
0:0233 

KE 
010333 
0.0500 

8-E 
0:1000 

:-:iz 
0:1500 

ii-:% 
0:2ooo 

x0%! 
0:2500 

0.6667 

:G% 
113333 

: %i 
1:5833 
1.6667 

:*z 
1:9167 

'Z-EE 
3:oooo 
3.5000 

xi: 
s:oooo 
5.5000 

t *EX 
7:oooo 
7.5000 
8.0000 
8.5000 
9.0000 
9.5000 

:!!-ii%! 
14:0000 
16.0000 
18.0000 

IEE . 

-1.61 
-1.61 
-1.61 
-1.61 

j-f: 
-I:61 
-1.61 

-1.61 
-1.61 

-1.61 
-1.61 

:;*;: 
-1:61 
-1.61 

:1-z 
-1:60 
-1.M) 
-1.60 

::-:; 
-1:59 
-1.57 
-1.56 
-1.54 
-1.52 
-1.50 
-1.48 



24.0000 

48.0000 

K%~ 
16O:OOO 
170.000 

!zEx 
290:ooo 
3oo.ooo 
310.000 

EE8 
340:ooo 

470.000 

EEz . 

-1.45 
-1.43 
-1.40 
-1.37 
-1.35 
-1.32 

::*g 
:;:g 

-1118 
-1.16 
-1.13 
-1.10 
-1.08 
-1.05 
-1.03 
-1.00 
-0.98 

:% 
-0:91 
-0.89 
-0.87 
-0.85 
-0.83 
-0.80 
-0.79 
-0.77 
-0.75 
-0.73 
-0.71 
-0.70 
-0.68 

:8-g 
-Ok 

:x-g 
-0:55 

:;*;; 
:;:;g 

-0:31 

:;-g 
-ok 
-0.19 
-0.17 
-0.15 
-0.13 
-0.11 
-0.09 
-0.07 
-0.06 
-0.05 

:8-Z 
-0:01 
-0.00 

8-E 
0:01 

8-E 
0103 

i:$ 
. 

X:E 

8% 
0108 

X-i 
p; 

. 

8% 
0:01 

-0.04 



WEiLL D 

OBSERVATION WELL 



AQUIFER TEST DATA 



BENT BY:Xerox Telecopier 7020 ; 9-1642, ; 4:36Pbl ; 4129214040:# 6 

FIOURE F-2 s 

ELEV7-91 I.11 MSC 
. 

. -.-+ :.;--- , 
-- -a..- 

I 

I. 
~_ i..- . 

-0 

~ 

. 

. I 

I i 

. 

-( - 

QM PFTFNT ROCK 
1J . 

. 

. . . . . . . . . . . 



.! 
SENT BY:Xerox Telecopier 7020 9-16-32 ; 4:36PM ; 2158719715+ 4129214040:# 3 

DEPTH 

O-6 

6-7 

f-10 
IO-17 

17-22 

22-27 * 

27.31 

BPOUI3 to yellow 

me-graincd brl 

Purple to brown 
Reddqsh-brown tr 
downward, bloti' 
Red to &own, IIY 
'sandstone. IlotS' 
Same as above w 

Medium-gtained, 
sandstone, litt 
Same. as above w 

I 

lay; red silty roil. 

1 to red sandstone. 
h-graired ‘sandstone to siltstom, highly weathered. 

purple, medium- to f4ne-gralncd sandstone, ,darkening 
present:HoSrt zone at 15'. 

lun-grahd sandstone, purple ~dlcmgrrlned 
zones at 26 and 22 ft. ' 

h little brown to buff, medium-graincd sandstone. 

urple sandstone, soma mcdtm-gral'ned white to buff 
finecgrained dark purple sandstone. 

h little brown to yellow, medium-grained sandstone. 

. 

Fw4 
. . . ..- - , .*. I . . 



i 
SENT BY:Xerox Telecopier 7020 ; J-18-92 : 4:3BPM ; 2159719715- 4129214040:# 2 

1 
imI*IuG 4uauIuISTRAiIoU 

j &j.c~: Naval Air Development Center 
Project No, ~214-636 1 

i 

I- . 

. 

address: liarwick, PA , 
_~- - 

xelper (sl Harry Zlmerman 

Ma Denver-Gardner' m&l 
Bar 
kngfh: 20' 

tter Cami = 3i7.H HSL I . 

of 
ilN tP 

nd at b&m if hgle !j' of 4" Johnso stainless steel 
screen threa ed o 3: do;et. threaded steel casing. 

I of-casinq is 2' above qro n el- 

17 

- 

I*c 

- 

iah 

- 

- 

I” 

wh8c k&her 

2123 

2/23 

2423 

2123 

2/23 

10:30am 

11:25aln 

12: 3opm 

:30 pn 

pm . 

rS1 If ng starte 

ale completed 
hen blown. All 
later level was 

our bags of sa 
~cresdng. 2.5 
eal (Volclay T 
ised to grout h 

8.5' of 6" prot 
round 4" steel 

temperature = 
specific c4mdu 

: drIlleris 40'. Drtlling produced no flow 
red-well to stand for one hour. Static 
:hen about 10' below top of casing. 

I used tb pack bottom 10' of casing and 
11s. (25 lbs.) bento&te used to make a $6' 
Ilets). Four bags of sand and'4 bags of cemefl 
t to the surface. 

:tiue steel casing set 1.5' into concretti 
:astng, 
LWC 
:ivtty = 1000 mmfios 

cuttingclr . 

Geologlstr 4 
Other. Pe-8 

. 

.Roberts 
n sumc. * Mill& * 

. ‘2 em-..... 

--_...- ---..-..--- --... -.---- -._. ..,________.__. .--- ..- ---_--- --. ---.-- -____. - .__.._ 
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STANDARD CALCULATION 
SHEET 

CLIENT: FILE NO.: 
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HALLIBURTON NUS Environmental 
Corporation and Subsidiaries 

CLIENT: 

STANDARD CALCULATION 
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P 

cr. 

SElOOOC 
Environmental Logger 

08/12 08:52 

Unit# 00765 Test 0 

Setups: INPUT 1 4 -- 
------------ --------- 

3-y-+ 

Type Level (F) 
Mode Surface 
I.D. 00400 

Reference 0.000 
Linearity 0.000 
Scale factor 10.000 
Offset -0.040 
Delay mSEC 50.000 

Step 0 08/11 13:45:39 

Elapsed Time 
------------ 

0.0000 
0.0033 
0.0066 
0.0100 
0.0133 
0.0166 
0.0200 
0.0233 
0.0266 
0.0300 
0.0333 
0.0366 
0.0400 
0.0433 
0.0466 
0.0500 
0.0533 
0.0566 
0.0600 
0.0633 
0.0666 
0.0700 
0.0733 
0.0766 
0.0800 
0.0833 
0.0866 
0.0900 
0.0933 
0.0966 
0.1000 
0.1033 
0.1066 
0.1100 
0.1133 
0.1166 
0.1200 

INPUT 1 
--------- 

- 0.085 (+=-- -OS) 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085/ 
-0.085 
~0.085 
-0.085 
-0.085 
-0.085 
-0.085 



0.1233 
0.1266 
0.1300 
0.1333 
0.1366 
0.1400 
0.1433 
0.1466 
0.1500 
0.1533 
0.1566 
0.1600 
0.1633 
0.1666 
0.1700 
0.1733 
0.1766 
0.1800 
0.1833 
0.1866 
0.1900 
0.1933 
0.1966 
0.2000 
0.2033 
0.2066 
0.2100 
0.2133 
0.2166 
0.2200 
0.2233 
0.2266 
0.2300 
0.2333 
0.2366 
0.2400 
0.2433 
0.2466 
0.2500 
0.2533 
0.2566 
0.2600 
0.2633 
0.2666 
0.2700 
0.2733 
0.2766 
0.2800 
0.2833 
0.2866 
0.2900 
0.2933 
0.2966 
0.3000 
0.3033 
0.3066 
0.3100 
0.3133 
0.3166 
0.3200 

-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 

-.-..L-- 

-0.085 . 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085' 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 I 

-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 
-0.085 



0.3233 
0.3266 
0.3300 
0.3333 
0.3500 
0.3666 
0.3833 
0.4000 
0.4166 
0.4333 
0.4500 
0.4666 
0.4833 
0.5000 
0.5166 
0.5333 
0.5500 
0.5666 
0.5833 
0.6000 
0.6166 
0.6333 
0.6500 
0.6666 
0.6833 
0.7000 
0.7166 
0.7333 
0.7500 
0.7666 
0.7833 
0.8000 
0.8166 
0.8333 
0.8500 
0.8666 
0.8833 
0.9000 
0.9166 
0 -9333 
0.9500 
0.9666 
0.9833 
1.0000 
1.2000 
1.4000 
1.6000 
1.8000 
2.0000 
2.2000 
2.4000 
2.6000 
2.8000 
3.0000 
3.2000 
3.4000 
3.6000 
3.8000 
4.0000 
4.2000 



4.4000 
4.6000 
4.8000 
5.0000 
5.2000 
5.4000 
5.6000 
5.8000 
6.0000 
6.2000 
6.4000 
6.6000 
6.8000 
7.0000 
7.2000 
7.4000 
7.6000 
7.8000 
8.0000 
8.2000 
8.4000 
8.6000 
8.8000 
9.0000 
9.2000 
9.4000 
9.6000 
9.8000 

10.0000 
12.0000 
14.0000 
16.0000 
18.0000 
20.0000 
22.0000 
24.0000 
26.0000 
28.0000 
30.0000 
32.0000 
34.0000 
36.0000 
38.0000 
40.0000 
42.0000 
44.0000 
46.0000 
48.0000 
50.0000 
52.0000 
54.0000 
56.0000 
58.0000 
60.0000 
62.0000 
64.0000 
66.0000 
68.0000 
70.0000 
72.0000 

-0.154 
-0.157 
-0.167 
418(/&30- .o&-= .bqy) 
-0.186 
-0.192 
-0.199 
-0.202 
-0.211J @\ -.oac= -126) 
-0.224 - 
-0.230 
-0.;240 

:~:flj;,+-=(-.ols= .m) 
-0.265 
-0.274 
-0.284 

-0.312 - / 

-0.315 
-0.325 
-0.338 
-0.347/(.3’t7 -.caS = 
-0.356 

.2&L) 

-0.366 
-0.379 
-0.391 

0 

-0.404q.u0+.oss=.31t. 

-0.495~- 

2 

‘_ 
-0.578 .s7#9-.O#F- ‘,wG 
-0.657 .6’57-.oSs = .nz 3 
-0.761 
- 0.84w ( .fj't‘l -.O== .769> 
-0.938 
-1.007 
-1.080 
-1.140 
-1.209/(l.2.0P-.~@~' I.lZy) 
-1.270 
-1.317 
-1.367 

:::t~~(,.YG1-.08C’,.37,) 
-1.503 
-1.538 
-1.573 
-1.604 
-1,636'(r.G= - .oac:&g-L) v 
-1.664 
-1.693 
-1.718 

:;:&ucs-.oS: I.68) 
-1.784 
-1.797 
-1.819 
-1.838 
-1,.85ld@.85(--6' 1.m) 
-1.867 

. 



74.0000 
76.0000 
78.0000 
80.0000 
82.0000 
84.0000 
86.0000 
88.0000 
90.0000 
92.0000 
94.0000 
96.0000 
98.0000 
100.000 
110.000 
120.000 
130.000 

~140.000 
150.000 
160.000 
170.000 
180.000 
190.000 
200.000 
210.000 
220.000 
230.000 
240.000 
250.000 
260.000 
270.000 
280.000 
290.000 
300.000 
310.000 
320.000 
330.000 
340.000 
350.000 
360.000 
370.000 
380.000 
390.000 
400.000 
410.000 
420.000 
430.000 
440.000 
450.000 
460.000 
470.000 
480.000 
490.000 
500.000 
510.000 
520.000 
530.000 
540.000 

-1.879 
-1.892 

:::;g( 1.q 11 -.oe5= /32-G) 
-1.920 
-1.933 
-1.946 
-1.958 
-1.968/( 1.%8-,0@' - t- --isS3) 
-1.977 / 

-1.983 
-1.987 
-1.996 
-2.009/( 2,009 -DOSS: \Gy) 
-2.044 
-2.072 
-2.097 
-2,116 
-2.126 
-2.135 
-2.148 
-2.160 

-2.195 
-2.205 
-2.214 . 
-2.220 
-2.227 
-2.233 
-2.239 

-2.277 
-2.284 
-2.287 ' 
-2 -296 
-2,299 
-2 -299 
-2.306 
-2.312 
-2,318L/c2.'318-* 
-2.325 

oW= 7,233) 

-2.328 
-2.331 
-2.331 
-2.315 
-2.312 
-2.318 
-2.322 

-2.344 
-2.347 
-2.347 



SElOOOC 
Envirqnmental Logger 

08/12 08:57 

Unit# 00765 Test 0 

Setups: 
------------ 

Type 
Mode 
I.D. 

Reference 
Linearity 
Scale factor 
Offset 
Delay mSEC 

INPUT 1 WI- 13 ------w-- 
Level (P) 
Surface 
00400 

\‘azov ev 
0.000 , s- 
0.000 

10.000 
-0.040 
50.000 

Step 1 08/11 22:53:07 

Elapsed Time 
------------ 

0.0000 
0.0033 
0.0066 
0.0100 
0.0133 
0.0166 
0.0200 
0.0233 
0.0266 
0.0300 
0.0333 
0.0366 
0.0400 
0.0433 
0.0466 
0.0500 
0.0533 
0.0566 
0.0600 
0.0633 
0.0666 
0.0700 
0.0733 
0.0766 
0.0800 
0.0833 
0.0866 
0.0900 
0.0933 
0.0966 
0.1000 
0.1033 
0.1066 
0.1100 
0.1133 
0.1166 
0.1200 

INPUT 1 
--------- 

-2.344 
-2.344 
-2.344 
-2.344 
-2,344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 . 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 



0.1233 
0.1266 
0.1300 
0.1333 
0.1366 
0.1400 
0.1433 
0.1466 
0.1500 
O.-l533 
0.1566 
0.1600 
0.1633 
0.1666 
0.1700 
0.1733 
0.1766 
0.1800 
0.1833 
0.1866 
0.1900 
0.1933 
0.1966 
0.2000 
0.2033 
0.2066 
0.2100 
0.2133 
0.2166 
0.2200 
0.2233 
0.2266 
0.2300 
0.2333 
0.2366 
0.2400 
0.2433 
0.2466 
0.2500 
0.2533 
0.2566 
0.2600 
0.2633 
0.2666 
0.2700 
0.2733 
0.2766 
0.2800 
0.2833 
0.2866 
0.2900 
0.2933 
0.2966 
0.3000 
0.3033 
0.3066 
0.3100 
0.3133 
0.3166 
0.3200 

-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2,344 
-2,344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 

.-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2,344 
-2.344 

n-2.344 
-2,344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2,344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 

-.- ._.. - __ 
_.._. -. ___. -_.. 

-2.344 
__ 

-2.344 



0.3233 
0.3266 
0.3300 
0.3333 
0.3500 
0.3666 
0.3833 
0.4000 
0.4i66 
0.4333 
0.4500 
0.4666 
0.4833 
0.5000 
0.5166 
0.5333 
0.5500 
0.5666 
0.5833 
0.6000 
0.6166 
0.6333 
0.6500 
0.6666 
0.6833 
0.7000 
0.7166 
0.7333 
0.7500 
0.7666 
0.7833 
0.8000 
0.8166 
0.8333 
0.8500 
0.8666 
0.8833 
0.9000 
0.9166 
0.9333 
0.9500 
0.9666 
0.9833 
1.0000 
1.2000 
1.4000 
1.6000 
1.8000 
2.0000 
2.2000 
2.4000 
2.6000 
2.8000 
3.0000 
3.2000 
3.4000 
3.6000 
3.8000 
4.0000 
4.2000 

weI\ -0 
-2.344 (-CLOJC- 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2 ,344 ---L .-.._ .:-...--.. ..~. .-- .-.-.--.._.~:.-..-.. .~.~._ 
-2,344 -..------- -.'. -- --- ---.-'-.--.--.-.-- ..- 
-2.344 
-2.344 
-2.344 
-2,344 
-2;344 
-2.344. 
-2.344 
-2.344 
-2.344 
-2.344 
-2.347 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2,344 
-2.344 
-2.344 
-2.344 
-2,344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2.344 
-2..344 
-2.344 
-2.344 
-2.344 
-2.340 
-2.340 
-2.337 
-2.337 
-2.334 
-2.331 
-2.331 
-2.328 
-2.325 
-2.322 
-2.318 
-2.315 
-2,312 



4.4000 
4.6000 
4.8000 
5.0000 
5.2000 
5;4000 
5.6000 
5.8000 
6.0000 
6.2000 
6.4000 
6.6000 
6.8000 
7.0000 
7.2000 
7.4000 
7.6000 
7.8000 
8.0000 
8.2000 
8.4000 
8.6000 
8.8000 
9.0000 
9.2000 
9.4000 
9.6000 
9.8000 

10.0000 
12.0000 
14.0000 
16.0000 
18.0000 
20.0000 
22.0000 
24.0000 
26.0000 
28.0000 
30.0000 
32.0000 
34.0000 
36.0000 
38.0000 
40.0000 
42.0000 
44.0000 
46.0000 
48.0000 
50*0000 
52.0000 
54.0000 
56.0000 
58.0000 
60.0000 
62.0000 
64.0000 
66.0000 
68.0000 
70.0000 
72.0000 

-2.306 
-2.303 
-2.299 
-2.293 
-2.290 
-2.284 
-2.277 
-2.274 
-2.268 
-2.261 
-2.255 
-2.249 
-2.243 
-2.236 
-2.227 
-2.220 
-2.214 
-2.205 
-2.198 
-2.189 
-2.i83 
-2.176 
-2.167 
-2.157 
-2.151 
-2.141 
-2.135 
-2.126 
-2.116 
-2.028 
-1.930 
-1.832 
-1.734 
-1.639 
-1.548 
-1,462 
-1.380 
-1.301 
-1.232' 
-1.165 
-1.105 
-1.048 
-0 ;998 
-0.947 
-0.903 
-0.862 
-0.824 
-0.789 
;O,758 
-0.726 
-0.701 
-0.676 
-0.650 
-0.628 
-0.606 
-0.587 
-0.568 
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. . ..--I. 
_._--___.- 

. . _ ..:I <’ . . .’ 

‘7’. .. ..:. 

. 

--il.-_i--..-.. 

c _ - 
:, . . 

> .- ,,. : .,.” I’- 

‘.. 

-.. 

_:’ 

..’ 
._ 

: ‘. 

:j ._. 

p--. .A. . . 

. . _,i; 

-0.552 
-0-537 

._.. _. ,. ‘ ._ :;:;. ._ 
-0.521 s . ..il ,. ',.C. '. 

'. ,, 



74.0000 
76.0000 
78.0000 
8fZ.0000 
82.0000 
84.0000 
86.0000 
88.0000 
90*0000 
92.0000 
$4.0000 
96.0000 
98.0000 
100.000 
110.000 
120.000 
130.000 
140.000 
150.000 
160.000 
170.000 

'180.000 
190.000 
200.000 
210.000 
220.000 
230.000 
240.000 
250.000 
260.000 
270.000 
280.000 
290.000 
300.000 
310.000 
320.000 
330.000 
340.000 
350.000 
360.000 
370.000 
380.000 
390.000 
400.000 
410.000 
420.000 
430.000 
440.000 
450.000 
460.000 
470.000 
480.000 
490.000 
500.000 
510.000 
520.000 
530.000 
540.000 

-0'.505 
-0.492 
-0.480 
-0.467 
-0.458 
-0.445 
-0.435 
-0.423 

.-0.417 
-0.404 
-0.398 -- .~-~ -_.- 
-0.385 

._-. . . . 

-0,379 
-0,369 
-0.338 
-0.309 
-0.281 
-0.255 
-0.236 
-0.217 
-0.199 
-0.183 
-0.170 
-0.154 
-0.142 
-0.129 
-0.123 
-0.113 
-0.101 
-0.091 
-0.085 d- REeecrQD* 
-0.075 
-0.069 
-0.063 
-0.053 
-0.050 
-0.047 
-0.044 
-0.037 
-0.031 
-0.028 
-0.025 
-0.018 
-0.015 
-0.012 
-0.009 
-0.006 
-0.003 
-0,003 
-0.003 

0.000 
0.000 

-0.003 
-0.006 
-0.006 
-0.009 
-0.009 
-0.009 

. - -. 

.- __ _,-_._-_ 
:.:- 
: 

- 

. 



-. WELL SMP-2 

OBSERVATION WELL 



GMALLIBURTON NUS 
wy~~f! Environmental Corporation AQUIFER TEST DA’TA 



SENT BY:Xerox Telecopier 7020 ; 9-16-82 ; 4:38PM ; 215%719715* 

srvl P-2 

4 
F . . 

m: 

.a 
! 

1 ( . . . . . . . . . * I 

-:--*- . 

I. 

3WL 
3/l 

I 

I 

. . 
-. 

: 

F 

1 
. ..a 

4129214040:8 7 

I . 34’6’. - 

, * 
I 

. 

FIGURE F-3 a 



SENT BY:Xerox Telecopier 7020 : 8-18-92 ; 4:37PW ; 2159719715* 4129214040:# 5 

DEPTH DESCRIPTION . I . 

o-2 . , 
2-6 
6-B.5 

8.546 
16-20 

Yellow to brown jsl8yey soi1 

Drrk red clayey .soiI 
. 

Same as above wi'tb highly weathered red slltstone fragments. 

Reddjsh brown to'purple fine-gr&ad, we&Fhered sandstone to silt;stone. 
Red sfltston& &nf! medium-grained purple sandstone and ffne-gralned 
dark gray sando?one. 

' Reddish-brown f ne-graCned sandstone, some purple to brow medium- 
grrlntd qandsto e.‘ 

Purple, fjne-ggr ined randste;nes to siltstones. 

1 

. 

Same as above n th little medium-grained brown to yellow sandstone. 

Brown to purple medium~grained sandstone darker wtth depth. 

Light purple to gray medium-grained sandstone. . 

M-23 

23-30 
30-33 

33-37 
* 37-39 

. 

c, Fi 
. . . . -. _ 

I *. I’ ‘* ,I”” .- - - . . e-e... 

I . _ .-.. . . 

---.. .._ ,, _. _ . _ .-. _. -- /_ ---.- ._.I __.-., -... _. . . ‘..-’ -, .:-. ~ . . .._-. -,.- -‘7 
I.. - ---*--. . ,. :.. .. ., . . (_ ., ,.~ ( _ .,~>j~;;i,‘;: <a 



SENT BY:Xerox Telecopier 7020 ; 9-16-32 ; 4:37PM ; 
. ! 

2158718715* 4129214040;# 4 

PSO~OCZX Naval Atr Dewlqmten~ Center 
Project No. 214-838 i 

i 

wea1 SNP62 

I I 

[ Curing a 6-w SV 5'lof 115 stafnless steel Johnson well 
umwats,l(rchgths,diarak?m) 6",off-bottou~ of hole. fh eaded to 

'above ground level. Eight bags of sand used to pack bore up to 2 8 
6' 

1 t 
Dirnr of Dsillfacr 

:- 
i Date 

I 2/23 
!! 2/23 
: 
I 

h/24 
2124 

10 ml 
11 am 

2124 11:30am 
2124 11:45 Y 

2124 12t30 ~1 

riliing began. 1 
No water standing In bore hole. 

sit overnight. 
riller arriver 1 
egan blowing 11, Much water produced at ffrst. Well deve- 
opgd for 30 mi s. producing roughly.3 gpm. 

eli standing f 

i 

one hour. 
enrporature m 1 C 
peclffc wnduc ivity m'340 I&OS ' 

2.5 bags of ce 
G" protective 

06o&ogitrt 3 
Other Perrona 

lent used to grout hota to th$ wfut%. 5' OF 
!teel casing set at 2.5'. tockSng cap install4 

d 

reaia6r 

io, ratn 
iperjnq off. 

. 

. 



HALLfBURTON #US Environmenta/ 
Corporation and Subsidiaries 

STANDARD 

CLIENT: FILE NO.: BY: 

U-WJC wctRn\ti srfzz 
-7 
Qcc?>3-nisob r&Lwske 

SUBJECT: CHECKED BY: 

f%‘u-‘P P=sr par/t F-i~AWjd-fod 
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HALL/BURTON NUS Environmental 
Corporation and Subsidiaries 

STANDARD CALCULATION 
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pr 
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1 

yc 

SEIOOOB 
Envi rormntal Logger 

OS/12 09:&b 

Unit# 40020 Test# 0 

INPUT 2: Level (F) 

Reference 
Scale factor I%? 
Offset - oh4 

step# 0 OS/11 13:45 

Elapsed Time 
~--*-~~-~~-~ 

0.0000 
~0.0000 
20.0000 
3O.QOOO 

%:i 
60: 0000 
70.0000 

180.000 
190.000 

ZEN 
290:000 
300.000 
310.000 



SElOOOB 
Envirormental Logger 

08/12 09:18 

Unit# 4002d Test# 1 

INPUT 2: Level (F) 

Reference 0.00 
Scale factor 10.01 
Offset - 0.04 

step# 0 08/11 22:52 

x%i 
0:1500 
0.1666 
0.1833 
0.2000 

I-Z 
0:2500 

~%z 
0:3000 

X%i 
oh333 

?tz 
1:0833 

;-2K 
1:3333 

: %I 
1:5833 

:-%; 
1:8333 
1.9167 

:-Ei 
5:5000 
6.0000 

"7'Ez 
7:5000 
8.0000 

85E 
9:rooo 

10.0000 

:t -::XX 
16:0000 
18.0000 
20.0000 
22.0000 

-. -- _ __.. --__- _._.~ Value 
~I~~~~~~~ 

-0.84 

:;*: 
-0:84 
-0.84 
-0.84 
-0.84 
-0.84 
-0.84 
-0.84 

:;-g 
-ok 
-0.84 
-0.84 
-0.84 
-0.84 
-0.84 
-0.84 
-0.84 
-0.84 
-0.84 
-0.84 

-0.84 

$2 
-0184 
-0.84 
-0.84 

:t*z 
-Ok 

:i*E 
-0184 
-0.84 

:t-E 
-ok 
-0.84 

$2 
-0184 

:;$g 
-0184 

:x-g 
-0:84 
-0.85 
-0.84 
-0.84 

j-g . 
-0.84 
-0.84 

$2 
-ok 
-0.84 

:;-g 
-0185 

:;*z 



St%:8 
76:0000 
78.0000 

iE%i 
84:oooo 

:g 
-0:85 

:t-;; 
-0:85 
-0.85 
-0.85 
-0.85 

:;-g 
-0185 

:;j; 
-0185 

:x-g 
-Ok 
-0.85 
-0.85 
-0.84 
-0.84 
-0.84 

$2 
-ok 

:x-z 
-Ok 
-0.83 
-0.83 
-0.82 
-0.82 

:X-E 
-0:69 

:;-"6: 
-Ok 
-0.62 
-0.60 

:"o-:(: 
-0:54 

:;*:: 
-0149 
-0.47 

:trnz 
-a:43 
-0.41 
-0.39 
-0.38 
-0.38 
-0.36 

-0.29 

\ 

SMP-2 

,. :. -. 

. . . 

‘r 

_. ..,. A._..- .-.- -. . 
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_. ;._ 

.- 
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WELL C 

OBSERVATION WELL 



WELL-C PUMPING PHASE 
SE1 OOOC 

Environmental Logger 
08112 oar40 

Unit# 00731 Test 0 

Setups: INPUT 2 
-s-s----m- WI----m 

Type Level (F) 
Mode Surface 
I.D. 00300 

Reference 0.000 
Linearity 0.000 
Scale factor 10.020 
Offset 0.000 
Delay mSEC 50.000 

Step 0 08/l 1 13:45:20 

Elapsed Time INPUT 2 
m------mm-- ___-_-_ 

0.0000 -0.123 
10.0000 -0.120 
20.0000 -0.053 
30.0000 -0.085 
40.0000 -0.104 
50.0000 -0.120 
60.0000 -0.132 
70.0000 -0.142 
80.0000 -0.142 
90.0000 -0.155 
100.000 -0.164 
110.000 -0.158 
120.000 -0.180 
130.000 -0.196 
140.000 -0.205 
150.000 -0.205 
160.000 -0.215 
170.000 -0.221 
180.000 -0.227 
190.000 -0.230 
200.000 -0.237 
210.000 -0.240 
220.000 -0.243 
230.000 -0.249 
240.000 -0.253 
250.000 -0.253 
260.000 -0.259 

(continued) 

270.000 -0.259 
280.000 -0.259 
290.000 -0.265 
300.000 -0.265 
310.000 -0.268 
320.000 -0.272 
330.000 -0.272 
340.000 -0.275 
350.000 -0.275 
360.000 -0.278 
370.000 -0.278 
380.000 -0.278 
390.000 -0.281 
400.000 -0.284 
410.000 -0.281 
420.000 -0.284 
430.000 -0.284 
440.000 -0.287 
450.000 -0.287 
460.000 -0.287 
470.000 -0.287 
480.000 -0.291 
490.000 -0.291 
500.000 -0.291 
510.000 -0.291 
520.000 -0.291 
530.000 -0.291 
540.000 -0.291 

z-i 



WELL-C RECOVERY PHASE 
SE1 OOOC 

Environmental Logger 
08/l 2 08:41 

Unit# 00731 Test 1 

Setups: INPUT 2 
mm---- ~~---~~~~ 

Type Level (F) 
Mode Surface 
I.D. 00300 

Reference 0.000 

Linearity 0.000 

Scale factor 10.020 
Offset 0.000 

Delay mSEC 50.000 

Step 0 08/l 1 22:52:38 

Elapsed Time INPUT 2 
---___-__-_ __-_- 

0.0000 -0.294 

0.0033 -0.294 
0.0066 -0.294 
0.0100 -0.294 

0.0133 -0.294 

0.0166 -0.294 
0.0200 -0.294 

0.0233 -0.294 

0.0266 -0.294 
0.0300 -0.294 
0.0333 -0.294 
0.0366 -0.294 
0.0400 -0.294 
0.0433 -0.294 

0.0466 -0.294 
0.0500 -0.294 

0.0533 -0.294 
0.0566 -0.294 
0.0600 -0.294 
0.0633 -0.294 

0.0666 -0.294 
0.0700 -0.294 
0.0733 -0.294 
0.0766 -0.294 
0.0800 -0.294 
0.0833 -0.294 
0.0866 -0.294 

(cont.) 
0.0900 
0.0933 

0.0966 
0.1000 

0.1033 
0.1066 
0.1100 
0.1133 
0.1166 
0.1200 
0.1233 
0.1266 
0.1300 
0.1333 
0.1366 

0.1400 
0.1433 
0.1466 

0.1500 
0.1533 
0.1566 
0.1600 
0.1633 
0.1666 
0.1700 
0.1733 

0.1766 
0.1800 
0.1833 
0.1866 
0.1900 
0.1933 
0.1966 
0.2000 
0.2033 
0.2066 
0.2100 
0.2133 
0.2166 
0.2200 

0.2233 
0.2266 
0.2300 
0.2333 

0.2366 
0.2400 
0.2433 
0.2466 
0.2500 

-0.294 
-0.294 

-0.294 
-0.294 

-0.294 

-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 

-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 

-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 

(cont.) 
0.2533 
0.2566 

0.2600 
0.2633 

0.2666 
0.2700 
0.2733 
0.2766 
0.2800 

0.2833 
0.2866 
0.2900 
0.2g33 
0.2966 
0.3000 
0.3033 
0.3066 
0.3100 
0.3133 
0.3166 
0.3200 

0.3233 
0.3266 

0.3300 
0.3333 
0.3500 

0.3666 

0.3833 
0.4000 

0.4166 
0.4333 
0.4500 
0.4666 
0.4833 
0.5000 
0.5166 
0.5333 
0.5500 
0.5666 
0.5833 

0.6000 
0.6166 

0.6333 
0.6500 

0.6666 
0.6833 
0.7000 
0.7166 
0.7333 

-0.294 
-0.294 

-0.294 
-0.294 
-0.294 

-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 

-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 

-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 



WELL-C RECOVERY PHASE 
0.7500 -0.294 
0.7666 -0.294 

0.7833 -0.294 
0.8000 -0.294 
0.8166 -0.294 
0.8333 -0.294 
0.8500 -0.294 
0.8666 -0.294 
0.8833 -0.294 

0.9000 -0.294 
0.9166 -0.294 

0.9333 -0.294 
0.9500 -0.294 
0.9666 -0.294 
0.9833 -0.294 
1 .oooo -0.294 
1.2000 -0.294 
1.4000 -0.294 
1.6000 -0.294 
1.8000 -0.294 
2.0000 -0.294 

2.2000 -0.294 
2.4000 -0.294 

2.6000 -0.294 
2.8000 -0.294 

3.0000 -0.294 
3.2000 -0.294 
3.4000 -0.294 
3.6000 -0.294 
3.8000 -0.294 
4.0000 -0.294 
4.2000 -0.297 
4.4000 -0.294 
4.6000 -0.297 

4.8000 -0.294 
5.0000 -0.294 
5.2000 -0.294 
5.4000 -0.294 
5.6000 -0.294 
5.8000 -0.294 
6.0000 -0.294 
6.2000 -0.294 
6.4000 -0.294 
6.6000 -0.294 
6.8000 -0.294 
7.0000 -0.294 
7.2000 -0.294 
7.4000 -0.294 
7.6000 -0.294 

(cont.) 
7.8000 
8.0000 

8.2000 
8.4000 
8.6000 
8.8000 
9.0000 
9.2000 
9.4000 
9.6000 
9.8000 

IO.0000 
12.0000 
14.0000 
16.0000 
18.0000 
20.0000 
22.0000 
24.0000 
26.0000 
28.0000 
30.0000 
32.0000 

34.0000 
36.0000 

38.0000 
40.0000 
42.0000 
44.0000 
46.0000 
48.0000 
50.0000 
52.0000 
54.0000 
56.0000 
58.0000 
60.0000 

62.0000 
64.0000 
66.0000 
68.0000 
70.0000 
72.0000 
74.0000 
76.0000 
78.0000 
80.0000 
82.0000 
84.0000 

-0.294 
-0.294 

-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 

-0.294 
-0.294 

-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 

-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 

-0.297 
-0.294 

-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.297 

-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 
-0.294 

(cont.) (cont.) 
86.0000 -0.294 520.000 -0.268 
88.0000 -0.294 530.000 -0.2’75 
90.0000 -0.294 540.000 -0.2131 
92.0000 -0.294 
94.0000 -0.294 
96.0000 -0.291 
98.0000 -0.291 
100.000 -0.291 
110.000 -0.291 

120.000 -0.291 
130.000 -0.287 

140.000 -0.287 
150.000 -0.287 
160.000 -0.287 
170.000 -0.287 
180.000 -0.287 
190.000 -0.287 

200.000 -0.284 
210.000 -0.284 
220.000 -0.281 
230.000 -0.284 

240.000 -0.284 
250.000 -0.278 

260.000 -0.278 
270.000 -0.278 

280.000 -0.275 
290.000 -0.275 
300.000 -0.275 
310.000 -0.268 
320.000 -0.268 
330.000 -0.268 
340.000 -0.268 
350.000 -0.268 
360.000 -0.265 

370.000 -0.262 
380.000 -0.268 
390.000 -0.265 
400.000 -0.262 
410.000 -0.259 
420.000 -0.259 
430.000 -0.259 
440.000 -0.259 
450.000 -0.256 
460.000 -0.253 
470.000 -0.256 
480.000 -0.259 
490.000 -0.262 
500.000 -0.262 
510.000 -0.268 
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Well C - Recovery Data 
-0.25 

-0.255 

-0.26 

-0.265 
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-0.275 
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WELL DG-1 PUMPING PHASE 
SE1 OOOC 

Environmental Logger 
08/l 2 08:34 

Unit# 00731 Test 0 

Setups: INPUT 1 
-..-.-... .----... 

Type Level (F) 
Mode Surface 
I.D. 00010 

Reference 0.000 
Linearity 0.000 
Scale factor 10.010 
Offset -0.130 
Delay mSEC 50.000 

Step 0 08/l 1 i3:45:20 

Elapsed Time INPUT 1 
.--s.....- .-__.-._ 

0.0000 -0.006 
10.0000 -0.009 
20.0000 0.028 
30.0000 0.015 
40.0000 0.009 
50.0000 0.003 
60.0000 0.000 
70.0000 0.003 
80.0000 0.009 
90.0000 0.003 
100.000 0.000 
110.000 0.009 
120.000 -0.006 
130.000 -0.003 
140.000 -0.006 
150.000 0.003 
160.000 0.000 
170.000 -0.003 
180.000 -0.003 
190.000 -0.006 
200.000 -0.006 
210.000 -0.003 
220.000 -0.006 
230.000 -0.003 
240.000 -0.006 
250.000 -0.003 
260.000 -0.006 

(continued) 

270.000 -0.006 
280.000 -0.006 
2QO.000 -0.009 
300.000 -0.009 
310.000 -0.009 
320.000 -0.009 
330.000 -0.009 
340.000 -0.009 
350.000 -0.009 
360.000 -0.006 
370.000 -0.009 
380.000 -0.009 
3QO.000 -0.009 
400.000 -0.012 
410.000 -0.012 
420.000 -0.012 
430.000 -0.012 
440.000 -0.012 
450.000 -0.012 
460.000 -0.012 
470.000 -0.015 
480.000 -0.009 
4QO.000 -0.015 
500.000 -0.015 
510.000 -0.009 
520.000 -0.009 
530.000 -0.009 
540.000 -0.006 
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WELL DG-1 RECOVERY PHASE (cont.) 

SE1 OOOC 
Environmental Logger 

08/l 2 08:36 

Unit# 00731 Test 1 

Setups: INPUT 1 
e------- m----m 

Type Level (F) 
Mode Surface 
I.D. 00010 

Reference 0.000 
Linearity 0.000 
Scale factor 10.010 
Offset -0.130 
Delay mSEC 50.000 

Step 0 08/l 1 22:52:38 

Elapsed Time INPUT’ 1 
----------- ----- 

0.0000 0.000 

0.0033 0.000 
0.0066 0.000 

0.0100 0.000 
0.0133 0.000 
0.0166 0.000 
0.0200 0.000 
0.0233 0.000 
0.0266 0.000 
0.0300 0.000 
0.0333 0.000 
0.0366 0.000 
0.0400 0.000 
0.0433 0.000 
0.0466 0.000 

0.0500 0.000 
0.0533 0.000 
0.0566 0.000 
0.0600 0.000 
0.0633 0.000 
0.0666 -0.003 
0.0700 0.000 
0.0733 0.000 
0.0766 -0.003 
0.0800 0.000 
0.0833 0.000 
0.0866 0.000 

0.0900 0.000 
0.0933 -0.003 

0.0966 0.000 
0.1000 -0.003 

0.1033 -0.003 
0.1066 0.000 
0.1100 -0.003 
0.1133 0.000 
0.1168 0.000 
0.1200 0.000 
0.1233 0.000 

0.1266 0.000 
0.1300 0.000 
0.1333 -0.003 
0.1386 0.000 
0.1400 0.000 
0.1433 0.000 
0.1466 -0.003 
0.1500 -0.003 
0.1533 -0.003 
0.1566 -0.003 
0.1600 -0.003 
0.1633 0.000 

0.1666 -0.003 
0.1700 -0.003 
0.1733 -0.003 
0.1766 -0.003 
0.1800 -0.003 
0.1833 -0.003 
0.1866 -0.003 
0.1900 -0.003 
0.1933 -0.003 
0.1966 0.000 
0.2000 -0.003 
0.2033 -0.003 
0.2066 -0.003 
0.2100 -0.003 

0.2133 -0.003 
0.2166 -0.003 
0.2200 -0.003 

0.2233 -0.003 
0.2266 -0.003 
0.2300 -0.003 
0.2333 -0.003 
0.2366 -0.003 
6.2400 -0.003 
0.2433 0.000 
0.2466 -0.003 
0.2500 0.000 

(cont.) 

0.2533 
0.2566 

0.2600 
0.2633 

0.2666 
0.2700 
0.2733 
0.2766 
0.2800 

0.2833 
0.2866 
0.2900 
0.2933 
0.2966 
0.3000 

0.3033 
0.3066 
0.3100 
0.3133 
0.3166 
0.3200 
0.3233 
0.3266 

0.3300 
0.3333 

0.3500 
0.3666 
0.3833 
0.4000 
0.4166 
0.4333 
0.4500 
0.4666 
0.4833 

0.5000 
0.5166 

0.5333 
0.5500 

0.5666 
0.5833 
0.6000 
0.6166 
0.6333 
0.6500 
0.6666 
0.6833 
0.7000 
0.7166 
0.7333 

-0.003 
-0.003 

-0.003 
-0.003 
-0.003 
-0.003 
-0.003 
-0.003 
-0.003 
-0.003 
-0.003 
-0.003 
-0.003 
-0.003 
-0.003 

-0.003 
-0.003 
-0.003 
-0.003 

-0.003 
-0.003 
-0.003 
-0.003 

-0.003 
-0.003 

-0.003 
-0.003 
-0.003 
-0.003 
-0.003 
-0.003 
-0.003 
-0.003 
-0.003 

-0.003 
-0.003 
-0.003 

-0.003 
-0.003 
-0.003 
-0.003 
-0.003 
-0.003 
-0.003 
-0.003 
-0.003 
-0.003 
-0.003 
-0.003 



WELL DG-1 RECOVERY PHASE (cont.) 
0.7500 
0.7666 

0.7833 
0.8000 
0.8166 

0.8333 
0.8500 

0.8666 
0.8833 

0.9000 
0.9166 

0.9333 
0.9500 
0.9666 
0.9833 
1 .oooo 
1.2000 
1.4000 
1.6000 
1.8000 
2.0000 
2.2000 
2.4000 
2.6000 
2.8000 
3.0000 

3.2000 
3.4000 
3.6000 
3.8000 

4.0000 
4.2000 
4.4000 
4.6000 
4.8000 
5.0000 

5.2000 
5.4000 
5.6000 

5.8000 
6.0000 
6.2000 
6.4000 
6.6000 
6.8000 
7.0000 
7.2000 
7.4000 
7.6000 

-0.003 7.8000 0.003 
-0.003 8.0000 0.003 

-0.003 8.2000 0.003 

-0.003 8.4000 0.003 
-0.003 8.6000 0.003 

-0.003 8.8000 0.000 
-0.063 9.0000 0.003 

-0.003 9.2000 0.000 
-0.003 9.4000 0.000 

-0.003 9.6000 0.000 
-0.003 9.8000 0.000 

-0.003 10.0000 0.000 
-0.003 12.0000 -0.006 
-0.003 14.0000 -0.006 
-0.003 16.0000 -0.003 
-0.003 18.0000 0.000 
-0.003 20.0000 -0.003 
-0.003 22.0000 0.000 
-0.003 24.0000 0.000 
0.000 26.0000 0.000 
-0.003 28.0000 0.003 
0.000 30.0000 0.003 

-0.003 32.0000 0.003 
-0.003 34.0000 0.003 
-0.003 36.0000 0.009 

-0.003 38.0000 0.006 

-0.003 40.0000 0.006 
-0.003 42.0000 0.006 
-0.003 44.0000 0.006 
-0.003 46.0000 0.006 

-0.003 48.0000 0.006 
-0.003 50.0000 0.006 

-0.003 52.0000 0.009 
-0.003 54.0000 0.012 
-0.003 56.0000 0.009 
-0.003 58.0000 0.009 

0.000 60.0000 0.012 
0.000 62.0000 0.009 
0.000 64.0000 0.012 
0.000 66.0000 0.012 
0.000 68.0000 0.015 
0.000 70.0000 0.012 
0.000 72.0000 0.015 
0.000 74.0000 0.015 
0.000 76.0000 0.015 
0.003 78.0000 0.018 
0.000 80.0000 0.018 
0.003 82.0000 0.018 
0.003 84.0000 0.018 

(cont.) 

86.0000 
88.0000 

90.0000 
92.0000 
94.0000 

96.0000 
98.0000 
100.000 
110.000 
120.000 
130.000 

140.000 
150.000 
160.000 
170.000 
180.000 
1 QO.000 
200.000 
210.000 
220.000 
230.000 
240.000 
250.000 

260.000 
270.000 

280.000 

2QO.000 
300.000 

310.000 
320.000 

330.000 
340.000 
350.000 
360.000 
370.000 
380.000 

3Qo.000 
400.000 
410.000 
420.000 
430.000 
440.000 
450.000 
460.000 
470.000 
480.000 
4QO.000 
500.000 
510.000 

0.018 
0.018 

0.018 
0.022 
0.022 

0.022 
0.022 

0.025 
0.025 
0.028 
0.031 

0.034 
0.037 
0.037 
0.037 
0.037 
0.037 
0.041 
0.044 
0.047 
0.041 
0.041 
0.044 
0.047 
0.044 

0.050 

0.047 
0.047 

0.053 
0.047 

0.047 
0.047 
0.047 
0.050 
0.047 
0.037 

0.044 

0.044 
0.044 

0.041 
0.034 
0.034 
0.034 
0.037 
0.034 
0.028 
0.025 
0.028 
0.025 

(cont.) 
520.000 0.025 
530.000 0.022 

540.000 0.022 

2-8 
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WELL DG-12 

OBSERVATION WELL 



WELL DG-12 PUMPING PHASE 

SE1 OOOC 
Environmental Logger 

08/l 2 09: 25 

Unit# 00764 Test 0 

Setups: INPUT 2 
----------s ---am-m 

Vi= Level (F) 
Mode Surface 
I.D. 00120 

Reference 0.000 
Linearity 0.010 
Scale factor 9.900 
Offset 0.030 
Delay mSEC 50.000 

Step 0 08/l 1 13:45:43 

Elapsed Time INPUT 2 
----______-- _-_-_____ 

0.0000 -0.059 
10.0000 -0.025 
20.0000 0.003 
30.0000 -0.018 
40.0000 -0.018 
50.0000 -0.028 
60.0000 -0.034 
70.0000 -0.037 

80.0000 -0.028 
90.0000 -0.040 
100.000 -0.043 
110.000 -0.043 
120.000 -0.056 
130.000 -0.059 
140.000 -0.053 
150.000 -0.034 
160.000 -0.009 
170.000 0.015 
180.000 0.031 
1 QO.000 0.034 
200.000 0.031 
210.000 0.028 
220.000 0.025 
230.000 0.021 
240.000 0.015 
250.000 0.018 
260.000 0.012 

(continued) 

270.000 
280.000 
2QO.000 
300.000 

310.000 
320.000 
330.000 
340.000 
350.000 
360.000 
370.000 
380.000 
390.000 
400.000 
410.000 
420.000 
430.000 
440.000 
450.000 
460.000 
470.000 
480.000 
490.000 

500.000 
510.000 

0.012 
0.012 
0.003 
0.003 
0.000 
0.000 
0.000 

-0.003 
-0.003 
0.000 
0.000 
0.000 
0.003 
0.003 
0.003 
0.003 
0.000 
0.003 
0.003 
0.003 
0.003 

0.003 
0.006 

0.006 
0.006 

2 -l) 
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WELL DG-26 

OBSERVATION WELL 
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WELL DG-26 PUMPING PHASE 
SE1 OOOC 

Environmental Logger 
08/l 2 09:23 

Unit++ 00764 Test 0 

Setups: INPUT 1 
--------m-m- ______-_- 

Type Level (F) 
Mode Surface 
I.D. 00260 

Reference 0.000 
Linearity 0.000 

Scale factor 10.010 
Offset 0.040 
Delay mSEC 50.000 

Step 0 08/l 1 13:45X3 

Elapsed Time INPUT 1 
-----m-m- _--_--- 

0.0000 -0.025 
10.0000 0.009 
20.0000 0.063 
30.0000 0.044 

40.0000 0.044 
50.0000 0.038 

60.0000 0.031 
70.0000 0.028 
80.0000 0.038 
90.0000 0.034 
100.000 0.041 
110.000 0.053 
120.000 0.041 
130.000 0.031 
140.000 0.031 
150.000 0.038 
160.000 0.034 
170.000 0.041 
180.000 0.044 
190.000 0.047 
200.000 0.047 
210.000 0.044 
220.000 0.041 
230.000 0.044 
240.000 0.041 
250.000 0.041 
260.000 0.041 

(continued) 

270.000 0.041 
280.000 0.038 
2QO.000 0.034 
300.000 0.038 
310.000 0.034 
320.000 0.031 . 
330.000 0.031 
340.000 0.028 
350.000 0.028 
360.000 0.028 
370.000 0.028 
380.000 0.028 
390.000 0.028 
400.000 0.028 
410.000 0.025 
420.000 0.025 
430.000 0.025 
440.000 0.022 
450.000 0.022 
460.000 0.025 
470.000 0.022 
480.000 0.022 
490.000 0.022 
500.000 0.022 
510.000 0.019 

2-j 3 
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WELL SMC-1 

OBSERVATION WELL 



WELL SMC-1 PUMPING PHASE 
SE1 OOOC 

Environmental Logger 
08/l 2 08148 

Unit# 00927 Test 0 

Setups: INPUT 2 
-------- ~~-~-~ 

Type Level (F) 
Mode Surface 
I.D. 00200 

Reference 0.000 
Linearity 0.010 
Scale factor 9.910 
Offset -0.030 
Delay mSEC 50.000 

Step 0 08/l 1 11:41:52 

Elapsed Time INPUT 2 
--------s- I_______ 

0.0000 -0.006 270.000 -0.112 
10.0000 -0.015 280.000 -0.106 
20.0000 -0.018 290.000 -0.109 
30.0000 -0.025 300.000 -0.109 
40.0000 -0.034 310.000 -0.112 
50.0000 -0.037 320.000 -0.112 
60.0000 -0.037 330.000 -0.109 
70.0000 -0.040 340.000 -0.109 
80.0000 -0.043 350.000 -0.106 
90.0000 -0.031 360.000 -0.103 
100.000 -0.031 370.000 -0.100 
110.000 -0.059 380.000 -0.100 
120.000 -0.050 3QO.000 -0.097 
130.000 -0.056 400.000 -0.097 
140.000 -0.037 410.000 -0.093 
150.000 -0.043 420.000 -0.093 
160.000 -0.046 430.000 -0.090 
170.000 -0.053 440.000 -0.090 
180.000 -0.056 450.000 -0.087 
190.000 -0.068 460.000 -0.087 
2oo.wo -0.075 470.000 -0.087 
210.000 -0.081 480.000 -0.087 
220.000 -0.090 4QO.000 -0.087 
230.000 -0.084 500.000 -0.087 
240.000 -0.112 510.000 -0.087 
250.000 -0.109 520.000 -0.087 
260.000 -0.115 530.000 -0.084 

(continued) (continued) 

540.000 -0.084 
550.000 -0.084 
560.000 -0.084 
570.000 -0.084 
580.000 -0.081 
5QO.000 -0.078 
600.000 -0.078 
610.000 -0.078 
620.000 -0.075 
630.000 -0.075 
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OBSERVATION WELL 



WELL SMC-2 PUMPING PHASE 
SE1 OOOC 

Environmental Logger 

08/l 2 08:46 

Unit# 00927 Test 0 

Setups: INPUT 1 
-e-w--- s--e-- 

Type Level (F) 
Mode Surface 
I.D. 00100 

Reference 0.000 

Linearity 0.000 
Scale factor 10.010 

Offset -0.030 
Delay mSEC 50.000 

Step 0 08/l 1 11:41:52 

Elapsed Time INPUT 1 
------w--- -_--__-_ 

0.0000 0.000 i70.000 -0.397 
10.0000 -0.037 280.000 -0.372 
20.0000 -0.072 290.000 -0.369 
30.0000 -0.094 300.000 -0.360 
40.0000 -0.116 310.000 -0.350 
50.0000 -0.132 320.000 -0.334 
60.0000 -0.145 330.000 -0.312 
70.0000 -0.173 340.000 -0.293 
80.0000 -0.186 350.000 -0.274 
90.0000 -0.192 360.000 -0.243 
100.000 -0.202 370.000 -0.221 
110.000 -0.224 380.000 -0.202 
120.000 -0.221 390.000 -0.180 
130.000 -0.221 400.000 -0.157 
140.000 -0.214 410.000 -0.142 
150.000 -0.224 420.000 -0.123 
160.000 -0.240 430.000 -0.107 
170.000 -0.255 440.000 -0.079 
180.000 -0.265 450.000 -0.060 
190.000 -0.281 460.000 -0.037 
200.000 -0.293 470.000 -0.022 
210.000 -0.322 480.000 -0.003 
220.000 -0.347 490.000 0.009 
230.000 -0.363 500.000 0.018 
240.000 -0.385 510.000 0.037 
250.000 -0.410 520.000 0.053 
260.000 -0.416 530.000 0.066 

(continued) (continued) 

540.000 0.075 
550.000 0.088 
560.000 0.104 
570.000 0.120 
580.000 0.135 
590.000 0.151 
600,000 0.157 
610.000 0.176 
620.000 0.189 
630.000 0.205 
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L CHAIN OF CUSTODY RECORD Trl-County Business Campus 
88 Robinson Street CmB 
Pottstown, PA 19484 

1215) 327-4850 ENv/florvA”““’ 

FA‘X (2iS) 327-4852 s&Rv/cEs 

RefrlQerator # I I I I I I I I 
RMC Use Only 

Phone 269-2700 

I I 

5- Surface 
3- Sedima.& ‘t 

q- s&/;,wf 10 
r-s f Yl a<4 Lclytet- .. 
5-- Se$;Mmt 12 

I 

Samples Were: 
1 Shipped or Hand- 

Delivered 
NOTES: 

2 Ambient or Chilled 
NOTES: 

3 Received Broken/ 
Leaking (Improperly 
Sealed) 
Y N 

NOTES: 

4 Properly Preserved 

N:TES: 
N 

5 Received Within 
Holding Times 
Y N 

NOTES: 

COC Tape Was: 

Sample Contalners 
Prepared By: &‘b;& 

Date Time Aecelved By For (Company) 

Total No. Containers: ’ ~ILJ * ii/26 q: z?o &.!I& &L& SML 
” 

1 Present on Outer 
Package Y N 

2 Unbroken on Outer 
Package Y N 

3 Present on Sample 
Y N 

4 Unbroken on Sample 
Y N 

NOTES: 

Discrepancies Between 
Sample Labels and COC 
Qcord? Y N 
UOTES: 

J 

i 

RMC reserves the right to charge $50.00 for unreturned preservative kits. Orlglnal: Laboratory Yellow: Client SheetL, of -?? 
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CHAIN OF CUSTODY RECORD 

client SN EHU hww?eut Ihi 

PDQ- ss8 

Refrigerator W I 

Sampler (Inltlals) No.mpeof Contalners 5 2 z 
A- 

:: 
Trl-County Buslness Campus 

88 Roblnson Street 
Pottstown. PA 19464 

czm 

650 ENVIRONMENTAL 
FAX (2;s) 327-4852 SERVICES 

RMC Use Only 

1 Volume of Con&era 1 Ia,1 I I 1-17 

1 Present on Outer 
Package Y N 

2 Unbroken on Outer 
Package Y N 

3 Present on Sample 
Y N 

4 Unbroken on Sample 
Y N 

NOTES: 

3iscrepancles Between 
Sample Labelsand COC 
3ecord7 Y N 
VOTES: 

RMC reserves the right to charge $50.00 for unreturned preservative kits. Original: Laboratory Yellow: Client Sheet-& of __ 2# 

Samples Were: 
1 Shipped br Hand- 

Delivered 
NOTES: 

2 Amblent or Chilled 
NOTES: 

3 Received Broken/ 
Leaking (Improperly 
Sealed) 

N:TES: 
N 

4 Properly Preserved 
Y N 

NOTES: 

5 Received Within 
Holding Times 
Y N 

NOTES: 

COC Tape Was: 

, - 



Ir'.=. 

L--.-l t J t 1 I I L_J I u I L-l b-I.-J .iL.Jb.~L *I: I L.-A I-L-AT 

CHAIN OF CUSTPDY RECORD Tri-County Business Can 
68 Roblnaon Street 
Pottstown. PA 19464 

.---s --- 
FAX (215) 327, 

I I I I I I I I I 

NoJ-lypeofContalners~~~ 21 

ENVfRDNMENTAL 
SERVICES 

Bemple ldentlfkatlon 

Item/Reason RelInquIshed by Ftwved by Date Time Item/Reason RelInquIshed by Received by Date Time 
7aiAcj u?Q? 177 ,((-I .A II ,.I‘ 4, I f. , *‘/J&d rr.30 

RMC Use Only 

Samples Were:, 
1 Shipped or pand- f 

Delivered -:_-.c-” 
NOTES: 

3 Received Broken/ 
Leaking (Improperly 
Sealed) .--I, 
Y 

NOTES: c .!$P 

4 Properly Preserved 
Y N 

NOTES: 

5 Received Within 

N 

COC Tape Was: 

1 Present on Outer /” 
Package Y c N 

2 Unbroken on Out;- 
Package Y N 

4 Unbroken on Sample 
Y N 

NOTES: 

Discrepancies Between 
Sample Labelsand COC 
Record? Y N 
NOTES: 

r r 

RMC reserves the rlght to charge $50.00 for unreturned preservative kits. Original: Laboratory Yellow: Client Sheet.,.-/-- off 



1 -3 

CHAIN OF 

Client 59w tati .1;Env. (;pp. 

Sampler (Inltiah) F 

Job No. ~-a~- 6-z 

Client Contact TJ&ft=WPLSH~ 

phone 265-z- ’ I General Analysis 
Group Requested 

Sample ldentlkation 

c&B 
ENWONMENTAL 

SERVfCES 

luTwx CoGrG: eol-rLEco0Es: Sjwcbl IMruclbnr: 

& IL 
GW --u- Q-QWG 

P-p(u(lc 
so -Sam 

0*-F 0-h 
c-w 

SC- 
&Y 

t -mhnx 

:r”, 
x-mm 

I 

RMC Use Only 

Samples Were:--- .. 
1 Shipped ?r Hand- 

Delivered 
NOTES: 

2 Ambient or Chilled 
NOTES: /: 

3 Received Broken/ 
Leaking (improperly 
Sealed) 

N:TBS: 
N ; 

4 Properly Preserved 
Y N 

NOTES: 

5 Received Within 
Holdtng Times 
Y N 

NOTES: 

COC Tape Was: 

1 Present on Outer 
Package Y N 

2 Unbroken on Outer 
Package Y N 

3 Present on Sample 
Y N 

4 Unbroken on Sample 
Y N 

NOTES: 

Discrepancies Between 
3ample Labeisand CCC 
Record? Y N 
VOTES: 

RMC reserves the right to charge &Ml) for unreturned preservative kits. Orlginal: Laboratory Yellow: Client SheeL of J 



CHAIN OF CUSiODY RECORD Trl-County Business Campus 
99 Roblnson Street 
Ponstown, PA 19454 

1215) 327-4850 
FA‘X (2i5) 3 

I I I I I I I I I 
27-4852 

I*leI ‘I I I ] I I I I I 
II I I I I I I I I 

I I I I I I I I 

ENVlRONMENTAL 
SERVICES 

a For(Compary) 

RMC Use Only 

Samples Were: 
1 Shipped or Hand- 

Delivered .. 
NOTES: 

2 Ambient or Chilled 
NQTES: 

3 Received Broken/ 
Leaking (Improperly 
Sealed) 
Y N 

NOTES: 

4 Properly Preserved 
Y N 

NOTES: 

5 Received Within 
Holding Times 
Y N 

NOTES: 

COC Tape Was: 

1 Present on Outer 
Package Y ’ N 

2 Unbroken on Outer 
Package Y N 

3 Present on Sample 
Y N 

4 Unbroken on Sample 
Y N 

NOTES: 

Discrepancies Between 
Sample Labels and COC 
Record? Y N 
NOTES: 

RMC reserves the rlght to charge $50.00 for unreturned preservative kits. Original: Laboratory Yellow: Client Sheet-..&-- of -j- 



yp+q l.l 1 k CHAIN OF CUSTODY RECORD 
FA‘X (2i5) 327-41 

I I I I I I I I n---L.. ,L.‘.,^,“\ No./liw of Contalnara Z-1 5 1 . . - - I I I I I I 

Vdumeof Containers I I I I I I 

Ssmple ldentlfkatlon 

I I I I I I 

Mrrlx coDm 
s -SC4 * GW--0Morrr 
g)Igy c r== 

m-re+u 0-w 
O-Q c-c-F-@- 

sl- 
l!i%LW 

Ry -hatawa :xL 
m- 
08 -cPimw& 

a-mnlwm II-csw 

Sample Containers 
Prepared By: 
Total No. Contalners: r;ll 

eol-rLEoooEa 
o-lwa 
P--p*ltlo 

Spedal hatructbns: 

4 ENVIRONMENTAL 

2 SEWICES 

RMC Use Only 

Samples Were: 
1 Shipped or Hand- 

Delivered 
NOTES: 

2 Ambient or Chilled 
NOTES: 

3 Received Broken/ 
Leaking (Improperly 
Sealed) 
Y N 

NOTES: 

4 Properly Preserved 
Y N 

NOTES: 

5 Received Within 
Holding Times 
Y N 

NOTES: 

COC Tape Was: 

1 Present on Outer 
Package Y N 

2 Unbroken on Outer 
Package Y N 

3 Present on Sample 
Y N 

4 Unbroken on Sample 
Y N 

NOTES: 

Dlscrepancles Between 
Sample Labelsand COC 
Record? Y N 
NOTES: 

RMC reserves the rlght to charge $50.00 for unreturned preser+atlve kits. Orlglnal: Laboratory Yellow: Client SheetL_ of -L..- 



1. P 1 I -1 1 . 1 

uuukluuLJuuuu,uuuu 

' 1 AMC USEONLY 1 
CHADN OF CUSTODY RECORD 

Trl-County Business Campus 
88 Robinson Street 
Pottstown. PA 19484 

I ‘I’ \ .-- -) 3i7-4850 
+“m - 15) 327-4852 

tl Joy?* q710- y(y)(jz 

Client Contact Jf? fl W&b 

Phone 26s -27tyl c, 

R!:b?y Sampte ldentlfioatlon ’ 

ArAn/ - CC-FAN nr, s7 

Presarvative ,,.Vq 

Qenerat Analysle + IiAl 
Group Raquestad 

TU 

+30 

1 I 1 

km w 
ENVIRONMENTAL 

SERVICES 

RMC Use Only 

Samples Were: 
1 Shipped or Hand- 

Delivered 
NOTES: 

2 Ambient or Chilled 
NOTES: 

3 Received Broken/ 
Leaking (Improperly 
Sealed) 
Y N 

NOTES: 

4 Properly Preserved 
Y: N 

NOTES: 

5 Received Within 
Holding Times 
Y N 

NOTES: 

COC Type Was: 

1 Pre t on Outer 
Pack 

$ 

e Y N 

2 Unbr ken on Outer 
Package Y N 

3 Present on Sample 
Y N 

4 Unbroken on Sample 
Y N 

NOTES: 

Discrepancies Between 
Sample Labelsand COC 
Record? Y N 
NOTES: 

RMC resewes the rlght to charge $50.00 for un&urned preservative kits. Original: Laboratory Yellow: Client Sheet-j- of ---!- 

% 
4 .. 

. s 



1 CHAIN OF CUSTODY RECORD Trl-County Business Campus 
08 Roblnson Street czm 
Pottstown. PA 19454 

150 ENVIRONMENTAL 

4052 SERVlCES (215) 327-48 
FAX (215) 327- 

I 
RMC Use Only 

Phone 

.Sample ldentlflcallon 

Client Contact J-&B- MImtt 

.” . ..a. -jk-wuwr ?ZU 
c-w P-fwlk 

_ . . -. 

Samples Werg: -. 
1 Shipped oi 9 

Delivered 
NOTES: 

-_ 
2 Ambient oi’6hilled 
NOTES: . . 

3 Received Broken/ 
Leaking (Improperly 
Sealed) 
Y N 

NOTES: _-, ‘. 

1 Properly Preserved 

ti:TEs:~/)I 
N 

5 Received Within 
~-Holding Times 

N%S: 
N 

COC Tape Was: 

Package Y N 

3 Present on Sample 

4 Unbroken on Samp 
Y N 

NOTES: 

Discrepancies Between 
Sample Lab& and CCC 
Record? Y 
NOTES: c! 

u RMC reserves the right to charge $50.00 for unreturned preservative kits. Orlglnal: Laboratory Yellow: Client Sheet-L.-. of ~A. 



CHAIN OF CUSTODY RECORD Trl-County Eiuslness Campus 
88 Robinson Street 
Pottstown. PA 19464 

(215) 327-45 50 ENVIRONMENTAL 

FAX 1215) 327. 4852 SERVICES 

1 Refrlgarntor # Cllem 5 h c fdS&q m&q+4 I Scr ut’tes 

Sampler (InkIsIs) Pm 

Job No. 77 1 (I- mod2 

Client Contact &f-f ws kh/+.wa 

No.fWeof Contalnsrs 3x; 

Vdume of Contalnere %n\ j *& I /(I, - qdrnl 

PreserveUve / / HQZ / 

’ Qeneral Analysis 
Group Requested 

RMC Use Only 

Samples Were: 
1 Shipped or Hand- 

Delivered 
NOTES: 

P,,o,,e (215) 26s -2300 

i 

For (Company) . 

;;T;ient or Chilled 

3 Received Broken/ 
Leaklng (Improperly 
Sealed) 
Y N 

NOTES: 

4 Properly Preserved 

N&ES: 
N 

5 Received Within 
Holding Times 
Y., N 

NOTES: 

. 

COC Tape Was: 

1 Present on Outer 
Package Y N ._ 

2 Unbroken on Outer 
Package Y h 

3 Present on Sample 
Y N . . 

4 Unbroken on Sample 
Y N 

NOTES: 

Discrepanclea Between 
Sample Labelsand CqC 
Record? Y I N 
NOTES: -. 

RMC reserves the right to charge $50.00 for unreturned preservative kits. Orlglnal: Laboratory Yellow: Client Sheetl_ of \ 
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1 CHAIN OF CUSTODY RECORD Trl-County Business Ca 
68 Robinson Stree 
Pottstown. PA 1946 

I I 1215) 327-4650 
.&bM I. FA‘X (2i5) 327-465: 

Refrloer8tor I I I I I a- 8y’ 1 + : I Ii 
__ 1 - -- . I I I I i t I I 

Na./lboaof ContainersI % t \ 1 \ 1 ?L. 1 __-.. .,r- -. --..- .._. - I 
I 

I 
I 

I 
I 

I 
I 

it 

Vdume of C@atners I I I I II 
Cklt 

Sampler (InlUals) 

Job No. 

,-“- -“,-., 

Group Requested 

mpus 
t 
4 

2 

3 

RMC Use Only ’ 

Samples W*: -.- - -’ 
1 Shipped Hand- ,j 

“i, Delivered __ ./ 
NOTES: ._ 

2 Ambient o&hilled 
NOTES: --.- ../ 

3 Received Broken/ 
Leaking (Improperly 

4 Properly Preserved 
Y N 

NOTES: 

s/E@eived Within 
’ Holdrng Times 
\ Y (,I N 
NOTESi 

COC Tape Was: 

1 Present on Outer ,,. 
Package Y ,‘. ,,.N 

2 Unbrokenon Outer ’ 
Packagei Y N 

\. / 
3 Present onSample 

Y N 

4 Unbroken on Sample 
. Y N 

NOTES: 

Discrepancies Between 
Sample Labels and COC 
Becord? Y N 
NOTES: 

ENVIRONMENTAL 
SERVICES 

RMC reserves the rtght to charge $50.00 for unreturned preservative kits. Original: LaboratoN Yellow: Client Sheet-!- of -!- 



- I. 
r- 1 
- 1 

From: Jeff Wals 

Subject:. Chain of custody tape on coolers sent to E?MC 

As stated in the work plan, all coolers containing samples 
for shipment to RMC have been sealed with SMC's chain-of-custody 
tape. However, it has recently come to my attention that RMC has 
been indicating on the chain-of-custody forms that the coolers 
containing samples from the NADC have not been wrapped with 
chain-of-custody tape. RMC has been indicating this because SMC 
has not been using RMC's chain-of-custody tape on the coolers. 
It should be noted that all coolers shipped to RMC have been ' 
properly wrapped, but RMC's tape was not used. 
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HALL/BURTON NUS Environmental WA/N OF CUSTODY RECORD 

REMARKS 

STATION LOCATION 

. . 

BLiiNQLiiStiED is’f (;sG~~AT~~RE~: 

\ f S-AS!! _ 

tELlNQulsttE0 6~ (SIGNATURE): 

t~Ll~QuisHE0 BY (SIGNATURE): 

DATE :T:f,qE: RECE!VEO By(SIGNATURE): 

- - 1 &33c 

OATE /TIME: RECEIVE0 By (SIGNATURE): 

I 

DATE /TIME: RECEIVED FOR LABORATORY BY 

I 

, (SIGNATURE): 

~ELiNQulst4Eo BY (SIGNATURE): OATE /TIME: RECEIVED BY(SIGNATURE): 

I 

RELINQUISHEO BY (SIGNATURE): OATE /TIME: RECEIVED BY(SIGNATURE): 

I 

DATE/TIME: REMARKS: +Sh,,p,d, \/1& F&& /?‘wpW~~ f&dd/ 

I ALk.h- 44?340a L3/s 
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HALL/BURTON NUS Environmental Comora tion and Subsidiaries CHAlN OFCUSTOD~RECORD~ 
_-_ __- _____ -__- ----_-_-__-- 

PROJECT NO.: SITE NAME: 

3933 N&WC- ld2JYwskf- 
SAMPLERS (SIGNATURE): &,j 4% +A- cl au .i& 

&?y fy--&-, / 
I 

sT;;oN DATE TIME COMP GRAB STATION LOCATION 

6 r-7 bW> oygs d- ~4/7- /=B 

61-l b-I?-bo& J Id - 6l7- -T-&3 

lELlNQUlSHE0 BY (SIGNAT&): 

1 I 
DATE /TIME: RECEIVED BY(SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEWED BY(SIGNATURE): 

UJ #)..a 
6-17-41730 I 

tELlNQUlSHE0 BY (SIGNATU@E): DATE /TIME: RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVE0 BY(SIGNATURE): 

I I 

lELlNQUlSHED BY (SIGNATURE): DATE /TIME: RECEIVED FOR LABORATORY BY 
(SIGNATURE): 

DATE/TIME: REMARKS: SC, ,f’&. V,L 7; d ccc? / &y- sz 

I I A,;- d’,rl 



I ----j --j ‘3 1 1 1 ‘“t 1 1 1 1 )‘-l ) 

,,. _. . HAlLIRURTO/V NUS En wironmen tal 
Corporation and Subsidiaries 

CHAIN Of CUSTODY RECORD 

PROJECT NO.: 

REMARKS 

Ctatln” I - --- I -~--- I --_-- I ---- 
“E;;“” DATE TIME COMP GRAB 

I ----.-_.. ----.--_ 
STATION LOCATION 

I I / 
. . 

617 ~-n-h,l.ayo J I 

RELINQUISHED BY (SRNATURLI: DATE/TIME: RECEIVED BY(SICNATURE): 
. 1.. 

\,J- 

I 
RELINQUISHED BY (SIGNATURE): DATE /TIME: RECElVED BY(SICNAfURE): 

L-l-l-4111730 I’--- ” 

RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

I I 

RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED FOR LABORATORY BY DATE /TIME: REMARKS: 

I 

(SIGNATURE): 
jA.f-pd, d/r& f-!&&/2./ rq!rf c 

I t&r b/r/ Alo. rj6870~~3~6 
IS440REVlSLDW91 



HALL/BURTON NUS Environmental 
Pnrnnr*tinn and Cadwifliarinc 

CHAIN OF CUSTODY RECORD 

. 

. 
I 

tELlNQLflSHED BY (SIGNATURE): DATE /TIME: RECEIVE0 BY(SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

1 j;l(iic:& 
/ 6 rk 59 IN30 I 

IELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED BY(SIGNATURE): 

I I 

IELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED FOR LABORATORY BY 

I 
(SIGNATURE): 

DATE/TIME: REMARKS: >h,,+-& l,‘rJ Fc .tc r,?( c- Y f’ i < 

I ij,, (,.;I( f&L I/6P jOJ../L~ t 
IS 4UO REVISED 0891 



1 - 1 I ‘1 -1 

I HALUBVRTON NUS Environmental 
CorDora tion and Subsidiaries 

CHAIN OF CUSTODY RECORD 
I 

ST$;oN DATE TIME COMP GRAB STATION LOCATION 

6 L!? b-Wa 0900 J id-6M-U3 
6 f t? 6-W.% 09~0 d Id - 6 f i? - ?% 

: 

I 

IELINQUISHED BY (SIGNATU~): 

iJ&$5L 

tELINQUISHED BY (SIGNATURE): 

RELINQUISHED BY (SIGNATURE): 

DATE /TIME: RECEIVED BY(SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

6-r R-g.2 Id30 I 1 
DATE /TIME: RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

I I 

DATE /TIME: RECEIVED FOR LABORATORY BY 
(SIGNATURE): 

DATE/TIME: REMARKS: Sh,;pcJ, ~/I/IL F‘e der.+l fqvcr~ A,-, 5,// 

I I de&T. 4684oa IS’S/ 



1 

I if~iLii3URT0N 1 WS En wironmen tal 
idiaries Subs1 

CHAlN OF CUSTODY RECORD1 
PROJECT NO.: SITE NAME: 

3433 tit-WC - dbr*w,kC 

SAMPLERS (SIGNATURE): J-&s c p~f~~-h 

‘sT;zoN DATE TIME COMP GRAB STATION LOCATION 
4 

r Ii $ big-b 0836 1/ u)-6127= RI3 

NO. 

c% REMARKS 
_ TAINERS 

r 

I4 %X~xY I 1 A&&+& Rvkakb 

I I I .I I I I I 
RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

\ khK@ 
.\ _ 92 lY3ti I 

?ELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED BY(SlGNATURE): 
, I 

?ELINQUISHED BY (SIGNATURE): 

tSMOREVlSEDO891 

I I I I 
DATE /TIME: RECEIVED FOR LABORATORY BY DATE/TIME: REMARKS: ~~,j+.. u;a fe&rdl Fq-3 fh b;ll 

I 
(SIGNATURE): 

I Ahbe~ 4&7crja-1 ss / 



, c- .--.-4JfTOfU NUS En$~o?mental I HALL/B ornora tmn and Subsldrams CHAIN OF CUSTODYREC0Rf.l~ 

lELlNC)UlSHED BY (SIGNATURE): 1 DATE/TIME: 1 RECEIVED BY(SlGNATURE): 1 RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

&s- 52 c’s3i, 
I 

i 
IELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

I I I I 

IELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED FOR LABORATORY BY DATE/TIME: REMARKS: ‘&i ,,;.; >ed of..- /-‘ u*L/d 6 j;,J, r B 5 

I 
, (SIGNATURE): 

I AfCLli/ AJd * ijb 2Yy 0 2 1 5-s/(> 



I HAllIBVRTON NUS Environmental 
Cnrnnraiinn and Qhcidarinc CHAlN OFCUSTODYRECORD~ 

STATION LOCATION 

I 

. . 

I 

I I I 

RELINQUISHED BY (SIGNATlJkC): DATE /TIME: RECEIVED BY(SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

2; /:r’--&z ,(, 
& /9- $1 IK3d I 

lELlNQUlSHED BY (SIGNATUlfE): DATE /TIME: RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

I I 

RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED FOR LABORATORY BY /a’<., 

I 

(SIGNATURE): 
DATE /TIME: REMARKS: 2s ,2/j .a, (‘ /’ L ci * ci I C’.‘.,/.: c r 1 

I l4-r! 4 &k! y&j $02 lSY0 
IS 440 REVISED 0891 



HAL LIBU~TON WA/A/ OF CUSTODY RECORD 1 

PROJECT NO.: SITE NAME: 

3733 ,,u.fq (.,‘C 

SAMPLERS(S~GNATURE): p-l p.++ (,v</!.,tk, ,./&z~y ;- :./+ ,I ; . . . CA* 

IELINQUISHED BY (SIGNATui?E): DATE/TIME: RECElVEDBY(SIGNATURE): 

REMARKS 

I RELINQUISHED BY (SIGNATURE): RECElVED BY(SIGNATURE): 

I 

IELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

I I 
*[isHED BY (SIGNATURE): DATE /TIME: RECEIVED FOR LABORATORY BY 

, (SIGNATURE): 
DATE/TIME: REMARKS: zI,,+p,k y ?-* r>..i>i i 1.. ,,,jt’-:! 

r I , I, _ 1 



f 



HALL/BURTON NVS Enwironmi. 
Corporation and Subsidiaries 

1 PROJECT NO.: 1 SITE NAME: 

CHAIN OFCUSTODY RECORD 
I I / / / 6. / / / 1 

;? 
b I..1 ;;, - r--- Irk, v.- (’ ,.A : ,... /: . ‘ i (- /,I 

3N IbAtF tlUF CnMv GRAR ItATi~NLOCAtlON STAllI 
NO- ---- . ..-.- --.-.. -.--- 

-._...-.----_-.--- 
/ / v ‘; / / / 

I I I I I I I I I I I I I 
ELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

5;;:: 17-G ~‘,.~ -? 
c,f!!: 52 i* II I 

ELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

I I I I I I 

ELlNQurstiED BY (SIGNATURE): DATE /TIME: RECEIVED FOR LABORATORY BY 
(SIGNATURE): 

DATE/TIME: REMARKS: zj, .:,~,--~ LA;,-, ,r’ .-id/ -.I L..? ,,; 2t-c ;, 

I I ,L- !*/I /vo I y~Fj(9~/~3tic 

MO REVISED 0891 NUS 
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t 3_ 

I 
1 r .“> 

PROJECT NO.: 1 SITE NAME: I 

‘34 3 3 
! 

REMARKS _-.. 
J 9:; CJ’ iA-. Tee-- i TAINERS 

I iTf!zoN DATE TIME STATION LOCATION 

t 

I I I I ’ I I 1 
J 

~7 
- I-.’ 

HALLIBURTON NVS Environmental 
corporation and Subsidiaries 

CHAIN OF C@STODY RECORD 

F 
R 

R 

I I; 

. . I I I I 
IELINQUI;“ED Bb(SlGNATU&): 

I 
’ DATE /TIME: RECEiiiED BY(S!GNA?URt)r RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

(;‘J&<m,, 6-A q 2l17i;G 
lELlNQUlSHE0 BY (SIGNATqRE): DATE /TIME: RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

I I 

lELlNQUlSHE0 BY (SIGNATURE): DATE /TIME: RECEIVED FOR LABORATORY BY DATE/TIME: REMARKS: S;L,ypk cl;> q; &-I<t / TV/“ c- :; ‘: ;-\,i h: !I 

I 

(SIGNATURE): 

I &&4s q&lggc77,13.30 
* 
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HAUlBURTON NUS Environmental 
Pnrnnratinn and Cuhcitkrioc mw. r V,“..“.. “..mw w”Ie.-.“..ww 
PROJECT NO.: SITE NAME: 

CHAIN OF CUSTODY RECOR 

STATION LOCATION 

DATE/TIME: RECEIVED BY(SIGNATURE): RELINQUISHED 6r (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

6 -JI ‘Jo i/R.‘~‘c’ ! 

ELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

I I 
ELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED FOR LABORATORY BY DATE/TIME: REMARKS: 

(SIGNATURE): 
&,a,7 SC. h/t, b,i/ 

I I N LI .+ I,,:, I 

i 440 REVISED 0891 



1 
HALUBURTON NUS Environmental 
Corporation and Subsidiaries 

CHAIN OF CUSTODY RECORD 

PROJECT NO.: SlTE NAME: 

3933 A.JcfuJc - lbLpvn.$Ctr 
I/.-q &cga pL& I,:.,- 

REMARKS 
[, f 

STATION LOCATION 

Il. 6 .X91 Wa 4 r/ UPmu)-// 6 31 II 

I a I, :wiJ GgoY / (J -~~f%Ld- la- 6 31 I I 

I 3 L-36-53. lcisj v/ L3-fwd-13 6 3111 

,q 6~ ‘isoyt3 w- ~~-- 1q 23 31 I II I 

I’5 k?b.$.! /.>lb I/- a-PILLI- 15 6 31 II 

16 6~26-32 II& r/ &I-pw#d-/(b 6 31 11 

_. 
_ 

. 

REUNQU,lSHED BY (SIGNATlJitE):’ DATE /TIME: RECEIVED BY(SIGNATURE): REUNQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

&w$L-- 
? 

c ., 
6-~16-‘ial/Yoc I 

RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

1 I 

RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED FOR LABORATORY BY 
. (SIGNATURE): 

DATE/TIME: REMARKS: Sh,,+d, r/la T-c& ra/ &x<-<: 4,; hr Ii 

I I 1 tLd.w- 466W9-~3.52- 
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tfALUBURTON NlJS Environmental CHAIN OF CUSTODY RECORD 

DDnlFfT Yn . t CITF NAM1 

. 

.EJ$EDE&h:qtl; l 

I I I I I I I I I 

DATE /TIME: RECEIVED BY(SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE ,Tlh;E: R;CEIVED BY(SIGNATURE): 

#-Yf-qA )1mo I 

IELINQUISHED BY (SIGNATURE): 1 DATE /TIME: RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED EY(SIGNATURE): 

I 

?ELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED FOR LABORATORY BY DATE/TIME: REMARKS:.%#d tic3 &de@/ Expw 4 t/ h,J 

I 
(SIGNATURE): 

I A)wb?f‘ y&?4c&i3 63 
I I I I I I 

IS MO REVISED 191 
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I HAlM?URTON NUS En wironmental 
CarDora tion and Subsidiaries 

CHAIN OF CUSTODY RECORD I 

I 
RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE/TIME: RECElVEDBY(SIGNATURE): 

I f I 
~rLiNQuisHEb BY (SIGNATURE): DATE /TIME: RECEIVED FOR LABORATORY BY 

I 

, (SIGNATURE): 
DATE/TIME: REMARKS: J/, ,>/- ,.c $, ; c, Fc,(“er r / (-r,;\ / -c’; ,&, : ,j’ 

I &Vn Y/X7/9 2/1x r- 
S MO REVISED 9891 
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I HAlllBURTON NUS Environmental 
CorDora tion and Subsidiaries 

CHAIN OF CUSTODY RECORD I 
PROJECT NO.: SITE NAME: 

REMARKS 

STATION LOCATION 

I 
! 
I 

tELlNQUlSHED BY (SIGNATU’RC): DATE / TlME: RECEIVED BY(SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

1 j&\ q& :\ , hl5 . .c I 
lELlNQUlStlEd6Y (SIGNATURE): DATE /TIME: RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE/TIME: RECEIVED BY(SIGNATURE): 

I I 

~EmQuistiED BY (SIGNATURE): DATE /TIME: RECEIVED FOR LABORATORY BY 
(SIGNATURE): 

DATE/TIME: REMARKS: .& ,,,,A ~‘I/IZ r&&.t-<: / +r:-~ < fl;r h,i/ 
I I Iv,* kW,-- J/ hy9o;Lt~/2k 

S4dOREVlSEDO891 
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HALL/BURTON NUS Environmental 
Corporation and Subsidiaries 

CHAIN OF CUSTODY.RECORD 

PROJECT NO.: SITE NAME: 

3x3 p&K WC.rHt:.ISTcr 

SAMPLERS (SIGNATURE): - 

i/ <’ r - 7 .,I 

sTizoN DATE TIME COUP GRAB STATION LOCATION 

$66 v w-JiaL-~d 

RELINQUISHED BY (SIGNATURE): RECEIVED ElY(SIGNATURE): RELINQUISHED BY (SIGNATURE): 1 DATE/TIME: 1 RECElVED BY(SlGNATURE): 

(p cJ-&uqx, ! - 

RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

I I 

RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED FOR LABORATORY BY DATE /TIME: REMARKS: fb ;p,~ et-/ L, ;c. 

I 

(SIGNATURE): 

I 
IS UO REVISED 0891 
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r-~-~ HALLRWRTON~NUS Environmental PA~~~AC**~AA CHAIN OF CUSTODY RECORD 1 
PROJECT NO.: SITE NAME: 

/JALoC wARm//VrTp-A 

REMARKS 

STATION LOCATION 

I 

RELINQIJISHEO BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

g .q-- (<Ire / ‘( Qh2.h II230 I 

RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECElVEDBY(SIGNATURE): 

I I 

RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED FOR LABORATORY BY 
(SIGNATURE): 

DATE/TIME: REMARKS: .S-h ; ,) Ccl (/I>, f;X*/e/ cyprr~ ( 

I I AL 5 #,/I /vi:. VLCRv2/SW 



HALL/BURTON NUS Environmental 
Corporation and Subsidiaries 

CHAlN OF CUSTODY RECORD 

3 9.33 
REMARKS 

“;;yN DATE TIME COMP GRAB STATION LOCATION 

r/-s0;‘2 xb/, N,, >( W’ sw’pI;z 

Il. 5(5-t.?y Y7/qz M,\ x w-sn-+o 

J->l3-I7 qq2 rJA x w-513-17 

LO’ - 3.Q 21“ Rec. 

I ’ 0.0’ - led )5j’ Pet. 

.I ’ 6” 
- 2’ 6” 

I c.5” Rec. 

I ’ 6” -” 33” j rs“ Rcc, 

Lib!* 

-ZV-- 
I 

SWE&~~Aruat): DATE/TIME: RECEIVED BY(SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SIGNATURE): 

I 
2 ) 

I 
RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY (SIGNATURE): RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SltNATURE): 

I I 

RELINQUISHED BY (SIGNATURE): RECEIVED FOR LABORATORY BY 
DATE ‘T’ME: . (SIGNATURE): 

DATE /TIME: REMARKS: 13 c, JZ n 4 : c h (-A/ 4Plh , *-I c I.4 -’ ~*ficf 
I.. 

,yj A.1 ,I ;p ( , i/ /’ :; / /$I ,; /,’ ) hwn0 c!r lrticfrcl +d f’*t#. LGL. 
I * Tb, !’ I.. 





-BOUCHER & JAMES, INC. 

I 

a 

SITE COORDINATES AND ELEVATIONS 

SEPTEMBER lo,1992 

SlTES1,2&3 

POINTNO. 

MW02 

MW03 

MWO4 

MWO; 

MWlO 

MWll 

COORDINATES 

NORTH EAST 

328,249.40 2,745483.62 

328,468.16 2,745,607.35 

327,881.85 2,745,973.81 

327,891.13 2,745,981.95 

328,240.72 &745,944.10 

328,095.88 2,746,497.69 

ELEVATIONS 

TOPOF TOPOF 
GROUND CASING PVC 

316.35 . 317.80 317.43 

311.73 313.65 313.36 

31228 313.40 31268 

311.80 313.60 313.32 

309.18 310.64 310.34 

308.43 310.46 309.86 

SB 01 328,423.15 2,745,813.91 309.14 

SBO2 328,129.53 2,748,195.85 309.59 

SB03 327,882.90 2,746,525.71 31223 

SB04 327,647.37 2,746,561.32 316.95 

SB12 328,044.08 2,746,651.30 310.70 



il 
I 1 

Sites 1,2,3 cont’d. Page 2 

BOUCHER & JAMES, INC. 

SITE COORDINATES AND ELEVATIONS 

SEPTEMBER lo,1992 

SlTES1,2&3 

POINT COORDtNATES I ELEVATIONS 

BG4 

C 

D 

E 

NORTH EAST 

328,201.66 2,745,950.81 

328,465.79 2,745,868.56 

328,326.21 2,746,015.15 

328,269.W 2,745,966.85 

GROUND 

307.71 

308.99 

309.13 

TOP OF 
CASING 

310.10 

310.99 

311.19 

TOP OF 
PVC 

315.63 

309.63 

310.13 

310.64 



BOUCHER & JAMES, INC. 

SITE COORDINATES AND ELEVATlONS 

SEPTEMBER lo,1992 

SITE NO. 4 

POINT NO. 

SB 13 

SB 14 

SB15 

SB16 

DG 16 

DG 28 

COORDfNATES ELEVATIONS 

TOP OF TOP OF 
NORTH EAST GROUND CASING PVC 

327,499.59 2,750,03256 343.90 

327,49283 ~750,204.90 344.02 . 

327,508.74 2,750,235.06 344.47 . , 

327,289.22 2,750,237.69 354.74 

327,609.57 2,749,890.38 338.94 

327,609.30 2,749,876.66 338.61 



BOUCHER & JAMES, INC. 

SITE COORDINATES AND ELEVATIONS 

SEPTEMBER lo,1992 

SITES 5,6 & 7 

POINTNO. 

MWo5 

MW06 

MW08 

MWO9 

COORDINATES 

NORTH EAST 

325,564.44 2,752,027.78 

325,632.22 2,751,660.32 

325,554.74 2,752,021.19 

325,539.20 2,751,614.37 

ELEVATIONS 

TOPOF TGPOF 
GROUND CASING PVC 

335.94 338.07 337.53 

338.90 340.96 340.68 

335.81 337.78 337.14 

334.85 336.95 336.65 

SB 05 326,173.36 2,751,78232 350.18 

SB 06 326,219.13 2,751,823.51 35207 

SB 07 326,219.33 2,751,850.37 351.39 

SB 08 326,266X4 2,751,48214 367.04 

SB 09 326,430.18 2751,339.50 369.96 

SBlO 326,364.13 2,751,312.80 369.16 

SBll 326,601.86 2,751,190.16 371.76 



s BOUCHER & JAMES, INC. 

SITE COORDINATES AND ELEVATIONS 

SEPTEMBER lo,1992 

SITE NO. 6 

POINT NO. 

MW 01 

SB 17 

SB 18 

SB 19 

BG 05 

DG 14 

COORDINATES 

NORTH EAST 

328,261.61 2,748,264.73 

328,113.14 2,748,370.16 

327,848.92 2,748,028.42 

328,075.97 2,748,35260 

327,967.79 2,748,518.42 

328J44.66 2748,445.44 

GROUND 

325.35 

331.51 

333.61 

331.53 

ELEVATIONS 

TOP OF 
CASiNG 

327.94 

*rap OF 
PVC 

326.58 

335.43 

327.07 
-- 
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NAWC WARMINSTER APPENDICES 
VOLUME Ill 

APPENDIX 

K. ANALYTICAL DATABASE 
K.l Phase I- Organics 
K-2 Phase I - Inorganic 
K.3 Phase II - Miscellaneous Parameters 
K.4 Phase II - TCL Low-Concentration Volatile Organics 
K.5 Phase II - TCL Organic 
K.6 Phase II - TAL Inorganic and Cyanide 

1. DATA VALIDATION SUMMARIES 

M. SAMPLE CALCULATIONS 

N. RISK ASSESSMENT SPREADSHEETS 
N. 1 Current Groundwater 
N.2 Upper Confidence Limits 

0. TOXICITV PROFILES 





“I ““I l”WcIwa aa, I IfJvs lull ,u,,ricIlw, I l”“, I ,“(;I a 

NAWC Waminster Remedial Investigation 
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W-MW-11 DG-16 Area B (Sites 56, & 7) 

W-MW-12 DG-9 Area B (Sites 5, 6, & 7) 

W-MW-13 DG-10 Area B (Sites 56, & 7) 

W-MW-14 BG-7 Area B (Sites 5,6, & 7) 

W-MW-15 lx-19 Area B (Sii 5,6, & 7) 

W-MW-16 DG-17 At’aa6(Siis5,6,&7) 

W-MW-17 MW-05 Area B (Sites 5,6,& 7) 

W-MW-16 MW-06 Area B (Sitas 5, 6, & 7) 

W-MW-19 DG-25 Area B (Sites 5,6, & 7) 

W-MW-20 MW-09 Area B (Sites 56, & 7) 

W-MW-21 DG-21 Area B (Sitas 5, 6, & 7) 

W-MW-22 t-J&+! Area B (Sites 5, 6, & 7) 

W-MW-23 DG-20 Area B (Sites 5,6, & 7) 

W-MW-24 DG-27 Area B (Sites 5,6, & 7) 

W-MW-25 MW-02 AreaA(Siis1,2,&3) 

W-MW-20 MW-03 Area A (Sites 1, 2, & 3) 

W-MW-27 m-13 Area A (Sites 1, 2, & 3) 

W-MW-26 DG-3 AfeaA(Sites1,2,&3) 

W-MW-29 MW-04 AreaA(Sites 1, 2, &3) 

W-MW-30 MW-07 AraaA(Sites1,2,&3) 

W-MW-31 C AreaA(Sii1,2,&3) 

W-MW-32 DG-1 AreaA(Sii1,2,&3) 

W-MW-33 E AreaA(Sii1,2,&3) 

W-MW-34 SMP-2 Area A (Sites 1, 2, & 3) 

W-MW-35 DG-12 AreaA(Sites1,2,&3) 

W-MW-36 DG-26 Area A (Sites 1, 2, & 3) 

W-MW-37 MW-11 Area A (Sites 1, 2, & 3) 

W-MW-36 BG-4 Area A (Sites 1, 2, & 3) 

W-MW-39 II Area A (Sites 1, 2, & 3) 

W-MW-41 SMC-2 AreaA(Sites1,2,&3) 

W-MW-42 DG-23 AreaA(Sitas1,2,&3) 

W-MW-43 SMC-1 AreaA(Sites 1,2,&3) 

W-MW-44 DG-2 Area A (Sites 1, 2, & 3) 





SITE: WAFlMlN!5TER NAVAL BASE 
CASE NO. 3933 
LABORATORY: CEMC 

Totd Organic Carbon Andysea (me/L) 

Client ID: 
LAB ID: 

ANALYTE RL 

W-SB-04 W-SB-09 W-SE- 14 w-SB-18 W-Se-19 
920317-04 920317-09 92032342 920323-10 920328-01 

TOC 1 2800 23400 488 7180 3700 

Dluticn Factor: 1.0 1.0 1.0 1.0 1.0 



-. - - - - - - -. - 



SITE: WAFIMINSTER NAVAL BASE 
CASE NO. 3933 
LABORATORY: CEIMIC 

Tote4 Orgdc Carbon Andysee (mne/L, 

aient ID: W-MW-25 W-MW-30 W-MW-31 
LABID: 92033843 920338-04 920848-01 

ANALYTE FtL 

TOC 1 8.8 8 2.8 

Dlution Factor: 1.0 1.0 1.0 



SITE: WARMINSTER NAVAL BASE 
CASE NO. 3933 
LABORATORY: CEIMC 

lnorganlc Analyses 

Cllent ID: w-SB-04 W-SB-08. W-SD-14 w-SB-18 W-81 8-RB 
LAB ID: 920317-04 820317- 08 920323-02 820323-10 920317-13 

ANALYTE 

% Molstue 
PH 
Chemical Oxygen Qernand 
Akallnfty 
Ammo& 
Blologlcal Oxygen Demand 
Chlodde 
Hardness 
Nltrate-Nltrlte 
Sulfate 
Tdal Dlssobed Sollds 
Tdal Suspended Sollds 

14.9 
6 

fvA 
NA 
f+tA 

2 
NA 
NA 
NA 
NA 
fw 

7.5 
7.4 
NA 
f4A 
f+fA 
fw 
NA 
NA 
f+IA 
NA 
NA 
NA 

66.5 
7.9 
NA 
fk4 
fM 
M 
NA 

z 
NA 
NA 
f+tA 

17.6 
6.7 
NA 
fw 
f4A 

it 
f+fA 
f+tA 
NA 
f4A 
NA 

Dilution Factor: 1.0 

NA - Not mlyi?ed 

1 I 1 I I I 1 I I I I I I j I 



SITE: WARMINSTER NAVAL BASE 
CASE NO. 3933 
LABORATORY: CEIMC 

lnorganlc Analyses 

Client ID: W-817-FB W-818-RB W-81 8-FB W-SB-19 W-SB-19-D 
LAB ID: 920317-16 920323- 07 920323-08 920328-01 920328-02 

ANALYTE 

% Molstue fu 
PH NA 
Chemical Oxygen Demand 5 u 
Akalinlty 133 
Ammo& 0.1 
BIologIcal Oxygen Demand 2 u 
Chloride 12 
Hardness 146 
Nitrate -Nltrlte 0.84 
Sulfate 37 
Total Dissolved Sollds 191 
Total Stispended Sollds 5 -u 

f4A 
NA 

5 u 

OY u 
fu 
NA 
NA 

0.02 u 
NA 
NA 
NA 

f4A 
NA 

5 u 
99 

0.33 
NA 

1:; 
0.33 

31 
190 

6 

16 
7.6 
fw 
NA 
fw 

Iii 
fw 

FE 
NA 
f4A 

16.7 
7.1 
f4A 
f4A 
NA 
NA 
NA 
NA 
f4A 
NA 
NA 
NA 

Dilution Factor: 1 , 0 1.0 1.0 1.0 1.0 

NA - Not Artalyzed 



SITE: WARMINSTER NAVAL BASE 
CASE NO. 3833 
LABORATORY: CEIMC 

Inorganic Analyses 

Cllent ID: W-822-FB W-822-RB w-b&v-o3 W-824- FB W-824-RB 
LAB ID: 920328-16 920328-17 920330-16 920330-17 920330-18 

ANALYTE 

% Molstue 
PH 
Chemical Oxygen Demand 
Ahallnlty 
Ammonia 
Blolcglcal Oxygen Demand 
Chloride 
Hardness 
Nltrate-Nltrlte 
Sulfate 
Total Oksolved Solids 
Total Suspended Solids 

6 U 
2 u 

0.1 
2 u 
2 u 
2 u 

0.04 
6 U 

39 B 
6 U 

NA 
fw 

6 U 
NA 

ii 
U 

NA 
NA 

0.02 u 
fw 
NA 
fw 

fw NA fdA 
NA NA fw 

2 u 2 u 2 u 
99 2 u 2 u 

0.2 0.1 u 0.1 u 
2 u 2 u 2 u 
2 5 u 5 u 

120 2 u 2 u 
0.02 u 0.02 u 0.03 

38 6 U 6 U 
143 10 10 

6 U 6 U 6 U 

DiluPcn Factor: 1 .O 1.0 1.0 1.0 1.0 

f4A - Not Arralyzed 

1 I 1 I / I I I 1 I I I I 1 I / I 
I I 



SITE: WARMINSTER 
CASE NO. 9710-40004 

TABLE I - TENTATIVELY IDENTIFIED COMPOUNDS (TIC%)* 

CLIENT ID: NADC - 1 -SEDIMENT 2-SEDIMENT 2-SEDIMENT-D 6-SEDIMENT 8-SEDIMENT 

TIC 

SULFUR, MOL(8) 
TETRADECANOIC ACID 
DlCHLOROFLUOROf’v?ETHANE 
1 - fvtETHYL PYRENE 
DIMETHYL-PHENANTHRENE ISOMER 
1 I H - BENZO(b)FLUORENE 
UNKNOWN PAH 
UNKNOWN PHTHALATE ESTER 

X X 

X 

X 

* This table presents the named TICS which remain after data 
validation qualification 
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X
 

X
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X
 

X
 

X
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Data Oualifier Key: 
c3 

B 

19 

R (f) 

3 

C R (xl 

CCI 

R (~1 

I=-= 

C L (s) 

- J 

PB.- 

p” 

J (~1 

J (=d) F-Q% 

c- 
J (i) 

R 

Positive result is considered to be a false 
positive attributable to blank contamination. 

Nondetect for 2-butanone is considered to be 
unreliable due to lack of instrumental sensitivity 
to this compound, as demonstrated by initial and 
continuing calibration response factors less than 
0.050. Bias is very low. 

Nondetect for 4,4'-DDT is considered to be 
unreliable due to chromatographic interferences 
which hampered calibration of this compound. Bias 
cannot be determined. 

Nondetects for acid-fraction compounds are 
considered to be unreliable based on extremely low 
(< 10%) acid surrogate recovery. Bias is very 
low. 

Nondetects for specific pesticide/PCB fraction 
compounds are considered to be unreliable due to 
very low matrix spike recovery. 

Positive result is considered to be biased low 
based on pesticide surrogate recovery less than 
lower advisory limit. 

Positive result is considered to be approximate 
because it is reported at a concentration below 
the Contract Required Quantitation Limit (CRQL). 
In addition, some results for 1,2-dichlorobenzene 
and diethylphthalate are also considered to be 
approximate because of continuing calibration %D 
greater than 25%. 

Positive result is considered to be approximate 
based on calibration inccnsistences. Initial 
calibration %RSD and/or continuing calibrntion %D 
exceeded 50%. Bias cannot be determined. 

Positive result is considered to be estimated due 
to surrogate recoveries and internal standard 
responses outside of quality control limits. Bias 
cannot be determined. 

Positive result is considered to be estimated. due 
to semivolatile internal standard response outside 
of quality control limits. Bias cannot be 
determined. 



-_ 

UL (s) - Nondetect is considered to be biased low based on 
pesticide surrogate recovery less than lower 
advisory limit. 

UJ (c) - Nondetect is considesed to be estimated based on 
calibration inconsistencies., Initial calibration 
%RSD and/or continuing calibration %D exceeded 
50%. Additionally, some pesticide/PCB fraction 
results in some samples are affected by low DBC 
surrogate recovery. Bias cannot be determined. 

UJ (s,i) - Nondetect is considered to be estimated due to 
surrogate recoveries and internal standard 
responses outside of quality control limits. Bias 
cannot be determined. 

UJ (i) - Nondetect is considered to be estimated due to 
semivolatile internal standard response outside of 
quality control limits. Bias cannot be 
determined. 

- 

-  

- I  

-  

2 



Y 

SITE: WARMINSTER 
CASE NO. 9710- 40004 
LABORATORY: RMC 

VOLATILE AQUEOUS ANALYSES (u@-) 

CLIENT ID: NADC - FIELD R. BLANK 
LAB ID: 8807 

CHEMICAL 

Chloromethane 
61 omomethane 
Vinyl Chloride 
Chloroethane 
Methylerie Chloride 
Acetone 
Carbon Disulfide 
Trichtorofluorotnethane 
1 ,l -Dichloroethene 
1.1 -Dlchloroethane 
1.2-Dichloroethene(total) 
Chloroform 
1.2-Dichloroethane 
2-Butanone 
1,1 ,l -Trichloroethane 
CarbonTetrachtorlde 
VinylAcetate 
Bromodlchtorometllane 
1.2-Dichloropropane 
cis - 1.3-Dichloropropene 
Trichtoroethene 
Benzene 
Dibromochloromethane 
1.1,2-Trlchloroethane 
trans - 1,3-Dichtoropropene 
2-chtoroethyh/inyl ether 
Bromofoim 
4-Methyl-2-Pentanone 
2- Hexanone 
Te!wch!oroe!hene 
1,1.2,2-Tetrachloroethane 
Totuene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Xytenes (total) 
1,3-dichlorobenzene 
1,2 & 1,4-dichlorobenzene 

CROL 

10 
10 
10 
10 
5 
10 
5 
5 
5 
5 
5 
5 
5 
10 
5 
5 
10 
5 
5 
5 
5 
5 
5 
5 
5 
10 
5 
10 
10 
5 
5 
5 
5 
5 
5 

5 
5 
5 

10 u 10 u 
10 u 10 u 
10 u IO u 
10 u 10 u 
60 58 
10 UJ(c) 10 UJ(c) 
5U 5u 
su 6U 
5u 5u 
5u su 
su SU 
su 4B 

&f :,” 
5u 5U 
su 6U 
1ou 1ou 
su 1 J 
su su 
su su 
5u 6U 
5U 5u 
su SU 
su 5u 
su su 
1ou 1ou 
su 6U 
1ou 1ou 
1ou 1ou 
5U 5u 
su 6U 
su su 
su 6U 
5U 6U 
5u su 
su su 
6U su 
5u 5u 

9 9 9 9 

FtELD BLK -TAP FIELD BLK - Dl 
8808 8811 

10 u 
10 u 
10 u 
10 u 
8B 
28 
5u 
su 
6U 
su 
6U 
28 

:,” 
5u 
su 
1ou 
5u 
6U 
6U 
su 
5u 
SU 
5u 
5u 
1ou 
5u 
1ou 
1ou 
5u 
6U 
5u 
su 
su 
su 

SU 
su 
5u 

TRIP BLAW< S2-20- RINSATE 
8820 8847 

10 u 10 u 
10 U’ 10 u 
10 u 10 u 
10 u 10 u 
16 B 58 
10 UJ(c) 10 UJ(c) 
5u 5u 
6U 5u 
su su 
6U su 
5u 5u 
6U 0.5 B 

:,” &i 
5u 5u 
su 6U 
1ou 1ou 
5u 5u 
6U su 
su 5u 
5u 6U 
5u 5u 
su 5u 
5u 5u 
su 5u 
1ou 1ou 
su su 
1ou 1ou 
1ou 1ou 
5u 5u 
su 5u 
5U su 
su 5u 
su su 
5U SU 
5u 6U 
su 6U 
5u 5u 

9 9 



SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: RfvlC 

VOLATILE AQUEOUS ANALYSES (ug;L) 

CLIENT ID: 
LAB ID: 

CHEMICAL 

Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
Trlchtoroftuoromethane 
1) 1 -Dichtoroethene 
1 ,l -0lchtoroethane 
1,2-Dlchloroethene(total) 
Chloroform 

ch 1,2-Dichloroethane 
2-Butanone 
l,l,l -Trichloroethane 
CarbonTetrachtorlde 
VinylAcetate 
Bromodichloromethane 
1.2-Dichtoropropane 
cis - 1.3-Dlchloropropene 
Trlchtoroethene 
Benzene 
Dlbromochloromethane 
1.1,2-Trtchtoroethane 
trans- 1,3-Dichtoropropene 
2- chtoroethyklnyl ether 
Bromoform 
4-Methyl-2-Pentanone 
2- Hexanone 
Tetschloroethene 
1.1,2,2-Tetrachloroethane 
Totuene 
Chlorobewene 
Ethylbenzene 
Styrene 
Xylenes (total) 
1,3-dichlorobenzene 
1,2 & 1,4-dichlorobanrene 

CRCN 

10 
10 
10 
10 
5 
10 
5 
5 
5 
5 
5 
5 
5 
10 
5 
5 
10 
5 
6 
5 
5 
5 
5 
5 
5 
10 
5 
10 
10 
5 
5 
6 
6 
5 
5 
5 
6 
5 

I 

NADC - TRIP BLANK - 21 FIELD BLANK -27 FIELD BLANK - 28 RINS. BLANK -30 TRIP BLANK - 31 
8848 8854 8855 8901 8902 

10 u IO u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
6B 38 
4B 28 
5u 5u 
su 5U 
su 5u 
su 5u 
su 5U 
su 8B 

:,” :,” 
5u 5u 
su 5u 
1ou 1ou 
5u 7 
5U 6U 
6U su 
5u su 
5u 5u 
su 6 
su 6U 
su su 
1ou 1ou 
6U 1 J 
IOU 1ou 
IOU 1OU 
5u 2J 
6U 5u 
su su 
5u 6U 
su 6U 
516 su 
SU 6U 
su su 
5u 5 I.1 

I / I I 

10 u IO u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
68 68 
10 UJ(c) 28 B 
5u 5u 
6U 3J 
5u 5u 
su su 
5u su 
28 su 

:,” & 
5u 0.6 J 
6U su 
1ou 1OU 
6U 5u 
su 6U 
su su 
6U su 
5u 5u 
5u su 
su 6U 
su 5u 
1ou 1ou 
5u su 
1ou 1ou 
IOU IOU 
5u 5u 
su su 
5u 13 
SW 5u 
5U su 
su 5u 
SU su 
6U 6U 
5u 5u 

I I 

10 u 
10 u 
IO u 
10 u 
48 
38 
5U 
6U 
su 
5u 
6U 
5u 

:,” 
0.4 J 
su 
1ou 
5u 
6U 
SU 
5u 
5u 
6U 
5u 
su 
1ou 
su 
1ou 
1ou 
5u 
su 
9 
5u 
6U 
5u 
SW 
6U 

.5u 

I I I 



ns 
ns 
n9 
l-l9 
cl9 
ns 
ns 
ns 
17s 

not 
not 
n9 

no1 
n9 
ns 
ns 
fls 
ns 
ns 
ns 
ns 

nor 
ns 
ns 
6)~ 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
89 

a OF 
n 01 
n 01 
n 01 
n 01 

CO16 0206 
Z9 - WV78 dltil 9tl- YNV-W ‘SNlH 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
l-is 

noi 
noi 
ns 

noi 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

nor 
ns 
ns 
61~ 
n9 
ns 
ns 
ns 
n9 
ns 
ns 
BC 
89 

n 01 
n oi 
n 01 
n 01 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

noi 
noi 
ns 

noi 
ns 
ns 
ns 
I-IS 
ns 
ns 
ns 
ns 

noi 
-ng 

ns 
6)~ 

n9 
ns 
ns 
ns 
ns 
ns 
ns 

Wrn oi 
99 

n 01 
n 01 
n 01 
n 01 

6 106 
9t - )I\lVlS dltll 
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ns 
n9 
n9 
17s 
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n9 
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ns 
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ns 
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ns 
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ns 
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ns 
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ns 
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ns 
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n 01 
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SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: RMC 

VOLATILE AQUEOUS ANALYSES (ug.4) 

CLIENT ID: 
LAB ID: 

CHEMICAL CROL 

Chloromethane 10 
Bromomethane 10 
Vinyl Chlodde 10 
Chloroetkne 10 
Methytene Chloride 6 
Acetone 10 
Carbon Disulfide 5 
Tdc~orofluoromethane 6 
1.1 -Dlchloroethene 6 
1.1 -Dlchloroethane 6 
1,2-Dlchloroethene(total) 6 
Chloroform 6 
1.2-Dlchloroetirane 6 

QO 2-Bufanone 10 
1,l ,l -Trtchtotoetha ne 5 
CarbonTetrachtorlde 6 
VlnylAcetate 10 
Bromodlchlorome ttrane 6 
1,2--Dlchloropropane 6 
cls- 1.3-Dlchloropropene 6 
Trlchloroethene 6 
Benzene 5 
Dlbromochtoromettzwe 6 
1 .l .a-Trtchloroethane 
Bans-1,3-Dtchloroprobene 

6 
6 

P-chloroethylvlnyl ether 10 
Bromoform 6 
4-Methyl-2-Pertanone 10 
2- Hexanone 10 
Teltachloroefhene 5 
1.1.22-Tetrachloroettxme 6 
TdtHle 6 
Chlorobenzene 6 
Ethylbe.pzene 6 
Styrene 6 
Xylenes (total) 6 
1,3--dlchlorobenzene 6 
I,2 & l,4-dichlorobenzene 5 

I ! 

NADC - RINS. BLANK-63 TRIP BLAM- 67 RINS. BLANK-69 RINS. BLANK-66 TRIP BLANK - 70 
9104 9164 9166 9236 9241 

10 U 10 u 10 u 10 u 10 u 
10 u 10 u 10 u 10 u 10 u 
10 u 10 u 10 u 10 u 10 u 
10 u 10 u 10 u 10 u 10 u 
68 28 B 4B 4B 70 
48 10 UJ(c) 10 UJ(c) 28 98 
5U 5u 5u 5u 5u 
6U 3J 6U 3J 6U 
6U 6U 6U 6U 6U 
6U 6U 6U 6U 6U 
6U 6U 6U 6U 6U 
1 B 6U 6U 48 6U 

Ji,” :,” :,” G 
5U 

:t: 
0.3 J 5u 5u 5u 

6U 6U 6U 6U 6U 
1ou 1ou 1ou 1ou 1o.u 
6U 6U 6U 6U 6U 
6U 6U 6U 6U 6U 
6U 6U 6U 6U 6U 
6U 6U 0.4 J 6U 6U 
5u 5u 5u 5u 5u 
6U 6U 6U 6U 6U 
6U 6U 6U 6U 6U 
6U 6U 6U 6U 6U 
1ou 1ou 1OU 1ou 1ou 
6U 6U 6U 6U 6U 
1ou 1ou 1OU 1ou 1ou 
1ou 10 UJ(c) 10 UJ(c) 1ou 1OU 
5U 5u 5u 5u 5u 
6U 6U 6U 6U 6U 
6U 6U 6U 6U 6U 
6U 6U 6U 6U 6U 
6U 6U 6U 6U 6U 
6U SW 6U 6U 6U 
6U 6U 616 6U 6U 
6U 6U 6U 6U 6U 
5u 5u 5u 5U 5u 

I ‘1 I I I ! I 
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SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: RMC 

VOLATILE AQUEOUS ANALYSES (ug;L) 

CLIENT ID: NADC - 52-25-D 
LAB ID: 8852 

CHEMICAL CROL 

Chlaromethane 
Bromomethane 
Vlnyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
Trlchtorofluoromelhane 
1 .l -Dichloroethene 
1 .l -Dlchloroethwre 
1,2-Dlchloroethene(total) 
Chloroform 
1.2-Dlchloroethane 

;3 2-Butanone 
1,l ,l -Trichloroethane 
Carbonfetrachtoride 
VinylAcetate 
Bromodlchloromethane 
1 .a-Dichloropropane 
cis- 1.3-Dlchloropropene 
Trlchtoroethene 
Benzene 
Dlbromochloromethane 
1,1,2-Trlchloroethane 
trans-1,3-Dlchtoropropene 
2- chtoroethyhrlnyl ether 
Bromoform 
4-Methyl-2-Pentanone 
2- Hexanone 
Tetmchloroethene 
1 .1.2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Xylenes (total) 
1,3-dichlorobenzene 
1,2 & 1,4-dichlorobenzene 

10 
10 
10 
10 
5 
10 
5 
5 
6 
5 
6 
5 
5 
10 
5 
5 
10 
6 
5 
5 
6 
5 
6 
5 
5 
10 
5 
10 
10 
5 
5 
5 
5 
6 
5 
5 
6 
5 

10 u 
10 u 
10 u 
10 u 
58 
2, B 
5u 
10 
2J 
5 
23 
17 
3J 
RQ 
5 
44 
1ou 
6U 
su 
su 
150 
5u 
6U 
5U 
su 
1ou 
su 
1ou 
1ou 
440 
5u 
5u 
6U 
0.2 J 
su 
2J 
5U 
5U 

I I I 1 I I I I I 

S2-26-DG-26 S2-32-DG-12 S2-63-WELL-E S2-76-DG-2 
8853 8903 9160 9275 

10 u 
10 u 
10 u 
10 u 
48 
0.3 B 
5u 
su 
1 J 
2J 
6 
0.6 B 

ii: 
38 
SU 
1ou 
5U 
6U 
su 

:“J 
SU 
5u 
6U 
1ou 
6U 
1ou 
1ou 
58 
su 
5u 
6U 
6U 
5U 
SU 
6U 
5u 

10 u 10 u 10 u 
10 u 10 u 10 u 
10 u 10 u 10 u 
10 u 10 u 10 u 
28 SB 5B 
10 UJ(c) 28 10 UJ(c) 
5u 5U SU 
6U 12 5u 
6U 2J 0.6 J 
1 J 5 2J 
1 J 40 su 
28 13 0.8 B 

&f :,” hr; 
28 4J 1B 
6U 13 5U 
1ou 1ou 10 UJ(c) 
6U 0.2 B 5U 
6U SU 6U 
su SU 5U 
6 150 0.7 B 
5u 1 J 5u 
5u su 5u 
5U SU su 
5U 5U 6U 
1OU 1ou 1ou 
5U 6U 5U 
1ou 1ou 1ou 
1ou 1ou 1ou 
45 130 1 B 
5u SU su 
98 5u su 
su SU SU 
su 5U 6U 
SU 5U 6U 
6U 6U 5u 
5u 5U 5U 
5u 5u 5u 



SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: RMC 

VOLATILE AQUEOUS ANALYSES (UQiL) 

CLIENT ID: 
LAB ID: 

CHEMICAL 

Chloromethane 
Bromomethane 
Vinyl Chloricle 
Chloioetkne 
Methylene Chloride 
Acetone 
Carbon Disulfide 
Trichtorofluoromethane 
1, I -Dichloroethene 
1,l -Dlchloroethane 
1.2~Qichloroethene (total) 
Chloroform 

z 1,2-Dichloroethane 
e-B&none 
1,l ,l -Trichloroethane 
CarbonTetracNorlde 
VinylAcetate 
Bromodlchloromethane 
1,2-Dlchloropropane 
CiS- 1,3-Dlchloropropene 
Trichloroethene 
Benzene 
Dibromochloromethane 
l-1.2-Trlchloroethane 
trails - 1.3-Dichtoropropene 
2-chioroethyhfinyl ether 
Bromoform 
4-Methyl-2-Pentanone 
2-Hexanone 
Tetlachloroethene 
I ,1,2,2-Tetrachloroetlune 
Tduene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Xylenes (total) 
1,3-dichlorobenzene 
1,2 & l,4-dichlorobenzene 

CRQL 

10 
10 
10 
10 
5 
IO 
5 
6 
5 
5 
6 
6 
5 
10 
5 
5 
10 
5 
5 
5 
5 
5 
6 
5 
6 
10 
5 
10 
10 
5 
5 
5 
5 
5 
6 
5 
6 
5 

NADC -- S2-77-DG-23 S3-60-DG-13, S3-6I-DG-13-DS3-62-DG-3 
9276 9157 9158 9159 

S4-33-DG-28 
8904 

10 u 10 u 10 u 10 u 10 u 
10 u 10 u 10 u 10 u 10 u 
10 u 10 u 10 u 10 u 10 u 
10 u 10 u 10 u 10 u IO u 
68 38 38 48 68 
10 UJ(c) 10 UJ(c) 0.4 B 10 UJ(c) 97 El 
5u 5u 5u 5u 5u 
5u 5u 5u su 5u 
2J 3J 3J 2J 5u 
5J 3J 35 3J 5u 
5u 5u 5u 5u 6U 
0.98 B 0.4 B 0.4 B 0.3 B 10 B 

G :,,” it: :,” :o” 
5 9 10 8 5u 
5u 5u 5u 5u 5u 
10 UJ(c) 1ou 1ou 1ou 10 u 
5u 5u su 5u 0.7 B 
6U su su 6U 5u 
5u 5u 5u 6U 5u 
I4 1 J su 1 J 5u 
5u 5u 5u 5u 5u 
5u SU 5u 5u 6U 
5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 
1ou 1ou 1ou 1ou 1ou 
5u 5u 5u 5u 6U 
1ou 1ou 1ou 1ou IOU 
1ou 10 UJ(c) 10 UJ(c) 10 UJ(c) 1ou 
6B 48 48 48 5u 
5U 5u 5u 5u 5U 
5U 5u 5u 5u su 
5u su su 6U su 
6U 5u 6U 5u 5u 
6U 6U 6U 5u 5u 
su 6U 6U 5u 5u 
6U 5u 6U su 5u 
5u 5U 5u 5u 5u 

I I I I I 



J J 

SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: RMC 

VOLATILE ACUEOUS ANALYSES (ug:t) 

CLIENT ID: 
LAB ID: 

CHEMICAL 

Chlo~ornettw~e 
Bromomettwe 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
Trichtorofluoromethane 
1.1 -Dichloroethene 
1, I -Dlchloroethane 
1.2-Dlchloroethene(total) 
Chloroform 
1,2-Dichloroethane 
2-BuIanone 
1,1 ,l -TrichloroeIhane 
CarbonTetrachtorlde 
VtnylAcetate 
Bromodlchloromettwre 
1.2-Dichloropropane 
cls- 1.3-Dichloropropene 
Trtchtoroethene 
Benzene 
Dlbromochloromethane 
l.I,2-Trichloroethane 
trans - 1,3-Dichtoropropene 
2- chtoroethytvinyl ether 
Bromoform 
4-Methyl-2-Pentanone 
2- Hexanone 
Te?achloro8!he,ns 
1,1.2.2-Tetrachloroethane 
Totuene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Xylenes (total) 
1.3-dichlorobenzene 
1,2 & 1,4-dichlorobenzene 

CRCX 

10 
IO 
IO 
10 
5 
10 
5 
6 
5 
5 
5 
5 
5 
10 
5 
5 
10 
5 
5 
6 
5 
5 
6 
5 
6 
10 
5 
10 
10 
5 
5 
5 
5 
6 
6 
5 
5 
5 

NADC - Sa-34-DG-15 S4-35-DG-6 
8905 8906 

S4-36-DG-I6 S4-37-DG-9 S4-39-DG-18 
8907 8974 8976 

10 u 10 u 10 u 
IO u 10 u 10 u 
IO u 10 u 10 u 
10 u IO u IO u 
38 28 38 
10 UJ(c) 10 UJ(c) IB 
5u 5u 5u 
6U 5u 38 
su 5u 6U 
6U 6U 5u 
5u 6U su 
5u su 6U 

hi :,” :,” 
0.4 B 5u 0.4 B 
5u 6U 6U 
10 u 10 u 10 u 
5u 5u 6U 
6U 6U 5u 
su 5u 5u 
5u SU 6U 
5u 5U 5u 
5u 6U 5u 
SU SU 6U 
5u 6U 6U 
1ou 1ou 1ou 
6U 6U 6U 
1ou 1ou 1ou 
1ou 1ou 1ou 
5 ‘U 5u 5u 
5u 5u 5u 
98 88 QB 
5u 5U 5u 
5U SU su 
6U 5u SU 
6U 5u su 
6U SU 6U 
5u 5U 5u 

10 u 10 u 
10 u 10 u 
10 u 10 u 
10 u IO u 
38 48 
10 UJ(c) 10 UJ(c) 
5u 5u 
6U 6U 
5u 6U 
SU SU 
5u 7 
5u IB 

:,” G 
5u 5u 
6U 0.3 J 
10 .u 10 u 
6U SU 
SU 6U 
5u 6U 
SU 8 
5u 5u 
su 6U 
6U 5u 
5u 5u 
1ou 1ou 
6U 5u 
1ou 1ou 
1ou 1ou 
F II F II YU Y” 
6U 5u 
5u 5u 
5u 5u 
5u 5u 
6U 5u 
5u 5u 
6U 5u 
5u 5u 
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SITE: WARMINSTER 
CASE NO. 971 o-40004 
LABORATORY: RMC 

VOLATILE AQUEOUS ANALYSES (ugh) 

CLIENT ID: 
LAB ID: 

CHEMICAL 

Chloromethane 
Bromomettww 
vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
Trichforofluoromethane 
1.1 -Dichloroethene 
1.1 -Dichloroettxme 
1,2-Dlchloroethene(total) 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
1,l ,l -Trlchloroelha ne 
CarbonTetracf-rtoride 
VtnylAcetate 
Bromodlchloromethane 
1.2-Dichloropropane 
cis- 1,3-Dlchloropropene 
TrlcMoroethene 
Beraene 
Dlbromochloromethane 
1,1.2-Trlchloroethane 
trans-1.3-Dlchloropropene 
2- chtoroethyfvinyl ether 
BI omoform 
4-Methyl-2-Pentanone 
2- Hexanone 
Tetmchloroethene 
1 .1.2.2-Tetrachloroethane 
Tdlterlf? 
Chlorobenzene 
Ethylbenzene 
Styrene 
Xylenes (total) 
1.3-dictilorobenzene 
1,2 & 1,4-dichlorobenzene 

CRQL 

to 10 u to u 
10 10 u to u 
10 10 u to u 
to to u to u 
5 58 60 
to 28 28 
5 5u 5u 

,5 5u 28 
5 6U 6U 
5 6U 6U 
5 3J 3J 
5 6U 0.4 B 

70 &f ii; 
5 5u 5u 
5 6U 6U 
10 to u to u 
5 6U 6U 
5 6U 6U 
5 6U 6U 
5 6U 18 
5 5u 5u 
5 5U 6U 
5 5u 6U 
5 6U 6U 
to 1ou 1ou 
6 6U 5U 
to IOU IOU 
to IO UJ(c) IO UJ(c) 
5 1 B 38 
6 5u 6U 
6 6U 6U 
5 6U 6U 
6 6U 6U 
6 6U 6U 
5 6U 6U 
6 5U 6U 
5 5u 5u 

NADC - S5-54-DG-27 S6-55-DG-21 
9106 9106 

a 

S6-47-DG-19 S6-48-DG-17 S6-41-DG-10 
9021 9022 8978 

to u 10 u 10 u 
to u to u to u 
to u to u to u 
to u to u to u 
48 46 38 
IO UJ(c) IO UJ(c) 1 B 
5u 5U 5u 
SU 5u 6U 
5u 5U 5U 
5u SU 6U 
5U 6U 5u 
28 5u 5U 

hY h,” hY 
5u 5u 5u 
1 J 5U 6U 
10 u to u to u 
5U 6U 5U 
6U 6U 6U 
6U 5u 5u 
28 5u 6U 
5u 5u 5u 
5u 5u 6U 
6U 5U 5u * 
5U 5u 5u 
IOU 1ou IOU 
5u 5u 5u 
IOU IOU 1ou 
10 u to u to u 
5u 5u 5u 
5u 6U 6U 
5u 5u 6U 
5U 5u 6U 
5u 6U 5U 
6U 6U 6U 
6U 6U 6U 
6U 6U 6U 
5u 5u 5u 

I I I f E 



SITE: WARMINSTER ’ 
CASE NO. 9710-40004 
LABORATORY: RMC 

VOLATILE AQUEOUS ANALYSES (ug.c) 

CLIENT ID: 
LAB ID: 

CHEMICAL 

Chloromethane 
Bromomethne 
vinyl Chloride 
Ctitoroetfwre 
Methylene Chloride 
Acetone 
Carbon Disulficfe 
Trtchlorofluoromethane 
1 ,l -Dlchloroethene 
1.1 -Dtchloroethane 
1.2-Dlchloroetfwne(total) 
Chloroform 
1,2-Dtchtoroethane 

< P-Butanone 
1,1 ,l -Trichforoethane 
CarbonTetrachforlde 
VtnyfAcetate 
Bromodlchlorometkrne 
1.2-Dlchloropropane 
cls-1,3-Dfchloropropene 
Trfchforoethene 
Ber-eene 
Dfbromochloromethane 
1.1.2~Trfchloroetkme 
trans-l,a-Dlchloropropene 
2-chforoethyhrlnyl ether 
Bromoform 
4-Methyl-2-Pentanone 
2- Hexanone 
Tetrachloroethene 
1.1.2.2-Tetrachloroethane 
Totuene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Xyfenes (total) 
1.3-dlchlorobenzene 
1,2 & 1,4-dichlorobenzene 

CRQL 

10 
10 
10 
10 
5 
10 
5 
6 
6 
5 
6 
6 
5 
10 
5 
6 
TO 
6 
6 
6 

5” 
6 
5 
6 
10 
5 
10 
10 
5 
5 
5 
6 
5 
6 
6 
6 
5 

I , 

NADC - S6-69-BG - 
9240 

10 u 10 u 10 u 10 u 
10 U 10 u 10 u 10 u 
10 u 10 u 10 u 10 u 
10 u 10 u 10 u 10 u 
68 68 38 60 
10 UJ(c) lo UJ(c) 10 UJ 10 UJ(c) 
5u 5u 5u 5u 
5u 28 38 su 
6U 6U 5u 5u 
6U 6U 6U 5u 
5u 2J 2J 5u 
18 0.6 0 0.6 B 5u 

:,” hi) k,” :,” 
5u 5u 5u 5u 
6U 1 J 6U su 
10 u 10 u 10 u 10 UJ(c) 
5u 6U 6U 5u 
6U 6U 6U 5u 
6U SW 5u 6U 
6U 6 8 6U 
5u 5u 5U 5u 
6U 6U 6U 6U 
6U 6U 6U 5u 
6U 6U 5u 5u 
IOU 1ou IOU IOU 
6U 5u 6U 6U 
IOU 1ou 1ou 1ou 
10 u 10 UJ(c) 10 UJ(c) 10 u 
5u 0.3 B 0.5 B 1 B 
6U 6U 6U 5u 
5u 6U 5u 6U 
6U 6U 6U 6U 
6U 6U 6U 6U 
6U 6U 6U 6U 
6U 6U 6U 6U 
6U SU 6U 6U 
5u 5u 5u 5U 

I I I 

7 S7-56-DG-25 S7-58-DG-25-DS8-75-DG-14 
9153 9155 9271 

S8-49-BG --5 
9023 

, 

10 u 
10 u 
10 u 
10 u 
48 
1 B 
5u 
6U 
6U 
5u 
5u 
6U 

ii,” 
5u 
5u 
10 u 
5u 
6U 
6U 
6U 
5u 
6U 
5u 
6U 
IOU 
5u 
1ou 
10 u 
38 
5u 
6U 
su 
6U 
su 
6U 
6U 
5u 

- 
. I :c, 



SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: RMC 

SEMIVOLATILE AQUEOUS ANALYSES (ug;L) 

CLIENT ID: 
LAB ID: 

CHEMICAL 

N - Nitrosodimethylamine 
bis(a-Chloroethyt) ether 
Phenol 
2-Chtorophenol 
1.3-Dichtorobemerie 
1.4-Dlchlorobereene 
Bemyl alcohol 
1 .a-Dichlorobemene 
2- Methylphenol 
bis(2- Chloroisopropylt ether 
4-Methylphenol 
N-Nitroso-di-n-dipropylamine 
Hexachtoroethane 
Nitrobenzene 
lsophorone 
2-Nitrophenol 
2.4-Dimethylphenol 
Beraoic acid 
bis(2- Chloroethoxy) methane 
2.4-Dichtorophenol 
1,2.4-Trlchlorobert~ene 
Naphthelene 
4- Chloroaniline 
Hexachtorobtiadiene 
4- Chloro - 3- methylphenol 
2-Methylnaphthalene 
Hexachtorocyclopentadiene 
2.4.6-Trlchlorophenol 
2.4,6-Trtchlorophenol 
2-Ch!oronaphttrir!ene 
2- Nltroanlline 
Dimethylphthabte 
Acenaptihylene 
2,6-Dlnitrotoluene 

CRQL 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
60 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
50 
10 
50 
10 
10 
10 

NADC - FIELD R. BLANK FIELDBLK-TAP FIELD BLK-DI S2- 20- RINSATE FIELD BLANK -- 27 
8807 8808 8811 8847 8854 

IOU IOU 
IOU IOU 
IOU IOU 
IOU IOU 
IOU IOU 
IOU IOU 
IOU 1ou 
IOU IOU 
IOU IOU 
IOU IOU 
IOU low 
IOU low 
low IOU 
1ou 1ou 
1ou 1ou 
IOU IOU 
IOU IOU 
50 u 60 U 
IOU IOU 
IOU IOU 
IOU IOU 
1ou 1ou 
IOU IOU 
IOU IOU 
1OU low 
low IOU 
IOU IOU 
low low 
50 u 60 U 
1ou 1ou 
50 u 50 u 
IOU tow 
IOU IOU 
1ou IOU 

1 3 f 

IOU IOU IOU 
IOU IOU IOU 
IOU IOU R(s) 
IOU IOU R(s) 
IOU IOU 1ou 
IOU IOU IOU 
1ou 1ou 1ou 
IOU IOU IOU 
IOU IOU W-4 
1ou low low 
IOU IOU R(s) 
1ou IOU low 
IOU IOU IOU 
1ou 1ou 1ou 
1ou 1ou 1ou 
IOU IOU R(s) 
IOU IOU R(s) 
50 u 50 u R(S) 
1ou IOU low 
IOU IOU R(s) 
IOU IOU low 
1ou 1ou 1ou 
IOU IOU IOU 
IOU IOU low 
IOU tow R(s) 
IOU low IOU 
IOU IOU IOU _ 
1ou low R(s) 
60 U 60 U R(S) 
1ou 1OU 1ou 
50 u 50 u 50 u 
1ou low 1ou 
1ou low IOU 
IOU IOU IOU 
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SITE: WARMINSTER 
CASE ~0. 971 o-40004 
LABORATORY: RMC 

SEMIVOLATLE AQUEOUS ANALYSES &IQ/L) 

CLIENT ID: 
LAB ID: 

CHEMICAL 

N-Nltrosodlmethylamlne 
bls(2- Chloroethyl) ether 
Phenol 
2- Chlorophenol 
1.3-Dlchlorobenzene 
1.4 -DlchlordberPene 
Bereyl alcohol 
1.2-Dichlorobenzene 
2-Methylphenol 
bls(2- Chlorolsopropyl) ether 
4- Melhylphenol 

‘2 N-Nitroso-dl-n-dlproppybmlne 
HexacHoroethane 
Nitrobenzene 
lsophorone 
2-Nllrophenol 
24-Dlmethylphenol 
Benzolc acid 
bls(2- Chloroelhoxy) methane 
24-Dlchlorophenol 
l-2.4-Trlchlorobenzene 
Naphthalene 
4- Chloroanlllne 
Hexacworobtiadlene 
4-Chloro-3-methylptkol 
2- Mekylnaphthalene 
Hexachlorocyclopentadlene 
24.6-Trlchlorophenol 
2.4,6-Trlchlorophenol 
?-Chbnnaphttz+lene 
2- Nltroanlllne 
Dlmethylphlhalate 
Acenaplthylene 
2.6 - Dltirotoluene 

CRQL 

10 
10 
to 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
60 
10 
10 

:s 
10 
10 
10 
10 
10 
10 
60 
10 
60 
10 
10 
10 

NADC - 8-S. WATER 
8793 

1ou 1ou 1ou 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou tou 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou 0.7 J 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 
1ou IOU 1ou 1ou 1ou 
IOU 1ou 1ou 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 
60 U 60 U 60 U 60 U 60 U 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou 1ou tou 1ou 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 
60 U 60 U 60 U 60 U 6OU 
1OU 10 u 10 :: 103 i0 U 
60 U 60 U 60 U 60 U 60 U 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 

Sl-64-DG-1 
9161 

Sl-66-WELL-C 52-22-86-4-D S2-23-BG-4 
9237 8849 8860 
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SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: RMC 

SEMIVOLATILE AQUEOUS ANPLYSES (ug/L.) 

CLIENT ID: 
LAB ID: 

CHEMICAL 

N - Nllrosodimethylamlne 
bls(2-Chloroelhyl) ether 
Phenol 
2- Chlorophenol 
1.3-Dkhloroberzene 
1.4-Dlchlorobenzene 
Benzyl alcohol 
1.2-Dlchlordbenzene 
2- Methylphenol 
bls(2-Chlorolsopropyl) ether 
4- Methylphenol 
N-Nllroso-dl-n-dlpropylamlne 

!$ Hexactloroethane 
Nitrobenzene 
lsophorone 
2- Nltrophenol 
2.4-Dlmethylphenol 
Benzolc acid 
bls(2- Chloroethoxy) melhane 
2.4 -Dlchlorophenol 
l-2.4-Trlchlorobenzene 
Naphthelene 
4- Chloroanlllne 
Hexachlorobtiadlene 
4-Chloro-3-methylphenol 
2- Methylnaphthalene 
Hexachlorocyclopentadlene 
24,6--Trlchlorophenol 
2.4,6-Trlchlorophenol 
2--Chlorpnaph!k!ene 
2- Nllroanlllne 
Dlmelhylphthable 
Acenaptthylene 
26-Dltitrotoluene 

CROL 

10 1ou 1ou 1ou 
10 1ou 1ou 1ou 
10 1ou 1ou 1ou 
10 1ou 1ou 1ou 
10 1ou 1ou 1ou 
10 1ou 1ou 1ou 
10 1ou 1ou 1ou 
10 1ou 1ou 1ou 
10 1ou 1ou 100 
10 1ou 1ou 1ou 
10 1ou 1ou 1ou 
10 1ou 1ou 1ou 
10 1ou 1ou 1ou 
10 10 u IOU 1ou 
10 1ou 1ou 1ou 
10 1ou 1ou 1ou 
10 1ou 1ou 1ou 
60 60 U 60 U 60 U 
10 1ou 1ou 1ou 
10 1ou 1ou 1ou 
10 1ou 1ou 1ou 
10 IOU 1ou IOU 
10 1ou 1ou 1ou 
10 1ou 1ou 1ou 
10 1ou 1ou 1ou 
10 1ou 1ou 1ou 
10 1ou 1ou 1ou 
10 1ou 1ou 1ou 
60 60 U 60 U 60 U 
?O 1011 1OLl 10 u 
60 60 u 60 U 60 U 
10 1ou 1ou 1ou 
10 1ou 1ou 1ou 
10 1ou , 1ou 1ou 

I f 1 1 1 I 

NADC - S4-33-DG-28 S4-34-DG-16 s4-36- 
0904 8906 8906 

f 

DG-6 

1 ? 

64-36 -DG-16 54-37 
8907 8974 

1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 

‘1OU 
1ou 
1ou 

*lOU 
1ou 
1ou 
1ou 
1ou 
60U 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
iou 
1ou 
1ou 
60 U 
4n 11 8” ” 
60 U 
1ou 
1ou 
1ou 

1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
60 U 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
60 U 
1OU 
60 U 
1ou 
1ou 
1ou 

-DG-9 

f 



SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: RMC 

SEMIVOLATILE AQUEOUS ANALYSES (ug.L) 

CLIENT ID: NADC - S4-33-DG-28 
LAB ID: 8904 

CHEMICAL CROL 

3-Nitroanlline 
Acenaphthene 
2.4-Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
2.4 - Dinitrotoluene 
Diethylphthalate 
4- Chlorophenyl- phenyl ether 
Fluorene 
4-Nitroaniline 
4,6-Dlnitro-2-methylphenol 

g N-nltrosodiphenytamlne 
1 ,a-diphenyl hydrazlne 
4-Bromophenyl-phenylether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-n-butylphthalate 
Fluoranthene 
Pyrene 
Benzidine 
Butylbenzylphthalate 
3.3’- Dichlorobenzidine 
Bereo(a)atihracene 
Chrysene 
bis(2-Ethylhexyl)phthaiate 
Di-n-octylphthatate 
Benzo(b)fluorar$hene 
Benzo(k)fluoranthene 
Beraofajpyrene 
Indeno(l.23-cd)pyrene 
Dibenz(a.h)anthracene 
Benzo(g,h,l)perylene 

50 
10 
60 
60 
10 
10 
10 
10 
10 
60 
60 
10 
10 
10 
10 
50 
10 
10 
10 
10 

ZI: 
10 
20 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

50 u 60 U 60 U 60 u 6OU 
10 U 10 u 10 u 10 u 10 u 
60 U 60U 60 U 50 u 50 u 
50 u sou 50 u 60 U 50 u 
10 u 10 u 10 u 10 u 10 CI 
10 u 10 u 10 u 10 u 10 u 
10 u 10 u 10 u 10 u 2J 
10 u 10 u 10 u 10 u 10 u 
10 u 10 u 10 u !O u 10 u 
60 U 60 U 60 U IU 50 UJ(c) 
60 U 60 U 60 U u SO u 
10 u 10 u 10 u 16 u 10 u 
10 u 10 u 10 u 10 u 10 u 
10 u 10 u 10 u 10 u 10 u 
10 u 10 u 10 u 10 u 10 u 
60 U 60 U 60U 60 U 60 U 
10 u 10 u 10 u 10 u 10 UJ(i) 
10 u 10 u 10 u 10 u 10 UJ(I) 
0.2 B 0.1 B 0.2 B 0.2 B 10 UJ(I) 
10 u 10 u 10 u 10 u 10 UJ(I) 
10 u 10 U 1ou 10 u lo UJ(i) 
80 UJ(c) 80 UJ(c) 80 UJ(c) 80 UJ(c) 8Q UJ(i) 
10 u 10 u 10 u 10 u 10 UJ(i) 
20 u 20 u 20 u 20 u 20 UJ(i) 
10 u 10 U 10 u 10 u lo UJ(i) 
10 u 10 u 10 u 10 u 10 UJ(i) 
0.6 B 2B 88 28 3B 
0.3 J 0.3 J 10 u 0.2 J lo UJ(i) 
10 u 10 u 10 U 10 u 10 UJ(i) 
IO u 10 u 10 u 10 u 10 UJ(i) 
10 u 10 u 10 u 10 u 10 UJ(i) 
10 u 10 u 10 u 10 u 10 UJ(b 
10 u 10 u 10 u 10 u 10 UJ(b 
10 u 10 u 10 u 10 u 10 UJ(i) 

S4-34-DG-16 SQ-36-DG-6 S4-36-DG-16 S4-37-DG-9 
8906 8906 8907 8974 

Analysis Factor: 
- 

1.0 1.0 1.0 1.0 1.0 



f 1 1 f 

SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: RMC 

SEMIVOLATLE AQUEOUS ANALYSES (ugA) 

CLIENT ID: 
LAB ID: 

CHEMICAL CRQL 

N-Nltrosodlmethyhmine 10 
bls(n-Chloroethyt) ether 10 
Phenol 10 
2-Chlorophenol 10 
1,3-Dtchlorobenzene 10 
1 14-Dlchloroberzene 10 
Benzyl alcohol 10 
1.2-Dlchlorobenzene 10 
2- Methylphenot 10 
bls(2-Chloroisopropyt) ether 10 
4-Methylphenol 10 
N-Nltroso-di-n-dlpropylamlne 10 

2 Hexacncxoethane 10 
Nitrobenrene 10 
lsophorone 10 
2-Nltrophenol 10 
2.4-Dtmethytphenol 10 
‘Benzolc acid 60 
bls(2-Chloroethoxyl methane 10 
24 -Dlchlorophenol 10 
1.2.4-Trlchloroberrzene 10 
Naphthalene 10 
4- Chloroanlllne 10 
Hexaclloroblltadlene 
4-Chloro-3-methylphenol 

10 
10 

2- Methyliuphthalene 10 
Hexachtorocyclopentadlene 10 
24.6-Trlchlorophenol 10 
24.6-Trlchlorophenol 60 
P-Chloionaphtk&ne 10 
2- Nltroanlllne 60 
Dlmethylphthalate 10 
AcenapHhylene 10 
26-Dlnitrotoluene 10 

I f 1 

NADC - S4-38-DG-18 
8976 

1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou rou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
60 U 6OU 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
6OtJ 60 U 
iou lot.! 
60 U 60 U 
1ou 1ou 
1ou 1ou 
1ou 1ou 

1 1 

S4-42-DG-4 
8979 

1 I 

S4-43-DG-6 
8980 

1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1O’U 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
60 U 60 U 
1ou 1ou 
1ou 1ou 
1ou tou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
1ou rou 
1ou 1ou 
1ou 1ou 
1ou 1ou 
60 U 60 U 
?O Ll iou 
60 U 60 U 
1ou 1ou 
1ou 1ou 
1ou 1ou 

S4- 44- DG - 7 
8981 

54-67-86-2 

ou 
ou 
ou 
ou 
ou 
ou 
ou 

1ou 
1ou 
1ou 
1ou 
1ou 
1ou. 
1ou 
1ou 
1ou 
1ou 
60 U 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
60 U 
10 u 
60 U 
1ou 
1ou 
1ou 
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SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: RMC 

SEMIVOLATLE AQUEOUS ANALYSES (ugN 

CLIENT ID: NADC - SS-61 -DG-20 S6-64-DG-27 S6-66-DG-21 56-41 -DG-10 S6-47-DG-19 
LAB ID: 9102 9106. 9106 6976 9021 

CHEMICAL CRC& 

N - Nllrosodlmethytamlne 
bis(2- Chloroethyt) ether 
Phenol 
P-Chlorophenol 
1,3-Dlchtoroberuene 
l-4 - Dlchtorobenzene 
BerPyl alcohol 
1.2-Dlchlorobereene 
2 - Methylphenol 
bls(2-Chtorolsopropyt) ether 
4-Methylphenol 
N-Nltroso-dl-n-dlpropylamlne 
HexacNoroethane . 
Nitrobenzene 
lsophorone 
2-Nltrophenot 
2.4-Dlmethytphenot 
Berrzolc acid 
bls(2-Chloroethoxy) methane 
2.4-Dlchlorophenol 
1.2.4-Trlchlorobenzene 
Naphthalene 
4- Chloroanlllne 
Hexactlorobltadlene 
4- Chloro - 3- methylphenol 
2- Methylnaphthalene 
Hexachlorocyctopentadlene 
2.4.6-Trlchlorophenol 
2.4.6-Trtchlorophenol 
2-Chlonzmaphtkalene 
2- Nltroanlllne 
Dlmethylphthatate 
Acenapntylene 
2.6~Dlnttrototuene 

10 
10 
10 
10 
10 
10 
IO 
10 
10 
10 
10 
10 
10 
IO 
IO 
10 
10 
60 
10 
10 

1: 
IO 
10 
to 
to 
10 
10 
60 
10 
60 
10 
10 
10 

1ou 1ou 1ou 1ou 1ou 
IOU IOU 1ou 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou IOU 1ou 1ou 
IOtJ 1ou 1ou 1ou 1ou 
1ou 1ou 1ou tou 1ou 
IOU IOU 1ou 1ou 1ou 
1ou IOU 1ou 1ou 1ou 
1ou 1ou IOU 1ou IOU 
1bu 1ou 1ou 1ou 1ou 
tou IOU 1ou 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 
IOU IOU IOU IOU 1ou 
IO u IOU IOU IOU 1ou 
1ou 1ou 1ou IOU 1ou 
1ou 1ou 1ou 1ou 1ou 
60 U 60 U 60U M)U 60 U 
1ou 1ou 1ou 1ou 1ou 
IOU 1ou IOU 1ou 1ou 
1ou IOU IOU IOU 1ou 
IOU IOU IOU IOU IOU 
IOU IOU 1ou 1ou IOU 
IOU 1ou IOU 1ou 1ou 
1ou IOU IOU 1ou 1ou 
1ou 1ou 1ou 1ou IOU 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou IOU 1ou IOU 
60 U 60 U 60 U’ 60 U 60 U 
1ou 1ou 10 u 1ou IOU 
60 U 60 U 60 U 60 U 60 U 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou 1ou 1ou 1ou 
1ou 1ou 1ou IOU 1ou 
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SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: RMC 

SEMIVOLATLE AQUEOUS ANALYSES (ugil) 

CLIENT ID: NADC - Se-75--DG-14 
LAB ID: 927 1 

CHEMICAL CRQL 

N -~ Nitrosodimethylamlne 
btsn?-Chloroethyt) ether 
Phenol 
2-- Chlorophenol 
1.3-Dtchlorobenzene 
1.4 -Dtctitorobenzene 
Bernyl alcohol 
1.2-Dlchtoroberrrene 
2 - Methylphenol 
bls(2-Chloroisopropyl) ether 
4-Methylphenol 
N-Nltroso-di-n-dlpropylamtne 

- .$ liexachloroethane 
Nitrobenzene 
lsophorone 
2-Nitrophenot 
2.4-Dtmethytphenot 
Bemolc actd 
blst2- Chtoroethoxy) melhane 
2.4 -Dlchtorophenol 
l-2.4-Trlchlorobemene 
Naphlhalene 
4- Chtoroanlllne 
HexacHorobcladlene 
4-Chtord-3-methytphenol 
2-Methytnaphlhalene 
Hexachtorocyclopentarllene 
2.4.6-Trtchtoroptienot 
2.4.6-?rtchtorop!reno! 
2-Chloronaphthalane 
2-- Nltroanlltne 
Dlmettytphthalatc 
AcenapHhytene 
2,6-Dlnltrotoluene 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
50 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
50 
10 
60 
10 
10 
10 

1ou 
1ou 
1ou 
1ou 

_ 1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
50 u 
1ou 
1ou 
tou 
10 Ll 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
60 u 
1ou 
50 u 
1ou 
1ou 
1ou 
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1 I 

SITE: WARMINSTER NAVAL BASE 
CASE NO. 3933 
LABORATORY: CEtMC 

lnorganlc Analyses 

Client ID: 
IAB ID: 

ANkYlE 

% Molshre NA 
PH NA 
Chemical Oxygen Demand 6 U 
Akallnity 206 
Ammo& 1.76 
Blologfcal Oxygen Demand 2 u 
Chlotide 87 
Hardness 263 
Nltrate -Nitrite 0.17 
Sulfate 67 
Total Dlssohred Solids 606 
Tctal Suspended Solids 396 

i I 

w-Mw-30 
920336-17 

W-63o-RB 
920336-16 

NA 
NA 

6 
2 

0.1 

i 
2 

0.02 
6 

19 
23 

1 1 

WWrMW-46 w-MW-31 W-MW-31 -D 
920346-07 920343-02 920343-01 

NA’ 
NA 

U 6 U 
U 60 
U 0.1 
: 10 2 u 

U 66 
0.97 

U 22 
139 
33 

f I 1 

NA NA 
NA NA 

6 U 6 
45 34 
0.3 0.3 

2 u 2 

2 2:: 
1.42 1.32 
195 188 
372 351 
214 3100 

U 

U 

Dilution Factor. 1 .O 1.0 1.0 1.0 1.0 

NA - Not Awlyzed 



SITE: WARMINSTER NAVAL BASE 
CASE NO. 3933 
LABORATORY: CEIMC 

inorganic Analyses 

Client ID: W-MW-06 w-MW-14 W-626-RB w-MW-21 W-MW-26 
LAB ID: 920333-02 920333-13 920333-16 920336-4 920336-26 

ANALYTE 

% Molshre 
PH 
Chemical Oxygen Demand 
Akailnity 
Ammonia 
Bioiogicai Oxygen Demand 
Chloride 
Hardness 
Nltrate-Nitrlte 
Sulfate 
Tctai Dissolved Soilds 
Total Suspended Solids 

NA 
NA 

6 U 
166 
0.1 u 

2 u 
3 

199 
0.02 u 

36 
173 

6 U 

6 
24 

0.2 

; s 
64 

0.36 
29 
66 
16 

NA NA NA 
NA NA NA 

6 U 6 U 6 U 
2 u 77 146 

6.1 u 0.3 0.2 
2 u 2 u 2u 
2 u 7 34 
2 u 106 230 

0.02 u 1.79 6.14 
6 U 69 62 
6 U 166 364 
6 U 44 B 628 

Dilution Factor: 1.0 1.0 1.0 1.0 1.0 

NA - Not hiyzed 



SITE: WARMINSTER NAVAL BASE 
CASE 3933, SDG MISC 
LABORATORY: CEIMIC CORPORATION 

MISCELLANEOUS PARAMETERS (MG/L) 

CLIENT ID: W-QO6-FB 
LAB ID: Q203Q7- 11 

PARAMETER REPORTING LlMlT 

Alkalinity 
Ammonia 
Chloride 
COD 
Hardness ’ 
Nitrate-Nitrite 
sulfate 
TDS I 
TSS 
TOC 

2 2 
0.1 0.1 u 

2 2u 
5 5u 
2 2u 

0.M o.oQ u 
5 5u 
5 11 L(h) 
5 5 WV 
1 1.9 



SITE: WARMINSTER NAVAL BASE 
CASE NO. 3933 
LABORATORY: CEIMC 

inorgarlc Analyses 

Client ID: W-w-32 W-w-36 
LAB ID: 920343-03 920343-06 

ANAl.Y-iE 

% Moishre 
PH 
Chemical Oxygen Demand 
Akaiinity 
Ammonia 
Bioiogbai Oxygen Demand 
Chbdde 
Hardness 
Nitrate-Nitrite “. 
Sulfate 
Tdai Dissohred Solids 
Tdal Suspended Solids 

NA 
NA 

8: 
0.2 

2 

2z 
4.11 
101 
338 
35 

NA 
NA 

U 6 U 
149 
0.1 

U 2 u 

1:: 
, $45 

24 
193 

8 

Diiutbn Factor: 1.0 1.0 

NA - Not AnaMed 

I I I I , I I I I I I 



pata Oualifier Xev: 

u -. The result is nondetected as reported by the laboratory. 

L(h) - Positive result is considered to be biased low due to holding time exceedance. 

UL(h)- Nondetected result is considered to be biased low due to holding time 
exceedance. 







pata Qualifier Rev: 

u Value is a nondetect as reported by the laboratory. 

B Positive result is considered to be an artifact of blank contamination, 
and should not be considered present. 

UL(s) - Nondetect is considered to be biased low based on low surrogate 
recovery. 

UJ(c) - 

R(c) - 

Nondetect is considered estimated due to calibration noncompliances. 

'Nondetect is considered unreliable due to lack of instrumental 
sensitivity. 

J Positive result is reported at a concentration level below its 
associated CRQL. 



SITE: WASMINSTEFI NAVAL EASE 
CASE ND. 3233 
LABORATORY: CEIMIC 

AqueousLow-Concentmti~ 
Voiatlle Analyses (q&) 

Client ID: 
LAB IO: 

ANALYTE 

Chlcromethane 
f3romomelhane 
Wnyl ChIcride 
Chlcroelhane 
Melyfene ChIcride 
Acetrne 
Carbon Disulffde 
1 .l -0ichlcroethene 
1 ,l -Dlchlcroethane 
cis-1,2-Dichlaoethene 
Chlcrofam 
12-Dlchlcroethane 
a-Sutanone 
1 ,I .1 -Trichlrroethane 
Carbon Tetrachioride 
Bromochlaomethane 
Ekomodchlcromelhane 
12-Dichlr~opropane 
cis-1,3-Dichloropropene 
Trans-1,2-dichlorcothene 
Trlchl~aerhene 
Dibromochlorxnethane 
1 ,1,2-Trlchloroelhane 
Benzene 
1,2-Ditranoethane 
tans-1,3-fkhlcrqxpene 
Bromofam 
4-Methyl-2-PenEIncne 
P-tie~ncoe 
1 ,1,22-Tefachloro8thane 
Tetrachlcfoethene 
Toluena 
Chlcrobenzene 
Ethyl Benzene 
Styrene 
Xylene (total) 
1,3-Dichlorobenzene 
1 ,4 -Dichlcrob8mene 
la-Dlchlaobenezene 
1 p-Dlbrcmo-3-chluopropane 

w-Mw-30 
9m343-31 

33 u 
33 u 
33 IJ 
33 u 
33 u 

170 u 
33 u 
33 u 
33 u 

510 
33 u 
33 u 

170 u 
33 u 
33 u 
33 u 
33 u 
33 u 
33 u 
33 u 

220 
33 u 
33 u 
33 u 
33 u 
33 u 
33 u 

170 u 
170 u 
33 u 

350 
33 u 
33 u 
33 u 
33 u 
33 u 
33 u 
33 u 
33 u 
33 u 

w-MN-39 W-MN-39-D W-MN-40 w-btvv-41 W-M&-42 
920343-12 920343-13 Qm343-14 sB346-01 stxK345-02 

25 u 25 u 
25 U 25 U 
25 U 25 U 
25 u 25 u 
25 u 25 u 

125 U 125 u 
25 u 25 U 
25 u 25 U 
25 u 25 U 
30 42 
25 u 25 U 
25 U 25 u 

125 u 125 U 
25 U 25 U 
25 u 42 
25 u 25 U 
25 u 25 u 
25 u 25 U 
25 u 25 U 
25 U 25 u 

160 220 
25 u 25 U 
25 U 25 U 
25 u 25 u 
25 U 25 U 
25 U 25 U 
25 U 25 U 

125 U 125 U 
125 u 125 U 
25 U 25 u 

2cc 330 
25 U 25 U 
25 U 25 u 
25 u 25 U 
25 U 25 U 
25 u 25 u 
25 L! 25 u 
25 U 25 U 
25 u 25 U 
25 u 25 u 

1 u 
1 u 
1 u 
1 u 
1 u 

1 u 
1 u 
1 u 

5 u 
1 u 

1 u 
1 u 

1 u 
1 u 
1 u 
1 u 
1 u 

1 u 
1 u 

5 u 
1 u 

1 u 
1 u 
1 u 
5 u 
1 u 
1 u 

1 u 
1 u 

1 u 
1 u 
1 u 
1 u 
1 u 
1 u 

1 u 

: :: 
5 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 

1 u 
1 u 

1 u 
1 u 

1 u 
1 u 
1 u 
1 u 
5 u 
5 u 
1 u 

5 u 
1 u 
2 
5 
2 
1 u 
1 u 
5 u 
4 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 

16 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
5 u 

1 6 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 

.I u 
1 u 
1 u 
1 u 

‘I u 
1 u 
5 u 
5 u 
1 u 
1 El 
4 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 

5 u 
1 u 
4 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
i ii 
1 u 
1 u 

1 1 I I.1 1 I I 1 



- -. 

- -. . 

- - - -. 

- 



SITE: WARMlNSTEf3 NAVAL BASS 
CASE NO. 3933 
LABORATORY: CEIMIC 

AqueousLow-Concentration 
Volatile Analyses (u&) 

Client ID: 
LAB ID: 

ANALYTE 

Chluomethane 
Bromomethene 
Vmyi ChIcride 
Chl~oethane 
Methyiene Chluide 
ketone 
Carbon Dlsulfide 
1 .t -Dichlaoethene 
1 .l -Dichlcxoethane 
cls-l ,P-Dlchloroethene 
Chlrrofum 
1 a-Dichlu-oethane 
2-Butanone 
1 ,t ,t -Trlchloroethane 
Carbon Tetrachloride 
Bromochlcwnetftane 
t?romocSchluomethane 
1,2-Dichlrropropane 
cis-1,3-Dichforopropene 
Trans-1,2-dichlwoethene 
Trlchloroethene 
Dibromochlcranethane 
1 ,l ,P-Trlchloroethane 
Benzene 
12-Ditxanoethane 
trans -1 ,3-Dichlcrop-opene 
BFomofum 
4-Methyl-2-Penancne 
2-Hewtone 
1 ,1,22-Tetachlaatthane 
Tetrachloroethene 
Toluene 
Chlarobenzene 
Ethyl Benzene 
Styrene 
Xylem3 (total) 
t a-Dichlwobenzene 
1,4-Dichlwobenzene 
1 a-Dichlaobenezene 
12-Ditruno-3-chlrxopropane 

f J 

W-k&V-27 
m-14 

1 u 
1u 
1 u 
1 LJ 
1 u 
5 u 
1 u 
3 
3 
1 u 
1 u 
1 u 
5 u 

10 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
2 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
5 u 
5 u 
1 u 
7 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 

W-MlhJ-25 
920336-15 

1 u 
1 u 
1 u 
1 u 
1 B 
5 u 
1 u 
1 
2 
1 u 
1 u 
1 u 
5 u 
5 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
5 u 
5 u 
1 u 
3 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 

I i 

W-MA/-29 
B2033B-16 

1 u 
1 u 
1 u 
1 u 
1 I3 
5 u 
1 u 
8 
8 
2 
2 

: :: 
13 
1 
1 u 
1 u 
1 u 
1u 
2 

14 
1 u 
1 u 
1 u 
1 u 
1 u 
1u 
5 u 
5 u 
1 u 

12 
1u 
1 u 
1 u 
1 u 
1 u 
1 U 
1 u 
1 u 
1 u 

W-h&V-30 
920336-17 

1 u 
1u 
1u 
1 u 
1 u 
5 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
5 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1u 
1 u 
1 u 
1 u 
1 u 
1 u 
1u 
1 u 
5 u 
5 u 
1 u 
1u 
1 u 
1 u 
1 u 
1u 
1 u 
? u 
1 u 
1 u 
1 u 

w-kw-31 W-IWV-31 -D 
G!B343-01 Bixl343-02 

125 u 
125 U 
125 U 
125 U 
625 U 
125 U 
125 U 
125 U 
125 U 
125 U 
125 U 
125 U 
825 U 
125 u 
125 U 
125 U 
125 U 
125 U 
125 U 
125 U 

1800 
125 U 
125 u 
125 U 
125 U 
125 u 
125 U 
625 U 
825 U 
125 U 
125 U 
125 U 
125 U 
125 u 
125 U 
125 U 
125 U 
125 U 
125 U 
125 U 

125 U 
125 U 
125 U 
125 U 
625 U 
125 U 
125 U 
125 u 
125 U 
125 U 
125 U 
125 U 
625 U 
125 U 
125 U 
125 U 
125 U 
125 U 
125 U 
125 U 

2300 
125 U 
125 U 
125 U 
125 U 
125 u 
125 UL (m) 
625 U 
825 U 
125 U 
125 U 
125 U 
125 U 
125 U 
125 U 
125 U 
125 U 
125 U 
125 U 
125 U 



SITE: WAFMINSTER NAVAL EASE 
CASE NO. 3933 
LABORATORY: CEIMIC 

Aqueous Low-Concentratim 
Votatile Analyses (u@) 

Client ID: 
LAS ID: 

ANALYTE 

Chlcromethane 
Bromomethane 
Vinyl Wuide 
Chluoethane 
Methytene Chlulde 
Acetme 
Carbon Dlsulfide 
1 ,l -Dichloroethene 
1 ,l -Dichlcxoethane 
cis-1,2-Dlchloroethene 
Chluofam 
1 P-Dlchloroethane 
2-Sutanone 
1 ,l ,l -Trichluoethane 
Carbon Tetrachloride 
Bromochlrrmrethane 
Bromodchluomethane 
1 p-Dichlaopropane 
cis-1,3-Dichloropropene 
Trans-t ,a-dichlaoethene 
Trlchlcroethene 
Dibromochlcrunethane 
1 ,1,2-Trichlaoeihane 
Benzene 
1pDibanoethane 
tans-1,3-CkMcropropene 
Etromofam 
4-Methyl-2-Penanme 
2-Hemnone 
1 ,1,22-Tetachlorcethane 
Tebachluoethene 
Toluene 
Chluobfmzene 
Ethyl Benzene 
Styrene 
Xylene (total) 
1,3-Dichlorobenzene 
1,4-Dlchlorobenzene 
1 p-Dlchlaobenezene 
12-Dihrrmo-3-chlaopopane 

W-M-32 
sm43-03 

W-fit+33 
92[3343-04 

25 U 
25 U 
25 U 

.25 U 
25 U 

125 U 
25 U 
25 U 
25 U 
80 
28 El 
25 U 

125 U 
25 U 
28 
25 U 
25 U 
25 U 
25 U 
25 U 

280 
25 U 
25 U 
25 U 
25 U 
25 u 
25 u 

125 U 
125 U 
25 U 

300 
25 U 
25 u 
25 U 
25 U 
25 U 
25 U 
25 U 
25 U 
25 U 

w-hhn/-34 
920343-05 

12 u 
12 u 
12 IJ 
12 u 
12 u 
62 U 
12 u 
12 u 
12 u 
45 
12 u 
12 u 
62 U 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
47 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
62 U 
82 U 
12 u 

130 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 
12 u 

W-MUV-35 
@0343-m 

1 u 
1 u 
1 u 
1 u 
1 u 
5 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
5 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
3 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
5 u 
5 u 
1 u 
1 u 
3 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 

W-MUV-36 
Q2a343-07 

1 u 
1 u 
1 u 
1 u 

i t 
1 u 

: 
6 
1 u 
1 u 
5 u 
2 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 

14 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
5 u 
5 u 
1 u 
8 
1 u 
1 u 
1 u 

,l u 
1 u 
1 u 
1 u 
1 u 
1 u 

w-MN-37 
Q2@343-10 

1 

1 
1 
1 
5 
1 
1 
1 
1 
1 
1 
5 
1 
1 
1 
1 
1 

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 



cc
cc

cc
cc

 
C

ttt
ttC

C
C

ttt
C

ttt
~C

C
C

C
C

C
C

C
D

C
C

C
C

C
 

E
: 

C
C

C
C

C
C

C
C

C
C

ttt
C

tC
C

ttC
C

C
C

C
C

C
C

C
C

C
C

C
C

C
D

C
C

C
C

C
 

33
 

C
C

C
C

C
C

C
C

C
C

C
C

C
C

C
C

C
C

C
 

C
C

C
C

C
tC

C
C

C
 

cc
cD

cc
cc

c E
 

cC
cC

C
cC

C
C

cC
cc

cC
cc

cC
cc

cc
cc

~ 
cc

cc
cc

cm
m

cc
cc

 

C
C

C
C

C
C

C
C

 
yz

cc
C

cc
cC

 
tC

ttt
ttt

ttC
C

C
t~

C
C

C
C

t 

zz
 

4 
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i/ 
cc

cc
cc

cc
 

cc
cc

cc
cc

c 
cc

cc
c,

cc
cc

 
cc

cc
m

cc
cc

 

cc
cc

cc
cc

 
cc

cc
cc

cc
c 

cc
c&

cc
cc

c 
cc

cc
m

cc
cc

 



SITE: WARMINSTER NAVAL BASE 
CASE NO. 3233 
LABORATORY: CEIMIC 

Agueous Low-Concenfratlm 
Vokatfle Analyses (ugh) 

Client ID: 
LAB IO: 

ANALYTE 

Chluomethane 
Bromomethane 
Vinyl Chlcride 
Chkroethane 
Melhylene ChicrIde 
Acetme 
Carbon Disulflde 
1 .l -Dichloroethene 
1 ,l -Dichloroethane 
cis-1,2-Dlchlcroethene 
Chluofam 
1 2-Dichlaoethane 
2-Butanone 
1 ,l ,l -Trlchlrroethane 
CarbonTetrachloride. 
Bromochlaanethene 
Bromodchlrromehane 
1 2-Dichlaopropane 
cis- 1,34Xchloropropene 
Trans-1,2-dichlaoethene 
Trlchlrxoethene 
DibromocMrcmethene 
1 ,1,2-Trlchloroefhane 
Benzene 
12-Ditxonoetbne 
lmns-1,3-Dichlcrqropene 
Bromofam 
4-Methyl-2-Pennnone 
2-Hemnme 
1 ,1,22-Tetachluoethane 
Tetrachlcroethene 
Toluerm 
Chluobenzene 
Ethyl Benzene 
Styrene 
Xylene (total) 
i 3-Dichimobercene 
1 A-Dlchlorobenzene 
1 a--Dlchlmobenezene 
1 P-Dihrano-3-chluoppane 

W-MbXi 
G20333-01 

1u 
1u 
1u 
1u 
1u 
5 u 
1u 
1u 
1u 
1u 
1u 
1u 
5 u 
1u 
1 u 
1u 
1 'U 
1u 
1u 
1u 
1u 
1u 
1u 
1u 
1u 
1u 
1u 
5 u 
5 u 
1u 
1u 
1u 
1u 
1u 
1u 
1u 
i u 
1u 
1u 
1u 

W-MN-OS 
920333-02 

1u 
1u 
1u 
1u 
1u 
5 u 
1u 
1u 
1u 
1u 
1u 
1u 
5 u 
1u 
1u 
1u 
1u 
1u 
1u 
1u 
1u 
1u 
1u 
1u 
1u 
1u 
1u 
5 u 
5 u 
1u 
1u 
4 
1u 
1u 
1u 
1u 
i u 
1u 
1u 
1u 

w-Mu-07 
920333-w 

W-b/W+08 
520333-04 

W-MN-08-D W-Mb+CQ 
sm333-05 B&0333-06 

1u 
1u 
1u 

1u 
1u 
1u 

1u 
1u 
1u 

1u 
1u 
1u 
1u 
1u 

R (c) 
1u 
1u 
1u 
1u 
1u 

U 
2: J(c) 

1u 
1u 
1u 

1u 
1u 

1 u 
1 u 

1u 
1u 

5 u 
1u 
1u 
1u 
1u 
1u 
1u 
5 u 
1u 

5 u 
1 u 

5 u 
1u 

1 u 
1u 

1u 
1u 

1 u 
1u 
1u 
5 u 
1u 
1u 

1u 
1u 
1u 
5 u 
1u 
1u 
1u 
1u 
t u 
1u 

1u 
1 'u 1 Lil 

1 u 1u 
1 U' 
1. u 
1u 
1u 

1 u 
1 u 1u 

1u 
1u 
1u 
1u 
1u 
1u 
1u 
1u 
1u 

1u 
1u 
1u 

1u 
1u 

1u 
1u 

1 u 
1 u 

1u 
1u 
1u 1u 

1u 
1u 
1u 

1u 
1u 1u 

1u 1u 
1u 
5 u 
5 u 
1 u 
1 u 
1 u 
1 u 

1u 
5 u 
5 u 
1u 
1u 
2 
1u 
1u 
1u 

5 u 
5 u 

5 u 
5 u 

1u 
1u 
1u 
1u 
1u 
1u 
1u 
i u 
1u 
1u 
1u 

1u 
1u 
1u 
1u 
1u 
1u 
1u 
1 u 
1u 

1u 
1u 
1u 
5 u 
1u 

1 u 
1 u 
1u 
1u 
1u 

1u 
1u 

1 u 
1 u 
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SITE: WARMINSTER NAVAL BASE 
CASE NO. 3933 
LABORATORY: CEIMIC 

AqueousLow-Concentratfm 
Volatile Analyses (ugrl) 

Client ID: 
LAB ID: 

W-B24 -RB 
929339-18 

W-529-TB 
9zo335-10 

W-6X+RB 
820336-18 

W-MO-TB 
9x035-19 

W-701 -TB 
92(3343-09 

W-792-RB 
9X343-15 

ANALYTE 

Chluomethane 
Bromomethane 
Vinyl Chluide 
Chluoelhane 
Methyiene Chluide 
Acetone 
Carbon Dlsulffde 
1 ,l -Dichlaoethene 
1,l -Dlchluoethene 
cis-1,2-Dlchluoethene 
Chluofum 
1 a-Oichlcroethane 
2-Butanone 
1 ,l ,l -Trichluoethane 
Carbon Tetrachlorfde 
Bromochlaomethane 
E!romodchluomethane 
19--Dichlmop-opane 
cis-1,3-Dichloropropene 
Trans-1,2-dichlcroethene 
Trlchluoethene 
Dibromochlurmethane 
1 ,1,2-Trlchloroethane 
Benzene 
la-Dibranoethane 
trans-1,3-Ckhluofxcpene 
Bromofrrm 
4-NRthyl-2-PenBnme 
2-Hemnate 
t ,1,29-Tetachlaoethane 
Tetrachlaoethene 
Toluene 
Chluobentene 
Ethyl Benzene 
Styrena 
Xylene (total) 
i ,3-Dichirrobenzene 
1,4-Dlchlcrobenzene 
1,2-Dichlorobenezene 
12-Ditrano-3-chloropropane 

1u 
1u 
1u 
1u 
1u 
5 u 
1u 

1u 
1u 
1u 
1u 
3 El 
8 
1 u 
1u 
1u 
1u 
1u 
1u 
5 u 
1u 
1u 
IU 
1u 
1u 
1u 
1u 
1u 
1u 
1u 
1u 
1u 
1u 
1u 
5 u 
5 u 
1u 
1 u 
1u 
1u 
1u 
1u 
1u 
t u 
1u 
1u 
1u 

1u 
1u 

1u 
1u 
1u 
1u 

1u 
1u 
1u 
1u 
1u 
5 u 
1u 
1u 
1u 
1u 
1u 
1u 

2 u 
2 u 
2 u 
2 u 
2 u 
8 

1u 
1u 
1u 
5 u 
1u 
1u 

1u 
5 u 
1u 
1u 

2 u 
2 u 1u 

1u 1u 
1u 

1u 
1u 

2 u 
2 u 

51 
2 u 

12 u 
2 u 
2 u 
2 u 
2 u 
2 u 
2 u 
2u. 
2 u 
2 u 
2 u 
2 u 

1u 
1u 1u 

1u 
1u 
1u 1u 

5 u 5 u 
1u 

5 u 
1u 

5 u 
1u 1u 

1u 
1u 
1u 
1u 
1u 

1u 
1u 

1u 
1u 

1u 
1u 

1u 
1u 

1u 
1u 

1u 
1u 

1u 1u 1u 
1 -u 
1u 
1u 
1u 
1u 

1u 
1u 

1u 
1u 

1u 
1u 

1u 
1u 
1u 
1u 
1u 
1u 
5 u 
5 u 
1u 
1 u 
1u 
1 .u 
1u 
1u 
1u 
i u 
1u 
1u 
1u 

1u 
1u 
1u 
1u 
1u 
1u 
5 u 
5 u 

1u 
1u 
1u 

: :: 
1u 
5 u 
5 u 

,l u 
1u 

2 u 
2 u 

1u 
5 u 
5 u 
1u 
1u 
1u 
1u 
1u 
1u 
1u 

2 u 
12 u 
12 u 
2 u 
2 u 
2 u 
2 u 
2 u 
2 u 
2 u 

1u 
1u 

1u 
1 u 

1u 
1u 
1u 
1u 

1u 
1u 
1u 
1u 
1u 1u 

1 11 t u 
1u 

1 ‘U 
1u 

2 u 
2 u 1u 

1u 
1u 

1u 
.l u 

1u 
1u 

2 u 
2 u 
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SITE: WARMINSTEP NAVAL BASE 

Monitoring Well Volatile Organics Analysis &g/L) 

Sample No.: 
Lab Sample ID: 

W-MW-09 W-MW-21 W-MW-29 W-law-39 W-MW-39-D W-MW-40 
920333-06 92033644 920336-I 6 926343-l 2 920343-13 920343-14 

Chloromethane NA 
Bromomethane NA 
Vinyl Chloride NA 
Chloroethane NA 
Methylene Chloride NA 
Acetone NA 
Carbon Disulfide NA 
1 ,l Dichloroethene NA 
1.1 -Dichloroethane NA 
1 .P-Dichloroethene (total) NA 
Chloroform NA 
1.2-Dichloroethane NA 
2-Butanone NA 
1 ,l,l-Trichloroethane NA 
Carbon Tetrachloride NA 
Bromodichloromethane NA 
1.2.Dichloropropane NA 
cis-1,3-Dichtoropropene NA 
Trichloroethene NA 
Dibromochloromethane NA 
1 .1,2-Trichloroethane NA 
Benzene NA 
Trawl ,3-Dichloropropene NA 
Bromoform NA 
4-Methyl-2-Pentanone NA 
P-Hexanone NA 
Tetrachloroethene NA 
1 ,1,2,2-Tetrachloroethane NA 
Toluene NA 
Chlorobenzene NA 
Ethylbenzene NA 
Styrene NA 
Total Xylenes NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I I I 1 1 I 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

- NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ! I I 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

24Sep-92 
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SITE: WARMINSTER NAVAL BASE 

Monitoring Well Pesticide Organios Analysis ( ug/L) 

Sample No.: W-MW-09 W-MW-21 W-MW-29 W-MW-39 W-MW-39-D W-MW40 
Lab Sample ID: 920333-06 92033644 920336-l 6 920343-I 2 920343-l 3 920343-14 

alpha-BHC 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
Heptachlor 
Aldrin 
Heptachlor epoxide 
Endosulfan I 
Dieldrin 
4,4,-DDE 
Endrin 
Endosulfan II 
4.4’.DDD 
Endosulfan sulfate 
4.4’.DDT 
Methoxychlor 
Endrin ketone 
Endrin aldehyde 
alphaChlordane 
gamma-Chlordane 
Toxaphene 
Aroclor-1016 
Aroclor-1221 
Aroclor-1232 
Aroclor-1242 
Aroclor-1246 
Aroclor-1254 
Aroclor-1260 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5 u 
1 u 
2 u 
1 u 

‘1 u 
1 u 
1 u 
1 u 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5 u 
1 u 
2 u 
1 u 
1 u 
1 u 
1 u 
1 u 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5 u 
1 u 
2u 
1 u 
1 u 
1 u 
1 u 
1 u 

0.05 u 
0.05 u 
0.05 u 
0.05 u 

R 
0.05 UL 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5 u 
1 u 
2 u 
1 u 
1 u 
1 u 
1 u 
1 u 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5u 
1 u 
2 u 
1 u 
1 u 
1 u 
1 u 
1 u 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5u 
1 u 
2u 
1 u 
1 u 
1 u 
1 u 
1 u 

24Sep-92 



SITE: WARMINSTER NAVAL BASE 

Monitoring Well Semivolatile Organics Analysi s (ug/L) (continued) 

Sample No.: W-MW-09 W-MW-21 W-MW-29 W-MW-39 W-MW-39-D W-MW-40 
Lab Sample ID: 920333-06 920336-04 920336-l 6 929343-l 2 920343-13 920343-14 

2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 
Diethylphthalate 
4ChlorophenyCphenylether 
Fluorene 
4-Nitroaniline 
4.6-Dinitro-2-Methylphenol 
N-Nltrosodiphenylamine 
4-Bromophenyl-penylether 
Hexachlorobenrene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-n-Butylphthalate 
Fluoranthene 
Carbarole 
Pyrene 
Butylbenzylphthalate 
3,3’-Dichlorobenridine 
Benro(a)Anthracene 
Chrysene 
bis(2-Ethylhexyl)Phthalate 
Di-n-Octyl Phthalate 
Benzo(b)Fluoranthene 
Benzo(k)Fluoranthene 
Benzo(a)Pyrene 
fndeno(l,P.S-cd)Pyrene 
Dibenz(a,h)Anthracene 
Benzo(g,h.i)Perylene 

25 U 
25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
2 B 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

25 U 
25 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

2 0 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

25 UJ 
25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
3 B 

R 
R 
R 
R 
R 
R 
R 

25 UJ 
25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25 U 
10 u 
10 u 
IOU 
25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

5 B 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

25 UJ 
25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 u 
25 U 
10 u 
10 u 
10 u 
26 U 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
4 0 
4 d 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

25 U 
25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

2 B 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

24-Sep-92 
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WMtlllWBr 
CME ND. 3933, SD0 w-OS-01 
LMCHATORY: CEMKZ CXIW 

am-r D: 
IA ID: 

CWUIND 
2,4 -lh#rophond 25 

i!li!ss 
25 
10 

PA-Dhitdduene 10 
olenylphllelsm 10 
4-calcr~~-Phalye~ 10 
PhJuw 10 
4-MtXWlh@ 
4~Hlhlto-2-Mhylpheml 
N-nltaadbhamflamlnell) 

10 
25 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

w-06-01 
920397 -01 

2su 
25U 
1ou 
IOU 
1ou 
1ou 
1ou 
26U 
25l.l 
IOU 
1ou 
IOU 
2SlJ 
1ou 
1ou 
1ou 
IOU 
1OU 
1ou 
1ou 
IOU 
1ou 
IOU 
IOU 
IOU 
1ou 
IOU 
IOU 
1ou 
IOU 
IOU 

W-06-01 -0 
&1(3387-a? 

2SU 
22U 
1ou 
1ou 
1ou 
1ou 
1ou 
= w(c) 
26U 
IOU 
IOU 
IOU 
26U 
IOU 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
100 
1ou 
IOU 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 



WmnlnsB 
CASE ND. zxlxl. 5cx3 w-OS-01 
LMORATMY: CEMC alfU’ 

am0 
LAB D: 

w-06-01 w-a6-01-0 
m-01 oarnet-az 

IOU 
IOU 
1ou 
IOU 
1ou 
1ou 
1ou 
IOU 
IOU 
IOU 
1ou 
IOU 
1ou 
1ou 
1ou 
IOU 
1ou 
1ou 
1ou 
IOU 
IOU 
1ou 
IOU 
IOU 
IOU 
ZSlJ 
1ou 
26lJ 
1ou 
1ou 
rou 
25U 
1ou 

1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
IOU 
1ou 
1ou 
1ou 
rou 
1ou 
1ou 
1ou 
1ou 
1ou 
1ou 
IOU 
1ou 
1ou 
1ou 
1ou 
26lJ 
1ou 

* 25lJ 
1ou 
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Warminster 
CASE NO. 3933, SDG W-OS-01 
LABORATORY: CEIMIC CCRP 

COMPOUND 
Chloromethane 
Bromomethane 
Vinyf Chloride 
Chforoethane 
Methyfene Chloride 
Acetone 
Carbon Disulfide 
1 ,l - fkhloroethene 
1 ,l - Dichloroethane 
1,2-Dichloroethene(total) 
Chloroform 
1,2-Dichloroethane 
2- Butanone 
1 ,l ,l -Trfchloroethane 
Carbon Tetrachlorfde 
Bromodichloromethane 
1,2- Dichloropropane 
cis-1,3Dichloropropene 
Trichtoroethene 
Dibromoc.hloromethane 
1 ,l ,P-Trfchloroethane 
Benzene 
trans- 1,3- Dichloropropene 
Bromoform 
4-Methyl-2-pentanone 
2- Hexanone 
Tetrachloroethene 
1 ,1,2,2-Tetrachloroethane 
Totuene 
Chlorobenzene 
Ethyibenzene 
Styrene 
Total Xytenes 

16U 
16U 
16U 
16U 
16U 
19B 
16U 
16U 
16U 
16U 
16U 
16U 
16U 
16U 
16U 
16U 
16U 
16U 
16U 
16U 
IRU 
ttitJ 
16U 
16U 
16U 
16U 
16U 
16U 
16U 
16U 
16U 
16U 
16U 

Volatile Soil Analyses 
w&t 

W-SD-66 
920397-06 

12u 
12u 
12u 
12u 
12u 
12u 
12u 
12u 
12u 
12u 
12u 
12u 
12u 
12u 
12u 
12u 
12u 
12u 
12u 
12u 
12u 
12u 
12u 
12u 
12u 
12u 
12u 
12u 
12u 
12u 
12U 
12u 
12u 

W-SD-06-D 
920397-07 

13u 
13u 
13u 
13u 
13u 
13u 
13u 
13u 
13u 
13u 
13u 
13u 
13u 
13u 
13u 
13u 
13u 
13u 
13u 
13u 
13u 
13u 
13u 
13u 
13u 
13u 
13u 
13u 
13u 
-13 u 
i3u 
13u 
13u 

PERCENT SOLIDS: 62 62 ’ 75 



WMlldlWbl 
CASE No. sa3,6lx3 w-06-01 
lABORATORY: CElMtC CCWP 

CLIENT lo: 
LPBD: 

Eiddn 
ErKkmulfan II 
4,4’-DOD 
E~lall Bullale 
4,4’-DOT 
-b 
Enddn Ketone 
mnllAMellyds 
elptm-Chlrrane 
grmmt+Chlordenr 
TO@lUtE 
koclm-1016 
h-da-lzil 
kodcr-1232 

0.06 
0.06 
0.06 

0”:: 
0.06 
O.Qb 
0.06 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
Obo 
0.10 
0.10 

8: 
6.0 
1.0 
2.0 
1.0 

:::. 

::: 

w-06-Ql W-08-01 -0 
62tUO7-01 6auo7-02 

0.10 u 
0.060 u 
omu 
6.0 U 
1x)u 

OQel U(8) 

tzi2.k~~ 
o.GBu U(8) 
0.060 uqo) 
0.060 U(e) 
0.060 ul.@ 
OaeD U(8) 
0.10 U(0) 
0.10 U(6) 
0.10 U(0) 
0.10 U(6) 
0.10 uL(8) 
0.10 U(r) 
0.10 U(e) 
om U(8) 
0.10 U(o] 
O.lOU(8) . 
0.060 U(s) 
oaeo U(r) 

%x3 

i 
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Summary of T8ntatiV8ly Identified Compounds (TICS) 
Remaining After Data Qualifiaation 

Braction pamecl w 

Volatile Unknown * 

Semivolatile Unknown(s) ** 
C6H120 isomer(s) 
C6H100 isomer 
Unknown acid(s) 
C14H802 isomer 
Aliphatic hydrocarbon(s) 
C30H12 isomer 
Unknown aldehyde 
C15H12 isomer(s) 
C17H12 isomer(s) 
C20H12 isomer 
C5H80 isomer(s) 
Unknown ketone 
C6H100 isomer(s) 

* An volatile fraction unknown at a retention time of 29.22 was 
detected in the laboratory method blanks. 

** Semivolatile fraction unknowns at retention times of 6.07, 6.33, 
8.36, 10.51, 11.84 and 19.65 were detected in the laboratory method 
blanks. Additionally, the following semivolatile fraction unknowns 
(which could not be attributed to laboratory method blank 
contamination) were detected in the associated field quality 
control blanks at the retention times indicated: 5.13 and 8.83. 



01-L6WZB 
Cl-90-MS-M 

i-IO.1 
ncri 
no-i 
flu1 
nor 
nut 
no1 
no9 

nom0 
flOW0 
n 01’0 
n 01-0 
nmo 
n or0 
n or0 
n or0 
n or0 
n or0 
n 01-o 
n or0 

nom0 
now0 
l-lo90’0 
no9vo 
nom0 
flO900 
ilOW 
nom0 

no-1 
no-i 
no3 
no-i 
ncri 
noz 
no’i 
no9 

flClB.0 
hO9t70 

n 01.0’ 
n or0 
llO90 
n or0 
n 01.0 
n or0 
n or0 
n or*0 
n 01~0 
n or0 

tlOW0 
hO9V0 
flO9f70 
n-0 
noso 
nom0 
no9vo 
noso 

00-LBmE8 
Lo-MS-M 

no’1 
no+1 
ncr 
no1 
no’1 
nox 
no’1 
no9 

no9uo 
no9iro 
n 01.0 
n or0 
nwo 
n or0 
n 01.0 
n 01’0 
n 01’0 
n 01’0 
n 01.0 
n OL’O 

nmo 
nfmo 
no9wo 
nwo 
nmo 
nmo 
nom0 
no900 

no1 
no’1 
ntrl 
no’1 
no1 
noz 
no’1 
no9 

no900 
nmo 
n 01.0 
n or0 
nwo 
n or0 
n 01.0 
n 01’0 
n or0 
r-l 01’0 
n 01.0 
n ol*o 

nom0 
nocoo 
noso 
nmo 
nom0 
nmo 
nmo 
no9uo 

11-LfmzB 
&l-909-M 

0’1 DDZl -Jo(mJV 
0‘1 tRl-JWJW 
0’1 DW-JWW 
Ul ZbZl-al=w 
0’1 ZEZl-ol3W 
07: lzzl-.ww 
0’1 DlOl-mw 
0’9 aueqdw1 

090 euQ.D~-euJuJB8 
WO eUQWlO=)-eqdlB 
01’0 wWwv WWI 
01’0 l uwvl UIJPY 
090 mP-uwl 
01’0 lcm-,vt 
01’0 ~1ellnS wplsopu3 
01.0 aaa-,t’b 
01’0 II W”~WW 
01’0 WPY 
01’0 XlO-,t’* 
01’0 wwa 
so’0 I WWWY 
90.0 ePFd3 JWl~“ldW 
500 Yaw 
so’0 JWWldW 
SO.0 (euQul~~-elJluJ~ 
Ix)‘0 3l43- 8leP 
SO.0 OliCl-alBq 
WO 3HH-WW 

-aI3 

a w-l 
XII lN3113 

armodwo3 

dHO3 3lWl33 :MIOlWOWl 
LO-SO-M 90s ‘EEGE ‘ON 3SV3 

J~SU!UJJW~ 
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Data Qualifier Key: 

U 

B 

J(s,q) 

UL(s) 

J(c) 

UJ (~1 

UJW 

UL(m) 

J 

Value is a nondetect as reported by the laboratory. 

Positive result is considered to be an artifact of blank contamination, 
and should not be considered present. 

Positive result is considered to be estimated based on low surrogate 
recovery, and because the %D between first gnd second column results was 
greater than 50%. 

Nondetect is considered to be biased low based on low surrogate 
recovery. 

Positive res&t is considered estimated due to calibration 
noncompliances. 

Nondetect is considered estimated dU8 to calibration noncompliances. 

Nondetect is considered estimated due to internal standard failure. 

Nondetect result is considered to b8 biased low based on low MS/MSD 
percent recoveries. 

Positive result is reported at a concentration level below its 
associated CRQL. 



SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: RMC 

PESTICIDE:PCB AQUEOUS ANALYSES (ug%) 

CLIENT ID: FIELD R. BLK 
LAB ID: 0007 

CHEfvltCAL CRQL 

alpha - BHC 
beta-BHC 
delta-BHC 
Llndane (gamma -BHC) 
Hepfachlor 
Aldrin 
Heptactilor epoxlde 
Endostifan I 
Dleldrln 

2 4.4’-DDE 
Endrln 
Endosilfan II 
4,4’-DOD 
Endosulfan sulfate 
4,4’-DDT 
Melhoxychlor 
Endrln he tone 
Cl1l0rdane 
Toxaphene 
Aroclor- 1016 
Arocbr- 1221 
Aroclor - 1232 
Aroclor-1242 , 
At oclor - 1248 
Aroclor- 1264 
Aroclor - 1260 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
1.0 
1.0 
1.0 

I:X 
1.0 
1.0 
0.05 
1.0 
0.05 
1.0 
0.05 
0.05 
0.05 
0.05 
0.05 
1.0 
1.0 

0.05 u 0.05 u 
0.05 u 0.05 u 
0.05 UJ (c) 0.05 UJ (C) 
005 u 0.05 u 
0.05 UJ (c) 0.05 UJ (c) 
0.05 u 0:05 u 
0.05 UJ (c) 0.05 UJ (c) 
0.05 UJ (c) 0.06 UJ (c) 
0.1 u 0.1 u 
0.1 UJ (c) 0.1 UJ (c) 
0.1 u 0.1 u 
0.1 u 0.1 u 
0.1 UJ (c) 0.1 UJ (c) 
0.1 UJ (c) 0.1 UJ (c) 
R&l R(x) 
0.05 UJ (c) 0.05 UJ (c) 
0.1 u 0.1 u 
0.5 u 0.5 U 
1.0 u 1.0 u 
0.5 U 0.5 U 
0.5 u 0.5 u 
0.6 U 0.5 u 
0.5 u 0.5 u 
0.5 u 0.5 u 
1.0 u 1.0 u 
1.0 u 1.0 u 

FIELD BLK -TAP FILED ELK-01 NADC-R.-65 
8808 6611 9236 

0.05 u 0.05 u 0.05 u 0.05 u 
0.05 u 0.05 u 0.05 u 0.05 u 
0.05 UJ (c) 0.05 UJ (c) 0.05 UJ (c) 0.05 UJ tct 
0.06 U 0.05 UL 0.05 u 0.05 u 
0.05 UJ (c) 0.05 UJ (c) 0.05 UJ (c) O.O$ UJ (c) 
005 u 005 IJL 0.05 u 005 u 
0.05 UJ (c) 0 05 UJ (c) 0.05 UJ (c) 0.05 UJ (c) 
0.05 UJ (c) 0.06 UJ (c) 0.05 u 0.05 u 
0.1 u 0.1 U 0.1 u 0.1 u 
0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 
0.1 u 0.1 u 0.1 u 0.1 u 
0.1 u 0.1 u 0.1 u 0.1 u 
0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 
0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 
Rod R(x) R(x) WI 
0.05 UJ (c) 0.06 UJ (c) 0.05 UJ (c) 0.05 ,lJJ (c) 
0.1 u 0.1 u 0.1 u 0.1 u 
0.5 U 0.5 U 0.5 u 0.5 u 

‘1.0 u 1.0 u 1.0 u 1.0 u 
0.5 u 0.5 U 0.5 u 0.5 U 
0.5 u 0.5 u 0.5 u 0.5 u 
0.6 U 0.6 U 0.6 U 0.5 u 
0.5 u 0.6 U 0.6 U 0.5 u 
0.5 U 0.5 u 0.5 U 0.5 u 
1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 

NADC-27-F.B. NADC-Ps-F.8 
8864 8855 

Arrtlysls Factor: 1.0 1.0 1.0 1.0 !.O ?.O 



SITE: WARMlNSTER 
CASE NO 9710-40004 
LABORATORY: RMC 

PESTICIDE’PCB AQUEOUS ANALYSES MqiL) 

CLIENT ID: 
LAB ID: 

CHEMCAl 

alpha - BHC 
bela - BHC 
delta - BHC 
Lindane Qamrna - BHC) 
Heptachlor 
Aldrin 
Heptachlor tipoxtde 
Endosllfan I 
Dleldrln 
4.4’- DDE 
Endrln 
Endowtfan II 
4.4’-DDD 

2 Endosulfan sulfate 
4.4’-DDT 
Melhoxychtor 
Endrln ketone 
Chlordme 
Toxaphene 
Aroclor - 1016 
Arocbr- 1221 
Aroclor - 1232 
Aroclor - 1242 
Aroclor - 1246 
Aroclor - 1264 
Aroclor - 1260 

CRQL 

0.06 0.06 U 0.06 u 0.06 U 0.06 U 0.06 U 0.06 U 
0.06 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
0.06 0.06 UJ (c) 0.06 UJ (c) 0.06 UJ (c) 0.06 UJ (c) 0.06 UJ (c) 0.06 UJ (c) 
0.06 0.06 u 0.06 U 0.06 U 0.06 U 0.06 U 006 U 
0.06 0.06 UJ (c) 0.06 UJ (c) 0.06 UJ (c) 0.06 UJ (c, 0.06 UJ (c) 0.06 UJ (c) 
0.05 0.05 u 005 u 0.05 LIL 005 u 0.05 UL 0.05 u 
0.06 0.06 UJ (c) 0.06 UJ (c) 0.06 UJ (c) 0.06 UJ (c) 006 UJ (c) 0 06 UJ (c) 
0.06 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 
1.0 0.1 u 0.1 u 0.1 u 0.1 u 0.1 u 0.1 u 
1.0 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (G) 0.1 UJ (c) 0.1 UJ (c) 
1.0 0.1 u 0.1 u 0.1 u 0.1 u 0.1 u 0.1’ u 
1.0 0.1 u 0.1 u 0.1 UL 0.1 u 0.1 u 0.1 u 
1.0 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (cc) 0.1 UJ (c) 0.1 UJ (cl 0.1 UJ (c) 
1.0 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 
1.0 . R(x) Rod R(X) Rod Roe R(x) 
0.06 0.06 UJ (c) 0.06 UJ (c) 0.06 UJ (c) 0.06 UJ (c) 0.06 UJ (c) 0.06 UJ (c) 
1.0 0.1 u 0.1 u 0.1 u 0.1 u 0.1 u 0.1 u 
006 0.6 U 0.6 U 0.6 k.#m 0.6 U 0.6 U 0.6 U 
1.0 1.0 u 1.0 u 1.0 UL 1.0 u 1.0 UL 1.0 u 
0.06 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 
0.05 0.5 u 0.5 u 0.5 UL 0.5 u 0.5 u 0.5 u 
0.06 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U. 
0.06 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 
0.06 0.6 U 0.6 U 0.6 u 0.6 U 0.6 U 0.6 U 
1.0 1.0 u 1.0 u 1.0 u 1.0 u 1.0 Ub 1.0 u 
1.0 1.0 u 1.0 u 1.0 u 1.0 u 1.0 UL 1.0 u 

NADC-30.-RINS. NADC-R.B.-63 NADC-RtNS.-46 NADC-RINS-40 NADGRINS 
. 9104 9020 6977 9166 

59 NADC RINS. 72 
9270 

Amlysls Factor: 1.0 1.0 1.0 1.0 1.0 1.0 

I I 
I I I I I 



4 

SITE: WARMINSTER 
CASE NO 9710-40004 
LABORATORY: RMC 

PESTICIDE.PCB AQUEOUS ANALYSES (lr@L) 

CLIENT ID: 
LAB ID: 

CHEMCAL CRQL 

alpha - BHC 
bela - BHC 
delta -- BHC 
Llridane (gamma -BHC) 
Heptachlor 
Al&in 
Heplachlor epoxide 
Endosutfan I 
Dleldrln 
4.4,-DDE 

2 Endrln 
Endosutfan II 
4,4’-ODD 
Endosutfan sutfa te 
4.4’-DDT 
MelhoxycHor 
Endrln ketone 
Ctllordane 
Toxirphene 
Aroctor- 1016 
Arocbr- 1221 
Aroclor - 1232 
Aroclor- 1242 , 
Aroclor-1248 
Aroclor - 1264 
Aroclor - 1260 

0.06 
0.06 
0.06 
0.06 
0.06 
0.05 
0.06’ 
0.06 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
0.06 
1.0 
0.06 
1.0 
0.06 
0.05 
0.06 
0.06. 
0.06 
1.0 
1.0 

NADC-SP-20-A. 1 -S. WATER 
8847 8796 

0.06 U 0.06 U 
0.06 U 0.06 U 
0.06 UJ (c) 0.05 UJ (c) 
0.06 U . 0.06 U 
0.06 UJ (c) 0.06 UJ (c) 
0.05 u 0.05 u 
0.06 UJ (c) 0.06 UJ (c) 
0.06 U 0.06 UJ (c) 
0.1 u 0.1 u 
0.1 UJ (c) 0.1 UJ (c) 
0.1 u 0.1 u 
0.1 u 0.1 u 
0.1 UJ (c) 0.1 UJ (c) 
0.1 UJ (c) 0.1 UJ (c) 
R(x) R(x) 
0.06 UJ (c) 0.06 ‘UJ (c) 
01 u 0.1 u 
0.6 U 0.6 U 
1.0 u 1.0 u 
0.6 U 0.6 U 
0.5 u 0.5 u 
0.6 U 0.6 U 
0.6 U 0.6 U 
0.6 U 0.6 U 
1.0 u 1.0 u 
1.0 u 1.0 u 

2-S. WATER 
8798 

0.06 U 
0.06 U 
0.06 UJ (c) 
0.06 U 
0.06 .tJJ (c) 
005 u 
0.06 UJ (c) 
0.06 UJ (c) 
0.1 u 
0.1 UJ (cl 
0.1 u 
0.1 u 
0.1 UJ (c) 
0.1 UJ (c) 
R(x) 
0.06 UJ (c) 
0.1 u 
0.6 U 
1.0 u 
0.6 U 
0.5 u 
0.6 U 
0.6 U 
0.6’ U 
1.0 u 
1.0 u 

2-S. WATER-D 3-S. WATER 
8809 8800 

6 - S. WATER 
8803 

0.06 U 0.06 U 0.06 U 
0.06 U 0.06 U 0.06 U 
0.06 UJ (c) 0.06 UJ (c) 0.06 UJ (c) 
006 U 0.06 U 0.06 U 
0.06 UJ (c) 0.06 UJ (c) 0.06 UJ (c) 
0.05 u 0.05 UL 005 u 
0.06 UJ (c) 0.06 UJ (c) 0.06 UJ (c) 
0.06 UJ (c) 0.06 UJ (c) 0.06 UJ (c) 
0.1 u 0.1 u 0.1 u 
0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 
0.1 u 0.1 u 0.1 u 
0.1 u 0.1 u 0.1 u 
0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 
0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 
R(x) R(x) R(x) 
0.06 UJ (c) 0.06 Uj (c) 0.06 UJ (c) 
0.1 u 0.1 u 0.1 u 
0.6 u 0.6 U 0.6 U 
1.0 u 1.0 u 1.0 u 
0.6 U 0.6 U 0.6 U 
0.5 u 0.5 u 0.5 u 
0.6 U 0.6 U 0.6 U 
0.6 U 0.6 U 0.6 U 
0.6 U 0.6 U 0.6 U 
1.0 u 1.0 u 1.0 u 
I.0 u 1.0 u 1.0 u 

Analysis Factor: 
-___ 

1.0 1.0 1.0 1.0 I.0 !.O 
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r-l 0’1 
r-t O’I 
l-l 9’0 
n 9’0 
n 9.0 
l-t 9‘0 
n 90 

n 0.1 
n 9.0 
n 1.0 

(3) rn 90.0 
(x)tl 

I? F:: t x 3 
n I.0 
n 1.0 

(3) rn I.0 
n 1.0 

n 90.0 
(3) m 90.0 

n so.0 
(3) m 90 0 
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0) rn 90 0 
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0988 LCZ6 
b- !x-CC-tS 3-113M-99- IS 

n 0.1 
n 0.1 
n 9.0 
n 9.0 
n 9.0 
n S’O 
n 9.0 
n 0.1 
n 9.0 
n 1.0 

(3) m 90.0 
wtl 

;“1 r’; ;‘; 
3 

n 1.0 
n 1.0 

(3) rn 1.0 
n 1.0 

n 900 
(3) rn 90.0 

n so0 
(3) rn 90.0 

n 90.0 
(3) rn 90.0 

n 90.0 
n 90.0 

n 0.1 
in 0.1 

n 9.0 
n 9.0 
n 9.0 

n 9’0 
ln 9.0 

in 0.1 
n 9.0 
n 1.0 

(3) rn 900 
m 

1:; ::: :: 
n 1.0 
n I’0 

(3) m I.0 
n I’0 

n so.0 
(3) rn 90.0 

-In so.0 
(3) m 90.0 

n 90.0 
13) rn 90.0 

n 90.0 
n 90.0 

1916 
I-Ba-t9-lS 

n 0.1 
n 0.1 
n 9.0 
n 9.0 
n 9.0 
n so 
n 9.0 

n ox 
n 9.0 
n 1.0 

(3) rn 90.0 
ootl 

I;/ ;; ;:; 

n 1.0 
n 1.0 

(3) rn 1.0 
n 1.0 

(3) m 96.0 
(4 rn 90.0 

n so0 
(9 rn 90.0 

n 90.0 
0) rn 90’0 

n 90.0 
n 90.0 

C6LB 
t13lWM ‘S - 9 

n 0.1 
n 0.1 
n 9.0 
n 9.0 
n 9.0 
f-l so 
n 9.0 

n 0.1 
n 9.0 
n 1.0 

(3) rn 90.0 
wtl 

1;;; 1:; 

n 1.0 
n I.0 

(3) rn 1.0 
n 1.0 

0) m 90.0 
(3) rn 90.0 

f-l SO’0 
(3) rn 90.0 

n 90.0 
(3) rn 90.0 

n 90.0 
n 90.0 

96L8 
U31wM ‘S-L 

n 0.1 
n 0.1 
n 9.0 
n 9.0 
n 9.0 
n 60 
n 9.0 

n 0.1 
n 9.0 
n 1.0 

(3) rn so.0 
wt 

I:; ;:: ;‘x 
n 1.0 
n I.0 

(3) rn I.0 
n 10 

(3) rn 90.0 
(4 rn 90.0 

n so0 
0) rn 90.0 

n 90.0 
(3) rn 90’0 

n 90.0 
n 90.0 

9090 
t431WM ‘S -9 

0.t 
0’1 

90’0 
$0‘0 
90‘0 
so0 
$0’0 

0’1 
90’0 

0’1 
90’0 

O’i 
0‘1 
0‘1 
0’1 
0.1 
0’1 
0‘1 

90’0 
90’0 
so.0 
90’0 
90’0 
90’0 
$0’0 
so.0 

lot13 

092 1 -JOl3OJW 
t921-Jol3oJV 
8PZ I- JOlfJOJW 
ZDZ 1 - JOKJOJW 
ZEZ I- JOI~OJW 
la1 -JOOJW 

9 10 I - JOl3OJw 
WJl.jtlEXOl 

~el)JOlKJ 
~OJW UlJPU3 
Jo~3kxolllayy 

ma-‘t't 
etews uewow3 

aaa-,b’b 
Ii uewsopw f 

UJPl’3 
3oa-,o’t 

UlJPlala 
t uemwu3 

ap!xodaJollpqdaH 
U!JPIW 

JolK=ldaH 
QHg-ewute6) auepuq 

3Ha-wlaf~ 
31413 - ew 

W-eUdtL 

W3lW3H3 

:ai f3wi 
:ai IN3113 

(Y&l) S3SA-iWNW sno3mw 83d’3al311S3d 

3tw :Atlolwtloawl 
POOOP-OIL6 ON3SW3 
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SITE: WAAMINSTER 
CASE NO. 9710-40004 
LABORATORY: RMC 

PESTlClDEiPCB AQUEOUS ANALYSES (ug!L) 

CLIENT ID: 
LAB ID: 

CHEMlCAL 

alpha - BHC 
beta-BHC 
delta-BHC 
Lindane (Qamma -BHC) 
Heptachlor 
Al&in 
Heptachlor epoxide 
Endosiufan I 

? 

Dleldrln 
4.4’-DDE 
Endrin 
Endosulfan II 
4,4’-DDD 
Endosulfan sulfate 
4.4’-DOT 
Methoxychlor 
En&in ketone 
Chlordane 
Toxaphene 
Aroclor- 1016 
Arocbr- 1221 
Aroclor - t 232 
Aroclor- 1242 
Aroclor - 1248 
Aroclor - 1254 
Aroclor - 1260 

CRcn 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
1.0, 
1.0 
1.0 
1.0 

I:X 
1.0 
0.05 
1.0 
0.05 
1.0 
0.05 
0.05 
0.05 
0.05 
0.06 
1.0 
1.0 

S2-22-BG-4-D S2-24-BG-3 
8849 

0.06 u 
0.05 u 
0.05 UJ (c) 
0.05 u 
0.05 UJ (c) 
0.05 u 
0.06 UJ (c) 
0.05 u 
0.1 u 
0.1 UJ (c) 
0.1 u 
0.1 u 
0.1 UJ (c) 
0.1 UJ (c) 
R(X) 
0.06 UJ (c) 
0.1 U 
0.5 u 
1.0 u 
0.5 u 
0.5 u 
0.6 u 
0.5 u 
0.5 u 
1.0 u 
1.0 u 

8851 

0.06 u 
0.06 u 
0.05 UJ (c) 
0.05 u 
0.06 UJ (c) 
0.05 u 
0.06 UJ (c) 
0.05 u 
0.1 u 
0.1 UJ (c) 
0.1 u 
0.1 u 
0.1 UJ (c) 
0.1 UJ (c) 
R(X) 
0.06 UJ (c) 
0.1 u 
0.5 u 
1.0 u 
0.5 u 
0.5 u 
0.6 u 
0.5 u 
0.5 u 
1.0 u 
1.0 u 

SP-25-D 
8862 

0.06 u 
0.05 u 
0.05 UJ (c) 
0.05 u 
0.06 UJ (c) 
0.05 UL 
0.06 UJ (C) 
0.05 u 
0.1 UL 
0.1 UJ (c) 
0.1 UL 
0.1 u 
0.1 UJ (c) 
0.1 UJ (c) 
R(X) 
0.06 UJ (c) 
0.1 u 
0.6 u 
1.0 UL 
0.5 u 
0.5 UL 
0.5 u 
0.6 u 
0.6 u 
1.0 UL 
1.0 u 

S2-26-DG-26 S2- 32- DG 
8853 

0.05 u 
0.05 u 
0.05 UJ (c) 
0.05 u 
0.05 UJ (c) 
0.05 u 
0.06 UJ (c) 
0.06 u 
0.1 u 
0.1 UJ (c) 
0.1 u 
0.1 u 
0.1 UJ (c) 
0.1 UJ (c) 
R(x) 
0.05 UJ (c) 
0.1 u 
0.5 u 
1.0 u 
0.5 u 
0.5 u 
0.6 u 
0.5 u 
0.5 u 
1.0 u 
1.0 u 

8903 
12 S2-63-WELL--E 

9160 

0.05 u 0.05 u 
0.05 u 0.05 u 
0.05 UJ (c) 0.05 UJ (c) ’ 
0.05 u 0.05 u 
0.06 UJ (c) 0.05 UJ (c) 
0.05 u 0.05 IJ 
0.06 UJ (c) 0.05 UJ (c) 
0.06 u 0.05 u 
0.1 u 0.1 u 
0.1 UJ (c) 0.1 UJ (c) 
0.1 u 0.1 u 
0.1 u 0.1 u 
0.1 UJ (c) 0.1 UJ (c) 
0.1 UJ (c) 0.1 UJ (c) 
R(x) R(X) 
0.06 UJ (c) 0.06 UJ (c) 
0.1 u 0.1 u 
0.5 u 0.5 u 
1.0 u 1.0 u 
0.5 u 0.5 u 
0.5 u 0.5 u 
0.6 u 0.5 u 
0.6 u 0.5 u 
0.5 u 0.5 u 
1.0 u 1.0 u 
1.0 u 1.0 u 

___- 
Analysis Factor: 1.0 1.0 1.0 1.0 1.0 1.0 



SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: RMC 

PESTICIDE.‘PCB AQUEOUS ANALYSES &g/L) 

CLIENT ID: S2-76-DG-2 
LAB ID: 927s 

33 
S2-77-DG-x. S3-60-DG-13 S3-61-DG-13-DS3-62-DG-3 
9276 9157 9159 9159 

BG 
S4-66--w--6 
9239 

CHEMlCAL CRQL 

alpha - BHC 0.05 3.05 u 0.05 u 0.05 u 0.05 u 0.05 l%(S) 0.05 u 
beta -BHC 0.06 0.05 u 0.06 u 0.05 u 0.05 u 0.05 U(S) 0.05 u 
delta -BHC 0.05 0.05 UJ (c) 0.05 UJ (c) 0.05 UJ (c) 0.05 UJ (c) 0.05 UJ (cb 0.05 UJ (c) 
Lindane (gamma -BHC) 0.05 0.05 UL 0.05 u 0.05 u 0.06 u 0.05 ULfS) 0.05 u 
Heplachlor 0.05 0.05 UJ (CI 0.05 UJ (c) 0.05 UJ (c) 0.05 UJ (c) 0.05 UJ (c) 0 05 UJ (c) 
Al&in 0.05 0.05 UL 0.05 u 0.05 u 005 u 0.05 UL(S) 005 u 
Hepfachlor epoxlde 0.05 0.05 UJ (c) 0.05 UJ (c) 0.05 UJ (c) 0.05 UJ (c) 0.05 UJ (c, 0 05 UJ (c) 
Endosulfan I 0.05 0.05 u 0.05 u 0.05 u 0.05 u 0.06 UL(Sl 0.05 UJ (c) 
Dieldrin 1.0 0.1 UL 0.1 u 0.1 u 0.1 u 0.06 U(S) 0.1 u 
4.4’- DDE 1.0 0.1 UJ (C) 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 0. I UJ (cl 

2 Endrin 1.0 0.1 UL 0.1 u 0.1 u 0.1 u 0.05 U(S) 0.1 u 
EndoscJfan II 1.0 0.1 UL 0.1 u 0.1 u 0.1 u 0.05 U(S) 0.1 u 
4,4’-DOD 1.0 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (cc) 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 
Endosulfan sulfate 1.0 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 
4,4’- DOT 1.0 R(x) R(x) R(x) R(x) R(x) R(x) 
Methoxychlor 0.05 0.06 UJ (c) 0.05 UJ (c) 0.06 UJ (c) 0.06 UJ (c) 0.06 UJ (cl 0.05 UJ (c) 
En&in ketone 1.0 0.1 u 0.1 u 0.1 u .O.l u 0.1 U(S) 0.1 u 
Chlordane 0.05 0.5 u 0.6 u 0.6 u 0.5 u 0.1 U(S) 0.5 u 
Toxaphene 1.0 1.0 ub 1.0 u 1.0 u 1.0 u 0.1 U(S) 1.0 u 
Aroclor - 1016 0.05 0.5 UL 0.5 u 0.5 u 0.5 u 0.1 U(s) 0.5 u 
Arocbr- 1221 0.05 0.5 UL 0.5 u 0.5 u 0.5u 0.1 uL(s) 0.5 u 
Aroclor - 1232 0.06 0.5 UL 0.6 u 0.5 u 0.5 u 0.1 U(s) 0.5 u 
Aroclor- 1242 0.05 0.6 uf.. 0.5 u 0.5 u 0.6 U 0.1 U(s) 0.5 u 
Aroclor - 1248 0.06 0.5 u 0.6 u 0.5 u 0.6 u 0.1 U(S) 0.5 u 
Aroclor - 1254 1.0 1.0 UL 1.0 u 1.0 u 1.0 u 0.1 U(S) 1.0 u 
Aroclor- 1260 1.0 1.0 u 1.0 u 1.0 u 1.0 u 0.1 U(S) 1.0 u 

Analysis Factor: 1.0 1.0 1.0 1.0 1.0 1.0 

I I I 



SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: RMC 

PESTICIDE;PCB AQUEOUS ANALYSES (&j/L) 

CLIENT ID: S4- 73- DG 
LAB ID: 8272 

CHEMICAL CRQL 

alpha - BHC 
beta-BHC 
delta - BHC 
Lindane (gamma -BHC) 
Heptachlor 
Aldrin 
Heptachlor epoxide 
Endosulfan I 
Dieldrtn 
4.4’-DDE 

V, Endrin 
4 Endosulfan II 

4,4’-ODD 
Endosulfan sulfate 
4,4’-DOT 
Melhoxychlor 
Endrin ketone 
Chlordane 
Tox.a&ene 
Aroclor- 1016 

-Arocbr-1221 
Aroclor - 1232 
Aroclor - 1242 
Aroclor-1248 
Aroclor - 1254 
Aroclor- 1260 

0.05 
0.05 
0.06 
0.05 
0.05 
0.05 
0.05 
0.05 
1.0 
1.0 
1.0 

::o” 
1.0 
1.0 
0.06 
1.0 
0.05 
1.0 
0.05 
0.05 
0.05 
0.05 
0.05 
1.0 
1.0 

0.05 u 0.06 u 0.05 u 0.06 u 0.05 u 0.05 u 
0.05 u 0.06 u 0.05 u 0.05 u 0.05 u 0.05 u 
0.05 UJ (c) 0.05 UJ (c) 0.05 UJ (c) 0.05 UJ (c) 0.05 UJ (c) 0.05 UJ (c) 
0.05 u 0.05 u 0.06 u 0.05 u 0.05 u 005 u 
0.06 UJ (c) 0.05 UJ (c) 0.05 UJ (c) 0.05 UJ (c) 0.05 UJ (c) 0.05 UJ (c) 
0.05 UL 0.05 u 0.05 UL 0.05 UL 0.05 u 0.05 u 
0.05 UJ (c) 0.05 UJ (c) 0.05 UJ (c) 0.05 UJ (c) 0.05 UJ (c) 0.05 UJ (c) 
0.06 u 0.05 u 0.05 u 0.06 u 0.05 u 0.05 u 
0.1 u 0.1 u 0.1 UL 0.1 lJL 0.1 u 0.1 u 
0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 
0.1 UL 0.1 u 0.1 UL 0.1 UL 0.1 u 0.1 u 
0.1 u 0.1 u 0.1 u 0.1 u 0.1 u 0.1 u 
0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 
0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 
R(x) R(x) ROO R(X) R(x) R(x) 
0.6 UJ (c) 0.5 UJ (c) 0.6 UJ (c) 0.5 UJ (c) 0.6 UJ (c) 0.5 u 
0.1 u 0.1 u 0.1 u 0.1 UL 0.1 u 0.1 u 
0.5 u 0.6 u 0.6 u 0.5 u 0.5 u 0.5 u 
1.0 LL 1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
0.6 u 0.6 u 0.5 UL 0.6 UL 0.5 u 0.5 u 
0.5 UL 0.5 u 0.5 UC. 0.5 LJL 0.5 u 0.5 u 
0.5 u 0.6 u 0.6 u 0.5 u 0.6 u 0.5 u 
0.6 u 0.6 u 0.5 u 0.5 u 0.6 u 0.5 u 
0.6 u 0.5 u 0.6 u 0.6 u 0.6 u 0.5 u 
1.0 1K. 1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 

22 SI-78-DG-22-DS4-74-DG-24 SS-SO-DG-8 Ss-Sl-DG-20 S5-54-DG-27 
9273 9274 9101 9102 9105 

Ana @is Factor: 1.0 1.0 1.0 
_.-- 

1.0 1.0 1.0 



SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: RMC 

PESTtCtDE.PCB AQUEOUS ANALYSES (ug/L) 

CLIENT ID: S4-39-DG-18 54-42-06-4 
LAB ID: 8976 8979 

CHEMtCAL CRQL 

alpha - BHC 
beta-BHC 
delta -- BHC 
Llnrtane (gamma -BHC) 
Heptachlor 
Aldrtn 
Heptachtor epoxlde 
Endosclfan I 
Dleldrln 
4.4’- DDE 
Endrin 

? Endosrllan II 
4,4’-DDD 
Endosulfan sulfate 
4.4’- DDT 
MethoxycHor 
Endrtn ketone 
Cl1l0rdane 
Toxa phene 
Aroctor - 1016 
Arocbr-1221 
Aroclor - 1232 
Aroclor - 1242 I 
Aroclor - 1240 
Aroclor - 1264 
Aroclor - 1260 

0.05 0.06 U 0.05 u 0.05 u 
0.06 0.06 U 0.06 u 0.06 U 
0.05 0.06 UJ (c) 0.06 UJ (c) 0.05 UJ (c) 
0.06 0.05 u 0.05 u 0.06 U 
0.06 0.05 UJ (c) 0.06 UJ (c) 0.05 UJ (c) 
0.05 0.05 u 0.05 u 0.05 u 
0.06 0.06 UJ tc) 0.06 UJ (c) 0.06 UJ (c) 
0.06 0.06 UJ (c) 0.06 UJ (c) 0.06 UJ (c) 
1.0 0.1 u 0.1 u 0.1 u 
1.0 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 
1.0 0.1 u 0.1 u 0.1 u 
1.0 0.1 u 0.1 u 0.1 u 
1.0 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (cc) 
1.0 0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 
1.0 R(x) R(x) R(x) 
0.06 0.6 U 0.6 UJ (c) 0.5 UJ.(c) 
1.0 0.1 u 0.1 u 0.1 u 
0.05 0.6 u 0.6 U 0.5 u 
1.0 1.0 u 1.0 u 1.0 u 
0.06 0.5 u 0.5 u 0.6 U 
0.05 0.5 u 05 u 0.5 u 
0.05 0.5 u 0.6 U 0.6 U 
0.06 0.6 U 0.5 u 0.6 u 
0.06 0.6 U 0.6 U 0.6 u 
1.0 1.0 u 1.0 u 1.0 u 
1.0 1.0 u 1.0 u 1.0 u 

S4-43-DG-5 
8980 

Arxrlysis Factor: 1.0 1.0 1.0 
- 

S4-44-DG-7 S4-67-BG-2 
9238 

0.06 U 
0.06 u 
0.06 UJ (c) 
0.06 U 
0.06 UJ (c) 
005 UL 
0.06 UJ (c) 
0.06 UJ (c) 
0.1 u 
0.1 UJ (c) 
0.1 u 
0.1 u 
0.1 UJ (c) 
0.1 UJ (c) 
R(x) 
0.6 UJ (c) 
0.1 u 
0.6 u 
1.0 u 
0.6 U 
0.5 u 
0.6 U 
0.6 U 
0.5 u 
1.0 u 
1.0 u 

--_____- 
1.0 1.0 1.0 

0.06 u 
0.05 u 
0.05 UJ (c) 
0.06 U 
0.05 UJ (c) 
0.05. LfL 
0.06 UJ (c) 
0.06 UJ (c) 
0.1 u 
0.1 UJ (c) 
0.1 u 
0.1 u 
0.1 UJ (c) 
0.1 UJ (c) 
R(x) 
0.6 UJ (c) 
0.1 u 
0.6 U 
1.0 u 
0.6 u 
0.5 u 
0.6 U 
0.6 u 
0.5 u 
1.0 u 
1.0 u 

0.05 u 
0.05 u 
0.05 UJ (c) 
0.05 u 
0.05 UJ (c, 
005 u 
0 OS UJ (c) 
0.06 U 
01 u 
0.1 UJ (c) 
0.1 u 
0.1 u 
0.1 UJ (c) 
0 1 UJ (c) 
Rod 
0.6 UJ (c) 
01 u 
0.5 u 
1.0 u 
0.6 U 
0.5 u 
0.6 U 
0.5 u 
0.6 U 
1.0 Lf 
1.0 u 

S4-68-BG-6 

I I i I 



SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: RMC 

PESTICIDE:PCB AQUEOUS ANALYSES &g/L) 

CLIENT ID: SS-55-DG-21 S6-41 -DG- 10 S6-47-DG- 19 S6-46-DG- 17 S6-69-BG-7 S7-56-DG-25 
LAB ID: 9106 8978 9021 9022 9240 9153 

CHEMlCAL CRQL 

alpha - BHC 
beta-BHC 
dell-BHC 
Lindane (gamma -BHC) 
Heptachlor 
Al&in 
Heptachlor epoxide 
Endosuifan I 
Dieldrln 
4.4’- DDE 

2 Endrin 
Endosulfan II 
4,4’-DDD 
Endow&m sulfate 
4,4’-DDT 
Methoxychlor 
Endrin ketone 
Chlordane 
Tom phene 
Aroclor - 1016 
Arocbr- 1221 
Aroclor- 1232 
Aroclor- 1242 
Aroclor- 1246 
Aroclor- 1254 
Aroclor - 1260 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
1.0 
1.0 
1.0 

::o” 
1.0 
1.0 
0.05 
1.0 
0.05 
1.0 
0.05 
0.05 
0.05 
0.05 
0.05 
1.0 
1.0 

0.05 u 0.05 u 0.05 u 
0.05 u 0.05 u 0.05 u 
0.05 UJ (c) 0.05 UJ (c) 0.05 UJ (c) 
0.05 u 0.05 u 0.05 u 
0.05 UJ (c) 0.06 UJ (c) 0.05 UJ (c) 
0.05 u 0.05 u 0.05 u 
0.05 UJ (c) 0.05 UJ (c) 0.05 UJ (c) 
0.05 u 0.06 u 0.05 u 
0.1 u 0.1 u 0.1 u 
0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 
0.1 u 0.1 u 0.1 u 
0.1 u 0.1 u 0.1 u 
0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 
0 1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 
n(x) R(X) R(X) 
0.5 u 0.6 u 0.6 u 
0.1 u 0.1 u 0.1 u 
0.5 u 0.5 u 0.5 u 
1.0 u 1.0 u 1.0 u 
0.5 u 0.6 U 0.5 u 
0.5 u 0.5 u 0.5 u 
0.5 u 0.6 u 0.6 u 
0.6 u 0.5 u 0.5 u 
0.5 u 0.6 u 0.6 u 
1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 

0.06 u 0.05 u 0.05 u 
0.05 u 0.06 u 0.05 u 
0.05 UJ (c) 0.05 UJ (c) 0 05 UJ (c) 
005 u 0.05 u 0.05 u 
0.05 UJ (c) 0.05 UJ (c, 0.05 UJ (c) 
0.05 u 0.05 u 005 u 
0.05 UJ (c) 0.06 UJ (c) 0.05 UJ (c) 
0.05 u 0.05 u 0.05 u 
0.1 u 0.1 u 0.1 u 
0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 
0.1 u 0.1 u 0.1 u 
0.1 u 0.1 u 0.1 u 
0.1 UJ (c) 0.1 UJ (c) 0.1 UJ (c) 
0.1 UJ (c) 0.1 UJ (c) 0 1 UJ (c) 
Ro4 Rod R(X) 
0.6 UJ (c) 0.6 UJ (c) 0.6 UJ (c) 
0.1 u 0.1 u 0.1’ u 
0.5 u 0.6 u 0.5 u 
1.0 u 1.0 u 1.0 u 
0.6 u 0.6 u 0.5 u 
0.5 u 0.5 u 0.5 u 
0.6 U 0.6 U 0.5 u 
0.6 u 0.5 u 0.5 u 
0.5 u 0.5 u 0.5 u 
1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 

Analysis Factor: 1.0 1.0 1.0 1.0 1.0 1.0 __-- 



SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: RMC 

PESTICIIXPCB AQUEOUS ANALYSES (cQ,L) 

CLIENT ID: 
LA6 ID: 

S7-58-DG-25-DSB-49-BG-5 
9155 9023 

CHEMlCAl CRQL 

alpha - BHC 0.05 0.05 u 0.05 u 
beta-BHC 0.05 0.06 u 0.05 u 
delta - BHC 0.05 0.05 UJ (c) 0.05 UJ (c) 
Lindane (gamma -BHC) 0.05 0.05 u 0.05 u 
Heplachlor 0.05 0.05 UJ (c) 0.05 UJ (c) 
Aldrin 0.05 0.05 u 0.05 u 
Heplachlor epoxlde 0.05 0.06 UJ (c) 0.05 UJ (c) 
Endosulfan I I 0.05 0.05 u 0.06 u 
Dleldrln 1.0 0.1 u 0.1 u 
4.4’- DDE 1.0 0.1 UJ (c) 0.1 UJ (c) 

s\ Endrin 1.0 0.1 u 0.1 u 
0 E’ndoarlfan II 1.0 0.1 u 0.1 u 

4,4’-DDD 1.0 0.1 UJ (c) 0.1 UJ (c) 
Endosulfan sulfate 1.0 0.1 UJ (c) 0.1 UJ (c) 
4.4’-DOT 1.0 R(x) R(x) 
Melhoxychlor 0.05 0.5 UJ (c) 0.6 UJ (c) 
Endrin ketone 1.0 0.1 u 0.1 u 
Chlordane 0.05 0.5 u 0.6 u 
Toxaphene 1.0 1.0 u 1.0 u 
Aroclor- 1016 0.05 0.5 u 0.5u 
Arocbr- 1221 0.05 0.5 u 0.5 u 
Aroclor- 1232 0.06 0.5 u 0.6 u 
Aroclor- 1242 0.05 0.5 u 0.5 u 
Aroclor - 1248 0.05 0.5 u 0.5 u 
Aroclor- 1254 1.0 1.0 u 1.0 u 
Aroclor- 1260 1.0 1.0 u 1.0 u 

S8-75-DG-14 
9271 

0.05 u 
0.06 u 
0.05 UJ (c) 
0.05 u 
0.05 UJ (c) 
0.05 u 
0.05 UJ (c) 
0.05 u 
0.1 u 
0.1 UJ (c) 
0.1 U’ 
0.1 u 
0.1 UJ (c) 
0.1 UJ (c) 
R(x) 
0.6 UJ (c) 
0.1 u 
0.4 u 
1.0 u 
0.5 u 
0.5 u 
0.5 u 
0.6 u 
0.6 u 
1.0 u 
1.0 u 

Analysis Factor: 1.0 1.0 1.0 

1’ / I 1 I F / / 
t 





I-- 

- 

- 

C 

P 

Data Validation Oualifier Kev,: 

K - Positive result for vanadium biased high because of 
continuing calibration recovery (116 %R) greater than 
110% upper quality control limit. 

B - Positive result considered to be a false positive 
attributable to blank contamination. 



SITE: WARMINSTER 
CASE NO. 971 O-40004 
LABORATORY: RMC 

AQUEOUS TAL METALS ANALYSES (my/L) 

CLIENT ID: 
LAB ID: 

CHEMICAL CRDL 

Aluminum 200 
Antimony 60 
Arsenic IO 
Barium 200 
Beryllium 6 
Cadmium 
Calcium &IO 
Chromium 10 
Cobalt 60 
Copper 26 
Iron 100 
Lead 3 

(J Magnesium 6000 
Manganese 15 
Mercury 0.2 
Nickel 40 
Potassium 6000 
Selenium 6 
Silver 10 
Sodium 6000 
Thallium IO 
Vanadium 50 
Zinc 20 

IOL 

1.0 I.OU 1.0 u l.OU l.OU l.OU 
0.01 0.01 u 0.01 u 0.01 u 0.01 u 0.01 u 
0.002 0.002 u 0.002 u 0.002 u 0.002 u 0.002 u 
0.60 0.60 U 0.60 U 0.60 U 0.60 U 0.60 U 
0.0006 0.0007 0.0006 0.0006 U 0.0007 0.0006 U 
0.002 0.002 u 0.002 u 0.002 u 0.002 u 0.002 u 
0.50 0.50 u 34 050U 0.50 u 70 
0.002 0.003 0.007 0.002 u 0.002 u 0.002 u 
0.002 0.002 u 0.002 u 0.002 u 0.002 u 0.002 u 
0.026 0.026 0.076 0.026 U 0.026 u 0.098 
0.10 0.20 O.lOU O.lOU O.lOU O.lOU 
0.002 0.002 u 0.002 u 0.002 u 0.002 u 0.003 
0.60 0.60 U 13.6 0.60 U 0.60 U 26 
0.10 0.10 u 0.10 u 0.10 u 0.10 u 0.10 u 
0.0002 0.0002 u 0.0002 u 0.0002 u 0.0002 u 0.0002 u 
0.01 0.01 u 0.01 u 0.01 u 0.01 u 0.01 u 
0.60 0.60 U 4 0.60 U 0.60 U 2 
0.002 0.002 u 0.002 u 0.002 u 0.002 u 0.002 u 
0.002 0.002 u 0.002 u 0.002 u 0.002 u 0.002 u 
0.60 0.60 U 24 0.60 U 0.60 U 17 
0.002 0.002 u 0.002 u 0.002 u 0.002 u 0.002 u 
0.01 0.01 u 0.01 u 0.01 u 0.01 u 0.01 u 
0.02 0.02 u 0.09 o.oau 0.06 0.07 

NADC - FlELD R. BLAW< FIELD BLK- 
8807 8808 

,TAP FIELD BLK- DI 
881 I 

S2- 20- RINSATE FIELD BLANK -27 
8847 8864 

i , I I i 



SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: RMC 

AQUEOUS TAL METALS ANALYSES (mg;L) 

CLIENT ID: NADC - FIELD BLANK- .28 RINS. BLANK -30 RINS. BLANK- 40 RINS. BLANK- 46 RINS. BLANK-63 
LAB ID: 6666 8901 8977 9020 9104 

CHEMICAL CRDL 

Aluminum 200 
Anllmory 60 
Arsenic 10 
Barlun 200 
Beryllium 6 
Cadmlun 6 
Calcium 5000 
Chromlum IO 
Cobalt 60 
Copper 26 
iron 100 
Lead 3 

‘a Magnesium 6000 
Manganese 15 
Mercury 0.2 
Nldtel 40 
POtaSSllrn 6000 
Selenlun 6 
Silver IO 
Sodlum 6000 
Thallium 10 
Vanadium 50 
Zinc 20 

IDL 

1.0 I.OU l.OU . l.OU l.OU 1.0 u 
0.01 0.01 u 0.01 u 0.01 u 0.01 u 0.01 u 
0.002 0.002 u 0.002 u 0.002 u 0.002 u 0.002 u 
0.60 0.60 U 0.60 U 0.60 U 0.60 U 0.6OU 
0.0006 0.0006 u 0.0006 U 0.0006 U 0.002 0.0006 U 
0.002 0.002 u 0.002 u . 0.002 u 0.002 u 0.002 u 
0.50 0.50 u 0.50 u 0.50 u 0.50 u 05ou 
0.002 0.002 u 0.002 u 0.002 u 0.002 u 0.002 u 
0.002 0.002 u 0.002 u 0.002 u 0.002 u 0.002 u 
0.026 0.026 u 0.026 U 0.026 u 0.026 U 0.026 U 
0.10 O.IOU O.IOU. O.IOU O.lOU O.IOU 
0.002 0.002 u 0.002 0.002 u 0.002 u 0.002 u 
0.60 0.60 U. 0.60 U 0.60 U 0.60 U 0.60 U 
0.10 O.lOU 0.10 u 0.10 u 0.10 u 0.10 u 
0.0002 0.0002 IJ 0.0002 Ll 0.0002 u 0.0002 u 0.0002 u 
0.01 0.01 u 0.01 u 0.01 u 0.01 u 0.01 u 
0.60 0.60 U 0.60 U 0.60 U 0.60 U 0.60 U 
0.002 0.002 u 0.002 u 0.002 u 0.002 u 0.002 u 
0.002 0.002 u 0.002 u 0.002 u 0.002 u 0.002 u 
0.60 0.60 U 0.6OU 0.60 U 0.6OU 0.60 U 
0.002 0.002 u 0.002 u 0.002 u 0.002 u 0.002 u 
0.01 0.01 u 0.01 u 0.01 u 0.01 u 0.01 u 
0.02 0.02 u 0.02 u 0.02 u 0.02 u 0.02 u 

a % 1 



SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: RMC 

AQUEOUS TAL METALS ANALYSES (mgA) 

CLIENT ID: NADC - 8-S. WATER Sl-64-DG-1 s1-66-w/u-C S2-22-BG-4-D 52-z-86-4 
LAB ID: 8793 9161 9237 8849 8850 

CHEMICAJ- CRDL IDL 

Aluminum 
Antimony 
Aisenlc 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

60 
10 
200 
6 
6 
5000 
IO 
60 
26 
100 
3 

15 
0.2 
40 
6000 
6 
10 

1.0 ‘l.OU l.OU 6.6 1.0 u I.OU 
0.01 0.01 u 0.01 u 0.01 u 0.01 u 0.01 u 
0.002 0.002 u 0.002 u 0.002 u 0.002 u 0.002 u 
0.60 0.60 U 0.60 U 0.60 U 0.60 U 0.60 U 
0.0006 0.0006 u 0.0006 U 0.0006 U 0.0031 B 0.0010 B 
0.002 0.002 u 0.006 0.002 u 0.002 u 0.002 u 
0.50 22B 50B 1808 48 B 47 B 
0.002 0.002 u 0.046 0.014 0.002 B 0.002 B 
0.002 0.002 u 0.016 0.004 0.002 u 0.002 u 
0.026 0.026 U 0.026 U 0.026 U 0.026 U 0.026 U 
0.10 O.lOU 36 36 0.46 B 0.38 B 
0.002 0.002 u 0.004 B 0.06 0.002 u 0.002 u 
0.60 9.7 B 178 20 B 23 B 23 B 
0.10 0.10 u 1.5 0.46 0.10 u 0.10 u 
0.0002 0.0002 u 0.0002 u 0.0002 u 0.0002 u 0.0002 u 
0.01 0.01 u 0.06 0.01 u o.oiu 0.01 u 
0.60 1.48 3.0 B 208 1.38 1.48 
0.002 0.002 u 0.002u 0.002 u 0.002 u 0.002 u 
0.002 0.002 u 0.002 u 0.002 u 0.002 u 0.002 u 
0.60 128 31 B 148 26 8. 28 B 
0.002 0.002 u 0.002 u. 0.002 u 0.002 u 0.002 u 
0.01 0.01 u 0.01 u 0.01 u 0.01 u 0.01 u 
0.02 0.02 u 0.18B 0.168 0.06 B 0.02 u 

I ! 



f t 1 

SITE: WARMINSTER 
CASE NO. 971 o-40004 
LABORATORY: RMC 

AQUEOUS TAL METALS ANALYSES (mgh) 

CLIENT ID: 
LAB ID: 

CHEMICAL CRDL 

Aluminum 200 
Antimony 60 
Arsenic IO 
Barium 200 
Beryllium 6 
Cadmium 6 
Calcium 5000 
Chromium IO 
Cobalt 60 
Copper 26 
Iron 100 
Lead 3 
Magnesium 6000 
Manganese 15 
Mercury 0.2 
Nickel 40 
Potassiim 6000 
Selenium 6 
Silver 10 
Sodium 6000 
Thallium IO 
Vanadium 50 
Zinc 20 

t f t I E 

NADC - S2-24-BG-3 
8861 

S2- 26-D 
8862 

S2-26-DG-26 
8863 

S2-32-DG-12 S2-63-WELL-E 
8903 9160 

IDL 

1.0 20 l.OU 7.0 l.OU l.OU 
0.01 0.01 u 0.01 u 0.01 u 0.01 u 0.01 u 
0.002 0.004 0.002 u 0.002 u 0.002 0.002 u 
0.60 0.60 U 0.60 U 0.60 U 0.60 U 0.60 U 
0.0006 0.0031 B 0.0006 U 0.0013 B 0.0006 U 0.0006 U 
0.002 0.003 0.002 u 0.002 u 0.002 u 0.002 u 
0.50 99 B 50 B 34 B 35 B 70 B 
0.002 0.034 0.011 0.009 0.002 u 0.006 
0.002 0.016 0.002 u 0.004 0.002 u 0.002 
0.026 0.064 B 0.026 U 0.026 U 0.026 U 0.026 U 
0.10 36 17 6.0 0.21 B 13 
0.002 0.16 0.002 B 0.006 B 0.002 B 0.003 B 
0.60 19.68 19B. 21 B I78 21 B 
0.10 20 0.4 0.7 0.10 u 0.45 
0.0002 0.0002u 0.0002u 0.0002u 0.0002 u 0.0002 u 
0.01 0.03 0.01 u 0.01 u 0.01 u 0.01 
0.60 6.0 B 1.1 B 3.0 B I.28 6B 
0.002 0.002 u 0.002 u 0.002 u 0.002 u 0.002 u 
0.002 0.002 u 0.002 u 0.002 u 0.002 u 0.002 u 
0.60 22 B 2008 28 B I0.B 41 B 
0.002 0.002 u 0.002 u 0.002 u 0.002 u 0.002 
0.01 0.04 0.01 u 0.01 u 0.01 Li 0.01 u 
0.02 0.22 B 0.03 B 0.03 B 0.02 u 0.89 B 



SITE: WARMINSTER 
CASE NO. 971 o-40004 
LABORATORY: RMC 

AQUEOUS TAL METALS ANALYSES (mg.3-) 

CLIENT ID: 
LAB ID: 

CHEMICAL CRDL 

Alumlnum 200 
Antimony 60 
Arsenic 10 
Barium 200 
Beryllium 6 
Cadmlun 5 
Calcium 5000 
Chromium 10 
Cobalt 50 
Copper 2s 
iron loo 

-0 Lead 3 
Magnesium 6000 
Manganese 15 
Mercury 0.2 
Nickel 40 
Potassllun 5000 
Selenium 6 
Silver 10 
Sodium 5000 
Thallium 10 
Vanadium 50 
Zinc 20 

IDL 

1.0 24.2 
0.01 0.01 u 
0.002 0.002 u 
0.50 0.9 B 
0.0005 0.0021 B 
0.002 0.022 
0.50 76B 
0.002 0.22 
0.002 0.023 
0.025 o.llSB 
0.10 62 
0.002 0.082 
0.50 26 B 
0.10 7 
0.0002 0.0003 
0.01 0.06 
0.50 48 
0.002 0.002 u 
0.002 0.004 
0.50- 24 B 
0.002 0.002 u 
0.01 0.03 K 
0.02 0.53 

NADC - S2-76-DG-2 
9275 

SZ-77-DG-23 
9276 

4.1 
0.01 u 
0.002 u 
1.1 B 
0.0009 B 
0.002 u 
57 B 
0.004 
0.018 
0.135B 
6 
0.023 
28 B 
4 
0.0002 u 
0.01 u 
38 
0.002 u 
0.002 u 
15B 
0.002 u 
0.01 u 
0.11 B 

S3-60-DG-13 
9157 

6.4 
0.01 u 
0.002 u 
0.5 B 
0.0008 B 
0.002 u 
35B 
0.004 
0.002 
0.025 U 
4 
0.006 B 
24 B 
0.22 
0.0002u 
0.01 u 
28 
0.002 u 
0.002 u 
148 
0.002 u 
0.01 u 
0.02 u 

S3-61 -DG-13-DS3-62-DG -3 
9158 9159 

8.4 
0.01 u 
0.002 u 
0.5 B 
0.0006 B 
0.002 u 
358 
0.002 B 
0.003 
0.025 U 
6.8 
0.005 B 

‘22B 
0.25 
0.002 u 
0.01 u 
28 
0.002 u 
0.002 u 
15B 
0.002 u 
0.01 u 
0.18B 

6.6 
0.01 u 
0.002 u 
0.9 B 
0.0011 B 
0.002 u 
9B 
0.007 
0.010 
0.025 U 
33 
0.0138 
23 B 
0.87 
0.0002 u 
0.02 
28 
0.002 u 
0.002 u 
148 
0.002 u 
0.01 u 
0.02 u 



SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: RMC 

AQUEOUS TAL METALS ANALYSES lmgt.) 

CLIENT ID: NADC - 54-33-06-28 S4-34-DG-I6 
LAB ID: 8804 8906 

CHEMICAL CRDL IDL 

Aiumlnum 
Atiimony 
Arsenic 
Bariun 
Beryllium 
Cadmlun 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 

0‘ Manganese 
Mercury 
Nickel 
Potasslun 
Selenlm 
Sltuer 
Sodlum 
Tttalilum 
Vanadium 
Zinc 

200 
60 
IO 
200 
6 

LOO 
IO 
60 
26 
100 
3 

l 

_--- 
15 
0.2 
40 
6000 
6 
10 
6000 
IO 
50 
20 

1.0 
0.01 
0.002 
0.60 
0.0006 
0.002 
0.50 
0.002 
0.002 
0.026 
0.10 
0.002 
0.60 
0.10 
0.~002 
0.01 
0.60 
0.002 
0.002 
0.60 
0.002 
031 
0.02 

S4-36-DG-6 
8906 

S4-36-DG - I6 S4-37-DG-9 
8907 8974 

1.0 u 
0.01 u 
0.002 u 
0.6OU 
0.001 B 
0.002 u 
26 B 
0.003 B 
0.002 u 
0.007 B 
1.1 
0.002 u 

*9B 
0.31 
0.0002 u 
0.01 u 
1.1 
0.002 u 

ie o/t92 
dr z;” 6. 

0.01 u 
0.02 u 

31 6.0 12 6.0 
0.01 u 0.01 u 0.01 u 0.01 u 
0.002 u 0.002 0.002 u 0.002 u 
0.60 B 0.60 U 0.60 B 0.60 U 
0.002 B 0.002 B 0.002 B 0.0006 U 
0.002 u 0.002 u 0.002 u 0.002 u 
61 B 49 B 68B 29 B 
0.011 0.003 B 0.004 0.004 
0.047 0.003 0.008 0.007 
0.046 B 0.012 B 0.026 U 0.026 U 
22 8.2 8.0 I4 
0.007 B 0.009 B 0.007 B 0.012 B 
8B 11 B 28 B 168 

3.5 0.5 0.6 0.3 
0.0002 u 0.0002 u 0.0002 u 0.0002 u 
0.02 0.01 u 0.01 u 0.01 
4B 38 88 2.1 B 

0.002 u 0.002 u 0.002 u 0.002 u 
0.002 u 0.002 u 0.002 u 0.002 u 
11 B 9.4 B I38 8.6 B 
0.002 u 0.002 u 0.002 u 0.002 u 
0.02 K 0.01 u 0.01 u 0.01 u 
0.06 B 0.278 0.04 B I.3 

- 



SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: RMC 

AQUEOUS TAl METALS ANALYSES (mgL) 

CLIENT ID: 
LAB ID: 

CHEMICAL 

Alumlnum 
Antimony 
Arsenic 
Barlun 
Beryllium 
Cadmlun 
Calcium 
Chromlum 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Me nganese 
Mercury 
Nidcel 
Potasslun 
Selenlun 
Silver 
Sodlum 
fblllum 
Vanadium 
Zinc 

CRDL 

200 
60 
10 

IDL 

1.0 l.OU l.OU 1.0 u 2.0 11.6 
0.01 0.01 u 0.01 u 0.01 u 0.01 U 0.01 u 
0.002 .o. 002 u 0.004 0.002 u 0.002 u 0.002 u 
0.50 0.60 B 0.50 B 0.50 u 0.60 B o.sou 
0.0005 0.0008 B 0.0005 u 0.0005 u 0.002 B 0.0016 B 
0.002 0.002 u 0.002. 0.002 u 0.002 u 0.004 
0.50 45B 188 306 40B 25B 
0.002 0.002 u 0.002 u 0.002 u 0.015 0.010 
0.002 0.010 0.003 0.002 u 0.013 0.009 
0.025 0.026 u 0.025 U 0.025 U 0.037 B 0.108 
0.10 4.3 18 2.4 97 129 
0.002 0.002 u 0.004 B 0.002 u 0.008 B 0.023 
0.50 20 B 6B * 98 188 8.2 B 
0.10 1.0 0.3 0.5 2 0.50 
0.0002 0.0002 u 0.0002 u 0.0002 u 0.0002 u 0.0002 u 
0.01 0.01 u 0.01 U 0.01 u 0.03 0.04 
0.50 l.OB l.OB 0.9 B 3.0 B 68 
0.002 0.002 u 0.002 u 0.002 0.002 u 0.002 u 
0.002 0.002 u 0.002 u 0.002 u 0.002 u 0.002 u 
0.60 168 108 7.2 B 11 B 1OB 
0.002 0.002 u 0.002 u 0.002 u 0.002 u 0.002 u 
0.01 0.01 u 0.01 u 0.01 u 0.01 u 0.01 u 
0.02 0.02 u 0.02 u 0.02 u 0.06 B 0.07 B 

NADC - S4-39-DG -18 SQ-42-DG-4 S4-43-DG-5 S4-44-DG-7 54-67-88-2 
8976 8979 8980 8981 9238 



SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: RMC 

AQUEOUS TAL METALS ANALYSES (mg,L) 

CLIENT ID: 
LAB ID: 

CHEMICAL CRDL IDL 

Aluminum 200. 1.0 
Antimony 60 0.01 
Arsenic 10 0.002 
Barium 200 0.50 
Beryllium 5 0.0005 
Cadmium 5 0.002 
Calcium 5000 0.50 
Chromium 10 0.002 
Cobalt 50 0.002 
Copper 25 0.025 
Iron 100 0.10 

F Lead 3 0.002 
Ma gneslum so00 0.50 
Manganese 15 0.10 
Mercury 0.2 0.0002 
Nidtel 40 0.01 
Potassium 5000 0.60 
Selenium 6 0.002 
Silver 10 0.002 
Sodium 6000 0.50 
Thallium 10 0.002 
Vanadium 50 0.01 
Zinc 20 0.02 

NADC - S4-68-BG-6 
9239 

14.8 
0.01 u 
0.002 u 
0.8 B 
0.0026 B 
0.002 u 
30 B 
0.006 
0.011 
0.025 U 
15 
0.007 B 
6.4 B 
3 
0.0002 u 
0.04 
48 
0.002 u 
0.002 u 
1OB 
0.002 u 
0.02 K 
0.02 u 

S4-73-DG-22 S4-78-DG-22-DS4-74-DG-24 
9272 9273 9274 

l.OU 
0.01 u 
0.002 u 
1.1 B 
0.0005 u 
0.002 u 
31 B 
0.002 u 
0.002 u 
0.026 u 
0.50 B 
0.002 u 
12 B 
0.15 
0.0002 u 
0.01 u 
1.36 B 
0.002 u 
0.002 u 
10 B 
0.002 u 
0.01 u 
0.02 u 

1.0 u 
0.01 u 
0.002 u 
1.1 B 
0.0005 u 
0.002 u 
48 B 
0.002 u 
0.002 u 
0.002 B 
0.53 B 
0.002 u 
128 
0.18 
0.0002 u 
0.01 u 
38 
0.002 u 
0.002 u 
11 B 
0.002 u 
0.01 u 
0.02 u 

2.9 
0.01 u 
0.002 u 
0.50 u 
0.0005 u 
0.002 u 
91 B 
0.002 B 
0.002 
0.014 B 
2 
0.002 u 
168 
0.70 
0.0002 u 
0.01 u 
1.1 B 
0.002 u 
0.002 u 
16B 
0.002 u 
0.01 u 
0.04 B 

SS-SO-DG-8 
9101 

11.9 
0.01 u 
0.002 u 
0.50 u 
0.003 B 
0.002 
188 
0.018 
0.017 
0.025 U 
49 
0.007 B 
6.3 B 
0.43 
0.0002 u 
0.06 
2B 
0.002 u 
0.002 u 
178 
0.002 u 
0.01 u 
0.03 B 



t 

SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: RMC 

AQUEOUS TAL METALS ANALYSES (mg/L) 

CLIENT ID: NADC - 55-51 -DG-20 SS-54-DG-27 SS-55-DG-21 
LAB ID: 9102 9106 9106 

CHEMICAL CRDL 

Aluminum 
Antimony 
Arsenic 
Barium 
Be tyllium 
Cadmium 
Calcium 
Chromlum 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Sltver 
Sodium 
Thallium 
Vanadium 
Zinc 

200 
60 
10 

1.0 3.7 
0.01 0.01 u 
0.002 0.002 u 
0.60 0.90 B 
0.0006 0.0005 u 
0.002 0.002 u 
0.50 71 B 
0.002 0.003 B 
0.002 0.006 
0.025 0.025 U 
0.10 11 
0.002 0.004 B 
0.50 24 B 
0.10 1.4 
0.0002 0.0002 u 
0.01 0.01 u 
0.50 1.3 B 
0.002 0.002 u 
0.002 0.002 u 
0.60 11 B 
0.002 0.002 u 
0.01 0.01 u 
0.02 0.03 B 

6.6 29 
0.01 u 0.01 u 
0.002 u 0.012 
0.60 B 1.0 B 
0.002 B 0.006 B 
0.002 u 0.002 u 
36 B 37 B 
0.008 0.008 
0.009 0.12 
0.025 U 0.025 U 
6.8 42 
0.002 u 0.005 B 
148 9.3 B 
0.27 3.0 
0.0002 u 0.0002 u 
0.01 u 0.06 
1.4 B 48 
0.002 u 0.002 u 
0.002 u 0.002 u 
19 B 24 B 
0.002 u 0.002 u 
0.01 u 0.03 K 
0.02 u 0.05 B 

S6-47-DG-19 S6-48-DG-17 
9021 9022 

l.OU 1.5 
0.01 u 0.01 u 
0.005 0.003 
0.60 B 0.60 u 
0.0005 u 0.001 B 
0.002 u 0.002 u 
52 B 32 B 
0.002 u 0.002 u 
0.002 u 0.002 u 
0.026 u 0.025 U 
0.9 B 2 
0.002 u 0.002 u 
19 B 17 B 
0.2 0.51 
0.0002 u 0.0002 u 
0.01 u 0.01 
1.1 B 0.9 B 
0.002 u 0.002 u 
0.002 u 0.002 u 
12 B 9.1 B 
0.002u 0.002 u 
0.01 u 0.01 u 
0.02 u 0.02 u 



i 

SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: Rh4C 

AQUEOUS TAL METALS ANALYSES (mg,4) 

CLIENT ID: 
LAB ID: 

CHEMICAL CRDL 

Aluminum 200 
Antimony 60 
Arsenic 10 
Barlun 200 
Beryillum 5 
Cadmlun 6 
Calcium 5000 
Chromlum 10 
Cobalt so 
Copper 26 
Iron 100 
Lead 3 

$ 
Magnesium 6000 
Me nganese 15 
Mercury 0.2 
Nickel 40 
Potasslun 5000 
Selenlun 5 
Slber 10 
Sodium 5000 
Thelllum 10 
Vanadium 50 
Zinc 20 

IDL 

1.0 
0.01 
0.002 
0.50 
0.0005 
0.002 
0.50 
0.002 
0.002 
0.026 
0.10 
0.002 
0.50 
0.10 
0.0002 
0.01 
0.60 
0.002 
0.002 
0.60 
0.002 
0.01 
0.02 

NADC - S6-41-DG-10 S6-69-BG-7 Sf-56-DG-25 S7-68-DG-25-DS8-75-DG-14 
8978 9240 9163 9165 9271 

l.OU 2.3 
0.01 u 0.01 u 
0.002 u 0.002 u 
0.60 u 0.60 u 
0.003 B 0.0005 B 
0.002 u 0.002 u 
17 B 13 B 
0.032 0.002 B 
0.002 0.003 
0.025 U 0.026 u 
0.6 B 6 
0.006 B 0.002 u 
12 B 48 * 
0.10 u 0.45 
0.0002 u 0.0002 u 
0.01 u 0.01 u 
22 B 28 
0.002 u 0.002 u 
0.002 u 0.002 u 
7.4 B 98 
0.002 u 0.002 u 
0.01 u 0.01 u 
0.02 u 0.02 u 

1.0 u 1.5 6.8 
0.01 u 0.01 U 0.01 u 
0.002 u 0.002 u 0.002 u 
0.5 B 0.7 B 1.0 B 
0.0009 B 0.0009 B 0.0007 B 
0.002 u 0.002 u 0.002 u 
54 B 48 B 298 
0.002 u 0.002l.l ’ 0.004 
0.002 u 0.002 u 0.003 
0.025 U 0.025 U 0.007 B 
0.38 B 0.66 B 6 
0.002 u 0.002 u 0.004 B 
308 28 B 68 
0.10 u 0.10 u 0.49 
0.0002 u 0.0002 u 0.0002 u 
0.01 u 0.01 u 0.01 u 
0.9 B 0.9 B 2B 
0.002 u 0.002 u 0.002 u 
0.002 u 0.002u , 0.002 u 
12 B 12 B 12 B 
0.002 u 0.002 u 0.002 u 
0.01 u 0.01 u 0.01 u 
0.02 u 0.02 u 0.02 u 

/ I 



SITE: WARMINSTER 
CASE NO. 9710-40004 
LABORATORY: RMC 

AQUEOUS TAL METALS ANALYSES (mgA) 

CLIENT ID: NADC - S8-49-BG-5 
LAB ID: 9023 

CHEMICAL CRDL IDL 

Aluminum 
Artlmor?q 
Arsenic 
Barlun 
Beryllium 
Cadmlun 
Calcium 
Chromlum 
Cobalt 
Copper 

4 

Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potasslun 
Selenlun 
Sltver 
Sodium 
Ttralltum 
Vanadium 
Zinc 

200 1.0 20 
60 0.01 0.01 u 
10 0.002 0.002 u 
200 0.60 1.3 B 
5 0.0005 0.004 B 
5 0.002 0.002 u 
5000 0.50 20 B 
10 0.002 0.005 
50 0.002 0.008 
25 0.025 0.19 B 
100 0.10 18 
3 0.002 0.01 B 
5000 0.60 48 
15 0.10 4 
0.2 0.0002 0.0002 u 
40 0.01 0.04 
5000 0.50 28 
6 0.002 0.002 u 
10 0.002 0.002 u 
5000 0.50 7.4 B 
10 0.002 0.002 u 
50 0.01 0.032 K 
20 0.02 0.06 B 





DATE: 09/28/92 

PAGE: 2 

SAMPLE ID NUMBER: 

SAMPLE TYPE: 

UNITS: 
____------------- 

COMPOUND 
_______-_____-- 

ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

CYANIDE 

I RON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANADIUM 

ZINC 

CWSBOI CWSB14 CWSB18 CWSB19 CWSBIP-D DWMW03 DWHW04 

TCLP TCLP TCLP TCLP TCLP DISSO DISSO 

u9/L ug/L ug/L ug/L ug/L ug/L u9fL 
-~~~~~----~~~~__--~~ ------_________----- -_-------__-----____ _--____---____------ ~~^----~~~~~-------- ____________________ __________e-mmmm---- 

3.00 UL(C) 

288.00 

3.00 B 

5.00 u 

1.70 B 

0.20 u 

5.00 UL(p) 

10.00 u 

3.00 u 
745.00 

3.00 u 

5.00 u 

1.00 UL(P) 

0.20 u 

5.00 UL(P) 

10.00 u 

3.00 UL(P) 

527.00 

3.00 

5.00 u 

1.30 B 

0.20 u 

5.00 UL(p) 

10.00 u 

3.00 UL(n) 

742.00 L(m) 

5.00 B 

9.00 B 

1.60 L(p) 

0.20 u 

5.00 u 
10.00 u 

3.00 UL(n) 

742.00 L(m) 

5.00 B 

9.00 8 

1.60 L(p) 

0.20 u 

5.00 u 

10.00 u 

63.00 

3.00 B 

3.00 u 

43000.00 

7.00 B 

6.00 U 

4.00 u 

10.00 UL(n) 

1.00 u 

9240.00 

2.00 L(n) 

0.20 u 

17.00 u 

830.00 

5.00 u 

10.00 u 

11200.00 

2.00 UL(P) 

5.00 u 

4.00 B 

70.00 B 

49.00 u 
2.00 u 

320.00 

3.00 B 

3.00 u 
71500.00 

5.00 u 
8.00 B 

4.00 u 

4300.00 

1.00 B 

11000.00 

676.00 

0.20 u 
17.00 u 

1110.00 

5.00 u 
10.00 u 

11700.00 

2.00 UL(P) 

5.00 B 

305.00 



DATE: 09/28/92 

PAGE: 3 

SAMPLE IO NUMBER: 

SAMPLE TYPE: 

UNITS: 
. . . . . . . . . . . . . . . . . 

COMPOUND 
. . . . . . . . . . . . . . . 

ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

CYANIDE 

I RON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANADIUM 

ZINC 

OWMWO8-D owMw23-0 

OISSO OISSO 

&T/L ug/L 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- 

83.00 B 

49.00 u 

2.00 UL(C) 

377.00 

4.00 B 

4.00 B 

78600.00 

5.00 8 

6.00 U 

4.00 B 

22.00 B 

1.00 u 

12400.00 

1760.00 L(c) 

0.20 u 

17.00 u 

1420.00 

5.00 u 

10.00 u 

13100.00 

2.00 u 

5.00 u 

13.00 B 

78.00 B 

49.00 u 

2.00 u 

469.00 L(n) 

5.00 8 

3.00 u 

64200.00 

5.00 u 

6.00 U 

5.00 B 

23.00 B 

1.70 B 

19800.00 

661.00 L(m) 

0.20 u 

17.00 u 

450.00 

5.00 u 

10.00 u 

10300.00 

2.00 UL(m,p) 

5.00 u 

7.00 B 

. . . 

BWMW31 OWMW3!-0 OWHW32 DWMW33 OWMW34 

OISSO DISSO OISSO OISSO OISSO 

ug/L ug/L ug/L u9/L ug/L 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- . . . . . . . . . . . . . . . . . . . . 

59.00 u 

49.00 u 

2.00 u 

30.00 

5.00 B 

3.00 u 

46400.00 

7.00 B 

6.00 U 

4.00 u 

10.00 u 

3.60 L(n) 

21000.00 

26.00 

0.20 u 

19.00 8 

1610.00 

5.00 u 

10.00 u 

31800.00 

2.00 u 

6.00 B 

4.00 UJ(d) 

92.00 B 

49.00 u 

2.00 u 

28.00 

4.00 B 

3.00 u 

52200.00 

5.00 u 

6.00 U 

4.00 u 

21.00 B 

1.00 UL0-0 

22900.00 

32.00 

0.20 u 

17.00 u 

1910.00 

5.00 u 

10.00 u 

33300.00 

2.00 u 

5.00 u 

4.00 UJ(d) 

81.00 B 

49.00 u 

2.00 u 

41.00 

4.00 B 

3.00 B 

55800.00 

5.00 B 

10.00 B 

4.00 u 

486.00 

1.00 UL(n) 

16300.00 

1750.00 

0.20 u 

78.00 B 

3360.00 

5.00 u 

10.00 u 

31900.00 

2.00 u 

5.00 u 

29.00 J(d) 

94.00 B 

49.00 u 

2.00 u 

81.00 

4.00 5 

3.00 B 

60700.00 

5.00 u 

6.00 U 

4.00 u 

1820.00 

1.00 UL0-t) 

17800.00 

286.00 

0.20 u 

17.00 u 

1090.00 

5.00 u 

10.00 u 

19100.00 

2.00 u 

5.00 u 

174.00 J(d) 

194.00 B 

49.00 u 

2.00 u 

71.00 

4.00 B 

3.00 8 

80100.00 

5.00 u 

6.00 U 

4.00 u 

10.00 u 

1.00 UL(n) 

9780.00 

1.00 B 

0.20 u 

17.00 u 

8460.00 

5.00 u, 

10.00 u 

47700.00 

2.00 u 

6.00 B 

4.00 B 

! i : 1 t i t i 



DATE: 09/28/92 

PAGE: 4 

SAMPLE IO NUMBER: 

SAMPLE TYPE: 

UNITS: 
. . . . . . . . . . . . . . . . . 

COMPOUND 
. . . . . . . . . . . . . . . 

ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CAOM I UM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

CYANIDE 

I RON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANADIUM 

ZINC 

oWMw35 OWMW36 

01SS0 OISSO 

ug/L U9/L 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

73.00 B 

49.00 u 

2.00 u 

221.00 

4.00 B 

3.00 u 

38700.00 

5.00 u 

6.00 U 

4.00 u 

89.00 B 77.00 B 158.00 B 72.00 B 76.00 B 132.00 B 

49.00 u 49.00 u 49.00 u 49.00 u 49.00 u 49.00 u 

2.00 u 2.00 u 2.00 u 2.00 u 2.00 u 2.00 u 

92.00 67.00 60.00 94.00 93.00 133.00 

4.00 B 4.00 B 4.00 B 4.00 B 4.00 B 4.00 B 

3.00 u 3.00 u 3.00 u 3.00 B 3.00 u 3.00 u 

40900.00 27900.00 54100.00 55000.00 54800.00 21400.00 

5.00 u 5.00 u 5.00 u 5.00 u 5.00 u 5.00 u 

6.00 U 6.00 U 6.00 U 6.00 U 6.00 u 6.00 u 

5.00 B 4.00 u 6.00 B 4.00 u 4.00 u 4.00 u 

10.00 u 10.00 u 57.00 B 40.00 B 3740.00 

1.00 UL(n) 1.00 UL(n) 1.00 UL(n) 1.00 UL(n) 1.00 ULW 

13100.00 16100.00 10600.00 15700.00 16200.00 

74.00 243.00 52.00 636.00 393.00 

0.20 u 0.20 u 0.20 u 0.20 u 0.20 u 

17.00 B 17.00 u 17.00 u 19.00 B 17.00 u 

1320.00 2340.00 4410.00 2150.00 928.00 

5.00 u 5.00 u 5.00 u 5.00 u 5.00 u 

10.00 u 10.00 u 10.00 u 10.00 u 10.00 u 

11300.00 24400.00 18800.00 40300.00 17900.00 

2.00 u 2.00 ULCp) 2.00 u 2.00 u 2.00 u 

5.00 u 5.00 u 5.00 u 5.00 u 5.00 u 

6.00 B 10.00 B 43.00 J(d) 4.00 B 5.00 B 

OWN37 

OISSO 

U9/L 
. . . . . . . . . . . . . . . . . . . 

OWMW38 oWMw39 oWMw39-0 

DISSO OISSO OISSO 

ug/L ug/L ug/L 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

3980.00 

1.00 ULCn) 

16200.00 

378.00 

17.00 u 

960.00 

5.00 u 

10.00 u 

18000.00 

5.00 u 

5.00 8 

. . . . . 

OWMWO 

OISSU 

ug/L 
. . . . . . . . . . . . . . . . . . . . 

129.00 

1.00 UL0-0 

5820.00 

5.00 B 

0.20 u 

17.00 u 

722.00 

5.00 u 

10.00 u 

9590.00 

2.00 u 

5.00 u 

8.00 8 
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SAMPLE IO NUMBER: 

SAMPLE TYPE: 

UNITS: 
. . . . . . . . . . . . . . . . . 

COMPOUND 
. . . . . . . . . . . . . . . 

ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

CYANIDE 

I RON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANADIUM 

ZINC 

oWNw41 OWMW42 OWMW43 

88.00 B 

49.00 u 
2.00 ULCp) 

199.00 

3.00 B 

3.00 u 
30600.00 

5.00 u 
6.00 U 

5.00 B 

37.00 L(n) 

1.60 K(m) 

8750.00 

40.00 

0.20 R(m) 

17.00 u 

1790.00 B 

5.00 u 
10.00 u 

10400.00 

2.00 u 
5.00 u 
6.00 

f 1 

101.00 B 

49.00 u 

2.00 u 

251.00 

3.00 B 

4.00 B 

45800.00 

5.00 u 

6.00 B 

5.00 B 

10.00 ULCn) 

1.00 u 

20800.00 

43.00 

0.20 R(m) 

17.00 u 

2110.00 B 

5.00 u 

10.00 u 

13300.00 

2.00 u 

6.00 

4.00 u 

101.00 B 

49.00 u 

2.00 u 

38.00 

3.00 B 

3.00 u 

47100.00 

31.00 

12.00 B 

4.00 B 

10.00 ULCn) 

1.00 u 

19800.00 

71.00 

0.20 R(m) 

17.00 u 

2880.00 

5.00 u 

10.00 u 

29500.00 

2.00 u 

5.00 u 

20.00 

. . . 

OWMW44 

OISSO 

u9fL 
. . . . . . . . . . . . . . 

106.00 B 

49.00 u 

2.00 u 

343.00 

3.00 B 

3.00 u 

45800.00 

5.00 u 

9.00 B 

4.00 B 

4840.00 

1.00 u 

20900.00 

4190.00 

0.20 R(m) 

17.00 u 

2030.00 B 

5.00 u 

10.00 u 

30700.00 

2.40 B 

5.00 

7.00 

. . . . . . 

ObMW45 ouMw45-0 

OISSO OISSO 

u9fL ug/L 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

113.00 B 

49.00 u 

2.00 u 

629.00 

3.00 B 

3.00 u 

45800.00 

5.00 u 

6.00 B 

5.00 B 

16.00 L(n) 

1.00 u 

9400.00 

14.00 

0.20 R(m) 

17.00 u 

1140.00 B 

5.00 u 

10.00 u 

10200.00 

2.00 u 

5.00 u 

11.00 

82.00 B 

49.00 u 

2.00 u 

666.00 

3.00 B 

3.00 u 

46800.00 

5.00 u 

6.00 B 

4.00 u 

10.00 UL(n) 

1.00 u 

9580.00 

9.00 

0.20 R(m) 

17.00 u 

1040.00 B 

5.00 u 

10.00 u 

10100.00 

2.00 u 

5.00 u 

4.00 

OWMW46 

DISSO 

ug/L 
. . . . . . . . . . . . . . . . . . . . 

80.00 B 

49.00 u 

2.00 u 

161.00 

3.00 B 

3.00 B 

17300.00 

5.00 u 

6.00 U 

5.00 B 

10.00 ULCn) 

1.00 u 

5340.00 

4.00 

0.20 R(m) 

17.00 u 

1150.00 B 

5.00 u 

10.00 u 

6970.00 

2.00 u 

5.00 u 

17.00 
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SAMPLE IO NUMBER: 

SAMPLE TYPE: 

UNITS: 
. . . . . . . . . . . . . . . . . 

COMPOUND 
. . . . . . . . . . . . . . . 

ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUH 

CHROMIUM 

COBALT 

COPPER 

CYANIDE 

I RON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANADIUM 

ZINC 

OSWF06-0 DW617FB 

OISSO 01SS0 

u9fL u9fL 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

103.00 B 

49.00 u 

2.00 u 

137.00 

3.00 8 

3.00 

44100.00 

7.00 B 

6.00 B 

9.00 B 

10.00 UL(c) 

1.20 B 

17300.00 

272.00 

0.20 u 

19.00 

1960.00 

5.00 u 

10.00 u 

23200.00 

2.00 ULCp) 

5.00 B 

76.00 

59.00 u 

49.00 u 

3.00 u 

161.00 

4.00 B 

3.00 u 

34600.00 

6.00 B 

6.00 U 

26.00 

10.00 u 

8.80 B 

13700.00 

2.00 B 

0.20 u 

17.00 u 

1210.00 B 

5.00 u , 

10.00 u 

9720.00 

2.00 u 

5.00 u 

132.00 

OW618FB ow622FB 

OISSO 01ss0 

u9fL u9fL 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

99.00 B 

49.00 UL(n) 

3.00 u 

34.00 

4.00 B 

3.00 B 

22300.00 

5.00 u 

6.00 U 

4.00 u 

11.00 B 

2.40 

13700.00 

292.00 

0.20 u 

26.00 B 

1100.00 

5.00 u 

10.00 u 

9960.00 

2.00 ULCP) 

5.00 u 

8.00 

93.00 B 

49.00 u 

3.00 UL(p,n) 

21.00 u 

3.00 B 

3.00 B 

17.00 u 

5.00 u 

6~00 u 

4.00 B 

10.00 u 

1.00 ULCp) 

40.00 u 

1.00 B 

0.20 u 

17.00 u 

383.00 U 

5.00 u 

10.00 u 

50.00 u 

2.00 u 

6.00 8 

6.00 

I 

OW624FB 

OISSO 

U9fL 
. . . . . . . . . . . . . . . . . 

110.00 B 

49.00 u 

2.00 u 

21.00 u 

3.00 B 

3.00 u 

18.00 B 

9.00 B 

6.00 B 

4.00 u 

10.00 UL(n) 

1.00 u 

40.00 u 

1.00 UL(n) 

0.20 u 

17.00 u 

383.00 U 

5.00 u 

10.00 u 

50.00 u 

2.00 u 

5.00 u 

4.00 u 

I 

OW624RB OW626R8 

OISSO o1sso 

u9fL U9fL 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

81.00 B 

49.00 u 

2.00 u 

21.00 u 

3.00 B 

3.00 u 

25.00 B 

9.00 B 

7.00 B 

4.00 B 

26.00 B 

1.20 B 

40.00 u 

1.00 ULCn) 

0.20 u 

17.00 u 

383.00 U 

5.00 u 

10.00 u 

50.00 u 

2.00 u 

6.00 

9.00 

69.00 B 

49.00 u 

2.00 ULCn) 

21.00 u 

4.00 B 

3.00 B 

21.00 B 

5.00 u 

6.00 U 

4.00 B 

10.00 u 

1.00 ULCP) 

44.00 B 

1.00 UL(n) 

0.20 u 

17.00 u 

383.00 U 

5.00 u 

10.00 u 

50.00 u 

2.00 u 

5.00 u 

5.00 B 
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SAMPLE IO NUMBER: 

SAMPLE TYPE: 

UNITS: 
. . . . . . . . . . . . . . . . . 

COMPOUND 
. . . . . . . . . . . . . . . 

ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CAOM I UM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

CYANIDE 

IRON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANADIUM 

ZINC 

OW630RB OW702RB 

OISSO TOTAL 

u9fL u9/L 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

59.00 u 

49.00 u 

2.00 u 

21.00 UL(n) 

5.00 8 

4.00 B 

61.00 B 

5.00 u 

6.00 u 

6.00 B 

10.00 u 

1.00 UL(n) 

40.00 UL(m) 

2.00 B 

0.20 u 

17.00 u 

383.00 U 

5.00 u 

10.00 u 

184.00 B 

2.00 UL(m) 

5.00 u 

4.00 

90.00 B 

49.00 u 

2.00 u 

21.00 u 

4.00 B 

3.00 u 

17.00 u 

5.00 u 

6.00 U 

4.00 u 

10.00 u 

2.60 L(n) 

40.00 u 

1.00 B 

0.20 u 

17.00 u 

383.00 u 

5.00 u 

10.00 u 

50.00 u 

2.00 u 

5.00 u 

5.00 J(d) 

. . . . 

OWMWOl owMwo2 

OISSO 01SS0 

ug/L U9/L 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

92.00 B 

49.00 u 

2.00 u 

110.00 

3.00 B 

3.00 u 

43900.00 

7.00 B 

6.00 U 

4.00 u 

1910.00 

1.00 u 

8990.00 

362.00 

0.20 u 

17.00 u 

948.00 

5.00 u 

10.00 u 

9680.00 

2.00 ULCP) 

6.00 B 

5.00 B 

111.00 8 

49.00 u 

2.00 u 

643.00 

3.00 B 

3.00 u 

28300.00 

5.00 u 

6.00 U 

4.00 u 

7490.00 

1.00 u 

7290.00 

682.00 

0.20 u 

17.00 u 

927.00 

5.00 u 

10.00 u 

11100.00 

2.00 UL(P) 

5.00 u 

13.00 B 

. . . . 

ouMw03 owMwo5 

OISSO OISSO 

U9/L u9fL 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

102.00 B 

49.00 u 

2.00 u 

63.00 

3.00 B 

43000.00 

7.00 B 

6.00 U 

4.00 u 

10.00 ULCn) 

1.00 u 

9240.00 

2.00 L(n) 

0.20 u 

17.00 u 

830.00 

5.00 u 

10.00 u 

11200.00 

2.00 UL(p) 

5.00 u 

4.00 B 

66.00 B 

49.00 u 

2.00 UL(n) 

221 .oo 

4.00 B 

3.00 B 

53600.00 

5.00 u 

6.00 U 

4.00 B 

10.00 u 

1.20 B 

7970.00 

129.00 L(n) 

0.20 u 

17.00 u 

910.00 

5.00 u 

10.00 u 

10300.00 

2.00 u 

5.00 B 

8.00 B 

. . . . 

0binwO6 

OISSO 

u9fL 
. . . . . . . . . . . . . . . . . . . . 

81.00 B 

49.00 u 

2.00 ULCn) 

397.00 

4.00 B 

3.00 u 

46300.00 

5.00 B 

6.00 U 

4.00 B 

12.00 B 

1.20 B 

11800.00 

186.00 

0.20 u 

17.00 u 

1460.00 

5.00 u 

10.00 u 

9480.00 

2.00 u 

5.00 u 

5.00 B 
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SAMPLE IO NUMBER: 

SAMPLE TYPE: 

UNITS: 
. . . . . . . . . . . . . . . . . 

COMPOUND 
. . . . . . . . . . . . . . . 

ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

CYANIDE 

I RON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANADIUM 

ZINC 

f f f 1 s 

ouMwo7 DkjMW08 OWW09 0wMw10 OUMWI 1 OuMW12 oMlw13 

OISSO OISSO OISSO OISSO OISSO OISSO OISSO 

u9fL u9fL q/L u9fL u9fL ug/L ug/l. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

89.00 B 

49.00 u 

2.00 ULCn) 

166.00 

4.00 B 

6.00 B 

25400.00 

5.00 u 

6.00 U 

4.00 B 

1430.00 

1.20 B 

10300.00 

367.00 

0.20 u 

23.00 

1710.00 

5.00 u 

10.00 u 

10400.00 

2.00 u 

5.00 u 

6.00 B 

91.00 B 

49.00 u 

2.00 UL(n) 

402.00 

4.00 B 

3.00 B 

82000.00 

5.00 u 

6.00 u 

4.00 B 

16.00 B 

1.70 B 

12800.00 

1760.00 

0.20 u 

17.00 u 

1590.00 

5.00 u 

10.00 u 

13500.00 

2.00 u 

5.00 u 

16.00 B 

59.00 u 

49.00 u 

2.00 UL(n) 

435.00 

4.00 B 

3.00 B 

53000.00 

6.00 B 

6.00 U 

4.00 B 

11.00 B 

1.00 u 

16800.00 

1.00 B 

0.20 u 

17.00 u 

1690.00 

5.00 u 

10.00 u 

10400.00 

2.00 u. 

5.00 8 

4.00 B 

249.00 B 

49.00 u 

2.00 UL(n) 

61.00 

4.00 B 

3.00 u 

12600.00 

5.00 B 

6.00 U 

4.00 B 

108.00 B 

1.30 B 

3370.00 

15.00 L(n) 

0.20 u 

17.00 u 

980.00 

5.00 u 

10.00 u 

11400.00 

2.00 u 

5.00 B 

11.00 B 

87.00 B 

49.00 u 

2.00 ULCn) 

227.00 

4.00 B 

4.00 B 

45400.00 

5.00 B 

6.00 u 

4.00 B 

24.00 B 

2.00 B 

14200.00 

38.00 L(n) 

0..20 u 

17.00 u 

994.00 

5.00 u 

10.00 u 

17000.00 

2.00 Ul(p) 

5.00 u 

32.00 

82.00 B 

49.00 u 

2.00 ULCn) 

92.00 

4.00 B 

3.00 u 

36000.00 

5.00 u 

6.00 u 

4.00 u 

1460.00 

1.00 u 

16000.00 

391.00 

0.20 u 

25.00 

1700.00 

5.00 u 

10.00 u 

9110.00 

2.00 UL<p) 

5.00 B 

73.00 

73.00 B 

49.00 u 

2.00 UL0-Q 

60.00 

4.00 B 

3.00 u 

18700.00 

5.00 u 

6.00 U 

4.00 B 

2020.00 

1.00 u 

9ooo.o(J 

30.00 L(c) 

0.20 u 

17.00 u 

1220.00 

5.00 u 

10.00 q 

7070.00 

2.00 ULCP) 

5.00 u 

11.00 B 

3 
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SAMPLE ID NUMBER: oWMw14 oWMw15 0WMwl6 

SAMPLE TYPE: 01ss0 OISSO OISSO 

UNITS: U9fL u9fL u9fL 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

COMPOUND 
. . . . . . . . . . . . . . . 

ALUM1 NUM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CAOM IUM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

CYANIDE 

IRON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANAO IUM 

ZINC 

75.00 B 

49.00 u 

2.00 UL(n) 

21.00 u 

4.00 B 

3.00 B 

9430.00 

5.00 u 

6.00 U 

4.00 B 

31.00 B 

3.40 B 

4380.00 

8.00 L(c) 

0.20 u 

17.00 u 

781.00 

5.00 u 

10.00 u 

8150.00 

2.00 UL(p) 

6.00 B 

11.00 B 

84.00 B 

49.00 u 

2.00 UL(n) 

293.00 

4.00 B 

4.00 8 

61300.00 

6.00 

6.00 U 

4.00 B 

32.00 B 

2.40 B 

17400.00 

5.00 L(C) 

0.20 u 

17.00 u 

1330.00 

5.00 u 

10.00 u 

12100.00 

2.00 u 

5.00 u 

15.00 B 

68.00 B 

49.00 u 

2.00 ULCn) 

63.00 

4.00 B 

3.00 B 

27700.00 

5.00 u 

6.00 U 

4.00 B 

13.00 B 

1.60 B 

11000.00 

8.00 L(c) 

0.20 u 

17.00 u 

885.00 

5.00 u 

10.00 u 

7590.00 

2.00 u 

5.00 B 

8.00 B 

owMw17 

01SS0 

u9fL 
. . . . . . . . . . . . . . . 

88.00 B 

49.00 u 

2.00 u 

83.00 L(n) 

4.00 B 

3.00 u 

12800.00 

12.00 B 

6.00 u 

8.00 B 

15.00 B 

5.20 B 

5860.00 

24.00 L(m) 

0.20 u 

17.00 u 

18100.00 

5.00 u 

10.00 u 

16400.00 

2.00 UL(m) 

7.00 B 

4.00 B 

. . . . . 

OWMW18 owMw19 

OISSO OISSO 

ug/L u9fL 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- 

133.00 B 

49.00 u 

2.00 u 

61.00 L(n) 

4.00 B 

3.00 u 

19400.00 

5.00 B 

6.00 U 

5.00 B 

108.00 B 

49.00 u 

2.00 u 

199.00 L(n) 

4.00 B 

3.00 u 

33900.00 

5.00 B 

6.00 U 

4.00 B 

43.00 B 

3.60 B 

7150.00 

17.00 L(m) 

0.20 u 

17.00 u 

1160.00 

5.00 u 

10.00 u 

10800.00 

2.00 ULCm) 

5.00 u 

4.00 B 

47.00 B 

1.20 B 

16000.00 

2.00 B 

0.20 u 

17.00 u 

913.00 

5.00 u 

10.00 u 

8960.00 

2.00 UT.(m) 

5.00 u 

5.00 B 

0wMw20 

OISSO 

ug/L 
. . . . . . . . . . . . . . . . . . . . 

59.00 u 

49.00 u 

2.00 u 

54.00 L(n) 

5.00 B 

3.00 u 

20400.00 

5.00 u 

6.00 

6.00 B 

5620.00 

1.80 8 

4060.00 

753.00 L(m) 

0.20 u 

17.00 u 

9010.00 

5.00 u 

10.00 u 

31800.00 

2.qO UL(m,p) 

8.00 B 

64.00 
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SAMPLE IO NUMBER: 

SAMPLE TYPE: 

UNITS: 
. . . . . . . . . . . . . . . . . 

COMPOUND 
. . . . . . . . . . . . . . . 

ALUM1 NUM 

ANTIMONY 

ARSENIC 

BAR I UM 

BERYLLIUM 

CADMIUM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

CYANIDE 

I RON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANADIUM 

ZINC 

J f 

ouMw21 

01SS0 

u9fL 
. . . . . . . . . . . . . . . . 

74.00 B 

49.00 u 

2.00 u 

37.00 L(n) 

5.00 B 

3.00 u 

26900.00 

5.00 B 

6.00 u 

6.00 B 

56.00 B 

1.00 ULCn) 

9240.00 

8.00 L(m) 

0.20 u 

17.00 u 

759.00 

5.00 u 

10.00 u 

12700.00 

2.00 UL(m) 

6.00 8 

19.00 B 

. . . . 

J 1 1 ‘1 J II I 

ouNw22 OWMW23 obmd24 OWMW25 

OISSO 01ss0 OISSO OISSO 

u9fL u9fL us/l u9fL 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

74.00 B 

49.00 u 

2.00 u 

56.00 L(n) 

5.00 B 

3.00 u 

22800.00 

5.00 u 

6.00 u 

5.00 B 

6630.00 

1.00 UL(n) 

10900.00 

164.00 L(m) 

0.20 u 

17.00 u 

1310.00 

5.00 u 

10.00 u 

16300.00 

~.2.00 l<rnF 

6.00 B 

11.00 B 

86.00 B 

49.00 u 

2.00 u 

500.00 L(n) 

5.00 B 

3.00 u 

65200.00 

5.00 B 

6.00 U 

6.00 B 

12.00 B 

1.60 B 

19800.00 

810.00 L(m) 

0.20 u 

17.00 u 

408.00 

5.00 u 

10.00 u 

10300.00 

2.00 ULCm) 

5.00 B 

4.00 B 

59.00 u 

49.00 u 

2.00 u 

22.00 L(n) 
_-- 

5.00 B 

3.00 u 

24300.00 

5.00 B 

6.00 u 

5.00 6 

12.00 B 

1.40 B 

11700.00 

3.00 B 

0.20 u 

17.00 u 

715.00 

5.00 u 

10.00 u 

10600.00 

2.00 UL(m,p) 

5.00 B 

16.00 B 

. . 

59.00 B 

49.00 u 

2.00 u 

169.00 L(n) 

5.00 B 

3.00 u 

53800.00 

5.00 u 

6.00 6.6 

5.00 B 

2.00 ULCm,p) 

5.00 u 

8.00 B 

13.00 B 

1.40 B 

23300.00 

36.00 L(m) 

0.20 u 

17.00 u 

1130.00 

5.00 u 

10.00 u 

14700.00 

owHW26 

01ss0 

ug/L 
. . . . . . . . . . . . . . . . . . . . . 

59.00 B 

49.00 u 

2.00 u 

74.00 L(n) 

5.00 B 

3.00 u 

53300.00 

60.00 

6.00 U 

7.00 B 

22.00 B 

1.00 UL(n) 

18200.00 

2.00 

32.00 L(m) 

UL(m,p) 

0.20 u 

17.00 u 

1430.00 

5.00 

5.00 u 

u 

10.00 u 

22900.00 

9.00 B 

ouMW27 

01ss0 

ug/L 
. . . . . . . . . . . . . . . . . . . . 

66.00 B 

49.00 u 

2.00 u 

193.00 L(n) 

5.00 6 

3.00 u 

33000.00 

7.00 B 

6.00 U 

6.00 B 

64.00 B 

2.00 B 

14800.00 

31.00 L(m) 

0.20 u 

17.00 u 

832.00 

5.00 u 

10.00 u 

14100.00 

2.00 UL(m) 

6.00 6 

20.00 B 
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SAMPLE IO NUMBER: OWMW28 OWMW29 OWMW30 OWSWFOl 

SAMPLE TYPE: OISSO OISSO 01SS0 OISSO 

UNITS: u9fL u9fL u9fL u9fL 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

COMPWNO 
. . . . . . . . . . . . . . . 

ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CAOMI UM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

CYANIDE 

IRON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANADIUM 

ZINC 

59.00 u 

49.00 u 

2.00 u 

271.00 L(n) 

5.00 B 

3.00 u 

34900.00 

6.00 B 

6.00 u 

4.00 B 

300.00 

1.00 UL(n) 

18400.00 

26.00 L(m) 

0.20 u 

17.00 u 

723.00 

5.00 u 

10.00 u 

11800.00 

2.00 UL(m) 

5.00 u 

11.00 B 

59.00 u 

49.00 u 

2.00 u 

286.00 L(n) 

5.00 B 

3.00 u 

38600.00 

7.00 B 

6.00 U 

6.00 B 

29.00 B 

1.00 UL(n) 

17100.00 

8.00 L(m) 

0.20 u 

17.00 u 

1270.00 

5.00 u 

10.00 u 

11400.00 

2.00 UL(m) 

5.00 u 

5.00 B 

59.00 u 

49.00 u 

2.00 u 

89.00 L(n) 

5.00 B 

3.00 u 

55200.00 

5.00 B 

12.00 

5.00 B 

1170.00 

1.00 UL(n) 

28000.00 

4220.00 L(m) 

0.20 u 

17.00 u 

3800.00 

5.00 u 

10.00 u 

54200.00 

2.00 UL(m) 

5.00 B 

46.00 

146.00 5 

49.00 u 

3.00 UL(n) 

50.00 

3.00 8 

3.00 B 

9860.00 

5.00 u 

6.00 u 

4.00 u 

93.00 B 

1.00 UL(P) 

4610.00 

25.00 

0.20 u 

17.00 u 

1690.00 

5.00 u 

10.00 u 

7810.00 

2.00 u 

9.00 5 

4.00 B 

I j 

OWSWFOZ OWSWF03 OWSWF04 

114.00 B 

49.00 u 

3.00 UL(n) 

38.00 

3.00 B 

3.00 B 

13200.00 

5.00 u 

7.00 B 

4.00 u 

177.00 

1.00 UL(P) 

6170.00 

34.00 

0.20 u 

17.00 u 

1280.00 

5.00 u 

10.00 u 

7200.00 

2.00 u 

7.00 B 

5.00 B 

71.00 B 

49.00 u 
3.00 UL(n) 

122.00 

4.00 8 

4.00 B 

48100.00 

5.00 u 
6.00 U 

4.00 B 

44.00 B 

1.00 u 

15900.00 

162.00 

0.20 u 
17.00 B 

2320.00 

5.00 u 
10.00 u 

45600.00 

2.00 u 
5.00 u 

16.00 B 

108.00 B 

49.00 u 

3.00 UL(n) 

53.00 

3.00 B 

3.00 u 

15200.00 

5.00 u 

6.00 U 

4.00 u 

84.00 B 

1.00 UL(p) 

6320.00 

73.00 

0.20 u 

17.00 u 

1290.00 

5.00 u 

10.00 u 

9530.00 

2.00 u 

5.00 B 

4.00 u 

I I ! 



J t 
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SAMPLE IO NUMBER: OWSWFOS OWSWF06 

SAMPLE TYPE: 01ss0 OISSO 

UNITS: U9fL w/L 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

COMPOUND 
. . . . . . . . . . . . . . . 

ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

CYANIDE 

I RON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANADIUM 

ZINC 

77.00 6 

49.00 u 

2.00 u 

76.00 

3.00 6 

3.00 u 

20700.00 

6.00 6 

6.00 U 

4.00 u 

109.00 6 

1.00 u 

8350.00 

39.00 L(c) 

0.20 u 

17.00 u 

1390.00 

5.00 u 

10.00 u 

7990.00 

2.00 UL(p) 

5.00 u 

20.00 6 

96.00 6 

49.00 u 

2.00 u 

130.00 

3.00 B 

3.00 u 

42000.00 

8.00 6 

7.00 B 

7.00 6 

22.00 6 

1.40 B 

16600.00 

272.00 

0.20 u 

17.00 u 

1760.00 

5.00 u 

10.00 u 

21700.00 

2.00 UL(p) 

5.00 6 

72.00 

3 1 I f I 1 J 1 

TW616RB TW617RB TW618FB TW618RB 

TOTAL TOTAL TOTAL TOTAL 

ug/L u9fL u9fL u9fL 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

59.00 u 

49.00 u 

3.00 UL(n) 

21.00 u 

4.00 6 

3.00 u 

95.00 6 

5.00 u 

6.00 U 

5.00 6 

10.00 u 

68.00 B 

1.00 UL(n) 

40.00 u 

1.00 6 

0.20 u 

17.00 u 

444.00 6 

5.00 UJ(n) 

10.00 u 

50.00 u 

2.00 UL(c) 

5.00 u 

14.00 B 

62.00 6 

49.00 u 

5.60 K(p) 

167.00 

4.00 B 

3.00 6 

35500.00 

6.00 6 

6.00 B 

30.00 

10.00 u 

54.00 6 

1.20 6 

13900.00 

8.00 

0.20 u 

17.00 u 

1170.00 B 

5.00 u 

10.00 u 

9860.00 

2.00 UL(c) 

5.00 u 

115.00 

157.00 6 

49.00 UL(n) 

2.00 u 

36.00 

4.00 6 

3.00 u 

22400.00 L(n) 

5.00 u 

7.00 6 

4.00 u 

10.00 u 

1150.00 

2.00 

13800.00 

309.00 

0.20 u 

27.00 B 

946.00 

5.00 UJ(c) 

10.00 u 

10200.00 

2.00 UL(P) 

5.00 u 

6.00 

126.00 B 

49.00 UL(n) 

3.00 u 

21.00 u 

4.00 6 

3.00 6 

99.00 B 

6.00 6 

6.00 B 

5.00 6 

10.00 u 

15.00 6 

1.00 u 

40.00 u 

1.00 B 

0.20 u 

19.00 B 

383.00 U 

5.00 UJ(c) 

10.00 u 

312.00 6 

2.00 u 

5.00 u 

5.00 B 

f 



DATE: 09/28/92 

PAGE: 13 

SAMPLE IO NUMBER: 

SAMPLE TYPE: 

UNITS: 
. . . . . . . . . . . . . . . . . 

COMPOUND 
. . . . . . . . . . . . . . . 

ALUM1 NUM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

CYAN IDE 

IRON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANAO IUM 

ZINC 

i 1 

TW622FB TW622RB 

TOTAL TOTAL 

u9fL u9fL 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

98.00 6 

49.00 u 

3.00 UL(n) 

21.00 u 

3.00 B 

3.00 u 

67.00 6 

5.00 u 

6.00 u 

4.00 6 

10.00 u 

37.00 B 

1.20 B 

40.00 u 

1.00 B 

0.20 u 

17.00 u 

383.00 U 

5.00 u 

10.00 u 

157.00 6 

2.00 u 

7.00 B 

6.00 6 

91.00 6 

49.00 u 

3.00 UL(n) 

21.00 u 

3.00 B 

4.00 B 

99.00 B 

5.00 u 

6.00 B 

4.00 u 

10.00 u 

125.00 

2.20 

42.00 B 

1.00 B 

0.20 u 

17.00 u 

383.00 U 

5.00 u 

10.00 u 

164.00 B 

2.00 u 

6.00 B 

10.00 B 

. . . . . . 

TW624FB TW624RB 

TOTAL TOTAL 

ug/L u9fL 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

114.00 B 

49.00 u 

2.00 UL(P) 

21.00 u 

3.00 B 

3.00 u 

111.00 6 

7.00 6 

6.00 6 

5.00 6 

10.00 u 

10.00 UL(n) 

1.00 u 

40.00 u 

1.00 UL(n) 

0.20 u 

17.00 u 

383.00 U 

5.00 u 

10.00 u 

211.00 6 

3.60 B 

5.00 u 

4.00 6 

108.00 B 

49.00 u 

2.00 UL(p) 

21.00 u 

3.00 B 

3.00 u 

90.00 5 

5.00 B 

6.00 U 

4.00 B 

10.00 u 

10.00 UL(n) 

1.00 u 

40.00 u 

1.00 UL(n) 

0.20 u 

17.00 u 

383.00 U 

5.00 u 

10.00 u 

142.00 6 

2.00 UL(n,p) 

5.00 u 

4.00 u 

I t , 

TW626RB TW630RB 

TOTAL TOTAL 

u9fL ug/L 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

87.00 6 

49.00 u 

2.00 u 

21.00 u 

4.00 6 

4.00 6 

105.00 6 

7.00 B 

6.00 U 

4.00 B 

10.00 u 

26.00 B 

1.00 u 

52.00 B 

1.00 B 

0.20 u 

17.00 u 

383.00 U 

5.00 u 

10.00 u 

187.00 6 

2.00 UL(m) 

5.00 6 

4.00 u 

96.00 B 

49.00 u 

2.00 u 

21.00 u 

3.00 B 

3.00 u 

65.00 6 

5.00 u 

6.00 U 

4.00 6 

10.00 UJ(c) 

21.00 6 

1.00 UL(n) 

40.00 u 

3.00 

0.20 u 

17.00 u 

383.00 U 

5.00 u 

10.00 u 

75.00 

2.00 UL(p) 

5.00 u 

4.00 u 

! ‘1 I ) 

TW702RB 

TOTAL 

u9fL 
. . . . . . . . . . . . . . . . . . . . 

84.00 U 

49.00 u 

2.00 u 

21.00 u 

5.00 B 

3.00 u 

67.00 6 

8.00 B 

6.00 B 

5.00 B 

10.00 u 

42.00 B 

1.30 L(n) 

48.00 

1.00 B 

0.20 u 

17.00 u 

383.00 U 

5.00 R(m) 

10.00 u 

102.00 6 

2.00 u(m) 

5.00 u 

4.00 u 

! i 



DATE: 09/28/92 

PAGE: 14 

SAMPLE ID NUMBER: TWMWOI TWMWOZ TWMW03 TWMW04 TWMWOS TWMW06 TWMW07 

SAMPLE TYPE: TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL 

UNITS: UB/L WL w/L W/L w/L q/L w/L 
_-_---__---______ ---------------m-w-- -----m-------------- ------------_------- -___-_-_-_-------_-_ _______--___________ -------------------- ____________________ 

COMPOUND 

ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUM 

CHRCJMIUM 

COBALT 

COPPER 

CYANIDE 

I RON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

THALLIUM 

VANADIUM 

ZINC 

2360.00 

49.00 u 

2.00 u 

111.00 

3.00 B 

3.00 u 

38900.00 

23.00 B 

6.00 B 

22.00 B 

10.00 u 

9470.00 

10.30 

a5io:oo 

421.00 

0.20 u 

20.00 

1020.00 B 

5.00 u 

10.00 u 

9300.00 

2.00 UL(n,p) 

7.00 B 

14.00 B 

2100.00 

49.00 u 

2.00 u 

628.00 

2.00 B 

5.00 B 

25300.00 

17.00 B 

10.00 B 

11.00 B 

10.00 u 

15400.00 

7.00 B 

7280.00 

614.00 

0.20 u 

19.00 

1500100 B 

5.00 u 

10.00 u 

10300.00 

2.00 UL(n,p) 

a.00 6 

21.00 

956.00 

49.00 u 

2.00 u 

60.00 

2.00 B 

3.00 U 

35300.00 

12.00 B 

6.00 B 

7.00 B 

10.00 u 

1460.00 

1.80 B 

7840.00 

217.00 

0.20 u 

17.00 u 

925.00 B 

5.00 u 

10.00 u 

9590.00 

2.00 UL(n,p) 

5.00 B 

23.00 

15800.00 

49.00 u 

4.00 L(p) 

473.00 

3.00 B 

19.00 K(i) 

70100.00 

60.00 

la.00 B 

86.00 

10.00 u 

77000.00 

1.00 UL(P) 

13600.00 

1020.00 J(n,i) 

0.20 u 

58.00 K(i) 

3260.00 K(i) 

5.00 UL(P) 

10.00 u 

12100.00 K(i) 

2.00 UL(n,p) 

43.00 K(i) 

3330.00 

352.00 B 

49.00 u 

2.00 u 

250.00 

4.00 B 

3.00 B 

56400.00 

5.00 u 

6.00 U 

9.00 B 

10.00 u 

478.00 L(n) 

8.60 B 

8370.00 

253.00 

0.20 u 

17.00 u 

832.00 

5.00 u 

10.00 u 

11000.00 

2.00 UL(m) 

5.00 u 

7.00 B 

4750.00 J(d) 

49.00 u 

2.80 

586.00 

4.00 B 

4.00 B 

54500.00 

12.00 B 

10.00 B 

20.00 B 

10.00 u 

7370.00 L(m) 

6.10 B 

15400.00 

1420.00 

0.20 u 

17.00 u 

3710.00 

5.00 u 

10.00 u 

10400.00 

2.00 UL(m) 

9.00 B 

27.00 

375.00 B 

49.00 u 

2.00 u 

184.00 

4.00 B 

4.00 B 

25100.00 

10.00 B 

7.00 

a.00 B 

10.00 u 

5980.00 L(m) 

6.00 B 

10200.00 

352.00 

0.20 u 

17.00 u 

1820.00 

5.00 u 

10.00 U 

10300.00 

2.00 UL(m) 

5.00 u 

24.00 
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SAMPLE ID NUMBER: 

SAMPLE TYPE: 

UNITS: 
_____________--__ 

COMPOUND 
-_-.-----___--- 

ALUMINUM 

ANTIMONY 

ARSEN I C 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUM 

CHROMIUM 

COBALT , 

COPPER 

CYANIDE 

IRON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANADIUM 

ZINC 

TWMWO8 TWMWM-D TWMWOP 

TOTAL TOTAL TOTAL 

W/L w/L w/L 
-_-_____-_____-___-- ___________________- _-__----__-____-, 

3750.00 J(d) 

49.00 u 

2.00 u 

473.00 

4.00 B 

4.00 B 

78700.00 

11.00 B 

16.00 

29.00 B 

10.00 u 

3710.00 L(m) 

6.00 B 

12500.00 

3390.00 

0.20 u 

17.00 u 

1720.00 

5.00 u 

10.00 u 

13400.00 

2.00 UL(m,p) 

9.00 B 

35.00 

480.00 B 

49.00 u 

2.00 u 

389.00 

4.00 B 

3.00 U 

80200.00 

5.00 u 

6.00 U 

a.00 B 

10.00 u 

462.00 L(n) 

1.00 u 

12400.00 

1900.00 

0.20 U 

17.00 u 

1360.00 

5.00 u 

10.00 u 

13600.00 

2.00 UL(m,p) 

5.00 u 

19.00 B 

2910.00 J(d) 

49.00 u 

2.00 u 

513.00 

5.00 B 

4.00 B 

59000.00 

10.00 B 

6.00 

6.00 B 

10.00 u 

4750.00 L(m) 

4.20 B 

18300.00 

332.00 

0.20 u 

17.00 u 

3000.00 

5.00 u 

10.00 u 

10900.00 

2.00 UL(m,p) 

6.00 B 

35.00 

TWMWIO 

TOTAL 

w/L 
__--_-_____-_- 

3140.00 J(d) 

49.00 u 

3.50 

136.00 

4.00 B 

4.00 B 

12600.00 

5.00 B 

6.00 U 

9.00 B 

10.00 u 

2470.00 L(m) 

8.40 B 

4310.00 

213.00 

0.20 u 

17.00 u 

940.00 

5.00 u 

10.00 u 

10900.00 

2.00 UL(m) 

a.00 B 

29.00 

TWhlWl1 TWMWl2 

TOTAL TOTAL 

ug/L w/L 
____--____________-_ -------.------- 

4720.00 J(d) 

49.00 u 

3.10 

368.00 

4.00 B 

3.00 u 

45400.00 

6.00 B 

6.00 U 

10.00 B 

10.00 u 

4460.00 L(m) 

9.00 B 

15600.00 

326.00 

0.20 u 

la.00 

1150.00 

5.00 u 

10.00 u 

17000.00 

2.00 UL(m) 

6.00 B 

42.00 

1530.00 J(d) 

49.00 u 

2.00 

111.00 

4.00 B 

5.00 B 

34600.00 

la.00 B 

6.00 U 

40.00 

10.00 u 

23900.00 L(m) 

9.50 

15900.00 

467.00 

0.2o.u 

51.00 

1790.00 

5.00 u 

10.00 u 

9930.00 

2.00 UL(m) 

11.00 B 

645.00 

TWMWIJ 

TOTAL 

w/L 
_---_--m--_--w--n--- 

659.00 J(d) 

49.00 u 

3.70 L(p) 

87.00 

4.00 B 

13.00 B 

18100.00 

67.00 

6.00 U 

69.00 

92.00 

73500.00 L(m) 

9.80 

9170.00 

123.00 

0.20 u 

44.00 

383.00 u 

5.00 u 

10.00 U 

50.00 u 

2.00 UL(m) 

25.00 B 

75.00 



DATE: 09/28/92 

PAGE: 16 

SAMPLE ID NUMBER: TWMW14 TWMWIS 

SAMPLE TYPE: TOTAL TOTAL 

UNITS: W/L w/L 

TWMW16 TWMW17 TWMW18 TtiMWl9 TWMWPO 

TOTAL TOTAL TOTAL TOTAL TOTAL 

W/L @3/L w/L w/L w/L 

COMPOUND 

ALUM1 NUM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

CYANIDE 

I RON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANADIUM 

ZINC 

5260.00 J(d) 

49.00 u 

2.00 u 

66.00 

4.00 B 

5.00 B 

10800.00 

13.00 B 

16.00 

14.00 B 

10.00 u 

15400.00 L(m) 

10.20 

6500.00 

1680.00 

0.20 u 

26.00 

2860.00 

5.00 u 

10.00 u 

9100.00 

2.00 UL(m) 

20.00 B 

51.00 

133.00 B 

49.00 u 

2.00 u 

338.00 

4.00 B 

3.00 u 

66100.00 

5.00 u 

6.00 U 

6.00 B 

10.00 u 

224.00 L(n) 

2.00 B 

18300.00 

72.00 

0.20 u 

17.00 u 

1580.00 

5.00 u 

10.00 u 

13000.00 

2.00 UL(m) 

6.00 B 

20.00 B 

2720.00 J(d) 

49.00 u 

2.00 u 

184.00 

4.00 B 

3.00 u 

27200.00 

7.00 B 

6.00 U 

17.00 B 

10.00 u 

3550.00 L(m) 

3.20 B 

11400.00 

1080.00 

0.20 u 

17.00 u 

1300.00 

5.00 u 

10.00 u 

7660.00 

2.00 UL(m) 

10.00 B 

'29.00 

976.00 

49.00 u 

2.00 u 

98.00 

3.00 B 

3.00 u 

11200.00 

15.00 B 

6.00 U 

23.00 B 

10.00 u 

1880.00 L(m) 

9.40 L(n) 

6420.00 

68.00 

0.20 u 

17.00 u 

23200.00 

5.00 u 

10.00 u 

18500.00 

2.00 u 

6.00 

28.00 

42000.00 

49.00 u 

2.40 

969.00 

6.00 B 

10.00 B 

33100.00 

65.00 

56.00 

166.00 

10.00 u 

59700.00 L(m) 

29.20 L(n) 

23500.00 

4090.00 

0.20 u 

98.00 

9690.00 

5.00 UL(p> 

10.00 u 

14700.00 

2.00 u 

79.00 

127.00 

7900.00 

49.00 u 

2.20 L(p) 

432.00 

5.00 B 

3.00 B 

35500.00 

14.00 B 

9.00 B 

17.00 B 

10.00 u 

7610.00 L(m) 

6.20 B 

17700.00 

642.00 

0.20 u 

28.00 

1640.00 

5.00 u 

10.00 u 

9570.00 

2.00 u 

13.00 

4.00 u 

2040.00 

49.00 u 

2.00 u 

94.00 

5.00 B 

3.00 U‘ 

21100.00 

22.00 B 

11.00 B 

5.00 B 

10.00 UJ(c) 

8340.00 L(m) 

3.20 B 

4000.00 

699.00 

0.20 u 

17.00 u 

10900.00 

5.00 u 

10.00 u 

28900.00 

2.00 u 

5.00 u 

129.00 



DATE: 09/28/92 

PAGE: 17 

SAMPLE ID NUMBER: 

SAMPLE TYPE: 

UNITS: 
_--.--_--.-_----- 

COMPOUND 
_----_--.-__..- 

ALUM1 NUM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

CYANIDE 

IRON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANADIUM 

ZINC 

TWMWLI TWMW22 TWMw23 TWMW23-D 

TOTAL TOTAL TOTAL TOTAL 

w/L w/L w/L W/L 
-----_---_____..--_- -...m__._______.-.-a .-..-..---.___-----m .-mm-mm-...----- 

3540.00 

49.00 u 

6.50 

127.00 

5.00 B 

3.00 u 

25600.00 

11.00 B 

26.00 B 

11.00 B 

10.00 u 

6560.00 L(m) 

7.00 B 

9700.00 

536.00 

0.20 u 

26.00 

1680.00 

5.00 u 

10.00 u 

12300.00 

2.00 u 

9.00 

12.00 

59.00 u 

49.00 u 

2.00 UL(P) 

75.00 

5.00 B 

4.00 B 

20300.00 

12.00 B 

9.00 B 

5.00 B 

10.00 u 

10200.00 L(m) 

3.80 B 

10100.00 

160.00 

0.20 u 

17.00 

1220.00 

5.00 u 

10.00 u 

14600.00 

2.00 u 

5.00 u 

13.00 

404.00 B 

49.00 u 

2.00 ULCp) 

582.00 

5.00 B 

3.00 u 

67500.00 

8.00 B 

7.00 B 

5.00 B 

10.00 UJ(c) 

774.00 L(n) 

3.40 B 

20900.00 

3330.00 

0.20 u 

17.00 u 

686.00 

5.00 u 

10.00 u 

10500.00 

2.00 u 

5.00 u 

8.00 

689.00 B 

49.00 u 

2.00 u 

897.00 

5.00 B 

3.00 u 

74100.00 

12.00 B 

22.00 B 

12.00 B 

10.00 UJ(c) 

1790.00 L(m) 

13.30 L(n) 

22800.00 

15800.00 

0.20 u 

17.00 u 

949.00 

5.00 u 

10.00 u 

11100.00 

2.00 U 

6.00 

22.00 

TWw24 

TOTAL 

w/L 
-_-__--____.-.. 

3190.00 

49.00 u 

2.00 u 

75.00 

5.00 B 

3.00 u 

27200.00 

13.00 B 

9.00 B 

5.00 B 

10.00 UJ(c) 

3800.00 L(m) 

3.20 B 

13500.00 

145.00 

0.20 u 

17.00 u 

1170.00 

5.00 u 

10.00 u 

12600.00 

2.00 u 

6.00 

17.00 

_.--.- 

TWMW25 TWMW26 

TOTAL TOTAL 

w/L UB/L 
_...._.______.______ ____._._.__-._-.-.-- 

5500.00 

49.00 u 

2.00 u 

362.00 

5.00 B 

3.00 B 

54000.00 

13.00 B 

13.00 B 

15.00 B 

10.00 UJ(c) 

8900.00 L(m) 

3.30 B 

24500.00 

974.00 

0.20 U 

19.00 

2890.00 

5.00 u 

10.00 u 

14200.00 

2.00 u 

11.00 

28.00 

363.00 B 

49.00 u 

2.00 u 

108.00 

5.00 B 

3.00 u 

49200.00 

58.00 

12.00 B 

5.00 6 

10.00 UJ(c) 

422.00 L(n) 

1.80 B 

17300.00 

89.00 

0.20 u 

18.00 

1450.00 

5.00 u 

10.00 u 

20600.00 

2.00 ULCp) 

5.00 u 

24.00 



1 

DATE: 09/28/92 
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SAMPLE ID NUMBER: 

SAMPLE TYPE: 

UNITS: 
-_--...__-._-__.- 

CDMPWND 

ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

CYANIDE 

IRON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANADIUM 

ZINC 

I 

TWMW27 TWMW28 TWMw29 

TOTAL TOTAL TOTAL 

W/L W/L w/L 

TWMW30 TWMW31 TWNW31-D TWMW32 

TOTAL TOTAL TOTAL TOTAL 

w/L UB/L W/L w/L 
--.------....--mm--- -------------.----.- . . ..-.---.-------..- .-...__...---------- .._--._.._.______._- -___.-------.---.--- ------.------.------ 

33300.00 

49.00 u 

9.80 

583.00 

5.00 B 

3.00 B 

46900.00 

17.00 B 

11.00 B 

90.00 

10.00 UJCc) 

18200.00 L(m) 

98.00 

28000.00 

615.00 

0.41 

17.00 u 

2260.00 

5.00 ULCp) 

10.00 u 

16200.00 

2.00 UL(P) 

14.00 

156.00 

423.00 B 

49.00 u 

2.00 u 

337.00 

3.00 B 

3.00 B 

38100.00 

11.00 B 

15.00 B 

11.00 0 

10.00 UJ(c) 

7430.00 L(m) 

15.20 L(n) 

19500.00 

72.00 

0.20 u 

17.00 u 

1030.00 

5.00 u 

10.00 u 

12900.00 

2.00 UL(p) 

5.00 u 

22.00 

6570.00 

49.00 u 

2.10 

588.00 

3.00 B 

3.00 B 

48700.00 

11.00 B 

6.00 B 

37.00 

10.00 UJ(c) 

7200.00 L(m) 

a.40 8 

22500.00 

973.00 

0.20 u 

17.00 u 

2380.00 

5.00 u 

10.00 u 

12200.00 

2.00 UL(p) 

13.00 

22.00 

8540.00 

49.00 u 

3.10 

183.00 

3.00 B 

4.00 B 

54600.00 

24.00 B 

15.00 B 

14.00 B 

10.00 UJ(c) 

19800.00 L(m) 

a.00 B 

31400.00 

4830.00 

0.20 u 

28.00 

4520.00 

5.00 u 

10.00 u 

55900.00 

2.00 UL(P) 

14.00 

117.00 

183.00 B 

49.00 u 

2.00 u 

38.00 

5.00 B 

3.00 B 

53800.00 

9.00 B 

6.00 U 

8.00 B 

10.00 u 

7560.00 

16.70 L(n) 

23600.00 

100.00 

0.20 u 

17.00 u 

2170.00 

5.00 R(m) 

10.00 u 

33000.00 

2.00 UL(m,p) 

5.00 B 

53.00 

8080.00 

49.00 u 

a.00 

457.00 

5.00 B 

63.00 K(i) 

263000.00 

45.00 B 

17.00 B 

82.00 K(i) 

10.00 u 

345000.00 L(m) 

426.00 L(m) 

54800.00 

2970.00 

0.20 u 

44.00 B 

2570.00 

5.00 R(m) 

10.00 u 

36800.00 K(i) 

2.00 UL(m,p) 

90.00 K(i) 

1100.00 

854.00 

49.00 u 

2.00 u 

56.00 

5.00 B 

7.00 B 

54600.00 

60.00 

13.00 B 

24.00 B 

10.00 u 

24900.00 

25.80 L(n) 

16800.00 

2000.00 

0.20 u 

105.00 

3360.00 

5.00 R(m) 

10.00 u 

29000.00 

2.00 UL(m,p) 

7.00 B 

68.00 



DATE: 09/28/92 
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SAMPLE ID NUMBER: 

SAMPLE TYPE: 

UNITS: 
..-.--..---..--.. 

COMPOUND 

ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

CYANIDE 

I RON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANADIUM 

ZINC 

TWMW33 

TOTAL 

w/L 
_-........---..- 

1210.00 

49.00 u 

2.00 u 

146.00 

5.00 B 

a.00 B 

58500.00 

25.00 B 

7.00 B 

19.00 B 

10.00 u 

30600.00 

11.30 L(n) 

17600.00 

633.00 

0.20 u 

26.00 B 

1280.00 

5.00 R(m) 

10.00 u 

18700.00 

2.00 UL(m,p) 

11.00 B 

1660.00 

TWMW34 

TOTAL 

ug/L 
_-----------_-_.- 

1470.00 

49.00 u 

4.10 

84.00 

5.00 B 

3.00 u 

93800.00 

12.00 B 

6.00 U 

5.00 B 

10.00 u 

3510.00 

5.20 L(n) 

12300.00 

80.00 

0.20 u 

la.00 B 

8690.00 

5.00 R(m) 

10.00 u 

48200.00 

2.00 UL(m,p) 

9.00 B 

26.00 B 

TWMW35 

TOTAL 

W/L 
___._--.-.------- 

112.00 B 

49.00 u 

2.00 u 

224.00 

5.00 B 

3.00 u 

37400.00 

7.00 B 

6.00 U 

4.00 B 

10.00 u 

138.00 8 

1.80 L(n) 

13300.00 

307.00 

0.20 u 

17.00 u 

1770.00 

5.00 R(m) 

10.00 u 

11100.00 

2.00 UL(m,p) 

5.00 B 

16.00 B 

TWMW36 

TOTAL 

l&I/L 
____.___-.---___ 

9990.00 

49.00 u 

2.00 u 

219.00 

5.00 B 

5.00 B 

40400.00 

37.00 B 

11.00 B 

36.00 

10.00 u 

13800.00 

7.40 L(n) 

17800.00 

1210.00 

0.20 u 

25.00 B 

2980.00 

5.00 R(m) 

10.00 u 

24900.00 

2.00 UL(m) 

24.00 6 

31.00 B 

TWMW37 TWMW38 TWMW39 

TOTAL TOTAL TOTAL 

ug/L w/L w/L 
-.-.-.-.--_.__..---- _____-.__-_____----- .---------__...----- 

2880.00 

49.00 u 

2.00 u 

96.00 

5.00 B 

3.00 B 

28100.00 

31.00 B 

8.00 B 

7.00 B 

10.00 U 

4590.00 

5.60 L(n) 

11500.00 

107.00 

0.20 u 

27.00 B 

5370.00 

5.00 R(m) 

10.00 u 

19600.00 

2.00 UL(m,p) 

9.00 B 

61.00 

i58000.00 

49.00 u 

67.50 

1040.00 

15.00 B 

33.00 K(i) 

141000.00 

76.00 

44.00 K(i) 

109.00 K(i) 

10.00 u 

113000.00 

325.00 L(m) 

68500.00 

3870.00 

0.20 u 

121.00 K(i) 

9110.00 

5.00 R(m) 

10.00 u 

42500.00 K(i) 

2.00 UL(m,p) 

101.00 K(i) 

516.00 

1410.00 

49.00 u 

3.30 

119.00 

5.00 B 

11.00 B 

56000.00 

60.00 

9.00 B 

32.00 

10.00 U 

57100.00 

13.50 L(n) 

17100.00 

728.00 

0.20 u 

32.00 B 

1370.00 

5.00 R(m) 

10.00 u 

19700.00 

2.00 UL(m,p) 

22.00 B 

67.00 



DATE: 09/28/92 
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SAMPLE ID NUMBER: 

SAMPLE TYPE: 

UNITS: 
_._---_--.---_--- 

CDMPDUND 

ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

CYAN IDE 

IRON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANADIUM 

ZINC 

TWMW39-D 

TOTAL 

&J/L 
._-----..- 

1820.00 

49.00 u 

4.10 

128.00 

4.00 B 

12.00 B 

59900.00 

62.00 

9.00 B 

29.00 

10.00 u 

58600.00 

16.70 L(n) 

16800.00 

773.00 

0.20 u 

35.00 B 

1240.00 

5.00 R(m) 

10.00 u 

19100.00 

2.00 UL(m) 

13.00 B 

73.00 

TWMW40 

TOTAL 

W/L 
.-..-_-- -__-----, ._. 

TWMW41 

TOTAL 

W/L 
I-.---____ --_____.___-._ 

3460.00 

49.00 u ' 

2.00 u 

203.00 

5.00 B 

3.00 u 

20800.00 

11.00 B 

6.00 U 

13.00 B 

10.00 u 

3060.00 

3.80 L(n) 

6280.00 

351.00 

0.20 u 

19.00 B 

1270.00 

5.00 R(m) 

10.00 u 

9530.00 

2.00 UL(m,p) 

7.00 B 

42.00 

59.00 u 

49.00 u 

2.00 UL(P) 

224.00 

4.00 B 

3.00 u 

30900.00 

8.00 B 

6.00 U 

4.00 u 

10.00 u 

4330.00 J(d) 

5.00 

9080.00 

53.bo 

0.20 R(m) 

17.00 u 

1970.00 B 

5.00 ULCP) 

10.00 u 

10900.00 

2.00 UL(m) 

5.00 u 

9.00 B 

TWMW42 

TOTAL 

W/L 
_ ____---_--..- 

16200.00 75.00 8 9860.00 1390.00 

490.00 u 49.00 u 49.00 u 49.00 u 

9.60 2.00 u 4.20 2.00 u 

4620.00 47.00 486.00 761.00 

5.00 B 4.00 B 3.00 B 3.00 B 

12.00 B 3.00 B 9.00 B 3.00 B 

52700.00 47000.00 49800.00 47300.00 

47.00 B 47.00 B 76.00 5.00 B 

118.00 9.00 B 17.00 B 8.00 B 

1660.00 5.00 B 42.00 10.00 B 

10.00 u 10.00 u 10.00 u 10.00 u 

26400.00 J(d) 7010.00 J(d) 31700.00 J(d) 2070.00 J(d) 

233.00 1.20 36.50 2.40 

25200.00 20400.00 24400.00 10100.00 

32100.00 85.00 4910.00 434.00 

0.67 L(m) 0.20 R(m) 0.20 R(m) 0.20 R(m) 

111.00 26.00 40.00 17.00 u 

3560.00 3030.00 3220.00 1310.00 B 

5.00 u 5.00 u 5.00 u 5.00 u 

20.00 10.00 u 10.00 u 10.00 U 

13900.00 31400.00 31300.00 10300.00 

2.00 UL(m,p) 2.00 UL(m) 2.40 B 2.00 UL(m) 

53.00 5.00 u 22.00 5.00 u 

1010.00 12.00 B 135.00 12.00 B 

1 J 

TWMW43 

TOTAL 

W/L 
--. _-_-.---.-. .-.-. ---. 

f 1 

TWMW44 TWMW45 

TOTAL TOTAL 

w/L w/L 
..-.-. _.._.._...--__-_-._- _-...--..--------... 



DATE: 09/28/92 

PAGE: 21 

SAMPLE ID NUMBER: TkMW45-D TWMW46 TWSBOI TWSB02 TWSBOZ-D TWSBD3 TWSB04 

SAMPLE TYPE: TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL 

UNITS: W/L w/L w/Q mg/Kg mg/Q w/Kg w/Kg 
-_.____-_.-.__.__ -..---~...-_-~~~--~- _____...._.._.__.~.. ..-_-_._._.____...._ _.__-_____._-___.___ .-..___._________..- -.___._....____mm-.. me.--------------.-. 

COMPOUND 
__.__..____.__. 

ALUMINUM 

ANTIMONY 

ARSEN I C 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

CYANIDE 

I RON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANADIUM 

ZINC 

2680.00 

49.00 u 

2.00 u 

711.00 

3.00 B 

3.00 u 

42100.00 

11.00 B 

7.00 0 

11.00 B 

10.00 u 

4500.00 J(d) 

3.20 

9150.00 

500.00 

0.20 R(m) 

17.00 

1440.00 0 

5.00 u 

10.00 u 

9940.00 

2.00 UL(m) 

9.00 

20.00 0 

3070.00 

49.00 u 

2.00 u 

302.00 

3.00 B 

3.00 u 

17200.00 

5.00 u 

II.00 B 

18.00 B 

10.00 u 

3710.00 J(d) 

2.20 

5810.00 

1290.00 

0.20 R(m) 

19.00 

1600.00 0 

5.00 u 

10.00 u 

6980.00 

2.80 0 

7.00 

15.00 B 

16600.00 

lo.80 ULCm) 

4.80 0 

71.60 0 

0.88 B 

2.70 B 

722.00 B 

28.10 K(m) 

11.00 

9.70 B 

1.50 u 

24300.00 

ii.80 

2380.00 B 

512.00 

0.11 u 

12.80 

892.00 

1.10 UJ(c) 

2.20 u 

910.00 0 

0.45 UL(n) 

34.70 

35.80 0 

14600.00 15200.00 11700.00 

10.90 UL(m) 62.50 L(m) 13.00 B 

8.40 J(c) 12.10 J(c) 2.70 0 

722.00 824.00 459.00 

1.10 B 1.20 0 1.10 B 

22.60 L(m) 22.20 L(m) la.40 L(m) 

28700.00 B 28700.00 B 8850.00 0 

97.00 K(m) 211.00 K(m) 47.30 K(m) 

13.50 15.00 12.20 

4690.00 2160.00 278.00 

2.10 u 1.60 U 1.80 U 

62500.00 79400.00 32900.00 

904.00 J(c,p) 15.10 466.00 

7570.00 B 9160.00 0 5250.00 B 

1180.00 1850.00 662.00 

2.40 2.60 4.70 

109.00 179.00 22.50 

1200.00 1090.00 1060.00 

1.20 UJCc) 1.10 UJ(c) 1.10 UJ(c) 

98.10 67.10 24.00 

2470.00 0 2310.00 B 1320.00 0 

0.49 W(n) 0.46 UL(n) 0.42 UL(n) 

42.80 41.10 38.10 

4890.00 2920.00 3040.00 

19200.00 

11.30 UL(m) 

5.30 B 

74.70 B 

1.20 B 

3.00 B 

2090.00 B 

29.30 K(m) 

a.10 B 

13.10 0 

1.70 u 

29800.00 

16.80 

3300.00 B 

454.00 

0.11 u 

11.10 

1070.00 

1.10 UJ(c) 

2.30 U 

1140.00 

0.42 UL(n) 

40.30 

41.70 B 
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SITE: WAAMlNSTTtR NAVAL BASE 
CASE 3833, BOG W-OS-01 
LAEORATORY: CElMlC CORPORATION 

AQUEOUS METAL ANALYSES (UG/L) 

CLIENT IO: W-OS-01 W-OS-01-D W-05-02 W-OS-03 W-OS-04 W-SW-07 . 
LM ID: m3B7-ms ax397-o2S oo397-03s axx#7- ws m397- 14s oLo97-08s 

ANALYTE CRIX IDL 

Aluminum 200 
MnJw 60 
krrnlc 
Bafium & 
RayUlum 6 
cadmlull 5 
Cakkrm 6000 
Chomlum 10 
COtM 60 
2 25 

im 
Lead 3 
Magpeslum 6CXlO 
L(anganess 15 
MOrCUy a2 
Nickel 40 
Potarsium 6000 
Sebnium 5 
sws 
Sodium El0 
TMUum 
Vanadium :: 
zklc 20 

690 
49.0 
30 
21.0 
1.0 
3.0 
17.0 
5.0 
80 
4.0 
IQ0 
1.0 
4flO 
1.0 
a20 
17.0 
3B3 
5.0 
Ill0 
50.0 
20 
5.0 
4.0 

76.0 B 
49.0 U 
30 U 
238 
4.0 0 
5.0 B 
47900 J(o) 

280 00 :: 
6.0 0 
$00 U 
158 Jk n) 
iii00 JW 
10.0 
a20 U 
17.0 U 
1600 0 
5.0 U 
ia0 U 
12700 
20 WPI 
5.0 U 
41.0 

97.0 
49.0 
30 
251 
SO 

0 
U 

0 
U 

0 
U 
U 

30 
495m 
3ao 
60 
6.0 
630 
31.2 
iiBm 
la0 
a20 
17.0 

0 
B 
J(o) 
B 
U 
B 
0 
K(m) 
JW 

5.0 
60 
6.0 
130 
2.6 
ifiim 
330 
a20 
17.0 

0 
B 
JW 
U 
U 
6 

i 
J(O) 

104 
49.0 
4.3 
374 

2 
359m 
SO 
Bo 
3QO 
130 
1.0 
14om 
1.0 
a20 
11.0 

0 
U 

0 
W(d) 
J(o) 
U 
U 
B 
0 

61.0 
49.0 
32 
214 
4.0 
3.0 
346m 
7.0 
60 
6.0 
iao 

UL(n) 1.0 
J(o) iilm 
0 260 
U a20 

0 

UJ(d) 
J(O) 
8 
U 
B 
U 

UUn) 
J(O) 

113 
49.0 
30 
9ao 
30 
3.0 
23om 
6.0 

.BO 
4.0 
1BO 
1.0 

0 

UJ(d) 
J(o) 
B 
U 
B 
0 

UUn) 
J(o) 

5.0 
400 
lzQ90 
20 
5.0 
5ao 

5.0 
*a0 
IPOO 

s”o” 
2ao 

U 
U 
B 
U 
U 

wa 

:: 

1030 
5.0 
iao 
?kHO 

:o” 
220 

U 17.0 

L4 
1400 
5.0 

U 400 
8970 

wP9. 20 
u 6.0 

130 

440 
a20 
17.0 
1320 
5.0 
iao 
12100 
20 
5.0 
130 

U 
U 
0 
U 
U 

ULO 

:: 

t I 



gata Qualifier Key: 

U 

B 

Value is a nondetect as reported by the laboratory. 

Positive result is considered to be a false positive due to blank 
contamination. 

K(m) Positive sample result is considered to be biased high due to high 
matrix spike recovery. 

J(o) Positive result is considered to be estimated due to ICP serial 
dilution %D > 10%. 

JObn) Positive result is considered to be estimated due to negative 
laboratory blank concentrations and high matrix spike recovery. 

UJ(o) Nondetect is considered to be estimated due to ICP serial dilution %D 
. > 10%. 

UJ(d) Nondetect is considered to be estimated due to laboratory duplicate 
imprecision. 

UL(n) Nondetect is considered to be biased low due to negative laboratory 
blank concentrations. 

UL(P) Nondetect is considered to be biased low due to low GFAA PDS recovery. 

1 I ! 



SITE: WARMlNSlER NAVAL BASE 
CASE 3933, SDG TW-OS-M 
LABORATORY: CEIMIC COAPOAATION 

AQUEOUS METAL ANALYSES (UG/L) 

CLIENT ID: MI-OS-01 TW-OS-01-D l-w-OS-02 lw-OS-03 MI-OS-04 Tw-SW-07 
LAB ID: 01397-01s ol397-02s 01397-03s m397- ws M397-14s 01397-085 

ANALYTE CRCi IDL 

Aluminum 200. 
Anthony 60 
ATSL)fllC 10 
Barium 200 
Beryllium 6 
Cndmiun 5 
Calcium WOO 
Chomium 10 
Cobalt 60 

2 25 100 
Lead 3 
Ms@lesium 5000 
h4wganese 15 
MerCUy a2 
Nickel 40 
Pofasslum MOO 
Selenium 5 
SllVCr 10 
Sodium 5000 
Thalllu m 10 
Vanadium 50 
zinc 20 
Cywide 10 

590 
49.0 
30 
21.0 
1.0 
3.0 
17.0 
5.0 
60 
4.0 
IQ0 
1.0 
400 
1.0 
a20 
17.0 
393.0 
5.0 
rao 
50.0 
20 
5.0 
4.0 
la0 

59.0 
49.0 
30 
243 
1.0 
3.0 
4Wm 
29.0 
80 
3110 
47.0 
203 

U 
U 
U 

u 
U 

I3 
U 
B 

J”cS 

62.0 
49.0 
7.4 
243 
1.0 
3.0 
466m 
27.0 
RO 
131 
147 
732.7 
ii6m 
920 
a20 
17.0 
1340 
5.0 
iao 
13800 
20 
5.0 
620 
10.0 

I3 

LULO) 
U 
U 

6 
U 

69.0 
49.0 
37 
216 
1.0 
3.0 
64200 
5.0 
$0 
11.0 
39.0 
1.4 
earn 
41.0 
a20 
17.0 
2090 
5.0 
iao 
14000 
20 
5.0 
9.0 
10.0 

U 
U 

U 
U 

0 
U 
U 

U 
U 

U 
B 

U 
U 

U 
U 

69.0 
49.0 
30 
376 
1.0 
3.0 
35600 
5.0 
RO 
41.0 
6RO’ 
26 
isem 
1.0 
a20 
17.0 
706 
5.0 
rao 

U 
U 

U 
U 
6 
B 
UJ(d,n) 

6 

0 
B 

U 
B 

s 

130 
a20 
17.6 

5.0 
iao 
14200 

to” 
580 
Ia0 

R(m) 
U 

U 
U 

ULOw) 
U 

U 

R(m) 
U 

U 
U 

uump) 
U 

U 

R(m) 
U 

U 
U 

B 
R(m) 
U 

U 
U 

R(m) 
U 

R(m) 

U 
U 

U 
U 

Wm.@ 
U 
B 
U 

ULm 
U 
0 
U 

69.0 
490 
4.6 
208 
1.0 
3.0 
332m 
5.0 
80 
6.0 
430 
1.0 
izim 
260 
a20 
17.0 
1200 
5.0 
ia0 
16200 

to” 
230 
10.0 

uL(m) 

:: 
U 

81.0 
49.0 
30 
920 
1.0 
3.0 
22fim 
6.0 
6.0 
9.0 
388 
3.0 
WI0 
55.0 
a20 
200 
1160 
5.0 
rao 
13600 
20 
5.0 
19.0 
10.0 

ULtm) 
U 
6 
U 

I I 1 f 



Data OUalifier Key: 

U 

B 

R(m) 

K(m) 

L(P) 

J(d) 

J(0-d 

UW-0 

UL(P) 

UWw) 

UJ(dA 

Value is a nondetect as reported by the laboratory. 

Positive result is considered to be a false positive due to blank 
contamination. 

The nondetect is rejected and considered unreliable due to extremely 
low matrix spike recovery. 

Positive result is considered biased high due to high matrix spike 
recovery. 

The positive result is considered biased low due to low GFAA PDS 
recovery. 

The positive result is estimated due to laboratory duplicate 
imprecision. 

Positive result is estimated due to laboratory duplicate imprecision 
and negative blank concentrations. 

Nondetect is considered biased low due to low matrix spike recovery. 

Nondetect is biased low due to low GFAA PDS recovery. 

The nondetect is considered biased low due to low matrix spike and 
GFAA PDS recoveries. 

Nondetect is estimated due to laboratory duplicate imprecision and 
negative blank concentrations. 
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Rinsate Blank Field Blank-Tap 
Trip Blank Field Blank-D1 

l-Sediment a-sediment 2-Sediment-D 3-Sediment 
4-Sediment 5-Sediment 6-Sediment 8-Sediment 

1-S. water 2-S. Water 2-S. Water-D 3-S. 'Water 
5-S. Water 6-S. Water 7-S. Water 8-S. Water 

NADC-Sl- 

65-Rinsate Blank 

64-DG-1 

NADC-S2- 

66-Well-C 

200Rinsate Blank 
270Field Blank 
30-Rinsate Blank 

23-BG-4 22-BG4-D 
26-DG-26 32-DG-12 
63-Well-E 

24-BG-3 25-D 
76-DG-24 77-DG-23 

NADC-S3- 

600DG-13 61-DG-13-D 62-DG-3 

al-Trip Blank 
28-Field Blank 
31-Trip Blank 
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NADC-S4- 

38-Trip Blank 
450Trip Blank 
52-Trip Blank 

33-DG-28 
37-DG-9 
43-DG-5 
730DG-22-D 

NADC-SS- 

50-DG-8 

NADC-SG- 

69-BG-7 

NADC-S7- 

57-Trip Blank 

56-DG-25 

NADC-S8- 

700Trip Blank 

40-Rinsate Blank 
46-Rinsate Blank 
530Rinsate Blank 

34-DG-15 35-DG-6 36-DG-16 
390DG-18 68-BG-6 42-DG-4 
440DG-7 67-BG-2 54-DG-27 
74-DG-24 780DG-22-D 

51-DG-20 54-DG-27 55-DG-21 

47-DG-19 48-DG-17 41-DG-10 

590Rinsate Blank 

58-DG-25-D 

71-Trip Blank 
72-Rinsate Blank 

75-DG-14 49-BG-5 

- 

--_ 

- 

Overview 
^. 

The sample set for the Warminster site;Case No. 9710-40004, 
consists of eight (8) sediment samples, fifty one (51) aqueous 
samples, and twenty-two (22) associated field quality control 
blanks (i.e. four field blanks, nine trip blanks and nine rinsate 
blanks). These samples were analyzed for full Target Compound 
List (TCL) organics (i.e. volatiles, semivolatiles, pesticides, 
PCBs), with the exception of the nine trip blanks, which were 
analyzed for volatile organic compounds only. Eight field 
duplicate pairs were included with this sample set. 
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The samples were collected by SMC Environmental Services Group 
from 11/28/91 to 11/29/91 and analyzed by RMC Environmental 
Chemistry Laboratories under Naval Energy and 
Environmental Support Activity (NEESA) Level C Quality 
Assurance/Quality Control (QA/QC) criteria. 

All analyses were conducted using Contract Laboratory Program 
(CLP) Statement of Work (SOW) 2/88 analytical and reporting 
protocols. 

Summarv 

All compounds were successfully analyzed, with the exception of 
those results qualified as unreliable, (R). The findings offered 
in this report are based upon a general review of all available 
data including data completeness, holding times until 
extraction/analysis, GC/MS tuning and calibration data, 
laboratory and field blank results, surrogate recoveries, matrix 
spike/matrix spike duplicate results, internal standards 
performance, field duplicate precision, compound identific:ation 
and compound q'uantitation. 

Areas of concern with respect to data quality are listed below. 

Major Problems 

b Some initial and continuing calibration Response 
Factors (RFs) for 2-butanone were less than 0.050. 
Failure to meet this quality control criterion 
indicates that the laboratory's instruments cou:Ld not 
achieve satisfactory sensitivity for this compound, 
and therefore, the associated detection limit for this 
compound is severely compromised. Nondetects for this 
compound in affected samples are considered to be 
unreliable and are rejected, qualified (R). These 
results are biased very low. 

0 The laboratory had considerable difficulty calibrating 
for the pesticide compound 4,4'-DDT, on both the first 
and second analytical columns. In many instances, the 
laboratory simply cited the presence of interferences 
and did not calculate a continuing calibration Percent 
Difference (%D) for thiscompound. Based on the 
unreliability of the pesticide fraction data for 4,4'- 
DDT, all sample results for this compound are 
considered to be unreliable and are rejected, 

C 
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--. 
qualified (R); no positive results were reported. The 
bias of these sample results cannot be determined. 

- 

0 Samples NADC-SZ-27-FB and NADC-S2-76-DG-24 and . 
subsequent re-extractions/reanalyses of these samples, 
have semivolatile acid fraction surrogate Percent --. 
Recoveries (%Rs) < 10%. Such low acid-fraction 
surrogate recoveries indicate the presence of matrix 
interferences which mask/hinder the detection of these 
compounds. All results for acid-fraction compounds in _- 

these samples are considered to be unreliable and are 
rejected, qualified, (R). These results are biased 
extremely low. .- 

0 Pesticide-fraction Matrix Spike/Matrix Spike Duplicate 
(MS/MSD) recoveries were extremely low for several 
compounds of the spiked sample 2-Sediment-D. 

- 

Nondetects reported for these compounds in the unspiked 
sample were rejected, qualified (R); no positive 
results were reported for these compounds. - 

Minor Problems .-. 

0 Some initial calibration Relative Standard Deviations 
(%RSDs) for acetone exceeded 50%. Additionally, some 
continuing calibration Percent Differences (%Ds) for - 
acetone, methylene chloride, m-xylene, 2-hexanone, 
vinyl acetate, 4-nitroaniline and benzidine exceeded 
50%. Failure to meet these calibration quality control - 
criteria'indicates that the laboratory's instrumental 
responses for these compounds were inconsistent, and 
consequantly, the quantitation of these compounds may 
not be accurate. Positive sample results (not - 
qualified because of blank contamination), and 
nondetects for these compounds in affected samples are 
qualified as estimated,(J) and (UJ), respectively. The ..- 
bias for these results cannot be determined. 

0 Some continuing calibration %Ds for 1,2-dichlorobenzene 
and diethylphthalate exceeded 25%, indicating that the ,- 
laboratory's instrumental responses for these compounds 
were inconsistent, and that, therefore, the 
quantitation of these compounds may not be accurate. - 
Positive results for these compounds are qualified as 
estimated, (J), in affected samples; the bias of these 
results cannot be determined. No data qualification is - 
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necessary for associated nondetects for these affected 
compounds, as the calibration non-compliances were not 
severe enough to compromise the compounds' detection 
limits. 

0 Some continuing calibration %Ds for endosulfan I, 4,4'- 
DDD, heptachlor epoxide, heptachlor, methoxychlor, 
4,4'-DDE, delta BHC and endosulfan sulfate on both the 
lst-column and/or 2nd-column exceeded 50%. Hence, the 
accuracy of the detection limits and exact quantitation 
of these compounds is uncertain. No positive results 
were reported for the affected compounds in any sample; 
affected nondetects are qualified as estimated, (UJ). 
The bias for these results cannot be determined. 

0 Maximum concentrations of methylene chloride (8 ug/L), 
acetone (35 ug/L) and chloroform (2 ug/L) were found in 
the laboratory method blanks; and a higher 
concentration (16 ug/L) methylene chloride was found in 
a field quality control blank. An action level of 80 
ug/L methylene chloride was used to evaluate the field 
quality control blank data, as field quality control 
blanks are qualified based on laboratory method blank 
data only. An action level of 160 ug/L methylene 
chloride was used to evaluate the environmental sample 
data. Action levels of 350 ug/L acetone and 10 ug/L 
chloroform were used to evaluate all samples in this 
data set. 

Additionally, maximum amounts of toluene (13 ug/L), 
bromodichloromethane (7 ug/L), l,l,l-trichloroethane 
(0.6 ug/L), bromoform (1 ug/L), tetrachloroethene (2 
ug/L) I trichloroethene (0.4 ug/L), 
trichlorofluoromethane (3 ug/L) and 
dibromochloromethane (30 ug/L) were detected in the 
field quality control blanks. Action levels of 5X 
these maximum contaminant amounts were used to evaluate 
the environmental sample data. 

Maximum concentrations of di-n-butylphthalate (0.9 
WI/L; and 49 ug/Kg) and bis(2-ethylhexyl)phthalate (15 
ug/L) were found in the laboratory method blanks. 

An action level of 150 ug/L bis(2-ethylhexyl)phthalate 
was used to evaluate the field quality control blank 
data, as this data is qualified,only on the basis of 
laboratory method blank data. A maximum concentration 
of 92 ug/L was detected for bis(2-ethylhexyl)phthalate 
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- 

in a field quality control blank. A Corresponding 
action level of 920 ug/L was used to evaluate the 
aqueous environmental samples. - 

Also, action levels of 9 ug/L (490 ug/Kg) di-n- 
butylphthalate were used to evaluate all samples in 
this data set. 

Sample results for these contaminants reported at 
concentrations less than the respective action level, 
are qualified, (B). These results are considered to be 
false positives, and are, therefore, biased high. No 
actions were taken for bromoform because no positive 
results were reported for bromoform in any sample. 

- 

- 

0 Sample f-Sediment has volatile surrogate Percent 
Recoveries (%Rs) outside of quality control limits. - 

Because one surrogate recovery (toluene-d8; 122%) was 
high for this sample, and one surrogate recovery 
(bromofluorobenzene; 70%) was low, the bias for results II 
reported for this sample cannot be determined. 
Positive results and nondetects for all compounds in 
this sample are qualified as estimated, (J) and (UJ), -. 
respectively. 

0 Dibutylchlorendate pesticide surrogate recoveries for 
the following samples were below the lower advisory - 
limit: 

5-Sediment l-Sediment 3-Surface Water - 
NADC-S2-25-D NADC-S4-44-DG-7 NADC-Rinsate-59 
NADC-S3-62-;)G-3 NADC-Sl-64-DG-1 NADC-S5-50-DG-8 
NADC-Rinsata-65 NADC-S4-67-BG-2 NADC-S4-73-DG-22 
NADC-S4-74-DG-24 NADC-S2-76-DG-2 NADC-Rinsate-46 -. 

Poor surrogate recovery indicates the presence of 
matrix interferences which mask/hinder the detection of 
target compounds. Positive results and nondetects 
for all compounds in the affected samples are 
considered to be biased low, and are 
qualified, (L) and (UL), accordingly. 

- 

- 

0 Sample l-Sediment has volatile internal standard areas 
outside of quality control limits, and samples 3- -. 
Sediment, S2-27-Field Blank and S4-37-DG-9 have 
semivolatile internal standard areas outside of quality 
control limits. Poor internal standards performance 
causes the quantitation of all compounds associated 
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with the failed internal standards to be inaccurate. 
Positive results and nondetects for compounds 
quantitated using the failed internal standards have 
been qualified as estimated, (J) and,(UJ), 
respectively, in the affected sample. Bias for these 
results cannot be determined. 

0 Positive results for some compounds in some samples are 
qualified as estimated, (J), because they are reported 
at concentrations below the Contract Required 
Quantitation Limit (CRQL), and hence, they are :not 
reported with 99% confidence. 

Notes 

Some initial calibration %RSDs for several compounds exceeded the 
30% quality control limit. Only associated positive results are 
affected since the noncompliances are not severe enough to impact 
the associated nondetects. No data qualifications were required, 
however, because the only positive results affected were 
qualified based on blank contamination. 

*- 
Continuing calibration %Ds for several volatile and sqmivolatile 
compounds exceeded the 25% quality control limit. Only 
associated positive results are affected since the noncompliances 
are not severe enough to impact the associated nondetects. No 
actions were required since the only affected positive results, 
those of acetone and bis(2-ethylhexyl)phthalate, are qualified 
based on blank contamination. 

Some other pesticide-fraction MS/MSD recoveries exceeded the 
upper quality control limits for several compounds. No diata 
qualifications were made, however, because no positive results 
were reported for these compounds in the unspiked sample, and 
associated nondetects are not compromised. 

e-8 

I 

An MS/MSD Relative Percent Difference (RPD) for aldrin exceeded 
the quality control limit. No qualifications were made for the 
associated unspiked sample data, however, because both the MS and 
MSD recoveries for this compound were within acceptable limits. 

9 
Several samples have one base-neutral and/or one acid fraction 
surrogate recovery outside of quality control limits. In 
accordance with validation protocol, no action is required. 
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- 

Tables summarizing the results reported for field duplicate pairs 
are presented in the attached HNUS Navy CLEAN Data Validation 
Worksheets (Appendix D.) 

The attached Table 1 presents a summary of Tentatively Identified 
Compounds (TICS) which remain after data validation 
qualification. 

- 

-_ 

No other items were noted. - 

Executive Summarv 

The data are acceptable for use as qualified. Some calibration 
RFs were less than the minimum quality control criterion causing 
rejection of some data. The calibration of pesticide compound 
4,4 '-DDT could not be successfully achieved due to interferences, 
resulting in rejection of this data. A few semivolatile 
surrogate recoveries were extremely low resulting in rejection of 
some data. Several matrix spike recoveries in one sample were 
extremely low causing some data for the unspiked sample to be 
rejected. 

Several volatile and semivolatile organic compounds were found as 
contaminants in the laboratory method and field quality control 
blanks. Some calibration %RSDs of the volatile fraction and %Ds 
in all fractions exceeded quality control limits, therefore, 
associated sample results were estimated. Some internal standard 
areas were below the lower quality control limits, thus, 
associated sample results were estimated. Some surrogate 
recoveries were non-compliant resulting in the estimation of 
various sample results. Positive results for several compounds 
are estimated since they are reported at concentrations below the 
CRQL. 

The data for these analyses were reviewed with reference to the 
"National Functional Guidelines for Organic Data Validation" 
(2/88) r as amended for use within USEPA Region III, and the NEESA 
document entitled "Sampling and Chemical Analysis Quality 
Assurance requirements for the Navy Installation Restoration 
Program". 

.- 

- 

-. 
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The text of this report has been formulated to address only those 
problem areas affecting data quality. Documentation of 
compliance for non-problem areas is presented in the attached 
Appendix D (HNUS Navy CLEAN Data Validation Worksheets.) 

"1 attest that the data referenced herein was validated ac:cording 
to the agreed upon validation criteria as specified in the NEESA 
Guidelines and the Quality Assurance Project Plan (QAPP) .'I 

a c. L&&s /s&&z / 
Dwayne S. Mock Debra A. Scheib 

HALLIBURTON NUS HALLIBURTON NU!: 

\ Data Reviewer 

Attachments: 

Data Validation Quality 
Assurance Officer 

1. Appendix A - Qualified Analytical Results. 
2. Appendix B - Results as Reported by the Laboratory. 
3. Appendix C - Results of all Tentatively Identified Compounds 
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TQZ NEIL TEAMERSON DATE: MARCE 25, 1992 

FROM: - DWAYNE 8. MOCK COPIES: 0. A. SCREIB 

SUBJECT : INORGANIC DATA VALIDATION - TAL METALS 
WARMINSTER NAVAL BASE 
CASE NO. 9710-40004 

SAMPLES: 

Rinsate Blank 
Field Blank-D1 

l-Sediment 2-Sediment 
4-Sediment 5-Sediment 

1-S. water 2-S. Water 
5-S. Water 6-S. Water 

NADC-Sl- 

650Rinsate Blank 

640DG-1 660Well-C 

NADC-SZ- 

200Rinsate Blank 
280Field Blank-D1 

230BG-4 
260DC-26 
630Well-E 

220BG4-D 
320DG-12 

)mDc-s3- 

Field Blank-Tap 

2-Sediment-D 3-Sediment -. 
6-Sediment 8-Sediment 

2-S. Water-D 3-S. Water ,.-. 
7-S. Water 8-S. Water 

270Field Blank-TAP 
300Rinsate Blank 

240BG-3 25-D 
760DG-2 770DG-23 

- 

-. 

,.- 

600DG-13 610DG-13-D 620DG-3 
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NADC-S4- 

Overview 

400Rinsate Blank 
530Rinsate Blank 

33-DG-28 340DG-15 
370DG-9 390DG-18 
430DG-5 440DG-7 
740DG-24 780DG-22 

NADC-S5- 

SO-DG-8 Sl.-DG-20 

NADC-SB- 

690BG-7 470DG-19 

NADC-S7- 

590Rinsate Blank 

560DG-25 580DG-25-D 

NADC-S8- 

720Rinsate Blank 

750DG-14 490BG-5 

460Rinsate Blank 

35-DG-6 3 6-DG-16 
680BG-6 420DG-4 
670BG-2 730DG-22-D 

540DG-27 550DG-2 1 

480DG-17 410DG-10 

The sample set for the Warminster site, Case No. 9710-40004, 
consists of eight (8) sediment samples, nine (9) aqueous samples, 
and thirteen (13) associated field quality control blanks (i.e. 
four field blanks and nine rinsate blanks). These samples were 
analyzed for Target Analyte List (TAL) Metals. Five field 
duplicate pairs were included with this sample set. 

The samples were collected by SMC Environmental Services Group from 
11/28/91 to U/29/91 and analyzed by RMC Environmental Chemistry 
Laboratories under Naval Energy and Environmental Support Activity 
(NEESA) Level C Quality Assurance/Quality Control (QA/QC) criteria. 
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All, analyses were.conducted using Contract Laboratory Program (CLp) 
Statement of Work (SOW) 7/88 analytical and reporting protocols. 

Summary 

All compounds were successfully analyzed. The findings offered in 
this report are based upon a general review of all available data 
including data completeness, holding times until extraction/ - 
analysis, calibration data, laboratory and field blank results, 
matrix spike/post digestion spike recovery results, laboratory 
control and ICP interference check sample results, serial dilution _ 
results, field duplicate precision, compound identification and 
compound guantitation. 

Areas of concern with respect to data quality are listed below. 

Minor Problems 

- 0 The continuing calibration Percent Recovery (%R) exceeded 
the upper quality control limit for vanadium, indicating 
that the laboratory's instrumental responses for this 
analyte were inconsistent, and that, therefore, the - 
quantitation of this analyte may not be accurate. 
Positive results for vanadium are likely to be biased 
high and are therefore qualified, (K). -_ 

0 Several analytes were found in associated field 
quality control blanks. The maximUm amounts of 
these analytes found in the blanks, and the 
corresponding action levels applied to the data, 
are listed below: 

Analvte 

barium 0.6 3.0 
beryllium 0.0007 0.0035 
calcium 70 350 
chromium. 0*0007 0.0035 
copper 0.098 0.49 
iron 0.20 1.0 
lead 0.003 0.015 . 
magnesium 26 130 
potassium 4 20 
sodium 24 120 
zinc 0.09 0.45 

Maximum Action Level Action Level Action Level 
Concentration (mff/L) (ma/ka) (ma/ka) 

300 
0.35 

35,000 
0.35 

49 
100 

I.5 
13,000 

2,000 
12,000 

45 

300 
0.35 

35,000 
0.35 

49 
100 

I.5 
13,000 

2,000 
12,000 

45 

- 

- 

- 

,-._ 

- 
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Sample results affected by blank contamination and 
reported at concentrations less than the action level, 
are considered to be false positives. These results are 
qualified, (B). 

Notes 

In accordance with USEPA Region III data validation protocol, no 
qualifications are made to the data based on the evaluation of 
field duplicate precision. Tables summarizing the field duplicate 
results can be found in the attached HNUS Navy CLEAN data 
validation worksheets. 

No other problems were noted. 

Executive Summary 

The data are acceptable for use as qualified. The continuing 
calibration recovery for vanadium was high, and associated sample 
results were qualified accordingly. Several analytes were found in 
field quality control blanks. 

The data for these analyses were reviewed with reference to the 
"National Functional Guidelines for Inorganic Data Validation" 
(7/88), as amended for use within USEPA Region III, and the NEESA 
document entitled "Sampling and Chemical Analysis Quality Assurance 
requirements for the Navy Installation Restoration Program". 

The text of this report has been formulated to address only those 
problem areas affecting data quality. Documentation of compliance 
for non-problem areas is presented in &he attached Appendix C HMJS 
Navy CLEAN Data Validation Worksheets. 

"I attest ttrat.the data referenced herein was validated according 
to the agreed:upon validation criteria as specified in the NEESA 
Guidelines and the Quality Assurance Project Plan (QAPP)." 

zQ=&. c. szp4tp P@& 
Dwayne S. Mock 

$a&L47q.~ti 
Debra A. Scheib 

HALLIBURTON NUS 
Data Reviewer 

HALLIBURTON NUS 
'Data Validation Quality 

Assurance Officer 
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Attachments: . 

1. Apptindix A - Qualified Analytical Results. 
2. Appendix B - Results as Reported by the Laboratory. 
3. Appendix C - HNUS Navy CLEAN Data Validation Worksheets. 
4. Appendix D - support Documentation. 

cc: Deb Scheib 

- 

-_ 

- 

- 



TO: 

FR&: 

SUBJECT: 

SAMPLES: S/Aqueous/ 

INTERNALCORRESPONDENCE 

C-49-10-2-003 

NEIL TEAMERSON DATE: AUGUST 21, 1992 

ROY COHEN 

ORGANIC DATA VALIDATION - LOW CONCENTRATION ORGANICS 
CT0 P22, WARMINSTER NAWC, WARMINSTKR, PA 
CASE NO. 3933, SD0 W-SD-OS 

W-624-BB 
C 

w-MW-01 w-MW-02 w-MW-03 w-MW-04 

P 

Overview 

The sample set for the Warminster site, Case No. 3933, SDG W-SD-05 
consists of four (4) aqueous environmental samples, and one (1) 
associated rinsate blank (designated -BB). No field duplicate 
pairs were included with this analytical data set. 

The samples were analyzed for low concentration volatile organic 
compounds utilizing EPA Method 524.2 as stipulated in the EPA 
Contract Laboratory Program (CLP) Statement of Work (SOW), OLCO1.0. 
All data and reporting deliverables were presented as specified in 
sow OLCO1.0. 

The samples were collected by HALLIBDRTON NUS Environmental 
Corporation on 6/23/92 and 6/24/92 and analyzed by Ceimic 
Corporation Laboratories under Naval Energy and Environmental 
Support Activity (NEESA) Level C Quality Assurance/Quality Control 
(QA/QC) criteria. , 

Summarv 

All compounds were successfully analyzed. The findings offered in 
this report are based upon a general review of all available data 
including data completeness, holding times until analysis, GC/MS 
tuning and calibration data, laboratory and field blank results, 
surrogate spike recoveries, matrix spike/matrix spike duplicate 
results, internal standards performance, compound identification 
and guantitation, and Tentatively Identified Compound (TIC) 
evaluation. 
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- 
, 

- 
There were no major or minor problems affecting data quality. All 
data are accepted without qualification. 

Executive Summarv 

Laboratory Performance: No problems were noted. 

Other Factors Affecting Data Quality: No problems were noted. 

The data for these analyses were reviewed with reference to the 
"National Functional Guidelines for Organic Data Validationef 
(2/88) 8 as amended for use within USEPA Region III, and the NEESA 
document entitled llSampling and Chemical Analysis Quality Assurance 
requirements for the Navy Installation Restoration ProgramI' (6/88). 

The text of this report has been formulated to address only those 
problem areas affecting data quality. Documentation of compliance 
for non-problem areas is presented in the attached Appendix C 
(BNUS/CLEAN Data Validation Worksheets). 

"1 attest that the data referenced herein was validated according 
to the agreed upon validation criteria as specified in the NEESA 
Guidelines and the Quality Assurance Project Plan (QAPP)." 

ental Corporation 

Roy Cohen 
Data Reviewer 

- , 

cli3ktd5c- 
BALLIBURTON NUS Environmental Corporation 

-  

I - .  

-  

Debra. A. Scheib 
Data Validation Quality Assurance Officer 

-. 
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Attachments: 

1. Appendix A - Qualified Analytical Results (including TICS) 
2. Appendix B - Results as Reported by the Laboratory 

(including TICS) 
3. Appendix C - HNUS/CLEAN Data Validation Worksheets 

cc: D. Scheib 



-. 

C-49-08-2-223 
NR. NEIL TEAMERSON 
AUGUST 25, 1992 
PAGE FOUR 

The data for these analyses were reviewed with reference to the "National 
Functional Guidelines for Inorganic Data ValidationI@ (7/88), as amended for .-- 
use within USEPA Region III, and the NEESA document entitled "Sampling and 
Chemical Analysis Quality Assurance Requirements for the Navy Installation 
Restoration Program". 

The text of this report has been formulated to address only those problem 
areas affecting data quality. Documentation of compliance for non-problem 
areas is presented in the attached Appendix C (HNUS/CLEAN Data Validation _ - 
Worksheets.) 

.-- 
"1 attest that the data referenced herein were validated according to the 
agreed upon validation criteria as specified in the NEESA Guidelines and 
the Quality Assurance Project Plan (QAPP),tl 

I 
Jennifer Hubbard 
Data Reviewer 

aId 2tiYziLa" 
HALLIBURTON NUS Environmental Corporation 

Debra A. Scheib 
Data Validation Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as Reported by the Laboratory 
3. Appendix C - HNUS/CLEAN Data Validation Worksheets 
4. Appendix D - Support Documentation , 

cc: D. A. Scheib 

- 

- 



&MlALLIBURTON NUS 
.~y:,~ Environmental Corporation 

TO: 

FROM: 

SUBJECT: 

SAMPLES: 

Overview 

INTERNALCORRESPONDENCE 

C-49-08-2-222 

NEIL TEAMERSON DATE: AUGUST 25, 1992 

JENNIFER HUBBARD COPIES: D. A. SCBEIB 

INORGANIC DATA VALIDATION - TAL METALS (DISSOLVED) 
NAWC WARMINSTER 
CASE NO. 3933, SDG DWMW17 

DWMW23 

W- 

630RB-Filtered Rinsate Blank 

MW17 MW18 Mw19 Mw20 MW2P MW22 
MW23 MW24 Mw25 MW26 MW27 MW28 
Mw29 MW30 

The sample set for the Warminster site, Case No. 3933, SDG DWMW1.7, consists 
of fifteen (15) filtered water samples (including one field duplicate pair) 
and one (1) filtered field quality control blank. These samples were 
analyzed for dissolved Target Analyte List (TAL) Metals. 

The samples were collected by HALLIBURTON NUS on June 29 and June 30, 1992 
and analyzed by CEIMIC Laboratories under Naval Energy and Environmental 
Support Activity (NEESA) Level C Quality.Assurance/Quality Control (QA/QC) 
criteria. All analyses were conducted using Contract Laboratory Program 
Statement of Work (SOW) 7/88 analytical and reporting protocols, 

Summary 
, 

All compounds were successfully analyzed. The findings offered in this 
report are based upon a general review of all available data including data 
completeness, holding times, calibration data, laboratory and field blank 
results, matrix and post-digestion spike recovery results, laboratory 
duplicate results, ICP serial dilution results, laboratory control and ICP 
interference check sample results, compound identification and compound 
quantitation. 

Areas of concern with respect to data quality are listed below. 
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Minor Problems 

l Several analytes were found in associated laboratory quality 
- control blanks. The maximum amounts of these analytes found in 

the blanks, and the corresponding action levels applied to the 
data, are listed below: .- 

Maximum Action 
Analvte Concentration (pg/L) Level (w/L) 

aluminum 90.0 450 
beryllium 5.0 25.0 
cadmium 3.0 15.0 
calcium 184 920 
chromium 5.0 25.0 
copper 6.0 30.0 
iron 21.0 105 
lead 2.0 1oeo 
manganese l‘?O 5.0 
sodium 65.0 325 
vanadium 5.0 25.0 

Additionally, zinc, which could not be attributed to laboratory 
blank contamination, was found in the associated filtered rinsate - 
blank. The maximum value detected and the corresponding action 
level is shown below. 

Analvte 
Maximum Action' 

Concentration (yg/L) Level W/L) 

-. 

zinc 4.0 20.0 

Sample results affected by blank contamination and reported at 
concentrations less than the action level are considered to be 
false positives. These results are qualified, [coded B]. The 
rinsate blank was not used to qualify itself. No actions were 
taken for cadmium and sodium because no positive cadmium results 
were reported and positive sodium results exceeded the action -.. 

level. 

0 Negative concentrations, whose absolute values were > IDL, were .- 
reported for barium and lead in the laboratory method blanks. 
These occurrences are due to poor instrument performance (base- 
line drifting). Positive results and nondetects for these 
analytes are qualified as biased low, [coded L(n) and UL(n)], 

- 

respectively. 

e Matrix spike recoveries for manganese and thallium were less than - 
75%, yet > 30%. Positive results and nondetects for these 
analytes are qualified as biased low; [coded L(m) and UL(m)], 
respectively. - 

HAI.I.TRl JRTON NT JC 
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l GFAA Post Digestion Spike (PDS) recoveries for thallium in 
samples WMW22, DWMW23, WMW24, WMWZO, WMW25, and WMW26 fell below 
the lower quality control limit of 85%. These results are 
qualified as biased low, [coded L(p) and UL(p)], respectively, 
due to due to possible poor instrument performance and/or sample 
matrix interferences. 

F- 

*-r 

p”” 

*p- 

P-( 

13 

Notes 

In accordance with USEPA Region III data validation protocol, no 
qualifications are made to the sample data based on the evaluation of field 
duplicate precision. Tables summarizing the field duplicate results can be 
found in the attached HNUS/CLEAN Data Validation Worksheets (APPENDIX C). 

CRDL Standard analysis recoveries for several analytes failed to 
meet the 800120% quality control criteria. No actions were taken because 
qualifications are limited to high concentration samples only via USEPA 
Region III data validation protocol. All samples in this analytical data 
set are of low concentration. 

Several analytes, which were not supposed to be present in the Interference 
Check Sample (ICS) Solutions, were detected in these solutions at positive 
and/or negative concentrations > IDL. Samples did not contain 
concentrations of in* -rfering analytes comparable to the levels detected in 
the ICS, therefore, ;..; qualifications were required. 

Executive Summary 

Laboratory Performance: Several analytes were detected as laboratory 
method blank contaminants. Negative concentrations were reported for two 
analytes in the laboratory method blanks. CRDL standard recoveries fell 
outside QC limits for several analytes. 

other Factors Affect;??g Data Quality: Matrix spike and GFAA PDS recoveries 
for some analytes fc outside QC limits. , 

rid-x The data for these analyses were reviewed with reference tot he l@National 
Functional Guidelines for Inorganic Data Validation" (7/88), as amended for 
use within USEPA Region III, and the NEESA document entitled llSampling and 

T Chemical Analysis Q:: :ity Assurance Requirements for the Navy Installation 
Restoration Program". 

c The text of this report has been formulated to address only those problem 
areas affecting dat ,lality. Documentation of compliance for non-problem 
areas is presented ;ie attached Appendix C (HNUS/CLEAN Data 'Validation 

R Worksheets.) 
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"I attest that the data referenced herein were validated according to the - 

agreed-upon validation criteria as specified in the NEESA Guidelines and 
the Quality Assurance Project Plan (QAPP).ll 

_- 

Environmewal Corporation +.. 

Jennifer Hubbard 
Data Reviewer 

q--J&& 
1 

HALLIBURTON NUS Environmental Corporation 

-. 

Debra A, Scheib 
Data Validation Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as Reported by the Laboratory 
3. Appendix C - HNUS/CLEAN Data Validation Worksheets 
4. Appendix D - Support Documentation 

cc: D. A. Scheib 

- 



INTERNAL CORRESPONDENCE 

C-51-4-2-131 

TO: NEIL TEARERSON DATE: AUGUST 22, 1992 

FROM: ROY CORRN 

SUBJECT: ORGANIC DATA VALIDATION - FULL TCL ORGANICS 
CT0 #22, WARMINSTER NAWC, WARKINSTRR, PA 
CASE NO, 3933, SDG W-MW-05 

SAMPLES: 4/Aqueous/ 

W-625-TB W-626~RB W-626-TB 

w-Mw-09 

Overview 

The sample set for the Warminster site, Case No. 3933, SDG W-MW- 
05 consists of one (1) aqueous sample, two (2) associated trip 
blanks (designated -TB), and one associated rinsate blank 
(designated -RB). The field quality control blanks were analyzed 
for Target Compound List (TCL) volatile organic compounds only, 
and the aqueous environmental sample was analyzed for TCL 
semivolatile and pesticide/PC8 compounds only. No field 
duplicate pairs were included with this analytical data set. 

The samples were collected by HALLIBURTON NUS EnvironmentalL 
Corporation on 6/25/92 and 6/26/92 and analyzed by Ceimic 
Corporation Laboratories under Naval Energy and Environmental 
Support Activity (NEESA) Level C Quality Assurance/Quality 
Control (QA/QC) criteria. All analyses<were conducted using 
USEPA Contract Laboratory Program (CLP) Statement of Work (SOW) 
3/90 analytical and reporting protocols. 

Summarv 

All compounds were successfully analyzed. The findings offered 
in this report are based upon a general review of all available 
data including data completeness, holding times until extraction/ 
analysis, GC/MS tuning and calibration data, laboratory and field 
blank results, surrogate spike recoveries, matrix spike/matrix 
spike duplicate results, internal standards performance, compound 
identification and quantitation, and Tentatively Identified 
Compound (TIC) evaluation. 

Areas of concern with respect to data quality are listed below. 
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-- 

Minor Problems 

_I- 
0 The following compounds were found in the laboratory 

method and field quality control blanks in the maximum 
concentration indicated: " - 

Maximum Action 
Comnounds Concentrations (pg/L) Level (/-w/L) 

methylene chloride 0.65 6.5 
toluene* 51 255 
bis(2-ethylhexyl)- 

phthalate 2 20 - 

* This maximum concentration was detected in a 
field quality control blank. The associated 
action level was used to evaluate the 
environmental sample data, only. 

.- 

- 

Positive results for these compounds reported at 
concentrations less than the respective action levels 
are qualified, (B). These results are considered to be 
false positives (artifacts of blank contamination). 

- 
0 High Percent Differences (i.e. %Ds > 50) were noted 

between the initial calibration average Relative 
Response Factor (RRF) and continuing calibration RRFs 
for carbon disulfide. These occurrences indicate 
inconsistent instrumental responses which may have 
compromised compound detection limits. Only nondetects 
have been reported for carbon disulfide in affected 
samples, and these results have been qualified as 

- 

estimated, [coded UJ(c)]. The direction of bias for 
these impacted results cannot be determined. 

0 Positive results for several compounds are qualified as 
estimated (J] since they are reported at concentrations 
below the Contract Required Quantitation Limit (CRQL). - 

Notes 

There were some continuing calibration Percent Differences (%Ds) 
greater than 25% for acetone and 2-hexanone. No qualifications 
to the data are required, however, as this non-compliance only 
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impacts positive sample results, and there were no positive 
results reported for these compounds in the affected samples. 

The recoveries for the pesticide surrogate decachlorobiphenyl 
(DCB) were below the advisory limits for sample W-MW-09. 
However, since the recoveries for the other pesticide surrogate 
(tetrachloro-m-xylene; TCX) were within the advisory limits for 
both column analyses for this sample, it was deemed that no 
qualification of the sample data was warranted based on the poor 
DCB recoveries. 

In accordance with USEPA Region III data validation protocol, no 
qualifications are made to the data based on field duplicate 
precision. Tables summarizing the results reported for field 
duplicate pairs are presented in the attached HNUS/CLEAN 
Validation Worksheets (Appendix C). 

No Tentatively Identified Compounds (TICS) were found for the 
volatile fraction analyses. Some TICS were detected for the 
semivolatile fraction analyses. _ 

The TICS presented in the attached Appendix A (Qualified 
Analytical Results), exclude all TICS identified as laboratory or 
field quality control blank contaminants, siloxane isomers, aldol 
condensation products, and any TIC specifically identified as a 
laboratory artifact. These excluded results are considered to be 
false positives. 

No other problems were noted. 

Executive Summarv 

Laboratory Performance: Some continuing calibration relative 
response factors exhibited %Ds in excess of 50 percent from the 
initial calibration average RRF. Some other continuing 
calibration %Ds exceeded 25% for several other compounds. 
Several compounds were detected as laboratory blank contaminants. 

Other Factors Affecting Data Quality: Several compounds were 
detected as contaminants in the field quality control blanks. 
The pesticide/PCB fraction analyses yielded poor surrogate 
recoveries for DCB. 
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The data for these analyses were reviewed with reference to the 
"National Functional Guidelines for Organic Data Validation" 
(2/88) r as amended for use within USEPA Region III, and the NEESA 
document entitled I@Sampling and Chemical Analysis Quality 
Assurance requirements for the Navy Installation Restoration 
Programl' (6/88). 

The text of this report has been formulated to address only those 
problem areas affecting data quality. Documentation of 
compliance for non-problem areas is presented in the attached 
Appendix C (BNUS/CLEAN Data Validation Worksheets). 

lsI attest that the data referenced herein was validated according 
to the agreed upon validation criteria as specified in the NEESA 
Guidelines and the Quality Assurance Project Plan (QAPP).ll 

- 

BALLIBURTObYNUS Envir 
7 

ental Corporation 

Roy Cohen 
Data Reviewer 

BALLIBURTON NUS Environmental Corporation 

Debra. A. Scheib 
Data Validation Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Results (including TICS) 
2. Appendix B - Results as Reported by the Laboratory 

(including TICS) 
3. Appendix C - HNUS/CLEAN Data Validation Worksheets 
4. Appendix D - Support Documentation 

- 

-.- 

._ 

- 

- 

.- 

cc: D. Scheib 



?- 

?-+ TO: NEIL TEAMRRSON DATE: AUGUST 22, 1992 

INTERNALCORRESPONDENCE 

c-49-10-2-002 

FROM: ROY COHEN 

SUBJECT: ORGANIC DATA VALIDATION - LOW CONCENTRATION VOLATILLES 
CT0 1422, NARMINSTER NAWC, WARMINSTER, PA 
CASE NO. 3933, SDG W-MW-05 

SAMPLES: 13/Agueous/ 

w-MW-05 W-MW-06 w-MW-07 
W-MW-08 W-MW-08-D w-Mw-09 
w-MW-10 w-MW-11 w-MW-12 
w-MW-13 w-MW-14 w-MW-15 
W-MW-16 

Overview 

F- 

ma, 

The sample set for the Warminster site, Case No. 3933, SDG W-MW- 
05 consists of thirteen (13) monitoring well samples, including 
one field duplicate pair, the duplicate member of which is 
designated -D. 

- 

The Samples were analyzed for low Concentration Volatile Organic 
compounds utilizing EPA Method 524.2 as stipulated in the EPA 
Contract Laboratory Program (CLP) Statement of Work (SOW), 
OLCO1.0. All data and reporting deliverables were presented as 
specified in SOW OLCO1.0. 

- 

The samples were Collected by -IBURTON NUS Environmental 
Corporation on 6/25/92 and 6/26/92.and analyzed by Ceimic 
Corporation Laboratories under Naval Energy and Environmental 
Support Activity (NEESA) Level C Quality Assurance/Quality 
Control (QA/QC) criteria. , 

Summary 

All compounds were successfully analyzed with the exception of 
those that are rejected, R. The findings offered in this report 
are based upon a general review of all available data including 
data completeness, holding times until analysis, GC/MS tuning and 
calibration data, laboratory blank results, surrogate spike 
recoveries, matrix spike/matrix Spike duplicate results, internal 
standards performance, field duplicate precision, compound 
identification and guantitation, and Tentatively Identified 
Compound (TIC) evaluation. 

L 



INTERNALCORRESI'ONDENCE 

TO: 

FROM: 

SUBJECT: 

SAMPLES: 3/Aqueous/ 

C-49-10-2-008 

NEIL TEAMERSON DATE: AUGUST 25, 1992 

ROY COHEN COPIES: D. A. SCBEIB 

ORGANIC DATA VALIDATION - SEMIVOLATILE/PESTICIDE/PCB 
WARMINSTER NAWC, WARMINSTER, PA 
CASE NO. 3933, SDG W-MW-17 

W-630~RB w-MW-21 w-Mw-29 

Overview 

The sample set for the Warminster site, Case No. 3933, SDG W-MW- 
17 consists of two (2) aqueous samples and one (1) associated 

rinsate blank (designated-RB) which were analyzed 
for Target Compound List (TCL) semivolatile and pesticide/PCB 
compounds. 

The samples were collected by HALLIBURTON NUS Environmental 
Corporation on 6/29/92 and 6/30/92 and analyzed by Ceimic 
Corporation under Naval Energy and Environmental Support Activity 
(NEESA) Level C Quality Assurance/Quality Control (QA/QC) 
criteria. All analyses were conducted using Contract Laboratory 
Program (CLP) Statement of Work (SOW) 3/90 analytical and 
reporting protocols. 

Summary , 

All compounds w8re successfully analyzed with the exception of 
those compound results that are rejected, qualified R. The 
findings offered in this report are based upon a general review 
of all available data including data completeness, holding times 
until extraction/analysis, GC/MS tuning and calibration data, 
laboratory and field blank results, surrogate spike recoveries, 
matrix spike/matrix spike duplicate results, internal standards 
performance, compound identification and quantitation, and 

-Tentatively Identified Compound (TIC) evaluation. 
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Areas of concern with respect to data quality are listed below. 

Maior Problems 

0 The area for semivolatile Internal Standard (IS), 
perylene-d12, was very low for sample W-MW-29. Upon 
re-analysis, the IS was not recovered at all, 
suggesting a severe matrix effect. Therefore, 
detection limits for all semivolatile compounds that 
are quantitated from this IS (i.e. those compounds 
eluting after di-n-octyl phthalate) are considered 
unreliable, and have been rejected, [coded] R(c) on the 
data summary. 

Minor Problems 

0 The following compound was found in the laboratory 
method blank in the maximum concentration indicated: 

Maximum Action 
Comnound Concentration (pg/L) Level (w/L) 
bis(2-ethylhexyl)- 
phthalate (BEHP) 2 20 

-. 

_-. 

Results for BEHP that are reported at concentrations 
within the action level are qualified (B), and are 
considered to be false positives (artifacts of blank 
contamination). 

0 High Percent Differences (%Ds >50%) between the average 
initial calibration Relative Response Factor (RRF) and 
the continuing calibration RRFs .were obtained for the 
semivolatile compounds hexachlorocyclopentadiene and 
2,4-dinitrophenol. This occurrence indicates 
inconsistent instrumental responses which may have 
compromis8d the detection limits for these compounds. 
Nondetects for these compounds in all associated 
samples have been qualified as estimated, [coded] 
UJ-(cl; no direction of bias can be inferred. 

Notes 

,-- 

-. 

Several semivolatile compounds exhibited continuing calibration 
%Ds that exceeded 25%. However no actions were taken as there 
were no positive results reported for these compounds in the 
associated samples, and the associated nondetects were not 
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compromised. 

The recoveries for the pesticide surrogate decachlorobiphenyl 
(DCB) were below the advisory limits for samples W-MW-21, W-MW- 
29-D, and W-630-RB but both tetrachloro-m-xylene (TCX) %Rs for 
these samples were within the advisory limits. Hence, no actions 
were taken for these samples as there were one set of recoveries 
within the advisory limits. 

The Tentatively Identified Compounds (TICS) are presented in the 
attached Appendix A (Qualified Analytical Results), excludes all 
TICS identified as laboratory or field quality control blank 
contaminants, siloxane isomers, aldol condensation products, and 
any TIC specifically identified as a laboratory artifact. These 
excluded results are considered to be false positives. 

No other problems were noted. 

Executive Summarv 

Laboratory Performance: Some continuing calibration relative 
response factors exhibited %Ds in excess of 25 and 50 percent 
from the initial calibration average RRF. One compound was 
detected as a laboratory blank contaminant. 

Other Factors Affecting Data Quality: One IS was very low for 
one semivolatile analysis, and the pesticide/PCB fraction DCB 
surrogate recovery was outside of QC limits in another sample. 

The data for these analyses were reviewed with reference to the 
l@National Functional Guidelines for Organic Data Validation" 
(2/-l r as amended for use within USEPA,Region III, and the NEESA 
document entitled t'Sampling and Chemical Analysis Quality 
Assurance requirements for the Navy Installation Restoration 
Programl'. The text of this report has been formulated to address 
only those problem areas affecting data quality. Documentation 
of compliance for non-problem areas is presented in the attached 
Appendix C (HNUS/CLEAN Data Validation Worksheets). 



- 

^- 

C-49-10-2-008 
NEIL TBAMBRSON 
AUGUST 25, 1992 
PAGE FOUR 

@"I attest that the data referenced herein was validated according 
to the agreed upon validation criteria as specified in the NEESA 
Guidelines and the Quality Assurance Project Plan (QAPP).ll 

-- 

. 

- 

Roy Cohen 
Data Reviewer 

($au?i? cziTl 
BALLIBDRTON NUS Environmental Corporation 

Debra. A. Scheib 
;:.;. 

Data Validation Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Results, including TICS 
2. Appendix B - Results as Reported by the Laboratory, 

including TICS 
3. Appendix C - BNUS/CLBAW Data Validation Worksheets 
4. Appendix D - Support Documentation 

_-.__ 

- 

-. 

- 

cc: D. Scheib 



TO: WBIL TBAMBRSON DATE: AUGUST 25, 1992 

IN’IERNAL CORRESPONDENCE 

c-49-10-2-001 

PROM: ROY COHEN 

SUBJECT: ORGANIC DATA VALIDATION - LOW CONCENTRATION VOLATILE8 
CT0 f22, WARMINSTBB BAWC, WARMINSTBR, PA 
CASE NO. 3933, SD0 W-MW-17 

SAMPLES: 18/Aqueous/ 

W-629-TB W-630-TB W-630-RB 

w-MW-17 W-MW-18 w-MW-19 
w-MW-20 w-MW-21 w-MW-22 
W-MW-23 W-MW-23-D 'W-MW-24 
w-MW-25 W-MW-26 W-MW-27 
W-MW-28 w-Mw-29 w-MW-30 

Overview 

P- 
The sample set for the Warminster site, Case No. 3933, SDG W-MW- 
17 consists of fifteen (15) aqueous environmental samples 
(including one field duplicate pair, the duplicate member of 
which is designated -D), two associated trip blanks (designated 
-TB) t and one associated rinsate blank (designated ORB). 

P=. 

The samples were analyzed for low concentration volatile organic 
compounds utilizing EPA Method 524.2 as stipulated in the EPA 
Contract Laboratory Program (CLP) Statement of Work (SOW), 
OLCO1.0. All data and-reporting deliverables were presented as 
specified in SOW OLCO1.0. 

The samples were collected by HALLIBDRTON NUS Environmental 
Corporation on 6/29/92 and 6/30/92 and analyzed by Ceimic 
Corporation Laboratories under Naval Energy and Environmental 
Support Activity (NEESA) Level C Quality Assurance/Quality 
Control (QA/QC) criteria. 

83 Summarv 

r" 
All compounds were successfully analyzed with the exception of 
those results that are considered to be unreliable and are 
rejected, qualified (R). The findings offered in this report are 
based upon a general review of all available data including data 
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.-.” 

- 

-- 

completeness, holding times until analysis, GC/MS tuning and 
calibration data, laboratory and field blank results, surrogate 
spike recoveries, matrix spike/matrix spike duplicate results, 
internal standards performance, field duplicate precision, 
compound identification and guantitation, and Tentatively 
Identified Compound (TIC) evaluation. 

Areas of.concern with respect to data quality are listed below. 

-. 

,- 

Major Problems 

0 The continuing calibration Relative Response Factor 
(RRF) for acetone was below 0.010 for one low 
concentration daily standard analysis, and the Percent .- 
Difference (%D) between this daily RRF and the average 
initial calibration RRF was greater than 50 percent for 
the same compound. Only nondetects were reported for 
acetone in the affected samples. The calibration non- .- 
compliances suggest that the detection limit for 
acetone should be considered unreliable in affected 
samples. Consequently, these results have been -. 
qualified as rejected, [coded R(c)]. These results are 
potentially biased very low. 

Minor Problems 

0 The following compounds were found in the laboratory 1_1 
method and field quality control blanks in the maximum 
concentration indicated: 

Comuounds 
Maximum Action -... 

Concentrations (pg/L) Level (pg/L) 

methylene chloride 0.8 8 - 
acetone* 

, 
8 80 

tetrachloroethene* 0.4 2 

* This maximum concentration was detected in a 
field quality control blank. The associated 
action level was used to evaluate the 
environmental sample data, only. 

Results for these compounds reported at concentrations 
within the associated action levels are qualified, (B). 
These results are considered to be false positives 
(artifacts of blank contamination). 

- 



C 
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Notes 

Several compounds exhibited continuing calibration %Ds that 
exceeded 30%. However, no actions were taken as only associated 
positive results would be affected and there were no positive 
results reported for these compounds in the associated samples. 

In accordance with USEPA Region III data validation protocol, no 
qualifications are made to the data based on field duplicate 
precision. Tables summarizing the results reported for field 
duplicate pairs are presented in the attached HNUS/CLEAN Data 
Validation Worksheets (Appendix C). 

The Tentatively Identified Compounds (TICS) presented in the 
attached Appendix A (Qualified Analytical Results), exclude all 
TICS identified as laboratory or field quality control blank 
contaminants, siloxane isomers, aldol condensation products, 
known extraction artifacts and any TIC specifically identified as 
a laboratory artifact. These excluded results are considered to 
be false positives. 

No other problems were noted. 

Executive SUnUnarV 

Laboratory Performance: One initial calibration average RRF was 
below contractual limits. Some continuing calibration RRFs 
exhibited %Ds which failed to meet quality control criteria. 
Several compounds were detected as laboratory blank contaminants. 

8-- 

Other Bactors Affecting Data Quality: One compound was detected 
as a contaminant in the field quality control blanks. 

, 

The data for these analyses were reviewed with reference to the 
"National Functional Guidelines for Organic Data Validation" 
(2/88) t as amended for use within USEPA Region. III, and the NEESA 
document entitled, "Sampling and Chemical Analysis Quality 
Assurance requirements for the Navy Installation Restoration 
Program" (6/88). 

The text of this report has been formulated to address only those 
problem areas affecting data quality. Documentation of 
compliance for non-problem areas is presented in the attached 
Appendix C (HNUS/CLEAN Data Validation Worksheets). 
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"I attest that the data referenced herein was validated according 
to the agreed upon validation criteria as specified in the NEESA 
Guidelines and the Quality Assurance Project Plan (QAPP)." 

mCljuRrCdk /?US Environmen&al Corporation 
L 

Roy Cohen 
Data Reviewer 

HALLIBURTON NUS Environmental Corporation 

Debra. A. Scheib 
Data Validation Quality Assurance Officer 

Attachments: 

1. 
2. 

3. 
4. 

cc: 

Appendix A - 
Appendix B - 

Appendix C - 
Appendix D - 

D. Scheib 

Qualified Analytical Results (including TICS) 
Results as Reported by the Laboratory 
(including TICS) 
BNUS/CLEAN Data Validation Worksheets 
Support Documentation 

-. 

- 

--. 

-‘ 

_-_ 

-  

- 

- 

_. 

- 

-. 

-, 

*-- 

- 

- 
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IN’IBRNAL, CORRESPONDENCE 

C-51-4-2-131 

TO: NBIL TBAMBRSON DATE: AUGUST 31, 1992 

FROM: ROY CORBN 

SUBJECT: ORGANIC DATA VALIDATION - LOW CONCENTRATION VOLATILES 
CT0#22, WARRINSTBR NAWC, WARRINSTRR, PA 
CASE NO. 3933, SDG W-MW-31 . 

SAMPLES: 18/Aqueous/ 

W-701-TB W-7020RB W-7020TB 

w-MW-31 W-MW-31-D W-MW-32 
w-MW-33 w-MW-34 w-MW-35 
W-MW-36 w-MW-37 W-MW-38 
w-Mw-39 W-MW-39-D w-MW-40 

Overview 

The sample set for the Warminster site, Case No. 3933, SDG W-MW- 
31. consists of twelve (12) aqueous samples (including two field 
duplicate pairs, the duplicate members of which are designated - 
D) t two (2) associated trip blanks (designated OTB), and one (1) 
associated rinsate blank (designated ORB). 

The samples were analyzed for low concentration volatile organic 
compounds utilizing EPA Method 524.2 as stipulated in the EPA 
Contract Laboratory Program (CLP) Statement of Work (SOW), 
OLCO1.0. All data and reporting deliverables were presented as 
specified in SOW OLCO1.0. 

The samples were collected by BALLIBURTON NUS Environmental 
Corporation on 7/l/92 and 7/2/92 and analyzed by Ceimic 
Corporation Laboratories under Naval Energy and Environmental 
Support Activity (NEESA) Level C Quality Assurance/Quality 
Control (QAJQC) criteria. , 

Summarv 

All compounds were successfully analyzed. The findings offered 
in this report are based upon a general review of all available 
data including data completeness, holding times until analysis, 
GC/MS tuning and calibration data, laboratory and field blank 
results, surrogate spike recoveries, matrix spike/matrix spike 
duplicate results, internal standards performance, compound 
identification and quantitation, and Tentatively Identified 
Compound (TIC) evaluation. 
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Areas of concern with respect to data quality are listed below. 

Minor Problems 

0 The laboratory made a reporting error for 
trichloroethene for sample W-MW-31, erroneously 
.reporting the positive result as trans.1,2- 
dichloroethene. The reviewer has corrected this 
information and the appropriate results for 
trichloroethene and trans-1,2-dichloroethene are 
correctly shown in the summary of qualified analytical 
results given in the attached Appendix A. 

-_ 

--. 

-- 

--" 
0 The following compounds were found in the laboratory 

method and field guality control blanks in the maximum 
concentration indicated: -. 

Maximum Action 
Comnounds Concentrations (fig/L) Level (pg/L) 

- 
methylene chloride 0.65 6.5 
tetrachloroethene 0.55 2.75 
chloroform* 51 255 

* This maximum concentration was detected in a 
field quality control blank. The associated 
action level was used to evaluate the 
environmental sample data, only. 

Results for tetrachloroethene and chloroform reported 
at concentrations within the respective action levels 
were qualified, (B). These values are considered to be 
false positives (artifacts of blank contamination). No 
qualifications were made for methylene chloride, as the 
only positive result for this compound was reported at 
a concentration above the action level. 

- 

^L 

0 Volatile surrogate Percent Recoveries (%Rs) were below 
quality control limits for sample W-MW-32; the 
laboratory failed to perform a reanalysis for this 
sample. Positive and nondetected results for sample W- 
MW-32 are considered to be biased low, and are 
qualified as estimated, [coded L(s), UL(s)], 

- 

respectively. 

- 
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0 Using spiked amount information given in the raw data, 
the reviewer calculated the Matrix Spike/Matrix Spike 
Duplicate (MS/MSD) %Rs, then evaluated these recoveries 
based on professional judgement using a + 25% quality 
control criterion. The MS/MSD %Rs for bromoform (both 
72%) are thus considered to be low. Consequently, the 
nondetect reported for bromoform in the unspiked sample 
(W-MW-31) is considered to be biased low, and.was 
qualified as estimated, [coded UL(m)], accordingly. 

Notes 

Based on quality control criteria of f 25%, the MS/MSD %Rs for 
trichloroethene (144%, 128%) exceeded quality control limits. No 
qualification to the data for the unspiked sample W-MW-31 was 
made, however, as these high trichloroethene recoveries are felt 
to be a factor of chromatographic performance (i.e. detector 
saturation), due,to the significant concentration of 
trichloroethene already present in the unspiked sample. 

The MSD %R for 1,2-dichloropropane (128%) was greater than the. 
125% upper quality control limit used for evaluation. Because 
the MS %R and the Relative Percent Difference (RPD) between 
MS/MSD results were within acceptable limits, no qualifications 
were made to the unspiked sample (W-MW-31). 

In accordance with USEPA Region III data validation protocol, 
sample results are not qualified based on field duplicate 
imprecision. A summary of field duplicate results is presented 
in the attached Appendix C (BNUS/CLEAN Data Validation 
Worksheets). 

The Tentatively Identified Compounds (TICS) are presented in the 
attached Appendix A (Qualified Analytical, Results), exclude all 
TICS identified as laboratory or field quality control blank 
contaminants, siloxane isomers, aldol.condensation products, and 
any TIC specifically identified as a laboratory artifact. These 
excluded results are considered to be false positives. 

No other problems were noted. 

Executive Summary 

Laboratory Performance: Three compounds were detected as 
laboratory blank contaminants. There was a non-compliant 
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surrogate %R for sample W-MW-32, and the laboratory failed to 
reanalyze this sample. 

Oth8r Factors Affecting Data Quality: Two compounds were 
detected as contaminants in the field quality control blanks. 
There were several high MS/MSD %Rs. 

The data for these analyses were reviewed with reference to the 
"National Functional Guidelines for Organic Data Validation" 
(2/88) I as amended for use within USEPA Region III, and the NEESA 
document entitled "Sampling and Chemical Analysis 
QualityAssurance requirements for the Navy Installation 
Restoration Program" (6/88). 

The text of this report has b88n formulated to address only those 
problem areas affecting data quality. Documentation of 
compliance for non-problem areas is presented in the attached 
Appendix C (HNUS/CLEAN Data Validation Worksheets). 

"1 attest that the data referenced herein was validated according 
to the agreed upon validation criteria as Specified in the NEESA 
Guidelines and the Quality Assurance Project Plan (QAPP).' 

_ -e 

HALLI@lkT6N NUS Envi&onmental Corporation 

Roy Cohen 
Data Reviewer 

al Corporation 

.- 

- 

-. 

-. 

-- 

- 

,- 

- 

- 

- 

Debra. A. Scheib 
Data Validation Quality Assurance Officer 

- 

.-, 



C-52-04-2-131 
NEIL T-SON 
AUGUST 31, f992 
PAGE FIVE 

Attachments: 

1. Appendix A. - Qualified Analytical Results (including TICS) 
2. Appendix B - Results as Reported by the Laboratory 

(including TICS) 
3. Appendix C - HNUS/CLEAN Data Validation Worksheets 
4. Appendix D - Support Documentation 

cc: D. Scheib 



INTERNAL CORRESPONDENCE - 

TO: 

FROM: 

SUBJECT: 

NEIL TBAMBRSON 

ROY COHEN 

ORGANIC DATA VALIDATION - SEMIVOLATILB/PBSTICIDE/PCB 
WARMINSTER NAWC, WARXINSTER, PA 
CASE NO. 3933, SDG W-MW-31 

SAMPLES: 4/Agueous/ 

W-702-RB w-Mw-3 9 W-MW-39-D w-Mw-40 

Overview 

c-49-10-2-009 

DATE: AUGUST 31, 1992 

COPIES: D. A. SCBEIB 

- 

- 

The sample set for the Warminster site, Case No. 3933, SDG W-MbJ- 
31 consists of three (3) aqueous samples, (including one field 
duplicate pair, the duplicate number of which is designated-D), 
and one (1) associated rinsate blank (designatedoRB). All of 
these samples were analyzed for Target Compound List (TCL) 
semivolatile and pesticide/PCB compounds. 

The samples were collected by BA&IBDRTON NUS Environmental 
Corporation on 7/01/92 and 7/02/92 and analyzed by Ceimic 
Coxporation under Naval Energy and Environmental Support Activity 
(NEESA) Level C Quality Assurance/Quality Control (QA/QC) 
criteria. The semivolatile and pesticide/PCB compounds were 
analyzed and reported as specified in the March, 1990 Contract 
Laboratory Program (CLP) Statement of Work (SOW), 

- 

Summarv 
-. 

All compounds were successfully analyzed with the exception of 
those data points that are qualified as rejected, R. The 
findings offered in this report are based upon a general review 
of all available data including data completeness, holding times 
until extraction/analysis, X/MS tuning and calibration data, 
laboratory and field blank results, surrogate spike recoveries, 
matrix spike/matrix spike duplicate results, internal standards 
performance, compound identification and guantitation, and 
Tentatively Identified Compound (TIC) evaluation. 

e. 

- 

-. 

- - 
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Areas of concern with respect to data quality are listed below. 

Maior Problems 

0 Very low recoveries were obtained for heptachlor for 
the Matrix Spike/Matrix Spike Duplicate (MSJMSD) 
analyses of sample W-MW-39. The detection limit for 
this analyte is considered to be unreliable and is 
qualified as rejected, [coded R(m)] for sample W-MW-39 
on the data summary. 

Minor Problems 

0 The following compound was found in the laboratory 
method blanks in the maximum concentration indicated: 

Maximum Action 
Comuounds Concentration (pg/L) Leve; w4m 
Bis(2-ethylhexyl)- 
phthalate (BEEP) 1.5 10.5 

Positive results for BEHP reported at concentrations 
within the action level are qualified (B), and are 
considered to be false positives (artifacts of blank 
contamination). 

0 The semivolatile compound 2,4-dinitrophenol exhibited a 
high Percent Difference (%D greater than 50 percent) 
between the initial calibration average Relative 
Response Factor (RRF) and the continuing calibration 
RRF on one analysis day. A high %D indicates 
inconsistent analytical instrumentation response for 
this compound. As a result, the guantitation of this 
compound may not be accurate. Nondetects for this 
analyte have been qualified as estimated [UJ(c)l/ in 
affected samples; no direction of bias can be inferred. 

0 The Matrix Spike (MS) %R for aldrin in the 
pesticide/PCB fraction was below the advisory limits. 
The result for this compound in the unspiked sample, W- 
Mw-39, is considered to be biased low, and is qualified 

CUWO I l 

Notes 

A continuing calibration %D was greater than 25% for 4-nitro- 
phenol. No actions were warranted in the affected samples as 
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-... 

1 

-  

- .  

there were no positive results reported for this compound, and 
the nondetects were not compromised. 

The recoveries for the pesticide surrogate decachlorobiphenyl 
(DCB) were below the advisory limits for samples W-MW-39, W-MW- 
39-D, and W-MW-40 but both tetrachloro-m-xylene (TCX) recoveries 
for these samples were within the advisory limits. Hence, no 
actions were taken for these samples as there were one set of 
recoveries within the advisory limits. 

Semivolatile fraction Matrix Spike/Matrix Spike Duplicate 
(MS/MSD) Percent Recoveries (%Rs) for 4-nitrophenol and 
pentachlorophenol were above the guality control limits. No 
actions were taken in the unspiked samp1.e as there were no 
positive results reported for either of these compounds. 

Tables summarizing the results reported for field duplicate pairs 
are presented in the attached HNUS/CLEAN Validation Worksheets 
(Appendix C). 

The Tentatively Identified Compounds (TICS) are presented in the 
attached Appendix A (Qualified Analytical Results), excluding all 
TICS identified as laboratory or field quality control blank 
contaminants, siloxane isomers, aldol condensation products, and 
any TIC specifically identified as a laboratory artifact. These 
excluded results are considered to be false positives. 

No other problems were noted. 

Executive Summarv 

Laboratory Performance: One continuing calibration relative 
response factor exhibited a %D in exciss of 50 percent from the 
initial calibration average RRF. One compound was detected as a 
laboratory blank contaminant. 

Other Factors Affecting Data Quality: One compound was detected 
as a contaminant in the field quality control blank. 
Low MS/MSD recoveries occurred for one pesticide compound, and 
low recoveries for the,pesticide surrogate were noted for a few 
samples. 

The data for these analyses were reviewed with reference to the 
"National Functional Guidelines for Organic Data Validation" 

- 

- 

- 

- 
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(2/88) t as amended for use within USEPA Region III, and the NEESA 
document entitled "Sampling and Chemical Analysis Quality 
Assurance requirements for the Navy Installation Restoration 
Program". The t8xt of this report has been formulated to address. 
only thOS8 problem areas affecting data quality. Documentation 
of compliance for non-problem areas is presented in the attached 
Appendix C (BWUS/CLEAN Data Validation Worksheets). 

C "1 attest that the data referenced herein was validated according 
to the agreed upon validation criteria as specified in the NEESA 
Guidelines and the Quality Assurance Project Plan (QAPP)." 

BALBIB@&ON NUS Envif&imental Corporation 

R- Roy Cohen 
Data Reviewer 

6cLAuQ #iz525- 
BALLIBURTON NUS Environmental Corporation 

R 
Debra. A. Scheib 
Data Validation Quality Assurance Officer 

Attachments: 
P 

px 

1. Appendix A - Qualified Analytical Results (including TICS) 
2. Appendix B - Results as Reported'by the Laboratory, 

bncluding TICS) 
3. Appendix C - IiNUS/CLBAN Data Validation Worksheets 
4. Appendix D - Support Documentation 

cc: D. Scheib 
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TO: 

FROM: 

SUBJECT: 

SAMPLES: 8/Aweousl 

Overview 

JNTERNAL CORRESPONDENCE - . 

C-49-9-2-166 - 

NRIL TBAMRRSON DATE: AUGUST 31, 1992 - 

ROY CORBN 

'LOW CONCENTRATION VOLATILES ORGARIC DATA VALIDATION - 
CT0 #22, WARRINSTRR NAWC, WARRIRSTRR, PA 
CASE NO. 3933, SW W-MW-41 

W-706~TB 

-  

- I  

- .  

w-MW-41 w-MW-43 w-Mw-45 W-MW-46 
W-MW-42 w-Mw-44 W-I'IW-45-D .-. 

The sample set for the Warminster site, Case No. 3933, SDG W-MW- 
41 consists of seven (7) aqueous samples (including one field 
duplicate pair, the duplicate member of which is designated -D), -. 
and one (1) associated trip blank (designated -TB); 

The samples were analyzed for low concentration volatile organic 
compounds utilizing EPA Method 524.2 as stipulated in the EPA 
Contract Laboratory Program (CLP) Statement of Work (SOW), 
0LC01.0. All data and reporting deliverables were presented as 
specified in SOW OLCO1.0. 

The samples were collected by BALLIBURTON NYJS Environmental 
Corporation on 7/6/92 and analyzed by Ceimic Corporation 
Laboratories under Naval Energy and Environmental Support 
Activity (NEESA) Level C Quality Assurance/Quality Control 
(QA/QC) criteria. 

_- 

- 

-.. 

Summarv 

All compounds were- successfully analyzed, with the exception of 
those results qualified as rejected, R. The findings offered in 
this report are based upon a general review of all available data 
including data completeness, holding times until analysis, GC/MS 
tuning and calibration data, laboratory and field blank results, 
surrogate spike recoveries, matrix spike/matrix spike duplicate 
results, internal standards performance, field duplicate 
precision, compound identification and guantitation, and 
Tentatively Identified Compound (TIC) evaluation. 

- 

-- 
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Areas of concern with respect to data quality are listed below. 

Major Problems 

1 

F 

PC 

C 

Fh 

0 

0 The continuing calibration Relative Response Factor 
(RRF) for acetone was below 0.010 for one low 
concentration daily standard analysis, and the Percent 
Difference (%D) between this daily RRF and the average 
initial calibration RRF was greater than 50 perc@nt for 
the same compound. Only nondetects were reported for 
acetone in the affected samples. The calibration non- 
compliances Suggest that the detection limit for 
acetone should be considered unreliable in affected 
Samples. Hence, these results haV8 been qualified as 
rejected, [coded R(c)], and are considered to be 
potentially biased very low. 

Notes 

In accordance with USEPA Region III data validation protocol, no 
qualifications are made to the data based on field duplicate 
precision. Tables summarizing the results reported for field 
duplicate pairs are presented in the attached HNUS/CLEAN Data 
Validation Worksheets (Appendix C). 

The Tentatively Identified Compounds (TICS) are presented in the 
attached Appendix A (Qualified Analytical Results), exclude all 
TICS identified as laboratory or field quality control blank 
contaminants, siloxane isomers, aldol condensation products, and 
any TIC specifically identified as a laboratory artifact. These 
excluded results are considered to be false positives. 

C 

No other problems were noted. 

Executive SUmmarv 

Laboratory P8rfOrmMC8: The laboratory could not demonstrate 
acceptable sensitivity or consistency of instrumental response 
for acetone. 

Other Factors Affecting Data Quality: No problems were noted. 
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The data for these analyses were reviewed with reference to the 
"National Functional Guidelines for Organic Data Validation@e 
(2/-l I as amended for use within USEPA Region III, and the NEESA 
document entitled "Sampling and Chemical Analysis Quality 
Assurance requirements for the Navy Installation Restoration 
Program*' (6/88). 

The text of this report has been formulated to address only those 
problem areas affecting data quality. Documentation of 
compliance for non-problem areas is presented in the attached 
Appendix C (BNUS/CLBAN Data Validation Worksheets). 

"I attest that the data referenced herein was validated according 
to the agreed upon validation criteria as specified in the NEESA 
Guidelines and the Quality Assurance Project Plan (QAPP)." 

HALLIBURTON NUS Envir tal Corporation 

Roy Cohen 
Data Reviewer 

GlIlL4cMes. 
HALLIBURTON NUS Environmental Corporation 

Debra. A. Scheib 
Data Validation Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Results (including TICS) 
2. Appendix B - Results as Reported by the Laboratory 

(including TICS) 
3. Appendix C - BNUS/CLEAN Data Validation Worksheets 
4. Appendix D - Support Documentation 

- 

-. 

- 

-_. 

- 

-. 

-. 

cc: D. Scheib 
- 

- 



INTERNAL c0Rlwsl?0NDENcE 

C-49-8-2-220 

TO: NEIL TEAXERSON DATE: AUGUST 

FROM: JENNIFERXUBBARD 

SUBJECT: MISCELLANEOUS PARAMETERS DATZ~VALIDATION 
CT0 #22, WARMINSTER NAWC, WARXINSTER, PA 
CASE NO. 3933, SDG 920330 

SAMPLES: 3/water/W- 

121 1992 

6240RB (Rinsate Blank) 624-FB (Field Blank) 

Mwo3 

Overview 

The sample set for the Warminster site, Case No. 3933, SDG 920330 
consists of one (1) water sample and two (2) associated field 
quality control blanks. Following is a list of the analyses 
performed, the reference for the analytical method used, a:nd the 
associated samples upon which the analyses were performed: 

Parameter 

Total Organic 
Carbon (TOC) 

Chemical Oxygen 
Demand (COD) 

Hardness 

Sulfate 

Biological Oxygen 
Demand (BOD) 

Total Suspended 
Solids (TSS) 

Total Dissolved 
Solids (TDS) 

Method Reference 

EPA Method 415.1 

EPA Method 410.4 

EPA Method 130.2 

EPA Method 375.4 

EPA Method 405.1 

EPA Method 160.2 

EPA Method 160.1 

Associated Samules 

All 

All 

All 

All 

All 

All 

All 

(continued) 
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- 

Parameter Method Reference Associated Samnles 

Ammonia EPA Method 350..2 All 

Chloride EPA Method 325.2 All - 

Nitrate, Nitrite EPA Method 353.3 All 

Alkalinity EPA Method 31d.l All - 

The samples were collected by HALLIBURTON NUS Environmental 
Corporation from 6/23/92 to 6/24/92 and analyzed by Ceimic 
Corporation Laboratories under Navy Energy and Environmental 
Support Activity (NEESA) Level E Quality Assurance/Quality Control 
(QA/QC)'criteria. 

_- 

- 

Summary 

All compounds were successfully analyzed. The findings offered in 
this report are based upon a general review of all available data 
including holding times until analysis, laboratory and field blank 
results and laboratory control sample results. 

- 

- 

Areas of concern with respect to data quality are listed below. - 

Minor Problems - 

l A maximum concentration of 1.2 mg/L TOC was detected in 
the field quality control blanks. The positive results 
reported for TOC in samples W-624-FB and W-MW-03 are 
considered to be false positive results attributable to 
blank contamination, and are qualified, B, accordingly. 

Notes 

A maximum concentration of 10 mg/L TDS was detected in the field 
quality control blanks. No qualification was made to the positive 
result reported for TDS iti sample W-MW-03 because this result is 
sufficiently above the blank contaminant level not to have been 
affected by blank contamination. 

.- 

- 
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INTERNAL CORRESPONDENCE 

c-49-9-2-272 

TO: NEIL TBAMBRSON DATE: SBPTEMBBR 22, 1992 

FROM: 

SUBJECT: 

JENNIFER HUBBARD 

MiSCELANEOUS PARAMETERS DATA VALIDATION 
CT0 #22, WABMINSTER WAWC, WARMINSTBR, PA 
CASE NO. 3933, SD0 920345 

SAMPLES: l/water/W- 

MW46 

- . 
Overview 

The sample set for the Warminster site, Case No. 3933, SDG 920345 
consists of one (1) water sample; no field quality control blanks 
were analyzed with this sample set. 

3 . The sample was analyzed for the following list of parameters: 

Total Organic Carbon (TOC) 
Chemical Oxygen Demand (COD) 
Hardness 
Sulfate 
Biological Oxygen Demand (BOD) 
Total Suspended Solids (TSS) 
Total Dissolved Solids (TDS) 
Ammonia 
Chloride 
Nitrate, Nitrite 
Alkalinity e 

EPA Method 415.1 
EPA Method 410.4 
EPA Method 130.2 
EPA Method 375.4 
EPA Method 405.1 
EPA Method 160.2 
EPA Method 160.1 
EPA Method 350.2 
EPA Method 325.2 
EPA Method 353.3 
EPA Method 310.1 

The sample was collected by HALLIBURTON NUS Environmental 
Corporation on 7/6/92 and analyzed by Ceimic Corporation 
Laboratories under Navy Energy and Environmental Support Activity 
(NEESA) Level E Quality Assurance/Quality Control (QA/QC) criteria. 

Summary 

All compounds were successfully analyzed. The findings offered in 
this report are based upon a general review of all available data 
including holding times until analysis, laboratory blank and 

I laboratory control sample results. 
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There were no areas of concern with respect to data quality; all 
data are accepted without qualification. 

Executive Summarv 

Laboratory Performance: No problems were noted. 

Other Factors Affecting Data Quality: No problems were 
encountered. 

The data for these analyses were reviewed with reference to method- 
specific quality control criteria, and with respect to the quality 

.control criteria outlined in the NEESA document entitled "Sampling 
and Chemical Analysis Quality Assurance remirements for the Navy 
Installation Restoration Program" (6188). 

The text of this report has been formulated to address only those 
problem areas affecting data quality. 

"1 attest that the data referenced herein was validated according 
to the aqreed upon validation criteria as specified in the NEESA 
Guidelines and the Quality Assurance Project Plan (QAPP)." 

HALLIBU&f!ON NUS Envirodental Corporation 

Jennifer Hubbard 
Data Reviewer 

QdedV 
HALLIBURTON NUS Environmental Corporation 

Debra A. Scheib 
Data Validation Quality Assurance Officer 
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- HALLIBURTON NUS Environmental Corporation 

CQ 
Debra A. Scheib 
Data Validation Quality Assurance Officer 

Attachments: 

1. Appendix 
2. Appendix 
3. Appendix 
4. Appendix 

A- Qualified Analytical Results 
B- Results as Reported by the Laboratory 
C- HNUS/CLEAN Data Validation Worksheets 
D- Support Documentation 

cc: D. A. Scheib 
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0 Negative blank contamination was noted for 
lead in the laboratory method blanks. This 
is indicative of baseling drifting and poor 
instrument response. Positive sample results 
for this analyte which are < 10 CRDL are 
qualified as estimated, [coded L(n)]. Bias 
is low. Nondetects for lead are biased low, 
and qualified, (coded UL(n)J. 

l Matrix spike recovery was below the lower QC limit of 
75% for thallium. Results were considered to be biased 
low and were qualified [coded UL(m)] for non-detects 
where not previously qualified based on blank 
contamination. Matrix spike recovery exceeded the 
upper QC limit of 125% for lead and mercury. Positive 
results for these analytes were qualified [coded K(m)], 
biased high, where not previously qualified. 

0 Graphite Furnace Atomic Absorption (GFAA) Post 
Digestion Spike (PDS) recoveries fell below the lower 
QC limit of 85% for selenium in samples WMW31DP a:nd 
WMW38, and thallium in WMW31, WMW31DP, WMW32, WMW33, 
WMW34, WMW35, WMW37, WMW38, WMW39, and WMW40. These 
results were considered to be biased low due to matrix 
affects and were qualified (coded UL(p)] for non- 
detects where not previously qualified based on blank 
contamination. GFAA PDS recoveries for lead exceeded 
the upper QC limit of 125% for samples WMW32 and WMW34. 
Positive results for lead in these samples were 
qualified [coded R(p)], biased high, where not 
previously qualified. 

Notes . 

GFAA PDS recovery exceeded the upper QC limit of 115% for 
selenium in samples WMW31, WMW32, WMW36, WMW39, WMW39DP, WMW40, 
and W702RB. However, no qualifications were necessary since 
these results were non-detects. 

Contract Required Detection Limit (CRDL) Standard analyses are 
not evaluated as qualifications are limited to high concentration 
samples only. All samples in this analytical data set are of low 
concentration. 

False positives were observed for antimony, beryllium, cobalt, 
copper, and nickel in the ICS. However, analyte concentrations 
were not considered to be comparable to those in the ICS, and no 
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qualifications were required. 

In accordance with USEPA Region III data validation protocol, no 
qualifications are made to the data based on the evaluation of 
field duplicates. Tables summarizing the field duplicate results 
can be found in the attached HNUS/CLEAN Data Vaildation 
Worksheets (Appendix C). 

,- 

Executive Summarv 

Laboratory Performance: Several analytes were detected as 
laboratory method blank contaminants. CRDL standard recoveries 
fell outside QC limits for several analytes. 

Other Factors Affecting Data Quality: Two analytes were detected 
as field blank contaminants. Matrix spike recovery was outside 
QC limits for some analytes. GFAA PDS recoveries fell outside QC 
limits for several results. False positives were observed in the 
ICS. 

-" 

- 

The data for these analyses were reviewed with reference to the 
lfNational Functional Guidelines for Inorganic Data Validation'@ 
(7/SS)! as amended for use within USEPA Region III, and the NEESA 
document entitled "Sampling and Chemical Analysis Quality 
Assurance Requirements for the Navy Installation Restoration 
Program". 

.- 

The text of t,his report has been formulated to address only those _ 
problem areas affecting data quality. Documentation of _-- 
compliance for non-problem areas is presented in the attached 
Appendix C (HNUS/CLEAN Data Validation Worksheets.) 

"1 attest that the data referenced herei,n were validated 
according to the agreed upon validation criteria as specified in 
the NEESA Guidelines and the Quality Assurance Project Plan 

j&&4 /-&,:, 
ON-NUS Environmental-Corporation 

- 

Jennifer Hubbard 
Data Reviewer 

-_ 

-. 
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U TO: 

FROM: 

SUBJECT: 

SAMPLES: 

c-49-9-2-221 

NEIL TEAMERSON DATE: SEPTEMBER 23, 19.92 

JENNIFER HUBBARD COPIES: D. A. SCHEIB 

INORGANIC DATA VALIDATION - TAL METALS (TOTAL) 
NAWC WARMINSTER 
CASE NO. 3933, SDG WMW41 

~pMw-f~) 

w- 

MW41 MW42 MW43 MW44 MW45 MW46 

Q& 

MW45 
.- 

Overview 

P- 

i” 

IBRERNAL CORRESIPONDENCE 

The sample set for the Warminster site, Case No. 3933, SDG WMW41, , 
consists of seven (7) water samples. These samples were analyzed 
for Total Target Analyte List (TAL) Metals and cyanide. One 
field duplicate pair (the duplicate is designated by D preceding 
the station location name), was included with this sample set. 

The samples were collected by BALLIBURTON NUS on July 6, 1992 and 
analyzed by CEIMIC Laboratories under Naval Energy and 
Environmental Support Activity (NEESA) Level C Quality 
Assurance/Quality Control (QA/QC) criteria. All analyses were 
conducted using Contract Laboratory Program Statement of Work 
(SOW) 7/88 analytical and reporting protocols. , 

Summary 

All compounds were successfully analyzed. The findings offered 
in this report are based upon a general review of all avai:lable 
data incuding data completeness, holding times, calibration data, 
laboratory blank results, matrix spike/post-digestion spike 
recovery results, laboratory control and ICP interference check 
sample results, serial dilution results, field duplicate 
precision, compound identification and compound quantitation. 

Areas of concern with respect to data quality are listed below. 
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Major Problems 
- 

0 Matrix spike recovery was extremely low (0%) for 
mercury. Nondetects for mercury were considered to be 
unreliable and rejected, [coded R(m)]. -- 

Minor Problems 

0 Several analytes were found in associated laboratory _-r 
quality control blanks. The maximum amounts of these 
analytes found in the blanks, and the corresponding 
action levels applied to the data, are listed below: 

Analvte 
Maximum 
Cont. (us/l) 

Al 107 
Be 4 
Cd 4 
Ca 95 
Cr 10 
co 7 
cu 5 
Fe 33 
Ms 40 
Mn 2 
K 470 
Na 110 
Tl 3.6 
Zn 6 

Sample results affected by blank contamination and 
reported at concentrations less than the action level 
are considered to be false positives. These results 
are qualified (B). r 

- 

Action 
Level (ucr/l) 

535 
20 
20 - 
475 
50 
35 
25 - 
165 
200 
10 
2350 
550 
18 
30 

Negative blank contamination was detected for iron in 
the laboratory method blank. This is indicative of 
baseline drifting and poor instrument response. 
Positive and nondetected sample results for this 
analyte, are considered biased low and qualified, 
[coded L(n)] and [coded UL(n)], respectively. 

l Laboratory duplicate imprecision was observed for lead 
and iron. Positive results for these elements not 
previously qualified due to blank contamination were 
qualified [coded J(d)]. Bias cannot be determined. 

I- 

_“. 

m.. 



4 

c-49-9-2-221 
MR. NEIL TEAMERSON 
SEPTEMBER 23, 1992 
PAGE TNREE 

R 

par 

F- 

- 

I-- 

* Matrix spike recovery was below the lower QC limit of 
75% for thallium. Positive results were considered to 
be biased low and were qualified, [coded L(m)], where 
not previously qualified based on blank contamination. 
For thallium, nondetects were qualified, [coded UL(m)], 
biased low, where not previously qualified. 

0 GFAA PDS recoveries fell below the lower QC limit of 
85% for arsenic in sample WMW41, selenium in samples 
WMW41, and thallium in samples WMW42, WMW44 and WMW46. 
These results were considered to be biased low and were 
qualified, (coded UL(p)] for nondetects. 

Notes 

The continuing calibration percent recovery for cyanide analyses 
(affecting sample WMW45) exceeded the upper QC limit of 115%. 
However, since the bias would be high and the result was a non- 
detect, no qualifications were necessary. 

Contract Required Detection Limit (CRDL) Standard analyses are 
not evaluated as qualifications are limited to high concentration 
samples only. All samples in this analytical data set are of low 
concentration. 

The ICP Serial dilution Percent Differences (%Ds) for several 
analytes exceeded the 10% quality control limit. However, 
initial sample results for these analytes did not exceed 50X IDL 
and no actions were required. 

GFAA PDS recovery exceeded the upper QC limit of 115% for 
selenium in sample WMW46. However, no qualifications were 
necessary since these results were non-detects. 

, 
False positives were observed for antimony, beryllium, cadmium, 
cobalt, copper, manganese, nickel, potassium, sodium, and 
vanadium in the ICS. False negatives were observed for 
manganese. However, concentrations of interferents in the ICS 
were not considered to be comparable to concentrations of 
interferents in the samples, and no qualifications were made. 

In accordance with USEPA Region III data validation protocol, no 
qualifications are made to the data based on the evaluation of 
field duplicates. Tables summarizing the field duplicate results 
can be found in the attached HNUS/CLFAN Data Vaildation 
Worksheets (Appendix C). 
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Executive Summary 

Laboratory Performance: CCV percent recovery for cyanide 
exceeded the QC limit. Several analytes were detected as 
laboratory method blank contaminants. CRDL standard recoveries 
fell outside QC limits for several analytes. Laboratory 
duplicate imprecision was observed for iron. 

Other Factors Affecting Data Quality: Matrix spike recovery was 
outside QC limits for two analytes. GFAA PDS recoveries fell 
outside QC limits for several analytes. 

The data for these analyses were reviewed with reference to the 
"National Functional Guidelines for Inorganic Data Validation'* 
(7/88) I as amended for use within USEPA Region III, and the NEESA 
document entitled "Sampling and Chemical Analysis Quality 
Assurance Requirements for the Navy Installation Restoration 
Program". 

The text of this report has been formulated to address only those 
problem areas affecting data quality. Documentation of 
compliance for non-problem areas is presented in the attached 
Appendix C (HNUS/CLEAN Data Validation Worksheets.) 

"I attest that the data referenced herein were validated 
according to the agreed upon validation criteria as specified in 
the NEESA Guidelines and the Quality Assurance Project Plan 
(QAPP)." 

Jennifer Hubbard 
Data Reviewer 

, 

Pti.($,-gy 
HALLIBURTON NUS Environmental Corporation 

Debra A. -Scheib 
Data Validation Quality Assurance Officer 

-  

-  

-  

I .  

-  

-  
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Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as Reported by the Laboratory 
3. Appendix C - HNUS/CLEAN Data Validation Worksheets 
4. Appendix D - Support Documentation 

pl cc: D. A. Scheib 

R 
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TO: NEIL TEAMERSON DATE: AUGUST8 21 1992 

FROM: JENNIFER HUBBARD COPIES: D. A. SCEEIB 

SUBJECT: INORGANIC DATA VALIDATION 'I TAL METALS (DISSOLVED) 
WARMINSTER NAVAL BASE 
CASE NO. 3933, SDG WSWF05 

SAMPLES: 

DWSWF6 

w- - 

SWFOS SWF06 MWOl Mwo2 
Mwo3 Mwo4 

624FB-Filtered Field Blank 624RB-Rinsate Blank 

Overview 

The sample set for the Warminster site, Case No. 3933, SDG 
WSWFOS, consists of seven (7) filtered water samples and two (2) 
aqueous filtered field quality control blanks. These samples 
were analyzed for dissolved Target Analyte List (TAL) metals. 
One field duplicate pair (samples WSWFOG and DWSWFOG) were 
included in this data set. 

The samples were collected by HALLIBURTON NUS Environmental 
Corporation on 06/23/92 and 06/24/92 and analyzed by CEIMIC 
Laboratories under Naval Energy and Environmental Support 
Activity (NEESA) Level C Quality Assurance/Quality Control 
(QA/QC) criteria. All analyses were conducted using Contract 
Laboratory Program Statement of Work (SOW) 7/88 analytical and 
reporting protocols. 

Summarv 

All compounds were successfully analyzed. The findings offered 
in this report are based upon a general review of all available 
data including data completeness, holding times, calibration 
data, laboratory and field quality control blank results, 
laboratorv and field dunlicate results, matrix spike recovery 
results, post digestion-spike recovery.and ICP serial dilution 
results, laboratory control and ICP interference check sample 
results, compound identification and compound quantitation., 
Areas of concern with respect to data quality are listed below. 
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Minor Problems 

0 Several analytes were detected as contaminants in 
associated laboratory method and field quality control - 
blanks. The maximum blank contaminant concentrations 
for these analytes and the corresponding action levels 
applied to the sample data are listed below: -_ 

Maximum Action 
Analvte Concentration (pg/L) Level 0.4/L) -, 

aluminum 112 
beryllium 3.0 
calcium 70.0 
chromium 8.0 
cobalt 6.0 
copper 5.0 
iron 38.0 
lead 1.6 
magnesium 48.0 
thallium 2.4 
vanadium* 6 . 0:' 
zinc* 9.0 

560 
15.0 

350 I 
40.0 
30.0 
25.0 .- 

190 
8.0 

240 
12.0 - 
30.0 
45.0 

--- 
*Maximum amount used to set validation action level 

found in associated field quality control blank. 

Sample results affected by blank contamination and 
reported at concentrations less than the action level 
are considered to be false positives. These results 
are qualified, [coded (B)]. No action was taken for 
vanadium or zinc in sample 62RB because these values 
were used to set the validation action levels and as 
such, are not qualified in accordance with data 
validation protocol. < 

- 

-. 

- 

0 Negative concentrations (2 IDL) were reported for 
iron and manganese in the laboratory method 
blanks. Results such as these are evidence of 
inconsistent instrument performance (baseline 
drifting). Positive results for these analytes < 
10X CRDL (not qualified due to positive blank 
contamination) are qualified as biased low, [coded 
L(n) I. Nondetects for these analytes are 
qualified, [coded UL(n)], biased low. 

l Graphite furnace Post Digestion Spike (PDS) recoveries 
for thallium in samples WSWFOS, WSWF06, DWSWFG, WMWOl, 

- 

.- 
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WMW02, WMW03, and WMWO4 fell below the 85% lower 
quality control limit. Failure to meet PDS performance 
criteria indicates the potential presence of matrix 
interferences. Affected sample results are nondetects 
are were. qualified as biased low, [coded UL(p)]. 

Notes 

In accordance with USEPA Region III data validation protoco:L, no 
qualifications are made to the sample data based on the 
evaluation of field duplicate precision. Tables summarizing the 
field duplicate results can be found in the attached HNUS/CLEAN 
Data Validation Worksheets (APPENDIX C). 

CRDL Standard analysis recoveries for several analytes failed to 
meet the 80-120% quality control criteria. No actions were taken 
because qualifications are limited to high concentration samples 
only via USEPA Region III data validation protocol. All samples 
in this analytical data set are of low concentration. 

Several analytes, which were not supposed to be present in the 
Interference Check Sample (ICS) Solutions, were detected in these- 
solutions at positive and/or negative concentrations > IDL. 
Samples did not contain concentrations of interfering analytes 
comparable to the levels detected in the ICS, therefore, no 
qualifications were required. 

The matrix spike recovery for mercury exceeded the 125% upper 
quality control limit. However, no qualifications were necessary 
since no positive results were reported for mercury. 

The graphite furnace PDS recovery for lead in sample W624RB was 
below the lower quality control limit of 85%. No further action 
was necessary since the positive lead result in the affected 
sample is qualified on the basis of blank contamination.' 

No other problems were noted. 

Executive Summarv 

Laboratory Performance: Several analytes were detected as 
laboratory method blank contaminants. CRDL standard analysis 
recoveries fell outside quality control limits for several 
analytes. Negative concentrations were reported for iron and 
manganese in laboratory method blanks. 
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Other Factors Affecting Data Quality: Vanadium and zinc, which 
could not be attributed to laboratory blank contamination, were 
detected as contaminants in the associated rinsate blank. 
Several graphite furnace PDS recoveries were below quality 
control limits. 

The data for these analyses were reviewed with reference to the 
"National Functional Guidelines for Inorganic Data Validation" 
(7/22), as amended for use within USEPA Region III, and the NEESA 
document entitled llSampling and Chemical Analysis Quality 
Assurance Requirements for the Navy Installation Restoration 
Program". 

The text of this report has been fOrIUulat8d to address only those 
problem areas affecting data quality. Documentation of 
compliance for non-problem areas is presented in the attached 
Appendix C (HNUS/CLEAN Data Validation Worksheets.) 

"1 attest that the data referencedJ;.herein were validated 
according to the agreed-upon validation criteria as specified in 
the NEESA Guidelines and the Quality Assurance Project Plan 
(QAPP)." 

mental Corporation 

Jennifer Hubbard 
Data Reviewer 

Corporation 

. I  

-  

_. 

- 

Debra A. Scheib 
Data Validation Quality Assurance Officer 

- 
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Attachments: 

1. Appendix A- Qualified Analytical Results 
2. Appendix B- Results as Reported by the Laboratory 
3. Appendix C- HNUS/CLEAN Data Validation Worksheets 
4. Appendix D- Support Documentation 

cc: D. A. Scheib 
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Notes 

There were some continuing calibration %Ds for methylene 
chloride, 2-hexanone, and 4-methyl-a-pentanone that exceeded the 
30% quality control criterion. No data qualifications were 
required, since only nondetects were reported for these compounds 
in affected samples, and these results were not impacted by the 
non-compliance. 

In accordance with USEPA Region III data validation protocol, no 
qualifications are made to the data based on field duplicate 
precision. Tables summarizing the results reported for field 
duplicate pairs are presented in the attached IiNUS/CLRAN Data 
Validation Worksheets (Appendix C). 

The Tentatively Identified Compounds (TICS) presented in the 
attached Appendix A (Qualified Analytical Results), exclude all 
TICS identified as laboratory or field quality control blank 
contaminants, siloxane isomers, aldol condensation products, any 
known artifact of extraction, and any TIC specifically identified 
as a laboratory artifact. These excluded results are considered 
to be false positives. 

No other problems were noted. 

- Executive Summary 

h 

P 

pl 

Laboratory Performance: The laboratory made several errors in 
the reporting of results. Sufficient instrumental sensitivity 
could not be demonstrated for acetone. Several calibration %Ds 
failed to meet quality control criteria. Several compounds were 
detected as laboratory blank contaminants. 

Other Factors Aifecting Data Quality: No other problems were 
noted. 

The data for these analyses were reviewed with reference to the 
"National Functional Guidelines for Organic Data Validation'@ 
(2/88) t as amended for use within USEPA Region III, and the NEESA 
document entitled "Sampling and Chemical Analysis Quality 
Assurance requirements for the Navy Installation Restoration 
Program" (6/88). 
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TRe text of this report has been formulated to address only those 
problem areas affecting data quality. Documentation of 
compliance for non-problem areas is presented in the attached 
Appendix.C (BNDS/CLEAN Data Validation Worksheets). 

"1 attest that the data referenced herein was validated according 
to the agreed upon validation criteria as specified in the NEESA 
Guidelines, and the Quality Assurance Project Plan (QAPP)." 

,Roy Cohen 
Data Reviewer 

(-lzLLtim 1 
BALLIBURTON NUS Environmental Corporation 

- 

- 

-. 

.- 

r- 

-- 

Debra. A. Scheib 
Data Validation Quality Assurance Officer 

-. 

Attachments: 

1. Appendix A - Qualified Analytical Results (including TICS) 
2. Appendix B - Results as Reported by the Laboratory, 

(including TICS) 
3. Appendix C - BNUS/CLEAN Data Validation Worksheets 
4. Appendix D - Support Documentation' 

- 

cc: D. Scheib 

- 

-., 
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NEIL TEAMERSON DATE: AUGUST 24, 1992 

JENNIFER HUBBARD COPIES: D.A. SCHEIB 

INORGANIC DATA VALIDATION - TAL METALS (DISSOLVED) 
WARMINSTER NAVAL BASE 
CASE NO. 3933, SD0 DWMWOS 

DWMWOS 

Mm5 MS'706 Mwo7 MW08 
Mwo9 MWlO Mwll Mw12 
Mb713 Mw14 Mw15 MW16 

Overview 
626RB-Filtered Rinsate Blank 

The sample set for the Warminster site, Case No. 3933, SDG DWMWOS, 
consists of thirteen (13) filtered water samples and one (1) 
filtered rinsate blank. These samples were analyzed for dissolved 
Target Analyte List (TAL) metals. 

The samples were collected by HALLIBURTON NUS Environmental 
Corporation on 06/25/92 and 06/26/92 and analyzed by CEIMIC 
Laboratories under Naval Energy and Environmental Energy and 
Environmental Support Activity (NEESA) Level C Quality 
Assurance/Quality Control (QA/QC) Criteria. All analyses were 
conducted using Contract Laboratory Program Statement of Work (SOW) 
7/88 analytical and reporting protocols. 

, 

Summary 

All compounds were successfully analyzed. The findings offered in 
this report are based upon a general review of all availab:Le data 
including data completeness, holding times, calibration data, 
laboratory and field blank results, matrix spike and post digestion 
spike recovery results, laboratory duplicate results, ICP serial 
dilution results, laboratory control and ICP interference check 
sample results, compound identification and compound quantitation. 

Areas of concern with respect to data quality are listed below. 
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Minor Problems 

- 

l Several analytes were detected as contaminants in the 
associated laboratory method blanks. The maximum blank 
contaminant concentrations for these analytes and the 
corresponding action levels applied to the data are 
listed below: 

Analvte 
Maximum Action 
Concentration (ug/L) Level (ug/L) 

aluminum 120 600 
beryllium 4.0 20.0 
cadmium 5.0 25.0 
calcium 104 520 
chromium 6.0 30.0 
copper 6.0 30.0 
iron 25.0 125 
lead 1.2 6.0 
magnesium 62.0 310 
manganese l..Q 5.0 
sodium 260 1300 
vanadium 5.0 25.0 
zinc 4.0 20.0 

Sample results affected by blank contamination and 
reported at concentrations less than the action level are 
considered to be false positives. These results are 
qualified, (B]. 

Negative concentrations + IDL were reported for arsenic 
and manganese int he continuing calibration blanks. This 
is a matter of inconsistent instrument performance and is 
indicative of baseline drifting. Positive results for 
manganese < 10 x CRDL (not qualified due to blank 
contamination) were qualified as biased low, [coded L 
(n) I. No positive results were reported for arsenic. 
Nondetects for both analytes were qualified as biased 
low, [coded UL(n)]. 

Graphite furnace Post Digestion Spike (PDS) 
recoveries for lead in sample WQ626PB and thallium 
in samples WMWll, WMWl2, WMW13 and WMW14 fell below 
the 85% lower quality control limit, indicating 
possible poor instrument performance or the 

- 

,- 

-_ 
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potential presence of matrix interferences. Affected 
sample results are nondetects; these results are 
considered to be biased low and were qualified, [coded 
UL(P) I* 

C 

Cn 

Notes 

In accordance with USEPA region III data validation protocol, no 
qualifications are made to the sample data based on the evaluation 
of field duplicate precision. Tables summarizing the field 
duplicate results can be found in the attached HNUS/CLEAN Data 
Validation Worksheets (APPENDIX C). 

CPDL Standard analysis recoveries for several analytes did not meet 
the 80-120% quality control criteria. No actions were taken 
because qualifications are limited to high concentration samples 
only; all samples in this analytical data set are of low 
concentration. 

Several analytes, which were not supposed to be present in the 
Interference Check Standard (ICS) solutions, were detected in these 
solutions at positive and/or negative concentrations > IDL. 
Samples did not contain concentrations of interfering analytes 
comparable to the levels detected in the ICS, therefore, no 
qualifications were required. 

Graphite furnace PDS recoveries for arsenic, lead and selenium in 
several samples failed to meet the 850115% quality control 
criteria. No actions were necessary because either the affected 
positive sample results are qualified due to blank contamination, 
or nondetects in affected samples were not compromised by high PDS 
recoveries. 

No other problems were encountered. 

Executive Summarv 

Laboratory Performance: Several analytes were detected as 
laboratory method blank contaminants. Arsenic and manganese were 
detected at negative concentrations in the laboratory method 
blanks. CRDL standard recoveries fell outside quality control 
limits for several analytes. 

Other Factors Affecting Data Quality: Graphite furnace PDS 
recoveries for several analytes in some samples did not meet'the 
quality control limits. 
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The data for these analyses were reviewed with referenced to the 
"National Functional Guidelines for Inorganic Data Validation" 
(7/88), as amended for use within USEPA Region III, and the NEESA 
document entitled "Sampling and Chemical Analysis Quality Assurance 
Requirements for the Navy Installation Restoration Program81. 

- ”  

- -  

. -  

.- 

The text of this report has been formulated to address only those 
problem areas affecting data quality. Documentation of compliance 
for non-problem areas is presented in the attached Appendix C 
(HNUS/CLEAN Data Validation Worksheets.) 

- 

"I attest that the data referenced herein were validated according 
to the aareed-upon validation criteria as specified in the NEESA 
Guidelines and the Quality Assurance Project Plan (QAPP) ol' 

-- 

- 

Jennifer Hubbard 
Data Reviewer 

-. 

QI)!ifc$s5--- 
HALLIBURTON*NUS Environmental Corporation 

Debra A. Scheib 
Data Validation Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as Reported by the Laboratory 
3. Appendix C - HNUS/CLEAN Data Validation Worksheets 
4. Appendix D - Support Documentation 

cc: D. Scheib 
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NEIL T EANERSON DATE: AUGUST 24, 1992 

JENNIFER HUBBARD COPIES: D. A. SCREIB 

INORGANIC DATA VALXDATION - TAL METALS 
NAWC WARMINSTER 
CASE NO. 3933, SDG TWXWO5 

w- - 

626RB-Rinsate Blank 

MWo5 MW06 MWo7 MW08 Mwo9 
Mwll MW12 MW13 MW14 MW15 

DW-MW08 

MWlO 
MW16 

The sample set for the Warminster site, Case No. 3933, SDG 
TWMWOS, consists of thirteen (13) water samples and one (1) 
associated field quality control blank. These samples were 
analyzed for Total Target Analyte List (TAL) Metals and cyanide. 
One field duplicate pair (the duplicate is designated by D 
preceding the station location name), was included with this 
sample set. 

The samples were collected by BALLIBURTON NUS Environmental 
Corporation from 6/25/92 to 6/26/92 and analyzed by CEIMIC 
Laboratories under Naval Energy and Environmental Support 
Activity (NEESA) Level C Quality Assurance/Quality Control 
(QA/QC) criteria. All analyses were conducted using Contract 
Laboratory Program Statement of Work (SOW) 7/88 analytical and 
reporting protocols. 

Summary 

All compounds were successfully analyzed. The findings offered 
in this report are based upon a general review of all available 
data incuding data completeness, holding times, calibration data, 
laboratory and field blank results, matrix spike/post-digestion 
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spike recovery results, laboratory control and ICP interference 
check sample results, serial dilution results, field duplicate 
precision, compound identification and compound quantitation. 

Areas of concern with respect to data quality are listed below. 

Minor Problems 

0 Several analytes were found in associated laboratory 
quality control blanks. The maximum amounts of these 
analytes found in the blanks, and the corresponding 
action leveis applied to the data, are listed below: 

Maximum Action 
Analvte Cone, (us/l) Level (us/l) 

Al 120 600 
Be 5.0 25.0 
Cd 5.0 25.0 
Ca 85.0 425 
Cr 6.0 30.0 
cu 6.0 30.0 
Fe 24.0 120 
Pb 1.8 9.0 
Ms 47.0 235 
Mn 1.0 5.0 
Na 198 990 
v 5.0 25.0 
Zn 4.0 20.0 

No analytes were found in the associated field quality 
control blank that were not attributable to laboratory 
blank contamination. , 

Sample results affected by blank contamination and 
reported at concentrations less than the action level 
are considered to be false positives. These results 
are qualified, [coded (B)]. 

-^ 

- 

l Nondetects and any remaining positive results < 10X 
CRDL are considered biased low and qualified, [coded 
L(n)] and [coded UL(n)], respectively, in instances 
where negative values were reported for the laboratory 
method blanks for an analyte. Such is the case for 
iron. Only positive sample results were reported for 
this analyte and these results are qualified as -- 
mentioned above. Negative blank contamination is indicative 
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of baseline drifting and poor instrument performance. 

0 Laboratory duplicate imprecision was observed for 
aluminum. Positive results for this analyte not 
previously qualified due to blank contamination were 
estimated and qualified, [coded J(d)]. Bias cannot be 
determined. 

0 Matrix spike recoveries were below the 75% lower 
quality control for aluminum, iron, and thallium. 
Positive and nondetected sample results for these 
analytes are considered to be potentially biased low 
due to matrix interferences and are qualified, (coded 
L(m)] and [coded UL(m)], respectively, where not 
previously qualified based on blank contamination. 

0 Graphite Furnace Atomic Absorption (GFAA) post 
digestion analytical spike recoveries fell below the 
lower quality control limit of 85% for arsenic in 
sample WMW13 and thallium in samples NMWO8, DWMNOS, and 
wMwo9. These results were considered to be potentially 
biased low due to sample;':matrix affects and were 
qualified [coded L(p)] for positive results and [coded 
UL(p)] for nondetects, where not previously qualified 
due to blank contamination. 

Notes 

CRDL Standard analysis recoveries for several analytes did not 
meet the 80-120% quality control criteria. No actions were taken 
because qualifications are limited to high concentration samples 
only. All samples in this analytical data set are of low 
concentration. 

The percent recovery for the Initial Calibration Verification 
(ICV) for lead (88.6%) analyzed on 7/21 fell,below the 90% lower 
quality control limit. The samples affected would be WMW05, 
WMNO6, and WMW07. However, lead.in all these samples was 
qualified, [coded (B) I, due to blank contamination, hence no 
further qualifications were made. 

GFAA Post Digestion analytical spike recoveries exceeded the 
upper quality control limit of 115% for selenium in samples 
WMW05, WMWOG, and WMW07. However, only nondetected sample 
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- 

results were reported for this analyte and these results are not 
compromised. Hence no actions were required. 

False positives were observed for antimony, beryllium, cadmium, 
cobalt, copper, manganese, nickel, sodium, and vanadium in the 
(Interference Check Sample) ICS. However, concentrations of the 
interferent analytes (aluminum, calcium, iron and.magnesium) 
present in the samples were not comparable to the levels present 
in the ICS solution; hence no actions were necessary. 

The Percent Differences (%Ds) for several analytes exceeded the 
10% quality control limit for the serial dilution analyses. 
However, initial sample results for these analytes did not exceed 
50% the IDL and no actions were required. 

Because it is unusual to observe cyanide in a monitoring well at 
a concentration of 92 ug/l, especially when it was not detected 
in other samples, the reviewer examined this result closely. It 
appears that the absorbance measured for cyanide in this sample 
was extremely close to results obtained for CCVs, and it is 
suspected that a mix-up may have occurred. However, the sample 
result in the raw data was labeled as belonging to sample WMW13 
and cannot be discounted with available information. Therefore, 
if this well is a critical sampling point, confirmatory re- 
sampling of this well might be desirable, at the project 
manager's discretion. 

- 
In accordance with USEPA Region III data validation protocol, no 
qualifications are made to the data based on the evaluation of 
field duplicates. Tables summarizing the field duplicate results 
can be found in the attached HNUS/CLEAN Data Vaildation - 
Worksheets (Appendix C). 

Executive Summary 
- c 

Laboratory Performance: Initial calibration verification 
recovery for lead was slightly below the lower qualitly control 
limit. One cyanide result is questionable but cannot be 
qualified with available information. Several analytes were 
detected as laboratory method blank contaminants. CRDL standard 
analysis recoveries fell outside QC limits for several analytes. 
Laboratory duplicate imprecision was observed for aluminum. 

--_ 

- 

Other Factors Affecting Data Quality: Matrix spike recoveries 
were outside QC limits for several analytes. GFAA PDS recoveries 
fell outside QC limits for several analytes. 



C-49-08-2-226 
MR. NEIL TEAMERSON 
AUGUST 24, 1992 
PAGE FIVE 

The data for these analyses were reviewed with reference to the 
"National Functional Guidelines for Inorganic Data Validation" 
(7/88)? as amended for use within USEPA Region III, and the NEESA 
document entitled‘tlSampling and Chemical Analysis Quality 
Assurance Requirements for the Navy Installation Restoration 
Program". 

The text of this report has been formulated to address only those 
problem areas affecting data quality. Documentation of 
compliance for non-problem areas is presented in the attached 
Appendix C (HNUS/CLEAN Data Validation Worksheets.) 

"1 attest that the data referenced herein were validated 
according to the agreed upon validation criteria as specified in 
the NEESA Guidelines and the Quality Assurance Project Plan 
(QAPP).!' 

Corp.yration 

Jennifer Hubbard 
Data Reviewer 

Debra A. Scheib 
Data Validation 

Attachments: 

1. Appendix A 
2. Appendix B 
3. Appendix C 
4. Appendix D 

Quality Assurance Officer 

cc: D. A. Scheib 

, 

Qualified Analytical Results 
Results as Reported by the Laboratory 
HNUS/CLEAN Data Validation Worksheets 
Support Documentation 
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D- 

WSD6 WSW6 

W- 

MWOl MWo2 SBZD MWo3 MWo4 
SW06 SD05 SD06 SDWOl 

624FB-Field Blank 624RB-Rinsate Blank 

SW05 

;:: 

Overview 

The sample set for the Warminster site, Case No. 3933, SDG WSDOS, 
consists of four (4) soil samples (including one field duplicate 
pair) r seven (7) water samples (including one field duplicate 
pair), and two (2) associated field quality control blanks. 
Additionally, results for the field duplicate (WSBZD) of another 
sample not analyzed in this analytical data set were included. 
These samples were analyzed for Target Analyte List (TAL) metals. 
Based on the contract required frequency, laboratory duplicate, 
matrix spike, or ICP serial dilution analyses were included as 
part of this SDG. 

The samples were collected by I-IALLIBURTON NUS Environmental 
Corporation on 06/23/92 and 06/24/92 and analyzed by CEIMIC 
Laboratories under Naval Energy and Environmental Support 
Activity (NEESA) Level C Quality Assurance/Quality Control 
(QA/QC) criteria. All analyses were conducted using Contract 
Laboratory Program Statement of Work (SOW) 7/88 analytical and 
reporting protocols. 

Summarv 

All compounds were successfully analyzed. The findings offered 
in this report are based upon a general review of all available 
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data including data completeness, holding times, calibration 
data, laboratory and field blank results, matrix spike and post 
digestion spike recoveries, laboratory control. and ICP 
interference check sample results, ICP serial dilution results, 
and compound quantitation. 

Areas of concern with respect to data quality are listed below. 

Minor Problems - 

l Several analytes were found as contaminants in the 
associated laboratory blanks. The maximum blank 
concentrations for these analytes and the corresponding 

"..^_ 

action levels applied to the data are listed below: 

Maximum Action Levels -. 
Analvte Concentration tua/L) (L&U/L) (ma/ka) 

aluminum 112 565 112 
beryllium 4.0 20.0 4.0 
cadmium 3.0 15.0 3.0 
chromium 8.0 40.0 8.9 
cobalt 6.0 30.0 6.0 
copper 5.0 25.0 5.0 
magnesium 48.0 240 48.0 
potassium 447 2345 447 
thallium 2.4 12.0 2.4 
vanadium 5.0 25.0 5.0 

Samples Affected: All 
_- 

Additionally, calcium, sodium, and zinc were detected 
in both matrix preparation blanks. Maximum 
concentrations found and the corresponding action 
levels are shown below: 

- 

Analvte Maximum Concentration Action Level 
-_ 

calcium 86 pg/L, 29.8 nag/kg 430 w/L, 149 mg/kg 
sodium 287 fig/L, 20.8 mg/kg 1435 pg/L, 104 mg/kg - 
zinc 4 w/L, 0.8 w/kg 20.0 pg/L, 4.0 mg/kg 

A concentration of 2-O pg/L lead was detected in the 
aqueous preparation blank. Aqueous sample data were 
evaluated using a 10.0 pg/L action level for lead. 

- 
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No analytes were found in associated field quality 
control blanks which could not be attributed to 
laboratory blank contamination. 

Dilution factors, aliquot used for analysis and sample 
percent solids were considered when applying the action 
levels. Sample results affected by blank contamination 
and reported at concentrations less than the action 
level are considered to be false positives. These 
results are qualified, [coded B]. 

Negative concentrations, whose absolute values were > 
IDL, were reported for iron,. manganese, thallium, and 
lead in the laboratory method blanks. These 
occurrences are indications of poor instrument 
performance (base-line fluctuations). Positive results 
and nondetects for these analytes are qualified as 
biased low, [coded L(n) and UL(n)], respectively. 

The Method of Standard Additions (MSA) correlation 
coefficient for lead in sample DWSD6 was less than 
0.995. This result was qualified as estimated, [coded 
J(c) I, due to a statistical lack of linearity for the 
analytical curve generated by this method. 

Laboratory duplicate imprecision was observed for 
chromium and lead for the sediments. Positive results 
for these elements not previously qualified due to 
blank contamination were qualified, [coded J(d)], as 
estimated. Sample bias could not be determined. 

Matrix spike recoveries were below the lower quality 
control limit of 75% for arsenic, chromium, and copper 
for the sediment matrix. Positive results (not 
qualified due to blank contamination) and nondetects 
for these analytes in sediments were considered to be 
biased low and qualified, [coded L(m) and UL(m)], 
respectively. 

The matrix spike recovery exceeded the upper quality 
control limit of 125% for mercury in the sediment 
matrix. Positive mercury results (not qualified due to 
blank contamination) are, qualified, [coded X(m)], as 
biased high. 

Graphite furnace Post Digestion Spike (PDS) recoveries 
for arsenic in samples WMW04, W624FB, and W624RB, lead 
in sample WMW04, selenium in sample WMW04, and thallium 
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in all samples except sample DWSW6 fell below the lower 
quality control limit of 85%. Positive results (not 
qualified due to blank contamination) and nondetects 
for these analytes in affected samples were considered 
to be biased low and qualified, [coded L(p) and UL(p)], 
respectively. 

l Graphite furnace PDS recoveries exceeded the upper QC 
limit of 115% for selenium in samples WSD06, DWSDG, 
WSDWOl, WSWOS, WSW06, WMW03, and W624RB. Positive 
results (not qualified due to blank contamination) were 
qualified, (coded K(p)], biased high. 

0 False positives were observed for cadmium, cobalt, 
manganese, nickel, potassium, sodium, and vanadium in 
the Interference Check Sample (ICS) solutions. 
Positive results (not qualified due to blank 
contamination) for these elements in samples with 
concentrations of interferents comparable to 
concentrations of ICS interferents (samples WMWO4, 
WSDOS, WSDOG, and WSDWOl) were qualified, [coded K(i)], 
biased high. 

_- 

- 

. 

. I  

-  

_ - . .  

Notes 

In accordance with USEPA Region III data validation protocol, no 
qualifications are made to the data based on the evaluation of 
field duplicates. Tables summarizing the field duplicate results 
can be found in the attached HNUS Navy CLEAN Data Validation 
Worksheets (Appendix C). 

Contract Required Detection Limit (CRDL) Standard analysis 
recoveries for several analytes were poor. No actions were 
needed as qualifications are limited toehigh concentration 
sample; all samples in this analytical data set are of low 
concentration. 

- 

-.. 

Matrix spike recoveries for mercury and selenium in the aqueous 
matrix exceeded the upper quality control limit of 125%. 
However, no positive results for these analytes were reported in 
the water samples, thus, no qualification was not necessary. 

False positives for antimony, beryllium, and copper were reported 
in the ICS. However, results for these analytes were either 
nondetects or not considered comparable to ICS concentrations, 
and no qualifications were made. 

- 

- 

.-. 
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ICP serial dilution Percent Differences (%Ds) for several 
analytes did not meet the quality control criterion. No 
qualifications were necessary as initial sample results for these 
analytes were < 50X IDL. 

Executive Summarv 

Laboratory Performance: Several analytes were detected as 
laboratory method blank contaminants. Negative concentrations 
were reported for iron, manganese, thallium, and lead in the 
laboratory method blanks. CRDL Standard analysis recoveries fell 
outside QC limits for several analytes. Laboratory duplicate 
imprecision was observed for several analytes for the sediment 
matrix. The MSA correlation coefficient for lead in one sample 
was less than 0.995. ICP interferences from high interfering 
analyte sample concentrations were noted for several analytes in 
a few samples. 

Other Factors Affecting Data Quality: Matrix spike recoveries 
were outside QC limits for some analytes in the sediment matrix. 
GFAA PDS recoveries fell outside QC-limits for several analytes 
in various samples. 

The data for these analyses were reviewed with reference tot he 
t'National Functional Guidelines for Inorganic Data Validation" 
(7/SS), as amended for use within USEPA Region III, and the NEESA 
document entitled "Sampling and Chemical Analysis Quality 
Assurance Requirements for the Navy Installation Restoration 
Program". 

The text of this report has been formulated to address only those 
problem areas affecting data quality. Documentation of 
compliance for non-problem areas is presented in the attached 
Appendix C (HNUS/CLEAN Data Validation Worksheets.) 

tl.ALLIRURTON NLS 
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"I attest that the data referenced herein were validated 
according to the agreed-upon validation criteria as specified in 
the NEESA Guidelines and the Quality Assurance Project Plan 
(QAPP)." 

HAL@JRTONwN& Environm&al COrpOratiOn 

Jennifer Hubbard 
Data Reviewer 

s” 
IBURTON NUS Environmental Corporation 

Debra A. Scheib 
Data Validation Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as Reported by the Laboratory 
3. Appendix C - HNUS/CLEAN Data Validation Worksheets 
4. Appendix D - Support Documentation 

cc: D. A, Scheib 

_- 

- 

- 

- 
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NEIL TEAMERSON DATE: AUGUST 25, 1992 

JENNIFER HUBBARD COPIES: D. A. SCHEIB 

INORGANIC DATA VALIDATION - TAL METALS 
NAWC WARMINSTER 
CASE NO. 3933, SDG TWMW17 

DWMW23 

W- 

630RB-Rinsate Blank 

MW17 MW18 MW19 MW20 MW21 Mw22 
MW23 MW24 MW25 MW26 MW27 MW28 
Mw29 MW30 

Overview 

The sample set for the Warminster site, Case No. 3933, SDG TWMWt7, consists 
of fifteen (15) water samples and one (1) associated field quality control 
rinsate blank. These samples were analyzed for Total Target Analyte List 
(TAL) Metals and cyanide. One field duplicate pair (the duplicate is 
designated by D preceding the station location name), was included with 
this sample set. 

The samples were collected by HALLIBURTON NUS Environmental Corporation 
from June 29 to June 30, 1992 and analyzed by CEIMIC Laboratories under 
Naval Energy and Environmental Support Activity (NEESA) Level C Quality 
Assurance/Quality Control (QA/QC) criteria. 'All analyses were conducted 
using Contract Laboratory Program Statement of Work (SOW) 7/88 analytical 
and reporting protocols. 

Summarv 

All compounds were successfully analyzed. The findings offered in this - . 
report are based upon a general review of all available data lncuaing data 
completeness, holding times, calibration data, laboratory and field blank 
results, matrix spike/post-digestion spike recovery results, laboratory 
control and ICP interference check sample results, serial dilution results, 
field duplicate precision, compound identification and compound 
quantitation. 
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- 

Areas of concern with respect to data quality are listed below. 

Minor Problems 

0 Several analytes were found in associated laboratory quality - control blanks. The maximum amounts of these analytes found in 
the blanks, and the corresponding action levels applied to the 
data, are listed below: -. 

Analvte 

Al 162 
Be 5 
Cd 4 
Ca 76 
Cr 8 
co 10 
cu 5 
Fe 12 
Pb 1.8 

Maximum Action 
Cont. (us/l) Level (us/l) 

- 
810 
25 
20 I. 
380 
40 
50 
25 - 
60 
9 

Analytes that were found in the associated field quality control 
blank that cannot be attributed to laboratory blank contamination 
are listed below. 

_-- 

Maximum Action 
Analvte Cont. Level - 

Mn 
Na 

3 15 
75 375 ,._.. 

Sample results affected by blank contamination and reported at 
concentrations less than the action level are considered to be 
false positives. These results are qualified (B). This rinsate -, 
blank was not used to qualify itself., 

0 Negative blank contamination was detected for lead and 
iron in the laboratory method blanks. This is -- 

indicative of baseline drifting and poor instrument 
response. Positive sample results for these analytes, 
C 10 CRDL and nondetects are biased low, qualified - 
[coded L(n)] and [coded UL(n)], respectively. 

e The calibration coefficient for one run of cyanide analyses was 
less than 0.995. Cyanide non-detects in the affected samples 

- 

(W630RB, WMW20, WMW23, DWMW23, WMW24, WMW25, WMW26, WMW27, WM'W28, 
WMW29, and WMW30) were qualified as estimated, [coded UJ(c)]. 
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l The matrix spike recovery was below the lower QC limit of 75% for 
iron. Results were considered to be biased low and were 
qualified, [coded L(m)] for positive results and [coded UL(m)] 
for non-detects where not previously qualified due to blank 
contamintion. 

0 Graphite Furnace Atomic Absorption (GFAA) Post Digestion Spike 
(PDS) recoveries fell below the lower QC limit of,85% for arsenic 
in samples WMW19, WMW22, and WMW23, selenium in WMW18 and WMW27, 
and thallium in WMW26, WMW27, WMW28, WMW29, WMW30, and W63ORB. 
These results were considered to be biased low because they are 
potentially influenced by poor instrument performance and sample 
matrix affects, and were qualified, [coded L(p)] for positive 
results and [coded UL(p)] for non-detects, where not previously 
qualified. 

C 

FF- 

Notes 

GFAA PDS recoveries exceeded the upper QC limit of 115% for selenium in 
samples WMW25, WMW28, W63ORB, and WMW30. However, no qualifications were 
necessary since these results were non-detects. 

Contract Required Detection Limit (CRDL) Standard analyses are not 
evaluated as qualifications are limited to high concentration samples only. 
All samples in this analytical data set are of low concentration. 

False positives were observed for antimony, beryllium, cadmium, cobalt, 
copper, manganese; nickel, sodium, and vanadium in the Interference Check 
Sample (ICS). False negatives were observed for cadmium and manganese. 
However, concentrations of interferents in the ICS were not considered to 
be comparable to concentrations of interferents in the samples, except for 
WMW18. In that sample, analyte concentrations were not considered to be 
comparable to those in the ICS, and no qualifications were made. 

In accordance with USEPA Region III data validation protocol, no 
qualifications are made to the data based on the evaluation of field 
duplicates. Tables summarizing the field duplicate results can be found in 
the attached HNUS/CLEAN Data Vaildation Worksheets (Appendix C). 

Executive Summary 

Laboratory Performance: The correlation coefficient for cyanide was less 
than 0.995. Several analytes were detected as laboratory method blank 
contaminants. CRDL standard recoveries fell outside QC limits for several 
analytes. 

Other Factors Affecting Data Quality: Matrix spike recovery was outside QC 
limits for one analyte. GFAA PDS recoveries fell outside QC limits for 
several results. 



TO: MRAL TEAMRRBOM 

INTERNALCORRESPONDENCE 

c-49-10-2-273 

DATE: OCTOBER 26, 1992 

FROM:. RICKY C. DBPAUL PC0 

SUBJECT: HISCELLAMBOUS DATA VALIDATIO# 
CT0 #22, WARMIMSTBR NAVAL BASE 
CASE MO. 3933, SW MISC 

SAMPLES: l/Aqueous/W-806-FB 

Overview 

The sample set for the CT0 f22 Warminster site, Case No. 3933, 
SDG MISC, consists of one (1) water sample, a field blank 
designated with the suffix -FB. No field duplicates were included 
with this analytical data set. This sample was analyzed for the 
following miscellaneous parameters: alkalinity (as CaC03), 
ammonia (as N), chloride, Chemical Oxygen Demand (COD), Hardness 
(as CaC03), nitrate-nitrite (as N), sulfate, Total Dissolved 
Solids (TDS), 
Carbon (TOC). 

Total Suspended Solid&s- (TSS) and Total Organic 

The sample was collected by BALLIBURTON NBS Environmental 
Corporation on 8/6/92 and analyzed by Ceimic Corporation, under 
Naval Energy and Environmental Support Activity (NEESA) Level C 
Quality Assurance/Quality Control (QA/QC) criteria. All analyses 
were conducted using method-specific quality control criteria. 

Summarv 

All miscellaneous parameters were successfully analyzed. The 
findings offered in this report are based upon a general review 
of all available data including holding times, laboratory method 
blank results, laboratory control sample results, and blank spike 
duplicate results. 

No major problems were noted with the miscellaneous data. Minor 
problems are discussed below. 

Minor Problems 

The 7-day holding time for the analyses of TDS and TSS was 
exceeded by eleven days. The integrity of sample constituents 
may become compromised with prolonged holding time. The positive 
result for the analysis of TDS is considered to be biased :Low and 
is gualified, [coded L(h)]. The nondetected sample result for 
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- 

TSS is likewise considered to be biased low and is qualified, 
[coded DL(h)]. 

No other problems were noted. 

Laboratorfl Performance: The analyses of TDS and TSS were 
performed out of established holding times. 

Other Factors Affecting Data Quality: None. 

Data for these analyses were reviewed with reference to method- 
specific guality control criteria and the quality control 
criteria outlined ia the NEESA document entitled "Sampling and 
Chemical Analysis Quality Assurance Requirements for the Navy 
Installation Restoration Program", (6/88). 

The text of this report has been formulate$ to address only those 
problem areas affeating data quality. 

"1 attest that the data referenced herein were validated 
according to the agreed-upon validation criteria as specified in 
the NEESA Guidelines and the Quality Assurance Project Plan 
(QAPP)." 

. &LALc* #LJJL? 
BALLIBUR~ON NUS Environmental COrpOratibn 

Ricky C. DePaul 
Data Reviewer 

BALLIBURTON NUS Environmental Corporation 

- 

- 

- 

- 

Debra A. Scheib 
Data Validation Quality Assurance Officer 
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Attachments: 

1. Appendix A - 
Appendix B - 

Qualified Analytical Results 
2. Results as Reported by the Laboratory 
3. Appendix C - Suppoti Documentation 

cc:.D. A. Scheib (HNUS, Pittsburgh) 

R 
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A positive result for nitrate, nitrite was detected in the rinsate 
blank. No qualifications were made to the associated sample data 
because no positive results were reported for nitrate, nitrite in 
either other sample. 

1992 

In accordance with USEPA Region III data validation protocol, no 
qualifications have been made to field quality control blank 
results which have been used to set blank contaminant action 
levels. 

Executive Summarv 

Laboratory Performance: No problems were noted. 

Other F'actors Affecting Data Quality: The field quality control 
blank analyses yielded positive results for several parameters. 

The data for these analyses were reviewed with reference to method- 
specific quality control criteria, and with respect to the quality 
control criteria outlined in the NEESA document entitled "Sampling 
and Chemical Analysis Quality Assurance requirements for the Navy 
Installation Restoration Program" (6/88). 

The text of this report has been formulated to address only those 
problem areas affecting data quality. 

"1 attest that the data referenced herein was validated according 
to the agreed upon validation criteria as specified in the NEESA 
Guidelines and the Quality Assurance Prcjdct Plan (QAPP)." 

Corporation 

Jennifer Hubbard 
Data Reviewer 
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OLL-dr 
HALLIBURTON NTJS Environmental Corporation 

Debra' A. Scheib 
Data Validation Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as Reported by the Laboratory 

cc: D. Scheib (HNUS/Pittsburgh) 

- 

- 

- 

-. 

-. 

- 

-- 

- 
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C-49-8-2-219 

TO: NEIL TBANBRSON DATE: AUGUST 13, 1992 

*I* FROM: JBNNIFBRNUBBARD 

hE-4 
SUBJECT: MISCELLANBOUS PARAMBTBRS DATA VALIDATION 

CT0 #22, NARNINSTNR NAWC, WARNINSTBR, PA 
CASE NO. 3933, SDG 920333 

R SAMPLES: 3/water/W- 

626-RB (Rinsate Blank) 

F-8 MW06 Mw14 

F- Overview 

The sample set for the Warminster site, Case No. 3933, SDG 920333 
consists of two (2) water samples and one (1) associated rinsate 
blank. Following is a list of the analyses performed, the 
reference for the analytical method used, and the associated 
samples upon which the analyses were performed: 

Method Reference Associated Samnles 

EPA Method 415.1 All 

Parameter 

Total Organic 
Carbon (TOC) 

Chemical Oxygen 
Demand (COD) 

EPA Method 410.4 All 

Hardness EPA Method 130.2 

EPA Method 375.4 ' 

EPA Method 405.1 

All 

All 

All 

Sulfate 
p-i 

R 

prr 

Biological Oxygen 
Demand (BOD) 

Total Suspended 
Solids (TSS) 

EPA Method 160.2 All 

Total Dissolved 
Solids (TDS) 

EPA Method 160.1 All 

(continued) 
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Parameter Method Reference Associated Samnles 

Ammonia EPA Method 350.2 All 

Chloride EPA Method 325.2 All 

Nitrate, Nitrite EPA Method 353.3 All 

Alkalinity EPA Method 310.1 All 

The samples were collected by BALLIBURTON NW Environmental 
Corporation from 6/25/92 to 6/26/92 and analyzed by Ceimic 
Corporation Laboratories 'under Navy Energy and Environmental 
Support Activity (NEESA) Level E Quality Assurance/Quality Control 
(QA/QC) criteria. 

Summarv 

All compounds were successfully analyzed. The findings offered in 
this report are based upon a general review of all available data 
including holding times until analysis, laboratory and field blank 
results and laboratory control sample results. 

There were no areas of concern with respect to data quality; all 
data are accepted without qualification. 

Executive Summarv 

-. 

-. 

-. 

- 

Laboratory Performance: No problems were noted. - 
I 

Other Factors Affecting Data Quality: No problems were 
encountered. - 

The data for these analyses were reviewed with reference to method- 
specific guality control criteria, and with respect to the quality 
control criteria outlined in the NEESA document entitled l'Sampling 
and Chemical Analysis Quality Assurance requirements for the Navy 
Installation Restoration Program@V (6/88). 

- 

- 
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P- The text of this report has been formulated to address only those 
problem areas affecting data quality. 

- 
"1 attest that the data referenced herein was validated according 
to the agreed upon validation criteria as specified in the NEESA 
Guidelines and the Quality Assurance Project Plan (QAPP)." 

“Aa?. 

a 

-* 
HALLIBURTON%US Environmental Corporation 

Jennifer Hubbard 
Data Reviewer 

(gciI!LdS 
HALLIBURTON NUS Environmental Corporation 

Debra A. Scheib 
Data Validation Quality Assurance Officer 

Attachments: 
P 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as Reported by the Laboratory 

f-m cc: D. Scheib (HNUS/Pittsburgh) 
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- 

C-49-8-2-221 _. 

TO: NEIL TBAMBRSON DATB: AUGUST 25, 1992 

FROM: JBNNIFBRBUBBARD 

SUBJECT: MISCELLANEOUS PARAMETBRS DATA VALIDATION 
CT0 #22, WARMINSTER NAWC, WARMINSTER, PA 
CASE NO. 3933, SDG 920336 

SAMPLES: 4/water/W- 

630RB (RINSATE BLANK) 

MW21 MW25 MW30 

Overview 

The sample set for the Warminster site, Case No. 3933, SDG 920336 
consists of three (3) water samples, and one (1) associated rinsate 
blank. No field duplicate pairs were included with this sample 
set. 

The samples were analyzed for the following list of parameters: 

Total Organic Carbon (TOC) 
Chemical Oxygen Demand (COD) 
Hardness 
Sulfate 
Biological Oxygen Demand (BOD)- 
Total Suspended Solids (TSS) 
Total Dissolved Solids (TDS) 
Ammonia 
Chloride 
Nitrate, Nitrite 
Alkalinity 

EPA Method 415.1 
EPA Method 410.4 
EPA Method 130.2 
EPA Method 375.4 
EPA Method 405.1 
EPA Method 160.2 
EPA Method 160.1 

,EPA Method 350.2 
EPA Method 325.2 
EPA Method 353.3 
EPA Method 310.1 

.- 

- 

_, 

- 

- 

- 

The samples were collected by HALLIBURTON NUS Environmental 
Corporation from 6/29/92 to 6/30/92 and analyzed by Ceimic 
Corporation Laboratories under Navy Energy and Environmental 
Support Activity (NEESA) Level E Quality Assurance/Quality Control 
(QA/QC) criteria.‘ 

- 
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Summarv 

pw 

All compounds were successfully analyzed. The 'findings offered in 
this report are based upon a general review of all available data 
including holding times until analysis, laboratory blank and 
laboratory control sample results. 

Areas of concern with respect to data quality are discussed below. 

Minor Problems 

0 A concentration of 23 mg/L TSS was detected in the 
associated rinsate blank. The result reported for TSS in 
sample W-MW-21 (44 mg/L) is considered to be a false 
positive result attributable to blank contamination. 
This value has been qualified, B, accordingly. No other 
environmental sample values were deemed to be affected. 

Note 

Concentrations of nitrate, nitrite and TDS were also detected in 
the associated rinsate blank. No qualifications were made to the 
environmental sample data as the levels of these parameters found 
in the samples are sufficiently above the level felt to be 
attributable to blank contamination. 

In accordance with USEPA Region III data validation protocol, no 
qualifications have been made to- field quality control blank 
results which have been used to set blank contaminant action 
levels. 

Executive Summary 

Laboratory Performance: No problems were noted. 

Other Factors Affecting Data Quality: Several parameters were 
present in the field quality control blank. 

The data for these analyses were reviewed with reference to method- 
specific quality control criteria, and with respect to the quality 
control criteria outlined in the NEESA document entitled VISampling 
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and Chemical Analysis Quality Assurance requirements 
Installation Restoration ProgramI@ (6/88). 

for the Navy 

The text of this report has been formulated to address only those 
problem areas affecting data quality. 

-_ 

"1 attest that the data referenced herein was validated according 
to the agreed upon validation criteria as specified in the NEESA 
Guidelines and the Quality Assurance Project Plan (QAPP).l' - 

- 
HALLIBURTON NUS Environmental Corporation 

Jennifer Hubbard 
Data Reviewer 

(zzL&-dw 
HALLIBURTON NUS Environmental Corporation 

Debra A. Scheib 
Data Validation Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as Reported by the Laboratory 

cc: D. Scheib (HNUS/Pittsburgh) 

-. 

- 

- 

.- 
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TO: NEIL T-ON DATE: SEPTEMBER 22, 1992 

,- 

FROM.. JENNIFER EUBBARD 

SUBJECT: MISCELLANEOUS PARAMETERS DATA VALIDATION 
CT0 #22, WARMINSTBB NAWC, WABMINSTBR, PA 
CASE NO. 3933, SDG 920343 

SAMPLES: 4/water/W- 

MW31 MW31-D MW32 MW35 

Overview 

The sample set for the Warminster site, Case No. 3933, SDG 920343 
consists of four (4) water samples, (including one field duplicate 
pair, the duplicate member of which is designated -D following the 
station location name). No field quality control blanks were 
analyzed with this sample set. 

The samples were analyzed for the. following list of parameters: 
..: 

Total Organic Carbon (TOC)* EPA Method 415.1 
Chemical Oxygen Demand (COD) EPA Method 410.4 
Hardness EPA Method 130.2 
Sulfate EPA Method 375.4 
Biological Oxygen Demand (BOD) EPA Method 405.1 
Total Suspended Solids (TSS) EPA Method 160.2 
Total Dissolved Solids (TDS) EPA Method 160.1 
Ammonia EPA Method 350.2 
Chloride EPA Method 325.2 
Nitrate, Nitrite EPA Method 353.3 
Alkalinity EPA Method 310.1 

, * Sample W-MW35 was not analyzed for TOC. 

The samples were collected by HALLIBURTON NUS Environmental 
Corporation from 7/l/92 to 7/2/92 and analyzed by Ceimic 
Corporation Laboratories under Navy Energy and Environmental 
SUppOrt Activity (NEESA) Level E Quality Assurance/Quality Control 
(QA/QC) criteria. 
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Summarv 

All compounds were successfully analyzed. The findings offered in 
this report are based upon a general review of all available data 
including holding times until analysis, laboratory blank and 
laboratory control sample results, and field duplicate precision. 

There were no areas of concern with respect to data quality; all . 
data are accepted without qualification. Items of note are 
discussed below. 

Note 

In accordance with USEPA Region III data validation protocol, no 
qualifications are made to -the data based on field duplicate 
precision. The attached Table-l summarizes the results reported 
for field duplicate pairs. 

Executive Summary 

Laboratory Performance: No problems were noted. 

Other Factors Affecting 
encountered. 

Data Quality: No problems were 

- 

- 

- 

The data for these analyses were reviewed with reference to method- 
specific quality control criteria, and with respect to the quality 
control criteria outlined in the NEESA document entitled **Sampling 
and Chemical Analysis Quality Assurance requirements for the Navy 
Installation Restoration Program" (6/88). 

The text of this report has been formulated to address only those 
problem areas affecting data quality. 

.- 

- 

- 

"I attest that the data referenced herein was validated according 
to the agreed upon validation criteria as specified in the NEESA 
Guidelines and the Quality Assurance Project Plan (QAPP)." 
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by+& 
Environmkfkal Corporation 

Jennifer Hubbard 
Data Reviewer 

‘GLLdr 
HALLIBURTON NUS Environmental Corporation 

Debra A. Scheib 
Data Validation Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Ana&ical Results 
2. Appendix B - Results as Reported by the Laboratory 

cc: D. Scheib (HNUS/Pittsburgh) 
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Table-lA 

COMPARISON OF FIELD DUPLICATE RESULTS 

! -. 
.-.. 
- 
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Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as Reported by the Laboratory 

cc: D. Scheib (HNUS/Pittsburgh) 
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c-49-2-9-222 

TO: NEIL TEAMERSON DATE: SEPTEMBER 23, 1992 

FROM: JENNIFER HUBBARD COPIES: D. A. SCHEPB 

SUBJECT: INORGANIC DATA VALIDATION - TAL METALS (DISSOLVED) 
WARMINBTER NAVAL BASB 
CASE NO. 3933, SDG MiV41 

SAMPLES: 

DWMW45 

W- 

MW41 MW42 MW43 MW44 MW45 MW46 .- 

Overview 

The sample set for the Warminster site, Case No. 3933, SDG MW41, 
consists of seven (7) filtered water samples. These samples were 
analyzed for dissolved Target Analyte List (TAL) metals. No 
field quality control blanks were included with this analytical 
data set. 

The samples were collected by HALLIBURTON NUS on 07/06/92 and 
analyzed by CEIMIC Laboratories under Naval Energy and 
Environmental Support Activity (NEESA) Level C Quality 
Assurance/Quality Control (QA/QC) criteria. All analyses were 
conducted using Contract Laboratory Program Statement of Work 
(SOW) 7/88 analytical and reporting protocols. 

-- 

Summarv 

All compounds were successfully analyzed with the exception of 
those which were rejected, qualified [coded R]. The findings 
offered in this report are based upon a general review of all 
available data including data completeness, holding times, 
calibration data, laboratory blank results, matrix and post- 
digestion spike recovery results, laboratory duplicate results, 
ICP serial dilution results, laboratory control and ICP 
interference check sample results, compound identification and 
compound quantitation. 

-- 

- 

-. 

Areas of concern with respect to data quality are listed below. - 
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Major Problems 

l The matrix spike recovery for mercury (0%) was 
. extremely low (c 30%). Only nondetects were reported 

for this analyte, and these results are qualified as 
rejected, [coded R], and considered to be unreliable. 

Minor Problems 

“r Analvte 

T- 

7” 

T- 

T” 

0 Several analytes were found as contaminants in the 
associated laboratory blanks. The maximum blank 
concentrations and the corresponding action levels, 
which are applied to the data, are listed below: 

Maximum 
Concentration (ug/L) 

Action 
Level (ug/L) 

aluminum 107 535 
beryllium 4.0 20.0 
cadmium 4.0 20.0 
calcium 63.0 315 
cobalt 7.0 35.0 
copper 5.0 25.0 
potassium 448 2240 
sodium 103 515 
thallium 3.0 15.0 

Sample results affected by blank contamination and 
reported at concentrations less than the action level 
are considered to be false positives. These results 
are qualified, [coded B]. 

l Negative concentrations, whose absolute values were > 
IDL, were reported for lead in the laboratory method 
blanks. Positive results and nondetects for this 
analyte are qualified as biased low, [coded L(n) and 
UL(n) I t respectively. 

l Matrix spike recoveries for lead and selenium were 
greater than 125% upper quality control limit. 
Positive results for lead were qualified as biased 
high, [coded K(m)]. No actions were taken for selenium 
since no positive results were reported for this 
analyte. 

0 The graphite furnace Post Digestion Spike (PDS) 
recovery for arsenic in sample WMW41 fell below the 85% 
lower quality control limit. The nondetect in this 

HA 11 lR1 TRTON NT 14 
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sample was qualified, [coded UL(p)], biased low based 
on the potential influence of sample matrix 
interference. 

.- 

Notes 

Contract Required Detection Limit (CRDL) Standard analysis 
recoveries for several analytes were poor. No actions were 
needed since qualifications are limited to high concentration 
samples; all of the samples in this analytical data set are of 
low concentration. 

-. 

Several elements, including antimony, beryllium, cadmium, cobalt, 
copper, nickel, potassium, sodium, and vanadium, were detected as 
false positives in the Interference Check Samples (ICS). 
Manganese was detected as a false negative. However, results 
were not qualified since the field samples did not contain 
concentrations of interferents or analytes comparable to 
concentrations detected in the ICS. 

-. 

' The graphite furnace PDS recovery fell below the lower QC limit 
of 85% for thallium in sample WMW44. However, this result had 
already been attributed to blank contamination, and further 
qualification was unnecessary. Graphite furnace PDS recoveries 
exceeded the upper QC limit of 115% for selenium in samples 
WMW42, WMW43, WMW44, DWMW45, and WMW46. However, no positive 
selenium results were reported for these samples, thus, no 
qualifiers were necessary. 

. 

-_ 

Executive Summarv . 

Laboratory Performance: Several analytes were detected as 
laboratory method blank contaminants. Lead was reported at 
negative concentrations in the laboratory method blanks. CRDL 
standard recoveries fell outside QC limits for several analytes. 

Other Factors Affecting Data- Quality: Matrix spike and GFAA PDS 
recoveries fell outside QC limits for several analytes. 

The data for these analyses were reviewed with reference tot he 
"National Functional Guidelines for Inorganic Data Validation" 
(7/88)# as amended for use within USEPA Region III, and the NEESA 
document entitled "Sampling and Chemical Analysis Quality 
Assurance Requirements for the Navy Installation Restoration 
Program". 
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The text of this report has been formulated to address only those 
problem areas affecting data quality. Documentation of 
compliance for non-problem areas is presented in the attached 
Appendix C (HNUS/CLEAN Data Validation Worksheets.) 

"I attest that the data referenced herein were validated 
according to the agreed-upon validation criteria as specified in 
the NEESA Guidelines and the Quality Assurance Project Plan 
(QAPP) ." 

HALLIBURTON NUS Environmental Corporation 

i Jennifer Hubbard 
Data Reviewer 

(y.&L?dS 
HALLIBURGCN NUS Environmental Corporation 

Debra A. Scheib 
Data Validation Quality Assurance Officer 

Attachments: 

1. Appendix A- Qualified Analytical Results 
2. Appendix B - Results as Reported by the Laboratory 
3. Appendix C - HNUS/CLEAN Data Validation Worksheets 
4. Appendix D- Support Documentation 

cc: D. A. Scheib 

I-?’ A 11 TRT TRTnN NT TC 
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c-49-9-2-220 - 

TO: NEIL TEAMERSON DATE: SEPTEMBER 23, 1992 ‘.. 

FROM: JENNIFER HUBBARD COPIES: D. A. SCHEIB 

SUBJECT: INORGANIC DATA VALIDATION - TAL METALS ('pB9LA3;) 
-, 

NAWC WARMINSTER br.sroLwE r) 
CASE NO. 3933, SDG WMW31 

C bbd--Mti-31 .- 
SAMPLES: 

MW31 MW31-DP MW32 MW33 MW34 MW35 
MW36 MW37 MW38 Mw39 MW39-DP MW40 

702RB-Rinsate Blank 

Overview 

The sample set for the Warminster site, Case No. 3933, SDG WMW31, consists 
of twelve (12) filtered water samples (including two field duplicate pairs, - 
the duplicate members of which are designated -DP), and one (19 associated 
field quality control blank. These samples were analyzed for Target 
Analyte List (TILL) Metals. -.- 

The samples were collected by HALLIBURTON NUS Environmental Corporation 
from 7/l/92 to 7/2/92 and analyzed by CEIMIC Corporation Laboratories under 
Naval Energy and Environmental Support Activity (NEESA) Level C Quality ,_ 
Assurance/Quality Control (QA/QC) criteria. All analyses were conducted 
using Contract Laboratory Program (CLP) Statement of Work (SOW) 7/88 
analytical and reporting protocols. -. 

Summary _-. 

All compounds were successfully analyzed. The findings offered in this 
report are based upon a general review of all available data inlcuding data 
completeness, holding times, calibration data, laboratory and field blank _ 
results, matrix spike recovery results, laboratory control and ICP 
interference check sample results, field duplicate precision, compound 
identification and compound quantitation. .- 

Areas of concern with respect to data quality are listed below. 

Minor Problems - 

l Several analytes were detected as contaminants in the 
associated laboratory method blanks. The maximum 

- 
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amounts of these analytes found in the blanks, and the 
corresponding action levels applied to the data, are 
listed below: 

Analvte 

Aluminum 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 

"Manganese 
Nickel 
Sodium 
Vanadium 

Maximum Action 
Cont. tua/l) Level 

107 535 
5.0 25.0 
4.0 20.0 

77.0 385 
9.0 45.0 
6.0 30.0 
5.0 25.0 

25.0 125 
1.0 5 . 0 

18.0 90.0 
132 660 

5.0 25.0 

One analyte was found in the associated filtered 
rinsate blank that cannot be attributed to laboratory 
blank contamination. It's concentration and the 
corresponding action level is shown below. 

Analvte 
Maximum 
Cont. (ua/ll 

Action 
Level 

Zinc 5.0 25.0 

Sample results affected by blank contamination and 
reported at concentrations less than the action 
level are considered to be false positives. These 
results are qualified, [coded-(B)]. The rinsate 
blank was not used to qualify itself. 

Negative concentrations 2 IDL were reported for lead in 
the laboratory method blanks. Negative blank 
contamination is indicative of baseline drifting and 
poor instrument-response. Nondetects for this analyte 
were qualified as biased low, [coded t&(n)]. Positive 
results reported for lead which were c 10X CRDL are 
qualified, (coded L(n)]. 

Laboratory duplicate imprecision was observed for 
zinc. Positive results and nondetects for this 
analyte are qualified as estimated, [coded J(d)], 
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(where not qualified for blank contamination) and 
[coded W(d)], respectively, because the exact 
quantitation of this analyte may not be accurate. 

0 Graphite Furnace Atomic Absorption (GFAA) 
Post Digestion Spike (PDS) recoveries fell 
below the lower quality control limit of 85% 
for lead in samples WMW35, MW39DP and WMW40, 
and thallium in sample WMW36. These results 
are considered to be biased low because of 
potential sample matrix affect, and were 
qualified, [coded L(p)] for positive results, 
and [coded UL(p)] for nondetects where not 
qualified for blank contamination. 

Notes 

The matrix spike recovery for mercury exceeded the 125% upper 
quality control limit. However, no qualifications were necessary 
as only nondetected sample results were reported for this analyte 
in the environmental samples. 

GFAA PDS recoveries for selenium exceeded the 115% upper control 
limit in all samples. However, only nondetected sample results 
were reported for this analyte which are not compromised; hence 
not actions were required. 

Contract Required Detection Limit (CRDL) Standard analysis 
recoveries for several analytes failed to meet the 80-120% 
quality control criteria. No actions were taken because 
qualificatios are limited to high concentration samples only; all 
samples in this analytical data set are of low concentraiton. 

Several analytes which were not supposed to be present in the ICS 
(Interference Check Sample) solution were.present at 
concentrations which exceeded the IDL. However, the interferring 
analytes (aluminum, calcium, iron and magnesium) were not present 
in the environmental samples at comparable levels of that 
detected in the ICS solution and no actions were necessary. 

Executive Summarv 
- 

Laboratory Performance: Several analytes were detected as 
laboratory method blank contaminants. Lead was detected as 
negative blank contamination in the laboratory method blanks. 
CRDL standard recoveries fell outside quality control limits for 
several analytes. Laboratory duplicate imprecision was noted for 

-. 

_ ". 

- 
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zinc. 

T 

T 

T- 

1” 

Other Factors Affecting Data Quality: Zinc was detected in the 
field quality control blank and could not be attributed to 
laboratory blank contamination. Matrix spike and GFAA PDS 
recoveries fell outside QC limits for several analytes. 

The data for these analyses were reviewed with reference tot he 
ItNational Functional Guidelines for Inorganic Data Validation" 
(7/SS)! as amended for use within USEPA Region III, and the NEESA 
document entitled "Sampling and Chemical Analysis Quality 
Assurance Requirements for the Navy Installation Restoration 
Program". 

The text of this report has been formulated to address only those 
problem areas affecting data quality. Documentation of 
compliance for non-problem areas is presented in the attached 
Appendix C (HNUS/CLEAN Data Validation Worksheets.) 

"1 attest that the data referenced herein were validated 
according to the agreed-upon validation criteria as specified in 
the NEESA Guidelines and the Quality Assurance Project Plan 
(QAPP)." 

Corporation 

Jennifer Hubbard 
Data Reviewer 

qk1-r.~ 
HALLIBURTON NUS Environmental Corporation 

Debra A. Scheib 
Data Validation Quality Assurance Officer 



Attachments: 

1. Appendix A - Qualified Analytical Results 
2, Appendix B - Results as Reported by the Laboratory 
3. Appendix C - HNUS/CLEAN Data Validation Worksheets 
4. Appendix D - Support Documentation 

cc: D. A. Scheib 
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TO: 

FROM: 

SUBJECT: 

SAMPLES: 

w- 

c-49-9-2-220 

NEIL TEAMERSON DATE: SEPTEMBER 23, 1992 

JENNIFER HUBBARD COPIES: D. A. SCHEI'B 

INORGANIC DATA VALIDATION - TAL METALS (TOTAL) 
NAWC WARMINSTER 
CASE NO. 3933, SDG WMW31 

c-ru-MI*)-31) 

702RB-Rinsate Blank 

MW31 MW3IDP MW32 
MW36 MW37 MW38 

MW33 
Mw39 

MW34 MW35 
MW39DP MW40 

Overview 

The sample set for the Warminster site, Case No. 3933, SDG WMW31, 
consists of twelve (12) water samples and one (1) associated 
field quality control blank. These samples were analyzed for 
Total Target Analyte List (TAL) Metals and cyanide. Two field 
duplicate pairs (the duplicates are designated by DP following 
the station location name), were included with this sample set. 

The samples were collected by HALLIBURTON NUS from July 1 to 2, 
1992 and analyzed by CEIMIC Laboratories under Naval Energy and 
Environmental Support Activity (NEESA) Level C Quality 
Assurance/Quality Control (QA/QC) criteria. All analyses were 
conducted using Contract Laboratory Program Statement of Work . 
(SOW) 7/88 analytical and reporting protocols. 

Summary 

All compounds were successfully analyzed with the exception of 
those results which were rejected, qualified [coded (R)]. The 
findings offered in this report are based upon a general review 
of all available data incuding data completeness, holding times, 
calibration data, laboratory and field blank results, matrix 
spike/post-digestion spike recovery results, laboratory control 
and ICP interference check sample results, serial dilution 
results, field duplicate precision, compound identification and 
compound quantitation. 
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Areas of concern with respect to data quality are listed below. 

Maior Problems 

0 Matrix spike recovery was extremely low (0%) for 
selenium; nondetects are considered to be unreliable 
and were rejected [coded (R)]. 

-- 

- 

- 

Minor Problems 

0 Several analytes were found in associated laboratory 
blanks. The maximum amounts of these analytes found in 
the blanks, and the corresponding action levels applied 
to the data, are listed below: 

Analvte 
Maximum 
Cont. fua/l) 

Action 
Level (us/l) 

Al 107 535 
Be 5 25 
Cd 4 20 
Ca 76 380 
Cr 9 45 
co 6 30 
cu 5 25 
Fe 46 230 
Mn 1 5 
Ni 18 90 
Na 149 745 
V 5 25 
Zn 8 40 

Analytes that were found in the.associated field 
quality control blank which could not be attributed to 
laboratory blank contamination are listed below. This 
rinsate blank was not used to qualify itself. 

Maximum Action 
Analvte Cont. (uq/l) Level (us/l) 

Pb 1.3 6.5 
Mg 48 240 

Sample results affected by blank contamination and 
reported at concentrations less than the action level 
are considered to be false positives. These results 
are qualified, [coded (B)]. 

- - .  

- I  

r 

-. 

- 

- 
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TO: NEIL TBAMERSON DATE: OCTOBER 29, 1992 

T 

P 

PROM: RICKY C. DEPAUL 

SUBJECT: INORGANIC DATA VALIDATION - TAL METALS & CYANIDE 
CT0 122, WARMINSTER NAVAL BASE 
CASE NO. 3933, SDG TW-OS-01 

SAMPLES: lO/Aaueous/ 

Tw-OS? 

F 01 01-D 02 / O3 04 

Tw-sw- 

07 08 08-D 

TW- 

806-FB 806-FB 

3/Sail/ 

TW-SD- 

07 08 08-D 

r 
r 

r 

Overview 

The sample set for the CT0 #22, Warminster Naval Base site, Case 
No. 3933, SDG TW-OS-01, consists of eight (8) water samples 
(including two field duplicate pairs, the duplicate members of 
which were designated -D), three (3) soil samples (including a 
field duplicate designated as -D), and two associated field 
quality control blanks (i.e. one field blank designated -FB, and 
one rinsate blank designated -RB). These samples were analyzed 
for Target Analyte List (TAL) metals and cyanide. 

The samples were collected by HALLIBURTON NUS Environmental 
Corporation on 8/6/92 and 8/12/92 and analyzed by CEIMIC 
Corporation, under Naval Energy and Environmental Support 
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Activity (NEESA) Level D Quality Assurance/Quality Control 
(QA/QC) criteria. All analyses were conducted using Contract 
Laboratory Program (CLP) Statement of Work (SOW) 3/90 analytical 
and reporting protocols. 

Summary 

All metals were successfully analyzed in all samples with the 
exception of those results rejected, [coded (R)]. The findings 
offered in this report are based upon a general review of all 
available data including data completeness, holding times, 
calibration data, laboratory method and field quality control 
blank results, matrix spike and post digestion spike recoveries, 
laboratory control sample results, ICP interference check sample 
results, laboratory duplicate results, graphite furnace results, 
ICP serial dilution results, and analyte quantitation. 

Areas of concern with respect to data quality are listed below. 

Maior Problems 

l The Matrix Spike (MS) Percent Recovery (%R) for mercury 
(0.0%) was extremely low (< 30.0%) for the aqueous 
matrix, suggesting the presence of severe sample. matrix 
interferences which lead to uncertainties with respect 
to the affected analyte's detection and quantitation. 
Only nondetects were reported for this analyte in the 
water samples; these results are considered unreliable 
and qualified as rejected, (coded R(m)]. 

Minor Problems 

- 

- 

- 

l The following analytes were detected as contaminants in 
the laboratory method blanks at the maximum 
concentrations indicated: 
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Analvte 
Maximum 

Concentration 

aluminum 

cadmium 
calcium 

chromium 
COPPer 
iron 

12.0 mg/kg 
66.0 ug/L 
3.0 ug/L 
11.0 mg/kg 
107 ug/L 
7.0 ug/L 
6.0 ug/L 
5.4 mg/kg 
37.0 ug/L 
0.47 mg/kg lead 

magnesium 42.0 ug/L 
manganese 0.20 mg/kg 

1.0 ug/L 
sodium 31.0 mg/kg 

273 ug/L 
vanadium 5.0 ug/L 
zinc 1.0 mg/kg 

7.0 ug/L 

Aqueous 
Action Level 

N/A 
330 ug/L 
15.0 ug/L 

N/A 
535 ug/L 
35.0 ug/L 
30.0 ug/L 

N/A 
185 ug/L 

N/A 
210 ug/L 

N/A 
5.0 ug/L 

N/A 
1360 ug/L 
25.0 ug/L 

N/A 
35.0 ug/L 

Soil 
Action Level 

60.0 mg/kg 
N/A 

3.0 mg/kg 
55.0 mg/kg 

N/A 
7.0 mg/kg 
6.0 mg/kg 

27.0 mg/kg 
N/A 

2.35 mg/k:g 
42.0 mg/k:g 

1.0 mg/k:g 
N/A 

155 w/Q 
N/A 

5.0 mg / k:g 
5.0 w/kg 

N/A 

Positive sample results for these analytes less than or 
equal to the established action level are qualified, 
[Bl l 

Dilution factors, sample size, and percent solids 
were considered when applying these action levels. 
These results are considered to be false positives 
attributable to blank contamination. 

l Lead (which could not be attributed to laboratory blank 
contamination) was detected in the field blank at a 
concentration of 2.2 ug/L. Action levels of 11.0 ug/L 
and 2.2 mg/kg were applied to the aqueous samples, soil 
samples, respectively. Dilution factors, sample size, 
and percent solids were considered when applying these 
action levels. Positive sample results for lead less 
than or equal to the action level are qualified, [B]; 
these results are false positive results .attributable 
to blank contamination. 

l The Matrix Spike (MS) Percent Recovery (%R) for lead 
(497.4%) for the soil matrix greatly exceeded the 125% 
upper quality control limit. A review of the 
associated raw data yielded no evidence of laboratory 
error, hence, 'the presence of significant matrix 
effects is suspected. Only positive sample results for 
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lead are potentially affected by this non-compliance, 
and these results are qualified as biased high, [coded 
K(m)]. 

- 

0 Several problems were noted for the analysis of lead 
for the aqueous matrix. Poor instrument performance 
was noted for this analyte as a result of negative 
concentrations reported in the laboratory method blanks 
(positive results < 10X CRDL and nondetects are - 
affected.) Also, the laboratory duplicate Relative 
Percent Difference (%RPD) for lead (27.0%) was high (> 
20%) for the aqueous matrix. Finally, the Graphite 
Furnace Atomic Absorption (GFAA) Post Digestion Spike - 
(PDS) %Rs for lead in samples TW-OS-02 (127.089, TW-OS- 
03 (128,2%) and TW-SW-07 (123.2%) exceeded the 115% 
upper quality control limit. - 

Positive lead results in aqueous samples TW-OS-01 and 
TW-OS-01-D are qualified as estimated, [coded J(d)], 
based on laboratory duplicate imprecision; bias 
unknown. The positive result for lead in sample TW- 
806-FB is qualified as estimated, [coded J(d,n)], based 
on laboratory duplicate imprecision and negative 
concentrations reported in the laboratory. method 
blanks; bias unknown. Likewise, nondetects for this 
analyte in samples TW-OS-04 and TW-806-RB are qualified 
as estimated, [coded UJ(d,n)]. No actions were taken 
for the remaining aqueous sample results for lead 
because these results are qualified based on false 
positives attributable to blank contamination. 

- 

- 

.- 

- 

l The MS %R for manganese (593.2 %) failed to meet the 
125% upper quality control limit for the soil matrix. 
A review of the associated raw data yielded no evidence - 
of laboratory error, hence, the presence of significant 
matrix effects is suspected. Only positive sample 
results were reported for this analyte in soils. These _- 
results are qualified as- biased high, [coded K(m)]. 

0 The GFAA PDS %R for arsenic in sample TW-OS-01-D 
(81.2%) was below the 85% lower quality control limit. - 

The positive sample result for this analyte in this 
sample is qualified as potentially biased low, [coded 
L(P) 1 l 

-. 

l GFAA PDS %Rs for selenium in samples TW-806-FB (83.0%) 
and TW-806-RB ('76.0%) were less than the 85% lower 
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control limit. Only nondetects were reported for this 
analyte in these samples, and these results are 
considered to be biased low and are qualified, [coded 
UL(P)I, accordingly. 

0 The MS %R for thallium for the aqueous matrix was below 
the 75% lower control limit. In addition, thallium 
GFAA PDS spike recoveries for samples TW-OS-01 (72.8%), 
TW-OS-01-D (67.5%) and TW-OS-02 (84.5%) failed to meet 
the 85% lower control limit. The nondetects for 
thallium in these samples are qualified as biased low, 
[coded UL(m,p)]. Nondetects in the remaining samples 
are qualified as biased low, [coded UL(m)]. Results 
for these samples are felt to have been influenced by 
the presence of sample matrix interferences. 

Notes 

Negative concentrations, whose absolute values were > IDL, were 
reported for lead in the laboratory method blanks. These 
occurrences suggest poor instrument performance (base-line 
drifting). None of the sample data were impacted, however, 
because all results reported for lead (which were not qualified 
based on field blank contamination), were reported at 
concentrations > 10X CRDL. The impact of any potential low bias 
upon results reported at this level of‘concentration are deemed 
insignificant. 

Recoveries for numerous analytes failed to meet the 80-120% 
quality control criteria for the Contract Required Detection 
Limit (CRDL) Standard analyses. However, in accordance with 
USEPA Region III data validation protocol, no corrective actions 
are necessary for low concentration samples. 

Several analytes, other than lead, were detected in the fie:Ld 
quality control blanks. Results for these analytes, however, 
were attributed to laboratory method blank contamination. 

GFAA PDS recoveries for arsenic and selenium in some samples were 
high (> 115%). However, only nondetects were reported for these 
analytes in the affected samples, and these results are not 
compromised by high PDS recoveries. Hence, no actions were 
required. 

I- 

In accordance with USEPA Region III data validation protocol, no 
qualifications are made to the sample data based on field 
duplicate results. Tables summarizing the field duplicate 
results can be found in the attached HNUS/CLEAN Data Validation 

T- Worksheets (APPENDIX C). 
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-- 

No other problems were noted. 

Executive Summarv 

Laboratory Performance: Several analytes were detected as 
contaminants in the laboratory method blanks. Negative 
concentrations-were reported for lead in the laboratory method 
blanks. Poor laboratory duplicate precision was observed for 
lead in the water matrix. 

Other Factors Affecting Data Quality: Lead was detected as a 
contaminant in the associated field blank. The soil matrix spike 
recoveries for lead and manganese were high. The aqueous matrix 
spike recovery for mercury was extremely low, while the matrix 
spike recovery for thallium was relatively low. Several GFAA PDS 
recoveries for arsenic, selenium and thallium were outside 
quality control limits. 

Data for these analyses were reviewed with reference to the 
llNational Functional Guidelines for Inorganic Data Validation" 
(7/88)? as amended for use within USEPA Region III, and the NEESA 
document entitled I'Sampling and Chemical Analysis Quality 
Assurance Requirements for the Navy Installation Restoration 
Program", (6/88). 

The text of this report has been formulated to address only those 
problem areas affecting data quality. Documentation of 
compliance for non-problem areas is presented in the attached 
Appendix C (HNUS/CLEAN Data Validation Worksheets.) 

-. 

-. 

- 

- 

- 

- 

- 

,-” 

- 

"1 attest that the data referenced herein were validated 
according to the agreed-upon validation criteria as specified in 
the NEESA Guidelines and the Quality Assurance Project Plan 
(QAPP) ." 

- 

izQ&/c. &Qd s 
HALLIBURTON NUS Environmental Corporation - 

Ricky C. DePaul 
Data Reviewer 
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all-da?= 
HALLIBTJRTON NUS Environmental Corporation 

Debra A. Scheib 
Data Validation Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Results. 
2. Appendix B - Results as Reported by the Laboratory. 
3. Appendix C - HNUS\CLXAN Data Validation Worksheets. 
4. Appendix D - Support Documentation. 

cc: D. A. Scheib (HNUS, Pittsburgh) 



r 

r 

i- 

r 

INTERNAL CORRESPONDENCEi 
. 

C-49-10-2-311 

TO: NEIL TEAMRRSON DATB: OCTOBER 30, 1992 

FROM: lcaNTwMvER 

SuBJEqT: ORGAHIC DATA VALIDATION - LOW CONCENTRATION VOLATILE 
ORGANICS/TCL SEMIVOLATILE AND 
PESTICIDB/PCBOB~CCOMPOtBJDS 

CT0 #22, WARMINSTER NAVAL BASE 
CASE NO. 3933, SDG W-OS-01 (LC) 

SAMPLES: b/Auueous/W- 

r 
F 

.I=- 
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Overview 

OS-01 
OS-03 

8060TB 

OS-01-D 
OS-04 

OS-02 

. The sample set for the CT0 822, Warminster Naval base site, Case 
. No. 3933, SDG W-OS-01 (LC), consists of a total of five aqueous 

samples (including one field duplicate pair, the. duplicate member 
of which is designated -D), and one associated trip blank 
(designated OTB.) 

All samples were analyzed for low-concentration volatile organic 
compounds using USEPAMethod 524.2. In addition, samples OS-01 and 
OS-01-D were analyzed for TCL (Target Compound List) semivolatile 
and pesticide/PCB organic compounds using Contract Laboratory 
Program (CLP) Statement of Work (SOW) 3/90 analytical methods. 

The samples were collected by BALLIBURTON NUS Environmental 
Corporation on 8/17/92 and analyzed by CEIMIC Corporation 
Laboratories under Naval Energy and Environmental Support Activity 
(NEESA) Level C Quality Assurance/Quality Control (QA/QC) criteria. 
The data for these analyses were reported in accordance with CLP 
SOW 3/90 reporting protocols. 

Summarv 

All compounds were successfully analyzed with the exception of 
those results qualified as unreliable, [R]. The findings offered 
in this report are based upon a general review of all available 
data including data completeness, holding times until extraction/ 
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analysis,' initial and continuing calibrationdata, laboratory and 
field blank results, internal standards performance, surrogate 
spike and matrix spike/matrix spike duplicate recoveries, field I 
duplicate precision, compound identification and quantitation, and 
Tentatively Identified Compound (TIC) evaluation. 

Areas of concern with respect to data quality are listed below. 
- 

Minor Problems -. 

0 Some initial and continuing calibration Relative Response 
Factors (RRFs) for acetone and 2-butanone failed to meet 
the 0.50 minimum quality control criterion, indicating 
significant instrumental reproducibility problems and 
lack of sensitivity. Only nondetects were reported for 
these compounds in affected samples, and these results 
are considered to be unreliable and are qualified as 
rejected, [coded R(c)]. The bias for these results is 
considered to be very low. . 

0 .The following compound was found in the laboratory method 
blanks in the maximum concentration indicated: 

Maximum Action 
ComDound Concentration Level 

methylene chloride 2 w/L 20 ug/L 

Dilution factors were considered during application of 
this action level. Results reported for this compound at 
concentrations within the action level have been 
qualified, (B], and are considered to be false positives 
(artifacts of blank contamination.) 

.- 

- 

l Low recoveries for the pesticide surrogate spike compound 
decachlorobiphenyl (DCB) were noted for the laboratory 
method blank analysis and for sample W-OS-01-D (as well _- 
as for the MS analysis which was performed using this 
sample,) These occurrences indicate poor laboratory 
performance and the potential presence of sample matrix ^I 
interferences- Nondetects for all compounds in the 
affected sample have been qualified as biased low, [coded 
m(s) I; no positive results were reported. - 

0 Positive results for several compounds are qualified as 
estimated, [J], because they are reported at 
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I-- 

T- 
concentrations below the Contract Required Quantitation 
Limit (CRQL). 

Notes 

Continuing calibration %Ds for methylene chloride exceeded 25%. No 
qualifications to the data were necessary, however, as all positive 
results reported for methylene chloride were qualified based on 
blank contamination. 

In accordance with USEPA Region III data validation protocol, no 
qualifications are made to the- data based on field duplicate 
precision. 

% 
No Tentatively Identified Compounds (TICS) were found in any 
sample. 

No other problems were noted. 

Executive Summarv 

Laboratory Performance: Initial and continuing calibration RRPs 

r . 

for two compounds were below 0.50. Methylene chloride was detected 
in the laboratory method blank analyses. 

P 
Other Factors Affecting Data Quality: Some recoveries for the 
pesticide/PCB surrogate DCB did not meet advisory limits. 

The data for these analyses were reviewed with reference to the 
*#National Functional Guidelines for Organic Data Validation" 
(2/88), as amended for use within USEPA Region III, and the NEESA 
document entitled "Sampling and Chemical Analysis Quality Assurance 
requirements for the Navy Installation Restoration Program1o (6/88). 

The text of this report has been formulated to address only those 
problem areas affecting data quality. 

"1 attest that the data referenced herein was validated according 
to the agreed upon validation criteria as specified in the NEESA 
Guidelines and the Quality Assurance Project Plan (QAPP)." 

P 

r 
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HALLIBDRTON BUS Environmental Corporation 

Kent Weaver 
Data Reviewer 

HALLIBURTON BUS Environmental Corporation 

Debra A. Scheib 
Data Validation Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Results (including TICS) 
2. Appendix B - Results as Reported by the Laboratory 

(including TICS) 
3. Appendix C - Support Documentation 

cc: D. Scheib (HNUS, Pittsburgh) 

- 
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TO: NEIL TEAMERSON DATE: OCTOBER 28, It992 

PROM: RICRY C. DEPAUL 

SUBJECT : INORGANIC DATA VALIDATION - TAL METALS (DISSOLVED) 
CT0 R22, WARMINSTER NAVAL BASE 
CASE NO. 3933, SDG W-OS-01 

SAMPLES: S/Aqueous/ 

W-OS” 

01 01-D 

w-sw- 
7” 

07 08 

W806FB 

Overview 

“p” 

-F- 

r 

T- 
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02 03 

08-D 

04 

The sample set for the CT0 #22 Warminster Naval Base site, Case 
No. 3933, SDG W-OS-01, consists of nine (9) filtered water 
samples and one (1) associated filtered field blank (designated 
with the suffix -FB). Two field duplicates (designated -D) were 
included with this analytical data set. These samples were! 
analyzed for dissolved Target Analyte List (TAL) metals 
(excluding cyanide.) 

The samples were collected by HALLIBDRTON NDS Environmental 
Corporation on 8/6/92 and 8/12/92 and analyzed bv CEIMIC 
Corporation under Naval 
(NEESA) Level D Quality 
criteria. All analyses 
Program (CLP) Statement 
reporting protocols. 

Energy and Environmental-Support Activity 
Assurance/Quality Control (QA/QC) 
were conducted using Contract Laboratory 
of Work (SOW) 3/90 analytical and 

Summary 

All metals were successfully analyzed in all samples. The 
findings offered in this report are based upon a general review 
of all available data including data completeness, holding times, 
calibration data, laboratory method and field blank results 
matrix spike and post digestion spike recoveries, laborator; 
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control sample results, ICP interference check sample results, 
laboratory duplicate results, graphite furnace atomic absorption 
results, ICP serial dilution results, and analyte guantitation. 

No major problems were noted. Minor problems and items of note 
are listed below. 

Minor Problems 

0 The following analytes were detected as 
contaminants in the laboratory method blanks at the 
maximum concentrations indicated: 

Maximum 
Analvte Concentration 

aluminum 134 670 
beryllium 5.0 25.0 
cadmium 4.0 20.0 
calcium 439 2200 
chromium 6.0 30.0 
copper 15.0 75.0 
iron 82.0 410 
lead 2.2 11-O 
magnesium 215 1080 
manganese 1.0 5.0 
nickel 22.0 110 
potassium 451 2260 
sodium 282 1410 
vanadium 5.0 25.0 
zinc 4.0 20.0 

(w/L) 
Aqueous 
Action Level (ug/L) 

Positive sample results for these analytes less than or 
equal to the established action level are qualified, 
CBI. These results.are considered to be false 
positives attributable to blank contamination. No 
actions were necessary for calcium and nickel since no 
positive results were reported for nickel and all 
positive calcium results exceeded the action level. 

0 Negative concentrations, whose absolute values were > 
IDL, were reported for lead in the laboratory method 
blanks. These occurrences suggest poor instrument 
performance (base-line drifting) and possible 

- 

- 

-- 

.- 

-. 
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compromise of analyte detection and quantitation. 
Nondetects for this analyte are qualified as biased 
low, [coded UL(n)]. 

The positive result for lead in sample W-OS-01-D is not 
affected by the negative concentrations reported in the 
associated laboratory blank analyses because it is 
reported at a concentration >lOX CRDL (thus any 
potential low bias is not deemed significant.) 
However, this result is affected by a high Matrix Spike 
Percent Recovery (i.e. MS %R > 125%) and is, therefore, 
qualified as biased high, [coded K(m)]. Only positive 
results (not discounted as false positives attributable 
to blank contamination) are affected by this high 
matrix spike recovery. 

The positive lead result for sample W-OS-01 is affected 
both by the negative concentrations occurring in the 
laboratory blanks and the high matrix spike recovery. 
Because the bias for this result cannot be determined, 
this result is qualified as estimated, [coded J(m,n)]. 

0 The laboratory duplicate Relative Percent Difference 
(%RPD) for cadmium (200%) failed to meet the 20% 
quality control limit for waters, indicating a lack of 
precision for the laboratory analyses. All positive 
sample results for cadmium are qualified due to blank 
contamination, thus, no further actions are required. 
Nondetects for this analyte are considered to be 
estimated and are qualified, [coded UJ(d)], as the bias 
for these results could not be determined. 

0 ICP serial dilution Percent Differences .(%Ds) for 
calcium and magnesium exceeded the 10% quality control 
limit (undiluted sample results were > 50X the 
respective IDL), thus indicating potential suppression 
of the responses for these analytes. Positive results 
not qualified due to~blank contamination and nondetects 
for these analytes are considered estimated and are 
qualified, [coded J(o), UJ(o)], respectively. !The 
direction of bias is not certain. 

l Graphite Furnace Atomic Absorption (GFAA) Post 
Digestion Spike (PDS) %Rs for selenium in sample W-OS- 
03 (84.0%) and thallium in samples W-OS-01 (81.8%), W- 
OS-02 (80.2%), W-OS-03 (83.2%), W-SW-07 (82.0%) and W- 
SW-08-D (84*5%) failed to meet the 85% lower quality 
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-  

I . -  

-  

control limit. Only nondetects were reported for these 
analytes in the affected samples, and these results are 
qualified as biased low, [coded l&(p)], based on the 
possible influences of sample matrix effects. , 

- 

Notes 

Recoveries for numerous analytes failed to meet the 80-120% 
quality control criteria for the Contract Required Detection 
Limit (CRDL) Standard analyses. However, in accordance with 
USEPA Region III data validation protocol, no corrective actions 
are necessary for low concentration samples. 

- 

- 

All positive results reported in the field blank, sample W-806-. 
FB, were attributed to laboratory method blank contamination. -. 

GFAA PDS recoveries for arsenic in four samples failed to meet 
the 115% upper quality control limit. However, only nondetects 
were reported for this analyte in the affected samples, and these 
results were not felt to have been compromised. Hence, no 
actions were required. 

- 

The laboratory did not analyze a Laboratory Control Sample (LCS) 
for mercury.. Therefore, the mercury sample data could not be 
evaluated for this parameter, ,-- . 
In accordance with USEPA Region III data validation protocol, no 
qualifications are made to the data based on field duplicate 
results. A comparison of these results are presented in Appendix 
C (HNUS/CLEAR Data Validation Worksheets). 

No other problems were noted. 

Executive Summarv 

Laboratory Performance: Several analytes were detected as 
contaminants in the laboratory method blanks. Negative 
concentrations were reported for lead in the laboratory method 
blanks, Poor laboratory duplicate precision was observed for 
cadmium. The ICP serial dilution %Ds for calcium and magnesium 
exceeded control limits. A laboratory control sample recovery 
was not reported for mercury. 

^..- 

-- 
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Other Factors Affecting Data Quality: The matrix spike recovery 
for lead was high. Several GFAA PDS recoveries for selenium and 
thallium were below the lower quality control limit. 

Data for these analyses were reviewed with reference to the 
"National Functional Guidelines for Inorganic Data Validation" 
(7/88)# as amended for use within USEPA Region III, and the NEESA 
document entitled "Sampling and Chemical Analysis Quality 
Assurance Requirements for the Navy Installation Restoration 
Program", (6/88). 

The text of this report has been formulated to address onl:y those 
problem areas affecting data quality. 

"I attest that the data referenced herein were validated 
according to the agreed-upon validation criteria as specified in 
the NEESA Guidelines and the Quality Assurance Project Plan 
(QAPP) ." 

&L& c* i? . 
RALLIBURTON NUS Environmental Corporation 

Ricky C. DePaul 
Data Reviewer 

I-IALLIBURTON NUS Environmental Corporation 

Debra A. Scheib 
Data Validation Quality Assurance Officer 
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Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as Reported by the Laboratory 
3. Appendix C - HNUS/CLEAN Data Validation Worksheets 
4. Appendix D - Support Documentation 

cc: D. A. Scheib (HNUS, Pittsburgh) 

- 

- 

-- 
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RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT UITH GRCUNDUATER (PAGE ONE) 
SITE NAME: UARMINSTER, SITES ‘I, 2, 3 
MEDIUM: GROUNDWATER (CURRENT) 
RECEPTOR(S): ADULT RESIDENT 

RELEVANT EQUATIONS: REFERENCES: USEPA, DECEMBER 1989; USEPA, JANUARY 1992 

INORGANICS 

DA = W(Cv)(t) DAD = (DA EV ED EF A)/(BU AT) 

DA = DOSE ABSORBED PER EVENT (mg/cm-Uevent) 
K = PERMEABILITY COEFFICIENT FROM WATER (cm/hr) 
cv = CONCENTRATION OF CHEMICAL IN UATER (mg/cm-3) 
t = DURATION OF EVENT (hr/event) 

ORGANICS 

DA = 2 CF Kp Cv [((6TAUt)/PI)‘O.!il IF t < t* 

DAD = DERMLLY ABSORBED DOSE (mg/kg/day) 
DA = DOSE ABSORBED PER EVENT (mg/cm-Uevent) 
A = SKIN SURFACE AREA AVAILABLE FOR CONTACT (cm-2) 
EV = EVENT FREQUENCY (event/day) 
EF = EXPOSURE FREQUENCY (day/yr) 
ED = EXPOSURE DURATION (yr) 
BU = BODY UEIGHT (kg) 
AT = AVERAGING TIME (days) 

DA q Kp CF Cv [(t/(1 + 8)) + 12TAU ((1+3B)/(l + B))ll IF t * t*HP = DADl/RFD 

DA = DOSE ABSORBED PER EVENT (mg/cm^2/event) 

KP = PERMEABILITY COEFFICIENT (cm/hr) 
cv = VEHICLE CONCENTRATION (mg/cm-3) 
TAU = LAG TIME (hr) 
B = DIMENSIONLESS PARTITION COEFFICIENT 
t = DURATION OF EVENT (hr/event) 
CF = CONVERSION FACTOR (L/cm-3: le-3) 

HP = HAZARD QUOTIENT 
DAD1 = DAD FOR NONCARCINOGENIC RISKS (mg/kg/day) 
RFD = REFERENCE DOSE (mg/kg/day) 

CR = DAD2 CSF 

CR = CANCER RISK 
DAD2 = DAD FOR CARCINOGENIC RISK 
CSF = CANCER SLOPE FACTOR ((mg/kg/day)--1)) 
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RISK ASSESSMENT SPREADSHEET: DERMAL CGNTACT WITH GROUNDUATER (PAGE THREE) 
SITE NAME: UARMINSTER, SITES 1, 2, 3 
MEDIUM: GRWNDUATER (CURRENT) 
RECEPTOR(S): ADULT RESIDENT 

CHEMICAL 

Vinyl chloride 
1,1-Dichloroethene 
1,2-Dichloroethane 
Trichloroethene 
Tetrachloroethene 
Chloroform 
Carbon tetrachloride 
Benzene 
1,2-Dichloropropane 
Pyrene 
l,l-Dichloroethane 
l,2-Dichloroethene 
cis-1,2-Dichioroethene 
l,l,l-Trichloroethane 
Trichlorofluoromsthane 
Toluene 
Ethylbenzene 
Xylenes 
1,2-Dichlorobanzene 
2-Butanone 
Di-n-octyl phthelate 
Diethyl phthalate 
Phenanthrene 
Fluoranthene 
Arsenic 
Lead 
Chromium 
Manganese 
Thallium 
Aluninus 
Barium 
Cobalt 

Cvwr 
Mercury 
Nickel 
Silver 
Vanadiwn 
Zinc 

cv Kp or K DA DA-i DA-o TAU 

m/L) 
.0015 7.3e-3 6.204e-9 0 6.204e-9 

.003 1.6e-2 3.460e-8 0 3.460e-8 
.0035 5.3e-3 1.357e-8 0 1.357e-8 

.469 2.3e-1 9.891e-5 0 9.891e-5 

.128 3.7e-1 !i.555e-5 0 5.555e-5 
.0138 1.3e-1 1.521e-6 0 1.52le-6 
.0168 2.2e-2 3.984e-7 0 3.984e-7 

.002 l.le-1 1.387e-7 0 1.387e-7 

.OOl le.2 8.108e-9 0 8.108e-9 
.0006 5.29e-1 4.8D6e-7 0.4.806e-7 

.008 8.9e-3 5.20&-8 0 5.208e-8 

.027 5.5e-3 l.O71e-7 0 l.O71e-7 
-138 5.5e-3 5.472e-7 0 5.472e-7 

.Ol 1.7e-2 1.587e-7 0 1.587e-7 
-0298 l.le-2 4.852e-7 0 4.852e-7 

.004 1eD 2.798e-6 0 2.798e-6 
-0002 1eD 1.544e-7 0 1.544e-7 

-002 8e-2 1.235e-7 0 1.235e-7 
.OOD7 6.le-2 4.385e-8 0 4.385e-8 

.D24 5e-3 7.268e-8 D 7.268e-8 

.003 3.3e-2 5.609e-7 0 5.609e-7 
.000375 4.8e-3 3.147e-9 0 3.147e-9 

-0003 2.3e-1 8.947e-8 0 8.947e-8 
.0006 3.6e-1 3.271e-7 0 3.271e-7 
.OlD6 le.3 2.12e-9 2.12e-9 0 
.0855 4e-6 6&e-11 6.84e-11 0 
.0494 2e-3 1.976e-8 1.976e-8 0 
5.41 le.3 l.D82e-6 l.O82e-6 0 

.00114 le.3 2.28e-10 2.28e-10 0 
25.82 le.3 5.164e-6 5.164e-6 0 

.873 le.3 1.746e-7 1.746e-7 0 
.0228 4e-4 1.824e-9 1.824e-9 0 

.236 le-3 4.72e-8 4.72e-8 0 
.00022 le-3 4.4e-11 4.4e-11 0 

.0436 le-4 8.72e-10 8.72e-10 0 
.00558 6e-4 6.70e-10 6.70e-10 0 

.0245 le-3 4.9e-9 4.9e-9 0 
.4 6e-4 4.8e-8 4.8e-8 0 

t* B Xl x2 DAD1 DAD2 RFD-ORAL CSF-ORAL 

.21 .51 

.34 .82 

.35 .a4 

.55 1.3 
.9 4.3 

.47 1.1 

.76 1.8 

.26 .63 

.43 t 
1.5 7.2 
.35 .a4 
.34 .82 
-34 .82 
.57 1.4 

.6 1.4 
.32 .77 
-39 1.3 
-39 1.4 
.69 3.2 
.24 .58 
21 100 

2 4.7 
1.1 5.6 
1.5 7.3 

.0023 6.204e-9 6.805e-9 1.649e-6 7.066e-7 
.013 3.460e-8 4.295e-8 9.196e-6 3.941e-6 
-003 1.357e-8 1.67&z-8 3.606e-6 1.545e-6 
.026 9.891e-5 1'.457e-4 2.629e-2 1.127e-2 

.25 5.555e-5 1.269e-4 1.476e-2 6.327e-3 
.0093 1.521e-6 2.073e-6 4.041e-4 1.732e-4 

.068 3.984e-7 7.025e-7 1.059e-4 4.537e-5 

.013 1.387e-7 1.608e-7 3.686e-5 1.580e-5 
.Ol 8.108e-9 l.O75e-8 2.155e-6 9.234e-7 

15.1 4.806e-7 2.742e-6 1.277e-4 5.474e-5 
.0062 5.208e-8 6.461e-8 1.384e-5 5.932e-6 

.003 l.O71e-7 1.312e-7 2.845e-5 1.219e-5 

.OD3 5.472e-7 6.706e-7 1.454e-4 6.232e-5 

.031 1.587e-7 2.384e-7 4.217e-5 1.807e-5 

.034 4.852e-7 7.459e-.7 1.289e-4 5.526e-5 

.054 2.798e-6 3.581e-6 7.435e-4 3.V%e-4 
.I4 1.544e-7 2.294e-7 4.104e-5 1.759e-5 
.16 1.235e-7 l&Se-7 3.2B3e-5 1.407e-5 
.24 4.385e-8 8.862e-8 l.l65e-5 4.995e-6 

.00019 7.268e-8 8.162e-8 1.932e-5 8.278e-6 
13 5.6D9e-7 l.l88e-5 1.491e-4 6.389e-5 

.03 3.147e-9 7.969e-9 8.364e-7 3.585e-7 
2.9 8.947e-8 3.811e-7 2.378e-5 l.O19e-5 
8.9 3.271e-7 1.817e-6 8.692e-5 3.725e-5 

0 2.12e-9 5.634e-7 2.415e-7 
0 6.84e-11 1.818e-8 7.790e-9 
0 1.976e-8 5.251e-6 2.251e-6 
0 1.082e-6 2.875e-4 1.232e-4 
0 2.28e-10 6.059e-8 2.597e-8 
0 5.164e-6 1.372e-3 5.882e-4 
0 1.746e-7 4.640e-5 1.989e-5 
0 1.824e-9 4.847e-7 2.077e-7 
0 4.72e-8 1.254e-5 5.376e-6 
0 4.4e-11 l.l69e-8 5.011e-9 
0 8.72e-10 2.317e-7 9.932e-8 
0 6.70e-10 1.779e-7 7.626e-8 
0 4.9e-9 1.302e-6 5.581e-7 
0 4.8e-8 i.276e-5 5.467e-6 

.009 

-006 
-01 
-01 

.0007 

.03 
.l 

-01 
.Ol 
.09 

.3 

.2 

.I 
2 

.09 

.05 

.D2 
.8 

-029 
.04 

.0003 

1.9 
.6 

.091 

.Oll 

.052 
.006l 

-13 
,029 
.068 

.59 

-005 
.005 

.00007 
2.9 
.07 

.037 
.0003 

-02 
.005 
.007 

.2 

I.75 
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RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT WITH GROUNDWATER (PAGE FOUR) 
SITE NAME: UARMINSTER, SITES I, 2, 3 
MEDIUM: GROUNDUATER (CURRENT) 
RECEPTOR(S): ADULT RESIDENT 

CHEMICAL 

Vinyl chloride 
l,l-Dichloroethene 
1,2-Dichloroethane 
Trichloroethene 
Tetrachloroethene 
Chloroform 
Carbon tetrachloride 
Benzene 
1,2-Dichloropropane 
Pyrene 
l,l-Dichloroethane 
1,2-Dichloroethene 
cis-1,2-Dichloroethene 
l,l,l-Trichloroethane 
Trichlorofluoromethane 
Toluene 
Ethylbenzene 
Xylenes 
1,2-Dichlorobenzene 
2-Butanone 
Di-n-octyl phthalate 
Diethyl phthalate 
Phenanthrene 
Fluoranthene 
Arsenic 
Lead 
Chrcnniun 
Manganese 
Thallium 
Aluninun 
Barium 
Cobalt 
Copper 
Mercury 
Nickel 
Silver 
Vanadiun 
Zinc 

TOTAL 

HP CR 

N/A 1.343e-6 
l.O22e-3 2.365e-6 

N/A 1.406e-7 
4.3809eO 1.239e-4 
1.4763eO 3.29Oe-4 
4.041e-2 l.O56e-6 
1.512e-1 5.898e-6 

N/A 4.581e-7 
N/A 6.279e-8 

4.258e-3 3.230e-5 
1.384e-4 0 
2.845e-3 0 
1.454e-2 0 
4.686e-4 0 
4.298e-4 0 
3.717e-3 0 
4.104e-4 0 
1.642e-5 0 
1.295e-4 0 
3.B63e-4 0 
7.453e-3 0 
l.D46e-6 0 
8.199e-4 0 
2.173e-3 0 
1.878e-3 4.225e-7 

N/A 0 
l.O50e-3 0 
5.751e-2 0 
8.656e-4 0 
4.i32e-4 0 
6.629e-4 0 

N/A 0 
3.390e-4 0 
3.898e-5 0 
l.l59e-5 0 
3.559e-5 0 
1.860e-4 0 
6.378e-5 0 

6.1508eO 4.970e-4 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-.................. 
RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT UITH GROUNDUATER (PAGE ONE) 
SITE NAME: UARMINSTER, SITES 1, 2, 3 
MEDIUM: GROUNDUATER (CURRENT) 
RECEPTOR(S): CHILD RESIDENT 

RELEVANT EQUATIONS: REFERENCES: USEPA, DECENBER 1989; USEPA, JANUARY 1992 

INORGANICS 

DA = (K)(Cv)(t) DAD = (DA EV ED EF A)/(BU AT) 

DA = DOSE ABSORBED PER EVENT (mg/cm^2/event) 
K = PERMEABILITY COEFFICIENT FRON UATER (cm/hr) 
cv = CONCENTRATION OF CHEMICAL IN UATER (mg/cm-3) 
t = DURATION OF EVENT (hr/event) 

ORGANICS 

DA = 2 CF Kp Cv [((6TAUt)/PI)‘D.31 IF t * t* 

DAD = DERNALLY ABSORBED DOSE (mg/kg/day) 
DA = DOSE ABSORBED PER EVENT 0ng/cm’2/event) 
A = SKIN SURFACE AREA AVAILABLE FOR CONTACT (cm-21 
EV = EVENT FREWENCY (event/day) 
EF = EXPOSURE FREQUENCY (day/yr) 
ED = EXPOSURE DURATION (yr) 
BU = BODY WEIGHT (kg) 
AT = AVERAGING TIME (days) 

DA = Kp CF Cv [(t/(1 + B)) + [ZTAU ((1+3B)/(l + B))ll IF t * t*HQ = DADl/RFD 

DA = DOSE ABSORBED PER EVENT (mg/cm-a/event) 

KP = PERMEABILITY COEFFICIENT (cm/hr) 
Cv = VEHICLE CONCENTRATION (mg/cm-3) 
TAU = LAG TIME (hrl 
B = DIMENSIONLESS PARTITION COEFFICIENT 
t = DURATION OF EVENT (hr/event) 
CF = CONVERSION FACTOR (L/cm-J: le-3) 

HP = HAURD PUOTIENT 
DAD1 = DAD FOR NONCARCINOGENIC RISKS (s&j/kg/day) 
RFD = REFERENCE DOSE (mg/kg/day) 

CR = DAD2 CSF 

CR = CANCER RISK 
DAD2 = DAD FOR CARCINOGENIC RISK 
CSF = CANCER SLOPE FACTOR ((ntg/kg/day)--1)) 



__......................................~................................................................................................................. 
RISK ASSESSMENT SPREADSHEET: DERNAL CONTACT UITH GROUNDUATER (PAGE TN09 
SITE NAME: UARMINSTER, SITES 1, 2, 3 
MEDIUM: GRWNDUATER (CURRENT9 
RECEPTOR(S): CHILD RESIDENT 

ENTER INPUTS 

A= 
EV = 
EF = 
ED1 = 
ED2 = 
BU = 
AT1 = 
AT2 = 
t= 

591D(cm-29 
l(event/day) 

350(day/yr9 
6(yr9 NON-CARCINOGENIC 
6(yr9 CARCINOGENIC 

15(b) 
2190(days9 NON-CARCINOGENIC 

2555D(days9 CARCINOGENIC 
.2(hr/event9 



RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT WITH GROUNDWATER (PAGE THREE) 
SITE NAME: UARHINSTER, SITES 1, 2, 3 
MEDIUM: GROUNDWATER WJRRENT9 
RECEPTOR(S): CHILD RESIDENT 

CHEMICAL 

Vinyl chloride 
l,l-Dichloroethene 
1,2-Dichloroethane 
Trichloroethene 
Tetrachloroethene 
Chloroform 
Carbon tetrachloride 
Benzene 
1,2-Dichloropropane 
Pyrene 
l,l-Dichloroethane 
1,2-Dichloroethene 
cis-1,2-Dichloroethene 
l,l,l-Trichloroethane 
Trichlorofluoromethane 
Toluene 
Ethylbenzene 
Xylenes 
1,2-Dichlorobenzene 
2-Butanone 
Di-n-octyl phthalate 
Diethyl phthalate 
Phenanthrene 
Fluoranthene 
Arsenic 
Lead 
Chromiua 
Mangenese 
Thalliwn 
Alusinwn 
Barium 
Cobalt 
Copper 
Mercury 
Nickel 
Silver 
Vanadium 
Zinc 

cv Kp or K DA DA-i DA-o TAU 

m/L9 
.0015 7.3e-3 6.204e-9 0 6.204e-9 

.003 1.6e-2 3.460e-8 0 3.46Oe-8 
.0035 5.3e-3 1.357e-8 0 1.357e-8 

.469 2.3e-1 9.891e-5 0 9.891e-5 

.128 3.7e-1 5.555e-5 0 5.555e-5 
.0138 1.3e-1 1.521e-6 0 1.521e-6 
.0168 2.2e-2 3.984e-7 0 3.984e-7 

.OD2 l.le-1 1.387e-7 0 1.387e-7 

.OOl le.2 8.108e-9 0 8.108e-9 
.0006 5.29e-1 4.8D6e-7 0 4.806e-7 

-008 8.9e-3 5.208e-8 0 5.208e-8 
.027 5.5e-3 l.O71e-7 0 l.O71e-7 
.138 5.5e-3 5.472e-7 0 5.472e-7 

.Dl 1.7e-2 1.587e-7 0 1.587e-7 
-0298 1.7e-2 4.852e-7 0 4.852e-7 

-004 le0 2.798e-6 0 2.798e-6 
.0002 leD 1.544e-7 0 1.544e-7 

:002 8e-2 1.235e-7 0 1.235e-7 
.0007 6.le-2 4.385e-8 0 4.385e-8 

.D24 5e-3 7.268e-8 0 7.268e-8 
-003 3.3e-2 5.6D9e-7 0 5.609e-7 

.000375 4.8e-3 3.147e-9 0 3.147e-9 
.0003 2.3e-1 8.947e-8 0 8.947e-8 
.0006 3.6e-1 3.27ie-7 0 3.271e-7 
.0106 le.3 2.12e-9 2.12e-9 0 
.0855 4e-6 6&e-11 6&e-11 0 
.0494 2e-3 1.976e-8 1.976e-8 0 
5.41 le.3 l.O82e-6 l.O82e-6 0 

.00114 le.3 2.28e-ID 2.28e-10 0 
25.82 le-3 5.164e-6 5.164e-6 0 

.873 le.3 1.746e-7 1.746e-7 0 
.0228 4e-4 1.824e-9 1.824e-9 0 

.236 le.3 4.72e-8 4.72e-8 0 
.00022 le.3 4.4e-11 4.4e-11 0 

.0436 le.4 8.72e-10 8.72e-10 0 
.00558 6e-4 6.70e-10 6.70e-10 0 

.0245 le.3 4.9e-9 4.9e-9 0 
.4 6e-4 4.8e-8 4.8e-8 0 

t* B 

.21 ;51 

.34 .82 

.35 .a4 
-55 1.3 

.9 4.3 
.47 1.1 
.76 1.8 
.26 .63 
.43 1 
1.5 7.2 
.35 .a4 
.34 .82 
-34 .B2 
.57 1.4 

.6 1.4 
.32 .77 
.39 1.3 
.39 1.4 
.69 3.2 
.24 .58 . 
21 100 

2 4.7 
1.1 5.6 
1.5 7.3 

Xl x2 DAD1 DAD2 RFD-ORAL CSF-ORAL 

.0023 6.204e-9 6.805e-9 2.344e-6 2.009e-7 
.013 3.460e-8 4.295e-8 1.307e-5 l.l21e-6 
.003 1.357e-8 1.676e-8 5.126e-6 4.394e-7 
.026 9.891e-5 1.457e-4 3.737e-2 3.203e-3 

.25 5.555e-5 1.269e-4 2.099e-2 1.799e-3 
.0093 1.521e-6 2.073e-6 5.745e-4 4.924e-5 

.068 3.984e-7 7.025e-7 1.505e-4 1.29Oe-5 

.013 1.387e-7 1.608e-7 5.240e-5 4.491e-6 
.Ol 8.108e-9 l.O75e-8 3.063e-6 2.626e-7 

15.1 4.806e-7 2.742e-6 1.816e-4 1.556e-5 
-0062 5.208e-8 6.461e-8 1.968e-5 1.687e-6 
.OO3 l.O71e-7 1.312e-7 4.045e-5 3.467e-6 
.003 5.472e-7 6.706e-7 2.067e-4 l.772e-5 
.031 1.587e-7 2.384e-7 5.995e-5 5.139e-6 
-034 4.852e-7 7.459e-7 1.833e-4 1.571e-5 
.054 2.798e-6 3.581e-6 1.057e-3 9.060e-5 

.I4 1.544e-7 2.294e-7 5.834e-5 5.DOle-6 

.I6 1.235e-7 1.868e-7 4.667e-5 4.00le-6 

.24 4.385e-8 8.862e-8 i.657e-5 1.420e-6 
,00019 7.268e-8 8.162e-8 2.746e-5 2.354e-6 

13 5.609e-7 l.l88e-5 2.119e-4 1.816e-5 
.03 3.147e-9 7.969e-9 1.189e-6 1.019e-7 
2.9 8.947e-8 3.811e-7 3.38Oe-5 2.898e-6 
8.9 3.271e-7 1.817e-6 1.236e-4 l.O59e-5 

0 2.12e-9 8.0lOe-7 6.865e-8 
0 6&e-11 2.584e-8 2.215e-9 
0 1.976e-8 7.465e-6 6.399e-7 
0 l.O82e-6 4.088e-4 3.504e-5 
0 2.28e-10 8.614e-8 7.383e-9 
0 5.164e-6 1.951e-3 1.672e-4 
0 1.746e-7 6.597e-5 5.654e-6 
0 1.824e-9 6.891e-7 5.907e-8 
0 4.72e-8 1.783e-5 1.529e-6 
0 4.4e-11 1.662e-8 1.425e-9 
0 8.72e-10 3.294e-7 2.824e-8 
0 6.70e-10 2.530e-7 2.168e-8 
0 4.9e-9 1.851e-6 1.587e-7 
0 4.8e-8 i.813e-5 i.S54e-6 

.006 
.Ol 
.Dl . 

.0007 

.03 
.l 

.Ol 

.Ol 

.09 
.3 
.2 
.l 
2 

.09 

.05 

.02 
.8 

-029 
.04 

.0003 

.005 

.DO5 
.DDOO7 

2.9 
.07 

.037 
.0003 

.02 
.005 
.007 

.2 

1.9 
.6 

.091 

.Oll 

.052 
.0061 

.13 
.029 
.068 

1.75 
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RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT UITH GROUNDWATER (PAGE FOUR) 
SITE NAME: UARMINSTER, SITES 1, 2, 3 
MEDIUM: GRWNDUATER (CURRENT) 
RECEPTOR(S): CHILD RESIDENT 

CHEMICAL 

Vinyl chloride 
l,l-Dichloroethene 
1,2-Dichloroethane 
Trichloroethene 
Tetrachloroethene 
Chloroform 
Carbon tetrachloride 
Benzene 
1,2-Dichloropropane 
Pyrene 
l,l-Dichloroethane 
1,2-Dichloroethene 
cis-1,2-Dichloroethene 
l,l,l-Trichloroethane 
Trichlorofluoromethane 
Toluene 
Ethylbenzene 
Xylenes 
1,2-Dichlorobenzene 
2-Butanone 
Di-n-octyl phthalate 
Diethyl phthalate 
Phenanthrene 
Fluoranthene 
Arsenic 
Lead 
Chrcmium 
Manganese 
Thallium 
Aluninun 
Barium 
Cobalt 
Copper 
Mercury 
Nickel 
Silver 
Vanadium 
Zinc 

TOTAL 

I I I 

HP CR 

N/A 3.817e-7 
1.453e-3 6.724e-7 

WA 3.999e-8 
6.2281eO 3.523e-5 
2.0987eO 9.354e-5 
5.745e-2 3.004e-7 
2.150e-1 1.677e-6 

N/A 1.303e-7 
N/A 1.785e-8 

6.053e-3 0 
1.968e-4 0 
4.045e-3 0 
2.067e-2 0 
6.661e-4 0 
6.11De-4 0 
5.285e-3 0 
5.834e-4 0 
2.334e-5 0 
1.841e-4 0 
5.492e-4 0 
l.D60e-2 0 
1.4B6e-6 0 
1.166e-3 0 
3.089e-3 0 
2.670e-3 1.201e-7 

N/A 0 
1.493e-3 0 
8.176e-2 0 
4.231e-3 0 
6.728e-4 0 
9.424e-4 0 

N/A 0 
4.820e-4 0 
5.541e-5 0 
1.647e-5 0 
5.060e-5 0 
2.645e-4 0 
9.067e-5 0 

8.7442eO 1.321e-4 

I 1 I I 
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RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT WITH GRWNDUATER (PAGE ONE) 
SITE NAME: UARMINSTER, SITES 1, 2, 3 
MEDIUM: GROUNDWATER (CURRENT) 
RECEPTOR(S): ADULT EMPLOYEE 

RELEVANT EQUATIONS: REFERENCES: USEPA, DECEMBER 1989; USEPA, JANUARY 1992 

INORGANICS 

DA = (K)(W)(t) DAD = (DA EV ED EF A)/(BU AT) 

DA = DOSE ABSORBED PER EVENT (mg/cm-Uevent) 
K = PERMEABILITY COEFFICIENT FROM UATER (cm/hr9 
Cv = CONCENTRATION OF CHEUICAL IN UATER (mg/cm-39 
t = DURATION OF EVENT (hr/eventl 

ORGANICS 

DA = 2 CF Kp Cv C((6TAUt)/PI)-0.51 IF t < t* 

DAD = DERMALLY ABSORBED DOSE (mg/kg/day) 
DA = DOSE ABSORBED PER EVENT (mg/cm^2/event9 
A = SKIN SURFACE AREA AVAILABLE FOR CONTACT (cm-21 
EV = EVENT FREQUENCY (event/day) 
EF = EXPOSURE FREQUENCY (day/yr) 
ED = EXPOSURE DURATION (yr9 
BU = BODY WEIGHT (kg9 
AT = AVERAGING TIME (days) 

DA = Kp CF Cv [(t/(1 + B99 + l2TAU ((1+389/(1 + B9911 IF t > t*HQ = DADl/RFD 

DA = DOSE ABSORBED PER EVENT (mg/cm-2/event9 
Kp = PERMEABILITY COEFFICIENT (cm/hr) 
Cv = VEHICLE CONCENTRATION (mg/cm-3) 
TAU = LAG TIME (hr9 
B = DIMENSIONLESS PARTITION COEFFICIENT 
t = DURATION OF EVENT (hr/event) 
CF = CONVERSION FACTOR (L/cm-3: le.39 

HQ = HAZARD QUOTIENT 
DAD1 = DAD FOR NONCARCINOGENIC RISKS (mg/kg/day) 
RFD = REFERENCE DOSE (mg/kg/day) 

CR = DAD2 CSF 

CR = CANCER RISK 
DAD2 = DAD FOR CARCINOGENIC RISK 
CSF = CANCER SLOPE FACTOR ((mg/kg/day)--1)) 



. . . . .._..........................................................~........................................................................................ 
RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT UITH GRCUNDUATER (PAGE TN09 
SITE NAME: UARMINSTER, SITES 1, 2, 3 
MEDIUM: GRWNDUATER (CURRENT9 
RECEPTOR(S): ADULT EMPLOYEE 

ENTER INPUTS 

A= 
EV = 
EF = 
ED1 = 
ED2 = 
BU = 
AT1 = 
AT2 = 
t= 

2270(cm-29 
l(eventfday9 

250(day/yr9 
25(yr9 NON-CARCINOGENIC 
25(yr9 CARCINOGENIC 
70(kB9 

9125(days) NON-CARCINOGENIC 
25550(days9 CARCINOGENIC 

.03(hr/event) 

ENTER 0 UNDER DA-i FOR ALL ORGANICS; ENTER 0 UNDER DA-o FOR ALL INORGANICS 



RISK ASSESSMENT SPREADSHEET: DERHAL CONTACT WITH GRWNDUATER (PAGE THREE9 
SITE NAME: UARMINSTER, SITES 1, 2, 3 
MEDIUM: GRWNDUATER (CURRENT) 
RECEPTOR(S): ADULT RESIDENT 

CHEMICAL 

Vinyl chloride 
l,l-Dichloroethene 
1,2-Dichloroethane 
Trichloroethene 
Tetrachloroethene 
Chloroform 
Carbon tetrachloride 
Benzene 
I,%-Dichloropropane 
Pyrene 

cv Kp or K DA DA-i DA-o TAU 

m/L) 
.0015 7.3e-3 2.403e-9 0 2.403e-9 

.003 1.6e-2 1.340e-8 0 1.340e-8 
.0035 5.3e-3 5.255e-9 0 5.255e-9 

.469 2.3e-1 3.831e-5 0 3.831e-5 

.I28 3.7e-1 2.151e-5 0 2.151e-5 
.0138 1.3e-1 5.889e-7 0 5.889e-7 
.0168 2.2e-2 1.543e-7 0 1.543e-7 

.002 l.le-1 5.372e-8 0 5.372e-8 
,001 le.2 3.140e-9 0 3.140e-9 

.0006 5.29e-1 1.861e-7 0 1.861e-7 
l,l-Dichloroethane 
1,2-Dichloroethene 
cis-1,2-Dichloroethene 
l,l,l-Trichloroethane 
Trichlorofluoromethane 
Toluene 
Ethylbenzene 
Xylenes 
1,2-Dichlorobenzene 
2-Butanone 
Di-n-octyl phthalate 
Diethyl phthalate 
Phenanthrene 
Fluoranthene 
Arsenic 
Lead 
Chromium 
Manganese 
Thallium 
Aluninun 
Barium 
Cobalt 
Copper 
Mercury 
Nickel 
Silver 
Vanadium 
Zinc 

.008 

.D27 

.138 
.Dl 

.0298 
-004 

.0002 
.OD2 

.024 

.DO3 
,000375 

.ODO3 

.0106 

.0855 

.0494 
5.41 

.00114 
25.82 

.873 
.0228 

.236 
.00022 

.0436 
.00558 

.0245 
.4 

8.9e-3 2.017e-8 0 2.017e-8 
5.5e-3 4.146e-8 0 4.146e-8 
5.5e-3 2.119e-7 0 2.119e-7 
1.7e-2 6.146e-8 0 6.146e-8 
1.7e-2 1.879e-7 0 1.879e-7 

le0 l.O84e-6 0 l.O&be-6 
leD 5.981e-8 0 5.981e-8 

8e-2 4.785e-8 0 4.785e-8 
6.le-2 1.698e-8 0 1.698e-8 

Se-3 2.815e-8 0 2.815e-8 
3.3e-2 2.172e-7 0 2.172e-7 
4.8e-3 1.219e-9 0 1.219e-9 
2.3e-1 3.465e-8 0 3.465e-8 
3.6e-1 1.267e-7 0 1.267e-7 

le.3 3.18e-10 3.18e-10 0 
4e-6 l.O3e-11 l.O3e-11 0 
Ze-3 2.964e-9 2.964e-9 0 
le.3 1.623e-7 1.623e-7 0 
le.3 3.42e-11 3.42e-11 0 
le-3 7.746e-7 7.746e-7 0 
le.3 2.619e-8 2.619e-8 0 
4e-4 2.74e-10 2.74e-10 0 
le.3 7.08e-9 7.08e-9 0 
le.3 6.6e-12 6.6e-12 0 
le.4 1.3le-10 1.31e-10 0 
6e-4 l.OOe-10 l.OOe-10 0 
le.3 7.35e-10 7.35e-10 0 
be-4 7.2e-9 7.2e-9 0 

t* B Xl x2 DAD1 DAD2 RFD-ORAL CSF-ORAL 

.21 -51 

.34 .82 

.35 .a4 

.55 1.3 
.9 4.3 

.47 1.1 

.76 1.8 

.26 .63 

.43 1 
1.5 7.2 
.35 .a4 
.34 .82 
.34 .82 
.57 1.4 

.6 1.4 
.32 .77 
.39 1.3 
.39 1.4 
.69 3.2 
.24 .58 
21 100 

2 4.7 
1.1 5.6 
1.5 7.3 

.0023 2.403e-9 4.948e-9 5.337e-8 1.9D6e-8 
.013 1.340e-8 3.490e-8 2.977e-7 l.D63e-7 
-003 5.255e-9 1.362e-8 l.l67e-7 4.169e-8 
.026 3.831e-5 1.278e-4 8.509e-4 3.039e-4 

.2!i 2.151e-5 1.205e-4 4.779e-4 1.707e-4 
.0093 5.889e-7 1.771e-6 1.308e-5 4.672e-6 

.068 1.543e-7 6.437e-7 3.427e-6 1.224e-6 

.013 5.372e-8 1.239e-7 l.l93e-6 4.261e-7 
.Ol 3.140e-9 9.067e-9 6.974e-8 2.49le-8 

15.1 1.861e-7 2.739e-6 4.135e-6 1.477e-6 
.0062 2.017e-8 5.258e-8 4.480e-7 1.60De-7 

.003 4.146e-8 l.O60e-7 9.210e-7 3.289e-7 

.DO3 2.119e-7 5.419e-7 4.707e-6 1.681e-6 

.031 6.146e-8 2.104e-7 1.365e-6 4.875e-7 
-034 1.879e-7 6.626e-7 4.174e-6 1.491e-6 
.D54 l.D84e-6 2.936e-6 2.407e-5 8.595e-6 

-14 5.981e-8 1.996e-7 1.328e-6 4.744e-7 
-16 4.785e-8 1.634e-7 l.D63e-6 3.796e-7 
.24 1.698e-8 8.277e-8 3.772e-7 1.347e-7 

.00019 2.815e-8 6.122e-8 6.253e-7 2.233e-7 
13 2.172e-7 1.188e-5 4.825e-6 1.723e-6 

-03 1.219e-9 7.672e-9 2.707e-8 9.670&9 
2.9 3.465e-8 3.781e-7 7.697e-7 2.749e-7 
8.9 1.267e-7 1.814e-6 2.814e-6 l.DDSe-6 

0 3.18e-10 7.063e-9 2.523e-9 
0 1.03et11 2.28e-10 8.14e-11 
0 2.964e-9 6.583e-8 2.351e-8 
0 1.623e-7 3.605e-6 1.287e-6 
0 3.42e-11 7.60e-10 2.71e-10 
0 7.746e-7 1.720e-5 6i145e-6 
0 2.619e-8 5.817e-7 2.078e-7 
0 2.74e-10 6.077e-9 2.170e-9 
0 7.08e-9 1.573e-7 5.616e-8 
0 6.6e-12 1.47e-10 5.24e-11 
0 1.31e-10 2.905e-9 l.O38e-9 
0 l.OOe-10 2.231e-9 7.97e-10 
0 7.35e-10 1.633e-8 5.830e-9 
0 i.ie-9 i.5We-i 5.7iie-8 

-009 

.006 
.Ol 
.Ol 

.0007 

1.9 
.6 

-091 
-011 
-052 

.0061 
.I3 

-029 
-068 

.03 
.I 

.Ol 

.Ol 

.09 
.3 
.2 
.l 
2 

.09 

.D5 
-02 

.8 
.029 

.04 
-0003 1.75 

.DD5 

.005 
.00007 

2.9 
.07 

.037 
.0003 

.02 
.005 
.007 

.2 



------------________-------------------------------------------------------------------------------------------------------------------------------------. 
RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT WITH GROUNDWATER (PAGE FOUR) 
SITE NAME: UARMINSTER, SITES 1, 2, 3 
MEDIUM: GROUNDWATER (CURRENT) 
RECEPTOR(S): ADULT RESIDENT 

CHEMICAL 

Vinyl chloride 
l,l-Dichloroethene 
1,2-Dichloroethane 
Trichloroethene 
Tetrachloroethene 
Chloroform 
Carbon tetrachloride 
Benzene 
1,2-Dichloropropane 
Pyrene 
1,1-Dichloroethane 
1,2-Dichloroethene 
cis-1,2-Dichloroethene 
l,l,l-Trichloroethane 
Trichlorofluorcmethane 
Toluene 
Ethylbenzene 
Xylenes 
1,2-Dichlorobenzene 
2-gutanone 
Di-n-octyl phthalate 
Diethyl phthalate 
Phenanthrene 
Fluoranthene 
Arsenic 
Lead 
Chromium 
Manganese 
Thallium 
Altnninun 
Barium 
Cobalt 
Copper 
Mercury 
Nickel 
Silver 
Vanadium 
Zinc 

TOTAL 

HP CR 

N/A 3.622e-8 
3.308e-5 6.379e-8 

N/A 3.793e-9 
1.418e-1 3.343e-6 
4.779e-2 a.a75e-6 
1.30ae-3 2.850e-a 
4.896e-3 1.59le-7 

WA 1.236e-II 
WA 1.694e-9 

1.37ae-4 0 
4.4aoe-6 0 
9.2lOe-5 0 
4.707e-4 0 
1.517e-5 0 
1.39le-5 D 
1.203e-4 D 
1.328e-5 0 
5.314e-7 0 
4.192e-6 0 
1.25le-5 0 
2.413e-4 0 
3.384e-a 0 
2.654e-5 0 
7.034e-5 0 
2.354e-5 4.415e-9 

N/A 0 
1.317e-5 0 
7.210e-4 0 
1 .OaSe-5 0 
5.933e-6 0 
a.310e-6 0 

N/A 0 
4.250e-6 0 
4.886e-7 0 
1.453e-7 0 
4.462e-7 0 
2.332e-6 0 
7.996e-7 0 

1.97ae-I 1.253e-5 



, __.__...~.~_.....~....~~~~..~~~~~....~~.~..~.~.....~~..~~.~~...~~.~..~~~~~...~~...~~~~...~~~...~.~~..~~~......~-.-~.~-.---~------------------------------- 
RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT UITH GROUNDUATER (PAGE ONE) 
SITE NAME: IJARMINSTER, SITES 5, 6, 7 
MEDIUM: GROUNDUATER (CURRENT) 
RECEPTOR(S): ADULT RESIDENT 

RELEVANT EQUATIONS: REFERENCES: USEPA, DECEMBER 1989; USEPA, JANUARY 1992 

INORGANICS 

DA = (K)(W)(t) DAD = (DA EV ED EF A)/(BU AT) 

DA = DOSE ABSORBED PER EVENT bng/cm’i?/event) 
K = PERMEABILITY COEFFICIENT FROM UATER (cm/hr) 
Cv = CONCENTRATION OF CHENICAL IN UATER (mg/cm-3) 
t = DURATION OF EVENT (hr/eventl 

ORGANICS 

DA = 2 CF Kp Cv [((6TAUt)/PI)‘0.53 IF t < t* 

DAD = OERMALLY ABSORBED DOSE (mg/kg/day) 
DA = DOSE ABSORBED PER EVENT (mg/Cm’2/eVent) 
A = SKIN SURFACE AREA AVAILABLE FOR CONTACT 0x11-2) 
EV = EVENT FREQUENCY (eVeWday) 
EF = EXPOSURE FREQUENCY (day&r) 
ED = EXPOSURE DURATION (yr) 
BU = BODY UEIGHT (kg) 
AT = AVERAGING TIME (days) 

DA = Kp CF Cv [(t/(1 + 6)) + CLTAU ((1+36)/(1 + B))ll IF t > t*HP = DADl/RFD 

DA = DOSE ABSORBED PER EVENT (mg/cm’2/event) 
Kp = PERMEABILITY COEFFICIENT (cm/hr) 
Cv = VEHICLE CONCENTRATION 0ng/cm-3) 
TAU = LAG TIME (hr) 
6 = DIMENSIONLESS PARTITION COEFFICIENT 
t = DURATION OF EVENT (hr/event) 
CF = CONVERSION FACTOR (L/cm-3: le-3) 

HP = HAZARD QUOTIENT 
DAD1 = DAD FOR NONCARCINOGENIC RISKS (mg/kg/day) 
RFD = REFERENCE DOSE (mg/kg/day) 

CR = DAD2 CSF 

CR = CANCER RISK 
DAD2 = DAD FOR CARCINOGENIC RISK 
CSF = CANCER SLOPE FACTOR ((mg/kg/day)‘-1)) 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~............................................. 
RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT UITH GROUNDUATER (PAGE TWO) 
SITE NAME: UARMINSTER, SITES 5, 6, 7 
MEDIUM: GROUNDUATER (CURRENT) 
RECEPTOR(S): ADULT RESIDENT 

ENTER INPUTS 

A= 
EV = 
EF = 
ED1 = 
ED2 = 
BW = 
AT1 = 
AT2 = 
t= 

19400(cm-2) 
l(event/day) 

350(day/yrl 
30(yr) NON-CARCINOGENIC 
30Cyr) CARCINOGENIC 
70tkg) 

10950Cdays) NON-CARCINOGENIC 
25550Cdays) CARCINOGENIC 

.2(hr/event) 

/ I 



RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT WITH GROUNDUATER (PAGE THREE) 
SITE NAME: UARMINSTER, SITES 5, 6, 7 
MEDIUM: GRWNDUATER (CURRENT) 
RECEPTOR(S): ADULT RESIDENT 

CHEMICAL 

Trichloroethene 
Tetrachloroethene 
Carbon tetrachloride 
Chloromethane 
Chloroform 
1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Toluene 
l,l,l-Trichloroethane 
Di-n-octyl phthalate 
Diethyl phthalate 
Arsenic 
Cadmius 
Lead 
Barium 
Cobalt 
Copper 
Uanganese 
Nickel 
Cyanide 
Vanadiun 
Zinc 

cv Kp or K DA DA-i 

OWL) 
.0044 2.3e-1 9.279e-7 
.oola 3.7e-1 7812e-7 
-0016 2.2e-2 3.794e-8 

.002 4.2e-3 4.406e-9 
.0014 1.3e-1 1.543e-7 
.0038 S.Se-3 1.507e-a 
.0026 5.5e-3 l.O31e-8 
.0024 le0 1.679e-6 

.OOl l.le-2 1.587e-a 
.0009 3.3e-2 1.683e-7 

-002 4.ae-3 1.679e-a 

DA-o TAU t* B Xl x2 DAD1 DAD2 RFD-ORAL CSF-ORAL 

0 9.279e-7 .55 1.3 
0 7.812e-7 .9 4.3 
0 3.7944 .76 1.8 
0 4.406e-9 .la .43 
0 1.543e-7 .47 1.1 
0 1.507~~a .34 .a2 
0 1.031e-8 .34 .a2 
0 1.679e-6 .32 .77 
0 1.587e-a .!I7 1.4 
0 1.683e-7 21 100 
0 1.679e-a 2 4.7 

.0034 
,002 

-0071 
.3aa 

.0232 

.0341 
2 

.0323 

.0263 

.0163 
.22a 

le.3 6.ae-10 6.ae-10 0 
le.3 4e-10 4e-10 0 
4e-6 S&e-12 5&e-12 0 
le.3 7.76e-a 7.76e-8 0 
4e-4 l.a56e-9 l.a56e-9 0 
le-3 6.82e-9 6.82e-9 0 
le.3 4e-7 4e-7 0 
le.4 6.46e-10 6.46e-10 0 
le.3 5.26e-9 5.26e-9 0 
le.3 3.26e-9 3.26e-9 0 
6e-4 2.736e-8 2.736e-8 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

be-3 l.le-2 
le.2 5.2e-2 
le-4 1.3e-1 

1.3e-2 
le.2 6.le-3 
le.2 
le.2 
2e-1 
9e-2 
2e-2 
8e-1 
3e-4 1.7SeO 
5e-4 

2.6e-2 9.279e-7 1.367e-6 2.466e-4 l.O57e-4 
2.5e-1 7812e-7 1.785e-6 2.076e-4 8.897e-5 
6.8e-2 3.794e-8 6.691e-8 l.OOae-5 4.321e-6 
8.le-4 4.406e-9 4.708e-9 l.l71e-6 5.018e-7 
9.3e-3 1.543e-7 2.103e-7 4.100e-5 1.757e-5 

3e-3 1.507e-8 1.846e-8 4.004e-6 1.716e-6 
3e-3 l.O31e-8 1.263e-a 2.740e-6 l.l74e-6 

5.4e-2 1.679e-6 2.149e-6 4.461e-4 1.912e-4 
3.le-2 1.587e-a 2.384e-8 4.217e-6 1.807e-6 

1.3el 1.683e-7 3.564e-6 4.472e-5 1.917e-5 
3e-2 1.679e-8 4.250e-8 4.461e-6 1.912e-6 

0 6.ae-10 1.807e-7 7.745e-8 
0 4e-10 l.O63e-7 4.556e-8 
0 5.68e-12 1.509e-9 6.47e-10 
0 7.76e-8 2.062e-5 8.838e-6 
0 l.a56e-9 4.932e-7 2.114e-7 
0 6.82e-9 1.812e-6 7.768e-7 
0 4e-7 l.O63e-4 4.556e-5 
0 6.46e-10 1.717e-7 7.358e-8 
0 5.26e-9 1.39ae-6 5.991e-7 
0 3.26e-9 &664e-7 3.713e-7 
0 2.736e-8 7.27le-6 3.116e-6 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0' 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 D 0 

7e-2 

3.7e-2 
5e-3 
2e-2 
2e-2 
le-3 
2e-1 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .................................. 
RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT WITH GRUJNDUATER (PAGE FOUR) 
SITE NAME: UARMINSTER, SITES 5, 6, 7 
MEDIUM: GROUNDWATER (CURRENT) 
RECEPTOR(S): ADULT RESIDENT 

CHEMICAL HP CR 

Trichloroethene 
Tetrachloroethene 
Carbon tetrachloride 
Chloromethane 
Chloroform 
1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Toluene 
l,l,l-Trichloroethane 
Di-n-octyl phthalate 
Diethyl phthalate 
Arsenic 
Cadniun 
Lead 
Bariun 
Cobalt 
Copper 
Manganese 
Nickel 
Cyanide 
Vanadiwn 
Zinc 

4.110e-2 
2.076e-2 
1.440e-2 

N/A 
4.100e-3 
4.004e-4 
2.740e-4 
2.230e-3 
4.686e-5 
2.236e-3 
5.576e-6 
6.024e-4 
2.126e-4 

N/A 
2.946e-4 

N/A 
4.898e-5 
2.126e-2 
8.5&e-6 
6.989e-5 
1.23ae-4 
3.636e-5 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

l.l63e-6 
4.627e-6 
5.61ae-7 
6.524e-9 
l.O72e-7 

0 
0 
0 
0 
0 
0 

1.355e-7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

TOTAL 

I I 

l.O82e-1 6.600e-6 

1 I I ! I 



_______.........................................................-.- .____......................................................................-.---------- 
RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT WITH GROUNDUATER (PAGE ONE) 
SITE NAME: NAUC WARHINSTER 
MEDIUM: OFF-SITE GRWNDUATER, UTMA #26 (OS-02) 
RECEPTOR(S): CHILD RESIDENT 

RELEVANT EQUATIONS: REFERENCES: USEPA, DECEMBER 1989; USEPA, JANUARY 1992 

INORGANICS 

DA = (K)(Cv)(t) DAD = (DA EV ED EF A)/(BU AT) 

DA = DOSE ABSORBED PER EVENT (mgfcm-2fevent) 
K = PERMEABILITY COEFFICIENT FROM WATER (cmfhr) 
Cv = CONCENTRATION OF CHEMICAL IN WATER (mgfcm-3) 
t = DURATION OF EVENT (hrfevent) 

ORGANICS 

DAD = DERMALLY ABSORBED DOSE w/kg/day) 
DA = DOSE ABSORBED PER EVENT (mgfcm-2fevent) 
A = SKIN SURFACE AREA AVAILABLE FOR CONTACT (Cm-i?) 
EV = EVENT FREQUENCY (event/day) 
EF = EXPOSURE FREQUENCY (day&r) 
ED = EXPOSURE DURATION (yr) 
BU = BODY WEIGHT (kg) 
AT = AVERAGING TIME (days) 

DA = 2 Kp Cv CF [((6TAUt)/PI)-0.51 IF t < t* 

DA = Kp Cv CF [(t/(1 + B)) + C2TAU ((1+3B)/(l + B))ll IF t ’ t*HQ = DADlfRFD 

DA = DOSE ABSORBED PER EVENT (mgfcm’2fevent) 
KP = PERMEABILITY COEFFICIENT (cmfhr) 
cv = VEHICLE CONCENTRATION (mgfcm-3) 
TAU = LAG TIME (hr) 
B = DIMENSIONLESS PARTITION COEFFICIENT 
t = DURATION OF EVENT (hrfevent) 
CF = CONVERSION FACTOR (L/cm-3: le-3) 

= HAZARD QUOTIENT 
:zDI = DAD FOR NONCARCINOGENIC RISKS (mgfkgfday) 
RFD = REFERENCE DOSE (mgfkgfday) 

CR = DAD2 CSF 

CR = CANCER RISK 
DAD2 = DAD FOR CARCINOGENIC RISK 
CSF = CANCER SLOPE FACTOR (tmg/kg/day)--1)) 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..--..................................................-............-..........----................................... 
RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT UITH GRWNDWATER (PAGE TUO) 
SITE NAME: NAWC WARMINSTER 
MEDIUM: OFF-SITE GRWNDUATER, UTMA #26 (OS-02) 
RECEPTOR(S): CHILD RESIDENT 

ENTER INPUTS 

5910(cm-2) 
lteventfday) 

350Cdayfyr) 

zg: 
NON-CARCINOGENIC 
CARCINOGENIC 

l%ks) 
2190Cdays) NON-CARCINOGENIC 

25550Cdays) CARCINOGENIC 
-2Chrfevent) 

ENTER 0 UNDER DA-i FOR ALL ORGANICS; ENTER 0 UNDER DA-o FOR ALL INORGANICS 

i I I i ! 



RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT UITH GRWNDWATER (PAGE THREE) 
SITE NAME: NAWC WARHINSTER 
MEDIUM: OFF-SITE GRWNDUATER, UTMA #26 (OS-02) 
RECEPTOR(S): CHILD RESIDENT 

CHEMICAL cv Kp or K DA DA-i DA-o TAU 

Tetrachloroethene 
Trichloroethene 
1,1-Dichloroethene 
l,l,l-Trichloroethane 
1,1-Dichloroethane 
Arsenic 
Barim 
Manganese 

(mg/L) 
.02 3.7e-1 8.680e-6 0 8.680e-6 
.ll 2.3e-1 2.320e-5 0 2.320e-5 

.018 1.6e-2 2.076e-7 
.l 1.7e-2 1.587e-6 

0 2.076e-7 
0 1.587e-6 

-028 8.9e-3 1.823e-7 0 1.823e-7 
-0037 le.3 7.4e-10 7.4e-10 

.216 le.3 4.32~.8 4.32e-8 
-041 le.3 a.2e-9 

0 
0 
0 

: 

: 

8 
0 

: 

i 
0 

8 

: 

: 
0 
0 
0 

: 

ii 
0 
0 

8.2e-9 

8 

: 
0 

8 
0 

8 
0 

8 
0 
0 
0 

: 
0 
0 
0 
0 
0 
0 

i 
0 
0 
0 
0 

t* B Xl x2 DAD1 DAD2 RFD-ORAL CSF-ORAL 

.9 4.3 .25 8.680e-6 1.983e-5 3.279e-3 2.811e-4 le-2 5.2e-2 
.55 
.34 
.57 
.35 

1.3 
.a2 
1.4 
.a4 

.026 2.320e-5 3.417e-5 &765e-3 7.512e-4 

.013 2.076e-7 2.577e-7 7.844e-5 6.724e-6 

.031 1.587e-6 2.384e-6 5.995e-4 5.139e-5 
.0062 1.823e-7 2.261e-7 6.887e-5 5.903e-6 

6e-3 
-_-. - 
l.le-2 

Pe-3 6e-1 
9e-2 
le.1 

7.4e-10 2.796e-7 2.396e-8 3e-i 1.75eO 
4.32e-8 1.632e-5 1.399e-6 7e-2 

&2e-9 3.09ae-6 2.655e-7 5e-3 

0 
0 
0 

8 
0 

: 

x 

x 
0 
0 

8 
D 
0 
0 

x 
0 

8 
0 
0 
D 
0 
0 

x 
0 
0 

0 
0 
0 

8 

x 
0 
0 
0 
0 
0 
0 
0 
0 

: 

: 

8 
0 
0 
0 

8 
0 
0 
0 
0 

8 
0 

ii 
0 

: 
0 
0 

8 

x 
0 

: 

x 

8 
0 
0 
0 
0 
0 
0 

8 
0 

0 - 
0 
0 
0 
0 
0 
0 

8 
0 
0 

x 
0 

: 
0 

x 
0 

i 

x 

I 
0 
0 

i 



---..-.-------------------..------........-------.......---............................................................................................... 
RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT WITH GRWNDWATER (PAGE FOUR) 
SITE NAME: NAWC WARMINSTER 
MEDIUM: OFF-SITE GRWNDWATER, UTMA #26 (OS-021 
RECEPTOR(S): CHILD RESIDENT 

CHEMICAL HP CR 

Tetrachloroethene 
Trichloroethene 
1,1-Dichloroethene 
l,l,l-Trichloroethane 
1,1-Dichloroethane 
Arsenic 
Bariun 
Manganese 

3.279e-1 
1.4608eO 
8.716e-3 
6.661e-3 
6.887e-4 
9.319e-4 
2.332e-4 
6.196e-4 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
WA 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
WA 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

1.462e-5 
&264e-6 
4.034e-6 

0 
0 

4.194e-a 

: 
0 
0 
0 
0 
0 

: 
0 

8 

x 
0 
0 
0 

8 
0 
0 
0 
0 
0 

x 

x 
0 
0 
0 
0 

TOTAL 1 A065eO 2.696e-5 

; 1 l \ I 1 i i 1 I I I 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-..............------------------------------ 
RISK ASSESSMENT SPREADSHEET: DERMAL 6ONTACT UITH GRWNDWATER (PAGE ONE) 
SITE NAME: NAWC WARMINSTER 
MEDIUM: OFF-SITE GRWNDWTER, WTMA #26 (OS-021 
RECEPTOR(S): ADULT EMPLOYEE 

RELEVANT EQUATIONS: REFERENCES: USEPA, DECEMBER 1989; USEPA, JANUARY 1992 

INORGANICS 

DA = (K)(&)(t) DAD = (DA EV ED EF A)/(BU AT) 

DA = DOSE ABSORBED PER EVENT (mgfcm’2fevent) 
iv= PERMEABILITY COEFFICIENT FRDM WATER (cmfhr) 

= CONCENTRATION OF CHEMICAL IN UATER (mgfcm-3) 
t = DURATION OF EVENT (hrfevent) 

ORGANICS 

DAD = DERMALLY ABSORBED DOSE (mgfkgfday) 
DA = DOSE ABSORBED PER EVENT (sigfcm-a/event) 
A = SKIN SURFACE AREA AVAILABLE FOR CONTACT (cm-21 
EV = EVENT FREQUENCY (event/day) 
EF = EXPOSURE FREQUENCY (dayfyr) 
ED = EXPOSURE DURATION (yr) 
BU = BODY WEIGHT (kg) 
AT = AVERAGING TIME (days) 

DA = 2 Kp Cv CF t((6TAUt)fPI)‘0.51 IF t < t* 

DA = Kp Cv CF [(t/(1 + B)) + CZTAU ((1+38)/(1 + B))ll IF t > t*HQ = DADlfRFD 

DA = DOSE ABSORBED PER EVENT (mgfcm-2fevent) HO = HAZARD QUOTIENT 
Kp = PERMEABILITY COEFFICIENT (cmfhr) DAD1 = DAD FOR NONCARCINOGENIC RISKS (mgfkgfday) 
cv = VEHICLE CONCENTRATION (mgfcm-3) RFD = REFERENCE DOSE (mgfkgfday) 
TAU = LAG TIME (hr) 
B = DIMENSIONLESS PARTITION COEFFICIENT CR = DAD2 CSF 
t = DURATION OF EVENT (hrfevent) 
CF = CONVERSION FACTOR (L/cm-J: le-3) CR = CANCER RISK 

DAD2 q DAD FOR CARCINOGENIC RISK 
CSF = CANCER SLOPE FACTOR (@g/kg/day)--1)) 
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RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT WITH GRWNDUATER (PAGE FOUR) 
SITE NAME: NAWC UARMINSTER 
MEDIUM: OFF-SITE GRWNDUATER, UTMA #26 (OS-021 
RECEPTOR(S): ADULT EMPLOYEE 

CHEMICAL 

Tetrachloroethene 
Trichloroethene 
l,l-Dichloroethene 
l,l,l-Trichloroethane 
1,1-Dichloroethane 
Arsenic 
Bariun 
Manganese 

TOTAL 

HP 

7.467e-3 
3.326e-2 
1.985e-4 
l.S17e-4 
1.568e-5 
8.21ae-6 
2.056e-6 

'5.464e-6 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
WA 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

4.llle-2 

i : i I \ 
i I i 1 



________________________________________.~~-..........~.....~.~.........~~~~...~~...~----------..-.------..--.-~.-..--..~~~~...-........~~..--..-.-.-..... 
RISK ASSfSSllEWl SPREADSHEEl: OERNAL COiilACl YllH SROUNOYlltR [PM ONE) 
SIlE NAM: NM YARNINSIER 
HEDIUN: Off-SITE 6ROUNOYAlER, NW (OS-On) 
RECfPIOR(S): AOULI RESIOENI 

RLLEVlNI EPULIIONS: REFERENCES: USFPA, OWMR 1989; USEPA, JRNUARY 1992 

tHORPANICS A 

DA ‘. (x)(ev)(t) 

OA : OOSE ABSORBED PtR EVEN1 (ag/ca’l/tvent) 
I : PERIIEABILIIV COffFltlENl FROH YMR (cl/h) 
Cv : CONCtNlRIllON Of CHtiilEAL IN YAltR (ag/ea’3) 
t ,: OURlllON OF EVEN1 (b/event) 

ORGANItS 

MD : (DA EV 10 EF t#(BU hII 

DAD : OERIIILLV ABSORBED 00% (ag/kg/day) 
01 : DOSE ABSORBEO PER EVEN1 (ag/ca’2/evcnt) 
1 : SKIN SURFACE AREA AVAILABLf FOR CONlAEl (~1’2) 
EV : EVEN1 FRLPUENCY (evtat/day) 
tf : FXPOSURE FRfOUtNEV (d&r) 
EO : tWPOSURt OURlllON (yr) 
BY : BODY YfIOHl (kg) 
Al : AVLRA6116 ME (diys) 

01 : 2 Kp Cv EF [((611Ut)/P1)‘0.5] IF t ( t: 

OA : Ip Cv Cf ((t/(1 t S)) + [ZIAU ((ltSB)/(l t S))]) IF t 1 tvH0 : OROl/RFO 

DA : 00% ABSORbI PER EVENT (rg/ca’Z/tvent) 
Kp : PERHlABILllY EOfFFICltNT (cr/hr) 
Cv : VtHICLf CONCtNlRAIION (ag/ca’3) 
MU : LA6 llHf (hr) 
B : DIHENSIONLESS PRRIlllON COEFFlCIENl 
t : OURAllOW OF EVEN1 (br/ivant) 
Cf I tONVERSION FACIOR (L/u’& It-J] 

HP : NAilRO PUOlllNl 
0401 : 010 FOR lIONCARClNO6tNlC RISKS (sg/kg/diy) 
RfO : RtFERENCt OOSE (sg/kg/day) 

CR : 0102 CSf 

CR T CANCER RISK 
0102 : MO FOR CARCIIO6ENIC RISK 
CSF : CANCER SLOPf FLCIOR ((rg/kg/day)‘-I)) 
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RISN lSSfSSnfN1 SPRtROSHffl: OfRllAl COWIRCI YllH bRoUHOYAitR [PAGE fOUR) 
911f NAtIf: 
NEOIUN: 
RfCfP10R(S]: 

Ctlfnlcll 

Barium 

Coppw 

. . . . 

. . . . 
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HANC YARnlNSlfR 
OFf-Sllf 6RoUnoNAlfR, IfHIS (OS-03) 
CHILD RfSlOfNl 
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___..________.....................................................................................................-----......--....................------- 
RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT UITH GROUNDUATER (PAGE ONE) 
SITE NAME: NAWC UARMINSTER 
MEDIUM: OFF-SITE GROUNDWATER, AZTEC (OS-04) 
RECEPTOR(S): ADULT EMPLOYEE 

RELEVANT EQUATIONS: REFERENCES: USEPA, DECEMBER 1989; USEPA, JANUARY 1992 

INORGANICS 

DA = (K)(b)(t) 

DA = DOSE ABSORBED PER EVENT bng/cm-2/event) 
K = PERMEABILITY COEFFICIENT FROM UATER (cm/hr) 
Cv = CONCENTRATION OF CHEMICAL IN UATER b&j/cm-3) 
t = DURATION OF EVENT (hr/event) 

ORGANICS 

DA = 2 Kp Cv CF t((6TAUt)/Pt)-0.51 IF t < t* 

DAD = (DA EV ED EF A)/(BU AT) 

DAD = DERMALLY ABSORBED DOSE (mg/kg/day) 
DA = DOSE ABSORBED PER EVENT (mg/cm-2/event) 
A = SKIN SURFACE AREA AVAILABLE FOR CONTACT (cm-21 
EV = EVENT FREQUENCY (event/day) 
EF = EXPOSURE FREQUENCY (day/yr) 

= EXPOSURE DURATION (yr) 
Et: = BODY b/EIGHT (kg) 
AT = AVERAGING TIME (days) 

DA = Kp Cv CF [(t/(1 + B)) + t2TAU ((1+3B)/(l + B))ll IF t > t*HQ = DADl/RFD 

DA = DOSE ABSORBED PER EVENT (mg/cm-P/event) HQ = HAZARD QUOTIENT 
KP = PERMEABILITY COEFFICIENT (cm/hr) DAD1 = DAD FOR NONCARCINOGENIC RISKS (mg/kg/day) 
cv = VEHICLE CONCENTRATION (mg/cm-3) RFD = REFERENCE DOSE (mg/kg/day) 
TAU = LAG TIME (hr) 
B q DIMENSIONLESS PARTITION COEFFICIENT CR = DAD2 CSF 
t q DURATION OF EVENT (hr/event) 
CF = CONVERSION FACTOR (L/cm-3: le-3) CR = CANCER RISK 

DAD2 = DAD FOR CARCINOGENIC RISK 
CSF = CANCER SLOPE FACTOR ((mg/kg/day)--1)) 



__...................................................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT WITH GROUNDWATER (PAGE TWO) 
SITE NAME: NAWC WARMINSTER 
MEDIUM: OFF-SITE GROUNDWATER, AZTEC (OS-04) 
RECEPTOR(S): ADULT EMPLOYEE 

ENTER INPUTS 

A= 
EV = 
EF = 
ED1 = 
ED2 = 
BW = 
AT1 = 
AT2 = 
t= 

2270(cm-2) 
l(event/day) 

250(day/yr) 
25Wr) NON-CARCINOGENIC 
25(w) CARCINOGENIC 
70Ckg) 

9125(days) NON-CARCINOGENIC 
25550(days) CARCINOGENIC 

.03(hr/event) 

ENTER 0 UNDER DA-i FOR ALL ORGANICS; ENTER 0 UNDER DA-o FOR ALL INORGANICS 



RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT WITH GRWNDWATER (PAGE THREE) 
SITE NAME: NAWC WARMINSTER 
MEDIUM: OFF-SITE GROUNDWATER, AZTEC (OS-041 
RECEPTOR(S): ADULT EMPLOYEE 

CHEMICAL 

Tetrachloroethene 

cv Kp or K DA DA-i 
OlwL) 

.002 3.7e-1 3.362e-7 

DA-o TAU t* 

0 3.362e-7 .9 
Arsenic 
Barium 
Manganese 

.0046 le.3 1.38e-10 1.38e-10 
.209 le.3 6.27e-9 6.27e-9 
.026 le.3 7.8e-10 7.8e-10 

0 
0 

x 

x 

8 
0 
0 
0 

8 
0 
0 
0 

: 
0 
0 
0 

x 
0 
0 
0 

8 
0 
0 
0 
0 
0 
0 

0 
0 

i 
0 

8 

8 

i 
0 
0 
0 

8 
0 
0 

x 

x 

: 
0 
0 
0 
0 

: 
0 

x 
0 
0 
0 
0 

B Xl x2 DAD1 DAD2 RFD-ORAL CSF-ORAL 

.25 3.362e-7 1.883e-6 7.467e-6 2&7e-6 le.2 5.2e-2 
0 1.38e-10 3.065e-9 l.O95e-9 3e-4 1.75eO 

6.27e-9 1.393e-7 4.974e-8 7e-2 0 
0 

8 
0 
0 

x 

x 
0 
0 
0 

00 
0 
0 

8 
0 
0 

i 

x 
0 
0 

8 
0 
0 
0 
0 
0 
0 
0 

7.8e-10 1.732e-8 6.187e-9 5e-3 

i 

i 
0 

8 

: 

: 

8 
0 

ii 

8 
0 
0 
0 

x 
0 

x 
0 
0 
0 
0 
0 

00 
0 

8 0 

0 x 
0 0 
0 

x 
x 
0 

0 
0 8 

i x 
x 0 

0 
0 0 
: 0 

8 00 
0 

0 0 
x 0 

0 

: 8 
D 0 
0 0 
0 0 

X. : 
0 
D i 
i 0 

0 
0 
0 8 

4.3 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .................................. 
RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT WITH GRUJNDWATER (PAGE FOUR) 
SITE NAME: NAWC WARMINSTER 
MEDIUM: OFF-SITE GROUNDWATER, AZTEC (05-04) 
RECEPTOR(S): ADULT EMPLOYEE 

CHEMICAL HP CR 

Tetrachloroethene 
Arsenic 
Barium 
Manganese 

TOTAL 

7.467e-4 
l.O22e-5 
1.990e-6 
3.465e-6 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

1.387e-7 
1.916e-9 

0 

8 
0 
0 
0 

: 
0 
0 
0 

8 
0 
0 
0 

8 

: 
0 

: 

ii 
0 
0 
0 

: 

x 
0 
0 
0 
0 

7.623e-4 1.406e-7 

i I I i i f I 
I i ! ! I i I 1 ; I I , 



________.._.___._............................................................................................................---..-.............---------- 
RISK ASSESSMENT SPREADSHEET: INGESTION OF GRWNDWATER (PAGE ONE) 
SITE NAME: WARMINSTER, SITES 1, 2, 3 (CURRENT) 
MEDIUM: GRCUNDWATER 
RECEPTOR(S): ADULT AND CHILD RESIDENTS 

RELEVANT EQUATIONS: REFERENCES: USEPA, DECEMBER 1989 

OEX = (CGW EF ED ABS tR)/(BW AT) 

OEX = ORAL EXPOSURE DOSE (mg/kg/day) 
CGW = CONCENTRATION OF CHEMICAL IN GROUNDWATER (mg/L) 
EF = EXPOSURE FREQUENCY (day/yr) 
ED = EXPOSURE DURATION (yr) 
ABS = FRACTION ABSORBED 

= INGESTION RATE (l/day) 
:(: = BODY WEIGHT (kg) 
AT = AVERAGING TIME (days) 

HQ = OEXl/RFD 

= HAZARD QUOTIENT 
!:,I = NONCARCINOGENIC ORAL EXPOSURE DOSE (mg/kg/day) 
RFD = REFERENCE DOSE (CHRONIC, ORAL) (mg/kg/day) 

CR = (OEX2) (CSF) 

= CANCER RISK 
EiX2 = CARCINOGENIC ORAL EXPOSURE DOSE (mg/kg/dayl 
CSF = CANCER SLOPE FACTOR (ORAL) (mg/kg/day)--1 

ENTER INPUTS: 

EF (adult) = 
EF (child) = 
ED (adult) = 
ED (child) = 
ABS (adult) = 
ABS (child) = 
IR (adult) = 
IR (child) = 
BW (adult) = 
BU (child) = 
AT1 (adult) = 
AT2 (adult) q 

AT1 (child) = 
AT2 (child) = 

350(day/yr) 
3$;;;;pyr) 

;(yr) 

&l/day) 
I ( l/day) 

70Ckc-i) - -- 
15Ckg) 

10950(days) (NONCARCtNOGENtC) 
25550(days) (CARCINOGENIC) 

2190Cdays) (NONCARCINOGENIC~ 
25550(days) (CARCINOGENIC) 



RISK ASSESSMENT SPREADSHEET: INGESTION OF GRWNDUATER (PAGE TWO) 
SITE NAME: UARMINSTER, SITES 1, 2, 3 (CURRENT) 
MEDIUM: GRDUNDWATER 
RECEPTOR(S): ADULT AND CHILD RESIDENTS 

CHEMICAL CGW RFD CSF 
h&l) 

Vinyl chloride 
l,l-Dichloroethene 
1.2-Dichloroethane 
Trichloroethene 
Tetrachloroethene 
Chloroform 
Carbon tetrachloride 
Benzene 
1,2-Dichloropropane 
Pyrene 
1,1-Dichloroethane 
1.2-Dichloroethene 
cis-1,2-Dichloroethene 
l,l,l-Trichloroethane 
Trichlorofluoromethane 
Toluene 
Ethylbenzene 
Xylenes 
1,2-Dichlorobenzene 
2-Butanone 
Di-n-octyt phthalate 
Diethyl phthalate 
Phenanthrene 
Fluoranthene 
Arsenic 
Lead 
Chromium 
Manganese 
Thalliun 
Aluminum 
Barium 
Cobalt 
Copper 

Kx 
Silver 
Vanadium 
Zinc 

.0015 
-003 

.0035 
.469 
.I28 

.0138 

.0168 
-002 
.OOl 

.0006 
-008 

%5 
-01 

.0298 
.004 

.0002 
-002 

.0007 

:%Z 
,000375 

.0003 

.0006 

:8E 
-0494 
5.41 

.00114 
~25.82 

.873 
.0228 

.236 
.00022 

.0436 

-0Ef 
.4 

9e-3 

6e-3 
le-2 
le-2 
7e-4 

3e-2 
le-1 
le-2 
le-2 
9e-2 
3e-1 
2e-1 
le-1 

2eO 
9e-2 
5e-2 
2e-2 
8e-1 

2.9e-2 
4e-2 
3e-4 

5e-3 
5e-3 
7e-5 

2.9eO 
7e-2 

3.7e-2 
3e-4 
2e-2 
5e-3 
7e-3 
2e-1 

1.9eO 
be-l 

9.le-2 
l.le-2 
5.2e-2 

x: 
2:9e:2 
6.8e-2 

1.75eO 

OEXI 
ADULT 

4.110e-5 
8.219e-5 
9.589e-5 
1.285e-2 
3.507e-3 
3.781e-4 
4.603e-4 
5.479e-5 
2.740e-5 
1.644e-5 
2.192e-4 
7.397e-4 
3.781e-3 
2.740e-4 
8.164e-4 
1 .D96e-4 
5.479e-6 
5.479e-5 
1.918e-5 
6.575e-4 
8.219e-5 
1.027e-5 
8.219e-6 
1.644e-5 
2.904e-4 
2.342e-3 
1.353e-3 
1.482e-I 
3.123e-5 
7.074e- 1 
2.392e-2 
6.247e-4 
6.466e-3 
6.027e-6 
1.195e-3 
1.529e-4 
6.712e-4 
l.O96e-2 

0 

I 
0 

t 

: 
n 

1.761e-5 
3.523e-5 
4.110e-5 
5.507e-3 
1.503e-3 
1.620e-4 
1.973e-4 
2.348e-5 
l.l74e-5 
7.045e-6 
9.393e-5 
3.170e-4 
1.620e-3 
l.l74e-4 
3.499e-4 
4.697e-5 
2.348e-6 
2.348e-5 
8.219e-6 
2.818e-4 
3.523e-5 
4.403e-6 
3.523e-6 
7.045e-6 
1.245e-4 
1.004e-3 
5.800e-4 
6.352e-2 
1.339e-5 
3.032e-1 
l.O25e-2 
2.677e-4 
2.77le-3 
2.583e-6 
5.119e-4 
6.552e-5 
2.877e-4 
4.697e-3 

x 

: 
0 

8 

;; 
8 
0 
0 i, 

0 
0 

OEX2 OEXI OEX2 
ADULT CHILD CHILD 

9.589e-5 
1.918e-4 
2.237e-4 
2.998e-2 
8.183e-3 
8.822e-4 
l.O74e-3 
1.279e-4 
6.393e-5 
3.836e-5 
5.114e-4 
1.726e-3 
8.822e-3 
6.393e-4 
1.905e-3 
y& 

1:279e-4 
4.475e-5 
1.534e-3 
1.918e-4 
2.397e-5 
1.918e-5 
3.836e-5 
6.776e-4 
5.466e-3 
3.158e-3 
3.45ae-1 
7.288e-5 
1.6506eO 
5.581e-2 
1.458e-3 
1.509e-2 
1.4D6e-5 
2.787e-3 
3.567e-4 
1.566e-3 
2.557e-2 

0 
0 

: 
0 

i 

I 

8 

EE 
1:918e-5 

;-g; 
7:562e-5 
9.205e-5 
l.O96e-5 
5.479e-6 
3.288e-6 
4.384e-5 
1.479e-4 
7.562e-4 
5.479e-5 
1.633e-4 
2.192e-5 
l.O96e-6 
1.096e-5 
3.836e-6 
1.315e-4 
1.644e-5 
2.055e-6 
1.644e-6 
3.288e-6 
5.808e-5 
4.685e-4 
2.707e-4 
2.964e-2 
;.:';;r:' 

41784e-3 
1 .;;a;-; 

1:205e-6 
2.389e-4 
3.058e-5 
1.342e-4 
2.192e-3 

0 
0 

i 
0 

8 

x 

x 
0 
0 8 x 



__________------_----------------------------------------------------------------------------------------------------------------------------------------- 
RISK ASSESSMENT SPREADSHEET: INGESTION OF GROUNDWATER (PAGE THREE) 
SITE NAME: UARMINSTER, SITES 1, 2, 3 (CURRENT) 
MEDIUM: GROUNDWATER 
RECEPTOR(S): ADULT AND CHILD RESIDENTS 

CHEMICAL 

Vinyl chloride 
l.l-Dichloroethene 
1;2-Dichloroethane 
Trichloroethene 
Tetrachloroethene 
Chloroform 
Carbon tetrachloride 
Benzene 
1,2-Dichloropropane 
Pyrene ' . 
l,l-Dichloroethane 
1,2-Dichloroethene 
cis-1,2-Dichloroethene 
l,l,l-Trichloroethane 
Trichlorofluoromethane 
Toluene 
Ethylbenzene 
Xylenes 
1,2-Dichlorobenzene 
2-Butanone 
Di-n-octyl phthatate 
Diethyl phthelate 
Phenanthrene 
Fluoranthene 
Arsenic 
Lead 
Chromium 
Manganese 
Thallium 
Aluminum 
Barium 
Cobait 
Copper 

;;;fi;' 

Silver 
Vanadium 
Zinc 

TOTAL 

::ULT 

N/A a 
9.132e-3 

N/A 
2.1416eO 
3.507e-1 
3.78le-2 
6.575e-1 

N/A 
N/A 

5.479e-4 

;*:;g:; 
3:781e-1 
3.044e-3 
2.72le-3 
5.479e-4 
5.479e-5 
2.740e-5 
2.13le-4 
1.315e-2 
4.llOe-3 
1.284e-5 
2.834e-4 
4.110e-4 
9.680e-1 

N/A 
$.;k7:;; 

4:462e-1 
2.439e-1 
3.417e-1 

N/A 
1.748e-1 
2.009e-2 
5.973e-2 
3.058e-2 
9.589e-2 
5.479e-2 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
.I II ",n 
N/A 
N/A 
N/A 

3.6026el 

%LD 

N/A 
2.131e-2 

N/A 
4.9970eO 
8.183e-1 
8.822e-2 
1.5342eO 

N/A 
N/A 

1.279e-3 
5.114e-3 
1.726e-1 
8.822e-1 
7.103e-3 
6.350e-3 
; .;;m:-; 

6:393e-5 
4.972e-4 
3.068e-2 
9.589e-3 
2.997e-5 

zg:; 
212588eO 

N/A 
6.316e-1 
6.9169el 
1.04lleO 
5.692e-1 
7.973e-1 

N/A 
4.078e-1 
4.688e-2 
1.394e-1 
7.134e-2 
2.237e-1 
1.279e-1 

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 

8.4061el 

&JLT 

3.346e-5 
2.114e-5 
3.740e-6 
6.058e-5 
7.815e-5 
9.8&e-7 
2.564e-5 
6.8lOe-7 
7.984e-7 

0 

2.178e-4 

I 

4.430e-4 

:/IL, 

1.562e-5 
9.863e-6 
1.745e-6 
2.827e-5 
3.647e-5 
4.613e-7 
l.l97e-5 
ymz-; 

. - 
0 

x 
0 

x 

x 

8 

x 

x 

l.O16e-i 

: 

2.067e-4 
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RI% ASSESSttENl SPREADSHEET: INGESTlUN OF 6ROUNDUitTER tPR6E IiL 
SIIE NANE: WARt4INSTER. SITES l( 2, 3 ICUARENlt 
NERIUlt: GROUNDWATER--uslnn liltered metals 
~ECEPTCRISI: i;DULl AN@ CHILP RESIGERTS 

lELEVAN1 EBUAIIOIIS: REFERENCES: USEPR, OECEMER 1989 

OEX = KGU EF El UBS IRt/lBU fili 

3EX = ORAL EXPOSURE DOSE too/kq/davl 
C6W = CONCENTRGllOt~ OF CHENICGL IN GROUNDWGIER gag/l: 
EF = EXPOSURE FRERUENCY lda’+/vrt 
El) = EXPOSURE DURATION lvri 
ABS = FRLCllON ABSORBED 
IR = INGESIION RGTE Il!dau: 
5N = 8DOV YEIGHT tkil! 
RI = B’?ERA61N6 TIHE ldavsi 

n’Q = OEIllRFD 

HE! = HKAR@ RUOIIEN: 
JEWI = NCNCARCINO6ENIC OPAL EXPOSURE DOSE Imqlkqldavi 
RFD = RfFERENCE DOSE (CHRONIC, ORALl trqlkgidavi 

:R = IOEX?! tCSF) 

;R = CANCER RISI: 
lEX2 = CARCINOGENIC ORGL EXPOSURE DOSE Imqlkq/davt 
:SF = CAUCER SLOFE FACTOR KtRILt mg/kg/davt,.-1 

iNTEli INF’UIS: 

SF (adult) = 
fF (childt = 
CO (adult) = 
:o cchllJ! = 
iRS Iadult, = 
iBS lihlldl = 
:R ladultr = 
:R (chIldi = 
iW tadulti = 
‘U tchlldt = 
ITI tadult! = 
ST2 iadult, = 
:Tl (child) = 
.i2 cchlldt q 

350tdav/vrf 
350tdavlvrl 
30tvrt 

biw! 
1 
I 
Z(lidavi 
IIlldavl 

TOLkQ, 
i5tkqi 

10950(davsl ~NLttICARCINOGEtIIC, 
159561davsr iCARCINO6ENICI 
2IYOtdavsl INO~KAPCINO~ENICI 

25550tdavs! tCDIRCINOGENICt 



1 f f 3 

: I5k HSSESS~~ENI WkEADSHEEI: IIGESIIDN Dt 6kDUWJAIEH W&E IYD~ 
,llt ME: NRkNlNSICk, SIIES 1, 2. 3 ICURREII~! 
lEDtIM GkDUNDYATEH--usinq flltefed eetals 
iECEPTDK(St: GDULT &ND CHILD KilOEN 

:HEnICPL 

:~nrl ihlorlde 
i.l-D~chloroethene 
i,2-Dichloroethare 
~rlChlrJrOethEflE 
etrachlGroEthEi?E 
.hlaroiorl, 
xbon tetrachlorlle 
'e"Lene 
.2-Dlrhloropropm 
YlE"E 
,I-Dlihlaroethtne 
.2-DlchloroEthen~ 
is-I.;-DichloroethPne 
.l,l-lrichloroethane 
richlcrrofluoromEthane 

.ofUeflE 
thvlbenzene 
vlenca 
,2-Dichlorobmme 

.-Sutanone 
A-n-octvl phthalate 
:iethvl ohthalate 
haoanthrenE 
luoranthene 
rsmc 
eau 
nrcelur 
anndne5e 
halliur 
:uainua 
arlui 
obal t 
mprr 
erCUY 
ickrl 
ilVEr 

inadtur 
Inc 

C6Y 
wJ/l! 

.?i;,Z 

.003 
. WE 
.46:; 
.i13 

.613b 

.vlba 
.002 
.dOl 

. ooob 
a308 

.027 

.i?a 

.6l 
. w29u 
,004 

. ouoi 
* 062 

. UOD! 
.024 
.dD3 

.oiJo37: 
.UiJO3 
. !JLiOb 

IJ 
.oola6 

6 
1.31 

i; 
u 

.iI 
0 
8j 

0 
0 

0 
* 00339 

b 

RFP 

b-3 

IL-2 
le-2 
iE-4 

3e-2 
ie-I 
k-2 
k-2 
9e-2 
3e- 1 
Ze- 1 
le-I 
2eo 

9e-2 
k-2 
Ze-2 
Se-1 

i.Ye-i 
k-2 
3e-4 

se-3 
h-1 
7e-5 

2.9e6 
i&j 

3.7e-2 
k-4 
ie-2 
k-3 
le-3 
Ze-1 

CSF 

1.W 
be-1 

?. k-i 
I. lo-2 
5. h-2 
6. k-3 
f.;S-I 
2.9e-2 
b. k-2 
5.9e-1 

OEXI 
ADULl 

4.1 IOe-5 
a.219e-5 
?. 589e-5 
1.285E-2 
:.507e-3 
3.781e-4 
4.603P4 
5.479e-5 
L?4Oe-5 
1.644e-5 
I. lYie-4 
7.397e-4 
3.781E-3 
2.740e-4 
a. lbk-4 
1.09be-4 
;.tl%-b 
5.419e-5 
l.Yik-5 
6.575e-4 
8.219e-5 
l.O27e-5 
d.219e-6 
I. 644e-5 

0 
5.09be-5 

d 
3.589e-2 

1) 
0 

5. me-3 
0 
0 
0 
d 
6 

9.288~5 
0 
0 
0 
:j 

6 

0 
0 

OEXZ 
ARULI 

1 a lb&-5 
3.523~5 
4.1102-5 
:.507e-3 
I. 563e-3 
1. b&-J 
I. 973e-4 
2.348e-5 
1.174e-5 
7.045e-b 
1.393e-5 
;.1;0E-4 
I, 6ZOe-3 
I. 174e-4 
3.499e-4 
4.697e-5 
;.348e-b 
2.348e-5 
8.219~6 
2.818e-4 
3.523e-5 
4.403e-b 
3.523e-6 
7.045e-b 

0 
2.184e-5 

0 
I, 538e-2 

d 
0 

2.4&e-3 
0 
0 
0 
0 
0 

3. YEOe-5 
0 
0 
6 
U 
U 
Q 
0 
ii 
U 
U 
0 
0 
6 
0 

UEX 1 
CHILD 

9.589e-5 
1.918e-4 
2.23?e-4 
2.998e-2 
6.1831~3 
8.822e-4 
1.674e-J 
1.279e-4 
6.393e-5 
3.836e-5 
5.114e-4 
1.726e-3 
a.a22e-3 
b.393e-4 
1.9&-3 
2.557e-4 
1.27?e-5 
1.279e-4 
4.4;5e-5 
1.534e-3 
1.918e-4 
2.397e-5 
l.BlEe-5 
3.83be-5 

U 
l . lEPe-4 

6 
8.374E-2 

0 
0 

1.342e-2 
0 
0 
0 
d 
0 

;.lb7e-4 
6 
0 
6 
1J 
u 
u 
(J 
0 
6 
0 
6 
6 
6 
0 

DE12 
CHILD 

3.219e-b 
1. b44F5 
i.9iae-5 
2.570e-3 
7.014e-4 
7.562e-5 
9.205e-5 
I, 09be-5 
5.479e-b 
3.288e-b 
4.384~5 
1.479e-4 
7*5bZe-4 
5.479e-5 
1. b33e-4 
2.192e-5 
I.O9be-b 
I. 09be-5 
3.8362-b 
1.3lfE4 
I, b44e-5 
2.055e-6 
I. 644e-6 
3.288e-b 

0 
l.OlPe-5 

U 
7.178e-3 

U 

I 1 .5 le-: 
0 
0 
6 
0 
0 

l . ESEe-5 
6 
0 
0 
0 
u 
0 
6 
U 
6 
0 
6 
0 
0 
0 



1151. ASSESSNEll SPREBDSHEET: INGESTION, OF GRDUNDWAIEB IPAGE TIME, 
:lTE NRNE: YARillNSIER. SITES I, 2, 3 XURHENI) 
fiEDIUN: 61iDUNDWAIEB--usIn filtered Wats 
iECEPTGRW: riDUL1 AND CHILD RESIDENTS 

:HEliICAL 

\:invl chloride 
i,l-Dichloroethene 
I.;-Dlchlbroethane 
Irichloroethene 
Yetrachloroethene 
;hlorotorr 
.arbon tetrachloride 
Wl?EllE 
I.Z-DlchloroprooaflE 
‘greoe 
:.l-Dichloroethane 
..2-Dichloraethene 
:is-1,PDichloroethene 
..),I-Jrichloroethanr 
irlchlorof~uoroaethane 
ioluene 
-thvioenrene 
.ilenPs 
:.2-Dichlorobenzene 
:-Butrnone 
:I-n-octrl ohthalate 
:iethvl phthalate 
hmanthreoe 
luorrnthene 
aenlc 
ead 
ttroilua 
:anoanese 
halllua 
:Iuelrm 
‘arlu* 
obalt 
.opoer 
iercUi 
ilCb:E! 
ilger 
anadlua 
Inc 

_____ 

BTAL 

1 I 

HP 
ADULI 

NiA 
9. I32e-3 

WA 
Hi A 

3.507e-1 
3. Elle-2 

6.575e-1 
N/A 
N/G 

5,479@-4 
i. 1921-3 
!.39ie-2 
3.781e-; 
LlMPe-3 

2.721e-3 
5.419e-4 
5.479e-5 
2.74oe-5 
2. me-4 
1.315e-2 
4.llOe-3 
I. ZBle-S 
2.8x@-4 
4. IlUe-4 

!J 
NIP 

6 
3.5We-I 

0 
0 

B.219e-2 
N?A 

(I 
U 
6 
3 

1.327~2 
0 

N/A 
NIA 
k/N 

’ ‘BBaeu .,. * 

HR 
LHKLD 

CR 
MULI 

N/A I 3sJJbe-5 
2. Ele-2 2.114e-5 

N/A 3.746e-6 
N/A 6. WE-5 

B.lB3e-I 7.815e-5 
8. BIZe-2 ?.BB4e-7 
I. 5342e6 Z.We-5 

N/A b.BIOP7 
N/A 7.984e-7 

1.279e-3 4.157e-b 
f.llCe-3 0 
1*72be-1 U 
B.BZSe-I 0 
7. IOJe-3 0 
b. 356e-3 0 
I * 279e-3 6 
1.279e-4 0 
b.3%-5 6 
4.9?2e-4 0 
3.66Be-2 U 
9.589e-3 6 
2.997e-5 6 
6.613e-4 6 
4.:09e-4 6 

6 6 
N/A 0 

6 6 
B.374e-1 U 

0 6 
0 U 

1.916e-I 6 
WA 6 

6 6 
U 6 
0 0 
6 U 

3,69&e-2 6 
6 0 

N/A 6 
N/A 0 
NIL 6 

4.646ae6 2. xe-4 

CR 
CHILD 

I. :b?r-5 
S.BbJe-6 
1.745e-h 
2.827~~5 
3.647e-5 
4.6l3e-7 
1.1971-5 
3.178~7 
3.72&e-7 
1.940e-b 

6 
u 
0 
0 
6 
0 
6 
6 
6 
6 
0 
0 
u 
I! 
0 
6 
0 
6 
6 

0 

6 
0 
6 
U. 
0 

1. u7i)e-4 

i 



__________------_.__-------------------------------------------------------------------------------------------------------------------------------------- 
RISK ASSESSMENT SPREADSHEET: INGESTION OF GROUNDWATER (PAGE ONE) 
SITE NAME: WARMINSTER, SITES 1, 2, 3 (CURRENT) 
MEDIUM: GROUNDWATER 
RECEPTOR(S): ADULT EMPLOYEES 

RELEVANT EQUATIONS: 

OEX = (CGW EF ED ABS IR)/(BW AT) 

OEX = ORAL EXPOSURE DOSE (mg/kg/day) 
CGW = CONCENTRATION OF CHEMICAL IN GROUNDWATER (n&j/t) 

EL 
= EXPOSURE FREQUENCY (day/yr) 
= EXPOSURE DURATION (yr) 

ABS = FRACTION ABSORBED 
IR = INGESTION RATE (L/day) 
BW = BODY WEIGHT (kg) 
AT = AVERAGING TIME (days) 

HP = OEXl/RFD 

= HAZARD QUOTIENT 
2X1 = NONCARCINOGENIC ORAL EXPOSURE DOSE (mg/kg/day) 
RFD = REFERENCE DOSE (CHRONIC, ORAL) (mg/kg/day) 

CR = (OEXZ) (CSF) 

CR = CANCER RISK 
OEX2 = CARCINOGENIC ORAL EXPOSURE DOSE (mg/kg/day) 
CSF = CANCER SLOPE FACTOR (ORAL) (mg/kg/day)--1 

ENTER INPUTS: 

EF (adult) = 
EF (child) = 
ED (adult) = 
ED (child) = 
ABS (adult) = 
ABS (child) = 
IR (adult) = 
IR (child) = 
BW (adult) q 

BW (child) = 
AT1 (adult) = 
AT2 (adult) = 
AT1 (child) q 

AT2 (child) = 

250(day/yr) 
O(day/yr ) 

25(yr) 
;(yr) 

:(L/day) 
O( l/day) 

70(kg) 
Wkg) 

9125(days) (NONCARCINOGENIC) 
25550(days) (CARCINOGENIC) 

2190(days) (NONCARCINOGENIC) 
25550(days) (CARCINOGENIC) 

REFERENCES: USEPA, DECEMBER 1989 



RISK ASSESSMENT SPREADSHEET: INGESTION OF GRWNDWATER (PAGE TUO) 
StTE NAME: UARMINSTER, SITES 1, 2, 3 (CURRENT) 
MEDIUM: GRDUNDWATER 
RECEPTOR(S): ADULT EMPLOYEES 

CHEMICAL 

Vinvl chloride 
1,l:Dichloroethene 
1.2.Dichloroethane 
Trichloroethene 
Tetrachloroethene 
Chloroform 
Carbon tetrachloride 
Benzene 
1,2-Dichloropropane 
Pyrene 
1,1-Dichloroethane 
1 2-Dichloroethene 
cis-1.2.Dichloroethene 
l,l,l:Trichloroethane 
Trichlorofluoromethane 
Toluene 
Ethylbenzene 
Xylenes 
1,2-Dichlorobenzene 
2-Butanone 
Di-n-octyt phthaIate 
Diethyl phthalate 
Phenanthrene 
Fluoranthene 
Arsenic 
Lead 
Chromius 

yf;y$ 

Alwninun 
Barium 
Cobalt 
Copper 

Ex: 
Silver 
Vanadilrn 
Zinc 

CGU 
mB/l) 

.0015 
.003 

.0035 
.469 
.128 

.0138 

.0168 
.002 
.OOl 

-0006 
.008 
.027 
.I38 

.Ol 
.0298 

.004 
.0002 

.002 
-0007 

.024 

.003 
.000375 

.0003 
-0006 
.0106 
.0855 
.0494 
5.41 

.00114 
25.82 

.873 
-0228 

.236 
.00022 

.0436 
.00558 

.0245 
.4 

RFD CSF 

9e-3 

6e-3 
le.2 
le.2 
7e-4 

1.9eO 
6e-1 

9.le-2 
l.le-2 
5.2e-2 
6.le-3 
1.3e-1 
2.9e-2 
6.8e-2 

3e-2 
le.1 
le.2 
le.2 
9e-2 
3e-1 
2e-1 
le.1 

2eO 
9e-2 
5e-2 
2e-2 
Be-1 

'-E 
3e-4 1.75eO 

5e-3 
5e-3 
7e-5 

2.9eO 
7e-2 

3.7e-2 
3e-4 
2e-2 
5e-3 
7e-3 
2e-1 

OEXI OEX2 OEXl OEX2 
ADULT ADULT CHILD CHILD 

1.468e-5 
2.935e-5 
3.425e-5 
';m&; 

1:350e-4 
1.644e-4 
1.957e-5 
9.785e-6 
5.871e-6 
7.828@-5 
2.642e-4 
1.350e-3 

EZ . 
31914e-5 
1.957e-6 
1.957e-5 
6.849e-6 
2.348e-4 
2.935e-5 
3.669e-6 
2.935e-6 
5.871e-6 
1.037e-4 
8.366e-4 
4.834e-4 
5.294e-2 
l.l15e-5 
2.526e-1 
8.542e-3 
2.231e-4 
2.309e-3 
2.153e-6 
4.266e-4 
5.460e-5 
2.397e-4 
3.914e-3 

5.242e-6 
l.O48e-5 
1.223e-5 
1.639e-3 
4.473e-4 
4.822e-5 
5.871e-5 
6.989e-6 
3.495e-6 
2.097e-6 
2.796e-5 
9.435e-5 

;-g;:: 
1:04le-4 
1.398e-5 
6.989e-7 
6.989e-6 
2.446e-6 
8.38?e-5 
1.048e-5 
1.3lOe-6 
l.O48e-6 
2.097e-6 
3.704e-5 
2.988e-4 
f.726e-4 
1.891e-2 
3.984e-6 
9.023e-2 
3.051e-3 
7.968e-5 
8.247e-4 
7.688e-7 
1.524e-4 
1.950e-5 
8.562e-5 
I .398e-3 

8 
0 

: 
0 

x 
0 

x 

x 

8 

x 

8 

8 

0" 
0 

8 

8 
0 

8 
0 

8 

: 
0 

i 

x 

i 

x 
0 

x 

x 
0 

8 
0 

x 

8 

: 

8 
0 
0 

0 
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RISK ASSESSMENT SPREADSHEET: INGESTION OF GROUNDUATER <PAGE THREE) 
SITE NAME: UARMINSTER, SITES 1, 2, 3 (CURRENT) 
MEDIUM: GROUNDWATER 
RECEPTOR(S): ADULT EMPLOYEES 

CHEMICAL 

Vinyl chloride 
1.1.Dichioroethene 
l,L-Dichioroethane 
Trichloroethene 
Tetrachloroethene 
Chloroform 
Carbon tetrachloride 
Benzene 
1.2.Dichloropronane 
Pyrene . . 
l,l-Dichloroethane 
ICE-Dichloroethene 
cis-1,2-Dichloroethene 
l,l,l-Trichloroethane 
Trichlorofluoromethane 
Toluene 
Ethylbenzene 
Xylenes 
1.2.Dichlorobenrene 
2:Butanone 
Di-n-octyl phthalate 
Diethyl phthalate 
Phenanthrene 
Fluoranthene 
Arsenic 
Lead 
Chromium 
yh";m;ye 

ALuninun 
Barium 
Cobalt 
Copper 

Ex 
Silver 
Vanadium 
Zinc 

!&LT 

N/A 
3.262e-3 

N/A 
7.648e-1 
1.252e-1 
1.350e-2 
2.348e-1 

N/A 
N/A 

1.957e-4 
y282~:; 

1:350e-1 
l.O87e-3 
9.720e-4 
1.957e-4 
1.957e-5 
9.785e-6 
7.6lOe-5 
4.697e-3 
1.468e-3 
y&4 

1:468e-4 
3.457e-1 

N/A 
9.667e-2 
1.0587el 
1.594e-1 
fym:-: 

. - 
WA 

6.24le-2 
7.175e-3 
ip;-; 

3:425e-2 
1.957e-2 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
.I ,a ",I- 
N/A 
N/A 
N/A 

N’t N/A 
x 

N’i 
0 

0” 
0 

N/A 

8 

8 

8 
N/A 
WA 
N/A 
N/A 
WA 
N/A 
N/A 
N/A 
N/A .I ,. m/n 
N/A 
N/A 
N/A 

CR CR 
ADULT CHILD 

9.959e-6 
ly,“:-f 

1:803e-5 
2.326e-5 
2.942e-7 
7.632e-6 
2.027e-7 
2.376e-7 

0 

6.482e-! 

x 

TOTAL 1.2867el 0 1.318e-4 
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RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT WITH GROUNDWATER (PAGE ONE) 
SITE NAME: WARMINSTER, SITES 5, 6, 7 
MEDIUM: GROUNDWATER (CURRENT) 
RECEPTOR(S): CHILD RESIDENT 

RELEVANT EQUATIONS: REFERENCES: USEPA, DECEMBER 1989; USEPA, JANUARY 1992 

INORGANICS 

DA = (K)(Cv)(t) DAD = (DA EV ED EF A)/(EW AT) 

DA = DOSE ABSORBED PER EVENT (mg/cm’2/event) 
K = PERHEABILITY COEFFICIENT FROM WATER (cm/hr) 
cv = CONCENTRATION OF CHENICAL IN WATER (mg/cm-3) 
t = DURATION OF EVENT (hr/event) 

ORGANICS 

DAD = DERMALLY ABSORBED DOSE (mg/kg/day) 
DA = DOSE ABSORBED PER EVENT (mg/cm‘2/evant) 
A = SKIN SURFACE AREA AVAILABLE FOR CONTACT (cm.2) 
EV = EVENT FREWENCY (event/day) 
EF = EXPOSURE FREPOENCY (day/yr) 
ED = EXPOSURE DURATION (yr) 
BW = BOOY WEIGHT (kg) 
AT = AVERAGING TIME (days) 

DA = 2 CF Kp Cv C((6TAUt)/PI)-0.51 IF t < t* 

DA = Kp CF Cv [(t/(1 + B)) + [ZTAU ((1+38)/(1 + B))ll IF t * t*HQ = DADl/RFD 

DA = DOSE ABSORBED PER EVENT (mg/cm^2/event) 
Kp = PERMEABILITY COEFFICIENT (cm/hr) 
cv = VEHICLE CONCENTRATION (mg/cm-3) 
TAU = LAG TIUE (hr) 
B = DIMENSIONLESS PARTITION COEFFICIENT 
t = DURATION OF EVENT (hr/event) 
CF = CONVERSION FACTOR (L/cm-3: le-3) 

HQ = HAZARD QUOTIENT 
DAD1 = DAD FOR NONCARCINOGENIC RISKS (mg/kg/day) 
RFD = REFERENCE DOSE (s&kg/day) 

CR q DAD2 CSF 

CR = CANCER RISK 
DAD2 = DAD FOR CARCINOGENIC RISK 
CSF q CANCER SLOPE FACTOR ((mg/kg/day).-1)) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .................................. 
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RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT WITH GRDUNDWATER (PAGE THREE1 
SITE NAME: WARMINSTER, SITES 5, 6, 7 
MEDIUM: GRWNDWATER (CURRENT) 
RECEPTOR(S): CHILD RESIDENT 

CHEMICAL 

Trichloroethene 
Tetrachioroethene 
Carbon tetrachloride 
Chlorcmethane 
Chloroform 
1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Toluene 
l,l,l-Trichloroethane 
Di-n-octyl phthalate 
Diethyl phthalate 
Arsenic 
Cadmius 
Lead 
Barius 
Cobalt 
Copper 
Manganese 
Nickel 
Cyanide 
Vanadiun 
Zinc 

cv Kp or K DA DA-i 

OWL) 
-0044 2.3e-1 9.279e-7 
-0018 3.7e-1 7.812e-7 
-0016 2.2e-2 3.794e-8 

-002 4.2e-3 4.406e-9 
-0014 1.3e-1 l.!I43e-7 
-0038 5.5e-3 1.507e-8 
-0026 5.5e-3 l.O3le-8 
-0024 IeO 1.679e-6 

-001 1.7e-2 1.587e-8 
-0009 3.3e-2 1.683e-7 

-002 4.8e-3 1.679e-8 

-002 
-0071 

-388 
-0232 
-0341 

2 
-0323 
-0263 
-0163 

DA-o TAU t* B Xl x2 DAD1 DAD2 RFD-ORAL CSF-ORAL 

le.3 6.8e-10 6.8e-10 0 
le.3 4e-10 4e-10 0 
4e-6 5.68e-12 5&e-12 0 
le.3 7.76e-8 7.76e-8 0 
4e-4 1.856e-9 1.856e-9 0 
le.3 6.82e-9 6.82e-9 0 
le.3 4e-7 4e-7 0 
le.4 6&e-10 6.46e-10 0 
le.3 5.26e-9 5.26e-9 0 
le.3 3.26e-9 3.26e-9 0 
6e-4 2.736e-8 2.736e-8 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 9.279e-7 -55 1.3 
0 7.812e-7 .9 4.3 
0 3.794e-8 -76 1.8 
0 4.406e-9 -18 -43 
0 1.543e-7 -47 1.1 
0 1.507e-8 -34 -82 
0 l.O3le-8 -34 -82 
0 1.679e-6 -32 -77 
0 1.587e-8 -57 1.4 
0 1.683e-7 21 100 
0 1.679e-8 2 4.7 

2.6e-2 9.279e-7 1.367e-6 7.512e-5 6.439e-6 
2.5e-1 7.812e-7 1.785e-6 6.324e-5 5.42le-6 
6.8e-2 3.794e-8 6.69le-8 3.072e-6 2.633e-7 
8.le-4 4.406e-9 4.708e-9 3.567e-7 3.058e-8 
9.3e-3 1.543e-7 2.103e-7 1.249e-5 l.O71e-6 

3e-3 1.507e-8 l&b-8 1.220e-6 l.O46e-7 
3e-3 l.O3le-8 1.263e-8 8.346e-7 7.154e-8 

5.4e-2 1.679e-6 2.149e-6 1.359e-4 l.l65e-5 
3.le-2 1.587e-8 2.384e-8 1.285e-6 l.lOle-7 

1.3el 1.683e-7 3.564e-6 1.362e-5 1.168e-6 
3e-2 1.679e-8 4.250e-8 1.359e-6 l.l65e-7 

0 6.8e-10 5.505e-8 4.719e-9 
0 4e-10 3.238e-8 2.776e-9 
0 5.68e-12 4.60e-10 3.94e-11 
0 7.76e-8 &282e-6 5.385e-7 
0 1.856e-9 1.503e-7 1.288e-8 
0 6.82e-9 5.521e-7 4.733e-8 
0 4e-7 3.238e-5 2.776e-6 
0 6&e-10 5.230e-8 4.483e-9 
0 5.26e-9 4.258e-7 3.650e-8 
0 3.26e-9 2.639e-7 2.262e-8 
0 2.736e-8 2.215e-6 1.899e-7 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0. 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

6e-3 l.le-2 
le.2 5.2e-2 
7e-4 1.3e-1 

1.3e-2 
le.2 6.le-3 
le.2 
le.2 
2e-1 
9e-2 
2e-2 
8e-1 
3e-4 1.7SeO 
Se-4 

7e-2 

3.7e-2 
5e-3 
2e-2 
2e-2 
7e-3 
2e-1 
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RISK ASSESSMENT SPREADSHEET: DERHAL CONTACT WITH GROUNDWATER (PAGE FDUR) 
SITE NAME: WARMINSTER, SITES 5, 6, 7 
MEDIUM: GROUNDWATER (CURRENT) 
RECEPTOR(S): CHILD RESIDENT 

CHEMICAL 

Trichloroethene 
Tetrachloroethene 
Carbon tetrachloride 
Chloromethane 
Chloroform 
1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Toluene 
l,l,l-Trichloroethane 
Di-n-octyl phthalate 
Diethyl phthalate 
Arsenic 
Cadmius 
Lead 
Barium 
Cobalt 
Copper 
Manganese 
Nickel 
Cyanide 
Vanadium 
Zinc 

TOTAL 

Hg CR 

1.252e-2 f.O83e-8 
6.324e-3 2.819e-7 
4.388e-3 3.423e-8 

N/A 3.97e-10 
1.249e-3 6.530e-9 
1.220e-4 0 
8.346e-5 0 
6.795e-4 0 
1.427e-5 0 
6.812e-4 0 
1.699e-6 0 
1.835e-4 8.258e-9 
6.477e-5 0 

N/A 0 
8.975e-5 0 

N/A 0 
1.492e-5 0 
6.477e-3 0 
2.615e-6 0 
2.129e-5 0 
3.77Oe-5 0 
l.lCHBe-5 0 

M/A 0 
N/A 0 
N/A 0 
N/A 0 
N/A 0 
N/A 0 
N/A 0 
N/A 0 

N/A 0 
N/A 0 
N/A 0 

N/A 0 
N/A 0 

N/A 0 
N/A 0 

N/A 0 

3.297e-2 4.021e-7 

i I ! 
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RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT WITH GROUNDWATER (PAGE ONE) 
SITE NAME: WARMINSTER, SITES 5, 6, 7 
MEDIUM: GROUNDWATER (CURRENT) . 
RECEPTOR(S): ADULT EMPLOYEE 

RELEVANT EQUATIONS: REFERENCES: USEPA, DECEMBER 1989; USEPA, JANUARY 1992 

INORGANICS 

DA = (K)(Cv)(t) DAD = (DA EV ED EF A)/(BW AT) 

DA = DOSE ABSORBED PER EVENT (mg/cm’2/event) 
K = PERNEABILITY COEFFICIENT FROH WATER (cm/hr) 
cv = CONCENTRATION OF CHEMICAL IN WATER (mg/cm-3) 
t = DURATION OF EVENT (hr/event) 

ORGANICS 

DA = 2 CF Kp Cv t((6TAUt)/PI)-0.51 IF t * t* 

DAD = DERMALLY ABSORBED DOSE (mg/kg/day) 
DA q DOSE ABSORBED PER EVENT (mg/cm.2/event) 
A = SKIN SURFACE AREA AVAILABLE FOR CONTACT (cm-21 
EV = EVENT FREQUENCY (event/day) 
EF = EXPOSURE FREQUENCY (day/yr) 
ED = EXPOSURE DURATION (yr) 
BW = BODY WEIGHT (kg) 
AT = AVERAGING TIME (days) 

DA = Kp CF Cv [(t/(1 + B)) + CLTAU ((1+3B)/(l + B))ll IF t > t*HQ = DADl/RFD 

DA = DOSE ABSORBED PER EVENT (mg/cm^2/event) 
Kp = PERMEABILITY COEFFICIENT (cm/hr) 
cv = VEHICLE CONCENTRATION @B/cm-3) 
TAU = LAG TIME (hr) 
B = DIHENSIONLESS PARTITION COEFFICIENT 
t = DURATION OF EVENT (hr/event) 
CF = CONVERSION FACTOR (L/cm.3: le-3) 

HP = HAZARD QUOTIENT 
DAD1 = DAD FOR NONCARCINOGENIC RISKS (mg/kg/day) 
RFD = REFERENCE DOSE (mg/kg/day) 

CR = DAD2 CSF 

CR = CANCER RISK 
DAD2 = DAD FOR CARCINOGENIC RISK 
CSF = CANCER SLOPE FACTOR ((mg/kg/day)--1)) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..“.................................................................... 
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RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT WITH GRWNDWATER (PAGE THREE) 
SITE NAME: WARHINSTER, SITES 5, 6, 7 
MEDIUM: GRWNDWATER (CURRENT) 
RECEPTOR(S): ADULT EMPLOYEE 

CHEMICAL 

Trichloroethene 
Tetrachloroethene 
Carbon tetrachloride 
Chloromethane 
Chloroform 
l,t-Dichloroethene 
cis-1,2-Dichloroethene 
Toluene 
l,l,l-Trichloroethane 
Di-n-octyl phthalate 
Diethyl phthalate 
Arsenic 
Cadmium 
Lead 
Barius 
Cobalt 
Coppar 
Manganese 
Nickel 
Cyanide 
Vanadius 
Zinc 

cv Kp or K DA DA-i DA-0 TAU 
m/L) 

-0044 2.3e-1 3.594e-7 0 3.594e-7 
-0018 3.7e-1 3.025e-7 0 3.025e-7 
-0016 2.2e-2 1.469e-8 0 1.469e-8 

-002 4.2e-3 1.707e-9 0 1.707e-9 
-0014 1.3e-1 5.975e-8 0 5.975e-8 
-0038 5.5e-3 5.836e-9 0 5.836e-9 
-0026 5.5e-3 3.993e-9 0 3.993e-9 
-0024 IeO 6.501e-7 0 6.50le-7 

-001 1.7e-2 6.146e-9 0 6.146e-9 
-DO09 3.3e-2 6.517e-8 0 6.517e-8 

-002 4.8e-3 6.501e-9 0 6.50le-9 
-0034 le.3 1.02e-10 l.O2e-10 0 

-002 le.3 6e-11 6e-11 0 
-0071 4e-6 8.52e-13 8.52e-13 0 

-388 le.3 l.l64e-8 l.l64e-8 0 
-0232 4e-4 2.78e-10 2.78e-10 0 
-0341 le.3 l.O23e-9 l.O23e-9 0 

2' le.3 6e-8 6e-8 0 
-0323 le.4 9.69e-11 9.69e-11 0 
-0263 le.3 7.89e-10 7.89e-10 0 
-0163 le.3 4.89e-10 4.89e-10 0 

-228 6e-4 4.104e-9 4.104e-9 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 D D 

t* B Xl x2 DAD1 DAD2 RFD-ORAL CSF-ORAL 

-55 1.3 
.9 4.3 

-76 1.8 
.I8 -43 
-47 1.1 
-34 -82 
-34 -82 
-32 -77 
-57 1.4 
21 100 

2 4.7 

6e-3 l.le-2 
le.2 5.2e-2 
le-4 1.3e-1 

1.3e-2 
le.2 6.le-3 
le.2 
le.2 
2e-1 
Oe-2 
Ze-2 
8e-1 
3e-4 1.75eO 
5e-4 

2.6e-2 3.594e-7 l.l99e-6 7.982e-6 2.85le-6 
2.5e-1 3.025e-7 1.694e-6 6.720e-6 2.400e-6 
6.8e-2 1.469e-8 6.13le-8 3.264e-7 l.l66e-7 
8.le-4 1.707e-9 3.281e-9 3.790e-8 1.354e-8 
9.3e-3 5.975e-8 1.796e-7 1.327e-6 4.740e-7 

3e-3 5.836e-9 1.492e-8 1.296e-7 4.629e-8 
3e-3 3.993e-9 l.O2le-8 8.869e-8 3.167e-8 

5.4e-2 6.50le-7 1.762e-6 1.444e-5 5.157e-6 
3.le-2 6.146e-9 2.104e-8 1.365e-7 4.875e-8 

1.3el 6.517e-8 3.564e-6 1.448e-6 5.170e-7 
3e-2 6.50le-9 4.092e-8 1.444e-7 5.157e-8 

0 l.O2e-10 2.266e-9 8.09e-10 
0 6e-11 1.333e-9 4.76e-10 
0 8.52e-13 1.89e-11 6.76e-12 
0 l.l64e-8 2.585e-7 9.234e-8 
0 2.78e-10 6.184e-9 2.208e-9 
0 l.O23e-9 2.272e-8 8.115e-9 
0 6e-8 1.333e-6 4.760e-7 
0 9.69e-11 2.152e-9 7.69e-10 
0 7.89e-10 1.752e-8 6.259e-9 
0 4.89e-10 l.O86e-8 3.879e-9 
0 4.104e-9 9.116e-8 3.256e-8 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

7e-2 

3.7e-2 
5e-3 
2e-2 
2e-2 
Te-3 
2e-1 
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RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT WITH GRDUNDWATER (PAGE FOUR) 
SITE NAME: WARMINSTER, SITES 5, 6, 7 
MEDIUM: GRWNDWATER (CURRENT) 
RECEPTOR(S): ADULT EMPLOYEE 

CHEMICAL HP CR 

Trichloroethene 
Tetrachloroethene 
Carbon tetrachloride 
Chloromethane 
Chloroform. 
l,L-Dichloroethene 
cis-1,2-Dichloroethene 
Totuene 
l,l,l-Trichloroethane 
Di-n-octyl phthalate 
Diethyt phthalate 
Arsenic 
Cadmium 
Lead 
Barium 
Cobalt 
Copper 
Manganese 
Nickel 
Cyanide 
Vanadium 
Zinc 

1.330e-3 
6.720e-4 
4.663e-4 

N/A 
1.327e-4 
1.296e-5 
8.869e-6 
7.220e-5 
1.517e-6 
7.238e-5 
1.805e-7 
7.552e-6 
2.665e-6 

N/A 
3.693e-6 

N/A 
6.14le-7 
2.665e-4 
l.O76e-7 
8.762e-7 
1.552e-6 
4.558e-7 

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 
WA 
N/A 
N/A 

3.136e-8 
1.248e-7 
1.515e-8 
1.76e-10 
2.89le-9 

0 
0 
0 
0 
0 
0 

1.416e-9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

TOTAL 3.054e-3 1.758e-7 

i I ! I 
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RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT WITH GRWNDWATER (PAGE ONE) 
SITE NAME: NAWC WARHINSTER 
MEDIUM: OFF-SITE GRWNDWATER, WAGNER 8 SONS (OS-01/0lD) 
RECEPTOR(S): ADULT EMPLOYEE 

RELEVANT EQUATIONS: REFERENCES: USEPA, DECEMBER 1989; USEPA, JANUARY 1992 

INORGANICS 

DA = WKv)(t) 

DA = DOSE ABSORBED PER EVENT (mg/cm.2/event) 
&= PERMEABlLITY COEFFICIENT FROH WATER (cm/hr) 

= CONCENTRATION OF CHEMICAL IN WATER (mgbm.3) 
t = DURATION OF EVENT (ht./event) 

ORGANICS 

DA = 2 Kp Cv CF [((6TAUt)/PI)-0.51 IF t < t* 

DAD = (DA EV ED EF A)/(BW AT) 

DAD = DERHALLY ABSORBED DOSE @g/kg/day) 
DA = DOSE ABSORBED PER EVENT 0ng/cm.2/event) 
A = SKIN SURFACE AREA AVAILABLE FOR CONTACT (cm.2) 
EV = EVENT FREQUENCY (event/day) 
EF = EXPOSURE FREQUENCY (day/yr) 
ED = EXPOSURE DURATION (yr) 
BW = BODY WEIGHT (kg) 
AT = AVERAGING TIME (days) 

DA = Kp Cv CF [(t/(1 + B)) + [ZTAU ((1+3B)/(l + I#))11 IF t > t*HQ = DADl/RFD 

DA’= DOSE ABSORBED PER EVENT (mg/cm.2/event) 
Kp = PERMEABILITY COEFFICIENT (cm/hr) 
cv = VEHICLE CONCENTRATION (mg/cm.3) 
TAU = LAG TIME (hr) 
B = DIMENSIONLESS PARTITION COEFFICIENT 
t = DURATION OF EVENT (hr/event) 
CF = CONVERSION FACTOR (L/cm.3: le-3) 

HQ = HAZARD QUOTIENT 
DAD1 = DAD FOR NONCARCINOGENIC RISKS (mg/kg/day) 
RFD =-REFERENCE DOSE (mg/kg/day) 

CR = DAD2 CSF 

CR = CANCER RISK 
DAD2 = DAD FOR CARCINOGENIC RISK 
CSF = CANCER SLOPE FACTOR ((&kg/day)“-I)) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .................................. 



____________~_______~~~~~~~~~~~~~~~~~~~~~~~~~~~“~~~~~~“~~~~~~~~”~~~~“~~~~“~~~~~“~~“~~“~~~~~~~~~~~“--------~~~~~~“~~~-.“---------“~~~---------------------- 
RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT WITH GROUNDUATER (PAGE TUO) 
SITE NAME: NAWC UARMINSTER 
MEDIUM: OFF-SITE GROUNDWATER, WAGNER & SONS (OS-Ol/OlD) 
RECEPTOR(S): ADULT EMPLOYEE 

ENTER INPUTS 

A= 
EW = 
EF = 
ED1 = 
ED2 = 
BW = 
AT1 = 
AT2 = 
t= 

2270(cm-2) 
l(event/day) 

250(day/yr) 
25(v) NON-CARCINOGENIC 
25(v) CARCINOGENIC 
70Ckg) 

9125(days) NON-CARCINOGENIC 
2555O(days) CARCINOGENIC 

.03(hr/event) 

ENTER 0 UNDER DA-i FOR ALL ORGANICS; ENTER 0 UNDER DA-o FOR ALL INORGANICS 

I ’ , 



1 1 1 

RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT UITH GRWNDWATER (PAGE THREE) 
SITE NAME: NAWC WARHINSTER 
MEDIUM: OFF-SITE GRDUNDWATER, WAGNER & SONS (OS-Ol/OlD) 
RECEPTOR(S): ADULT EMPLOYEE 

CHEMICAL cv Kp or K DA DA-i DA-o TAU 

Trichloroethene 
Arsenic 

(w/L) 
.72 2.3e-1 5.881e-5 0 5.881e-5 

.00445 le-3 1.34e-10 1.34e-10 
Lead .46705 4e-6 5.61e-11 5.61e-11 
gariun .243 le-3 7.29e-9 7.29e-9 
Copper .073 le-3 2.19e-9 2.19e-9 
Manganese .0525 le-3 1.575e-9 1.575e-9 
Zinc .07 6e-4 1.26e-9 1.26e-9 

.55 

0 
0 

0" 

8 

x 

: 

x 
0 

8 
0 

: 

x 

8 

x 

: 
0 
0 
0 
0 
0 

0 
0 
0 
0 

8 

x 
0 

8 
0 
0 

i 
0 
0 

8 

x 
.O 

0 

x 

8 

: 

8 

: 

x 
0 
0 

8 
0 
0 

x 

oa 

: 
0 

8 
0 
0 
0 
0 
0 

8 

8 

x 

: 
0 
0 
0 

: 

B Xl x2 DAD1 DAD2 RFD-ORAL CSF-ORAL 

.026 5.881e-5 1.962e-4 1.306e-3 4&5e-4. 6e-3 l.le-2 
0 1.34e-10 2.965e-9 l.O59e-9 3e-4 1.75eO 
0 5.61e-11 1.247e-9 4.45e-10 
0 7.29e-9 1.619e-7 5.783e-8 7e-2 
0 2.19e-9 4.0&e-0 1.737e-8 3.7e-2 
0 1.575e-9 3.490e-8 1.249e-8 5e-3 

1.26e-9 2.799e-8 9.995e-9 3e-1 0 
: 
x 
0 
0 

8 

x 
0 

: 

t x 
0 
0 
0 
0 
0 

x 

x 

x 

x 
0 

8 

0 
0 

x 
0 
0 
0 
0 

x 

8 

x 

x 
0 
0 
0 
0 

x 
0 
0 
0 
0 
0 

i 
0 
0 

8 8 

: 8 

x x 

8 x 
0 
x 8 

0 
: 0 

0 

: x 
0 0 

i x 

x 8 
x 0 

0 
8 0 

0 8 
0 0 
0 
i 8 

0 
0 
0 8 

1.3 



-___--__--__--______------------------------------------------------------------------------------~------------------------------------------------------- 
RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT WITH GROUNDWATER (PAGE FOUR) 
SITE NAME: NAWC WARMINSTER 
MEDIUM: OFF-SITE GROUNDWATER, WAGNER & SONS (OS-Ol/OlD) 
RECEPTOR(S): ADULT EMPLOYEE 

CHEMICAL. 

Trichloroethene 
Arsenic 
Lead 
Barim 
Copper 
Manganese 
Zinc 

TOTAL 

HP 

2.177e-1 
9.804e-6 

N/A 
2.313e-6 
1.315e-6 
6.997e-6 
9.329e-8 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

2.177e-1 5.133e-6 

CR 

5.132e-6 
1.853e-9 

i 

8 
0 
0 

8 

: 
0 

8 

8 
0 

8 
0 
0 

00 
0 
0 
0 

: 
0 
0 
0 
0 
0 
0 
0 

i 

/ I I i \ i 
I I 1 I , t I I I i I I 



-__--_.__----___________________________-------------------------------------------------------------------------------~---------------------------------- 
RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT WITH GRWNDUATER (PAGE ONE) 
SITE NAME: NAWC WARMINSTER 
MEDIUM: OFF-SITE GROUNDWATER, WTMA #26 (OS-02) 
RECEPTOR(S): ADULT RESIDENT 

RELEVANT EQUATIONS: 

INORGANICS 

DA = (K)(&)(t) DAD = (DA EV ED EF A)/(BW AT) 

DA = DOSE ABSORBED PER EVENT (mg/cm^2/event) 
kv= PERMEABILITY COEFFICIENT FROM WATER (cm/hr) 

= CONCENTRATION OF CHEMICAL IN WATER (mg/cm^3) 
t = DURATION OF EVENT (hrfevent) 

DAD = DERMALLY ABSORBED DOSE bngfkgfday) 
DA = DOSE ABSORBED PER EVENT (mg/cm^2/event) 
A = SKIN SURFACE AREA AVAILABLE FOR CONTACT (cm’2) 
EV = EVENT FREQUENCY (event/day) 
EF = EXPOSURE FREQUENCY (day&r) 
ED = EXPOSURE DURATION (yr) 
BW = BODY WEIGHT (kg) 
AT = AVERAGING TIME (days) 

ORGANICS 

DA q 2 Kp Cv CF [((6TAUt)/PI)-0.51 IF t < t* 

REFERENCES: USEPA, DECEMBER 1989; USEPA, JANUARY 1992 

DA = Kp Cv CF [(t/(1 + B)) + IZTAU ((1+3B)/(l + B))ll IF t > t*HQ = DADlfRFD 

DA = DOSE ABSORBED PER EVENT (mgfcm-2fevent) 
Kp q PERMEABILITY COEFFICIENT (cmfhr) 
cv = VEHICLE CONCENTRATION (mg/cm^3) 
TAU = LAG TIME (hr) 
B = DIMENSIONLESS PARTITION COEFFICIENT 
t = DURATION OF EVENT (hrfevent) 
CF = CONVERSION FACTOR (L/cm-3: le-3) 

HP = HAZARD QUOTIENT 
DAD1 = DAD FOR NONCARCINOGENIC RISKS (mgfkgfday) 
RFD = REFERENCE DOSE (mg/kg/day) 

CR = DAD2 CSF 

CR = CANCER RISK 
DAD2 = DAD FOR CARCINOGENIC RISK 
CSF = CANCER SLOPE FACTOR ((mg/kg/day)*-1)) 



___________.________----------------------------- ____________________-------------------------------- ______-_----_____-_---------------------------------- 
RISK ASSESSMENT SPREADSHEET: DERMAL CONTACT WITH GROUNDWATER (PAGE TWO) 
SITE NAME: NAWC WARMINSTER 
MEDIUM: OFF-SITE GROUNDWATER, WTMA #26 (05-02) 
RECEPTOR(S): ADULT RESIDENT 

ENTER INPUTS 

A= 
EV = 
EF = 
ED1 = 
ED2 = 
BW = 
AT1 q 

AT2 = 
t= 

19400(cm*2) 
l(event/day) 

350Cdayfyr) 
30(v) NON-CARCINOGENIC 
30(yr) CARCINOGENIC 
70(kg) 

10950Cdays) NON-CARCINOGENIC 
25550cdays) CARCINOGENIC 

.2(hr/event) 

I 
ENTER 0 UNDER DA-i FOR ALL ORGANICS; ENTER 0 UNDER DA-o FOR ALL INORGANICS 



RISK ASSESSMENT SPREADSHEEi: DERMAL CONTACT UITH GROUNDWATER (PAGE THREE) 
SITE NAME: NAWC WARMINSTER 
MEDIUM: OFF-SITE GROUNDWATER, WTMA #26 (OS-021 
RECEPTOR(S): ADULT RESIDENT 

CHEMICAL cv Kp or K DA DA-i DA-o TAU 

Tetrachloroethene 
Trichloroethene 

m/L) 
.02 
-11 

l,l-Dichloroethene .018 
l.l.l-Trichloroethane .l 
1;l:Dichloroethane .028 
Arsenic .0037 
Bariun .216 
Manganese .041 

3.7e-1 8.680e-6 
2.3e-1 2.320e-5 
1.6e-2 2.076e-7 
1.7e-2 1.587e-6 
8.9e-3 1.823e-7 

le-3 7.4e-10 
le-3 4.32e-8 
le-3 8.2e-9 

x 
0 

0 8.680e-6 
0 2.320e-5 
0 2.076e-7 
0 1.587e-6 
0 1.823e-7 

7.4e-10 
4.32e-8 

8.2e-9 
0 

x 
0 

x 
0 

x 

8 

8 
0 
0 

: 

x 

8 

8 
0 

i 
0 
0 
0 
0 

00 
8 
8 
x 
0 

x 
0 
0 
0 
0 

x 
0 

00 

8 

8 

x 

x 
0 
0 
0 
0 
0 

t* B 

.9 4.3 
.55 1.3 
.34 .82 
-57 1.4 
.35 .a4 

Xl x2 DAD1 DAD2 RFD-ORAL CSF-ORAL 

.25 8.680e-6 1.983e-5 2.307e-3 9.886e-4 le-2 5.2e-2 
.026 2.320e-5 3.417e-5 6.165e-3 2.642e-3 6e-3 l.le-2 
-013 2.076e-7 2.577e-7 5.518e-5 2.365e-5 9e-3 6e- 1 
.031 1.587e-6 2.384e-6 4.217e-4 1.807e-4 9e-2 

.0062 1.823e-7 2.261e-7 4.844e-5 2.076e-5 le-1 

8 
0 

: 
0 
0 

00 
0 
0 
0 
0 
0 
0 

i 
0 

x 

: 

x 

x 
0 
0 
0 
0 

x 
0 

7.4e-10 1.967e-7 8.428e-8 3e-4 1.75eO 
4.32e-8 l.l48e-5 4.920e-6 7e-2 

8.2e-9 2.179e-6 9.339e-7 5e-3 
0 

8 

00 

8 

: 
0 
0 
0 
0 
0 
0 

x 
0 
0 

x 

x 

x 

: 

x 
0 

0 

00 
0 

x 
0 
0 
0 
0 

8 

8 
0 

x 

8 

: 
0 
0 
0 

: 
0 
0 

i 

0 
0 

8 
0 
0 
0 
0 
0 
0 

x 
0 

i 

x 
0 
0 

x 

x 
0 

8 
0 
0 

: 



----------------------.-------------------------------------------------------------------------------------------------------------------------*-*----~-- 
RISK ASSESSMENT SPREADSHEET: DERHAL CONTACT WITH GRCUNDWATER (PAGE FOUR) 
SITE NAME: NAWC WARMINSTER 
MEDIUM: OFF-SITE GRWNDWATER, WTMA #26 (OS-02) 
RECEPTOR(S): ADULT RESIDENT 

CHEMICAL 

Tetrachloroethene 
Trichloroethene 
l,l-Dichloroethene 
l,l,l-Trichloroethane 
l,l-Dichloroethane 
Arsenic 
Bariun 
Manganese 

TOTAL 

HQ 

2.307e-1 
1.0275eO 
6.131e-3 
4.686e-3 
4.844e-4 
6.555e-4 
l&Oe-4 
4.358e-4 

WA 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

1.2707eO 

CR 

5.141e-5 
2.906e-5 
1.419e-5 

x 
1.475e-7 

0 
0 

00 
0 
0 
0 

8 

: 
0 
0 

El 
0 
0 
0 
0 

8 

i 

8 
0 

: 
0 
0 

i 

9.481e-5 

i I ! i 1 1 i i 
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91s~ AS~E~SHENT sfkwiw: ~N~EsIIoR aF GROUNOU~IER ~GBE IYDI 
;llE NMEI YARNINSTER. SITES I. 2, 3 ICURRENIJ 
~EDWli 6ROiJNDYA1ER--wina filtered uetals 
~ECEPTORISI: llDUL1 EHPLOYEES 

.HEtlICRL 

.!invl chloride 
;.I-Dichloroethene 
I.2Cichloroethane 
Lrichlaroethene 
:etrachtoroethene 
.hlarafarn 
arbon tetrachtoride 
enzeue 
.Z-Pichloraprapane 
9rene 
.I-Iuchlaruethane 
.2-Dichloroethene 
is-I.:-Dichloroethene 
,I.l-lrichlwoethane 
richlorofluorouethane 
olueoe 
thvlbenzene 
vtenes 
.2-Dichlorobenzene 
-Butanone 
i-n-octul phthalate 
iethyl ohthalate 
3enanthrene 
iuoranthene 
3efuc 
Ead 
uoeiufi 
inoaneee 
ialllum 
:UelRUe 
:riue 
!balt 
aper 
‘CCUY 

ckel 

I ver 
+aQiuu 
nc 

__-- 

__-. 
---- 
._-- 

.--- 

.--- 
_-. 
_-- 
_-. 
_-- 

C6N 
hali J 

.0015 
.Odl 

.ooss 
.4bP 
.I26 

ma 
.w.a 

,001 
.UOl 

. OOfJb 
,008 
.027 
.I38 

.Ol 
.029a 
.004 

. uouz 
.002 

. OUOl 
.024 
.lw 

,0003:5 
* lNo3 
. OOOb 

0 
.OOlBb 

0 
1.31 

0 
0 

.Zl 
u 
0 
6 
0 
0 

.00339 
6 

RFD 

Ye-3 

le-2 
le-2 
le-4 

Se-2 
le-I 
le-2 
k-2 
Oe-2 
3e-1 
Ze-I 
Je-I 
2eU 

Pe-2 
5e-2 
2e-2 
Be-l 

2.9e-2 
le-2 
Se-4 

L-3 
le-I 
le-5 

2.9eO 
?e-2 

Lie-2 
3e-4 
Ze-2 
5e-3 
le-3 
2e-1 

CSF 

1.9e0 
be-l 

P. le-2 
I. le-2 
5.20-2 
b.le-3 
I.Je-I 
2.9e-2 
b.k-2 

S.Pe-l 

1.75eO 

LlEIl OEX2 OEXI oEx2 
fX?ULl RDULI CHILD CHILD 

I. 16Be-5 
2.935e-5 
5.425e-5 
LSEle-3 
1 I 252e-3 
I. SYJe-4 
I. b44e-4 
1.957e-5 
9.1&e-b 
5.87lW6 
1.82k5 
2. b42e-4 
I. 35Oe-3 
9.785e-5 
i.9lbe-4 
3.914e-5 
I. 957e-b 
1.957e-5 
b.849e-b 
2.340e-4 
2.935-e-5 
3.669e-6 
2.935e-b 
5.Blle-6 

0 
1.820~5 

0 
1.282e-2 

0 
0 

;.055e-3 
a 
0 
(I 
0 
(r 

3.31le-5 
IJ 
0 
0 
0 
0 
0 
0 
U 

0 

tl 

0 

ci 

iI 

5.2420-h 
1.04Be-5 
1.223e-5 
1.639e-3 
4.413e-4 
4.%22e-5 
S.Blle-5 
b.969e-b 
3.495e-6 
2.097e-b 
2.796e-5 
9*435e-5 
4.022e-4 
3.495e-5 
I.O4le-4 
1.39&d-5 
b.909e-1 
b.989e-A 
2.44be-b 
8JB7e-5 
l.OIBe-5 
1.31Oe-6 
l.O4Be-b 
2.091e-6 

0 
6.500e-6 

0 
4.510e-3 

0 
0 

1.339e-4 
fJ 
0 
0 
0 
0 

1.185e-5 
0 
0 
u 
a 
0 
6 
6 
0 
0 
0 
0 
0 
0 
0 

u 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
u 
0 
0 
0 
0 
ii 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
a 
u 
6 
0 
0 
0 
0 
0 
0 
0 
iJ 
0 
0 
Q 
0 
u 
0 
0 

0 
6 
0 
0 
0 
6 
0 
[I 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
6 
0 
u 
P 
0 
0 
0 
0 
0 
0 
0 
0 
(I 
0 
0 
0 
0 
0 
u 
0 
u 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 



1151. ASSESSitENT SPREADSHEET: INGESIION OF IiRDUNOYATER (P&E THREE) 
SITL NAHE: YRRNINSTER, ‘SITES 1, 2. 3 ICURRENll 
nro1uNt GROUNDYATER--ur~no tiltered eetals 
RECEPlOR ISI I ADULT EWPLOVEES 

CHEHICRL 

Viovl thlorlde 
1.1~Dichlaraethenc 
1,2-Pichtaraethane 
lrichlaraethene 
letrachlaraethme 
Chloratare 
Carbon tetrachlarlde 
Benrene 
1.2~Richlaraoropme 
fvrene 
l,I-Oichlaraethane 
1.2~Dichloraethene 
cls-1,2-Dirhlaraethene 
I,l.l-Trichlaraethtne 
lrichlwofluaraeethane 
laluene 
Ethvlbenzene 
Xrlenes 
I.2-Dichlarabenzeoe 
2-Butanane 
Bi-n-actrl phthalate 
Dwthyl ehthalate 
fhenonthrene 
Fluaranthene 
Arsenic 
Lead 
Chraei ue 
tlantanere 
lhallluo 
Aluame 
Bariur 
Cabrlt 
Capper 
kercuv 
Nickel 
Silver 
Vanadluo 
lint 

___-__ 
-__--_ 
______ 
-__--. 
--_--. 

TOTAL 

HO 
WLT 

N/A 
3.262e-3 

N/R 
N/A 

1.252e-1 
1.350e-2 
1.340e-1 

HIA 
Nlil 

LPJle-4 
1.82Be-4 
2.642e-2 
l.SOe-I 
l.OB:e-3 
0.72Oe-4 
l.We-4 
1.957e-5 
9.7&e-b 
7.610e-5 
4. bP7e-3 
1.4bBe-3 
4.581e-b 
l.OlZe-4 
I. 4bBe-4 

e 
N/h 

a 
l.;Bh-I 

il 
D 

1.935e-1 
NiR 

9 
0 
0 
6 

4. Me-3 
0 

n/a 
N/P 
Nib 
Ni4 
Niil 

1.103e-I 

I I 

HP 
CHILD 

N/l 
(I 

N/A 
NM 

cj 
0 
0 

N/A 
N/I 

0 
0 
0 
0 
0 
0 
0 
u 
0 
0 
0 
0 
a 
0 
0 
ir 

N/A 
0 
0 
0 
a 
0 

NIA 
ti 
0 
0 
0 
0 
0 

N/R 
N/R 
Nil 
N/A 
N/A 

0 

I 

CR 
ImILl 

9. We-d 
6.290e-6 
LIlJe-6 
l.B03e-5 
2.326e-5 
2.942e-7 
7.b32e-h 
2.027e-7 
2.376e-1 
1.237e-6 

0 
0 
4 
0 
I) 
0 
0 
0 
0 
0 
a 
a 
0 
0 
u 
0 
a 
0 
0 
0 
0 
0 
e 
0 
0 
0 
0 
0 
(r 
(r 
0 
U 

I) 

b.B25e-5 

CR 
CHILD 

0 
0 
0 
P 
iJ 
0 
I) 
0 
0 
0 
I) 
0 
ii 
a 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
a 
0 
0 
0 
U 
II 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
II 
0 
IJ 

a 



________________________________________----------------------------------------------------------------------------------------------------*------------- 
RISK ASSESSMENT SPREADSHEET: INGESTION OF GROUNDWATER (PAGE ONE) 
SITE NAME: WARMINSTER, SITES 5, 6, 7 (CURRENT) 
MEDIUM: GROUNDWATER 
RECEPTOR(S): ADULT AND CHILD RESIDENTS 

RELEVANT EQUATIONS: REFERENCES: USEPA, DECEMBER 1989 

OEX = (CGW EF ED ABS IR)/(BW AT) 

OEX = ORAL EXPOSURE DOSE (mg/kg/day) 
CGW = CONCENTRATION OF CHEMICAL IN GROUNDWATER (mg/l) 
EF q EXPOSURE FREQUENCY (day/yr) 
ED = EXPOSURE DURATION (yr) 
ABS = FRACTION ABSORBED 
IR = INGESTION RATE (l/day) 
EW = BODY WEIGHT (kg) 
AT = AVERAGING TIME (days) 

HQ = OEXl/RFD 

= HAZARD QUOTIENT 
:X1 = NONCARCINOGENIC ORAL EXPOSURE DOSE (mg/kg/day) 
RFD = REFERENCE DOSE (CHRONIC, ORAL) @g/kg/day) 

CR = (OEX2) (CSF) 

CR = CANCER RISK 
OEX2 = CARCINOGENIC ORAL EXPOSURE DOSE (mg/kg/day) 
CSF = CANCER SLOPE FACTOR (ORAL) (mg/kg/day)“-1 

ENTER INPUTS: 

EF (adult) = 
EF (child) = 
ED (adult) q 

ED (child) = 
ABS (adult) = 
ABS (child) = 
IR (adult) = 
IR (child) = 
BW (adult) = 
BW (child) = 
AT1 (adult) = 
AT2 (adult) = 
AT1 (child) = 
AT2 (child) = 

350(day/yr) 
3:~;~lyr) 

f(yr) 

:( l/day) 
l(l/day) 

:501:; 
10950(days) (NONCARCINOGENIC) 
25550cdays) (CARCINOGENIC) 

219O(days) (NONCARCINOGENIC) 
25550(days) (CARCINOGENIC) 



________________________________________-------------------------------------------------------------------------------------------------------- ----km..--- 
RISK ASSESSMENT SPREADSHEET: INGESTION OF GRDUNDWATER (PAGE TWD) 
SITE NAME: WARMINSTER, SITES 5, 6, 7 (CURRENT) 
MEDIUM: GRDUNDWATER 
RECEPTOR(S): ADULT AND CHILD RESIDENTS 

CHEMICAL 

Trichloroethene 
Tetrachoroethene 
Carbon tetrachloride 
Chloromethane 
Chloroform 
1!2-Dichtoroethene 
cis-1,2-Dichloroethene 
Toluene 
l,l,l-Trichloroethane 
Di-n-octyl phthalate 
Diethyl phthalate 
Arsenic 
Cadmium 
Lead 
gariun 
Cobalt 
Copper 
Manganese 
Nickel 
Cyanide 
Vanadium 
Zinc 

CGW 
m3/1) 

.0044 

.0018 

.0016 
.002 

.0014 

.0038 

.0026 

.0024 
.OOl 

.0009 
.002 

.0034 
.002 

.0071 
.388 

.0232 

.0341 

.032: 

.0263 

.0163 
.228 

RFD 

6e-3 
le-2 
7e-4 

le-2 
le-2 
le-2 
2e-1 
9e-2 
Ze-2 
8e-1 
3e-4 
5e-4 

7e-2 

3.7e-2 
5e-3 
2e-2 
2e-2 
7e-3 
Ze-1 

CSF OEXI OEX2 OEXI OEX2 
ADULT ADULT CHILD CHILD 

l.le-2 
5.2e-2 
1.3e-1 
1.3e-2 
6.le-3 

1.75eO 

1.205e-4 
4.932e-5 
4.384e-5 
5.479e-5 
3.836e-5 
l.O41e-4 
7.123e-5 
6.575e-5 
2.740e-5 
2.4&e-5 
5.479e-5 
9.315e-5 
5.479e-5 
1.945e-4 
l.O63e-2 
6.356e-4 
9.342e-4 
5.479e-2 
8.849e-4 
7.205e-4 
4.466e-4 
6.247e-3 

0 

fl 

i 
0 

8 

8 

i 

: 

I 

: 

i 

I 

8 

i 
0 

i 

5.166e-5 
2.114e-5 
1.879e-5 
2.348e-5 
1.644e-5 
4.462e-5 
3.053e-5 
2.818e-5 
l.l74e-5 
l.O57e-5 
2.348e-5 
3.992e-5 
2.348e-5 
8.337e-5 
4.556e-3 
2.724e-4 
4.004e-4 
2.348e-2 
3.793e-4 
3.088e-4 
1.914e-4 
2.677e-3 

8 

x 

8 

: 

i 
0 

: 

ii 

: 

: 

i 

i 

x 

8 

x 

2.813e-4 
l.l51e-4 
l.O23e-4 
1.279e-4 
8.950e-5 
2.429e-4 
1.662e-4 
1.534e-4 
6.393e-5 
5.753e-5 
1.279e-4 
2.174e-4 
1.279e-4 
4.539e-4 
2.480e-2 
1.483e-3 
2.180e-3 
1.279e-1 
2.065e-3 
l&le-3 
l.O42e-3 
1.458e-2 

0 

i 

Fl 

: 

x 

8 

: 

x 

8 

8 
0 

x 

: 

: 

8 
0 

2.411e-5 
9.863e-6 
8.767e-6 
l.O96e-5 
7.671e-6 
2.082e-5 
1.425e-5 
1.315e-5 
5.479e-6 
4.932e-6 
l.O96e-5 
1.863e-5 
l.O96e-5 
3.890e-5 
2.126e-3 

1 -z:: 
1:096e-2 
1.770e-4 
1.441e-4 
8.932e-5 
1.249e-3 

0 

ii 

x 

i 

x 

i 
0 

x 

i 

: 

x 

x 

8 

x 
0 

ii 

! I I I 



____________-___________________________----------------------------------------~-~--------------------------------~~~~-~~~~~~~~~~----------~~----~~-~~~~~ 
RISK ASSESSMENT SPREADSHEET: INGESTION OF GRWNDWATER (PAGE THREE) 
SITE NAME: WARMINSTER, 
MEDIUM: 

SITES 5, 6, 7 (CURRENT) 
GROUNDWATER 

RECEPTOR(S): ADULT AND CHILD RESIDENTS 

CHEMICAL 

Arsenic ' 

Trichloroethene 

Cadmium 
Lead 

Tetrachoroethene 

Barium 
Cobalt 

Carbon tetrachloride 

Copper 
Manganese 

Chloromethane 

Nickel 
Cyanide 

Chloroform 

Vanadium 
Zinc 

1{2-Dichloroethene 
cis-1,2-Dichloroethene 
Toluene 
l,l,l-Trichloroethane 
Di-n-octyl phthalate 
Diethyl nhthalate 

-------_-_- 
TOTAL 

::ULT 

3.105e-1 
l.O96e-1 

2.009e-2 

N/A 

4.932e-3 

1.519e-1 
N/A 

2.525e-2 

6.262e-2 

1.0959el 
4.425e-2 

N/A 

3.603e-2 
6.380e-2 

3.836e-3 

3.123e-2 

l.O41e-2 

N/A 
N/A 

7.123e-3 

N/A 
N/A 

3.288e-4 

N/A 
N/A 

3.044e-4 

N/A 
N/A 

1.233e-3 

N/A 
N/A 

6.849e-5 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
WA 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

HP 
CHILD 

4.688e-2 
l.l51e-2 
1.461e-1 

N/A 
8.950e-3 
2.429e-2 
1.662e-2 
7.671e-4 
7.103e-4 
2.877e-3 
1.598e-4 
7.245e-1 
2.557e-1 

N/A 
3.543e-1 

N/A 
5.892e-2 
2.5571el 
l.O32e-1 

y-gg:: 
71288e-2 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
WA 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

:!ULT 

5.683e-7 
l.O99e-6 
2.442e-6 
3.053e-7 
l.O03e-7 

x 
0 
0 

8 
6.986e-5 

1.1842el 
-. 

2.7632el 7.438e-5 

::ILD 

2.652e-7 
5.129e-7 
l.l40e-6 
1.425e-7 
4.679e-8 

x 

I 
0 

3.260e-! 

_________-_________------------------------------------------------------ 
3.471e-5 



_.___-____^__-__________________________--------------------------------------------------------------------------- c---- ____________________------------- 
:tSy. ASSESStlENT SPREADSHEET: IUGESTION OF GRDUNOWATER (PAGE ONE: 
-1TE NME: UARMINSTER. SIlES 5! b! 7 ICURRENll 
iEPIUil: GAOUNONATER--usinq t~ltered retals I 

ECEPTORISt: fiDUL1 AND CHILD RESIDENIS 

ELEVANT EPURTlONS: 

,EX = lCGW EF ED ABS IRtI LBW All 

:EX = OfiAL EXPOSURE DOSE (rq!kq/dayl 
.GU = COt~CENlRATION OF CHEIWAL IN GROUNDNATER laollt 
F = EXPOSURE FREQUENCl ldavlyrt 
0 q EXPOSURE DURLTIOY lyrt 
BS = FRBCTION ABSORBED 
R = INGESlION RATE llldavt 
Y = BDDf YEIGHT (kgt 
T = AVERAGING TIHE ldavat 

9 = OEXllRFD 

Q = HAZlRD RUOTIENI 
EXI = NONCARCINOGENIC ORAL EXPOSURE DOSE Irqlkqlday) 
FD = REFERENCE DOSE (CHRONIC, ORGLI (rglkg/dayt 

R = (DEXZt ICSFl 

R = CANCER RISK 
EX2 = CARCINOGENIC ORAL EXPOSURE DOSE (figlkgldryl 
SF = CANCER SLOPE FACTOR (ORALI (ag/kq/dayt*-1 

STEH INPUTS: 

.: (sdultt = 
z (child1 = 
6 (adult) = 
6 (child) = 
3 (adult, = 
8 (child! = 
i (adult1 = 
? lchildl = 
1 (adult1 = 
1 lchlldl = 
rl (adult) = 
12 iadult) = 
;I (child1 = 
2 (rhtldt = 

350tdaylyr! 
J56fdavlyrt 

36tyrl 
blurt 

1 
1 
S(lldavt 
l(l;dav! 

76ikqt 
15lkq) 

169561day.t lNONCARCI#O6ENICt 
255561darst (CARCINOGENICt 
21901dayst INONCARC6NOGENICt 

25550ldavst ICCIRCINOGENICI 

REFERENCES: USEPR, DECENBER 1989 



21% BSSESSNENT SPHEGOSHEET: INGESTIOtf OF LXiOUNOlfATEi3 fPAIiE TWO1 
iITE NAIE: WBRNfNSTEfi. SITES 5, 6, 7 ICURRENTI 
tiEl!IUN: MiOUNDWfiTER--using filtered setals 
iECEF’IOR(S): GDULT AND CHILD ltESI@ENTS 

tiENICA1 

rlchIorciethenE 
etrachoroetheoe 
arben tetrachlorlde 
.hlaraaethane 
hloroiora 
.Z-6ichIOrOethenE 
1e-1.;-bichIeroethene 
clluene 
.;,I-Trichloroethane 
i-n-octyl nhthalate 
IEthyl phthalate 
PSEIIli 

idelue 
%d 
arlue 
obalt 
xger 
3ngarlesr 
:CkEI 
:anide 
3nadiue 
iflC 
lalliue 

-__. 
____ 
__._ 
---_ 
_-__ 

___. 

---_ 
____ 
____ 
---_ 

____ 
____ 
-_-- 
____ 
__.. 

_--- 
____ 
____ 
____ 
_.__ 

CGW 
tag) 

.11044 

.6018 
.UOlb 

,002 
.OOl4 
.0038 
. 0026 
.0024 
.a01 

*DO09 
.U6; 

cl 
Q 
0 

.214 
0 
U 
1’ 
0 
0 
a 

,031 
.a012 

RFD 

k-2 
!e-4 

le-2 
le-2 
le-2 
2e-I 
9e-2 
?e-2 
Be-1 
3e-4 
SE-4 

7e-2 

3.7e-2 
b-1 
Ze-2 
2e-2 
7e-3 
2e-1 
le-5 

CSF OEXI 
BILT 

I. le-2 1.205e-4 
5.2P2 4.932e-5 
1.3e-I 4.384e-5 
1.3e-2 5.479e-5 
b. k-3 3.836e-5 

1.041e-4 
7.123e-5 
b.575e-5 
2.74oe-5 
2.46be-5 
5.479e-5 

1.15eo 0 
a 
6 

5.863e-3 
0 
0 
0 
ii 
0 
U 

B. 493e-4 
3.2BEe-5 

0 
u 
0 
I) 
0 
s 
0 
a 
6 
0 
0 
u 
B 
1 

(1 
a 
a 
a 
1) 
:j 

II 
0 
0 
a 
0 
I 

OE12 
fiDULT 

5.Ibbe-5 
2.114e-5 
1.879e-5 
2.348e-5 
1.644e-5 
4.462e-5 
3.053e-5 
2.818e-5 
Lllle-5 
I.O57e-5 
2.34Be-5 

0 
0 
a 

2.513e-3 
0 
0 
0 
0 
6 
0 

3.640e-4 
1,4OPe-5 

iJ 
a 
0 
a 
6 
a 
u 
a 
0 
il 
0 
a 
a 
a 
cl 
0 
ii 
ij 
a 
a 
a 
0 
a 
0 
6 
4-3 

OEWI 
CHILD 

2.813e-4 
1. We-4 
I, 023e-4 
1.279e-4 
8.95Oe-5 
2.429e-4 
1.662e-4 
1*534e-4 
6.393e-5 
5.753e-5 
1.279e-4 

0 
a 
0 

I, 360~2 
0 
a 
0 
0 
0 
0 

1.982e-3 
7.671~5 

0 
a 
0 
0 
0 
0 
a 
a 
0 
0 
6 
a 
0 
0 
0 
0 
6 
0 
0 
a 
a 
a 
0 
a 
6 

OEX2 
CHTLD 

2.4lle-5 
9.863~6 
8.767~6 
l.O96e-5 
7.671e-6 
2.082e-5 
I, 425e-5 
1.315e-5 
5.479e-6 
4.932e-6 
l.O96e-5 

0 
. a 

0 
l.l73e-3 

0 
0 
0 
0 
0 
0 

1.699e-4 
L-575@-6 

0 
u 
u 
0 
a 
0 
0 
U 
a 
a 
a 
0 
0 
a 
0 
0 
0 
0 
0 
a 
6 

(r 
0 
0 
0 



filSK ASSESSHENT SPHERDSHEEI: INGESTION OF 6ROUNOYRIER WAGE THREEl 
SITE NM: NARNINSTER, SITES 5, 6, 7 (CURRENT) 
IfEDIUtl: 6ROUNDlfRlER--using filtered retaIr 
RECEPTORfS): ADULT AND CHILD RESIDENTS 

CHEHICRL 

Irichlaroethene 
ietrachoraethene 
Carbon tetrachloride 
Chlurmthane 
Chloroform 
J.2-Dichloroethene 
cls-1,2-Dichloroethene 
loluene 
J.l,l-lrichloroethane 
Di-n-octyl phthalate 
Diethyl phthalate 
Arsenic 
Cadrim 
Lead 
Bariur 
Cobalt 
COpper 
tlanaanese 
Nickel 
Cvanioe 
Vanadium 
Zinc 
lhalliur 

__---_ 
___--_ 
------ 
------ 

______ 
__--_- 
______ 

TOTRL 

HR 
ADULT 

He 
CHILD 

NiA N/A 
4.932e-3 l.i51E-2 
&262e-2 1.4ble-I 

NiA N/A 
3.836e-3 8.950e-3 
J.O4Je-2 2.429e-2 
7.123e-3 1.662e-2 
3.2aRe-4 7.671e-4 
3.044e-4 7.103e-4 
1.233e-3 2.077e-3 
b. 849e-5 1,59Be-4 

0 0 
0 0 

NIA N/R 
8.376~2 1.954e-1 

NM N/ii 
0 0 
0 0 
U 0 
0 0 
0 0 

4.247e-3 9.909e-3 
4.697e-1 1.0959eO 

NIB N/A 
N/A N/A 
HI1 N/R 
N/(1 N/A 
Nili NIA 
NIP N/A 
N/A N/h 
N/A NIR 
N!li N/R 
#IA N/R 
#!A NIB 
N/II H/A 
PI& N!A 
NIA N/A 

b. 4Fi5e-1 J.5132e6 

CR 
RDULT 

CR 
CHILU 

5.603e-7 2. b52e-7 
l.O99e-b 5.129e-7 
2.442e-b i.J40e-6 
3.053e-7 I .425e-7 
I. 003e-7 4.679e-0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 6 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
4 0 
0 0 
0 0 
0 0 
0 0 
0 0 
U 0 

Y 0 
0 0 
0 6 
u 0 
6 0 
0 0 
0 0 
0 0 
h 0 
II Q 

4.515e-b 2. IO!e-6 
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____________----________________________------------------------------------------------------------------------------------------------------------------ 
RISK ASSESSMENT SPREADSHEET: INGESTION OF GROUNDWATER (PAGE ONE) . 
SITE NAME: WARMINSTER, SITES 5, 6, 7 (CURRENT) 
MEDIUM: GROUNDWATER 
RECEPTOR(S): ADULT EMPLOYEES 

RELEVANT EQUATIONS: REFERENCES: USEPA, DECEMBER 1989 

OEX = (CGW EF ED AES IR)/(BW AT) 

OEX = ORAL EXPOSURE DOSE (m/kg/day) 
CGW = CONCENTRATION OF CHEMICAL IN GROUNDWATER (mg/t) 
EF = EXPOSURE FREQUENCY (day/yr) 
ED = EXPOSURE DURATION (yr) 
ABS = FRACTION ABSORBED 
IR = INGESTION RATE (l/day) 
BW = BODY WEIGHT (kg) 
AT = AVERAGING TIME (days) 

HQ q OEXl/RFD 

HP = HAZARD QUOTIENT 
OEXl = NONCARCINOGENIC ORAL EXPOSURE DOSE (mg/kg/day) 
RFD = REFERENCE DOSE (CHRONIC, ORAL) (mg/kg/day) 

CR = (OEX2) (CSF) 

= CANCER RISK 
EFX2 = CARCINOGENIC ORAL EXPOSURE DOSE (mg/kg/day) 
CSF = CANCER SLOPE FACTOR (ORAL) (mg/kg/day)^-I 

ENTER INPUTS: 

EF (adult) = 
EF (child) = 
ED (adult) = 
ED (child) = 
ABS (adult) = 
ABS (child) = 
IR (adult) = 
IR (child) = 
BW (adult) = 
BW (child) = 
AT1 (adult) = 
AT2 (adult) = 
AT1 (child) = 
AT2 (child) = 

250(day/yr) 
D(day/yr) 

25(v) 
D(yr) 

1 
l( l/day) 
O( l/day) 

FIL$ 
9125(days) (NONCARCINOGENIC) 

(CARCINOGENIC) 25550(days) 
2190(days) (NONCARCINOGENIC) 

25550(days) (CARCINOGENIC) 



RISK ASSESSMENT SPREADSHEET: INGESTION OF GRCUNDWATER (PAGE TWO) 
SITE NAME: UARMJNSTER, SITES 5, 6, 7 (CURRENT) 
MEDIUM: GROUNDWATER 
RECEPTOR(S): ADULT EMPLOYEES 

CHEMICAL 

Trichloroethene 
Tetrachoroethene 
Carbon tetrachloride 
Chloromethane 
Chloroform 
1!2-Dichloroethene 
cis-1,2-Dichloroethene 
Toluene 
l!l,l-Trichloroethane 
Di-n-octyi phthalate 
Diethyl phthalate 
Arsenic 
Cadmium 
Lead 
Barium 
Cobalt 
Copper 
;ymg~v= 

Cyanide 
Vanadium 
Zinc 

CGW 
ml/l) 

.0044 

.0018 

.0016 
.002 

-0014 
.0038 
.0026 
.0024 

.OOl 
.0009 

.002 
.0034 

.002 
-0071 

.388 
.0232 
.0341 

.032: 

.0263 

.0163 
-228 

RFD 

6e-3 
le-2 
7e-4 

le-2 
le-2 
le-2 
2e-1 
9e-2 
2e-2 
8e- 1 
3e-4 
5e-4 

7e-2 

3.7e-2 
5e-3 
2e-2 
2e-2 
7e-3 
2e- 1 

CSF OEXl OEX2 
ADULT ADULT 

l.le-2 
5.2e-2 
1.3e-1 
1.3e-2 
6.le-3 

f.75eO 

4.305e-5 
1 .;m:; 

p&-; 

3:718e-5 
2.544e-5 
2.348e-5 
9.785e-6 
8.806e-6 
1.957e-5 
3.327e-5 
1.957e-5 
6.947e-5 
3.796e-3 
2.270e-4 
3.337e-4 
1.957e-2 
3.160e-4 
2.573e-4 
1.595e-4 
2.231e-3 

x 

x 

x 
0 

8 

8 

: 

8 
0 

: 

i 
0 

i 

: 

i 

; 

l-538%-5 
6.290e-6 
5.591e-6 
6.989e-6 

;-;;g:; 
pg-; 

3:495e-6 
3.145e-6 

EE:: 
6:989e-6 
2.481e-5 
1.356e-3 
8.107e-5 
1.192e-4 
6.989e-3 
l.l29e-4 
9.191e-5 
;.a~-: 

. - 
0 

i 

0" 

i 

I 

: 

8 

8 

: 

8 

8 

: 
0 

: 

8 
0 

OEX2 
CHILD 

x 

8 

x 

x 

8 
0 

I 

x 
0 

i 

8 

i 

x 
0 

8 

x 

x 

8 
0 

El 

0" 

: 
0 

00 

x 
0 

8 
0 
0 
0 

i / ! ! 
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---------------------------------------------------------------------------------------------------------------------------------------------------------- 
RISK ASSESSMENT SPREADSHEET: INGESTION OF GRWNDWATER (PAGE THREE) 
SITE NAME: WARMINSTER, SITES 5, 6, 7 (CURRENT) 
MEDIUM: GRUUNDWATER 
RECEPTOR(S): ADULT EMPLOYEES 

CHEMICAL 

Trichloroethene 
Tetrachoroethene 
Carbon tetrachloride 
Chloromethane 
Chloroform 
1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Toluene 
l!l,l-Trichloroethane 
Di-n-octyl phthalate 
Diethyl phthalate 
Arsenic 
Cackniun 
Lead 
Barilvn 
Cobalt 
Copper 
Manganese 
Nickel 
Cyanide 
Vanadiwn 
Zinc 

!:ULT 

7.175e-3 
1.761e-3 
2.237e-2 

N/A 
1.370e-3 
;.;;m;-; 

11174e-4 
l.O87e-4 
4.403e-4 
2.446e-5 
l.l09e-1 
3.914e-2 

N/A 
5.424e-2 

N/A 
9.018e-3 
3.9139eO 
1.580e-2 
1.287e-2 
2.278e-2 
l.l15e-2 

WA 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
WA 
N/A 
N/A 
WA 
N/A 
N;A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

TOTAL 4.2294eO 

HP 
CHILD 

x 
0 

N’i 
0 

x 

: 

8 
0 

N/t 
N/A 

8 

: 

8 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

0 

::ULT 

1.691e-7 
3.271e-7 
7.269e-7 
9.086e-8 
2.984e-8 

0 

ii 
0 

8 
2.079e-5 

x 

8 

: 

8 

x 

i 

x 
0 

: 

x 

x 

8 

i 

: 

: 

8 

i 

x 

x 

i 

2.214e-5 



________________________________________----------------------------------------------------------------------------------------------------------------- 
:I% ASSESSHENT SPRERDSHEET: INGESTION OF GROUNOUATER (PAGE ONE! 
ITE NM: YARWIN5TER. SITE5 5! 6, 7 LCURRENT1 

IEOIUI: GROUNDMATER--using filtered aetals 
‘ECEPTOR(S1: ADULT EMPLOYEES 

ELEVPNT ERUAIIONS: REFERENCES: USEPR, OECEHBER 1989 

:EX - IC6’4 EF ED MS IRIIW ATI 

iEX = ORAL EIPOSURE DOSE (sg/kg/darl 
6Y = CONCENTRRTION OF CHENICAL IN GEOUNDlfRTER lrgll) 
F = EXPOSURE FREQUENCY Idavlyrl 
0 = EXPOSURE DURATION (yrl 
aS = FRPCTION ABSORBED 
A = INGESTION RATE (l/da?) 
N = BODY WEIGHT lkgt 
T = &VERAGINti llNE (days1 

E = OEXl/RFD 

:4 = HlZRRR QUOTIENT 
EXI = NONCPRClNOfiENIC ORAL ElPOSURE DOSE (fig/kg/day) 
FD = REFERENCE DOSE KHRONIC, ORfiLl tag/kg/day1 

R = lOEX21 ICSF) 

R = CPNCER RI% 
EXZ = CARCINOGENIC ORAL EXPOSURE DOSE Irglkgldayl 
SF = CANCER SLOPE FRCTOR IORRLI Iag/kg/dayl”-1 

NTER INPUTS: 

F (adult) = ?;Olday/yr! 
F fchildt = O(day/yrl 
4 (adult) = 25lyrl 
0 (child1 = Olvr) 
BS (adult) = 1 
SS (child) = I 
i (adulti = I(Ildayr 
;: (chIldI = Ollidavl 
4 ladultl = 
4 (child) = 
II (adult) = 
II (adult) = 
;l (child1 = 
;2 (child1 = 

7Olkg) 
15(kgr 

9125(daysl 
25550(dql 
219O(davsl 

25550(davsl 

3 / 

(NONC01RCIN06ENICi 
ICARCINOIXNIC~ 
(NONCARCINO6ENICI 
!CARCINOGENICl 



---__---------------------------------------------------------------------------------------------------------------------------------------------------- 
RISK ASSESSilENT SPREGDSHEET: INGESTION OF GROUNDWTER (PAGE TklOi 
SITE NME: WARlfINSTER. SITES 5, 6, 7 ICURRENT) 
HEEIUR: GROUNDYBTER--us~ty filtered metals 
RECEPTORIS): llDULT EtlfLOVEES 

CHElllCRL CM 
@!I! 

~rlit~GrOEthEne .0644 
letrachoroethene .66lfi 
Carbon tetrachlaride .UOlb 
ChlararethanE .002 
Chlorafare .6014 
1.2-Dichlaraetheoe .0638 
cir-I.;-Dichlaraethene .6a26 
Tvluene .6024 
l.I,l-Trichloreethane .OOl 
Di-n-actyl phthalate .0609 
Diethvl phthalate .602 
iirsenic. 0 
iadeiue 0 
Lead 0 
Barium .214 
Cobalt 0 
Cooper 6 
Hrnoanere 0 
ifickel a 
,Laolde 0 
i’anadiue d 
!1nc .031 
fhall~ue .!I012 

-----_ 
.__.__ 

______ 
______ 

----- 

._____ 

._____ 

__--_ 
-_--- 
-__-. 
._--_ 
_--._ 

RFD CSF 

le-2 
le-4 

le-2 
le-2 
le-2 
Ze-1 
9e-2 
2e-2 
8e-1 
3e-4 
Se-4 

l.le-2 
5.2e-2 
1.3e-1 
l.Je-2 
6.le-3 

1.75e6 

7e-2 

3.7e-2 
le-1 
;e-2 
20-2 
7e-3 
Ze-I 
7e-5 

4.365e-5 
1.761e-5 
1.566e-5 
1.95!e-5 
I. 370e-5 
3.718e-5 
2.544e-5 
2.348~~5 
9.iRSe-6 
8.806e-6 
1.957~~5 

0 
0 
0 

;.084E-3 

0 
0 
0 
0 
0 
0 

3.033e-4 
1.174e-5 

0 
6 
6 
0 
0 
6 
0 
iJ 

0 
0 
0 
0 
0 
6 
0 
0 
0 
u 
0 
11 

OEKl OEX2 
ADULl ADULT 

1.538~5 6 6 
6.290e-6 0 6 
5.591e-6 0 0 
6.909e-6 6 0 
4.892e-6 0 6 
I. 32Be-5 0 6 
9.086e-6 6 0 
8.3R?e-6 0 0 
3.495e-6 0 0 
3.145e-6 6 0 
b.PROe-6 0 0 

0 0 6 
0 0 0 
0 0 0 

7.478e-4 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 6 
0 0 0 

I. 083e-4 0 0 
4.193e-6 0 0 

0 0 0 
6 0 . . 6 
6 0 6 
0 0 0 
0 0 6 
6 0 0 
0 6 0 
0 0 0 
0 0 6 
0 0 0 
6 6 0 
0 0 0 
6 0 6 
6 6 6 
6 6 0 
0 6 0 
0 6 0 
0 6 0 
0 0 0 
6 6 0 
6 0 0 
0 6 0 
0 6 0 
6 6 0 
0 0 6 
1.: I! II 

0EV.l OEW2 
CHILD CHILD 



_______^________________________________------------------------------------------------------------------------------------------------------------------ 
RISK RSSESS!lENT SPREADSHEETS INGESTtON OF GROUNDYATER fPR6E THREE1 
SITE NAHE: YARHINSTER, SITES 5, 6: 7 fCUFiRENT) 
IfEDIUH: GROUNDYRTER--u5in9 filtered retals 
RECEPTORW: ADULT EtfPLOYEES 

CHElflCAL HE! HE4 CR CR 
MILT CHILD ADULT CHILQ 

Trichloroethene N/A N/b 
letrachoraethine 1*761e-3 iJ 
Carbon tetrachlmds 2.237e-2 0 
Chlmaethane N/A NIA 
Chlarofore I. 370e-3 0 
1,2-Dithloroethene LllBe-3 0 
cis-l,Z-Dichloroethene 2.544e-3 0 
Teluene l.l74e-4 0 
I,l,l-Trichlrtroethane l.D67e-4 0 
Di-n-octyl phthalate 4*403e-4 0 
Diethyl phthalate 2.44be-5 0 
Arsenic 0 0 
Cad5iua 6 0 
Lead #IA NIA 
Barium 2.991~2 0 
Cobalt #II N/A 
Copper 0 0 
tfanoanese 0 0 
Nickel 0 0 
Cyanide 0 0 
Vanadiur 0 0 
Zinc 1.517e-3 0 
lhalliue 1. b77e-1 0 

N/U NIP __---_ 
N/A N/b __-_-- 
Nili N!R ------ 
Nlll HI1 -_---- 
NIfl N/I _---_- 
N/1 N/A 
N/A N/A 

NiA N/B 

TOTAL 2.31be-1 0 

1.69k? 0 
3.27le-7 (I 
7.269e-1 0 
3.086~8 0 
2.964e-a 0 

0 0 
0, 0 
6 0 
a 0 
0 0 
0 0 
0 0 
0 0 
0 u 
0 0 
iJ 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 6 
6 0 
0 6 
0 0 
0 0 
0 0 
0 0 

0 0 

I. 344e-b 6 

I 



________________________________________----------------------------------------------------------------.----..------------------------------------------- 
RISK ASSESSMENT SPREADSHEET: INGESTION OF GROUNDUATER (PAGE ONE) 
SITE NAME: NAWC WARMINSTER 
MEDIUM: OFFSITE GROUNDWATER, WAGNER & SONS (OS-Ol/OlD) 
RECEPTOR(S): ADULT EMPLOYEES 

RELEVANT EQUATIONS: REFERENCES: USEPA, DECEMBER 1989 

OEX = (CGW EF ED ABS IR)/(BW AT) 

OEX = ORAL EXPOSURE DOSE (mg/kg/day) 
CGW = CONCENTRATION OF CHEMICAL IN GROUNDWATER (mg/t) 
EF = EXPOSURE FREQUENCY (day/yr) 
ED = EXPOSURE DURATION (yr) 
ABS = FRACTION ABSORBED 
IR = INGESTION RATE (L/day) 
BW = BODY WEIGHT (kg) 
AT = AVERAGING TIME (days) 

HP = OEXl/RFD 

HQ = HAZARD QUOTIENT 
OEXl = NONCARCINOGENIC ORAL EXPOSURE DOSE (mg/kg/day) 
RFD = REFERENCE DOSE (CHRONIC, ORAL) (mg/kg/day) 

CR = (OEX2) (CSF) 

CR = CANCER RISK 
OEX2 = CARCINOGENIC ORAL EXPOSURE DOSE (mg/kg/day) 
CSF = CANCER SLOPE FACTOR (ORAL) (mg/kg/day)^-1 

ENTER INPUTS: 

EF (adult) = 
EF (child) = 
ED (adult) = 
ED (child) = 
ABS (adult) q 

ABS (child) = 
IR (adult) = 
IR (child) = 
BW (adult) = 
BW (child) = 
AT1 (adult) q 

AT2 (adult) = 
AT1 (child) q 

AT2 (child) = 

250(day/yr) 
O(day/yr) 

'i:;:; 

: 
l(l/day) 
O(l/day) 

70(kg) 
15(kg) 

9125cdays) (NONCARCINOGENIC) 
25550(days) (CARCINOGENIC) 

2190(days) (NONCARCINOGENIC) 
25550(days) (CARCINOGENIC) 



. 
-_-_-__-_______------------------------------------------------------------------------------------------------------------------------------------------- 
RISK ASSESSMENT SPREADSHEET: INGESTION OF GROUNDUATER (PAGE TWO> 
SITE NAME: NAWC WARMINSTER 
MEDIUM: OFFSITE GROUNDWATER, WAGNER & SONS (OS-Ol/OlD) 
RECEPTOR(S): ADULT EMPLOYEES 

CHEMICAL CGW RFD CSF OEXI OEX2 OEXI OEX2 
ml/l) ADULT ADULT CHILD CHILD 

Trichloroethene 
Arsenic 
Lead 
Barium 
Copper 
Manganese 
Zinc 

.72 6e-3 l.le-2 
-00445 3e-4 1.75eO 
.46785 

.243 

.073 
.0525 

.07 

7e-2 
3.7e-2 

Se-3 
3e-1 

7.045e-3 
4.354e-5 
4.578e-3 
2.378e-3 
7.143e-4 
5.137e-4 
6.849e-4 

0 
0 
0 
0 
0 

x 

: 
0 

: 

: 

8 
0 

x 

ii 
0 

x 

x 
0 

ii 
0 
0 
0 
0 
0 

8 
- 0 

: 
0 
0 

i 
0 

2.516e-3 
1.555e-5 
1.635e-3 
8.492e-4 
2.551e-4 
1.835e-4 
2.446e-4 

i 
0 
0 
0 

8 
0 
0 
0 

: 

: 
0 

x 

x 

8 
0 

8 

8 
0 
0 

i 
0 

i 

ii 
0 

ii 
0 
0 
0 
0 
0 
0 

x 

8 
0 
0 

: 
0 

8 
0 

x 
0 
0 
0 
0 
0 

8 
0 
0 

8 

: 
0 
0 
0 
0 
0 
0 

: 

x 
0 

8 

8 
0 

8 

8 

: 
0 
0 

I / 

8 
0 
0 
0 
0 
0 . 
0 
0 

8 
0 

x 
0 
0 
0 

i 
0 

: 

i 
0 
0 
0 
0 
0 

: 
0 
0 
0 
0 
0 
0 
0 
0 

I 1 I 



----_------------------------------------------------------------------------------------------------------------------------------------------------ ----- 
RISK ASSESSMENT SPREADSHEET: INGESTION OF GROUNDUATER (PAGE THREE) 
SITE NAME: NAWC UARHINSTER 
MEDIUM: OFFSITE GROUNDWATER, WAGNER & SONS (OS-Ol/OlD) 
RECEPTOR(S): ADULT EMPLOYEES 

CHEMICAL HP HP CR CR 
ADULT CHILD ADULT CHILD 

Trichloroethene 
Arsenic 
Lead 
Barium 
Copper 
Manganese 
Zinc 

TOTAL 1.4776eO 0 5.489e-5 

1.1742eO 
1.451e-1 

N/A 
3.397e-2 
1.931e-2 
l.O27e-1 
2.283e-3 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

N/A 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

2.768e-5 
2.721e-5 

0 8 
0 0 

8 
0 
0 

8 
0 

8 
0 
0 
0 
0 
0 

: 

x 
0 
0 
0 

ii 
0 

: 
0 
0 
0 
0 
0 
0 
0 

: 
0 
0 
0 

8 
0 
0 
0 
0 

: 

I 

8 
0 

: 
0 
0 

ii 
0 

x 
0 
0 
0 

i 
0 

x 
0 
0 

x 
0 
0 
0 
0 
0 
0 
0 
0 

: 
0 
0 
0 

: 
0 
0 
0 
0 

0 



____________________---------------------~---------------------------------------------------------------------------------------------------------------- 
RISK ASSESSMENT SPREADSHEET: INGESTION OF GRDUNDUATER (PAGE ONE) 
SITE NAME: NAWC WARMINSTER 
MEDIUM: OFFSITE GROUNDWATER, WTMA #26 (OS-021 
RECEPTOR(S): ADULT AND CHILD RESIDENTS 

RELEVANT EQUATIONS: REFERENCES: USEPA, DECEMBER 1989 

OEX = (CGW EF ED ABS IR)/(BW AT) 

OEX = ORAL EXPOSURE DOSE (mgfkgfday) 
CGW = CONCENTRATION OF CHEMICAL IN GROUNDWATER (mgfl) 
EF = EXPOSURE FREQUENCY (dayfyr) 
ED = EXPOSURE DURATION (yr) 
ABS = FRACTION ABSORBED 
IR = INGESTION RATE (l/day) 
SW = BODY WEIGHT (kg) 
AT q AVERAGING TIME (days) 

HQ = OEXlfRFD 

HQ = HAZARD QUOTIENT 
OEXl = NONCARCINOGENIC ORAL EXPOSURE DOSE (mgfkgfday) 
RFD q REFERENCE DOSE (CHRONIC, ORAL) (mgfkgfday) 

CR = (OEXZ) (CSF) 

= CANCER RISK 
iEX2 = CARCINOGENIC ORAL EXPOSURE DOSE (mg/kg/day) 
CSF = CANCER SLOPE FACTOR (ORAL) (mg/kg/day)^-1 

ENTER INPUTS: 

EF (adult) = 
EF (child) = 
ED (adult) = 
ED (child) = 
ABS (adult) = 
ABS (child) = 
IR (adult) = 
IR (child) = 
BW (adult) = 
SW (child) = 
AT1 (adult) = 
AT2 (adult) = 
AT1 (chil,d) = 
AT2 (child) = 

350(day/yr) 
350(day/yr) 

30(yr) 
6(yr) 

1 
Z(l/day) 
l(l/day) 

7Wkg) 
lS(ks) 

10950(days) (NONCARCINOGENIC) 
25550(days) (CARCINOGENIC) 

2190(days) (NONCARCINOGENIC) 
25550(days) (CARCINOGENIC) 

I / I I I I I 
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RISK ASSESSMENT SPREADSHEET: INGESTION OF GROUNDWATER (PAGE THREE) 

/ 

SITE NAME: NAWC WARMINSTER 
MEDIUM: OFFSITE GRDUNDWATER. UTMA #26 (OS-02) 
RECEPTOR(S): ADULT AND CHILD RESiDENTS 

CHEMICAL 

Tetrachloroethene 
Trichloroethene 
1,1-Dichloroethene 
l,l,l-Trichloroethane 
l,l-Dichloroethane 
Arsenic 
Barim 
Manganese 

TOTAL 

HQ HP CR CR 
ADULT CHILD ADULT CHILD 

5.479e-2 
5.023e-1 
5.479e-2 
3.044e-2 
7.671e-3 
3.379e-1 
8.454e-2 
2.247e-1 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
WA 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
WA 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

1.279e-1 
1.1720eO 
1.279e-1 
7.103e-2 
I. 790e-2 
7.884e-1 
1.973e-1 
5.242e-1 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
WA 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
WA 
N/A 

1.221e-5 
1.421e-5 
1.268e-4 

8 
7.603e-5 

0 

x 
0 
0 
0 
0 
0 

: 
0 
0 

8 
0 
0 

x 
0 

8 

i 
0 
0 

8 
0 
0 

Fl 
0 
0 

8 
0 

8 

0" 
0 

5.699e-6 
6.630e-6 
5.918e-5 

0 
0 

3.548e-5 
0 

8 
0 
0 
0 
0 
0 

x 
0 
0 
0 

i 
0 

ii 

: 

8 
0 

8 

: 
0 
0 
0 
0 

: 
0 
0 

k! 

8 
0 
0 

1.2971eO 3.0265eO 2.293e-4 l.O70e-4 



____________________-------------------------------------------------------------------- ______________----______________________------------------- _______ 

RISK ASSESSMENT SPREADSHEET: INGESTION OF GROUNDWATER (PAGE ONE) 
SITE NAME: NAWC WARHINSTER 
MEDIUM: OFFSITE GROUNDWATER, WTMA #26 (OS-021 
RECEPTOR(S): ADULT EMPLOYEES 

RELEVANT EQUATIONS: REFERENCES: USEPA, DECEMBER 1989 

OEX = (CGW EF ED ABS IR)/(BU AT) 

OEX = ORAL EXPOSURE DOSE (mgfkgfday) 
CGW = CONCENTRATION OF CHEMICAL IN GROUNDWATER (mgfl) 
EF = EXPOSURE FREQUENCY (dayfyr) 
ED = EXPOSURE DURATION (yr) 
ASS = FRACTION ABSORBED 
IR = INGESTION RATE (l/day) 
BW = BODY WEIGHT (kg) 
AT = AVERAGING TIME (days) 

HP = OEXlfRFD 

HP = HAZARD QUOTIENT 
OEXI = NONCARCINOGENIC ORAL EXPOSURE DOSE (mgfkgfday) 
RFD = REFERENCE DOSE (CHRONIC, ORAL) (mgfkgfday) 

CR = (OEX2) (CSF) 

CR = CANCER RISK 
OEX2 = CARCINOGENIC ORAL EXPOSURE DOSE (mgfkgfdayl 
CSF = CANCER SLOPE FACTOR (ORAL) (mg/kg/day)*-1 

ENTER INPUTS: 

EF (adult) = 
EF (child) = 
ED (adult) = 
ED (child) = 
ASS (adult) = 
ABS (child) = 
IR (adult) = 
IR (child) = 
SW (adult) = 
SW (child) = 
AT1 (adult) = 
AT2 (adult) = 
ATI (cf,i:d; q 

AT2 (child) = 

250(day/yr) 
O(day/yr) 

25(yr) 

Yyrl 
1 
l(l/day) 
O(l/dayl 

7Wkgl 
IS(b) 

9125(days) (NONCARCINOGENIC) 
25550(days) (CARCINOGENIC) 

2!9O(days; :NONCARCINOGEN:C: 
2555O(days) (CARCINOGENIC) 



-------------------- 
RISK ASSESSMENT SPREADSHEET: INGESTION OF GROUNDUATER (PAGE TWO) 
SITE NAME: NAWC WARMINSTER 
MEDIUM: OFFSITE GROUNDWATER, WTMA #26 (0902) 
RECEPTOR(S): ,ADULT EMPLOYEES 

CHEMICAL CGW RFD 
mgfl) 

Tetrachloroethene .02 
Trichloroethene .I1 
1,1-Dichloroethene .018 
l,l,l-Trichloroethane .I 
1,1-Dichloroethane .028 
Arsenic .0037 
Barium .216 
Manganese .041 

le-2 
be-3 
9e-3 
Pe-2 
le-1 
3e-4 
7e-2 
Se-3 

/ 
1 

CSF OEXl OEX2 OEXI OEX2 
ADULT ADULT CHILD CHILD 

5.2e-2 
l.le-2 

6e-1 

1.75eO 

1.957e-4 
l.O76e-3 
l.?61e-4 
9.785e-4 
2.740e-4 
3.620e-5 
2.114e-3 
4.012e-4 

0 
0 

8 

x 

x 
0 

x 

8 
0 

x 
0 
0 

x 
0 

x 
0 
0 
0 
0 
0 
0 
0 

8 

8 

8 
0 
0 

x 
0 
0 
0 

6.989e-5 
3.844e-4 
6.290e-5 
3.495e-4 
9.785e-5 
1.293e-5 
7.548e-4 
1.433e-4 

8 
0 
0 

i 

: 
0 

: 

i 

i 
0 

x 
0 
0 

i 
0 
0 
0 

8 
0 
0 
0 
0 
0 
0 

x 

8 
0 
0 

ii 
0 
0 

: 

x 

8 
0 

8 
0 
0 
0 

: 

8 
0 

x 
0 
0 
0 

8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

i 

8 

8 
0 

8 
0 

: 
0 
0 

I I 8 I I 

0 
0 

i 
0 
0 
0 
0 
0 
0 

: 
0 
0 
0 
0 
0 

x 
0 
0 
0 
0 
0 

8 
0 
0 

8 

8 
0 
0 
0 
0 

x 

: 
0 

8 

8 
0 
0 

: 
0 
0 



RISK ASSESSMENT SPREADSHEET: INGESTION OF GROUNDWATER (PAGE THREE) 
SITE NAME: NAWC WARMINSTER 
MEDIUM: OFFSITE GROUNDWATER, WTMA #26 (OS-02) 
RECEPTOR(S): ADULT EMPLOYEES 

CHEMICAL 

Tetrachloroethene 
Trichloroethene 
l,l-Dichloroethene 
f,l,l-Trichloroethane 
l,l-Dichloroethane 
Arsenic 
Bariun 
Manganese 

TOTAL 4.632e-1 0 6.823e-5 

HP HQ CR CR 
ADULT CHILD ADULT CHILD 

1.957e-2 
1.794e-1 
1.957e-2 
l.O87e-2 
2.740e-3 
1.207e-1 
3.019e-2 
8.023e-2 

N/A 
N/A 
N/A 
N/A 
WA 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
WA 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

3.634e-6 
4.228e-6 
3.774e-5 

: 
2.263e-5 

0 

8 
0 

x 
0 
0 
0 
0 
0 

: 

: 
0 
0 
0 

x 

: 
0 

8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

8 
0 
0 

0 

x 
0 

: 
0 

8 
0 
0 
0 

x 

: 

8 
0 

x 
0 

8 

x 
0 
0 
0 
0 
0 
0 
0 
0 

8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 



RtltVRNl fOUAlIONS: REFERENCLS: USfPR. OEcEIIBfR 1989 

OEX : (C6Y EF f0 ABS IR)/(BY AI) 

OM : ORAL IWPOSURE DOSE (bg/kg/day) 
C6Y : CONCtNlRllION OF CHEW% IN GROUNOYAltR (#g/l) 
tF : tXPOSURf FREPUtNCy (day/yr) 
t0 : tXPOSURt OURAllOW (yr) 
ABS : FRRCIION ABSORBEO 
IR : IN6ESIION RRIE (t/day) 
BY : BOOV YEllHI (kg) 
II : IYtRRGING llll~ (days) 

HP : OEXl/RFO 

HP : HAlARD PUOlltNl 
OfXl : HO~CbRCltl061lllC URRL EXPOSURf DOSE [rg/kg/day) 
RFD : REfERwE 00s~ (CHRONIC, ORIL) (mg/kg/dry) 

CR : (OW) (CSF) 

CR : CANCER RISK 
OfXZ : CARCINOGENIC ORAL EXPOSURE 00% (,g/kg/day) 
CSF : CANCER SLOPE FACTOR (ORAL) (#g/kg/day)-*1 

lNlER INPUTS: 

EF (adult) : 
EF (child) : 
EO (adult) : 
t0 (child) : 
ABS (adult) : 
ABS (child) : 
111 (rdult) : 
IR (child) : 
BY (adult) : 
BY (child) : 
All (adult) : 
All [adult) : 
All (child) : 
A12 (child) : 

35Whl 
WdavlYr I 
30(v) 
b(u) 
I 
I 
Z(W) 
W/WI 

W.d 
Nkd 

10950(days) (NONCARC~N~~~NIC) 
mo(days) (CRRC~NU~W 
2190(days) (N~NCIRC~N~~~N~CI 

15550(days) (CRRCINOGENIC) 

i ’ i I 1 I I 



: 
: 

: 
I 

: 
: 

: 
: 

: 
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- 

- 
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_________-__--__________________________-----------------------------------------------.--------------- ____________________------------------------------- 
RISK ASSESSMENT SPREADSHEET: INGESTION OF GRWNDUATER (PAGE ONE) 
SITE NAME: YAW UARHINSTER 
MEDIUH: OFFSITE GROUNDUATER, AZTEC (05-04) 
RECEPTOR(S): ADULT EMPLOYEES 

RELEVANT EQUATIONS: REFERENCES: USEPA, DECEMBER 1989. 

OEX = (CGW EF ED ABS IR)/(BU AT) 

OEX = ORAL EXPOSURE DOSE (mg/kg/day) 
CGU = CONCENTRATION OF CHEMICAL IN GROUNDWATER (mg/t) 
EF = EXPOSURE FREQUENCY (day/v) 
ED = EXPOSURE DURATION (yr) 
ABS = FRACTION ABSORBED 

= INGESTION RATE (L/day) 
;(: = BODY UEIGHT (kg) 
AT = AVERAGING TIME (days) 

HP = OEXl/RFD 

HP = HAZARD QUOTIENT 
OEXl = NONCARCINOGENIC ORAL EXPOSURE DOSE (mg/kg/day) 
RFD = REFERENCE DOSE WHRONIC, ORAL1 (mg/kg/day) 

CR = (OEX2) (CSF) 

CR = CANCER RISK 
OEX2 = CARCINOGENIC ORAL EXPOSURE DOSE (rim/kg/day) 
CSF = CANCER SLOPE FACTOR (ORAL) tmg/kg/day)^-1 

ENTER INPUTS: 

EF (adult) = 250(day/yr) 
EF (child) = O(day/yr) 
ED (adult) = 2%yr) 
ED (child) = 
ABS (adult) = 

ffyr> 

ABS (child) = 
IR (adult) = !(L/day) 
IR (child) = O( l/day) 
BU (adult) = 
EU (child) = F:g; 
AT1 (adult) = 9125(days) (NONCARCINOGENIC) 
AT2 (adult) = 25550(days) (CARCINOGENIC) 
AT1 (child) = 2190(days) (NONCARCINOGENIC) 
AT2 (child) = 2555O(days) (CARCINOGENIC) 
____________________------------------------------------------------------------------.--------------------------- -__________._____--_____________________- 



_______________--__--~-~-------------------------------------------------------- 
RISK ASSESSMENT SPREADSHEET: INGESTION OF GROUNDUATER (PAGE TUO) 
SITE NAME: NAUC UARHINSTER 

’ MEDIUM: OFFSITE GRCUNDUATER, AZTEC (OS-04) 
RECEPTOR(S): ADULT EMPLOYEES 

CHEMICAL CGU RFD CSF OEXl OEX2 
ml/L) ADULT ADULT 

Tetrachloroethene 
Arsenic 
Barim 
Manganese 

.002 le-2 
.0046 3e-4 

.209 7e-2 

.026 5e-1 

5.2e-2 
1.75eO 

1.957e-5 
4.501e-5 
2.045e-3 
2.544e-4 

x 

x 
0 

8 
0 

6.989e-6 
1.607e-5 
7.304e-4 
9.086e-5 

0 

t 
0 
0 
0 

x 
0 

8 
0 
0 
D 

OEXl DEx2 
CHILD CHILD 

i I ! ; I 



RISK ASSESSMENT SPREADSHEET: INGESTION OF GRWNDUATER (PAGE THREE) 
SITE NAME: NAUC UARUINSTER 
MEDIUM: OFFSITE GRCUNDUATER, AZTEC (OS-041 
RECEPTOR(S): ADULT EMPLOYEES 

CHEMICAL 

Tetrachloroethene 
Arsenic 
Bariun 
Hanganese 

TOTAL 

!&LT %LD 

1.957e-3 
1 .SOOe-1 
2.92le-2 
S.OM!e-4 

N/A 
N/A 
N/A 
WA 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
WA 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

1.817e-1 

:ULT 

x 
3.634e-7 
2.813e-5 

0 0 

0 t 

x 

8 

: 

8 

00 

x 
0 

0” 

x 

x 

x 
0 

0” 

8 
0 

0” 

: 

x 
0 

0 2.849e-5 



----_-__-____-------------------------------------------------~---------------------------------------~--------------------------------------------------- 
RISK ASSESSMENT SPREADSHEET: INHALATION OF GROUNDUATER (PAGE ONE) 
SITE NAME: UARMINSTER SITES 1, 2, 3 
MEDIUM: GROUNDWATER (CURRENT) 
RECEPTOR(S): ADULT RESIDENT 

RELEVANT EQUATIONS: 

IEX = Q (S IR EF ED)/(BU AT Ra CF) 

Q = Ds + ((e^(-Ra DT))/Ra) - (e^(Ra (Ds - DT))/Ra) 

IEX = INHALATION EXPOSURE DOSE (mg/kg/day) 
S = VOLATILE CHEMICAL GENERATION RATE (ug/m^3/min) 
EF = EXPOSURE FREQUENCY (days&r) 
ED = EXPOSURE DURATION (yr) 
BW = BODY WEIGHT (kg) 
AT = AVERAGING TIME (days) 
CF = CONVERSION FACTOR (le6 1 ug/m^3 mg) 
Ra = AIR EXCHANGE RATE (l/min) 
Ds = DURATION OF SHOWER (min) 
DT = TOTAL TIME IN SHOWER ROOM (min) 
IR = INHALATION RATE (L/min) 

s= (Cud FR)/SV 

S = VOLATILE CHEMICAL GENERATION RATE (ug/m*3/min) 
cud = CONCENTRATION LEAVING SHOWER DROPLET fug/L) 
FR = SHOWER FLOW RATE (l/min) 
sv = SHOWER ROOM AIR VOLUME (m”3) 

Cud = two Cl - e^((-Kal ts)/60d)l 

Cwd = CONCENTRATION LEAVING SHOWER DROPLET fug/L) 
two = CONCENTRATION OF CHEMICAL IN SHOWER WATER (ug/L) 
Kal = ADJUSTED OVERALL MASS TRANSFER COEFFICIENT (cm/hr) 
ts = SHOWER DROPLET TIME (set) 
d = SHOWER DROPLET DIAMETER (mn) 
60 = CONVERSION FACTOR (cm sec/hr imn) 

Kal = KL((T1 m2/ Ts ml)&-0.5) 

Kal = ADJUSTED OVERALL MASS TRANSFER COEFFICIENT (cm/hr) 
KL = OVERALL MASS TRANSFER COEFFICIENT 

= CALIBRATION UATER TEMP OF KL (K) 
:: = SHOWER WATER TEMPERATURE (K) 
ml = VISCOSITY OF WATER AT Tl (centipoise) 
m2 = VISOCOSITY OF WATER AT Ts (cp) 

REFERENCES: FOSTER AND CHROSTOWSKI, 1987; USEPA, DECEMBER 1989 

KL = l/I(l/Kl) + (R T /H Kg)1 

1: 
= OVERALL MASS TRANSFER COEFFICIENT 
= LIQUID PHASE MASS TRANSFER COEFFICIENT (cm/hr) 

Kg = GAS PHASE MASS TRANSFER COEFFICIENT (cm/hr) 
T = TEMP. CORRESPONDING TO HENRY’S LAU CONSTANT (K) 
R = IDEAL GAS LAY CONSTANT (atm mA3/mol K) 
H = HENRY’S LAU CONSTANT fatm mA3/mol) 

Kl = 20 cm/hr ((44/MW)“O.S) 

= LIQUID PHASE MASS TRANSFER COEFFICIENT (cm/hr) 
:: = MOLECULAR UEIGHT OF CHEMICAL (g) 
(based on Kl for carbon dioxide) 

Kg = 3000 cm/hr ((18/MU)“O.S) 

= GAS PHASE MASS TRANSFER COEFFICIENT (cm/hr) 
:: = MOLECULAR WEIGHT OF CHEMICAL (g) 
(based on Kg for water) 

HP = IEXl/RFD 

HQ = HAZARD QUOTIENT 
IEXI = NONCARCINOGENIC INHALATION EXPOSURE DOSE (mg/kg/day) 
RFD = REFERENCE DOSE (CHRONIC, INHALATION) (ntg/kg/day) 

CR = IEX2 CSF 

CR = CANCER RISK 
IEX2 = CARCINOGENIC INHALATION EXPOSURE DOSE (mg/kg/day) 
CSF = CANCER SLOPE FACTOR (INHALATION) (mg/kg/day)^-1 

! i 
I ! / 



___-____________-___---------------------------------*---------------------------------------------*-------------------- _____-____-----____-______________ 
RISK ASSESSMENT SPREADSHEET: INHALATION OF GRWNDUATER (PAGE TUD) 
SITE NAME: UARHINSTER SITES 1, 2, 3 
MEDIUM: GRWNDUATER (CURRENT) 
RECEPTOR(S): ADULT, RESIDENT 

’ INSERT INPUTS: 

IR = 
BU = 

= 
;; = 
Ra = 
FR = 
sv = 
d= 

= 
;; = 
Ts = 
ml = 
ill2= 
T= 

;,; = 
AT2 = 
CF = 

12(min) 
20(min) 

.0083(miW-1 
lO(l/min) 

2.94(mA3) 
l(mn) 
Z(sec) 

::i::; 
.982&p) 
.mp’ 

.000082(atm m”3hnol K) 
10950idays) (NONCARCINOGENIC) 
2555O(days) (CARCINOGENIC) 

1000000(1 ug/m^3 mg) 

EF = 
ED = 

3.5e2(day/yr) 
3el(yr) 

PRELIMINARY CALCULATION: 

Q= 1.340879(min) 



RISK ASSESSMENT SPREADSHEET: INHALATIDN OF GRWNDUATER (PAGE THREE) 
SITE NAME: UARMINSTER SITES 1, 2, 3 
MEDIUM: GRDUNDUATER (CURRENT) 
RECEPTOR(S): ADULT RESIDENT 

CHEMICAL two MU H RFD CSF IEXI IEX2 HQ CR 

Vinyl chloride 
1,1-Dichloroethene 
1,2-Dichloroethane 
Trichloroethene 
Tetrachloroethene 
Chloroform 
Carbon tetrachloride 
Benzene 
1,2-Dichloropropane 
Pyrene 
l,l-Dichloroethane 
1,2-Dichloroethene 
cIs.-1,2-Dichloroethene 
l,l,l-Trichloroethane 
Trichlorofluoromethane 
Toluene 
Ethylbenzene 
Xylenes 
1,2-Dichlorobenzene 
2-Sutanone 
Di-n-octyl phthalate 
Diethyl phthalate 
Phenanthrene 
Fluoranthene 

TOTAL 3.726e-2 8.583e-5 

(UQ/l) 

1.5 
3 

ai; 
128 

13.8 
16.8 

2 

.i 
8 

1:: 

29:: 

.2 

.f 
24 

.37; 
.3 
.6 

62.5 8.14e-2 
96.94 1.9e-1 
98.96 9.14e-4 

131.39 9.le-3 
165.83 1.53e-2 
119.38 2.88e-3 
153.82 2.3e-2 

78.12 5.5e-3 
112.99 2.31e-3 
202.3 S.le-6 
98.96 4.26e-3 
96.94 4.08e-3 
96.94 4.08e-3 

133.41 3e-2 
137.4 l.le-1 
92.13 6&e-3 

106.16 6.6e-3 
106.16 4.33e-3 
147.01 1.93e-3 

72.1 2.08e-5 
391 1.7e-5 

222.2 1.2e-6 
178.2 2.26e-4 
202.3 6.5e-6 

2.95e-1 
1.75e-1 
9.le-2 

6e-3 
2e-3 

8.le-2 
5.25e-2 

2.9e-2 
l.le-3 

1.43e-1 

3e-1 
2e-1 
le-1 
3e-1 

5.71e-2 
2.9e-1 

6.106e-5 
l.O47e-4 
l.O09e-4 
1.432e-2 
3.597e-3 
4.185e-4 
4.884e-4 
7.317e-5 
3.052e-5 
3.821e-7 
2.659e-4 
9.027e-4 
4.614e-3 
3.079e-4 
9.114e-4 
1.386e-4 
6.572e-6 
6.478e-5 
1.897e-5 
9.621e-5 
4.354e-6 
5.461e-8 
4.388e-6 
4.838e-7 

x 

x 

8 
0 

: 
0 

2.617e-5 
4.488e-5 
4.324e-5 
6.136e-3 

1 -;;:=t 
21093e-4 
3.136e-5 
1.308e-5 
1.637e-7 
l.l40e-4 
3.869e-4 
1.977e-3 
1.320e-4 
3.906e-4 
5.939e-5 
2.816e-6 
2.776e-5 
8.130e-6 
4.123e-5 
1.866e-6 
2.341e-8 
l&le-6 
2.073e-7 

x 

: 

8 

x 

8 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

2.774e-2 
N/A 

1.859e-3 
N/A 
N/A 

1.026e-3 

';a:i: 
2:191e-5 

N/A 
3.322e-4 
3.318e-4 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

7.720e-6 
7.854e-6 
;.93:3:; 

3:083e-6 
1.453e-5 
l.O99e-5 
9.094e-7 

8 

8 

8 

x 

8 

x 

: 

: 

x 

8 

x 

8 

x 



I t f E 3 

____________________------------------------------------------------------------------------------------------------------------------------------- ------- 

RISK ASSESSMENT SPREADSHEET: INHALATION OF GROUNDUATER (PAGE ONE) 
SITE NAME: UARMINSTER SITES 5, 6, 7 
MEDIUM: GROUNDWATER (CURRENT) 
RECEPTOR(S): ADULT RESIDENT 

RELEVANT EQUATIONS: 

IEX = Q (S IR EF ED)/(BU AT Ra CF) 

a = Ds + ((e^(-Ra DT))/Ra) - (e^(Ra (Ds - DT))/Ra) 

IEX = INHALATION EXPOSURE DOSE (n&kg/day) 
S = VOLATILE CHEMICAL GENERATION RATE (ug/m"3/min) 
EF = EXPOSURE FREQUENCY (days/yr) 

= EXPOSURE DURATION (yr) 
:[I = BODY WEIGHT (kg) 
AT = AVERAGING TIME (days) 
CF = CONVERSION FACTOR (le6 1 ug/m^3 mg) 
Ra = AIR EXCHANGE RATE (l/min) 

x; 
= DURATION OF SHOWER (min) 
= TOTAL TIME IN SHOWER ROOM (min) 

IR = INHALATION RATE (l/min) 

S = (Cwd FR)/SV 

;A VOLATILE CHEMICAL GENERATION RATE (ug/m"3/min) 
= CONCENTRATION LEAVING SHOWER DROPLET tug/l) 

FR = SHOWER FLOW RATE (l/min) 
SV = SHOWER ROD+4 AIR VOLUME (m-3) 

Cud = Cwo tl - e*((-Kal ts)/6Od)l 

Cud = CONCENTRATION LEAVING SHOWER DROPLET (ug/t) 
two = CONCENTRATION OF CHEMICAL IN SHOWER UATER tug/l) 
Kal = ADJUSTED OVERALL NASS TRANSFER COEFFICIENT (cm/hr) 

= SHOWER DROPLET TIME (set) 
:= SHOWER DROPLET DIAMETER (mn) 
60 = CONVERSION FACTOR (cm sec/hr nm) 

Kal = KL((T1 m2/ Ts ml)^-0.5) 

Kal = ADJUSTED OVERALL MASS TRANSFER COEFFICIENT (cm/hr) 
KL = OVERALL MASS TRANSFER COEFFICIENT 
;; = CALIBRATION UATER TEMP OF KL (K) 

= SHOWER UATER TEMPERATURE (K) 
ml = VISCOSITY OF UATER AT Tl (centipoise) 
I&? q VISOCOSITY OF WATER AT Ts (cp) 

REFERENCES: FOSTER AND CHROSTOWSKI, 1987; USEPA, DECEMBER 1989 

KL = l/I(l/Kl) + (R T /H Kg)1 

= OVERALL MASS TRANSFER COEFFICIENT 
E: = LIQUID PHASE MASS TRANSFER COEFFICIENT (cm/hr) 
Kg = GAS PHASE MASS TRANSFER COEFFICIENT (cm/hr) 
T = TEMP. CORRESPONDING TO HENRY'S LAW CONSTANT (K) 
R = IDEAL GAS LAW CONSTANT (atm mY/mot K) 
H = HENRY'S LAW CONSTANT (atm m^3/mol) 

Kl = 20 cm/hr ((44/HU)*O.S) 

~1 = LIQUID PHASE MASS TRANSFER COEFFICIENT (cm/hr) 
MY = MOLECULAR WEIGHT OF CHEMICAL tg) 
(based on ~1 for carbon dioxide) 

Kg = 3000 cm/hr ((18/MW)"0.5) 

= GAS PHASE MASS TRANSFER COEFFICIENT (cm/hr) 
; = MOLECULAR UEIGHT OF CHEMICAL (g) 
(based on Kg for water) 

HP = IEXl/RFD 

HQ = HAZARD QUOTIENT 
IEXI = NONCARCINOGENIC INHALATION EXPOSURE DOSE (mg/kg/day) 
RFD = REFERENCE DOSE (CHRONIC, INHALATION) (mg/kg/day) 

CR = IEX2 CSF 

CR = CANCER RISK 
IEX2 = CARCINOGENIC INHALATION EXPOSURE DOSE (mg/kg/day) 
CSF = CANCER SLOPE FACTOR (INHALATION) (mg/kg/day)^-1 



- -- 
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_---_--____-__-___-_____________________--------------------------------------------------------------------~-----------------~--------------------------- 
RISK ASSESSMENT SPREADSHEET: INHALATION OF GRWNDWATER (PAGE ONE) 
SITE NAME: NAWC WARHINSTER 
MEDIUM: OFFSITE GRWNDWATER - WTMA 26 (OS-02) 
RECEPTOR(S): ADULT RESIDENT 

RELEVANT EQUATIONS: 

IEX = Q (S IR EF ED)/(gW AT Ra CF) 

Q = Ds + ((e-t-Ra DT))/Ra) - (e^(Ra (Ds - DT))/Ra) 

IEX = INHALATION EXPOSURE DOSE (mg/kg/day) 
S = VOLATILE CHEMICAL GENERATION RATE tug/m-Urnin) 
EF = EXPOSURE FREQUENCY (days/yr) 
ED = EXPOSURE DURATION (yr) 
gW = BtBY WEIGHT (kg) 
AT = AVERAGING TIME (days) 
CF = CONVERSION FACTOR (le6 t ug/m’3 mg) 
Ra = AIR EXCHANGE RATE (l/min) 

xs 
= DURATION OF SHOWER (min) 
= TOTAL TIME IN SHOWER ROOb.(min) 

IR q INHALATION RATE (t/min) 

S = (Cwd FR)/SV 

S q VOLATILE CHEMICAL GENERATION RATE (ug/m*3/min) 
cud = CONCENTRATION LEAVING SHOWER DROPLET (ug/Ll 
FR = SHOWER FLOW RATE (I/min) 
SV = SHOWER ROOM AIR VOLUME (m-3) 

cud = cue II - e’((-Kal ts)/6Od)l 

Cwd = CONCENTRATION LEAVING SHOWER DROPLET tug/t) 
two = CONCENTRATION OF CHEMICAL IN SHOWER WATER tug/l) 
Kal = ADJUSTED OVERALL MASS TRANSFER COEFFICIENT (cm/hr) 

:= 
= SHOWER DROPLET TIME (set) 

SHOWER DROPLET DIAMETER (n) 
60 = CONVERSION FACTOR (cm sec/hr mn) 

Kal = KL((T1 m2/ Ts ml)*-0.5) 

Kal = ADJUSTED OVERALL MASS TRANSFER COEFFICIENT (cm/hr) 
KL = OVERALL MASS TRANSFER COEFFICIENT 
Tl = CALIBRATION WATER TEMP OF KL (K) 

REFERENCES: FOSTER AND CNROSTOWSKI, 1987; USEPA, DECEMEER 1989 

KL = l/I(l/KL) + (R T /H Kg)1 

KL = OVERALL NASS TRANSFER COEFFICIENT 
Kl = LIQUIO PHASE MASS TRANSFER COEFFICIENT (cm/hr) 
Kg = GAS PHASE MASS TRANSFER COEFFICIENT (cm/hr) 
T = TEMP. CORRESPONDING TO HENRY’S LAW CONSTANT (K) 
R = IDEAL GAS LAW CONSTANT (atm m^3/mol K) 
H = HENRY’S LAW CONSTANT (atm m^3/moI) 

KL = 20 cm/hr ((44/NW)-0.5) 

= LIQUID PHASE MASS TRANSFER COEFFICIENT (cm/hr) 
:l!l = MOLECULAR WEIGHT OF CHEMICAL (g) 
(based on KL for carbon dioxide) 

Kg = 3000 cm/hr ((18/NW)‘0.5) 

= GAS PHASE MASS TRANSFER COEFFICIENT (cm/hr) 
:: = MOLECULAR WEIGHT OF CHEMICAL (g) 
(based on Kg for water) 

HQ = IEXl/RFD 

HP = HAZARD QUOTIENT 
IEXI = NONCARCINOGENIC INHALATION EXPOSURE DOSE tmg/kg/day) 
RFD = REFERENCE DOSE (CHRONIC, INHALATION) (mg/kg/day) 

CR = IEX2 CSF 

CR = CANCER RISK 
IEX2 = CARCINOGENIC INHALATION EXPOSURE DOSE (mg/kg/day) 
CSF = CANCER SLOPE FACTOR (INHALATION) (mg/kg/day)--1 

Ts = SHOWER WATER TEMPERATURE (K) 
ml = VISCOSITY OF WATER AT Tl (centipoise) 
m2 = VISOCOSITY OF WATER AT Ts (cp) 



__________-_----________________________---.-------.--------.-----------------------------------------------------------~--------------------------------- 
RISK ASSESSMENT SPREADSHEET: INHALATION OF GROUNDWATER (PAGE TWO) 
SITE NAME: NAWC WARMINSTER 
MEDIUM: OFFSITE GRUJNDWbTER - WTMA 26 (OS-021 
RECEPTOR(S): ADULT RESIDENT 

INSERT INPUTS: 

;; = 

Ra = 

:- 
12(min) 
20(min) 

.0083(min)'-1 
FR = 
sv = 

lO(l!min) 

d= 2*9%n? 
Z 

:s = 
Z(sec) 

293(K) 
Ts = 318(K) 
ml = .982(cp) 
d= 
T= 

.gg 

R= .000082(atm m'3/nwt K) 
AT1 = 10950(days) (NONCARCINDGENIC) 
AT2 = 25550tdaysys) (CARCINOGENIC) 
CF = lOOOOOO(L ug/m’3 mg) 

PRELIMINARY CALCULATIDN: 

Q= 1.340879(min) 



CHEMICAL H RFD CSF IEXI IEX2 

Tetrachloroethene 2.409e-4 
Trichloroethene 1.439e-3 
l,l-Dichloroethene 2.693e-4 
l,l,l-Trichloroethene 1.320e-3 
l,l-Dichloroethene 3.900e-4 
Arsenic 
garim 8 
Manganese 

8 

8 

I 

x 

x 

: 

x 

x 
0 

8 

x 

8 

8 

: 

20 165.83 1.53e-2 Ze-3 5.62le-4 
110 131.39 9.le-3 1.7e-2 3.358e-3 

96 94 l.Oe-1 
1:: 133'41 - 

1.75e-1 6.283e-4 
- 

98:96 4.2%: I.::-1 
3.079e-3 
9.306e-4 

32F 
2i6 IT';.:: 

1.5el 

41 '55 
le-4 8 
le-4 

x 

8 

i 
0 

8 

8 

x 

x 

i 

8 

x 
0 

8 

8 
0 

__-_----__----__________________________-----------------------------------------------------------------------~------------------------------------------ 
RISK ASSESSMENT SPREADSHEET: INHALATION OF GRCUNDWATER (PAGE THREE) 
SITE NAME: NAWC WARMINSTER 
MEDIUM: OFFSITE GROLJNDWATER - WTMA 26 (OS-021 
RECEPTOR(S): ADULT RESIDENT 

HP CR 

N/A 
N/A 
N/A 

l.O26e-2 
6.508e-3 

N'fJ 
0 

N/A 
N/A 
WA 
WA 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

i:: 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

4.818e-7 
2.446e-5 
4.712e-5 

0 

: 

: 
0 

! 
0 

: 

: 

8 
0 

: 

z 

8 
0 

: 

: 

8 
0 
0 

TOTAL 1.677e-2 7.207e-5 

! ! 





UPPER 95% CDYIOENCE LMIT 01 THE AHITHNETX HEM 

Enter Cheezcal: BenzLalaothracene 
Enter Hatriu: Current lonlterlnq Wells Upgrrdient 

Enter oueber of sarples: b 
Deqrees of Freedoe: 5 

Enter earple results iure II? OL for non-detects) 

Saeple No. 
_____---_- 

8 
9 

10 
I1 
12 
13 
I4 
15 
lb 
17 
16 
19 
20 
21 
22 
23 
24 
25 
2& 
27 
28 
29 
30 

Sarple Results 
________-_-_-- 

5 
5 
5 

17 
5 
5 

(Xi-Wbarkte2 
__________-- 

4 
4 
4 

100 
4 
4 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. tlean: 7 Std. Dev.: 4.898979 

Upper 951 confidence bit an mean: 12.142 
Representative 
Concentration: 12.142 



IJPPER 9X CONFIOENCE LIHIT ON THE ARlTHWfTlC FIEAN 

Enter Eherical: Renzolblf luaranthene 
Enter tlatrix: Current Ronitorinq Nell5 Upgradient 

Enter nurber of samples: 5 
Deqrees of Freedom: 4 

Enter sarple results Luse 112 DL far non-detects, 

Sarple No. 
------e--m 

1 
2 
3 
4 
5 
b 
1 
8 
9 

10 
11 
12 
13 
I4 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
36 

Arith. Hean: 

Sarple Results 
-----_________ 

5 
5 

52 
5 
5 

(Xi-IbarW2 
-_---------- 

88.3b 
88.36 

1413.7b 
88.36 
88.36 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

: 

14.4 Std. Dev.: 21.019D4 

Upper 95L confidence lirit on rean: 40.4944 
Representative 
Concentratzon: 40.4944 



UPPER 951 CONFTOfNCE LMIT OH THE RRTTHHETIC HEAN 

Enter Chemical: fienzuiq,h,ilpervlene 
Enter Matrix: Current tlonitoring Yells Upgradient 

Enter nurber of sarples: 5 
Deqrees of Freedor: 4 

Enter sample results (use 112 OL for non-detectsi 

Sarple No. 

8 
9 

10 
I1 
12 
13 
14 
15 
16 
17 
18 
19 
2t 
21 
22 
23 
24 
25 
26 
27 
28 
29 
SO 

Saaple Rem1 ts 
______---_---- 

5 
5 

20 
5 
5 

(Xi-Xbar)**2 
____________ 

9 
9 

144 
9 
9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. Mean: 8 Std. Dev.: 6.708204 

Upper 952 confidence lirit on lean: lb.328 
Representattve 
Concentration: lb.328 



UPPER 951 CONFIOENCE LIHIT ON THE ARITHRETIC NERN 

Enter Cherical: Benzolalprrene 
Enter Matrix: Current llonitorinq kells Upqradient 

Enter aurber af sarples: 5 
Oeqrees of Freedar: 4 

Enter sample results (use Ii2 DL for non-detects) 

Barple No. 
---------_ 

1 
2 
3 
4 
5 
h 
7 
8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Sample Reaul ts 
----------__-_ 

5 
5 

24 
5 
5 

(Xi-Xbarlw2 
------------ 

14.44 
14.44 

231.04 
14.44 
14.44 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. Wean: 6.8 Std. Dev.: 8.497058 
Representative 

Upper 9% confidence lirit on rean: 19.3488 Concentration: 19.3488 

i : i i I I I I i I ! 1 



UPPER 95X CONFIDENCE LIMT ON THE GRlTHllETlC flEAN 

Enter Chemical: Rutylbenzyl phthalate 
Enter llatrix: Current tlonitormq llells Upgradient 

Enter nurber of sarples: b 
Degrees of Freedor: 5 

Enter sarple results luse 112 DL for non-detects) 

Sarple No. 
___-_----- 

1 
2 
3 
4 
5 
h 
7 
8 
9 

IO 
II 
I2 
I3 
I4 
I5 
16 
I? 
I8 
19 
20 
21 
22 
23 
24 
25 
2b 
27 
28 
29 
30 

Sarple Results 
-------------- 

5 
5 
5 
5 

.4 
5 

Arith. Mean: 4.233333 

IXi-XbarM2 
_-_-m-e----- 

.5877778 

.5877178 

.5877778 

.5877778 
14.&9444 
.5877778 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Std. Dev.: 1.077942 
Representative 

Upper 9% confidence liait on rean: 6.264433 Concentration: 5 



iIPPER 95% CONFIDfffCE LIMT ON THE BRITHt4ETIC IELN 

Enter Cherical: Carbon tetrachloride 
Enter tlatrix: Current llonitorinq tfelle Upgradient 

Enter number of samples: 15 
Degrees of Freedoe: I4 

Enter sample results (use 112 DL for non-detecte) 

SaepIe No. 
---------- 

1 
2 
3 
4 
5 
b 
7 
8 
9 

IO 
I1 
12 
13 
I4 
15 
14 
I? 
I8 
I9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Saeple Results (Xi-XbarMe2 

b 
2.5 

.5 
2.5 

.5 
2.5 

.5 

.5 
2.5 

.5 
2.5 

.: 

1.521111 
.58777?8 
.5877?78 
17.92111 
.53717?8 
I .A04444 
.537???8 
1.604444 
.53???78 
1.604444 
I. b04444 
.5377778 
1.604444 
.537?778 
1, bO4444 

0 
0 
0 
0 
0 
0 
0 
0 
0 

tith. tleanl 1.7b&&&? Std. Dev.: 1.533747 
Reoresentative 

Upper 952 confidence llelt on wan: 2.blb112 Concentration: 2.616112 

1 1 \ 



iIPPfR 9553 CONFIDENCE LIMT UN THE ARITHtlETIC REIN 

Enter Cherical: Chloroforr 
Enter Hatrir: Current Ronitorinq Yells Upgradient 

Enter nurber of sarples: 15 
Deqrees of Freedno: I4 

Sample No. 
---------- 

1 
2 
3 
4 
5 
b 
7 
a 
9 

IO 
II 
I2 
13 
I4 
I5 
I6 
I? 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Sarple Results 
_________----- 

4 
2 
2 
b 

2.5 
.5 
.5 
.5 

.25 
.5 
.5 

2.5 
.5 

2.5 
.5 

(Xi-XbarJtt2 
v--e-------- 

5.366944 
.1002778 
.I002778 
18.63361 
. bbb9444 
I .40027a 
1.400278 
1.400278 
2.054444 
I. 400278 
1.400278 
. Mb9444 
1.400278 
Ah9444 
1.400278 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. llean: 1.683333 Std. Deu.: 1.648773 

Enter saeple results (use I/2 DL for non-detects) 

Representative 

Upper 95X confidence lieit on mean: 2.596484 Concentration: 2.59b484 



UPPER 95% CONFIDENCE LIMT ON THE ARlTHlfETIC AEAN 

Enter Cherical: Chrvsene 
Enter Matrix: Current tionitoring Yells Upgradient 

Enter nurber of sarples: h 
Degrees of Freedoa: 5 

Enter sarple results luse l/2 I!L for non-detects1 

Sarple No. 
_--------- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
I2 
13 
14 
15 
lb 
I7 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Arith. Hem: 

Sarple Results (Xi-Ybarltt2 
-------------- ____---^--_- 

5 17.36111 
5 17.36111 
5 17.36111 

30 434.0278 
5 17.36111 
5 17.36lll 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

9.lbbbb7 Std. Dev.: 10.20621 
Representative 

Upper 951 confidence Imit on rean: 19.87917 Concentratzon: 19.87917 

i , 



UPPER 95X CONFIDENCE LllIT UN THE ARITHtlETIC t!EAN 

Enter Cheeical: 
Enter llatrix: 

DlbenzIa.hlanthracene 
Current lonitoring Wells Upgradient 

Enter nueoer of samples: 5 
Degrees of Freedor: 4 

Enter sarple results (use l/2 DL fnr non-detects) 

Sarple No. Sarple Reeults 
-_________ _------------- 

1 5 
2 5 
3 5 
4 5 
5 5 
b 
7 
8 
9 

IO 
11 
12 
I3 
14 
15 
lb 
I? 
18 
I9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Irith. lean: 5 Std. Dev.: 

I Upper 95X confidence lirit on mean: 

(Xi-Xbarltt2 
________---- 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
Representative 

5 Concentration: 5 



UPPER 95% CONFIDENCE LMIT ON THE GRITH#ETIC tlELN 

Enter Cherical: l.l-Oichloroethane 
Enter llatriw: Current llonltorinq Yells Upgradient 

Enter nurber of sarples: 15 
Degrees of Freedea: 14 

Enter sanple results fuse l/2 DL for m-detects) 
I 

I Sample No. 
---------- 

1 
2 
3 
4 
5 
h 
7 
8 
9 

IO 
II 
I2 
I3 
14 
15 
lb 
I7 
18 
I9 
20 
21 
22 
23 
24 
25 
2b 
27 
28 
29 
30 

Sarole Results (Xi-XbarMt2 

.5 

.5 
8 
b 

2.5 
.5 

2.5 
.5 
2 

.f 

.5 
2.5 

.5 
2.5 

.5 

2.25 
2.25 

3b 
lb 

.25 
2.25 

-25 
2.25 

0 
2.25 
2.25 

.25 
2.25 

.25 
2.25 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. llean: 2 Std. Dev.: 2.251983 
Representative 

Upper 95X confidence lirit on wan: 3.247231 Concentration: 3.247231 

i ! I 



UPPER 95% CONFIDENCE LIMT ON THE RRITHRETIC UEAN 

Enter Cherical: I.l-Dichloroethene 
Enter llatriu: Current Ronitorinq Uells Upgradient 

Enter number of sarples: 15 
Deqrees of Freedor: 14 

Enter sample results (use II? DL for non-detects1 

Sarple No. Sasple Results 

8 
9 

IO 
II 
I2 
I3 
14 
15 

.5 

.J 
8 
b 

-5 A.4 

.5 
2.5 

.5 
2 

.5 

.5 
2.5 

.5 
“5 
L*J 

.5 
16 
I? 
I8 
19 
20 
21 
22 
23 
24 
25 
2b 
27 
28 
29 
30 

(Xi-Xbarlaa2 
______------ 

2.25 
2.25 

36 
lb 

.25 
2.25 

*5 
2:;5 

0 
2.25 
2.25 

.25 
2.25 

.25 
2.25 

0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 

Irith. llean: 2 Std. Oev.: 2.251983 
Reoresentative 

Upper 95X confidence Iirit on Lean: 3.247231 Concentration: 3.247231 



UPPER 95% CONFIDENEE LIRIT DN THE RRITHHETIC HEAN 

Enter Chemical: cis-l.2-Dichloroethene 
Enter Matrix: Current llonltorinq Yells Upgradient 

Enter nurber of samples: IO 
Degrees of Freedns: 9 

Enter saaole results luse l/2 OL for non-detects) 

Sarple No. 
---------- 

I 
2 
3 
4 
5 
h 
7 
8 
9 

IO 
II 
I2 
13 
14 
I5 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Saaple Results 

.5 

.5 
2 

45 
.5 
.5 
.5 
.5 
.5 
.: 

(Xi-XbarIat2 
------------ 

2l.lb 
21.16 
9.61 

1592.01 
?l.lb 
21.lb 
21.16 
2l.lb 
21.lb 
21.16 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. lean: 5.1 Std. Dev.: 14.02735 
Representative 

Upper 95X confidence limit on rean: 15.13387 Concentration: 15.13387 



UPPER 952 CONFlOENCE LlHlT ON IHE ACllHtfETlC HEbN 

Enter Cherical: trans-1.2-Dichloroethene 
Enter ffatrix: Current flonitormq Yells Upgradient 

Enter number of sarples: 10 
Degrees uf Freedor: 9 

Enter seeole results (use l/2 DL for mm-detects) 

Saeple No. 
__-------- 

6 
9 

10 
I1 
12 
13 
14 
15 
I6 
17 
LB 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Sarple Results (Xi-XbarW2 

Arith. Hear: 1.2 Std. Dev.: 

Upper 951 confidence liait on bean: 

.49 

.49 
A 

23.04 
.49 
.49 
.49 
.49 
.49 
.49 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-0 
0 
0 
0 
0 
0 
0 

1.751190 

2.452639 
Hepresentatirr 
Concentration: 2.452639 



#PER 95% CONFIOENCE LllfIT (1N THE RRITHnETIC tlEAl 

Enter Chericalt Diethyl Dhthalate 
Enter ffatriu: Current Ifonitorinq Wells Upgradient 

Enter nurber af sarples: h 
Degrees of Freedoe: 5 

Enter samole results (use 112 DL for non-detects) 

Sarple ND. 
_--------- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 

Arith. Hean: 4.2 Std. Dev.: 1.959592 

Sargle Rssul ts 
____---_______ 

5 
5 
5 
5 
5 

.2 

Iii-XbarJte2 
---m--e----- 

.64 

.64 

.u 

.b4 

.64 
16 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Reore5entatiue 
Upper 9% caafidence liait (III aem: 6.2568 Cancentratim: 5 



WER ?5X CONFIDENCE LItlIT ON THE ARlTHlfETlC #ElN 

Enter Cherical: Di-n-octyl ehthalate 
Enter ilatriu: Current lonitcrirg Hells Upgridlent 

Enter nueber of samples: 5 
Degrees of Freedor: 4 

Enter eaeole results (use I/? DL for non-detects) 

Sanple No. 
---------- 

1 
2 
3 
4 
5 
b 
7 
8 
0 

10 
I1 
12 
13 
I4 
I5 
16 
17 
16 
19 
211 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

tkith. Mean: 

Saeple Results 
___________--- 

5 
5 
1 

.6 
5 

[Xi-YbarIet2 
____---_---- 

2. b8Pb 
2.6Wb 
5.56% 
b.5536 
2.6896 

0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 
6 
0 
u 
(r 
0 
0 

3.;b Std. Dev.: ,2.246715 
Representative 

Upper 952 confidence lieit on Bean: 6.149243 Crmcentratiao: 5 



rIPPER 951 CONFIDENCE LItlIT UN THE ARlTh?lETIC HEAN 

Enter Chemcal: Flueranthene 
Enter Matrix: Current Honitorlnq; if0115 Upgradient 

Enter nurber of saapler: b 
Degrees of Freedar: 5 

Enter saeale results (use I/? DL for non-detects1 

Sarple No. 
---------- 

1 
2 
3 
k 
5 
b 
1 
6 
9 

10 
II 
12 
13 
14 
15 
IL! 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

27 
20 
29 
30 

Arith. tlean: 

Sarple Result5 
______________ 

5 
5 
5 

16 
5 
5 

Ui-#bar)**2 
------------ 

4b.61444 
4b.69444 
4b.69444 
llb7.3bl 
4b.69444 
46.69444 

Y 
6 
0 
0 
0 
ll 
0 
0 
0 
0 
ir 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 

II .a3333 Std. DEV.: lb.73818 
Rewesentative 

Upper 95Y confidence lieit nr eean: 2’1.46183 Concmtration: 2?.401& 



UPPER 951. CONFIDENCE LItllT ON THE IRITHHETlC HEGN 

Enter Chericai: lodenotl,2,3-c,dlpvrene 
Enter Matrix: Current tlonitaring Yells Upgradieat 

Enter nurber of saeples: 5 
Degrees of Freedor: 4 

Enter sample results (use 112 DL for non-detects) 

Sarple No. 

3 
4 
5 
b 
! 
8 
9 

10 
11 
12 
13 
14 
15 
lb 
I7 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 

Sample Results 
--------- _‘---- 

5 
5 

20 
5 
5 

[Xi-XbarM2 
___--------- 

9 
c 

144 
9 
9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. I+ean: 6 Std. Dev.: 6.708204 

Upper 951 confidence lirit no aean: lb. 328 
Representat!ve 
Concentratwn: 16.32a 



UPPER 951 CONFIDENCE LIIiIT ON THE RRITMETIC HEPN 

Enter Chemical: Phenanthrene 
Enter Matrix: Currest Nonitormq Yells Upgradient 

Enter nurber of sarples: b 
Deqrees of Freedor: 5 

Enter sasple results fuse l/2 DL for non-detects) 

Sample In. 
---_------ 

1 
2 
3 
4 
5 
6 
1 
8 
9 

IO 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

SarpIe Reeulte (Xi-Xbarltt2 
--------_--___ ------------ 

5 4 
5 4 
5 4 

17 100 
5 4 
5 4 

d 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 

Arith. Hean: 7 Std. Dev.: 4.898979 
Representative 

Upper 952 confidence liait on Bean: 12.142 Concentration: 12.142 



UPPER 95X CONFIDENCE LINIT ON THE PRlTHtfETIC #ERN 

Enter Cherical: Pvrene 
Enter Natrixc Current tlonitoring Yells Upqradleot 

Enter number of eaeples: h 
Degrees of Freedom: 5 

Enter saaple results fuse 112 DL for non-detects1 

Staple No. 
-----_---- 

2 
3 
4 
5 
b 
7 
8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
20 
29 
30 

Saeple Results 
-------------- 

5 
5 
5 

35 
5 
5 

IXi-XbarM2 
_______----- 

25 
25 
25 

b25 
2s 
25 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
II 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

dritb. Nean: 10 Std. Dev.: 12.24745 
Fiepresentrtive 

Upper 951 confidence lieit on rean: 22.855 Concentration: 22.055 



UPPER 95% CONFIDENCE LIRIT OR THE ARlTHWETIC MEAN 

Enter Chemical: Tetrachloroethene 
Enter Matrix: Current Honitorinq Yells Upgradient 

Enter nueber of sarules: 15 
Deqrees of Freedoe: 14 

Enter sarple results fuse li2 DL far non-detects) 

9 

Saaple No. 
---------- 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2b 
27 
28 
29 
30 

.5 
.5 

2.5 
.5 

1.5 

iii-lbarlli2 
------------ 

12.25 
110.25 

"5 
14042:;5 

ai 
121 
61 

121 
90.25 

121 
121 
81 

121 
100 

110.25 
0 
0 
0 

x 
0 
0 
0 
0 

Rrith. Rean: 11.5 Std. Oev.: 33.07297 

Saaple Results 
-------------_ 

15 

12 
130 
2.5 

.5 
2.5 

.5 

Representative 
Upper 951 confidence linit on aean: 29.81702 Concentratlan: 29.81702 



UPPER 95X CONFIDENCE LIMIT ON THE ARITHNETIC REIN 

Enter Cherical: I,l,l.-Trichlaroethane 
Enter Matrix: Current lonitorlnq Yells Upgradient 

Enter nueber of samples: 15 
Degrees of Freedom: 14 

Enter raeple results fuse 112 DL far non-detects1 

Saeple No. 
_--------- 

1 
2 
3 
4 
5 
b 
1 
a 
9 

10 
11 
1; 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
26 
29 
30 

Arith. Ifern: 

Sarple Results 

.5 

.5 
13 
6 

2.5 
.5 

2.5 
.5 
b 

.f 

.5 
5 

.5 
2.5 

.5 

2.76Ml Std. Dev.: 3.504419 

(Xi-Xbarltt2 
------------ 

5.137778 
5.131770 
104.7211 
10.45444 
.U?11111 
5.137778 
.O?lllll 
5.137770 
10.45444 
5.137778 
5.137778 
4.907778 
5.137770 
.O?llllI 
5*13???8 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
II 
0 
0 
0 

Representative 
Upper 95% confidence liait an reaa: 4.707542 Concentration: 4. JO7542 



UPPER 95% CONFIOENCE LIfiIT ON THE ARITHHETIC tiEAN 

Enter Cheaical: Trichlaroethene 
Enter Hatrir: Curreat tionitoring Yells Upgradient 

Enter nuaber of sarples: 15 
Degrees of Freedoa: 14 

Enter sanple results (use 112 DL far non-detects) 

Sample No. 
---------- 

1 
2 
3 
4 
5 
b 
7 
6 
0 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Saaple Reinlts 

20 
14 
47 

75 . . 
.5 

2.5 
.5 
.5 
.5 
.5 

2.5 
.5 

2.5 
.5 

.0544444 
175.1211 
52.32111 
lblR.721 
16.20444 
39.27111 
18.20444 
39.27111 
39.27111 
39.27111 
39.27111 
18.20444 
39.27111 
18.20444 
39.27111 

a 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. Hean: Llbhbhi Std. Dev,: 12.51837 
Representative 

Upper 95% confidence llrit on nean: 13.69980 Concentration: 13.69980 



I 

7” 



UPPER 95% CONFIDENCE LMIT ON THE ARITHNETIC HERN 

Enter Cheaical: Brsenic 
Enter llatrix: Unfiltered Groundwater. Upgradient 

Enter number of eaeples: 15 
Degrees of Freedoa: 14 

Enter earple results fuse 112 DL far non-detects) 

Saaple No. 
_..__._... 

1 
2 
3 
4 
5 
b 
7 
8 
9 

10 
11 
12 
13 
14 
15 
I6 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2b 
27 
20 
29 
30 

Saaple Results 
. . . . . . . . . . . . . . 

2. 1 
4.1 

4 
3.1 

3.5 

IXi-Xbar)feZ 
___..___.... 

.&I88444 
.blBtl444 
.0981?78 
5.351511 
4.8W44 
1.724844 
.6168444 
.blB8444 
A186444 
.6188444 
.blR8444 
.6188444 
.A108444 
.6188444 
2.935511 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. Ifrant 1. JBbbb? Std. Dev.: 1.230486 
Repre5entitive 

Upper 95% confidence lialt an rean: 2.460155 Concentration: 2.4bB155 

i i I I 



#PER 95% CONFIDENCE LIMIT ON THE ARITMETIC RERN 

Enter Chemical: Bariur 

Enter lfatrk: Unfiltered Groundwater. Upgradient 

Enter nurber of sarples: 15 
Degrees of Freedor: I4 

Enter sarple results fuse 112 DL far non-detect61 

Sarple No. 
. . . . . . . . . . 

1 
2 
3 
4 
5 
b 
7 
B 
9 

10 
11 
12 
13 
14 
15 
lb 
I? 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Saaple Resul te 
. . . . . . . . . . . . . . 

362 
108 
580 
84 

250 
183 
96 

250 
184 
650 
302 
250 
bb 

400 
136 

[Xi-Xbarlee2 
. . . . . . . . . . . . 

10281.96 
23206.76 
107190.8 
31187.5b 

112.36 
b021.76 

27093.16 
112.36 

5867.56 
151632.4 
1713.96 
112.36 

37869.16 
19432.36 
15525. lb 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
iJ 
0 

Rrith. tlean: 260. b Std. Dev.; 176.7b45 
Representative 

Upper 952 confidence Iiait on mean: 35B.4986 Concentration: 358.4986 



UPPER 95% CONFIDENCE LIRlT ON THE ARITHHETIC NERN 

Enter Chemical: Calciur 
Enter llatrir: Unfiltered Groundwater, Upgradient 

Enter ourber of eaeples: 15 
Degrees of Freedoa: I4 

Enter earple results lure 112 DL for non-detect51 

Sarple No. 
. . . . . . . . . . 

1 
2 
3 
4 
5 
b 
7 
8 
9 

10 
11 
12 
13 
I4 
15 
lb 
17 
lb 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Sarple Hew1 te 

54OQO 
49200 
48700 
93800 
49500 
54600 
28100 
12500 
25100 
10000 
17200 
6500 

ioaoo 
15000 
12600 

[Xi-XbarMt2 
. . . ..-...... 

4.619beS 
2.7867eB 
2.6222eB 
3.7569e9 
2.8877e0 
k.EElZe6 
19418711 
4.0027eS 
5485871 I 
5.0655eE 
2.3429e8 
6.7635e0 
4.7118eE 
3.0648e6 
3.962Be8 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Prith. lean: 32506.61 Std. Dev.: 24788.09 
Representative 

Upper 95% confidence liait an Bean: 46235.22 Concentration: kb235.22 



UPPER 95% CONFIDENCE LIMT ON THE ARITHtIETIC MEAN 

Enter Cherical: Cadmiur 
Enter Matrix: Unfiltered Groundwater, UpgradiEnt 

Enter nuaber of saaples: 15 
Degrees of Freedor: 14 

Enter saeple resuIt5 1~6~ l/2 DL far non-detects) 

Saeple No. 
.-........ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
lb 
I? 
18 
19 
20 
21 
22 
23 
24 
25 
2b 
27 
28 
29 
30 

Arith. ifean: 

Sarple Results IXi-Xbartit2 

1.5 
1.5 
1.5 
1.5 

2 
1.5 

4 

.1111111 

.1111111 

.1111111 

.1111111 
1.361111 
.027???0 
.1111111 
4.694444 
.o2????B 

I 
1.5 

1 
2.5 

1 
2 

.6944444 

.1111111 

.6944444 

.4444444 

.6944444 

.O2????B 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1.833333 Std. Dev.: .81649bb 
Representative 

Upper 95% confidence liri t an aean: 2.285539 Concentration: 2.285539 



#PER 95% CONFIDENCE LIMT ON THE ARITH#ETIC #EAN 

Enter ChEricaI: Chraelue 
Enter Hatrix: Unfiltered Groundrater, Upgradient 

Enter auaber of raaples: 15 
Degrees of Freedoe: 14 

Enter saeple results fuse l/2 DL far non-detects) 

Saaple No. 
. . . . . . . . . . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

IO 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2b 

27 
28 
29 
30 

Saaple Results IXi-Xbarlfr2 

6.5 
58 

5.5 
b 

34 
12 

15.: 
10 
5 
5 

2.5 

b.5 

6 
2.5 

27.36118 
2140.604 
38.85444 
32.87111 
495.8044 
.OJlllll 
14.16778 
3.004444 
45.33178 
45.33778 
85.25444 
115.2044 
27.36778 
32.87111 
85.25444 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. Hean: II. 73333 Std. Dev.: 15.69366 
Representative 

Upper 95% confidence lieit an man: 20.09272 Concentration: 20.09272 



#‘PER 95% CLINFIIIENCE LI#Il ON THE ARlTHlfEIIC IlEAN 

Enter Cherical: Cohal t 
Enter Matrix: Unfiltered Groundwater, Upgradient 

Enter nurber of 55rples: 15 
Oegree5 of Freedor: I4 

Enter 5aeoIe re5ultr (use l/2 DL for non-detect51 

Sample No. 
___------- 

I 
2 
3 
4 
5 
6 
7 
0 
9 

10 
I1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
26 
29 
30 

Pritb. Mean: 

Saeple I&u1 ts 

b.5 

6 

3 
3 

15 
7.5 

4 
9 
7 
6 

5.5 
3 

16 
I1 
3 

7.166bbl Std. 6ev.: 4.160472 

(Xi-lbarl552 
------------ 

.4444444 
1.361111 
17.36111 
17.36111 
61.36111 
.1111111 
10.02778 
3.361111 
.0277776 
A944444 
2.777770 
17.36111 
76.02178 
14.69444 
17.36111 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Representative 
Upper 95% confidence lieit on Lean: 9.470660 Concentration: 9.470666 



i!#ER 951 CONFlDEYCE LI#lT ON THE .WlTHHETlC HERN 

Enter Chericrl: copper 
Enter Matrix: Unfiltered Grwndwatef, Upgradient 

Enter nurber of raeples: 15 
Degrees of Freedoe: 14 

Enter sarple results iuse l/2 DL for non-detects) 

Sarple No. 
---------- 

Sarple Results Ui-Xbarltt2 

1 7.5 
2 is * 5 
3 37 
4 2.5 
5 32 
6 
7 
a 
9 

10 
11 
12 
13 
14 
15 
16 
67 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Prith. than: 19.1 Std. DEV.: 25.43142 

3.5 
56 
4 

95 
9 

12.5 

12.5 
4.5 

134.56 
275.56 
320.41 
215.56 
166.41 
146.41 
243.36 
954.81 
228.01 

5760.81 
102.01 
43.56 

146.41 
43.56 

213.16 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 

Representative 
Upper 951 confidence lirit m eean: 33.16485 Concentration: 33.18485 



UPPER 952 CONFIDENCE LItfIT ON THE ARIlHHEilC HEM 

Enter ChEeiCal: Iron 
Enter fktrix: Unfiltered 6roundrater, Upgradient 

Enter nUebEr of SaBplES: 15 
DEgrEeS Of FrEEdOe: 14 

Enter sample results be 112 OL for non-detectsl 

Saeple No. 
---------- 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
I5 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
36 

SaiplE RE5UltS 
-__-_-________ 

8900 
422 

7200 
3510 

35000 
19800 
4590 

12900 
5900 

18000 
3710 
5000 

15406 
15000 
2470 

Arith. Mean: 10525.47 Std. DEV.: 

(Xi-Ybar)eeZ 
------------ 

2642142. 
1.0209E8 
11058729 
49216773 
5. wooE8 
86016969 
35229765 
5638409. 
20661267 
55868649 
46450586 
30530782 
23761075 
20021449 
64890543 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

9075.359 

Upper 951 canfidence lieit on reao: 15551.73 Concentration: 15551.73 



UPPER 952 CONFIDENCE LINIT ON ThE RRITHHETIC NEAN 

Enter ChEekal: Lead 
Enter Matrix: Unfiltered Groundwater, UpgradiEnt 

Enter IIUebEr af sarples: 15 
I)EgreE5 of Preedor: 14 

Enter SeBplE rESUltS (USE l/2 DL for non-dEtECtSi 

SalpiE No. 
____----_- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
I6 
17 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2& 
29 
30 

Sample Results (Xi-Ibar)** 

i.15 
.9 

4.2 
5.2 
150 

4 
5.6 
23 
3 
5 

II r ;.L 
1 

10.2 
3.5 
4.2 

ikith. Hean: 14.87b67 Std. Rev.: 

188.4214 
195.3472 
113.9912 
93.63788 
18258.32 
118.3019 
06.05654 
65.98854 
141.0552 
97.54854 
160.6979 
192.5619 
21.87121 
129.4285 
113.9912 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
ir 
0 

37.77491 

35.79780 
REprESEntatIve 
Concentration: Upper 95X confidence lirit on rem 35.79780 



ilPPER 951 CDYFIDERCE LMT ON THE ARITHNETlC IEAN 

Enter Cherical: nagnesi ue 
Enter lfatriu: Unfiltered bfwndwater , Upgradient 

Enter number of samples: 15 
DEgfEES Gf FrEEdIM: 14 

Enter Saeple results Luse 112 DL for non-detects) 

Sarple No. 
---------- 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

SalpiE AE5liltS 

24500 
17300 
22500 
12300 
9750 

31400 
11500 
4100 

10200 
2000 
5810 
2000 
6500 
2706 
4310 

(Xi-XbarW2 
------------ 

1.7890~8 
38134742 
1.2940~0 
1381408. 
1889708. 
4.1109~8 
140875.1 
49345942 
855008.4 
83259542 
28245682 
83259542 
21387542 
70975008 
4b439b82 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Prith. llean: 11124.67 Std. DEV.: 9D42.367 

Upper 951 confidence lieit on scan: 16132.66 
Representative 
Concentration: 16132.66 



UPPER 95% CONFlDENCE Lltill ON THE IRlTHHETlC liEAN 

Enter ChEsiCal: Manganese 
Enter Ratrix: UfiflftEfEd 6rounduatEf, Upgradient 

Enter number af samples: 15 
DEqrEE5 Df FfEEdOi: I4 

Enter sarpte results (use 612 DL for non-detects) 

Sarple No. 
---------- 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
26 
29 
30 

Sarple Rerultr 
--_----------- 

974 
89 

973 
80 

2000 
4830 

107 
500 
352 

4000 
1290 
450 

1680 
3000 
213 

[Xi-WbarI552 
___e-------- 

156183.0 
1638912. 
156974.4 
1662037. 
397908.6 
11977137 
1593149. 
755508.b 
1034696. 
6921109. 
6272.64 

844928.6 
96596.64 
2659509. 
1336798. 

0 
0 
0 
0 
a 
0 
0 
0 
0 
a 
0 
0 
0 
0 
0 

Arith. Hean: 1369.2 Std. DEV.: 1493.742 
ftEPfESEfkatiVE 

Upper 951 confidence lirit on Bean: 2196.489 Concentratisn: 2196.489 

I I I I 



UPPER 95’l CONFIDENCE LlWlT ON THE RRITHIETIC lIEtIN 

Enter Cherical: Nickel 
Enter HatriX: Unfiltered fifwndwatef, Upgradient 

Enter nurber of sarples: 15 
gEgfEE5 Of FrEEdOr: I4 

Enter 55lplE fESUlt5 (USE 112 DL for niWdEtECt5) 

Sarple No. 
---------- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

SllplE RE5Id t5 
___-__---- ---- 

19 
18 

B.5 

30 
28 

13.5 
4fJ 

8.5 
40 
19 
5 

26 
40 

8.5 

(Xi-Ibar)** 
------------ 

3.484444 
8.217778 
152.9344 
140.8178 
83.41770 
50.88444 
54.26778 
366.0844 
152.9344 
366.0844 
3.484444 
2S1.7511 
26.35111 
366.0044 
152.9344 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. Ilean: 20.86667 Std. DEV.: 12.47779 
REflfESEntltiVE 

Upper 952 confidence lirit on Lean: 27.77732 Concentration: 21.77732 



UPPER 95% CONFlDENCE LlnlT ON THE PRlTH#ETlC ilEAN 

Enter Cherical: Potas5iu 
Enter ktriu: Unfiltered fifaundwater, UpqfadlEnt 

Entt?f nU5bEf Of sarples: 15 

DEgfEE5 of ffeedos: I4 

Enter 5arpie rE5ults (USE l/2 IIL for non-detects) 

Sample No. 
-----me--- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
I4 
If 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Arith. tiean: 

!hple Re5Ult5 
-------------- 

2890 
1450 
2380 
8690 
2500 
4520 
5370 
2500 
1820 
1000 
BOO 

1000 
2860 
2000 
940 

2714,bbl Std. 0EV.l 2102.325 

(Xi-XbarM2 
_______-_-__ 

30741.78 
1599382. 
112001.8 
35704608 
46081.78 
3259228. 
7050795. 
46081.78 
800428.4 
2940082. 
3665948. 
2940082. 
21121.78 
510748.4 
3149442. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
a 
0 
0 
0 
0 

REpfE5i?fkatlVE 

UppEr 9% COnfidEfiCE lifiit on bean: 3679.011 Concentrdtion: 3879.011 

1 ! I 1 ! 1 I j j 



UPPER 95X CONFIDENCE LItlIT ON THE ARIIHNETIC tIEA 

Enter ChEliCdl: Sodiur 

Enter NatriG Unfiltered l%OUndUdtEf, Upgradient 

Enter MbEr of sacples: 15 
DeqfEE5 of freedom: 14 

Enter sample result5 iuae 612 DL for nOWdEtECt5) 

Sarple so. SdkplE Result5 (Wi-XbarMt2 

1 
2 
3 
4 
5 
b 
7 
8 
9 

IO 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

14200 
20600 
12200 
48200 
11000 
55900 
19600 
5000 

10300 
3700 
b980 
4500 
9100 
5000 

10900 

2598544 
22924944 
13046544 
6.0490E9 
23155344 
1.6070~9 
14348944 
1.1690~8 
30382144 
1.4b70e8 
78004224 
1.2796~8 
45050944 
1.1690~8 
24127744 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. tlean: 15812 Std. Dev.8 15625.37 

Upper 95X COnfldEnCE lirit on rean: 24465.90 
REprE5EntatiVE 
Concentration: 24465.90 



iJPPER 95Y CONFIGENCE LlMT ON THE ARITHNETIC tIEIN 

Enter ChEeical: Vanadium 
Enter lhtrir: UofiltErEd 6roundwatEr, Upgrrdient 

Enter eU5bef of samples: 15 
gEgrEE5 Of FrEedoI: 14 

Enter 5d@E result5 (USE 1/2 DL for non-detect51 

Sarple No. 
-------*-- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

SeepIE fieSult5 (Xi-lbarM2 

11 
2.5 

13 
4.5 
40 
14 

4.5 
5 

2.5 
10 
7 
5 

10 
20 
4 

.b4 
59.29 
7.84 

32.49 
888.04 

14.44 
32.49 
27.04 
59.29 

.04 
10.24 
27.04 

.04 
96.04 
36.44 

0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 
6 

Arith. tfean: 10.2 Std. Get.: 9.611749 

UppEr 9% COofideoCE limit on rem: 15.52334 
REpfESEetatiVE 
Concentration: 15.52334 

I I I I 



ilPPER 95% CONFIOENCE LItfIT ON THE ARITRRETIC NEAN 

EntEf Eheiical: Zlni 
Enter tldtrir: UnfiltEfEd Groundwater, L)pgfadiEfit 

Enter 4UebEf of sarpfe5: 15 
DEgfEE5 Of freedor: 14 

Enter 5depiE fESUk5 (USE 612 OL fOf non-dEtECtSi 

Sarple No. 
---------- 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

St@E Results 
--_----------- 

28 
24 
22 
13 

110 
117 
61 
35 
24 
25 

7.5 
10 
51 
10 
29 

(Ki-Ybart552 
______------ 

95.38778 
689.5216 
248.5878 
613.3878 
5217.654 
6271.921 
539.7878 
7.654444 
189.5211 
162.9878 
916.0711 
770.9878 
175.1211 
770.9878 
76.85444 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Afith. nEan: 37.76667 Std. DEV.: 34.07181 

Upper 955 confidence lirit on lean: 56.63608 
SEpfE5EntatiVE 
Concentration: 56.63688 



UPPER 95% CONFIOENCE mT 0~ THE aemimc nEau 

Enter chEeiCd1: 
Enter k&lx: 

Bafiur 

Enter eUEbEr of samples: 
DEgrEE5 Of freEdo& 9 

Enter sarple results (USE 112 DL for nun-detects) 

!hplE No. 

2 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Sample Results 
-------------- 

lb9 

74 
286 

71 
a9 
67 

166 
61 

10.5 
161 

(Xi-XbarN2 

2867.b03 
1718.LO3 
29087.30 
1975.603 
699.6025 
2347.403 
2555.303 
2964.803 
11014.50 
2074.803 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

arlth. liean: 115.45 Std. DEV.: 79.79503 

Upper 951 confidence lltit on eean: 172.5280 
fiEprESEllteti~ 

Concentration: 172.5280 

I 



UPPER 952 CONFIDENCE LItfIT ON THE ARlTHlKTlC HEAN 

Enter Cheeical: Calciur 
Enter tlatrir: filtered Groundrater, 

Enter nueber of saeples: 10 
Degrees of Freedom: 9 

Enter sarple results fuse l/2 OL for non-detects1 

Saeple No. 
_-__-____- 

2 
3 
4 
5 
b 
7 
8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2b 
27 
28 
29 
38 

Sarple Results Ui-WbarHa2 

53800 
53300 
38600 
80100 
55200 
27900 
25400 
12600 
9430 

17300 

2.7017e8 
2.5399e8 
1530169 

L8265e9 
3.181be8 
89548369 
1.431le8 
6.132le8 
7.8025~8 
4.0252e8 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. lean: 37363 Std. Dev.: 22849.62 
Representative 

Upper 951 confidence Aleit on rean: 53707.50 Concentration: 53707.50 



UPPER 951 CONFIDENCE LIHIT ON THE ARITHtlETIC #EAN 

Enter Chemical: 
Enter ltatrix: 

Chrmiur 
Filtered Groundwater, sites i, L, 3 

Enter nurber of sarples: 10 
VpfZUWM 

Degrees af Freedoe: 9 

Enter sarple results (use l/2 DL for non-detects) 

Saeple No. 
------_-__ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
lb 
67 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Arith. tiean: 

Sarple Results 

2.5 
60 

3.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
1.5 

8.25 Std. Dev.: 18.18921 

33.0625 
2678.063 
22.5625 
33.0625 
33.0625 
33.0625 
33.0625 
33.0625 
33.0625 
45.5625 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Representative 
Upper 952 canfidence licit on rem: 21.26087 Concentration: 21.26087 



UPPER 9X CONFIDENCE L!MT ON THE AR!T!!!fET!C NEAN 

Enter Cheeical: Coba! t 
Enter Hatriw: Filtered Groundwater, 

Enter nueber of samples: 10 
Degrees of Freedom: 9 

Enter sample results (use l/2 DL for non-detects! 

Saeple No. Staple Rew! ts (WXbarlaa2 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

3 
3 
3 

12 

.81 

.81 

.81 

.81 
65.61 

.81 

.81 

.81 

.81 
-81 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. Nean: 3.9 Std. Dev.: 2.846050 

Upper 95% confidence lieit on rean: 5.9358 
Representative 
Concentration: 5.9358 



IIPPER 95% CONFIDENCE LlRlT ON THE ARITHNETIC NEAN 

Enter Chemical: 
Enter Natriw: 

Iran 
Filtered Graunduater, Si-k&&& 

Enter nurber of samples: 10 
Degrees of Freedao: 9 

Enter sarple results luse I/2 DL far non-detects1 

Saeple No. 
---------- 

8 
9 

IO 
I! 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Sarple Resu! ts 
-------------- 

b.5 
11 

14.5 
5 

1170 
28.5 
1430 

54 
15.5 

5 

IYi-Ibar!*@ 

71556.25 
69!69 

67340.25 
72361 

802816 
60270.25 

1336336 

66822.25 
72361 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. Nean: 274 Std. Dev.: 544.4092 

Upper 951 confidence lioit on oean: 663.4198 
Representative 
Cancentratioo: 663.419fi 



JPPER 95% CONFIOENCE LItlIl OH THE ClRIlHflETIC MN 

Enter Chemical: 
Enter IIatflr: 

ilaqnesiur 
Filtered Groundmater, 

Enter nusber of samples: 
Deqrees of Freedos: 

10 
9 

Enter sarple results (use l/2 DL for nun-detects) 

Sarple No. Sasple Rerul ts WXbarHd 
--________ _-__---------- --_--------- 

1 23300 1.0533ee 
2 lR200 26656569 
3 17100 lb507969 
4 9780 10608049 
5 28000 2.238&R 
b lob00 5938969 
7 10300 7491169 
8 3371) 93k50889 
9 4360 74P43649 

10 5340 59243809 
11 0 
12 0 
13 0 

14 6 
15 0 
lb 0 
17 0 
16 0 
19 0 

20 0 

21 0 

22 0 
23 0 
24 0 
25 0 
26 0 
27 0 

28 0 
29 0 
30 0 

Arith. Wean: 13037 Std. Dev.: 8327.075 
Representative 

Upper 95% confidence limit on man: 18993.42 Concentration: 18993.42 



UPPER 951 CDNFIDENCE LllllT OR THE ARITHRETIC NERN 

Enter Cheeical: ilanganese 
Enter flatrixr Filtered Groundwater, 

Enter nueber of saaples: 10 
Degrees of Freedoe: 9 

Enter saeple results iuse l/2 DL for non-detects) 

Saeple ND. 
---------- 

1 
2 
3 
4 
5 
b 
1 
a 
9 

10 
11 
I& 
13 
64 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 

Saeple Results (Xi-WbarM? 

36 
32 
B 

.5 
4220 

52 
367 

15 
B 
4 

192063.1 
195585.1 
217389.1 
224439.1 
14030643 
178295.1 
11502.56 
210910.6 
217389.1 
221135. I 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. Bean: 414.25 Std. Der.: 1320.747 
Representative 

Upper 951 confidence lieit on mean: 1418.990 Concentration: 1418.990 

I I I I I I I 



UPPER 95; CONFIDENCE LlllT ON THE fdWHflEllC l4EAN 

Enter Cheeical: Nickel 
Enter lfatrix: Filtered Groundwater, Sitert;-4i-3 

c%-Lt 
Enter number of saeples: 10 
Degrees of Freedoa: 9 

Enter saeple results fuse 112 DL for non-detects) 

Saeple No. Saeple Results 

2 
3 
4 
3 
6 
7 
6 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2b 
21 
2B 
29 
30 

8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
23 

8.5 
8.5 
0.5 

(Xi-Xbarlee2 
------------ 

2.1025 
2.1025 
2.1025 
2.1025 
2.1025 
2.1025 

170.3025 
2.1025 
2.1025 
2.1025 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

brith. Bean: 9.95 Std. Dev.: 4.35303 

Upper 95’1 confidence lieit on eean: 13.2299 
Representative 
Concentration: 13.2299 



UPPER 95X COI~F~DENCE LInIT ON THE RR~THRETIC nERR 

Enter Cheeical: Potassiue 
Enter liatriu: Filtered Groundeater, w 

Enter nurber of saeples: 10 
Deqrees of Freedoe: 9 

Enter sample results (use l/2 DL for non-detects1 

Sample No. Sample Results 
----____*_ ---_-_-_----__ 

1 1130 
2 1430 
3 1270 

(Xi-Xbar)ttZ 
------------ 

1754565. 
1049805. 
1403277. 

4 BkbO 36064029 
5 3800 1B10101. 
b 4410 3823589. 
7 1710 554429.2 
8 980 2174445. 
9 781 2a00937. 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

575 3532896. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. &an: 2454.6 Std. Dev.: 2471.367 

Upper 952 confidence licit on Lean: 4222.306 
Representative 
Concentration: 4222.381, 

I I I 



UPPER 95X CBNFIDENCE LJNIT ON JHE ARITtfRETIC WEGN 

Enter Cheeical: Sodiue 
Enter ilatrix: Filtered Groundrater, 

df +i 

Enter nueber of saeples: 10 
Degrees of Freedom: 9 

Enter saeple results fuse 112 GL for non-detects) 

Saeple No. Saeple Results (Xi-Xbar)eel 

I 
2 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
LB 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

14700 
22900 
11400 
47700 
54200 
1BBOO 
10400 
11400 
6150 
6970 

35545444 
5008644 

B5784644 
7.3105eB 
1.124ee9 
34b7044 

1.0531eB 
85764644 
1.565558 
1.874758 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Rrith. bean: 20662 Std. Dev.: 16735.76 

Upper 9% confidence lieit on eean: 32633.21 
Representative 
Cancentration: 32633.21 



UPPER 95X CONFIDENCE LIHIT ON THE RRITHHETIC HEPN 

Enter Cheeical: lint 
Enter Matrix: 

p?tyh 
Filtered Groundwater, Bik+i+3 

Enter nueber of saeples: 
Degrees of Freedoe: 

10 
9 

Enter saeple results lure 112 DL for non-detects) 

Saeple No. 

2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Saeple Results 
______________ 

4 
4.5 
2.5 

46 
43 

5.5 
10.5 

17 

(Xi-Xbarlee2 
------------ 

96.04 
B6.49 

127.69 
139.24 

1036.84 
852.64 
116.64 
68.89 
10.89 
10.24 

0 
0 
0 
0 
D 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Prith. Xeani 13.8 Std. Dev.: 16.81798 
Representative 

Upper 95X confidence lieit on eean: 25.83002 Concentration: 25.83002 

I 1 I 1 I 1 I I 



UPPER 95X CONFIDENCE mir ON THE eRmtmc REGN 

Enter Cheeical: benzene 
Enter Uatrir: Current llonrtor~nq #ells Site5 I, 2, 3 

Enter number of saeples: 24 
Deqrees of Freedoe: 23 

Enter saeole results fuse l/2 Di for non-detects) 

Saeple No. 
---------- 

1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
IS 
16 
17 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Saeple Results IXi-Xbariae2 

2.5 

.5 

2.5 
I 

.i; 

16.5 
2.5 

12.5 
2.5 

62.5 

12.5 
* 5 
L*J 

c 
..I 

2.5 
.5 

2.5 
2.5 

I 

2:; 
.5 
.: 

9.752609 
26.24428 
9.752689 
26.24420 
21.03615 
116.3109 
9.752609 
47.29420 
9.752609 
3235.003 
21.37136 
47.29428 
9.752609 
26.24428 
21.37136 
9.752609 
26.24420 
9.752609 
9.752609 
13.12553 
26.24428 
9.752609 
26.24428 
26.24420 

0 
0 
0 
0 
0 
0 

Prith. Hean: 5. h22911 Std. Dev.: 12.64677 
Representative 

Upper 95X confidence lieit on eean: 11.04937 Concentration: Il. 04937 



ilPPER 9YL CONF1DEtK.E LI#IT ON THE ARlTHl!ElIC IlUff 

Enter Cheeical: 2-Butanone 
Enter lath Curreet Honitorinq Wells Sites 1, 2, 3 

Enter nuaber of saeples: 13 
Deqrees of Freedoe: 12 

Enter saeole results (use I/? DL for non-detects) 

Saeple ND. Saeple Results LYi-Xbarlee2 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
I9 
20 
21 
22 
23 
24 
25 
26 
21 
2B 
29 
30 

?5 . . 
2.5 
95 

62.5 
312.5 
62.5 

2.1 
b 

2.5 
24 

2.5 
2.5 
2.5 

1?09.504 
1709.504 
1693.639 
347.9660 
72174.89 
347.9660 
17D9.504 
1432.331 
1709.5D4 
393.8698 
1709.504 
1709.504 
1709.504 

0 
0 
0 
0 
0 
0 

0 

Arith. tlean: 43.84615 Std. De+.: 85.80858 

Upper 95Z confidence lieit on eean: 95.70417 
Representative 
Concentration: 95.70417 



UPPER 951 CONFIDENCE LInlT ON THE ARITBUET~C nEAti 

Enter Cheeical: Carbon tetrachlarioe 
Enter Uatrix: Current Honitoring Yells Sites 1, 2, 3 

Enter nueber of saeoles: 24 
Deqrees of Freedoe: 23 

Eater sample results fuse 112 DL for non-detects) 

Saeple No. 
---------- 

I 
2 
3 
4 
5 
6 
7 
B 
9 

ID 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
20 
29 
30 

Saeple Results 
_-____-------- 

2.5 
.5 

2.5 
E 

;; 
16.5 

44 
27.2: 

16 
62.5 

13 
26 

.3x A.J 
.5 
1 

2.5 
r 

2:s 
2.5 
2.5 

I 

2:; 
.5 
.5 

(Xi-Ybar)**2 
------------ 

57.34907 
91.64073 
57.34907 
91.64073 

41.30740 
1151.047 
295.0522 
35.13032 
2748.599 
8.567817 
321.3803 
5?.349D? 
91.640!3 
82.31782 
57.34907 
91.64073 
57.34907 
57.34907 
57.34907 
?I.64073 
57.34907 
91.64073 
91.64073 

0 
0 
0 
0 
0 
0 

Rrith. lean: 10.07292 Std. Dev.: 15.85763 
Reoresentatlve 

Upper 951 confidence limit on e&an: 16.77012 Concentration: lb.77Oli 



iIPPER 95% CONFIDENCE LItlIT ON THE IRITHfiETlC IlEBh 

Enter Chemical: Chlorofure 
Enter Matrix: Current llonitoring Yells Sites 1, 2, 3 

Enter nueber of saeples: 24 
Deqrees of Freedoe: 23 

Enter saenle results (USE 112 DL fnr non-detectrl 

Saeple No. 
---------- 

1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Sample Results 
-----^-------- 

E 
.i,” 

tz 
;; 

16.5 
17 

12.5 
15 

62.5 
13 
14 
.2 
.5 

b 

1.5 

.4 
2.5 

.3 
c 

.;5 
.5 
.5 

(Xi-ibarlee2 
------------ 

49.02334 
56.27500 
56.42514 
56.27500 
268.9433 
72.22167 
80.97000 
20.23500 
48.97667 
2970.068 
24.98334 
35.98000 
bO.Rh6DO 
56.27500 
4.006669 
42.27167 
49.02334 
57.78534 
30.26834 
59.31567 
56.27500 
61.64067 
56.27500 
56.27500 

0 
0 
0 
0 
0 
0 

Rrith. hean: R.Odlbb? Std. Dev.: 13.75352 
Representative 

Upper 951 confidence lieit on eean: 13.81023 Concentration: 13.81023 



#PER 95% CONFIDENCE LlfllI ON THE MiITH#ETIC tlERN 

Enter ChEaiCal: 1.2~ltichlorebenzene 
Enter Matrix: Current knitoring Llells Sites 1, 2, 3 

Enter nurber of saaples: 24 
DegrEes Jf Freedoe: 23 

Enter saiple results fuse 112 DL for iIOn-detEctsI 

Sample No. Sarple Result5 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 

5 
.5 
5 

.5 
5 

lb.5 
.4 

12.5 

b2.5 
.7 

12.5 
5 
c .J 

5 
.5 
5 

5 
.5 
5 

.5 
.: 

IYi-Ybarta*Z 
______-_---- 

2.163351 
35.65085 
2.lb3351 
35.65085 
2.163351 
100.5642 
36.85502 
36.35085 
33.30252 
3139.260 
33.30252 
3b.35085 
2.1b3351 
35. b5085 
29.93002 
2.163351 
35. b5Ob5 
2.163351 
2.163351 
2.163351 
35.65085 
2.163351 
35.b5685 
35. b5685 

0 
0 
0 
0 
0 
0 

Gfith. Ilean: 6.470633 Std. Beu.: 12.70987 
Pepresentative 

Upper 951 confidence lieit on uean: 11.83829 Concentration: 11.83629 



DPPEH 95X CDNFIUENCE LItlIT ON THE APTTH#ETIC tIEAN 

Enter Cherical: 6-1~Dichlaroethane 
Enter Datriw: Current tilrnitorlng Yells Site5 1, 2, 3 

Enter nurber of saaples: 24 
Degrees of Freedom: 23 

Enter sample results fuse l/2 DL for non-detects) 

Sample No. 

8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 

Sarple Sesul ts 
-----------___ 

.5 
5 
5 

. a 
lb.5 

5 
12.5 

b2.5 
5 

12.5 
3 
3 

2.5 
85 

2.5 
2 
2 
3 
2 

.5 

(Xi-WbartffZ 
------------ 

31.87543 
31.17121 
2.7Oa767 
2.700767 
1 .a33767 
97.10460 
2.708767 
34.27127 
21.59377 
3119.bSS 
2.708767 
34.27127 
13.29210 
13.29210 
31.87543 
17.18793 
37.77127 
21.58377 
17.18793 
21.58377 
21.58377 
13.29210 
21.58377 
37.77127 

0 
0 
0 
0 
0 
0 

Arith. Neanr b. b&i833 std. DE’,.: 12.60993 
Reeresentative 

Upper 95% confidence lieit on eean: 11.97142 Euncentration: 11.97142 

i 



iJPPEW 951 CONFIDENCE LIftIT ON THE fiRITHNETIC HEAN 

Enter Cheeical: 1.2-Dichloroethane 
Enter Hatris: Current Honitorinq Yells Site5 1, 2, 3 

Enter nusber of saaples: 24 
Degrees of Freedom 23 

Enter sasple results fuse 112 DL for non-detects1 

Saeple No. 
_--------- 

Sample Results Ui-XbarTaa2 

1 
2 
3 
4 
5 
b 
7 

8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
LB 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
24 
30 

2.5 
.f 

2.5 
c 

3:; 
lb.5 

3 
12.5 

3 
b2.5 

3 
12.5 
2.5 

.5 
1 

2.5 
.5 

2.5 
2.5 
2.5 

.5 
2.5 

.5 

.5 

11.39063 
28.SPOb3 
11.39063 
28.89Ob3 
5.640625 
112.8906 
8.265625 
43.89063 
8.265b25 
3206.391 
8.265625 
43.89063 
11.390b3 
2S.89063 
23.76563 
11.39063 
28.89063 
11.39063 
11.390b3 
11.39063 
28.89063 
11.39063 
28.89063 
28.89063 

0 
0 
Q 
0 
0 
0 

kith. Nean: 5.875 Std. Dev.: 12.77672 
Sepresentatire 

Upper 951 confidence lieit on rem: 11.27103 Concentration: 11.27103 



@PER 951 CDNFIDENCE LIHIT ON THE RRITHRETIC RERN 

Enter Cheeical: l-l-Dichloroethene 
Enter lfatrir: Curreet llonitoring Yells 5ites 1, 2, 3 

Enter nuaber af saeples: 24 
Degrees of Freedo5: 23 

Enter sample results fuse l/2 DL far non-detects1 

Sarple lo. 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
ae 
29 
30 

Saaple Results 
----_-________ 

2.5 
.5 

2 
.175 
lb.5 

2 
12.5 

2 
b2.5 

2 
12.5 

3 
3 
I 

2.5 
.5 
.b 

2.5 

2 
1 

.5 

(Xi-WbarlaaZ 
------------ 

9.9bE491 
26.597hb 
13.37570 
13.37578 
30.05552 
117.5643 
13.3?5?8 
46.022bb 
13.37578 
3231.093 
13.37578 
46.02266 
7.061199 
7.0b1199 
21. b9037 
9.9ba491 
26.59766 
25.57620 
9.9bE491 
21.69037 
21.69037 
13.37578 
21.69037 
26.59766 

0 
0 
0 
0 
0 
6 

Arith. Iean: 5. b5!292 Std. Dev.: 12.83469 

Upper 952 EOofidEece lieit on eean: 11.07780 
Representative 
Concentration: 11.07780 



T T 

rec.4 
-- 



ilPPER 95% CONFIDENCE L:#IT ON THE ARlTHdETlC tIEAN 

Enter CheekA: 1,2-Ilichlmethene 
Enter flatrix: Current ibitorinq Wells Sites l$ 2, 3 

Enter nueber of samples: 11 
Deqrees of Freedee: 16 

Enter sarele results fuse l/2 DL for non-detects) 

Sarple No. 

R 
9 

IO 
11 
12 
13 
I4 
15 
lb 
17 
18 
I9 
26 
21 
22 
23 
24 
25 
26 
27 
28 
29 
36 

Sample Hrsul ts 
-------------- 

2.5 
b2 
23 

4b 
2.5 
2.5 
2.5 

b 
2.5 

fYi-Yharlet2 
------------ 

153.9955 
119.0683 
2361.076 
91.98554 
108.3492 
707.0744 
119.0083 
119.0083 
ll9.06B3 
54.89463 
119.6083 

0 
0 
0 
0 
0 
0 
0 
0 
iJ 
0 
0 
0 
0 
0 
6 
6 
0 
0 

Prith. #ran: 13.46909 Std. Oev.: 26.IE1621 

Upper 95z confidence lipit on rean: 26.96550 
Representative 
Concentration: 26.96550 





JPPER 95% CONFIOENCE LItlIT ON THE ARIIHRETIC REAN 

Enter Cherical: 1,2-Oichloraprepane 
Enter Hatrixt Current tlonitoring Yells Site5 1, 2, 3 

Enter nuaber of saaples: 24 
Degrees ef Freedor: 23 

Enter saeple results iuse Ii? DL for non-detectsi 

Saeple No. 
_____--_-- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
I4 
15 
lb 
17 
18 
19 
26 
21 
22 
23 
24 
25 
26 
21 
20 
29 
30 

Arith. lean: 

Saeple Results 

2.5 
.5 

2.5 
.: 

2.5 
16.5 
2.5 

12.5 

b2.5 
2.5 

12.5 
2.5 

.5 

2.5 
.: 

2.5 
2.5 
2.5 

.5 
2.5 

.5 

.5 

5.708333 Std. 0w.r 12 8’7229 * - 

Hi-YbarW2 
___--------- 

16.29340 
21.12614 
16.29340 
21.12674 
10.29340 
116.4601 
10.29340 
4&.12&74 
22.lba40 
3225.293 
10.29340 
4b. 12&?4 
10.29340 
21.12614 
22.16R40 
10.29340 
21.12674 
10.29340 
16.29340 
10.29346 
21.12614 
10.29340 
21.12674 
2?.12&?4 

6 
0 
0 
0 
6 
0 

Representative 
Upper 957. confidence Iieit on eean: 11.12361 Concentration: 11.12361 



UPPER 951 CONFlOENCE Lltll ON THE ARlTHNETlC HERN 

Enter Cheeical: Oiethyl phthalate 
Enter Matrix: Current Hmtorinq Yells Site5 I, 2, 3 

Enter nueber of saeples: 12 
Degrees of Freedoe: 11 

Enter saeple results fuse 112 OL for non-detects1 

Saeple No. 

1 
2 
3 
4 
5 
b 
7 
8 
P 

10 
11 
12 
13 
14 
15 
Ib 
I? 
1R 
I9 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 

Sample Results 
_-__--________ 

5 
5 
5 
5 
5 
5 
5 

-375 
5 

.2 
5 

.2 

(Ii-Ybartet2 
-_____-----_ 

1.405213 
1.405213 
1.405213 
1.405213 
1.465213 
1.405213 
1.405213 
11.63673 
1.405213 
13.06521 
1.405213 
13.0&521 

0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 

Arith. Rean: 3.814563 Std. Dev.: 2.144932 

Upper 951 confidence liait on rem: 5.177417 
Representative 
Concentration: 

I I i 

5 

1 I 



iJPPER 95% CONFIOENCE LlHlT ON THE ARITHHETIC MEAN 

Enter Cherical: Dt-n-octylphthalate 
Enter Matrix: Current Ronitorinq Ye115 Sites 1, 2, 3 

Enter number of sarples: 12 
Degrees of Freedoe: 11 

Enter saeple results (uee li2 OL for non-detects1 

Saaple No. 

2 
3 
4 
5 
& 
7 
8 
9 

10 
II 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
26 
29 
30 

Sample Results 
------I”------ 

.3 
5 

2.25 
5 

(Xi-lbarM2 
------------ 

Il.08335 
1.819184 
I. 902101 
1.879184 
.395850? 
1.8791e.4 
2.654184 
1.879184 
b.912517 
1.8791B4 
1.879184 
1.879164 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. Rean: 3.629167 Std. Oev.: l.Bll&SL 
Representativs 

Upper 95% confidence liait on tiean: 4.780233 Concentration: 4.780233 



UPPER 95" CONFIDENCE LlliIT UN THE OIRITHHETIC HEAN 

Enter Cheeical: Ethrlbenzene 
Enter Matrix: Current Hositoring Me115 Site5 1, 2, 3 

Enter nwber af saeoles: 24 
Degrees of Freedom: 23 

Enter saeole results (use 112 OL for nOtI-detECtSi 

Saeple No. Sarple Rerults 

8 
9 

10 
11 
I? 
13 
14 
15 
lb 
17 
18 
I9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Arith. flean: 5.675 Std. Dev.: 12.83610 

2.5 
E 

2:; 
.f 

2.5 
lb.5 

.2 
12.5 
2.5 

62.5 
2.5 

12.5 
2.5 

.5 

2.5 
.5 

2.5 
2.5 
2.5 

.5 
2.5 

.5 

.5 

(Xi-ibarlttl 
"""""""""""" 

lO.OB6b3 
26.78663 
10.08063 
26.?00&3 
10.08063 
117.180& 
29.975&3 
4b.SBOb3 
10.08663 
3229.081 
10.0R0&3 
46.58063 
10.060&3 
26.78663 
21.85563 
10.08063 
26.78063 
10.08063 
10.00663 
lo.Oa6&3 
26.78063 
10.08063 
26.76063 
26.70663 

0 
0 
0 
0 
0 
0 

Representative 
Upper 951 confidence lialt on aean: 11.09611 Concentration: 11.69611 



UPPER 951 CONFIOENCE LINIT ON THE ARIlHtiETlC HEAN 

Enter Chemal: Fluorantnene 
Enter Hatrin: Current #on:torInq Ye115 Site5 1, 2, 3 

Enter nurber of samples: 12 
Degrees of Freedow II 

Enter sarele results (use l/2 DL for non-detects) 

Sarple No. 
"""""""""" 

1 
2 
3 
4 
5 
& 
7 
8 
9 

10 
II 
12 
13 
14 
15 
lb 
I? 
18 
19 
26 
21 
22 
23 
24 
25 
26 
27 
20 
29 
30 

Arith. Hean: 

Sanple Results (Xi-lbarMt2 

5 
5 
5 
5 
5 
5 
5 
5 
5 

.b 
5 
5 

4.633333 Std. Dev.: 1.270171 

.1344444 

.I344444 

.1344444 

.I344444 

.1344444 

.1344444 

.1344444 

.I344444 

.1344444 
lb.26778 
.1344444 
.I344444 

0 
0 
6 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 
6 
0 

Representative 
Upper 951 confidence Iirit on mean: 5.440367 Concentration: 5 



iJPPER 951 CONFIOENCE ~IillT ON THE ARITHHETIC tIEAN 

Enter Chemical: Phenanthrene 
Enter Ltrir: Current tlonitorinb Yells Sites 1, 2, 3 

Enter nurber of sceples: 12 
Degrees of Freedoa: 11 

Enter 5aepie rEsult5 (u?.E l/2 DL for eon-dEteCtSi 

Saeple No. Sarole Result5 
"""""""""" """____"""_""" 

1 5 
2 5 
3 5 
4 5 
5 5 
6 5 
7 5 
8 5 
9 5 

10 .3 
11 5 
12 5 
13 
14 
15 
lb 
17 
IS 
I9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
36 

IYi-Wbarltt2 
“““““““““--- 

.1534628 

.1534028 

.1534028 

.I534028 

.153402R 

.1534028 

.I534628 

.1534028 

.1534628 
18.56174 
.1534628 
.1534028 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
6 
0 
0 
0 
0 
0 

Arith. tfeac: 4.bOR333 Std. Dev.: 1.356713 
REDreSentatiVe 

Upper 951 canfidence hit on ee5n: 5.470392 Concentration: 5 

1 I I I I 



UPPER 951 CONFIDENCE LItlIT ON THE GRlTHNETlC HEAN 

Enter Chemical: Pyrene 
Enter Hatrix: Current Honitorinq Nell6 Sites 1, 2, 3 

Enter number of sarples: 12 
Degrees of fresdoa: 11 

Enter sample results (use 112 OL for non-detects) 

Saeple No. 
“““___““_” 

1 
2 
3 
4 
5 
b 
7 
6 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
20 
29 
30 

Sarple Results 
“--““--““-““-” 

5 
5 
5 

(Xi-Xbarlttl 
““““““““-““” 

.I344444 

.1344444 
(1344444 
,1344444 
.1344444 
* 1344444 
.I344444 
* 1344444 
.I344444 
16.26778 
.1344444 
.1344444 

0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. clean: 4.633333 Std. Oev.: 1.2?61?1 
Representative 

Upper 951 canfldence lirit on eean: 5.446367 Concentration: 5 



UPPER 95% CONFIDENCE LMlT ON THE ARITISIETIC HEAR 

Enter Cheeical: Tetrachloroethene 
Enter Matrix: Current flonitoring Yells Sites 1, 2, 3 

Enter nueber nf samples: 24 
Degrees of Freedoe: 23 

Enter saaple results (use l/2 OL for non-detects) 

Sarple No. Sarple Result5 (Xi-Ybarltt2 

8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 

.: 
3 
4 

130 
356 
440 
265 
27 

62.5 
136 
360 

2 

.25 
.5 
.5 

2.5 
2.5 

a 
2 

.: 

4992.306 
5206.524 
4851.993 
4713.681 
3288.366 
76919.51 
134941.4 
36996.12 
2084.493 
103.1494 
3289.30& 
51b85.18 
4992.306 
4310.743 
5134.618 
5242. bb5 
5206.524 
5206.524 
4921.899 
4921.899 
4lR6.431 
4992.306 
4851.993 
5206.524 

0 
0 
0 
0 
0 
0 

Arith. Bean: 72.i5625 Std. Oev.: 129.9230 
Representative 

Upper 951 confidence lieit on eean: 127.5270 Concentration: 127.5270 

I : 



UPPER 95% CONFIOENCE LIAIT ON THE ARlTHilETIC IEAN 

Enter Chemical: Toluene 
Enter Matrix: Current llonitorinq Wells Site5 I, 2, 3 

Enter nurber af sarples: 24 
Degrees oi Freedor: 23 

Enter sarple results (USE l/2 OL for non-detects, 

Saeple No. 
“““““““““” 

1 
2 
3 
4 
5 
& 
7 
8 
9 

IO 
11 
12 
13 
14 
15 
lb 
11 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Saeple Results l%i-XbarM2 
--“““““““““““” “““““““““““” 

4.5 
3 

2.5 
.5 

2.5 
lb.5 
2.5 

12.5 
2.5 

b2.5 
2.5 

12.5 
2.5 

.5 
1 

2.5 
c 

2:; 
2.5 
2.5 

.5 
2.5 

.5 
4 

Arith. Rean: &.16416! 

2.573351 
9.63535i 
12.99002 
31.40668 
12.99002 
108.0134 
12.99002 
40.90668 
12.99002 
3180.490 
12.99002 
46.9D668 
12.99002 
31.40bbt( 
26.05252 
12.99002 
31.40bbB 
12.99002 
12.99002 
12.99002 
31.40668 
12.99062 
31.40668 
4.427517 

0 
0 
0 
0 
6 
0 

Std. DEV.: 12.765bR 
Representative 

Upper 95% confidence liait on eean: 11.47019 Concentration: 11.41019 



UPPER 95% CONFIDENCE LHIII ON THE ARlTHtlETlC IIEQN 

Enter ChEniCal: I,l,l-TrichlaraEthane 
Enter ifatrix: Current Ilanitoring WI5 Sites 1, 2, 3 

Enter nutiber of sarples: 24 
Degrees of Freednr: 23 

Enter sample results km? Ii2 DL for non-drtectsl 

Sarple ND. 
---------- 

B 

10 
Ii 
I2 
13 
lk 
1s 
16 
17 
LB 
19 
2D 
21 
22 
23 
24 
2s 
26 
27 
28 
29 
30 

Sarple Re5111 ts (Xi-XbarlitZ 

.f 
5 
c 

1.5 
16.5 

5 
12.5 
.25 

42.: 
4 

12.5 
9.5 

10 
1 

2.5 
.5 
.5 

2.5 
1.5 

B 
5 

.s 

36.37596 
42.65723 
1.125977 
9.188477 
30.59473 
89.65723 
4.125977 
29.90723 
45.98535 
307b.782 
9.108477 
29.90723 
b.094727 
8.813477 
36.37590 
20.53223 
42.65723 
42.65723 
20.53223 
30.59473 
25.31346 
.93847bb 
4.125977 
42.65723 

0 
0 
0 
6 
0 
0 

Arith. Mean: 7.G3125 Std. Drv.: l?.h6592 

Upper 951 COfifidEKe Ii&It on rein: 12.38049 
Representative 
Concentration: 12.38049 



W’ER 951 CONFIGENCE LIRlT ON THE RHITHKTIC WEAN 

Enter Cherlcal: lrichloroethene 
Enter ilatrix: Current lfonitoring Yells Sites 1, 2, 3 

Enter number of samples: 24 
Degrees of Freedom: 23 

Enter saaote results Lure l/2 DL for non-detects) 

Sarple No. 
---------- 

1 
2 
3 
4 
5 
6 
7 
6 
9 

10 
11 
12 
13 
lk 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Sample Results IWi-Xbarlex2 
___-__-------- _____-_----- 

6 
3 

14 
lb 

155 
220 
If0 
19D 

2100 
2050 

150 
280 
.75 

2 
43 
.5 
5 

.;5 
2.5 

13 
14 

1 
1 

.5 

48200.37 
49526.65 
44751.64 
43909.4b 
4176.715 
30.75627 
5707.173 
1263.50b 
3513578. 
3328633. 
5707.173 
2965.25b 
50533.17 
49972.74 
33322.98 
50615.63 
50645.63 
50713.16 
49749.44 
45175.73 
44751.64 
50420.83 
50420.83 
56645.63 

0 
0 
0 
0 
0 
0 

brith. Nean: 225.5458 Std. Dev.: 575.8263 
Represent&ive 

Upper 95% confidence liait on wan: ML7362 Concentration: 4bB. 7362 



LWER 95’1 COlFIDENCE LlklT DN THE RRITHtfETlC IEAR 

Enter Cteaical: Trirhlorofluoraaethane 
Enter Matrix: Current Honitorlng Yell5 Site5 1, 2, 3 

Enter nurber of samples: 11 
Degrees of Freedom: i0 

Enter sawle results 1u5e 112 DL fur non-detects) 

Sarple No. 
____-_____ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2h 
27 
28 
29 
30 

Arith. Ilean: 12 Std. Dev.: 2h.43293 

Sarple Results 
-----_---_---- 

2.5 
2.5 
1.5 
16 
91 
12 

2.5 
2.5 
2.5 
2.5 
2.5 

IXi-Xbari552 

90.25 
90.25 

110.25 
I 

6241 
0 

90.25 
90.25 
90.25 
90.25 
90.25 

0 
0 

RePreSentative 
Upper 95X confidence limit cn aean: 29.75678 Concentration: 29.75678 

I 1 i 



ilPPER 95% CONFIDENCE LIIliT ON THE IWW!ETIC HEAN 

Enter Cheaical: Vinvl chloride 
Enter Matrix: Current flonitormq Yells Sites 1, 2, 3 

Enter nucber of sarpies: 24 
Deqrees of Freedor: 23 

Enter sample results Lw 112 DL for m-detects) 

Sample lo. 
__-------- 

Sample Results IXi-Xbarftt2 
-------------- ------------ 

1 
2 
3 
4 

5 
b 
1 
D 
9 

10 
II 
12 
13 
14 
15 
lb 
17 
10 
I9 
20 
21 
22 
23 
24 
2s 
26 
21 
28 
29 
30 

Arith. Hean: b.950333 

3.835069 
41.71007 
3.835069 
41.71007 
29.79340 
91.04340 
3.635069 
30.71007 
3.835069 
3084.877 
3.835Ob9 
30.71007 
3.835069 
41.71007 
35.50174 
3.8350b9 
41.71007 
3.835Ob9 
19.87674 
3.835069 
3.035069 
3.835069 
41.71007 
41.71007 

0 
0 
0 
0 
0 
0 

Std. Dev.: 12.53683 
Representative 

Upper 951 confidence limit an mean: 12.25305 Concentration: 12.25305 



UPPER 952 CONFIDENCE LI61T ON THE ARITHifEiIC IfERN 

Enter Cheatcal: lylenes 
Enter Matrix: Current lfonitorinq llellr Sites 1, 2, 3 

Enter nurber of sarples: 24 
Degrees ef Freedo&: 23 

Enter sarple results IUSE 112 DL for non-detects) 

Sample No. 

B 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
26 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Sample Resul tr 
-----_________ 

2.5 
E ..J 

‘1E L-4 
.5 

2.5 
16.5 

2 
12.5 
2.5 

b2.5 
2.5 

12.5 
2.5 

.: 

2.5 
.5 

2.5 
2.5 
2.5 

.5 
2.5 

.5 

.5 

fYi-YbarM2 

10.5625 
27.5625 
10.5625 
27.5625 
10.5625 

115.5625 
14.0625 
45.5625 
10.5h25 

3220.563 
IO.5625 
45.5625 
10.5625 
27.5625 
22.5b25 
10.5625 
27.5625 
10.5625 
10.5625 
10.5625 
27.5625 
10.5625 
27.5625 
27.5625 

0 
0 
0 
0 
0 
0 

drith, Hean: 5.75 Std. Dev.: 12.80795 

Upser 952 canfidence Iirit on Bean: 11.15922 
Representative 
Cancentratiofi: 11.15922 



JPPER 95% CONFIBENCE LIlfII ON THE bRITH#EIIC WERN 

Enter Cherical: Glui1nur 
Enter Ilatrix: Unfiltered Groundwater, Sites I, 2, 3 

Enter nusber of aarples: 24 
Deqrees of Freedoi: 23 

Enter sarple results me 112 DL far nnn-detects1 

Sample ND. Sasple Results Illi-Kbarltt? 

8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
26 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

560 
56 

4100 
16260 

500 
158006 

500 
1615 
bbO0 

4085.75 
500 

1216 
7460 

33306 
3?.5 

500 
854 

24206 
9860 
7006 
9990 
6600 

211.5 
29.5 

1.3791eB 
1.4~54efl 
66320155 
15652161 
1.3791eU 
2.124eIO 
1.3791e8 
1.1297~8 
31851561 
bb552454 
1.3791eB 
1.2174eB 
23461611 
4.4337~0 
1,199eB 
1.3791e8 
I.297318 
I.429508 
5682115. 
27496506 
5079248. 
31851561 
1.4477ea 
1.4919e8 

0 
0 
0 
0 
0 
0 

Prith. Hean: 12243.72 Std. Dev.: 32134.68 

Upper 95% ronftdence lirit on iean: 25815.25 
Representative 
Concentration: 25815.25 



JPPER 952 CONFIDENCE LIHIT Off THE ARITHtlETIC MEAN 

Enter Chemical: Arsenic 
Enter Matrix: Unfiltered Groundwater, Sites 1, 2, 3 

Enter nuuber of sarples: 24 
I)eqrees of Freedom: 23 

Enter sarple results fuse 112 DL for non-detects) 

Sarple No. 
------_--- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

16 
11 
12 
13 
14 
15 
lb 
17 
16 
19 
26 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Sarple Results (Xi-YbarM2 
--------___-__ ------------ 

2 
I 
I 

9.6 
1 

67.5 
i 

3.7 
6 

4.5 
1 
1 
1 

9.6 
i 
1 
I 
1 

4.2 
; 
I 
I 
1 
1 

Arith. Rean: 4.929167 

8.580017 
15.43835 
15.43835 
21.81668 
15.43835 
3915.109 
15.43035 
1.510851 
15.43835 
.1841040 
15.43835 
15.43835 
15.43835 
23.72502 
15.43835 
15.43835 
15.43835 
15.43835 
.5316840 
15.43035 
15.43835 
15.43835 
15.43835 
15.43835 

6 
0 
0 
0 
0 
0 

Std. Dev.: 13.56772 
Representative 

Upper 952 confidence liait on eean: 10.65926 Crmcentration: 10.65926 



UPPER 95’1 CONFIDENCE LIIIIT OH IHE fiRITHHETIC RERN 

Enter Chemical: Rami6 
Enter Hrtrin: Unfiltered Srounduater, Sites 1, 2, 3 

Enter number of srrples: 24 
Deqrees of Freedoi: 23 

Enter sarole results (use 112 DL for non-detects1 

Saeple No. 

8 
9 

10 
11 
12 
13 
14 
15 
Lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
20 
29 
30 

250 
224 
550 

4620 
250 

1040 
250 

123.5 
250 

247.5 
250 
146 
250 
563 
47 

250 
56 

450 
486 
250 
219 
450 
337 
224 

Arith. lean: 491.7917 

Sarple Results (Xi-XbarMZ 
-------------- _____-__-_-- 

58463.21 
71712.38 
3388.210 
17042104 
58463.21 
300532.4 
58463.21 
135638.8 
58463.21 
59678.42 
58463.21 
119571.9 
58463.21 
8318.960 
197839.6 
58463.21 
189914.4 
1746.543 
33.54340 
50463.21 
74415.29 
1746.543 
23960.46 
71712.38 

0 
6 
0 
6 
D 
0 

Std. Dew.: 903.3758 
Representative 

Upper 95t confidence lirit on rem: 873.3169 Concentration: 673.3169 



UPPER 952 CONFIDENCE LItlIT UN THE RRIlHlfElIC HERN 

Enter Cherical: Cadtiua 
Enter Hatrix: Unfiltered Groundwater, Sites 1, 2, 3 

Enter nusber of sarples: 24 
fkqrees of Freedom: 23 

Enter sample results (USE 112 DL for non-detects) 

Sample No. SaipIe Results IWi-XbarItt2 

8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

1.5 

6 

33 

5.75 

32.25 

4 

1.5 
1.5 

6 
3.5 
22 

4.5 

2.5 

1.5 
1.5 

21.77778 
17.36111 
21.77770 
.1111111 
21.77778 
747.1111 
21.71778 
.0069444 
21.77770 
706.6736 
21.77778 
2.771770 
21.17770 
17.36111 
17.36111 
.1111111 
4.694444 
266.7778 
1.361111 
21.77778 
10.02770 
21.77778 
17.36111 
17.3611t 

0 
0 
0 
0 
0 
0 

kritb. lean: 5.666661 Std. Dev.: 9.377258 

Upper 952 confidence Iiait an scan: 9.626991 
Representative 
Concentration: 9.626991 



UPPER 95’1 CONFIDENCE LIHlT ON THE ARITHHETlC HERN 

Enter Cherical: Calciur 
Enter Matrix: Unfiltered Grwndwater, Sites 1, 2, 3 

Enter number of samples: 24 
Oeqrees of Freedom 23 

Enter sasple results fuse 112 DL fur non-detectsi 

SalpIe No. 
_-----_--- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Sample Results (Xi-XbarItt2 
-------------- ------------ 

17500 
37400 
28500 
52700 
47500 

141000 
25000 
57950 
90000 

150400 
35000 
58506 
17500 
46900 
47000 
25000 
54600 
38OOI: 
49800 
17000 
40400 
4500 

38100 
30900 

Arith. Wean: 40297.92 

9.485leR 
l.lRlbeR 
3.919beE 
19378338 
636671.0 
8.5937eY 
5.427916 
93162713 
1.7391~9 
1.212elO 
1.7683eR 
1.04oaeR 
9.4851eR 
1954171. 
lbR45W 
5.4279e8 
39716254 
1. ObOSeB 
2256254. 
9.795be0 
b2377080 
1.9183e9 
1.6400eR 
3.0269eB 

0 
0 
0 
0 
0 
0 

Std. Dev.: 36032.09 
Representative 

Upper 952 confidence Ikit an mean: 63515.45 Concentration: 63515.45 



JPPER 951 CONFIDENCE LMT ON THE ARlTH#EIIC RERN 

Enter Chemical: Chroslus 
Enter Matrix: UiIfiltEred Groundwater. Sites I, 2, 3 

Enter nurber of sa&ples: 24 
Oeqrees of Freedna: 23 

Enter sarple results (use l/2 OL for non-detects) 

Sarple No. SaipIe Results Iii-Ibar)** 
---------- ______________ ------------ 

1 1 8ll.Ob29 
2 3.5 674.9171 
3 4 649.1879 
4 23.5 35.75043 
5 1 811.0629 
6 7b 2lb4.lBR 
7 11 341.4796 
8 61 993.5629 
9 14 239.6046 

10 13.5 255.3338 
11 6 551.2713 
12 12.5 288.2921 
13 2.5 727.6754 
14 8.5 440.1254 
15 23.5 35.75043 
lb 46 272.9379 
17 60 931.5213 
18 220 36298.19 
19 76 2164.188 
20 9 419.3963 
21 16.5 120.5421 
22 7 505.3129 
23 5.5 575.0004 
24 4 649.1879 
25 0 
26 0 
27 0 
28 0 
29 0 
30 0 

krith. t&n: 29.47917 Std. Drv.: 47.06875 
Reoresentatlve 

Upper 951 confidence limit on lean: 49.35785 Concentrctlon: 49.35785 



(IPPEI 95Z CONF!OENCE LItfIT ON THE IWIHHETIC HElN 

Enter Cherical: Cobalt 
Enter Matrix: Unfiltered Grounduater, Sites 1, 2, 3 

Enter nurber of sarules: 24 
Deqrees of Freedoe: 23 

Enter sasple results Iuse 112 DL for non-detects) 

Sample No. 
---------- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

16 
II 
12 
13 
14 
15 
16 
11 
18 
19 
20 
21 
22 
23 
24 
25 
2b 
27 
20 
29 
30 

Sarple ResuI ts (Xi-Xbar t St2 
-------------- ------------ 

1 
3 

18 
116 

I 
44 

I 
4.5 

4 
5.75 

2 
3.5 
2.5 
5.5 
4.5 

1: 
6.5 
23 

8.5 
4 

5.5 
10 

7.5 
3 

133.4506 
91.24230 
29.67980 
11119.26 
133.4506 
980.9715 
133.4506 
64.83605 
73.13813 
46.26034 
111.3465 
81.94021 
101.0444 
49.73108 
64.03605 
5.992296 
36.62771 
109.1590 
16.41938 
73.13813 
49.73188 
6.513129 
25.52355 
91.24230 

0 
0 
0 
0 
0 
0 

Arith. Ifean: 12.55208 Std. Dev.: 24.34980 
Representative 

Upper 951 COIIfidEnCe lieit on iean: 22.83581 Concentration: 22.83581 



UPPER 952 CONFIDENCE LIHIT ON THE RRlTHtlETIC IfERN 

Enter Chmical: Copper 
Enter tlatrix: Unfiltered Groundwater, Sites 1, 2, 3 

Enter nurber nf samples: 24 
Deqrees of Freedor: 23 

Enter raepIe results (use l/2 DL for non-detects1 

Sarple No. 
__________ 

1 
2 
3 
4 
5 
b 
7 
a 
9 

10 
11 
12 
13 
14 
15 
16 
17 
10 
19 
20 
21 
22 
23 
24 
25 
26 
27 
20 
29 
30 

Sarple Results (Xi-lbar)ttZ 
______________ ------------ 

12.5 
2 

67.5 
1660 
12.5 

109 
12.5 
30.5 
12.5 

43 
12.5 
9.5 

12.5 
90 

2.5 
12.5 

12 
57.5 

42 
12.5 

36 
12.5 
5.5 

2 

Arith. Ilean: 95.0625 

bB16.566 
0660.629 
759.6914 
2449029. 
6016.566 
194.2539 
bBIb.5bb 
4160.316 
6016.566 
2710.504 
6016.566 
7320.941 
6816.566 
25.62891 
8567.016 
bBlb.566 
6099.379 
1410.941 
2815.629 
6016.566 
3400.379 
b016.566 
0021.441 
0660.629 

0 
0 
0 
0 
0 
0 

Std. Dev.: 334.5394 

Upper 951 confidence linit on wan: 236.3495 
Representative 
Concentration: 236.3495 



JPPER 952 CONFIDENCE LIillT ON THE WRITHHETIC AELN 

Enter Cherlcal: Iron 
Enter lfatrix: Unfiltered Groundnater. Sites 1, 2, 3 

Enter nurber of samples: 24 
Degrees of Freedom: 23 

Enter sample results fuse l/2 DL for non-detects) 

Satple No. 
---------- 

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
10 
19 
20 
21 
22 
23 
24 
25 
26 
27 
20 
29 
30 

Sarple Results IXi-WbarI4t2 
---------^---- ------------ 

105 
69 

6000 
26400 

210 
113000 
17000 
57050 
35060 

126280 
13000 
3ObBO 
4000 

18200 
7010 

36000 
24960 
62000 
31700 
5000 

13800 
33000 
7430 
4336 

Arith. lean: 20070.17 

7.0205e8 
7.0407ea 
4.0709ea 
2709457. 
7.7619ea 
7.2131e9 
1.2255eB 
a.aba4ea 
40022590 
9.6452e9 
2.27llea 
6400057. 
5.4150eB 
97420190 
4.4353eB 
b2002257 
10049951 
1.1512eY 
13175690 
5.3223ea 
2.0364ea 
24303257 
4.2b02ea 
5.63bOea 

0 
0 
0 
0 
0 
0 

Std. Dev.: 33002.59 
Representative 

Upper 951 confidence Iirit on nean: 42000.24 Concentration: 42000.24 



UPPER 951 CONFIDENCE LIRIT ON THE lRITHtlETIC ffEfiN 

Enter Chemical: LElil 
Enter Matrix: Unfiltered Groundwater, Sites 1, 2, 3 

Enter nurber of eeaples: 24 
Deqrees of Freedor: 23 

Enter sample results IUSE l/2 DL for non-detects; 

Saeple No. Sarple Re511lts (Xi-IbarlttZ 

8 

10 
11 
12 
13 
I4 
15 
lb 
17 
la 
19 
20 
21 
22 
23 
24 
25 
26 
27 
20 
29 
30 

1 
1.0 
23 

233 

32: 

15.1 
50 

221.35 
1.5 

11.3 
2.5 

98 
1.2 

3 
25. a 

02 
3b.f 

3 
7.4 
6.5 

15.2 
5 

2204.641 
2200.804 
665.5325 
33930.41 
2204.641 
76207.59 
2264.641 
1135.550 
1.445004 
29774.22 
2237.093 
1406.094 
2143.497 
2420.045 
2265.562 
2097.449 
520.9042 
1102.370 
151.2308 
2097.449 
1713.788 
6709.iI4 
1I20.020 
1910.250 

0 

Aritb. Hean: 46.79792 Std. Dev.: 86.94275 

Upper 95x COnfidEnCe Ilait nn rein: 05.51670 
Representative 
Concentration: 05.51670 



JPPER 951 CONFIDENCE LIHIT OH THE GRIlHNETlC RERN 

Enter Cheei’cal: Iligneslur 
Enter Matrix: Unfiltered Groundwater, Sites 1, 2, 3 

Enter nurber of saeples: 24 
Degrees of Freedoa: 23 

i 
Enter sarple results lure l/2 DL for non-detects) 

Sample No. 

2 
3 
4 
5 
b 
1 
a 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
ia 
19 
20 
21 
22 
23 
24 
25 
26 
27 
20 
29 
30 

Sarple Results 
-------_------ 

0500 
13300 
14000 
25200 
11500 
60500 
9500 

16950 
10000 
39200 
10500 
17bo0 
23000 
20000 
20400 
0500 

16800 
13000 
24400 
10500 
i;aoo 
115oo 
19500 
9000 

(Xi-Ybarlte2 
____________ 

1.027lea 
20457779 
21479363 
43104696 
50902279 
2.48bbe9 
03440613 
2037021. 
74556029 
4.2294i.a 
66171446 
1070363. 
19056863 
87711029 
311bb96. 
1.0271ea 
336569b. 
31740529 
33240029 
bb171446 
696529.3 
50902279 
740941.0 
91290063 

0 
0 
0 
0 
0 

Rrith. Bean: 10634.50 Std. Dev.: 12979.09 

Upper 951 confidence lielt on man: 24116.42 
Reoresentatlve 
Concentratioa: 24116.42 



JPPER 95r CONFIDENCE LIRIT ON THE BRITHHETIC AEAN 

Enter ChEekal: Ifanganese 
Enter Ratrix: Unfiltered Groundmater, Sites 1, 2, 3 

Enter number of sarples: 24 
Degrees of Freedoe: 23 

Enter sdeple reeutts (use l/2 DL for non-detects) 

Sarple No. 6anpIe ResuIts (Xi-YbarIee2 

a 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
ia 
19 
20 
21 
22 
23 
24 
25 
26 
27 
20 
29 
30 

50 
307 

4000 
32100 

50 
3870 
400 

750.5 
460 

1535 
450 
633 
235 
615 
a5 

1500 
2000 
7000 
4910 

700 
1210 
870 

72 
53 

bmi2. 

5539649. 
1793870. 
0. bbb0e8 
6815472. 
1462530. 
5110520. 
3640657. 
4042042. 
1267079. 
4006955. 
4111340. 
5003750. 
4104667. 
6633951. 
1347099. 
436452.9 

5059594. 
3044132. 
2104373. 
3206413, 
6701007. 
b799017. 

0 
0 
0 
0 
0 
0 

Prith. &an: 2660. b46 Std. Dev.: 6520.674 

Upper 952 confidence lirit on mean: 5414.625 
Representative 
Concentration: 5414.625 



UPPER 95X CONFIDENCE LIHIT ON THE ARlTIUfETIC HEAN 

Enter Cherical: tlercurv 
Enter Hatrix: Unfiltered Groundmater, Sites I, 2, 3 

Enter nurber of samples: 21 
Degrees of Freedoe: 20 

Enter sample results (USE 112 DL for non-detects) 

Saeple Ro. 
-___---__- 

I 
2 
3 
4 
5 
6 

a 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
la 
19 
20 
21 
22 
23 
24 
25 
26 
27 
20 
29 
30 

Sample Results 
-__--___------ 

.I 

.I 

.I 
.bl 
.I 
.l 
*l 
.l 
.I 
.I 
.l 
.l 
.l 
.4 
.I 
*I 
.3 
.I 
.I 
.l 
.I 

(Xi-XbarItt2 
__---------- 

.0025961 

.00259bl 

.0025961 

.2694104 

.0025961 

.0025961 

.0025961 

.0025961 

.0025961 

.0025961 

.0025961 

.0025961 

.0025961 

.0620247 

.0025961 

.0025961 

.0222152 

.0025961 

.0025961 

.0025961 

.0025961 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Rrith. tIean: .1509524 std. Dev.: .1414Ra7 

Upper 951 canf idence Iirit on rean: .2153584 
Representative 
Concentration: .2153504 



JPPER 9% CONFIDENCE LIlilT ON THE RHlTHflETlC tiEAN 

Enter Cheeical: Nicket 
Enter Hatrix: Unfiltered Groundwater, Sites I, 2, 3 

Enter nurber of sarples: 21 
Degrees of Freedm: 23 

Enter saeple results luse 112 DL for non-detects) 

Saepie Ifa. 

1 
2 
3 
4 
5 
b 
7 
8 
9 

IO 
I1 
12 
13 
64 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Sarple Results 
-------------- 

5 
8.5 

5 
111 

5 
121 

5 
I&. 75 

5 
15.25 

10 
13 
5 

0.5 
26 
60 

105 
66 
46 
5 

12.5 
20 

8.5 
0.5 

Ui-#bar)**2 
--_-_------- 

543.4121 
392.5352 
543.4727 
6031.223 
543.4721 
8590.973 
543.4121 
133.6914 
543.4721 
170. b209 
335.3477 
234.4121 
543.4127 
392.5352 
5.34765b 
1004.098 
5880.973 
1004.098 
136.5971 
543.4721 
250.0352 
69.09166 
392.5352 
392.5352 

0 
0 
0 
0 
0 
0 

Arith. tlean: 28.3125 Std. Dev.: 36.13202 

Upper 951 confidence lirit on am: 43.51224 
Representative 
Concentration: 43.57224 



UPPER 95X CONFIDENCE LINIT ON THE ARITHHETIC XEPN 

Enter Cherical: Potaswe 
Enter Hatrix: Unfiltered Groundrater, Sites I, 2, 3 

Enter nurber of samples: 24 
Degrees of Freedor: 23 

Enter saeple results luse 112 OL for non-detects1 

Saeple No. 
---------- 

1 
2 
3 
4 
5 
b 
1 
8 
9 

10 
II 
12 
13 
14 
15 
lb 
I7 
18 
I9 
20 
21 
22 
23 
24 
25 
26 
21 
2B 
29 
30 

Sarple Results (Xi-WbarIct2 
-------------- ---e-w------ 

600 
1770 
1500 
3560 

675 
9110 
550 

1305 
1000 
2310 
3000 
1280 
1000 
2260 
3030 
1500 
33bO 
2000 
3220 
1500 
2980 
1000 
1030 
905 

Aritb. Hem, 2107.108 

2213184. 
114046.9 
369309.4 
2109151. 
2052b53. 
49032009 
2426455. 
644340.1 
1227018. 
60796.92 
196184.4 
bE5101.1 
1227018. 
23192.15 
650621.9 
369309.4 
1568234. 
11601.09 
1237193. 
369309.4 
760892.8 
1227018. 
llb1455. 
1260414. 

0 
0 
0 
0 
0 
0 

Std. Dev.8 17bl.blO 
Representative 

Upper 95X confidence lmit en rem: 2854.241 Concentration: . 2654 241 



UPPER 95X EOCIOENCE LIfllT ON THE RRITHHETIC IEAR 

Enter Cberical: Silver 
Enter llatrixt Unfiltered Grounduater, Sites I, 2, 3 

Enter nurber of sarples: 24 
Degrees of Freedor: 23 

Enter saeple results (use 612 DL for non-detects1 

Saeple No. 
---------- 

6 
2 
3 
4 
5 
tl 
1 
8 
9 

IO 
II 
62 
63 
I4 
65 
lb 
61 
18 
19 
20 
26 
22 
23 
24 
25 
26 
21 
20 
29 
30 

Saeple Results IXi-XbarW2 

5 

20 

5 

5 

5 

5 
5 

fL5Ob944 
6.173666 
S.506944 
258.6731 
8.506944 
6.613616 
8.506944 
6.613bll 
0.506944 
6.673661 
8.506944 
6.673666 
B.5Ob944 
6.673616 
6.113661 
6.506944 
1.113bll 
.0069444 
1.67361 I 
8.50b944 
6.613666 
8.506944 
1.613666 
6.113611 

0 
0 
0 
0 
0 
0 

titb. llean: 3.91bbb7 Std. Dev.: 3.944359 
Representative 

Upper 95X confidence lirit on eeaw 5.582499 Concentration: 5.582499 



JPPER 95X CONFIDENCE LlNlT ON THE ARlTHllETlC MEAN 

Enter Cherical: Sodlue 
Enter tlatrir: Unfiltered Groundwater, Sites I, 2, 3 

Enter nurber of samples: 24 
Degrees of Freedoe: 23 

Enter earple results (use l/2 DL for m-detects) 

Sarple No. 
________-_ 

1 
2 
3 
4 
5 
b 
1 
8 
9 

IO 
II 
62 
13 
I4 
65 
lb 
11 
66 
19 
20 
26 
22 
23 
24 
25 
26 
21 
28 
29 
30 

Sarple Rrsults (Xi-Xbarrfr2 
-------------- _____-_-__-_ 

5000 
16600 
1500 

13900 
13500 
42500 
loo00 
69400 
1000 

349OD 
20500 
18100 
7250 

lb200 
36400 

1500 
29000 
12000 
31300 
14000 
24900 
7000 

12900 
10900 

Aritb. Wean: 66764.58 

1.3841eR 
32087504 
85832504 
R20583b. 
lOb51504 
Lb231e8 
45159588 
6945421. 
95347088 
3.2889e8 
63953338 
3745830. 
90527296 
368754.3 
2.642Oe6 
2.3301efl 
1.497leD 
22706254 
2.112ReS 
1642923. 
bblD5004 
95347088 
64935004 
34393338 

0 
0 
0 
0 
0 
0 

Std. Dev.: 19575.57 
Representative 

Upper 95X confidence lirit on rean: 26230.99 Concentration: 21230.99 



UPPER 95X CONFIDENCE LlNIT ON THE LRITHRETIC !lERN 

Enter Cherical: Thallm 
Enter Ltrix: Unfiltered Graunduater, Sites I, 2, 3 

Enter Ndber of sarples: 24 
Degrees of Freedom: 23 

Enter mple results (use 112 DL for non-detects1 

Sample ND. 
---------- 

1 
2 
3 
4 
5 
b 
1 
6 
9 

10 
II 
t2 
13 
64 
15 
Ib 
17 
18 
19 
20 
26 
22 
23 
24 
25 
26 
21 
28 
29 
30 

Aritb. Mean: 

SalpIe Results (Xi-Xbaritr2 
---_---------- ____________ 

1 
1 
I 
I 
I 
1 
1 
I 
1 
t 
2 
1 
1 
1 
1 
1 
1 
1 

1.2 
I 
1 
1 
1 
1 

6.05 

.0025 

.0025 

.0025 
a0025 
.0025 
.0025 
a0025 
.0025 
.0025 
.0025 
.9025 
,002; 
.0025 
.0025 
.0025 
.0025 
.0025 
.0025 
.0225 
.0025 
.0025 
.0025 
.0025 
.0025 

i 
0 
0 
0 
0 

Std. Dev.: .2064187 
Representative 

Upper 95X confidence limit on mean: 1.137677 Eoncentration: 1.131117 



UPPER 952 CDNFIDENCE LMIT ON THE GRlTHtlETlC ffEAN 

Enter Chemical: Vaeadlur 
Enter Matrix: Unfiltered Groundrater, Sites I, 2, 3 

Enter number of samples: 24 
Degrees of Freedom: 23 

Enter sample results (use 112 DL for non-detects) 

Sample No. 
__________ 

I 
2 
3 
4 
5 
b 
7 
8 
9 

IO 
II 
12 
63 
I4 
15 
lb 
17 
68 
19 
20 
26 
22 
23 
24 
25 
26 
21 
20 
29 
30 

Sample Results (Xi-XbarM2 
-------------- ------------ 

5 
2.5 

5 
53 
5 

101 
5 

8.75 
5 

4b.25 
5 

5.5 
5 

14 
2.5 

5 
3.5 
30 
22 
5 

12 
5 

2.5 
2.5 

Aritb. than: 14.83333 

96.69444 
152.1661 
96. b9444 
6456.694 
94.69444 
7424.694 
96. b9444 
3l.OOb94 
96.L9444 
987.0069 
96.69444 
87.66661 
96.69444 
.6944444 
152.6166 
96.69444 
620.4444 
230.0218 
56.36616 
96.69444 
a.027778 
96.69444 
152.1616 
152.1161 

0 
0 
0 
0 
0 
0 

Std. Dev.: 22.82872 
Representative 

Upper 95X confidence lirit on mean: 24.41465 Concentration: 24.47465 



UPPER 951 CONFIDENCE LlHlT ON THE OlRlTHtlETlC HEAN 

Enter Chemical: Zinc 
Enter !latriw: Unfiltered Groundwater, Sites I, 2, 3 

Enter number of samples: 24 
Degrees of Freedom: 23 

Enter sample results lusr l/2 DL for non-detects) 

Sample No. 
______---- 

6 
2 
3 
4 
5 
6 
1 
a 
9 

IO 
II 
12 
63 
I4 
15 
lb 
17 
10 
19 
20 
26 
22 
23 
24 
25 
26 
27 
20 
29 
30 

Sample Results (Xi-Xbarltt2 
----------“--- --__-------- 

10 
a 

55 
1010 

20 
516 

15 
10 
75 

506.5 
445 

1660 
50 

156 
6 

90 
60 

530 
135 
15 

15.5 
IO 
22 

4.5 

Aritb. lean: 231.9792 

49214.75 
5Olbb.b7 
31326,63 
b0531b.4 
44935.67 
BObb7.83 
41019.9b 
26237.25 
24642.4b 
622664.B 
45377.00 
2039244. 
33166.42 
5772.034 
510bb.58 
20150.00 
26009.17 
00066.42 
9404.959 
47079.96 
4bBb3.23 
49214.75 
44096.25 
51146.77 

0 
0 
0 
0 
0 
0 

Std. Dev.r 391.8589 
Representative 

Upper 95X confidence limit on mean: 400.0000 Concentration: 400.0000 

f 1 I I 1 I I 1 ! 1 I i 



JPPER 95X CONFIDENCE LIHIT ON THE GRITHHETIC WEAN 

Enter Chemical: earLurn 
Enter Uatrixr Filtered Groundwater. Sites 1, 2, 3 

Enter number of samples: 13 
Degrees of Freedom: 12 

Enter sample results fuss l/2 DL for non-detects) 

Sample No. 
----_----- 

a 
9 

10 
11 
62 
13 
14 
65 
16 
67 
60 
19 
20 
26 
22 
23 
24 
25 
26 
27 
20 
29 
30 

Sample Rerul ts 
-------------- 

226 
256 
60 

93.5 
29 
01 

693 
30 
41 

343 
92 

271 
199 

(Xi-XbarMe2 

5450.936 
60792.01 
7509.090 
2814. bO9 
13956.24 
4376.244 
2605.390 
169Ob.11 
16260.47 
38370.78 
3031.706 
65347.40 
2692.013 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Aritb. Bean: 641.6154 Std. Dev.: 103.9060 
Representative 

Upper 95X confidence limit an mean: 209.9509 Concentratlon: 209.9509 



dPPER 95” CONFIDENCE LlhIT ON THE RRITHilETlC DEAN 

Enter ChemLcal: Calcrur 
Enter Ratrir: Filtered Groundwater, Sites I, 2, 3 

Enter number of samples: 13 
Degrees of Freedoa: 12 

Enter sample results fuse l/2 DL for non-detects) 

Sample No. 
---------- 

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
11 
12 
13 
14 
15 
I6 
67 
ia 
69 
20 
21 
22 
23 
24 
25 
26 
27 
20 
29 
30 

Sample Results (Xi-Xbaritu2 

Aritb. hean: 

38700 
45000 
54100 
54900 
49300 
60700 
33000 
47100 
55000 
45000 
40900 
349oo 
30600 

46344675 
05443.79 
73027756 
00265444 
64301598 
2.30alea 
1.5644ea 
2535u4. 
6.0593ea 
05443.79 
26230820 
1.1252ea 
2.2224eS 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

45501. b9 Std. Dev.: 9463.303 
Representative 

Upper 95X confidence limit on mean: 56226.00 Concentration: 51226.00 

I I 1 I 



UPPER 952 CONFIDENCE LInir ON THE ~~R~IHHETIC nEf+N 

Enter Chemical: Chromium 
Enter Matrix: Filtered Groundrater, Sites 1, 2, 3 

Enter number of sraples: 13 
Degrees of Freedom: 12 

Enter sample results (use 612 DL for non-detects) 

Sample No. Sample Results 

1 
2 
3 
4 
5 
b 
7 
a 
9 

LO 
61 
62 
63 
64 
15 
lb 
67 
10 
19 
20 
26 
22 
23 
24 
25 
26 
27 
28 
29 
30 

2.5 
2.5 
2.5 
2.5 

3 
2.5 
3.5 
36 

2.5 
2.5 
2.5 

3 
2.5 

(Xi-Xbar)itZ 
------------ 

5.504438 
5.504438 
5.504438 
5.504438 
3.400284 
5.504438 
1.862130 
684.0231 
5.504438 
5.504438 
5.504430 
3.408204 
5.504430 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Rrith. Bern: 4.046i54 Std. Dev.: 7.864436 

Upper 951 confidence limit on mean: 9.598993 
Representative 
Concentration: 9.590993 



iiPPER 95X CONFIDENCE LItlIT ON THE ARITHHETIC tIEAN 

Enter Chemical: Iran 
Enter llatrix: Filtered Groundwater, Sites I, 2, 3 

Enter number of samples: 13 
Deqrees of Freednm: 12 

Enter sample results he l/2 DL far non-detects) 

Sample No. Sample Results (Xi-Xbar)f*Z 

8 
9 

IO 
61 
12 
13 
64 
65 
lb 
17 
la 
19 
20 
26 
22 
23 
24 
25 
26 
21 
20 
29 
30 

5 
20 

3BbB 
1.25 
1020 

32 
5 

486 
4040 

5 
300 
37 

163237.4 
763237.4 
131253.4 
8808540. 
759366.6 
0066b8.0 
716790.2 
763237.4 
154663.9 
15692416 
163231.4 
334ala.o 
708340.8 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Aritb. lean: 870.6346 Std. Dev.: 1631.225 
Representative 

Upper 95X confidence llrit an mean: 1064.459 Concentration: 1064.459 



uPPER 951 CONFIDENCE LINIT ON THE ARlTMETlC NEAN 

Enter Chemical: Lead 
Enter Hatrix: Filtered Groundwater, Sites I, 2, 3 

Enter number of samples: 13 
Deqrees of freedom: 12 

Enter sample results turie l/2 DL far non-detects) 

Sample No. 
---------- 

6 
2 
3 
4 
5 
4 
7 
a 
9 

IO 
II 
62 
13 
64 
65 
lb 
67 
18 
19 
20 
26 
22 
23 
24 
25 
26 
27 
26 
29 
30 

Sample Results (Xi-Xbarlttl 

.J 

.5 

.5 

.5 
2.05 

.5 
1 

.: 

.5 
5 

.: 

.5 
1.6 

.3462070 

.34b2870 

.34b2010 

.3462870 

.9245562 

.3462870 

.0078254 

.3462070 

.3462alO 
65.30063 
.34b2070 
.3462070 
.Zbtb7lb 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Aritb. tlean: 1.006462 Std. Dev.: 1.278310 

Upper 952 confidence limit on mean: 1.066039 
Representative 
Concentration: i.06lo39 



UPPER 9% CONFIDENCE LItfIT ON THE RRiTHl!ETIC HEM 

Enter Cherical: llagnesiur 
Enter llatrir: Filtered Grounduater, Sites 1, 2, 3 

Enter nusher of sarples: 13 
Degrees of Freedoa: 12 

Enter sarple results (use l/2 DL for non-detects) 

Sarple No. Sarple Results (Xi-kIhar)WZ 

2 
3 
4 
5 
b 
7 
0 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
10 
19 
20 
21 
22 
23 
24 
2s 
26 
27 
18 
29 
30 

13100 
20800 
15!00 
16200 
21950 
17800 
14800 
19800 
16300 
20900 
16100 
18400 
8750 

14970947 
14674793 
lb10947. 
59171b.O 
24808062 
690177.5 
4705562. 
8013254. 
447069.0 
15450947 
755562.1 
2047101. 
67555754 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. lean: 16969.23 Std. Dev.: 3609.278 

Upper 95% confidence lieit on rem: 19150.48 
Representative 
Concentration: 19150.46 



UPPER 95% CONFIDENCE LIlilT ON THE ARITHtiETIC NEAN 

Enter Cheeical: Hanganese 
Enter tlatrix: Filtered Groundwater, Sites I, 2, 3 

Enter number of saeples: 13 
Degrees of Freedoe: 12 

Enter sarple results (use l/2 ,DL for non-detects) 

Saeple k. Sarple Results 

6 
9 

10 
11 
12 
13 
14 
I5 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

74 
43 

636 
385.5 

29 
20b 
31 
71 

1750 
4190 
243 
2b 
40 

[Xi-lbar)t12 
------------ 

277040.3 
310634.7 
1271.197 
4b15B.87 
326436.4 
98813.50 
324155.0 
280207.4 
1321704. 
12805615 
127696.3 
329073.5 
313987.8 

0 
0 
0 
iJ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. Hean: 600.34b2 Std. Dev.: 1177. h95 
Representative 

Upper 952 confidence lieit en aean: 1312.081 Concentration: 1312.081 



-. - 



UPPER 95X COMFIDENCE LItlIT Off THE ARITHHETTC HEAN 

Enter Chericai: Sodiua 
Enter llatrir: Filtered Groundwater, Sites I, 2, 3 

Enter nueber of sarples: 13 
Degrees of Freedor: 12 

Enter sarple results fuse 112 DL for non-detects) 

Sarple No. 
_____-_-__ 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
I? 
20 
21 
22 
23 
24 
25 
2b 
27 
28 
29 
30 

Sanple Results 
-------------_ 

11300 
13300 
40300 
17950 
32550 
19100 
14100 
29500 
31900 
30700 
24400 
11800 
10400 

l.lbb4e8 
77440000 
3.3124e8 
17222500 
1.0920e8 
9000000 

b4000000 
547bOOOO 
96040000 
73960000 
5290000 

l.Ob09e8 
1.3689e8 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. tiean: 22100 Std. Der.: 9990.725 

Upper 95X confidence licit on rean: 28137.85 
Representative 
Cmentratlon: 28137.85 



tIPPER 95X CONFIDENCE LIMT ON THE RRITHRETIC HEPN 

Enter Cherical: Vanadiur 
Enter lfatrix: Filtered Groundwater, Sites I, 2, 3 

Enter nurber of sasples: 13 
Degrees of Freedor: 12 

Enter saeple results fuse 112 DL for non-detects) 

Saeple No. 
---------- 

1 
2 
3 
4 
5 
b 
7 
8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Saaple Results IXi-Wbar)taZ 

“5 
L.J 

b 
2.5 
2.5 
2.5 
2.5 

3 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

Arith. lean: 2.iOlb92 Std. Dev.: 

Upper 95X confidence lirit on wan: 

.0946746 
10.19083 
.0946746 
.094674b 
.0946746 
.0946746 
.03b9822 
.094b74b 
.094674b 
.OPkb'lkb 
.094b74b 
.094b74b 
.094674b 

0 
0 
0 
0 
0 
ii 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

.9690730 

3.393348 
Representative 
Concentraticn: 3.393348 



UPPER 95X CONFIDENCE LItIiT ON THE ARTTHifETIC AEILN 

Enter Cherical: Zinc 
Enter Iatrix: Filtered Grnundwater, Sites 1, 2, 3 

Enter nurber of sarples: 13 
Degrees of Freedor: 12 

Enter sarple results (use 112 DL for non-detects) 

Saeple No. Sarple Results 

2 
3 
4 
5 
b 
7 
8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

3 

2 
2.5 

2 
174 
IO 
20 
29 

5 
5.: 

b 

IXi-Xbar)ttZ 
--__________ 

310.3018 
346.5325 
346.5325 
328.lb72 
34b.5325 
23526.84 
112.68bk 
.3786982 
70.30178 
185.3787 
243.8402 
228.4749 
213.6095 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. llean: 20.61538 Std. Dev.: kb.77925 

Upper 95X confidence lieit on Bean: 48.88123 
Representative 
Concentraticm: 48.88123 



IIPPER 95X CONFIDENCE LIHIT ON THE ARITHHETIC HEbN 

Enter Cheeiral: Carbon tetrachloride 
Enter tlatriu: Current Nnnitoring Wells Sites 5, b, 7 

Enter nurber of samples: 24 
Degrees of Freedor: 23 

Enter sample results fuse l/2 DL for non-detects) 

Sarple No. Sample Results (Xi-Xbarltt? 

8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

2.5 
.: 

2.5 
.5 

2.5 
.5 
.3 
.5 

2 
.75 

.s 

.5 
c 

2:; 
.5 

2.5 
.5 

2.5 
.5 

2.5 
5 

2:; 
.: 

1.557296 
.5b!ib293 
1.557296 
a5656293 
1.557296 
Sb5b293 
.90b4627 
.565b293 
Ab35460 
.5593793 
.2520877 
.5656293 
.5656293 
.5656293 
1.557296 
.5656293 
1.557296 
.5656293 
1.557296 
.5656293 
1.557296 
.5656293 
1.557296 
.5656293 

0 
0 
0 
0 
0 
0 

Arlth. Hean! 1.252083 Std. Dev.: .9561562 

Upper 95X confieence lirit on rean: 1.655899 
Representative 
Concentration: 1. b55899 



9PER 551 COliFIOENCi LIIIT oi( THE ARITHHETIC #EAN 

Enter inealcai: Cnloroiorc 
Enter datm: Current flonltorme riells Sites 5, b, 7 

Enter nuaber of saaoles: 24 
Deorees of Freeooa: 2; 

Enter saexile resuits Use l/Z DL for non-detects) 

Sasele No. 
--_------- 

Sasole Results iY1-LbarrrtZ 

.5 
.7: 

8 
? 

16 
il 
1; 
13 
I4 
15 
10 
I! 
16 
19 
26 
21 
2: 
23 
24 
25 

26 
27 
26 
29 
36 

.: 

.5 

. 5 

.3 
-. c i*J 

$5 
i.5 

.: 
2.5 

.f 
2.5 

95 
2.5 

.: 

a3282335 
.I042752 
.!bl9835 
.3282335 
2.036567 
.3282335 
A282335 
.3282335 
.i)C53168 
.8594835 
.5974002 
.3282335 
.3232335 
.3282335 
2.036567 
.3232335 
1.036567 
.3282335 
2.03bfb7 
.3282335 
2.036567 
.3282335 
2.036567 
.3282335 

J 
6 
0 

6 

irith. tl~an: i 072917 . . . Std. DEV.: .9044551 
Heoresentatlve 

Upper 951 confidsfica lksit on aean: 1.45489fi Loncantration: 1.454898 



ilPPER 951 CONFIDENCE LTRTT ON THE RRlTHflETIC NEAN 

Enter Chesical: Chlorosethane 
Enter Matrix: Current #autoring Yells Sites 5, b, 7 

Enter nusber of samples: 24 
Degrees of Freedos: 23 

Enter sasple results luse 112 DL for non-detects1 

Sasple No. Sasple Results (Xi-XbarMd 

8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

5 
.5 
5 

85 
5 

.5 
5 

.5 
5 

5 
.5 
.5 
.5 
5 

.5 
5 

.5 
5 

.5 
5 

.5 
5 

.5 

5. b4Ob25 
4.515625 
5.640625 
4.515b25 
5. bkOb25 
4.515625 
5ib4Ob25 
4.515625 
5. bkOb25 

.390125 
5. bkOb25 
4.5L5625 
4.515625 
4.515625 
5. b40625 
k.JiSb25 
5. b40625 
4.515625 
5. bkOb25 
4.515625 
5. b4Ob25 
4.515625 
5.640625 
4.5lSb25 

0 
0 
0 
0 
0 
0 

Arith. ilean: 2.b25 Std. Dev.: 2.251811 

3.576014 Upper 95X confidence lieit on Bean: 
Representative 
Concentration: 3.57bOl4 

I 



UPPER 95'1 CONFIDENCE LldIT OH THE DRITHDETIC hEAN 

Enter Cherical: cis-1.2-Dichloroethene 
Enter Matrix: Ciirrent Honitorinq Yells Sites 5, b, 7 

Enter nuaber of sarples: 13 
Degrees of Freedor: 12 

Enter sasple results (use l/2 DL for non-detects) 

Sarple No. Sasple Results IXi-Xbarlta2 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

2.5 
.5 
.5 
8 

.5 
2 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

1.331361 
.71597b3 
.7159763 
44.27367 
.7159763 
.4275148 
.;I59763 
.7159763 
.7159763 
.715?763 
.7159763 
.7159763 
.7159763 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. Dean: 1.34bl54 Std. Dev.: 2.105396 

Upper 95X confidence lieit on rean: 2.618541 
Representative 
Concentration: 2.618541 



UPPER 95X CONFIDENCE LIDIT ON THE ARlTHhETlC MEAN 

Enter Ehenical: 1.2-Dichloroethene 
Enter Natrir: Current flonitoring Yells Sites 5, b, 7 

Enter nurber of saaples: II 
Degrees of Freedor: 10 

Enter sasple results luse 112 DL for non-detects1 

Saaple ho. Saaple Results fXi-XbarlaaZ 
---------- -___---------- __________-- 

1 2 .82644b3 
2 3 .0082645 
3 2.5 . lb73554 
4 7 lb.73554 
5 2.5 a lb73554 
b 2 .82b4463 
7 2.5 , lb73554 
8 3 .0082645 
9 2.5 . lb73554 

10 2.5 . lb73554 
11 2.5 . lb73554 
12 0 
13 0 
14 0 
15 0 
lb 0 
17 0 
I8 0 
19 0 
20 0 
21 0 
22 0 
23 0 
24 0 
25 0 
2b 0 
27 0 
28 0 
29 0 
30 0 

kith. Ilean: 2.909091 Std. Dev.: 1.393165 
Representative 

Upper 95X confidence licit on sean: 3.844974 Concentration: 3.844974 

I I I 



UPPER 95% CONFIDENCE LMT ON THE DRITHWETIC ITERN 

Enter Chesical: DL-ethyl uhthalate 
Enter hatrix: Current Nonitoring Hells Sites 5, b, 7 

Enter nusber of samples: 12 
Degrees of Freedar: 11 

Enter sarple results fuse 112 DL for non-detects) 

Sarple No. Sarple Results 

1 
2 
3 
4 
5 
b 
7 
8 
9 

IO 
11 
12 
13 
I4 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

5 
.2 
5 
5 
5 
5 
5 

.2 
5 
2 

.4 
5 

IWi-YbarTeaZ 
___-____-___ 

2.054444 
11.33444 
2.054444 
2.054444 
2.054444 
2.054444 
2.054444 
11.33444 
2.054444 
2.454444 
10.02778 
2.054444 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Rrith. Hean: 3.566667 Std. Dev.: 2.165571 

Upper 951 confidence limit on rean: 4.942blk 
Representative 
Concentration: 4.942614 



UPPER 952 CONFIDENCE LIhIT ON THE GRITHHETIC REDN 

Enter Chesical: Di-n-octyl phthalate 
Enter Hatriu: Current lfonitoring Mells Sites 5, 6, 7 

Enter nusber of sasples: 12 
Degrees of Freedoa: 11 

Enter sarple results (use l/2 DL for non-detects) 

Sasple No. Sarple Results 

2 
3 
4 
5 
6 
7 
8 
9 

10 
I1 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2b 
27 
28 
29 
30 

5 
.9 
5 
5 
0 -8. 
5 
5 

.b 
5 

.3 
5 

(Xi-Ybarlaa2 
_____------- 

2.25 
6.76 
2.25 
2.25 

10.89 
2.25 
2.25 
8.41 
2.25 
2.25 

10.24 
2.25 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Arith. Nean: 3.5 Std. Dev.: 2.221793 
Representative 

Upper 95X confidence ltrit on mean: 4.911669 Concentration: 4.911bb9 

I I I I I I I 



UPPER 95% CONFIDENCE LIilIT ON THE ARITHTIETIC HEAN 

Enter Chesical: Tetrachlaroethene 
Enter Matrix: Current tonitaring dells Sites 5, 6, 7 

Enter nusber of sasples: 24 
Deqrees of Freedor: 23 

Enter sasple results (use l/2 DL for non-detects1 

Sasple No. 
---------- 

1 
2 
3 
4 
5 
b 
7 
8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Saaple Results 
--..-e---e_____ 

1 
3 

1.5 
.5 

2.5 
.5 

2.5 
.5 

2.5 
.f 
4 

.5 

.5 

.5 
.35 

.5 

.5 

.5 
2.5 

.5 
2.5 

.5 
2.5 

.5 

(Xi-XbarIaa2 
------------ 

.0937891 
2.868789 
.0375391 
.6500391 
1.425039 
.6500391 
1.425u39 
.b500391 
1.425039 
.6500391 
7.256289 
.6500391 
. b500391 
.6500391 
.9144141 
.b500391 
.6500391 
.6500391 
I. 425039 
.65003?1 
1.425039 
.6500391 
1.425039 
.6500391 

0 
0 
0 
0 
0 
0 

Drith. Uean: 1.30b?5 Std. Dev.: l.lOb730 
Representative 

Upper 9% confidence lirit on uean: 1.773658 Concentration: 1.773658 



dPPER 95% CONFIDENCE LINIT ON THE ARITHHETIC HEAN 

Enter Chesical: Ioluene 
Enter llatrixr Current Honitorinq ‘dells Sites 5, 6, 7 

Enter nurber of saaples: 24 
Degrees of Freedor: 23 

Enter sasple results fuse l/Z DL for iWrdEteCt5) 

Sasple No. 

8 
9 

10 
I1 
12 
13 
I4 
15 
lb 
I7 
18 
19 
20 
21 
22 

2! 
24 
25 
26 
27 
28 
29 
30 

Sasple Results 
-------------- 

2.5 

2.5 

2.5 
1 

2.5 
.5 

2.5 
.5 

2.5 
!z .J 

E 

2:; 
b 

2.5 
c 

2:; 
.5 

2.5 
c 

2:; 
.5 

[Xi-Xbarlaa2 
-____-__---- 

.4726563 

.bb01563 

.4726563 

.0351563 

.47265b3 

.bbOl563 

.472bSb3 
1.72265b 
.4726563 
1.722bSb 
.47265b3 
1.722656 
.0351563 
1,722bSb 
.4726563 
17.5351b 
.4726563 
1.722656 
.4726563 
1.722bfb 
.4726563 
1.722656 
.4726563 
1.722656 

0 
0 
0 
0 
0 
0 

Arith. flean: 1.8125 Std. Dev.: I. 283783 
Representative 

Upper 95X confidence lirit on rean: 2.354684 Concentration: 2.354684 

i I I ! I I 1 1 I 





JPPER 952 I;ONFIOENCE Llhll ON THE ARITHUETIC HERN 

Enter Cheelcal: Trlchlnroethene 
Enter ffatrix: Current Honitortnq Yells Site5 5, b, 7 

Enter nurber of saeples: 24 
Degrees of Freedca: 23 

Enter saeele results (use l/2 OL for non-detects) 

Saeple No. Sarple Results (Xi-Ybar)W 

8 
9 

10 
II 
12 
13 
I4 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

b 

.5 

2.5 
.5 
B 

13 

4 

.5 
5 

2:; 
.5 

2.5 
.5 

2.5 
.5 

2.5 
.I 

2.5 
.5 

8.875434 
15.83377 
6.354601 
4.083767 
.27L2674 
6.35PbOl 
24.79210 
99.58377 
4.083767 
.9587674 
15.83377 
B.075434 
6.354601 
6.354601 
.2712674 
b.354bOl 
.2712674 
b.354601 
.2712674 
6.354601 
.2712674 
b.354601 
.2712Al4 
6.354601 

Rrith. Hean: 3.020833 Std. Rev.: 3.241977 

Upper 9X confidence limit on eean: 4.390027 
Representative 
Concentration: 4.390027 

1 I I I ! i I I ! I I 1 I 



@PER 952 COtiIDENCE LIMT ON THE MtIlHNETlC NEtIN 

Enter Chemical: Alwnur 
Enter tlatrir: Unfiltered Groundrater. Sites 5, 6, 7 

Enter nurber of sarpler: 24 
Degrees of Freedor: 23 

Enter rarple results Ius 112 DL for non-detects) 

Sarpte No. 
_--------- 

1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
IB 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 

Saeple Result5 
---------_____ 

3700 
273.25 
29000 
3540 
1500 
2720 
500 

4720 
500 

bb.5 
1000 
7900 
976 

42000 
2000 
2040 

11960 
29.5 
b&i0 
3190 
5000 
1530 
500 
659 

Hi-Ybarlet2 
-__--------_ 

3216680. 
27251119 
5.5256eB 
3616203. 
15948125 
7692360. 
24935146 
598318.4 
24935146 
29452442 
20191636 
579tt92. 
20407900 
1.3327e9 
12204615 
11926134 
41043109 
29855410 
1224319. 
5306160. 
243552.5 
15709415 
24935146 
23372491 

0 
0 
0 
0 
0 
0 

Arith. tfean: 5493.510 Std. Dev.: 9858.424 

Upper 9% confidence lirit on rean: 9b57.047 
Representative 
Concentration: 9657.047 



JPPEfi 951 CONFTDEKE LlliIT ON IHE PHITHHETTC HEAH 

Enter ChEekal: krsenlc 
Enter ilatrlx: Unfiltered 6rirunduater. Sites !i,,b, 7 

Enter nueher af sawies: 24 
Deqrers of Freedor: 23 

Enter sasple results iuse l/2 DL for non-detects! 

Sample IO. 
-----_---- 

e 
9 

16 
11 
12 
13 
I4 
If 
lb 
17 
1e 
I9 
26 
a 
22 
23 
24 
25 
26 

27 

26: 

29 

36 

Saeple fiesults LWi-Xbar)ttZ 

12 
6.5 

3 

3.1 
5 

2.4 
I 

3.7 

I * 657656 
I. b57tSb 
94.33266 
17.7451tl 
.5076563 
1.65765b 
I. b57656 
.bbO1563 
7.357b56 
1.657656 
l,b57656 
.6076563 
1. bS?bSb 
A1265b; 
1.657656 
1. b5765b 
1. b5765b 
f.b5765tl 
1.657b:b 
1.657656 
1. b57656 
.0826563 
1.657656 
l.P%lSb 

6 

Arith. liean: 2.2015 Std. Dev.: 2.532Yb7 
Representative 

UppEr 9% confidence limit on eEan: 3.35725: Concentratm: 3.35725: 



iJP!ER 951 CONFIDENCE LItlIT ON THE kRITHNETlC HEAN 

Enter Cheeical: Bariue 
Enter Matrix: Unfiltered Groundweter, Sites 5, 6, 7 

Enter nueber of saeplee: 24 
Degrees of Freedoe: 23 

Enter saeple results fuse l/2 DL far non-detects) 

Sample No. 
---------_ 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
I3 
14 
IS 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Simple Result5 fWYbarlee2 

450 
739.5 

500 
127 
250 
184 
300 
368 
300 
338 
300 
432 
90 

9b9 
300 
94 

250 
75 

300 
75 

250 
111 
250 
07 

231b1.04 
195087.8 
40879.79 
29176.91 
2286.035 
12953.29 
4.785156 
4926.285 
4.785156 
1615.035 
4.785156 
1800b.29 
39925.04 
450492.7 
4.785156 
41539.54 
2286.035 
49b45.41 
4.795156 
49M5. kl 
2286.035 
34898.91 
2286.035 
44441.91 

0 
0 
0 
0 
0 
0 

Aritb. fleani 297.8125 Std. Dev.: 213.2118 

Upper 951 confidence lirit on rean: 387.8589 
Representative 
Concentration: 387.8589 



UPPER 951 CONFIDENCE LIHIT ON THE ARlTHtiETIC tIEAN 

Enter Cheeical: Cidaiue 
Enter Matrix: Unfiltered Groundwater, Sites 5, 6, 7 

Enter number of saeples: 24 
Degrees of Freedoe: 23 

Enter eaeple results (use l/2 DL far non-detects) 

Saeple No. Saeple Results (Xi-Ibar)** 
__-___---- ----------__-- _________-_- 

1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
I5 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

1 
1.5 

1 
1.5 

1 
1.5 

1 
1.5 

1 
1,5 

1 
1.5 
1.5 

5 
1 

1.5 
2 
2 
1 

1.5 
1 

2.5 
1 

6.5 

.53lbfi40 

.0525174 

.5316840 

.0525174 

.5316840 

.0525174 

.5316840 

.0525174 

.5316840 

.0525174 

.5316040 

.0525174 

.0525174 
10.69835 
.5316840 
.0525174 
.6733507 
.0733507 
.5316840 
.0525174 
.5316840 
.5941840 
.531b840 
22.76085 

6 
6 
0 
0 
0 
0 

brith. Hean: 1.729167 Std. Dev.: 1.318589 

Upper 952 confidence limit OR mean: 2.286050 

I i 1 

Representative 
Concentration: 2.286050 

I I I 



iJPPER 9SL CONFIOENCE LItlIT ON THE PRITHHETIC liEAN 

Enter Cherical: Calm0 
Enter Matrix: Unfiltered Groundwater, Sites 5, 6, 7 

Enter nueber of saegles: 24 
Degrees of Freeder: 23 

Enter eaeple results (use l/2 DL for non-detects) 

Saeple No. 

6 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
20 
29 
30 

Sarple Result5 
-_____________ 

35500 
70800 
18500 
25600 
lb000 
27200 
22500 
45400 
26000 
bblO0 
25500 
35500 
11200 
33100 
20000 
21100 
9000 

20300 
18000 
27200 
14500 
34600 
a500 

IXi-Ibarlee2 

70700069 
1.9104e9 
73816736 
2225069. 
1.2303eR 
11736.11 
21083403 
3.352Oe8 
1191736. 
1.5217e9 
2533403. 
7O700069 
2.5255e8 
36100069 
50291736 
35900069 
3.2731~0 
46126736 
82650403 
11736.11 
1.5855e8 
56375069 
3.4565e8 
BOB50069 

0 
0 
0 
6 
0 
0 

&ith. Ifern: 27091.67 Std. Dev.: 15610.64 

Upper 952 confidence lirit on eean: 33684.55 
Representative 
Canceotrationr 33684.55 



UPPER 95X CONFIDENCE LMIT ON THE RRlTHRETlC HEAN 

Enter Chemical: Cnroeiur 
Enter Matrix: Unfiltered Groundwater, Rites 5, 6, 7 

Enter nuaber oi saeples: 24 
Degrees of Freedor: 23 

Enter saeple results (USE I;2 DL for non-detects) 

Saeple No. 
---------- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
I4 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
20 
29 
30 

hrith. Rean: 

Sample Results (Xi-XbarleeZ 
______________ __---------- 

1.5 
5 
6 

5.5 
1 

3.5 
I 
3 
1 

2.5 
1 

7.5 
65 
15 
11 
18 
6 
e 

6.5 
4 
9 

32 
67 

111.1267 
49.58507 
16.33507 
42.79340 
121.9164 
72.96007 
121.9184 
81.75174 
121.9184 
91.0434D 
121.9184 
25.41840 
20.62674 
2804.585 
8.751736 
1.085069 
35.50174 
36.50174 
lb.33567 
30.71007 
b4.bbB40 
9.251736 
398.3351 
3020.418 

0 
0 
0 
0 
6 
0 

12.04167 Std. Dev.: 17.96792 
Representative 

Upper 95X confidence lieit 08 eean: 19.63011 Concentration: 19.63011 

i i I I 1 i 
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JPPER 95X CONFTDENCE LTRIT ON THE RRITHHETTC UEAN 

Enter Cheeical: Cobali 
Enter Matrix: Unfiltered Groundwater. Sites 5, 6, 7 

Enter nueber of saepies: 24 
&agrees of Freedoe: 23 

Enter raeele results fuse l/2 DL for non-detects1 

Saeple No. Sarple Result5 (Xi-XbarHt2 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
7.6 
27 
28 
29 
30 

b 

7.25 
I20 
13 
1 
3 

10 
3 
1 
3 
1 

4.5 
3 

56 
13 

5.5 
17 

4.5 
9 

4.5 
7 
3 
2 
3 

42.38553 
27.67198 
11554.01 
.2396918 
132.4097 
90.44803 
6.302192 
90.44SO3 
132.4897 
90.44803 
132.4897 
bk. 16678 
9U.44SO3 
lS91.344 
.2396918 
49.14594 
20.15636 
64.16678 
12.32303 
64.16670 
30.36469 
90.44803 
110.4bS9 
90.44803 

0 
0 
u 
0 
0 
0 

Rrith. lean: 12.51042 Std. Dew.: 25.43304 

Upper 95% confidence lieit on mean: 23.25163 
Representative 
Concentration: 23.25163 



JPPER 95% CONFIDENCE LIRIT ON THE ARITHRETIC NEAR 

Enter Cheeical: Lopner 
Enter Matrix: Unfiltered Groundwater, Sites 5, 6, 7 

Enter nueber of saeples: 24 
Degrees of Freedoa: 23 

Enter saeple results fuse 112 DL for non-detects1 

Saeple No. 
---------- 

1 
2 
3 
4 
5 
b 
7 
8 
9 

IO 
11 
12 
13 
14 
15 
lb 
17 
1% 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3D 

Saaple Results (Xi-XbarTsd 
______________ ________---- 

12.5 
4.25 
12.5 
5.5 

12.5 
8.5 

12.5 
5 

12.5 
3 

12.5 
8.5 

11.5 
lb6 

18.5 
2.5 

12.5 
2.5 

12.5 
2.5 

12.5 
40 

12.5 
69 

51.51053 
237.9949 
51.51053 
200.9897 
51.51053 
124.9272 
51.51053 
215.4168 
51.51053 
278.1251 
51.51053 
124.9272 
66.06469 
21410.40 
1.385525 
295.0522 
51.51053 
295.0522 
51.51053 
295.0522 
51.51053 
413.0209 
51.51053 
2432.750 

0 
0 
0 
0 
0 
0 

tith. flean: 19.67708 Std. Dev.: 34.20339 

Upper 95X confidence limit on mean: 34.12239 

I j I 

Representative 
Concentration: 34.12230 

I I I / i 



I JPPER 952 CONFIDENCE LlhlT ON THE PRITHRETTC REPN 

Enter Cheeical: lron 
Enter ilatrirs Unfiltered Groundwater, Sites 5, 6, 7 

Enter nueber af sarples: 24 
Degrees of Freedor: 23 

Enter saeole results fuse 112 RL for non-detects) 

Saeple No. 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
IS 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Saeple Results 
-----_________ 

11000 
1282 

42000 
6560 
2000 
3550 
4300 
4460 
450 
224 
235 

7610 
lSS0 

59!00 
97000 
8340 

49000 
10200 
5860 
3800 

14000 
23900 

300 

(Xi-Xbar)si2 
------------ 

40471185 
2.7823e8 
5.7782e8 
1.300leS 
2.5479e8 
2.0771eS 
l.Sbb5eti 
1.8231eS 
3.0667eB 
3.14bkeS 
3.1425eS 
1.0717eS 
2.5Rb3ea 
1.7421e9 
b. 2470e9 

9.6335e8 
60250585 
114792eS 
2.0057eS 
15698435 
35258360 
3.1195eS 
3.0845e9 

0 
0 
0 
0 
0 
0 

Arith. Rean: 17962.13 Std. Dev.: 26431.55 

Upper 951 COnfldenCE lieit an Lean: 29125.04 
Reoresentattve 
Concentration: 29125.04 



#PER 951 CONFIDENCE LlHIl ON THE GRITHHETlC IlEAN 

Enter Chemical: Lead 
Enter Matrix: Unfiltered Groundwater, Sites 5, 6, 7 

Enter nusber of sampler: 24 
Degrees of Freedom: 23 

Enter sarple results (USE 112 DL for non-datectsl 

Sarple No. 

8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Arith. tleao: 4.570833 

Sample Results (Xi-lbarW2 
______________ e-_-w-----..- 

2 
7.5 
2. 5 
3.5 

1 
1.6 

I 

4.5 
1 
1 
1 

3.1 
9.4 

29.2 
4 

1.6 
3.5 
1.9 

1 
1-b 

6 
9.5 
2.5 
9.8 

6.609184 
8.580017 
4.208351 
1.146684 
12.75085 
8.825851 
12.75085 
.0050174 
12.75085 
12.75085 
12.75085 
2.163351 
23.32085 
606.5959 
.3258507 
8.825851 
1.146684 
7.133351 
12.75085 
8.825851 
2.042517 
24.29bb0 
4.288351 
27.34418 

0 
0 
0 
0 
0 
0 

Std. Dev.: 5.979202 

Upper 951 confidence liait on mean: 7.096047 
Representative 
Cnncentration: 7.096047 

1 i I I I 1 I i / I i I 



#PER 951 CONFIDENCE LlMT ON THE ARITMETIC HEAN 

Enter Chemical: Ragne5iue 
Enter Ltriu: Unfiltered Groundwater, Sites 5, 6, 7 

Enter nurber of sarple5: 24 
Oegrees of Freedor: 23 

Enter sarple results (use l/2 OL far non-detests) 

Sarple No. Sarple Results (Xi-XbarM2 
---------- -------------- ------------ 

1 12000 630700.7 
2 21850 1.1330efl 
3 4650 42978951 
4 9700 2267534. 
5 8500 7321534. 
6 11400 37700.69 
7 10000 1454034. 
8 15600 193OB701 
9 9MO 2909067. 

10 18300 50327201 
11 14500 10851534 
12 17700 42174201 
13 b420 22904201 
14 23500 1.5115e8 
15 9000 4865701. 
16 4000 51924034 
17 3150 64896451 
18 10100 1222867. 
19 7000 17689034 
20 13500 5263201. 
21 7500 13733201 
22 15900 22035201 
23 6000 27100701 
24 9170 4144617. 
25 0 
26 0 
27 0 
28 0 
29 0 
30 0 

Arith. Mean: 11205.83 Std. Dev.: 5439.333 
Representative 

Upper 951 COnfidEWe lieit an reu: 13503.04 Eoncentration: 13503.04 



@PER 951. CONFIDENCE LlllIT ON THE ARlTHliETlC HEAN 

Enter Chedcal: Banganese 
Enter tlatrir: Unfiltered Groundwater, Sites 5, 6, 7 

Enter nurher of saaples: 24 
Degrees of Freedor: 23 

Enter sarple results (use 112 DL for non-detects) 

Sample No. Sample Results 

12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

1400 
9565 
3000 
536 
510 

1060 
1000 
326 
200 

72 
50 

b42 
ba 

4096 
2000 

b99 

430 
160 
270 
145 
300 
4h7 
50 

123 

(Xi-YbarMt2 
----_------- 

71489.39 
71104948 
3487089. 
355961.4 
387661.9 
2769.391 
17589.39 
650643.9 
869789.4 
1124925. 
1172077. 
240712.9 
1133426. 
0746067. 
752339.4 
188030.6 
493681.9 
945999.4 
744121.9 
975403.1 
693264.4 
443056.6 
1172077. 
1019343. 

0 
0 
0 
0 
0 
0 

Arith. lean: 113;.b2: Std. Dev.: 2051.431 
Representative 

Upper 951 confidence limit on rean: 1999.012 Concentration: 1999.012 

t I I I I I i I I I i 



iJPYER 951 0lNFIDENCE LIHIT ON THE ARITHHETIC HEAN 

Enter Chemical: Nickel 
Enter Matrix: Unfiltered Groundwater, Sites 5, b, 7 

Enter number of samples: 24 
Degrees of Frerdor: 23 

Enter sample results (use 112 DL for non-detectsi 

Sample No. 
---------- 

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
LB 
I9 
20 
21 
22 
23 
2k 
25 
26 
27 
28 
29 
30 

Sarple Results 
____________-_ 

5 
a.5 
60 
26 
10 

8.5 
5 

18 
5 

8.5 
5 

26 
a.5 
98 
30 

a.5 
LO 
17 
5 

8.5 
10 
51 
5 

44 

(Xi-ItarM 
______------ 

296.1267 
181.9184 
1428.210 
14.37674 
149.0434 
187.9184 
296.1267 
17.71007 
296.1267 
187.9184 
296.1267 
33.54340 
187.9184 
5744.377 
60.71007 
187.9184 
1428.210 
27.12674 
296.1267 
187.9184 
149.0434 
828.9601 
296.1267 
474.0767 

0 
0 
0 
0 
0 
0 

Ari tb. flean: 22.20833 Std. ilev.: 24.01126 

Upper 95Y confidence lieit on mean: 32.34909 
Representative 
Concentration: 32.34909 



tiPPER 95% CONFIOENCE LIIIIT ON THE RRlTHIlETIC NE&N 

Enter ChEeiLdl: Pot555iur 
Enter Matrix: Unfiltered Graunduater. Site5 5, 6, 7 

Enter nueber of 5arples: 24 
Degrees of Freedar: 23 

Enter sarple results tu5e l/2 DL far non-detects) 

SalpIe No. Saeple Results (Xi-Xbar)**2 
---------- ---_----_----- _----------- 

8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
LB 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Arith. Hean: 3317.375 

b50 

817.5 
2000 
14so 
450 

1306 
500 

1150 
5SO 
15S 
450 

16400 
23260 

9690 
1500 

10900 
1000 
1220 
700 

If70 
1050 
1790 
1100 

191.5 

7114689. 
6249375. 
1735477. 
2680997. 
8221839. 
4069802. 
7937602. 
4697514. 
7650364. 
9981650. 
8221639. 
1.7116e8 
3.9532e8 
4Ob10349 
3302852. 
57496202 
5370227. 
4398982. 
bE50652. 
4611219. 
5140989. 
2332074. 
4916752. 
9771095. 

0 
0 
0 
0 
0 
0 

Std. Dev.: 5822.913 
Representative 

Upper 9% confidence lieit an Bean: 5776.503 Concentration: 5776.583 

1 : I I i I I I I I 



UPPER 95X CONFIDENCE LIMIT ON THE BRITHHETIC NEAN 

Enter Cheriral: Sodium 
Enter llatrir: Unfiltered Groundwater. Sites 5, 6, 7 

Enter number of samples: 24 
Degrees of Freedae: 23 

Enter sarple results luse li2 DL for non-detects) 

Sample No. 
-----_____ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Sarple Rewi ts (Xi-Xbarltt2 
-----_________ ------------ 

5500 
10800 
12000 
12300 
4550 
7660 
8000 

17000 
6000 

13000 
boo0 
9570 

18500 
14700 
5500 

26900 
8500 

14600 
9500 

12600 
4300 
9930 
3700 

25 

21442608 
148062.9 
3494563. 
4706186. 
31143375 
6103988. 
4539563. 
47188313 
17062963 
8233313. 
17062063 
314300.4 
70046438 
20879188 
21442688 
3.5229e8 
2658938. 
19975313 
397687.9 
6097813. 
33996188 
40250.39 
41352938 
1.0212eS 

0 
0 
0 
0 
0 
0 

Rrith. Nean: 10130.63 Std. Dev.; 6018.230 
Reoresentative 

Upper 95X confidence lirit on rean: 12672.32 Concentration: 12672.32 



UPPER 95r CONFIDENCE LItfIT ON THE ARITHlfETlC tiEAN 

Enter Chemical: Vanadiur 
Enter Matrix: Unfiltered Groundwater. Site5 5, 6, 7 

Enter number of samples: 24 
Degrees of Freedor: 23 

Enter sample results (use 112 DL far non-detects) 

Sample No. 
---------- 

1 
2 
3 
4 
5 
b 
7 
8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Sample Results [Xi-Xbar)W2 
-------------- ------------ 

5 
4.25 

30 
9 
5 
5 
5 
3 
5 
3 
5 

13 
i 

79 
5 

2.5 
5 

2.5 
5 
6 
5 

5.5 
5 

12.5 

Arith. Mean: 9.635417 

21.48709 
29.00271 
414.7163 
.4037543 
21.4E709 
21.48709 
21.48709 
44.02875 
21.48709 
44.02875 
21.48709 
11.32042 
13.21625 
4811.445 
21.48709 
50.91417 
21.48709 
50.91417 
21.48709 
13.21625 
21.48709 
17.10167 
21.48709 
8.205838 

0 
0 
0 
0 
0 
0 

Std. Dev.: 15.80434 
Reoresentative 

Upper 95X confidence lirit an Bean: 16.31011 Concentration: lb.31011 





.IPPER 95X CONFIDENCE LIST ON THE RRITHflETIC #EAN 

Enter Chmical: Cvanide 
Enter Hatriu: Unfiltmd Groundwater, Site5 5, 6, 3 

Enter nwher of sarples: 13 
Degree5 of Freedor: 12 

Enter 5a5ple results (use 112 DL for non-detects) 

S55ple ND. 
---------- 

1 
2 
3 
4 
5 
b 
7 
8 
9 

10 
61 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Sarple Results 
-------------- 

5 
5 

5 
5 
5 
5 
5 
5 
5 
5 
5 

92 

44.7BL.98 
44.78690 
44.7BbPB 
44.78698 
44,70698 
44.78690 
44.78698 
44.70690 
44.70b90 
44.786% 
44.70690 
44.78690 
b449.325 

0 
6 
0 
6 
6 
6 
0 
0 
0 
0 
0 
6 
0 
6 
0 

Arith. lean: II.69231 Std. Dev.: 24.1244b 

Upper 95% confidence lirit on aear: 2b.27405 
Representative 
Concentration: 

I I 

26.27485 



JPPER 951 CCiNFIOEWCE LItIll ON THE iiRITHliETIC tIEAN 

Enter Cherical: Barium 
Enter Natrir: Filtered Grounduater, Sites 5, 6, 7 

Enter nurher of samples: 13 
Degrees of Freedor: 12 

Enter raeole results (use l/2 DL for non-detects) 

Sarple ND. 
---------- 

I 22 
23 
24 
25 
26 
27 
26 
29 
30 

Saeple Results 

404.5 
37 
63 

227 
293 
199 
a3 
61 
56 
2; 

92 
66 
54 

(Xi-Xbarltt2 
------------ 

123417.1 
9252.960 
4926.960 
8719.883 
25538.50 
4330.652 
2519.2i8 
5211.729 
5958.652 
12363.73 
1696.806 
5357.114 
6271.422 

0 
0 
0 
6 
6 
0 
0 
6 
0 
6 
0 
3 
0 
6 
0 
6 
0 

Arith. lean: 133.1923 Std. Dev.: 134.0537 
Reprrsentstive 

Upper 951 confidence lirit on aean: 214.2071 Concentration: 214.2071 



LIPPER 95X CONFIDENCE LlillT ON THE ARlTHtlETlC flEAN 

Enter Chemical: Calcius 
Enter lfatrix: Filtered Grouoduater, Sites 5, 6, 7 

Enter number of saaples: 13 
Deqrees of Freedos: 12 

Enter sarple results (use 112 DL fDr non-detects) 

Sawle No. 
__---^---- 

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
16 
19 
20 
21 
22 
23 
24 
25 
2b 
27 
28 
29 
30 

Sarple Results 
______________ 

64700 
2bCIOO 
27700 
45400 
61300 
33900 
12800 
19400 
22800 
24300 
36000 
18700 
20400 

(Xl-XbarHt2 
------------ 

1.0779e9 
24b93254 
17382485 
1.8308eR 
B.bb17e8 
4124024. 
3.6364eB 
1.5548eR 
82250447 
57293254 
17063254 
1.7343eR 
6.3654ea 

(I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Rrith. Mean: 31069.23 Std. Dev.: 16212.16 

41666.96 Upper 95X confidence li6it on Bean: 
Representative 
Concentration: 41bbb.98 

I I I I I I ! 



ilPPER 951 CONFIDENCE LltilT ON THE ARlTHlfEllC HEAN 

Enter Cherical: Cobalt 
Enter Hatriw: Filtered &Dundrater, Sites 5, 6, 7 

Enter nurber of samples: 1; 
Degrees of Freedor: 12 

Enter sarple results (ue.e 112 iL for non-detects) 

Saeple ND. 
---------- 

a 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
20 
29 
30 

Sarple Results iii-Xbaritt2 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
6 

.0532544 

.0532544 

.0532544 

.0532544 

.0532544 
.a532544 
.a532544 
.0532544 
.0532544 
.0532544 
.0532544 
.0532544 
7.660639 

0 
0 
0 
0 
0 

0 
0 
0 
0 
6 
0 
0 
0 
0 
Ii 
0 

Arith. lean: 3.230769 Std. Dev.: .a320503 
Representative 

Upper 951. confidence limit Dn scan: 3.733615 Concentration: 3.733615 



ilPPER 952 CRUFIDENCE LIMIT ON IHE ARITHMETIC. AEAN 

Enter Cherical: Iron 
Enter llatriu: filtered Groundnater, Sites 5, 6, 7 

Enter number of samples: 13 
Deqrees of Freedoe: 12 

Enter sagle results (use l/2 RL for non-detects1 

Sarple No. 
_--------- 

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
60 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Saeple Results 

a.75 
28 

6.5 
12 
lb 

23.5 
7.5 

21.5 
i&30 

6 
1460 
2020 
56% 

(Xi-Xbar)ttZ 
___--------- 

1467000. 
642oaia. 
1472536. 
6459210. 
1449570. 
1431566. 
1470110. 
1436356. 
29260308 
1473749. 
57609.23 
640030.0 
19360169 

u 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 
iJ 
0 
0 
0 
0 

Arith. Mean: 6269.901 Std. Dev.: 2200.406 

Upper 95X confidence lwiit on mean: 2598.100 
Representative 
Concentration: 2590.100 

I 1 1 I ! I I I I ! 



RPPER 95% CONFIDENCE LItfIT ON THE ARITlOiEllC MEAN 

Enter Chemical: !la~neslur 
Enter Matrix: FiltErEd Groundwater, Sites 5, 6, 7 

Enter nusber of sarples: 13 
Degree5 of Prerdoa: 12 

Enter sarple results fuse I/? DL for non-detects) 

Sarple ND. Sarple Results (Xi-XbarM2 

a 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
60 
19 
20 
21 
22 
23 
24 
25 
26 
27 
20 
29 
30 

19000 
9240 

11060 
14260 
17406 
16060 
5060 
7150 

10900 
11700 
16000 
9060 
4060 

b5340569 
6636330. 
512076.3 
6169492. 
32306107 
60356330 
34294530 
20849766 
b&6107.1 
260.9467 
60356330 
7377492. 
50616692 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 

c 

Rrith. Tfean: 11716.15 Std. Deu.: 4734.412 

UppEr 951 COnfidEiKe 6irit on Pean: 64577.30 
Representative 
Concentration: 14577.30 



JPPER 951 CONFIDENCE LIMIT ON THE GRITHNETIC tIEAN 

Enter Cherical: Ilanijanese 
Enter lfatriu: Filtered Groundwater, Sites 5, 6, 7 

Enter nurber of saaplee: 13 
Degrees of Freedoe: 12 

Enter sarple results fu5e l/2 DL for non-detectrk 

Sarple ND. 
---------- 

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
10 
19 
20 
21 
22 
23 
24 
25 
26 
27 
20 
29 
30 

Sarple Ftesul t5 
_________----- 

735.5 
a 
a 

30 
5 
1 

24 
17 

164 
1.5 
391 
30 

753 

(Xi-XbarM2 
_____-_----- 

322755.1 
25403.46 
25403.46 
16740.30 
26360.76 
27683.04 
20559.15 
22615.53 
11.45562 
27517.71 
50003.04 
10074.53 
342945.4 

0 
0 
6 
0 
0 
iJ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Prith. iieao: 167.3046 Std. Oev.: 277.9212 

Upper 9% ConfldeoCE lipit on aean: 335.3452 

I ! I ! 1 

Reoresentatlve 
Concentration: 

I I I I I I ! I I I I I I I 



JPPER q52 CONFIDENCE LItlIT UN THE RRlTMETlC REIN 

Enter Cherical: Nickel 
Enter Hatrir: Filtered Groundwater. Sites 5, 6, 7 

Enter nurber oi sarples: 13 
Deqrees of Freedor: 12 

Enter sample result5 Use l/2 DL for non-detects) 

Sarple ND. 

a 
9 

10 
II 
12 
13 
14 
15 
lb 
17 
60 
19 
20 
21 
22 
23 
24 
25 
26 
27 
20 
29 
30 

Sample Results 
-----_________ 

0.5 
0.5 
0.5 
a.: 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
25 

0.5 
0.5 

1.610947 
1.610947 
1.610947 
1.610947 
1.610947 
1.610947 
l.blO’i47 
1.610947 
1.610947 
1.610947 
231.9763 
1.610947 
1.610947 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
(1 

Arith. Iran: 9.769231 Std. Dew.: 4.576277 

Upper 95X confidence limit oo Lean: 12.53400 
Reoresentative 
Concentration: 62.53400 



ilPPER 95X CONFIOENCE LI#IT ON THE ARlTHtfETlC tIEAN 

Enter Chewa Patas5iu8 
Enter ktrix: Filtered Groundwater. Sites 5, 6, 7 

Enter number of 5deple5: 13 
Oe9rees of Freedom: 12 

Enter 5aeale results fuse l/2 DL far non-detects) 

Sample No. 
-_-------- 

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
60 
19 
20 
21 
22 
23 
24 
25 
26 
27 
20 
29 
30 

Arith. tlean: 

Sample Results 
_------------- 

429 
759 
005 
994 

1330 
913 

laioo 
1160 
1310 
715 

17110 
1220 
9010 

(Xi-XbarJtt2 
__________-_ 

6423495. 
4059656. 
4320002. 
3070779, 
2660197. 
4204393. 
ziiiE6 
3252474. 
2733935. 
5055579. 
1596335. 
3039650. 
36560627 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2963.462 Std. Dev.: 5063.025 
Representative 

Upper 95X confidence lirit on mean: 6023.763 Concentration: 6023.763 



UPPER 951 CONFIDENCE LMIT ON THE AHlTHtlETlC MAN 

Enter Cheeical: SOdllil 
Enter Matrix: Filtered Grosodwater, Sites 5, 6, 7 

Enter nueber of sarples: 13 
Degrees of Freedor: 12 

Enter sample results (use l/2 DL for non-detectrt 

Sarple No. Sarple Results IXi-Ybar)etZ 

6 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
I6 
I9 
20 
21 
22 
23 
24 
25 
2b 
27 
28 
29 
36 

10300 
12700 
7590 

17000 
lZiO0 
09bO 

Id400 
10806 
16300 
10600 
9110 
7070 

3lWO 

0026325. 
187555.6 
30725702 
14953094 
3067248. 
17414571 
10672786 
5443248. 
10029402 
6416479. 
lb185148 
3h760902 
3.4845e8 

0 
0 
0 
0 
0 
il 
0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 

Rrith. Hean: 13133.08 Std. DPY.: b495.745 

Upper 952 cunfidence liri t on rean: 17058.75 
Representative 
Contentratlon: 17058.15 



tiPPER 951 CONFlOENCE LItlIT ON THE ARITHHETIC IfEM 

Enter Chebcal: Thallwr 
Enter llatrix: Filtered Graundwater, Sites 5, 6, 7 

Enter nuaber of sarples: 1: 
Degrees of Freedm: 12 

Enter sarple results luee l/2 DL fur non-detects) 

Saeple No. 
__________ 

I 
2 
3 
4 
5 
h 
7 
8 
9 

10 
11 
I2 
13 
14 
15 
Ib 
17 
16 
69 
20 
21 
22 
23 
24 
25 
26 
27 
26 
29 
30 

Saaple Results 
--------__---- 

1 
1 
I 
1 
1 
1 
1 
I 
2 
I 
1 
1 
1 

(Xi-Xbar)*t2 
------------ 

.0059172 

.a059172 

.OG59172 

.a059172 

.6059172 

.a059172 

.0059172 

.‘I059172 

.8520710 

.a059172 

.a059172 

.a059172 

.0059172 
0 
0 
0 
0 
0 
0 
D 
0 
0 
0 
0 
U 
0 
0 
0 
0 
0 

Ari th. Hean: I.076923 Std. Dev.: .2773501 
Aeuresentative 

Upper 951 confidence limit m mean: I. 244530 Concentration: 1.244536 



ilPPER 951 CONFIDENCE LZWZT DN THE GRITH#ETIC tIEAN 

Enter Chemical: Zinc 
Enter tlatrit: Filtered Groundwater, Sites 5, 6, 7 

Enter nusber of sasples: 13 
Degrees of Freedur: 12 

Enter sarple results (use l/2 DL for non-detects) 

Sasple NO. 
---------- 

2 
3 
4 
5 
6 
7 
6 
9 

10 
11 
I2 
13 
14 
15 
lb 
17 
16 
I9 
20 
21 
22 
23 
24 
25 
2b 
27 
28 
29 
3D 

Casple Results 
------_------- 

2.75 
9.5 

4 
32 

7.5 
2.5 

5.5 
a 

73 
5.5 
b4 

197.0784 
53.12167 
163.5447 
231.3909 
06.27552 
204.1601 
218.6986 
218.6986 
127.4294 
77.237Qh 
3159.737 
127.4294 
2228.929 

0 
0 
0 
(i 
a 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Orith. lfean: lb.70846 Std. Dev.: 24.31346 

Upper 951 confidence lirit on aean: 31.48220 
Representative 
Cnncentratiun: 31.46220 





ACETONE 

- 

Acetone is a ketone, volatile solvent, and common laboratory contaminant. Acetone is used in the 
production of lubricating oils and as an intermediate in the manufacture of chloroform and various 
pharmaceuticals and pesticides (Siiig, 1985). 

Acetone can cause irritation of the eyes and upper respiratory tract and can be absorbed through the 
skin. Headaches, dizziness, and dermatitis are other signs of acetone toxicity (Wig, 1985). Acetone 
has not been classified as a carcinogen by EPA. 

ALUMINUM 

Most hazardous exposures to aiuminum occur during smelting and refining processes. Aluminum and 
its alloys are used in the shipbuilding, electrical, building, aircraft, automobile, light engineering, and 
jewelry industries. Aluminum foil is widely used in packaging. Aluminum chloride is used in petroleum 
processing and in the rubber industry (Sittig, 1995). Aluminum is also a common, virtually ubiquitous 
element. 

Aluminum is not generally regarded as an industrial poison. Salts of aluminum can cause dermatoses, 
eczema, conjuctiviiis,, and irritation of the mucous membranes of the upper respiratory system. 
Inhalation of finely divided powder has been reported as a cause of pulmonary fibrosis. Aluminum in 
aerosols has been implicated in Altheimers disease (Sax, 1999; Wig, 1995). 

Aluminum has not been classified as a carcinogen by EPA. 

O-l 



ANTIMONY 

Antimony is used in mining, smelting, refining, alloy and abrasive manufacture, and typesetting in 
printing. Antimony has also been used in ammunition, battery plates, pigments, plasticizers, glass, 
enamels, pottery, pharmaceuticals, and explosives (Sittig, 1985). 

Antimony and its compounds are generally regarded as primary skin irritants. Symptoms of acute oral 
poisoning include violent irritation of the nose, mouth, stomach, and intestines, vomiting, bloody stools, 
slow shallow respiration, pulmonary congestion, coma, and sometimes death due to circulatory or 
respiratory failure. Chronic oral poisoning presents symptoms of dry throat, nausea, headache, 
sleeplessness, loss of appetite, and dizziness. Liver and kidney degenerative changes are late 
manifestations. Antimony has not been classified as a carcinogen. 

ARSENIC 

Exposure to arsenic occurs mainly through occupational uses in the agricultural, pigment, glass, and 
metal smelting industries. Arsenic is a ubiquitous metalloid element whose compounds are considered 
to be human oral and inhalation carcinogens (Sax, 1989). Arsenic, as an element, is not considered 
acutely toxic to humans. Most animal toxicity studies have been conducted using arsenic trioxide 
(Clayton and Clayton, 1982). In human, 80% of the absorbed dose is distributed to the liver, viscera, 
bone, skin, hair, and nails. Once ingested, arsenic compounds cause systemic skin and GI effects in 
humans (Sax, 1989). Chronic exposure affects the skin, mucous membranes, GI tract, nervous systems, 
and occasionally the circulatory system (Clayton and Clayton, 1982). 

Trivalent arsenic may complex with glutathione peroxidase, causing enzyme inactivii. This enzyme is 
essential for the maintenance of red blood cell integrity (Clayton and Clayton, 1992). 

EPA classifies arsenic in drinking water as a Group A known oral human carcinogen. 

- 

- 

- 

- 

- 

-. 

- 

- 
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BENZO[A]PYRENE 
F-a 

Benzo[a]pyrene is a polycyclic aromatic hydrocarbon (PAH) that occurs naturally in crude and shale 
oils, coal tars, and asphalt. It is also a byproduct of combustion and is considered a potent carcinogen 
(Wig, 1985). Most bemo[a]pyrene enters the environment as particulate and vapor following 
combustion (Sittig, 1988). 

p” 
Although benzo[a]pyrene and other PAHs have low oral and dermal acute toxicities in laboratory animals 
(Clayton and Clayton, 1982), benzo[a]pyrene has produced tumors in all speciestested by both the oral 
and dermal route of application (Wig, 1988). EPA classifies benzo[a]pyrene as a Group 82 probable 
human carcinogen, whereas IAFtC classiies benzo[a]pyrene as having sufficient animal evidence and 
inadequate human data (RTECS, 1991). In primates, benzo[a]pyrene is readily excreted following 
metabolic oxidation, or may be excreted unchanged (Clayton and Clayton, 1982). 

BARIUM 

R1 
Metallic barium is commonly used to form alloys with nickel, lead, magnesium, and other metals. 
Compounds of barium are used in the manufacture of rubber, paints, glass, paper, and linoleum. 
Barium compounds can also be found in valves, X-ray diagnostics, and rodenticides (Wig, 1988). 

In occupational exposures, barium poisoning is rare. However, the ingestion of soluble barium 
compounds has a strong effect on muscle tissues, particularly the smooth muscles, by increasing their 
contractility (Sittig, 1985). If extreme, this can result in cardiac arrest. Other effects include increases 
peristalsis, vascular constriction, bladder contraction, and swelling of the brain. Vasoconstriction results 
in hypertension, the most common effect obsenred in barium-exposed subjects. Target organs include 
the heart, lungs, CNS, respiratory system, skin, and eyes. 

p1 
Inhalation of barium sulfate dusts, the major source of barium metal, has produced a benign form of 
pneumoconiosis. Chest X-rays in these cases reveal circumscribed nodules (Clayton and Clayton, 
1982). Barium is not classified as a carcinogen. 

o-3 



BENZENE 

Benzene is an aromatic hydrocarbon with a distinct odor. It is used as a motor fuel additive, as well as 
a solvent in fats, inks, oils, paints, plastics, and rubber. It is also used as an intermediate chemical in the 
manufacture of styrene, phenols, cumene, nylon, and maleic anhydride. 

Acute inhalation of large amounts of benzene has led to CNS depression with symptoms including 
headache, giddiness, vertigo, delirium, and respiratory irritation (Clayton and Clayton, 1982). Extremely 
high doses have been known to cause death from ventricular fibrillation. Chronic inhalation of lower 
levels has resulted in similar sumptoms as well as aplastlc anemia, hyperbilirubinemia, and immunotoxic 
effects (monocytosis and absolute lymphocytosis) (Clayton and Clayton, 1982). Ingestion of benzene 
has caused staggering gait, vomiting, rapid pulse, loss of consciousness, and CNS depression. Higher 
concentrations have resulted in coma and death. Benzene is poorly absorbed by the skin: however, it is 
an k&ant which can produce defatting dermatitis. lt has also been known to cause sensitllation. Target 
organs include the blood, CNS, skin, bone marrow, eyes, and respiratory system (Sittig, 1985). Benzene 
is not readily soluble in body fluids, but it is readily deposited in fatty tissues or absorbed into 
memebranes due to its high lipid solubility. 

EPA has classified benzene as a Group A known human carcinogen. This is based on an increased 
incidence of leukemia in exposed workers and neoplasia in rats. 

BERYLLIUM 

Beryllium is used in the manufacturing of electrical components, chemicals, ceramics, and X-ray tubes, 
as well as in a variety of alloys. The major source of beryllium exposure of the general population is 
through the burning of coal (Sittig, 1985). 

Adverse effects can include contact dermatitis, eye irritation, and effects on the respiratory system (via 
inhalation of fume or dust), liver, spleen, and heart (Siiig, 1988). Beryllium is also classified by EPA as a 
Group 82 probable human carcinogen via the oral and inhalation routes. 

- 

-. 

- 

- 

- 

-- 

- 

- 

- 

- 

- 

- 
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BROMOMBTHANE 

Bromomethane is primarily used as a fumigant for soils, grain, warehouses, and ships. Other uses 
include specialized fire extinguishing agent, solvent for aniline dyes, extraction of oils from wool, nuts, 

c”r* seed, and flowers, and methylation during organic synthesis (Sittig, 1985). 

pll 

Repeated or prolonged dermal contact with liquid bromomethane may result in severe skin burns. 
Vapor contact may lead to itching dermatitis. Liquid bromomethane has also been shown to cause 
wmeal bums. Inhalation of large quantitles has led to respiratory failure. Lower concentrations will 
cause lung irritation accompanied by congestion and pulmonary edema Chronic exposures may lead 
to excitation and convulsions which give way to paralysis of the extremitaes. It is believed that the toxic 
effect of bromomethane is due to its abilii to methylate certain compounds (Clayton and Clayton, 1992). 
Symptoms include headaches, nausea, vertigo, and tremors. Target organs include the CNS, respiratory 
system, skin, and eyes (Wig, 1995). 

P EPA has listed bromomethane as Group D (not classifiable as to carcinogenicity). IARC has listed 
bromomethane as having limited animal evidence and inadequate human evidence (RTBCS, 1991). The 
limited evidence available does indicate a potential for forestomach carcinomas in rodents. 

C 

PBUTANONE 

2Butanone, also known as methyl ethyl ketone, is used as a solvent in nitrocellulose coating and vinyl 
film and smokeless powder mangufacture, and in cements and adhesives (Wig, 1995). PButanone can 
affect the CNS and can be an eye or skin irritant. Generally, the ketones are not known for severe 
toxicity (Sax, 1989; Sittig, 1995). 2Butanone has not been classified as a carcinogen by EPA. 

o-5 



CADMIUM 

Cadmium, usually obtained from copper, lead and zinc ore, is used as an anticorrosive coating for 
metals, and as a component of alloys. As an environmental contaminant, it is virtually ubiquitous. 

Cadmium primarily affects the respiratory and GI tract (Clayton and Clayton, 1982). Cadmium 
compounds produce renal, pulmonary, cardiovascular, and skeletal effects based on chronic exposure. 
Cadmium compounds are poorly absorbed by the GI tract, readily absorbed via inhalation and only 
negligibly absorbed through intact skin (Sittig, 1985). Due to differences in absorption rates, different 
refernce doses have been developed for cadmium in food and in water. 

EPA classifies cadmium compounds as Group Bl probable human carcinogens via inhalation. 

CARBON TEIRACHLORIDE 

Carbon tetrachloride is a wmmon solvent that has found uses in oils, fats, lacquers, rubber, waxes, and 
resins, Carbon tetrachlorlde is also used to synthesize fluorocarbons. Other applications include dry 
cleaning agents, fire extinguishers, fumigants, and antihelmintics (Sittg, 1985). 

Prolonged skin contact with carbon tetrachloride may lead to defatting dermatitis, while eye contact may 
be only slightly irritating. Skin absorption is reported to be negligible (Clayton and Clayton, 1982). Both 
inhalation and ingestion of carbon tetrachloride can lead to CNS depression with symptoms including 
dizziness, vertigo, headache, and incoordination. Other symptoms may include nausea and vomiting 
(Sittig, 1985). Chronic exposures have been shown to cause liver and kidney damage. Alcohol is 
known to have a synergistic effect in conjunction with carbon tetrachloride. One study shows the 
absorption rate of inhaled carbon tetrachloride to be 30?% 

EPA has classified carbon tetrachloride as a Group 82 probable human carcinogen. 

O-8 
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CHLORDANE 

R 

“3 

Chlordane is an insecticide that has been extensively used for termite control, but it has been banned in 
the United States. Systemic effects in humans include tremors, convulsions, ataxia, and gastritls. The 
fatal dose to humans is estimated to be between 6 and 60 g. Chlordane can be absorbed through the 
skin. Liver damage has been reported from chronic exposure. Chlordane is a lipophilic, persistent 
compound that, like DDT, can bioconcentrate significantly. Chlordane is often detected in conjunction 
with heptachlor; heptachlor can be a component of technical grade chlordene. Chlordane is classified 
by EPA as a Group 82 probable human carcinogen (Siiig, 1985; Sax, 1999). 

CHLOROBENZENE P-4 

Chlorobenzene is used in the maufacture of aniline, phenol, and chloronitrobenzene and as an 
intermediate in the manufacture of dyestuffs and many pesticides. Chlorobenzene can cause skin and 
eye irritation and effects on the CNS and liver (Wig, 1985). Chlorobenzene has not been classified by 
EPA as a carcinogen. 

R 

CHLOROFORM 

Chloroform was one of the earliest anesthetics, but this use has been abandoned due to toxic effects. It 
is currently used as a solvent in the lacquer industry, and in purification of certain pharmaceuticals. It is 
also used in the manufacture of synthetic silk, plastics, floor polishes, and fluorocarbons. Chloroform is 
a wmmon contaminant of city water supplies where it is formed by the interaction of chlorine and 
naturally occurring organic compounds (Siiig, 1995). 

Prolonged dermal contact with chloroform may result in bums. Skin absorption occurs to a small 
extent. The anesthetic qualities of chloroform at high concentrations have caused death due to liver 
dysfunction, and cardiac arrest due to cardiac muscle sensitization (Clayton and Clayton, 1982). 
Symptoms of exposure include digestive disturbances, dlliness, and coma. Target organs include the 
liver, kidneys, heart, eyes, and skin. 

m-. 

- 

Chloroform has been shown to be highly embryotoxic, and to a lesser exent teratogenic. It is classified 
a Group 82 probable human carcinogen by EPA because of its possible association with rectal, bladder, 
and colon cancers. Cancer of the liver, kidney, and thyroid have also been detected in test animal 
populations. 
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CHLOROMETHANE 

Chloromethane, also known as methyl chloride, is a gas that is used mainly as an organic synthesis 
intermediate. It is used as a propellant for plastic foams, a rubber solvent, and an extractant for greases 
and oils. It has been used as a refrigerant in the past (Sittig, 1985). 

Dermal and eye contact with chloromethane are rare and do not appear to affect exposed individuals. 
Inhalation primarily affects the nervous system, causing tremors, staggering gait, loss of memory, 

-drowsiness, and blurred vision. Extremely high doses have resulted in nausea, vomiting, and abdominal 
pain (Clayton and Clayton, 1982). There is limited evidence of hepatic and renal toxicity. Target organs 
include the liver, kidneys, and CNS. The metabolism of chloromethane is nearly complete, with 
approximately 5% being excreted unchanged in exhaled air. The remainder is metabolized to unknown 
nonvolatile compounds in the body (Clayton and Clayton, 1982). 

IARC has reviewed the carcinogeniclty of chloromethane and determined that there is inadequate 
evidence in both animals and humans (RTBCS, 1991). EPA has classified chloromethane as a Group C 
possible human carcinogen, although this is not yet considered to be fully reviewed, Agency-wide 
consensus (USEPA, Jan. 1, 1992). 

- 

- 

- 

CHROMIUM 

Chromium is refined by roasting chromite ores. Chromium is used in the plating, anodizing, and 
photography industries. It may also be used as a catalyst (Wig, 1988). Trivalent chromium is an 
essential nutrient, and there is evidence that hexavalent chromium is reduced to trivalent chromium in 
organisms. 

Hexavalent chromium is more toxic and mobile than trivalent chromium. Effects of chromium exposure 
include skin ulcers, various forms of dermatitis, perforated nasal septa, respiratory system inflammation, 
and liver enlargement. The skin, upper respiratory tract, lungs, liver, kidneys, and GI tract are target 
organs and systems for chromium effects (Clayton and Clayton, 1982). 

.- 

Hexavalent chromium is considered to be a Group A known human carcinogen by inhalation, according 
to EPA. Bronchigenic carcinoma has been observed in occupational exposures (Clayton and Clayton, 
1982). 

O-8 
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c 

COBALT 

Cobalt is used in the manufacture of a number of alloys, including those used for permanent magnets. 
Alloys are used in the electrical, automobile, and aircraft industries. Cobalt is also used as a binder in 
the manufacture of tungsten carbide tools. Cobalt can be found in pigments, glass, pottery, and 
photographic materials (Sittig, 1995). 

Cobalt targets the respiratory system and skln upon exposure. It is a mild eye and skin irritant that may 
cause sensitization. Cross-sensitization may occur with nickel and chromium. Inhalation of cobalt dusts 
causes asthma-like symptoms which may eventually develop into chemical pneumoconiosis. Chronic 
ingestion of cobalt (as in beer at over 1000 ug/l) can cause vomiting, diarrhea, and cardiotoxicity 
(Clayton and Clayton, 1982; USEPA, 19i7). 

COPPER 

- 

C 

Copper is an excellent conductor and is used throughout the electrical industry. It is also used in 
piping, roofing materials, cooking utensils, chemical equipment, and coinage. Copper is used to form 
alloys such as bronze, brass, and gun metal. Copper is also used in pesticides, catalysts, paints, and 
electroplating (Sittig, 1985). 

Dermal contact with copper salts has caused irritation, itching, and dermatitis. Eye contact has resulted 
in conjuctivitls and ulcerization of the cornea. Inhalation of copper dusts and fumes may cause upper 
respiratory irritation, a metallic taste in the mouth, nausea, metal fume fever, and discoloration of the skin 
and hair. Copper salts may cause nasophatyngeal congestion, and occasionally perforated nasal septa 
upon inhalation. Ingestion of copper salts may produce increased salivation, nausea, vomiting, gastric 
pain, hemorrhagic gastritis, and diarrhea (Siiig, 1985). Chronic effects may be seen only in individuals 
with Wilson’s diease (hepatolenticular degeneration) in which the body has an increased ability to 
absorb, store, and retain copper. Target organs include respiratory system, skin, liver, kidneys, and 
eyes. Copper is not classified as a carcinogen. 

o-9 
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CYANIDE 

Sodium and potassium cyanides are used primarily in the extraction of ores, electroplating, and metal 
treatment (Siig, 1995). Cyanide is generally not considered to be a persistent environmental 
contaminant because it is quickly degraded in the environment. 

Exposure to cyanide can result in nausea, confusion, vertigo, wnvulsions, paralysis, and cardiac 
arrhythmia. Chronic exposure to cyanide solutions can produce a ‘cyanide rash”. Chronic cyanide 
poisoning is reported to cause anorexia, headache, nausea, and irritatlln of the upper respiratory tract 
and eyes (Sax, 1999). Cyanide is believed to act by preventing the release of oxygen to tissues by red 
blood cells (Casarett and Doull, 1995). 

.- 

DDT, DDD AND DDE 

4,4’-DDT is an insecticide that has been banned in the United States since 1972. 4,4’-DDT and its 
metabolites, 4,4’-DDD and 4$-DDE, are toxicants with long-term persistence in soil and water. Their 
high lipophilicity and low water solubility result in concentrated accumulation in the fat of wildlife and 
humans (Sittig, 1985). Thinning of eagle and osprey eggshells led to population declines for those birds 
(Casarett and Doull, 1995). 

Because of the persistence and dispersion of DDT compounds, they are therefore widespread 
environmental contaminants. Toxic effects to humans include paresthesia, convulsions, vomiting, and 
skin irritation. The target organs are the CNS, liver, kidneys, skin, and peripheral nervous system (Wig, 
1985). Experimental ingestion of 1.5 g of 4,4’-DDT resulted in discomfort, moderate neurological 
changes, and vomiting (Sax, 1989). 

-- 

- 

- 

- 

4,4’-DDT, 4,4’-DDD, and 4$-DDE are classified as oral Group 82 probable human carcinogens. 4,4’- 
DDT ls also classified as an inhalation Group 82 carcinogen. 

- 

- 

- 

- 

- 
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1 ,PDICHLOROBENZENE 

1,PDichlorobenzene (1,2DCB) is a process solvent in the manufacture of toluene diisocyanate!, and an 
intermediate in dyes, herbicides, and degreasers (Wig, 1985). 

Dermal exposure to 1,2-DCB may cause chemical bums with blistering. The eyes and upper respiratory 
system may also be irritated by 1,PDCB. In addition, both oral and inhalation exposure routes may lead 
to liver and kidney damage (Siig, 1985). 

1,2-DCB is metabolized to various dichlorophenols in the body. Many of the dichlorophenols are as 
toxic as 1,FDCB (CLayton and Clayton, 1982). EPA considers 1,PDCB to be Group D, unclassifiable as 
to carcinogenicity. 

1,4-DICHLOROBENZENE 
II\ 

1,4-Dichlorobenzene is used primarily as a deodorant and insecticide and is a byproduct of 
chlorobenzene production (Sittig, 1995). 

c” 

14-Dichlorobenzene has been associated with hemolytic anemia and liver necrosis. The 
dichlorobenzenes reportedly impart an offensive taste and odor to water (Siig, 1985). Human systemic 
effects by ingestion include respiratory and eye effects, liver injury, and eye irritation (Sax, 1989). 

l&Dichlorobenzene is classified as a Group 82 probable human carcinogen by EPA. 

w 
1, l-DICHLOROETHANE 

l,l-Dichloroethane (l,l-DCA), also known as ethylidene dichloride, is an organic solvent which is used 
as a cleaning and degreasing agent. it is also used as an intermediate in the synthesis of some organic 
chemicals. 

Dermal exposure to l,l-DCA has been shown to cause defatting dermatitis, but this compouncl is 
reported to not be readily absorbed through the skin. Inhalation of high concentrations may cause 
upper respiratory irritation, gastrointestinal upset, end CNS depression. Symptoms include dizziness, 
nausea, vomiting, and mental confusion. Chronic exposures have been shown to cause liver, kidney, 
and adrenal injury (Clayton and Clayton, 1995). l,l-DCA has not been classified by EPA as to 
carcinogenicity. 
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1 ,PDICHLOROETHANE 

1,PDichloroethane (1,2DCA), also known as ethylene dichloride, is used in the manufacture of ethylene 
glycol, polyvinyl chloride, nylon, rayon, rubber, and plastics. lt is used as a solvent in resins, asphalt, 
rubber, cellulose acetate, cellulose ester, and paints It is also used as a degreaser, an extracting agent 
for soybean oil and caffeine, an antiknock gasoline additive, a fumigant, and a dry cleaning solvent. It 
may also be used in the photographic, adhesive, water softening, cosmetic, and pharmaceutical 
industries (Wig, 1988). 

- 

- 

- 

Prolonged dermal contact with 1,PDCA may cause severe irritation and defatting dermatitis. Skin 
absorption does occur, but to a limited degree. Acute exposure to high concentrations results in CNS 
depression and respiratory failure with symptoms including dizziness, nausea, vomiting, and respiratory 
irritation (Clayton and Clayton, 1982). Chronic exposures may result in neurologic changes, as well as 
hepatic and renal damage. Some studies have also noted adrenal effects (Clayton and Clayton, 1982). 

- 

- 

EPA has classified 1,203 as a Group 82 probable human carcinogen, based on studies in which a 
variety of tumor types have been identified. 1,BDCA has also been shown to alkylate DNA. 

- 

1 , l-DICHLOROETHENE -. 

1 9 1-Dichloroethene (1 (l-DC& also known as vinylidene chloride, is used in the manufacture of 1 ,l , l- 
trichloroethane. However, its most common use is in polyvinylidene copolymers used in packing, 
including Saran. Otehr polymer applications include mortars, concretes, and fabrics (Sittig, 1985). 

- 

l,l-DCE is an eye and skin irritant. This irritation may be due to the inhibitor hydroquinone monomethyl 
ether which is added to prevent peroxide formation. Skin absorption is not significant due to the high 
volatility of l,l-DCE. Ingestion of l,l-DCE results in liver damage, as well as changes in ciliated cells of 
the bronchioles. Inhalation of high concentrations of l,l-DCE has resulted in CNS depression, as well 
as liver and kidney damage. Chronic exposures have also resulted in hepatic, renal, adrenal, and 
respiratory damage (Clayton and Clayton, 1982). l,l-DCB is rapidly absorbed by the respiratory and 
digestive tracts, but has limited solubilii and is not stored in body tissues. 

-- 

- 

Chronic exposure has also resulted in the production of cancerous cells in exposed individuals EPA 
has classified l,l-DCE as a Group C possible human carcinogen. 
DNA. 

l,l-DCE has been shown to alkylate 

-_ 

- 
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1,2DICHLOROETHENE 

1,PDichloroethene (1,PDCE) is used as a solvent for waxes, resins, and acetylcellulose. It is alSO used 
in rubber extraction, refrigeration, pharmaceuticals, and in the extraction of oils from meat and fish 
(Wig, 1985). 

Research indicates that the cis and trans isomers of 1,PDCE have similar, if not equal, toxicological 
properties. 1,2-DCE is both an eye and dermal primary irritant. Irritation of the upper respiratory tract 
may accompany acute inhalation exposures. Acute inhalation exposures may also result in CNS 
depression with symptoms including diiiness, nausea, and vomiting (Siiig, 1985). Chronic inhalation 
studies have demonstrated 1,PDCE to have toxic effects on the lungs, liver, and kidneys. A decreased 
leukocyte count has also been noted (Clayton and Clayton, 1932). 

1,BDCE is not classified as a carcinogen by EPA. 

1 ,PDICHLOROPROPANE 

1,BDichloropropane is used as a chemical intermediate in PCE and carbon tetrachloride synthesis and 
as a solvent. 1,2Dichloropropane can be used as a fumigant, scouring compound, and degreaser 
(Siiig, 1995). 

1,2Dichloropropane can have irritating effects to the skin (defatting dermatitis) and eyes. 1,2- 
Dichloropropane can also cause liver, kidney, and heart damage. Fatty degeneration of the liver and 
kidney have been repotted in animals (Sax, 1939). 

1,2-Dichloropropane is classified as a Group 82 probable human carcinogen by EPA via the oral route, 
based on the occurrence of liver tumors in mice. 

DIELDRIN 

Dieldrin is a chlorinated hydrocarbon insecticide that is currently banned in the United States. It was 
used to control corn and citrus pests (Wig, 1935). 

Dieldrin has low volatility and low water solubility, which contribute to its persistence, and has a high 
affinity for fat, which results in a tendency to bioaccumulate. Dieldrin can affect the central nervous 
system, liver, kidneys, and skin. Symptoms include headache, dizziness, nausea, clonic or tonic 
convulsions, and wma (Wig, 1935). 

Dieldrln is classified by EPA as a Group 82 probable human carcinogen via the oral and inhalation 
routes. 
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ETHYLBENZENE 
- 

Ethylbenzene is used in the manufacture of cellulose acetate, styrene, and synthetic rubber. It may also 
be used as a solvent and as a component of aviation and automotive gasolines. Ethylbenzene is also a 
common contaminant of mixed xylenes (Sittig, 1985). 

Ehtylbenzene is an eye and skin irritant that may cause defatting dermatitis. It may also cause CNS 
depression and upper respiratory irritation following inhalation. There is some wncem regarding hepatic 
and renal toxicity; however, this is due primarily tc the metabolic pathways that are located in these 
organs. Target organs include eyes, upper respiratory system, skin, and CNS. A number of metabolites 
can be formed, including hippuric acid and mandelic acid. An increase in microsomal enzyme synthesis 
has also been noted following ethylbenzene exposures (Clayton and Clayton, 1992). EPA considers 
ethylbenzene to be Group D, not classifiable as to carcinogenicii. 

LEAD 

Lead rarely occurs in the elmental state and must be refined from lead-containing ores. Lead is used in 
the chemical industry to line tanks that may be subject to corrosion. Lead is also found in solder, 
automobile fillers X-ray shielding, manufacturing of tetraethyl lead (gasoline additive), paint pigments, 
and storage batteries (Sittigs 1995). 

Lead, a generally ubiquitous element, is considered a cumulative poison in humans as inorganic 
compounds (Clayton and Clayton, 1992). Inhalation and ingestion of lead compounds by humans 
causes systemic effects in target organs including CNS, blood, and kidneys (Sax, 1999). Lead is readily 
absorbed when inhaled; however, when ingested, most of the lead is eliminated in the feces and not 
absorbed. 

Chronic inorganic lead exposure causes effects on the hematopoietic system, producing anemia. Other 
effects, such as neurological, renal, and reproductive effects are also associated with chronic exposure 
to inorganic lead wmounds (Clayton and Clayton, 1992). Inorganic lead wmpunds interfere with heme 
synthesis by reacting with the thiol groups on enzymes and amino acids. 

Alkyl lead compounds are associated with acute rather than chronic responses in humans. These 
effects are primarily CNS oriented (Clayton and Clayton, 1992). 

EPA considers lead to be a Group 82 probable human carcinogen, but no Agency-wide consensus has 
been reached concerning a cancer slope factor. 

- 

- 

- 

- 

- 

-.. 

- 

_- 

.- 

- 
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MANGANESE 

Manganese is used in the manufacture of dry cell batteries, paints, dyes, and in the chemical and glass 
and ceramics industries. Manganese is normally ingested as a trace nutrient in food; the average human 
intake is reported to be approximately 10 mg/day (Siiig, 1985). 

Manganese dust and fumes can be somewhat irritating to mucous membranes. Chronic manganese 
poisoning can cause apathy, anorexia, and asthenia. Headache, spasms, and atthralgias can ‘follow, 
with manganese psychosis (confusion, compulsions, hallucinations) finally resulting. Neurological 
damage can also include tremors and effects upon speech. Severe poisoning resembles classic 
Parkinson’s disease (Siiig, 1995). 

Manganese is not classified as a carcinogen by EPA. 

MERCURY 

Mercury is found in all types of rocks; however, the ore most often used to refine mercury is cinnabar. 
Mercury is most commonly used in the electrical and chemical industries. It is also present in dental 
amalgams. Both pharmaceuticals and pesticides containing mercury are no longer in use (Clayton and 
Clayton, 1992). Inorganic mercury is used in metal plating, tanning, feltmaking, taxidermy, and 
~~tograpW 

Mercury is a primary irritant of skin and mucous membrances with exposure routes via inhalation 
(metallic), ingestion, eyes, skin, and mucous membranes. Target organs incude skin, respiratory system, 
CNS, and kidneys (Wig, 1985). Mercury has a high affinity for sulfhydryl groups on proteins (Clayton 
and Clayton, 1992) and is considered a general protoplasmic poison (Sax, 1999). Mercury is readily 
absorbed by the respiratory system and intact skin (Sax, 1999). Inorganic mercury salts accumulate in 
the kidneys. Exposure to mercury may produce the following symptoms: coughing, chest pains, 
tremors, insomnia, headaches, saliiation, GI disturbances, weight loss, and proteinuria 

EPA classifies mercury and its compounds as Group D, not classifiable as to carcinogenicity. Positive 
mutagenicity data exist for the inorganic salts, and some data have shown tumorigencity and 
teratogeneicity in experimental test organisms (Sax, 1999). 
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METHOXYCHLOR - 

Methoxychlor is a chlorinated insectic’ide that has been used to control flies, elm bark beetles, and 
blackflies. It has been used on agricultural crops such as alfalfa, fruits and vegetables, and grains, and 
on livestock including cattle, swine, goats, and sheep (Wig, 1986). - 

Methoxychlor is considered to have low mammalian toxicity. Effects in humans have not been reported. 
In animals, adverse effects can include trembling, convulsions, and kidney and liver damage (Wig, 
1986, Sax, 1989). 

4-METHYLPHENOL 
- 

4Methylpheno1, also known as p-cresol, can be used as a disinfectant, as an ore flotation agent, and as 
an intermediate in the manufacture of chemicals, dyes, and plastics (Wig, 1986). - 

4-Methylphenol is corrosive and can cause burns. Skin rashes can result from repeated or prolonged 
exposure. 4-Methylphenol can be absorbed through the skin. Toxic effects include muscle weakness, 
dizziness tinnitus, and confusion. Symptoms of chronic poisoning include vomiting, headache, 
dizziness, and skin rash. The CNS, liver, kidneys, and skin are target organs (Sittig, 1985). 

- 

4-Methylphenol is not classified as a carcinogen by EPA. 
-- 

NICKEL - 

Nickel is refined from ores containing sulfur, antimony, and arsenic. Nickel is commonly used in the 
production of alloys, including stainless steel, and in electroplating. Nickel is also found in magnetic 
tapes, surgical instruments, batteries, crank case oils, and enamels. It may also be used to catalyze 
reactions in fats and oils, coal oils, and plastics. 

-__ 

Nickel is considered a skin sensitizer, causing dermatitis in occupational settings, and a reproductive 
toxicant. Routes of exposure to humans include inhalation (dusts) and ingestion. The most significant 
exposure route is via food; however, only approximately 10% of the nickel ingested in food and water is 
absorbed by the GI tract (Sittig, 1986). Chronic nickel salt exposure has been associated with kidney 
and CVS changes (Clayton and Clayton, 1982). Insoluble nickel dusts have been shown to be 
carcinogenic via inhalation, especially nickel carbonyl (Sax, 1989). 

Nickel has not been classified as a carcinogen by EPA. IARC has classified nickel carbonyl as a Class 1 
carcinogen (sufficient animal and human evidence) (RTECS, 1991). 

-_ 

- 

- 

- 
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The phthalate esters include butylbenzyl phthalate, di-n-butyl phthalate, diethyl phthalate, dimethyl 
phthalate, di-n-octyl phthalate, bis(2ethylhexyl) phthalate (also known as di-2ethylhexyl phthalate), and 
di-n-octyl phthalate. As plasticizers, the phthalate esters are used in virtually every major product 
category, and are now ubiquitous environmental contaminants. They are noted for their low acute and 
low chronic toxicity (Casarett and Doull, 1966). 

Irritation and GI distress have been reported for exposure to high concentrations of di-n-butyl phthalate. 
However, the greatest concern when dealing with phthalates is the carcinogenicity of bis(2-ethylhexyl) 
phthalate (Siiig, 1966). Bis(2Mhylhexyl) phthalate is classified by EPA as a Group 82 carcinogen. 

POLYCHLORINATBD BIPHENYLS (AROCLORS) 

Polychlorinated biphenyls (PCBs) are extremely stable, nonflammable compounds that have been used 
chiefly in the electrical industry as an insulator in capacitors and transformers. They are also used in the 
manufacture of plasticizers, hydraulic fluids, inks, sealants, adhesives, pesticide extenders, and 
microencapsulation of dyes in carbonless duplicating paper (Clayton and Clayton, 1962). The United 
Sates Congress eliminated the production and sale of PCBs in 1976. PCBs are still being used, but are 
slowly being phased out of most operations. PCBs may be contaminants of waste oils. 

Dermal contact with PCBs can result in chloracne with the formation of sebaceous cysts and pustules. 
In addition, eye and upper respiratory system irritation may occur. PCBs are readily absorbed by the 
intact skin. The major effect of PCBs is hepatotoxicity. Symptoms incude jaundice, edema, vomiting, 
anorexia, nausea, and fatigue. Oral intake of PCBs may result in embryotoxicity. Target organs include 
the skin, eyes, and liver (Wig, 1966). 

Certain PCBs have demonstrated an ability to cause cancer in the GI tract and other organs. EPA 
classifies PCBs as Group 82 probable human carcinogens, based on hepatocellular carcinomas in rats 
and mice (Aroclor 1260) and limited evidence of liver cancer in humans. 
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POLYCYLIC AROMATIC HYDROCARBONS 

Polycyclic aromatic hydrocarbons (PAHs), also called polynuclear aromatic hydrocarbons, are 
compounds consisting of ant-related aromatic rings. They occur in a variety of products such as coal, 
tar, tobacco smoke, and petroleum. They occur in the products of the combustion of organic material 
(Casarett and Doull, 1888). PAHs can be formed in any hydrocarbon combustion process and may be 
released from oil spills’(Siiig, 1985). This group of compounds includes phenanthrene, fluoranthene, 
pyrene, benz[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[a]pyrene (q-v.), indeno[ 1,2,3- 
c,d]pyrene, dibenz[a,h]anthracene, benzo[g,h,i]perylene, naphthaiene, acenaphthylene, acenaphthene, 
dibenzofuran, fluorene, anthracene, benzo[k]fluoranthene, and carbazole. 

Naphthalene is an irritant that can cause dermatitis, toxic effects on the red blood cells, liver, kidneys, 
and CNS. However, the greatest wncern when dealing with PAHs is their carcinogenic potential. 
Carcinogenic effects have been repotted for benzo[a]pyrene, pyrene, benz[a]anthracene, chrysene, 
benzo[b]fluoranthene, indeno[ 1,2,3c,d]pyrene, dibenz[a,h]anthracene, benzo[g,h,i]perylene, 
benzo[k]fluoranthene, and carbazole, resulting in EPA’s classification as Group 82 probable human 
carcinogens. 

SELENIUM 

Selenium is refined from sulfide ores of copper, gold, nickel, and silver. Most selenium is used in the 
manufacture of selenium rectiiiers. It is also used as a pigment in paints, dyes, and glass. Other uses 
include rubber vulcanization, electrode manufacture, insecticides, photographic toning, and as an 
additive to anti-dandruff shampoos. Selenium is also used for photostatic and X-ray xerography. 

Elemental selenium is relatively nontoxic. However, a number of selenium compounds, including 
selenium dioxide and selenium oxychloride, can be severely irritating and destructive to tissues. 
Exposure to these compounds is also severely irritating to the eyes, upper respiratory tract, and gastric 
mucosa. Selenium dioxide may also penetrate the free nails, resulting in painful nail beds and 
paronychia (Clayton and Clayton, 1882). There is limited evidence that inhalation of selenium may cause 
liver and kidney damage. Smypmtoms of selenium exposure include garlic odor of the breath, pallor, 
indigestion, giddiness, and irritabilii. Target organs include the upper respiratory system, eyes, skin, 
liver, kidneys and blood (Wig, 1985). 

- 

- 

- 

- 

- 

Selenium is considered to belong to Group D, not classifiable as to carcinogenicity. 

- 

- 
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SILVER 

Silver is used in the manufacture of silverware, jewelry, scientific instruments, photographic films, plates, 
and paper, and mirrors. The main effect of silver exposure derives from the deposition of small particles 
in the skin, resulting in a permanent discoloration called argyria Silver nitrate can be irritating to the 
skin, eyes, and Intestinal tract. All forms of silver are extremely cumulative once they enter body tissues, 
and very little is excreted (Wig, 1985). 

TETRACHLOROETHENE 

Tetrachloroethene (PCB), also known as perchloroethylene, is a commonly used solvent in the dry 
cleaning, degreasing, and textile industries. It is also used as an intermediate in the manufacture of 
organic chemicals (Wig, 1985). 

Prolonged dermal exposure may produce defatting dermatitis. Inhalation of large concentrations will 
irritate the upper respiratory tract and cause eye irritation. Other effects include CNS depression and 
liver damage. Chronic exposures to lower concentrations have also shown liver damage, as well as 
nephropathy (Clayton and Clayton, 1982). 

EPA ECAO classifies PCE as a Group B2 probable human carcinogen, although this is not considered 
Agency-wide consensus at this time. 

THALLIUM 

Thallium and its compounds have been used as pesticides. Thallium salts may be skin irritants and 
sensitizers, but these effects occur rarely in industry. Thallium is extremely toxic and cumulatiwe. 
Symptoms of poisoning include fatigue, metallic taste, loss of hair, and peripheral neuritis. The GI 
system can also be affected (Wig, 1985). Thallium has not been classified as a carcinogen by EPA. 
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TOLUENE 

Toluene is a feed stock for a number of chemical products, including toluene diisocyanate, phenol, 
benzoic acid, saccharin& and other compounds. Toluene is also used as a solvent for paints and 
coatings, and as a component of auto.mobile and aviation fuels (Siiig, 1985). 

The most rapid route of entry for toluene is through the respiratory system, where 98% is retained by the 
body. Similar rates of absorption occur in the intestinal tract, and the skin is able to absorb small 
amounts of toluene. Low concentrations of inhaled toluene may result in respiratory tract irritation, eye 
irritation, nausea, and hilarity. Higher concentrations (MOO ppm) are characterized by nasal muwus 
secretion, metallic taste, and drowsiness, which may eventually lead to paresthesia, narcosis, and 

- 

. wllapse. Chronic inhalation of toluene has resulted in liver, kidney, and neural changes. Dermal 
exposure may lead to defatting dermatitis. Ingestion of toluene may also lead to damage of the liver, - 

kidney, and cerebellum (Clayton and Clayton, 1982). Upon entering the body, toluene is metabolized to 
benzoic acid, which can form byproducts that are excreted in the urine. 

- 
EPA considers toiuene unclassifiable as to carcinogenicil, and IARC has found both human and animal 
evidence insufficient to determine carcinogenicky (RTBCS, 1991). 

- 

1,2,4-TRICHLOROBENZENE 

1,2,4-Trichlorobenzene is used as a dye carrier, herbicide intermediate, heat transfer medium, dielectric 
fluid in transformers, degreaser, lubricant, and insecticide. 1,2,4Trichlorobenzene can be irritating to the 
skin. Acute exposure causes drowsiness, incwrdination, and unconsciousness. In animals, liver 
damage has been reported. Chronic 1,2,4-Trichlorobenzene exposure has been reported to cause liver, 
kidney, and lung damage (Sittig, 1985). 1,2,4-Trichlorobenzene is not classified as a carcinogen by EPA. 

-. 

- 

- 

- 

- 
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l,l,i-TRICHLOROETHANE 
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1,l ,1-Trichloroethane (1 ,1 ,l -TCA), also known as methyl chloroform, has partially replaced the uses of 
carbon tetrachloride and TCE as solvents. l,l,l-TCA is used in the degreasing and cleaning of metal 
parts. It is also used as a dry-cleaning agent, vapor degreaser, and propellant (Wig, 19%). 

R 

Dermal exposure to 1,l ,l-TCA has shown lt to be a mild skin irritant that is poorly absorbed by the intact 
skin. High concentrations of airborne 1 ,l,l-TCA have been known to cause CNS depression and 
cardiac sensitization to epinephrine. Symptoms of exposure include dizziness and drowsiness. Some 
studies have shown hepatic and hematopoietic effects that are reversible following exposure. A majority 
of all absorbed 1,l ,l-TCA is excreted unchanged in exhaled breath (Clayton and Clayton, 1982). 

*3 EPA considers 1 ,l ,l-TCA to be Group D, not classifiable as to carcinogenic@ IARC has found 
insufficient evidence for both human and animal carcinogenicii (RTECS, 1991). 

p-” 

TRICHLOROETHENE 

C 
Trichloroethene (TCE) is used extensively as a solvent in vapor degreasers. Other uses include 
extraction of caffeine and dry cleaning. TCE is also used as an intermediate in the. production of 
pesticides, waxes, gums, resins, paints, varnishes, and trichloroacetic acid (Siiig, 1995). 

Dermal and eye exposure to TCE may result in moderate irritation. Inhalation and ingestion of TCE have 
similar effects on the body. The primary effect due to exposure is CNS depression. High 
concentrations may result in complete anesthesia and cardiac sensitization to adrenalin. Hepatic and 
renal toxicity have also been found to occur. Lower exposures result in a lesser degree of CNS 
depression with symptoms incuding dizzines, vertigo, tremors, nausea, and blurred vision. Target 
organs include respiratory system, heart, liver, kidneys, and CNS depression. TCE is metabolized to 
trichloroacetic acid and trlchloroethanol, which are excreted in the urine (Clayton and Clayton, 1992). 

C 

EPA has withdrawn its original statement classifying TCE as a Group 82 probable human carcinogen 
and is currently reviewing the carcinogenic&y of TCE. IARC has classified TCB as having limited animal 
and inadequate human evidence (RTECS, 1991). 
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TRlCHLOROFLUOROMETHANE 

Trichlorofluoromethane is most commonly used as a refrigerant. It has also been used as an aerosol 
propellant and a manufacturing intermediate. The use of fluorocarbons as aerosol propellants was 
banned by the EPA in 1978 (Clayton and Clayton, 1982). 

- 

Dermal contact with trichlorofluoromethane is reportedly of little concern. Inhalation of 
trichlorofluoromethane has led to respiratory and cardiac toxicity. Effects include bronchoconstriction 
and bronchospams. Cardiac toxicity is in the form of bradycardia and inverted T-waves. Uptake of 
trichlorofluoromethane by the lungs is a slow and incomplete process due to its lipid insolubility (Clayton 
and Clayton, 1982). Oral toxicity studies have shown increased incidence of pleuritis and pericarditis, as 
well as accelerated mortalii by the Tarone test. EPA and IARC have not reviewed the carcinogenicity of 
trichlorofluoromethane. - 

VANADIUM - 

Vanadium is extracted from ores by roasting for use in high speed and other alloy steels. Vanadium 
compounds, including vanadium pentoxide, are used as catalysts in glass manufacturing, and as 
electrode coating in welding. Vanadium compounds also find uses in dyeing, insecticides, photography, 
and metallurgy. 

Elemental vanadium is poorly absorbed by the body. However, vanadium compunds can result in 
irritation of the eyes and skin, skin lesions, and a green discoloration of the skin. Vanadium compounds 
are also irritants of the upper respiratory system, resulting in hemorrhagic rhinitis, tracheitis, chest pain, 
and, in severe inhalation cases, pulmonary edema No chronic lung lesions have been associated with 
vanadium inhalation. Large doses of Vanadium have also been associated with localized 
vasoconstriction (Clayton and Clayton, 1982). Biochemical studies have shown vanadium to inhibit 
cholesterol synthesis and choline&erase activii (Sig, 1988). Target organs for vanadium pentoxide 
include respiratory system, skin, and eyes. Vanadium is not classified as a carcinogen. 

- 

- 

- 

- 

- 

- 

- 

- 
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Vinyl chloride is a volatile organic compound used in the manufacture of polyvinyl chloride ancl other 
resins. It is also used as a chemical intermediate and a solvent (Sittig, 1985). 

Vinyl chloride is a skin irritant. Reportedly, vinyl chloride can be absorbed dermally, orally, and via 
inhalation. Vinyl chloride is a CNS depressant: chronic exposure may also cause hepatic damage. Vinyl 
chloride is classified by EPA as a Group A human carcinogen and has been specifically associated with 
angimma of the liver. -Experimental evidence also suggests associations with tumors of the liver, 
lungs, brain, and kidneys (Wig, 1985). 

XYLENES 

Xylenes are most commonly used as solvents in paints, lacquers, inks, dyes, adhesives, cements, 
cleaning fluids, and aviation fuels. They are also used as a chemical feed stock in the manufacture of 
xylidines, benzoic acid, phthalic anhydride, terephthalic acids, and esters. Other uses include quartz 
crystal oscillators, hydrogen peroxide, perfumes, insect repellents, resins, and leather preparations. 
Xylen.es may be found as contaminants in almost all petrochemicals (Sittg, 1985). 

Xylenes are both eye and skin irritants. They are also readily absorbed through the intact skin.. 
Inhalation of high concentrations can cause vasodilation, CNS depression, and cardiac sensitiiation to 
epinephrine. Symptoms include flushing and reddening of the face, dizziness, tremors, confusion, 
salivation, and cardiac stress. Chronic effects are similar to those of acute exposures, but may also 
include paresthesia, anorexia, and flatulence. Clinical effects include anemia, muwsal hemorrhage, and 
bone marrow hyperplasia Xylenes do pass through the placenta, and there is limited evidence of 
teratogenic effects (Clayton and Clayton, 1982). 

Xylenes are not classified as carcinogens by EPA. IARC has found evidence for carcinogenesis 
inadequate for both humans and animals. 

ZINC 

Zinc is a wmmon element and an essential metal not usually noted for toxicity. The average American 
intake is reported to be approximately 12 to 15 g, mostly from food. About 20 to 30 percent of ingested 
zinc is absorbed (Casarett and Doull, 1986). 
Some zinc salts can be irritants. GI distress has occasionally been reported after ingestion of high zinc 
concentrations. Metal fume fever can result from, inhalation of zinc fumes (Casarett and Doull, 1986). 
Zinc is not classified as a carcinogen by EPA. 
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